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Abstract

Digital platforms are an emerging field in the Information Systems (IS) literature.

Much of the research focuses on platforms in the Global North. However, recent

research has highlighted a need for more research on platforms in the Global

South, specifically focusing on innovation platforms and how to release

innovation in the Global South. Facilitating innovation by developers in the

Global South is also a theme in the Information and Communications

Technologies for Development (ICT4D) literature. For more innovation to happen

in developing countries, research has highlighted a need for tools to support

innovation, known as boundary resources in the platform literature.

There has not been much research on developing such tools in an innovation

platform used in the Global North and Global South, where developers have

diverse backgrounds. I explore this gap by developing an online website

consisting of courses to learn about the design system for the innovation platform

DHIS2. The design system is used to standardize the apps developed for the

platform and create better quality apps.

By using the design science research methodology, this research has used initial

design principles from instructional design to develop the website. Through three

design cycles of developing and evaluating the website, the initial design

principles have been revised, and three new principles have emerged. The new

design principles emphasize the diversity of the intended user group and include

the principle of tailorability, the principle of offline mode, and the principle of

feedback. Several people have participated in this research through interviews,

participating in a focus group, and answering a questionnaire.

Keywords: Design Science Research, digital platforms, boundary resources, online

courses, instructional design, ICT4D

i





Acknowledgements

First of all, I would like to thank my supervisor Johan Ivar Sæbø for guiding me

in the right direction, giving me feedback, and taking the time for regular

meetings.

I would also like to thank everyone who participated in this research. I am very

grateful to everyone who took time out of the day to partake in this research. This

research would not have been possible without you.

I am also very grateful for having been a part of the DHIS2 design lab during the

work with this thesis. Thank you to Anders Brustad and Hanna Kongsheim for

facilitating activities within the DHIS2 design lab. Thank you to Magnus Li for

his enthusiasm and advice to everyone in the Design Lab, even though not his

students. I would also like to thank everyone who participated in the activities

within the Design Lab.

Lastly, I want to thank dad and Nicholas for helping with the proofreading of this

thesis. I would also like to thank the rest of my family for continual support and

encouragement throughout my life.

Hanna Evensen

University of Oslo

May 2021

ii





Acronyms

API Application Programming Interface

DHIS District Health Information Software

HIS Health Information Systems

HISP Health Information System Program

HMIS Health Management Information System

ICT Information Communication Technology

ICT4D Information and Communications Technologies for Development

IS Information Systems

IT Information Technology

JSON JavaScript Object Notation

MOH Ministry of Health

NSD Norwegian Center for Research Data

SDK Software development kit

UCT University of Cape Town

UI User Interface

UiO University of Oslo

UWC University of Western Cape

UX User Experience

iii





List of Figures

3.1 Elements of a platform ecosystem (Tiwana, 2013, p. 6) . . . . . . . 12

3.2 Software ecosystem architecture, platform architecture, and actors

(Dal Bianco et al., 2014, p. 12) . . . . . . . . . . . . . . . . . . . . 15

3.3 The onion model of the platform boundary resource classes.

(Dal Bianco et al., 2014, p. 16) . . . . . . . . . . . . . . . . . . . . 16

4.1 Design science research cycles (Hevner, 2007, p. 2) . . . . . . . . . 25

4.2 Design science research knowledge contribution framework

(Gregor and Hevner, 2013, p. 345) . . . . . . . . . . . . . . . . . . 26

4.3 Design Science Research contribution types (Gregor and Hevner,

2013, p. 342) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

5.1 Homepage when the user is not logged in – (A) The navigation

bar, (B) The headerbar, (C) Overview of the courses, (D) Course

image, (E) Course description, (F) Links to resources . . . . . . . . 41

5.2 Course overview for the course "DHIS2 components" with one of

the sections in the accordion open. Note: the screenshot only shows

parts of the accordion . . . . . . . . . . . . . . . . . . . . . . . . . 42

5.3 Overview of the topics covered in the "Action components" section

in the course "DHIS2 components." . . . . . . . . . . . . . . . . . . 43

5.4 Secondary navigation inside the course "DHIS2 Components".

Known as breadcrumbs . . . . . . . . . . . . . . . . . . . . . . . . . 44

5.5 Presentation of the different button options in the course "DHIS2

components" . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45

5.6 Coding exercise with both a "show solution" button and a "show

hint" button were the button for "show hint" is clicked . . . . . . . 47

5.7 Image quiz for the usage of the UI component Tag . . . . . . . . . . 48

5.8 End of section multiple-choice quiz for the section "Data display

components" in the course "DHIS2 components" . . . . . . . . . . . 49

5.9 Coding exercise from the course "DHIS2 components" . . . . . . . . 50

iv



5.10 Image quiz where the user has chosen the correct answer . . . . . . 51

5.11 Multiple-choice questions after the action components section in

the "DHIS2 components" course, where the user has chosen the two

first multiple-choice question correctly and the third incorrectly . . 52

5.12 Congratulation page at the end of the course, where the user has

received a badge for completing the first course . . . . . . . . . . . 53

5.13 Congratulation page at the end of the course, where the user has

received two badges, one for completing the first course and one

for getting all the questions correct . . . . . . . . . . . . . . . . . . 54

5.14 Progression bar in the navbar . . . . . . . . . . . . . . . . . . . . . 54

5.15 Navigation bar when the user is not logged-in . . . . . . . . . . . . 55

5.16 Navbar when the user is authenticated . . . . . . . . . . . . . . . . 55

5.17 Log in page . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55

5.18 Settings page, when the user has completed one course and

received one badge for completing the first course . . . . . . . . . . 56

5.19 The homepage after the first design cycle . . . . . . . . . . . . . . . 59

5.20 The course image for the course "DHIS2 Components" with a

checkmark for having completed the course . . . . . . . . . . . . . 63

v



List of Tables

3.1 The classification of platform boundary resources . . . . . . . . . . 17

4.1 Overview of the data collection methods used . . . . . . . . . . . . 28

5.1 Overview of initial design principles . . . . . . . . . . . . . . . . . 39

5.2 Overview of instantiation of initial design principles . . . . . . . . . 58

6.1 Summary of the findings from the evaluation . . . . . . . . . . . . 79

6.1 Summary of the findings from the evaluation . . . . . . . . . . . . 80

6.1 Summary of the findings from the evaluation . . . . . . . . . . . . 81

7.1 Final revised design principles . . . . . . . . . . . . . . . . . . . . . 91

7.2 Final revised design principles . . . . . . . . . . . . . . . . . . . . . 92

vi





Contents

Abstract i

Acknowledgements ii

Acronyms iii

List of figures v

List of tables vi

1 Introduction 1

1.1 Motivation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.2 Research questions and objectives . . . . . . . . . . . . . . . . . . . 4

1.3 Structure of the thesis . . . . . . . . . . . . . . . . . . . . . . . . . 5

2 Background 6

2.1 Health Information System Program . . . . . . . . . . . . . . . . . 6

2.2 District Health Information System Software . . . . . . . . . . . . . 7

2.2.1 DHIS2 application platform . . . . . . . . . . . . . . . . . . 7

2.2.2 DHIS2 design system . . . . . . . . . . . . . . . . . . . . . . 8

2.2.3 DHIS2 design lab . . . . . . . . . . . . . . . . . . . . . . . . 9

2.3 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

3 Literature review 10

3.1 Definition of digital platforms . . . . . . . . . . . . . . . . . . . . . 10

3.2 Types of digital platforms . . . . . . . . . . . . . . . . . . . . . . . 11

3.3 Platform ecosystems . . . . . . . . . . . . . . . . . . . . . . . . . . 12

3.4 Platform architecture . . . . . . . . . . . . . . . . . . . . . . . . . . 13

3.5 Boundary resources . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

3.6 Digital platforms for development . . . . . . . . . . . . . . . . . . . 17

3.7 Instructional design . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

3.7.1 Gagne’s nine events of instruction . . . . . . . . . . . . . . . 20

vii



3.8 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

4 Methodology 22

4.1 Philosophical assumption . . . . . . . . . . . . . . . . . . . . . . . 22

4.2 Design science research . . . . . . . . . . . . . . . . . . . . . . . . 23

4.2.1 A three cycle view of design science research . . . . . . . . 24

4.2.2 Design science research contribution . . . . . . . . . . . . . 24

4.2.3 Design principles in design science research . . . . . . . . . 27

4.3 Data collection methods . . . . . . . . . . . . . . . . . . . . . . . . 27

4.3.1 Relevance cycle . . . . . . . . . . . . . . . . . . . . . . . . . 29

4.3.2 Design cycle . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

4.3.3 Rigor cycle . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

4.4 Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

4.5 Ethical considerations . . . . . . . . . . . . . . . . . . . . . . . . . 33

4.6 Limitations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

5 Artifact Description 36

5.1 Description of the technologies used . . . . . . . . . . . . . . . . . 37

5.1.1 React . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

5.1.2 Firebase . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

5.1.3 Codesandbox . . . . . . . . . . . . . . . . . . . . . . . . . . 37

5.1.4 DHIS2 UI components . . . . . . . . . . . . . . . . . . . . . 38

5.1.5 Material-UI . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

5.2 Initial design principles . . . . . . . . . . . . . . . . . . . . . . . . . 38

5.3 Instantiation of design principles . . . . . . . . . . . . . . . . . . . 40

5.4 The three design cycles . . . . . . . . . . . . . . . . . . . . . . . . . 59

5.4.1 Design cycle 1: Early sketches + development of the

homepage . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59

5.4.2 Design cycle 2: Developing course content . . . . . . . . . . 61

5.4.3 Design cycle 3: Adding more content to the courses and

adding badges . . . . . . . . . . . . . . . . . . . . . . . . . 62

5.5 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

6 Evaluation 64

6.1 Design principle 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . 64

6.1.1 Questionnaire . . . . . . . . . . . . . . . . . . . . . . . . . . 65

6.1.2 Focus group . . . . . . . . . . . . . . . . . . . . . . . . . . . 65

6.1.3 Developer in Mozambique . . . . . . . . . . . . . . . . . . . 66

6.2 Design principle 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . 67

6.2.1 Questionnaire . . . . . . . . . . . . . . . . . . . . . . . . . . 67

viii



6.2.2 Focus group . . . . . . . . . . . . . . . . . . . . . . . . . . . 67

6.2.3 Developer in Mozambique . . . . . . . . . . . . . . . . . . . 67

6.3 Design principle 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

6.3.1 Questionnaire . . . . . . . . . . . . . . . . . . . . . . . . . . 68

6.3.2 Focus group . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

6.4 Design principle 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

6.4.1 Questionnaire . . . . . . . . . . . . . . . . . . . . . . . . . . 69

6.4.2 Focus group . . . . . . . . . . . . . . . . . . . . . . . . . . . 70

6.4.3 Developer in Mozambique . . . . . . . . . . . . . . . . . . . 70

6.4.4 UX designer . . . . . . . . . . . . . . . . . . . . . . . . . . . 70

6.5 Design principle 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . 70

6.5.1 Questionnaire . . . . . . . . . . . . . . . . . . . . . . . . . . 71

6.5.2 Focus group . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

6.6 Design principle 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

6.6.1 Questionnaire . . . . . . . . . . . . . . . . . . . . . . . . . . 71

6.6.2 Focus group . . . . . . . . . . . . . . . . . . . . . . . . . . . 72

6.6.3 Developer in Mozambique . . . . . . . . . . . . . . . . . . . 73

6.6.4 UX designer . . . . . . . . . . . . . . . . . . . . . . . . . . . 73

6.7 Design principle 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . 74

6.7.1 Questionnaire . . . . . . . . . . . . . . . . . . . . . . . . . . 74

6.7.2 Focus group . . . . . . . . . . . . . . . . . . . . . . . . . . . 74

6.7.3 Developer in Mozambique . . . . . . . . . . . . . . . . . . . 74

6.8 Design principle 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . 75

6.8.1 Questionnaire . . . . . . . . . . . . . . . . . . . . . . . . . . 75

6.8.2 Focus group . . . . . . . . . . . . . . . . . . . . . . . . . . . 75

6.8.3 UX designer . . . . . . . . . . . . . . . . . . . . . . . . . . . 76

6.9 Further findings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76

6.9.1 Questionnaire . . . . . . . . . . . . . . . . . . . . . . . . . . 76

6.9.2 Focus group . . . . . . . . . . . . . . . . . . . . . . . . . . . 77

6.9.3 Developer in Mozambique . . . . . . . . . . . . . . . . . . . 77

6.9.4 UX designer . . . . . . . . . . . . . . . . . . . . . . . . . . . 77

6.10 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78

7 Discussion 82

7.1 Positioning the empirical work within the platform and ICT4D

literature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83

7.2 Revising the design principles . . . . . . . . . . . . . . . . . . . . . 85

7.2.1 Design principle 1 . . . . . . . . . . . . . . . . . . . . . . . 85

7.2.2 Design principle 2 . . . . . . . . . . . . . . . . . . . . . . . 86

ix



7.2.3 Design principle 3 . . . . . . . . . . . . . . . . . . . . . . . 86

7.2.4 Design principle 4 . . . . . . . . . . . . . . . . . . . . . . . 87

7.2.5 Design principle 5 . . . . . . . . . . . . . . . . . . . . . . . 87

7.2.6 Design principle 6 . . . . . . . . . . . . . . . . . . . . . . . 87

7.2.7 Design principle 7 . . . . . . . . . . . . . . . . . . . . . . . 87

7.2.8 Design principle 8 . . . . . . . . . . . . . . . . . . . . . . . 88

7.2.9 Design principle 9 . . . . . . . . . . . . . . . . . . . . . . . 88

7.3 New design principles . . . . . . . . . . . . . . . . . . . . . . . . . 89

7.3.1 Tailorability . . . . . . . . . . . . . . . . . . . . . . . . . . . 89

7.3.2 Offline mode . . . . . . . . . . . . . . . . . . . . . . . . . . 89

7.3.3 Feedback . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90

7.4 Final revised design principles . . . . . . . . . . . . . . . . . . . . . 90

7.5 Reflections and limitations . . . . . . . . . . . . . . . . . . . . . . . 93

8 Conclusion 95

8.1 Limitation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96

8.2 Future work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97

A Data collection 104

A.1 Appendix: The Final Website . . . . . . . . . . . . . . . . . . . . . 104

A.1.1 DHIS2 components . . . . . . . . . . . . . . . . . . . . . . . 104

A.1.2 Course colours . . . . . . . . . . . . . . . . . . . . . . . . . 131

A.2 Appendix: Questionnaire . . . . . . . . . . . . . . . . . . . . . . . . 139

A.3 Appendix: Focus group consent form . . . . . . . . . . . . . . . . . 150

x



1
Introduction

In this thesis, I report from experiences developing a website to teach and promote

a design system for the innovation platform District Health Information Software

(DHIS)2. The design system contains various design principles and a library of

User Interface (UI) components. It aims to enable developers to design and build

usable and consistent apps, thereby standardizing apps within the platform.

Using the design science research methodology, I have created design principles

for developing similar websites in the future. As with the nature of design science

research, this research has followed a cyclic process, continually receiving

feedback and developing new features. Several people have participated in this

research through interviews, participating in a focus group, and answering a

questionnaire.

1.1 Motivation

DHIS2 is one of the world’s most comprehensive Health Management Information

System (HMIS) platforms used by 73 low and middle-income countries (DHIS2,

2021b). The Health Information System Program (HISP) at the University of Oslo

(UiO) manages the software development, often referred to as the core team. The

core team has developed the DHIS2 design system and generic apps that use this

design system. These generic apps can be customized through the UI and are

utilized in various ways by the global DHIS2 community. However, sometimes the
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CHAPTER 1. INTRODUCTION

functionalities offered by the core DHIS2 apps are not adequate, and in recent

years there has been an increase in DHIS2 apps developed by the global DHIS2

community. An aim of the core team is that these custom apps should be generic

and of high quality using common DHIS2 tools. The ambition is that these tools

will increase the number of apps shared across the community.

The DHIS2 design system is one of the DHIS2 tools offered to create high-quality

apps. It consists of a collection of principles and UI components. The principles

describe how DHIS2 apps should look and work, whereas the UI components

consist of building blocks used to create apps. Some UI components include

buttons and input fields, and some are more specific components used in the

DHIS2 world, like the Organisation Unit Tree. These UI components are

supposed to be reused across all DHIS2 apps, and each of them has specific

guidelines for use (Cooper, 2021). DHIS2 is not alone in having a design system.

Many companies and organizations are starting to develop design systems for

themselves. Some of the benefits of using a design system include improved

scalability, keeping design and code overhead low, designing consistently, and

improving usability and built-in accessibility. Using a design system also means

tackling shared problems so teams can concentrate on solving specific user needs

(Suarez et al., 2019).

The User Experience (UX) designer working in the core team at UiO is in the lead

of the design system’s specification for DHIS2. Developers in the core team are

developing the UI components after his specification. However, the design system

is not used that much by people outside the core team. Therefore, many of the

custom apps developed in the HISP network do not adhere to the standards set

by the core team. The core team’s ambition is that more of the apps should use

the DHIS2 design system and see it as a way for developers to build better quality

apps with a standardized interface. Building apps with standardized interfaces

will also make it more likely for HISP groups to reuse apps developed by other

HISP groups.

However, initial findings raise concerns that there is a lack of good

documentation surrounding the DHIS2 design system and a lack of UX design

skills in the HISP network. People report that the documentation is too

distributed and documentation targeting new developers is scarce. Good

documentation is essential when the developers are spread worldwide, and there

is a lack of face-to-face meetings. The lack of designers in the HISP networks

causes the developers to have to make design decisions. Many of the developers

in the DHIS2 community do not have any formal education in UX design, but

2



1.1. MOTIVATION

many seem to want to learn more. Therefore, having good documentation about

the DHIS2 design system is important so developers who are not that

experienced can learn how to use it and create better quality apps.

Motivated by the known advantages of using a design system, the lack of

knowledge and documentation, and the increased likelihood of the apps being

reused using the DHIS2 design system, I developed a website to teach and

promote the DHIS2 design system. The website contains different courses for

different parts of the DHIS2 design system. When it comes to developing learning

resources, there exists a lot of previous research. Therefore, I have used initial

design principles from instructional design when developing the website.

While research on learning resources is abundant, this research takes place in a

new context that considers the development of online courses inside an

innovation platform used in the Global North and Global South, where

developers have diverse backgrounds. Heeks (2008) and Bonina et al. (2021)

argue for more research on developing tools to support innovation in the Global

South. In the platform literature, such tools could be considered as boundary

resources. Ghazawneh and Henfridsson (2013) regard boundary resources as

resources that support developers in developing apps for the platform. There is

not much research on how to develop such tools. Much of the research on

boundary resources focus on classifying different types of boundary resources.

There is not much research considering the development of boundary resources,

and especially developing boundary resources for use in the Global South.

Seeing that there is a need for more learning resources for the DHIS2 design

system and the lack of research in developing such resources for use in the Global

South and Global North, I have created a website with online courses to teach

and promote the DHIS2 design system. The long-term aim is for the community

to develop standardized apps that may be reused by people in other countries

and improve the quality of the apps developed within the platform.

3



CHAPTER 1. INTRODUCTION

1.2 Research questions and objectives

The website developed as a part of this thesis contains courses to learn about app

development, explicitly focusing on the DHIS2 design system. However, the aim

is that the contributions of this thesis can be used as guidelines for developing

other online app development courses that do not necessarily teach about using a

design system. A theme is that the courses should be used globally. Here globally

means users from multiple countries in the Global South and the Global North,

with different backgrounds, skillsets, and needs for such courses.

The research question is as follows:

RQ: What are appropriate design principles for an online app development course

used globally?

To answer this question I had a set of research objectives:

1. Identify initial design principles

2. Develop an instantiation of the design principles

3. Evaluate the instantiation

4. Develop new and revised design principles

To address this research question, I have conducted a design science research

study to develop a set of design principles. Based on some initial design

principles on developing instructional content from the literature on instructional

design, specifically using Gagnes’ nine events of instruction, I have developed a

website. The website is an instantiation since it is developed based on a set of

design principles. The initial design principles have been revised through three

cycles consisting of development and evaluation.

4



CHAPTER 1. INTRODUCTION

1.3 Structure of the thesis

Chapter 2 - Background provides an overview of the HIS, HMIS, and

DHIS2.

Chapter 3 - Literature review presents the related literature that will be used

throughout the thesis. The related literature is focusing on platform literature and

literature on ICT4D. At the end of this chapter, I will also present Gagnes’ nine

events of instruction, which were used to create the initial design principles.

Chapter 4 - Methodology presents the methodology design science research and

the methods chosen for this thesis

Chapter 5 - Artifact Description describes the technology used, how I

implemented the initial design principles and what I did in the three design

cycles.

Chapter 6 - Evaluation presents the findings from the last evaluation of the

website based on the initial design principles.

Chapter 7 - Discussion will position the empirical work within the literature

presented in the literature review, revise the initial design principles, and develop

new design principles. At the end of the chapter, I will also reflect on the research

process and address some research limitations.

Chapter 8 - Conclusion summarizes the findings related to the research

questions. In this chapter, I also provide some reflections on future work within

the field.
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2
Background

In this chapter, I will give an overview of the research context. Consequently, I will

introduce HISP, the platform DHIS2, and the DHIS2 design system.

2.1 Health Information System Program

HISP is a research project to strengthen Health Information Systems (HIS) in

developing countries (DHIS2, 2021d). The research project started in South

Africa in 1995 as a collaborative research project between the University of Cape

Town (UCT), the University of Western Cape (UWC), and a Norwegian Ph.D.

candidate from UiO, with the initial aim to improve the health system in South

Africa by addressing the information management challenges and the fragmented

health system (Adu-Gyamfi et al., 2019). HISP was responsible for the efforts

towards standardization and software development. The software development

and prototyping efforts resulted in the making of the first version of the DHIS

application (Braa and Sahay, 2012). Since the architecture of DHIS version one

was not suited for distributed development, it triggered the development of DHIS

version two under the leadership of UiO. The aim was to distribute the

development activities to multiple countries in the HISP network, thereby

bringing the software development closer to the context of use (Braa and Sahay,

2013). With the evolution of DHIS2, the HISP project has become a global

movement with people, organizations, and groups spread worldwide. It consists

of groups like HISP South Africa, HISP India, and HISP Uganda, as well as
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multiple universities and Ministries of health, and more. UiO has had a core role

in coordinating the community, providing capacity building around the software

and its implementations, and developing the DHIS2 core (Adu-Gyamfi et al.,

2019).

2.2 District Health Information System Software

DHIS2 is a free and open-source web-based software platform used for data

collection, management, and analysis. It is currently the world’s largest HMIS

platform used by 73 countries worldwide (DHIS2, 2021a). DHIS2 is a flexible

platform, meaning that it is used in various ways around the world. It is also

used in other contexts than health, like education, logistics, and agriculture

projects (DHIS2, 2021c).

One of the key features of DHIS2 is that it can be customized and locally adapted

through the user interface. DHIS2 contains a set of tools for data collection,

validation, reporting, and analysis. However, what to collect, where the data

comes from, and what format to use depend on the context of use. This will not

require any programming, but it will require in-depth knowledge about the local

HIS context and the conceptual design principles in DHIS2 (DHIS2, 2018).

However, sometimes the core applications developed by the core team might not

provide all the functionality required for a specific context. In this case, due to

DHIS2 being a platform, it allows developers outside the core team to create and

install custom apps. On the DHIS App Hub, developers can share their apps with

the rest of the DHIS2 community (DHIS2, 2021e)

2.2.1 DHIS2 application platform

The DHIS2 application Platform is an application and build pipeline used to

standardize application development within the DHIS2 ecosystem. Before the

introduction of the DHIS2 application platform, a DHIS2 app was a standalone

website where the developer needed to include common tools like the header bar,

data fetching logic, and build scripts. Some of the application Platform’s

functionality includes a build system, development tools, runtime support, and

standard functionality for DHIS2 apps. With the application platform, all the

common things are provided for the developer to use. This means that the

developer now only has to pay attention to implementing the business logic that

is special for that app (McGee, 2019).

7



2.2. DISTRICT HEALTH INFORMATION SYSTEM SOFTWARE

2.2.2 DHIS2 design system

The DHIS2 design system is developed by the core team at UiO. It contains a

collection of design principles and a library of UI components to develop apps for

the DHIS2 platform (Cooper, 2021).

Design principles

In DHIS2, the design principles are separated into 1) Content and Communication

2) Layout, spacing, stacking 3) Forms 4) Color 5) Typography and 6) Icons. The

Content and communication section are concerned with principles regarding how

to communicate across DHIS2 apps. Examples of principles include not using

unnecessarily technical words and keeping the user informed about application

status. The layout, spacing, and stacking section are concerned with choosing the

right layout for different apps. The forms section is concerned with guidelines

for how DHIS2 apps should use forms to collect user input. The guidelines for

forms are set so that DHIS2 apps should follow a common format to make sure

users are not unnecessarily challenged. The color section explains principles for

the usage of colors in DHIS2 applications. Some examples of topics include the

DHIS2 color scale and when to use specific colors. The Typography section explores

guidelines for the selection of fonts, font size, and line height. The icons section

gives guidelines for how to use icons across DHIS2 apps. It considers how to

communicate with icons, being consistent, the different icon sizes, and color usage

on icons (Cooper, 2021).

Components

The components consist of two parts: the reusable UI components and guidelines

for use for each of the UI components. The reusable UI components contain

functional components like buttons, tables and Organization Unit Tree that can

be reused across DHIS2 apps. All the UI components have their own API which

says something about how the component can be used. For example, a button

component has the possibility to have an icon and specify whether the button

should be small or large and whether it should be a primary, secondary or

destructive button. The guidelines contain information about when and how to

use the components and give examples of how the UI component is used in real

DHIS2 apps. (Cooper, 2021).
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2.2.3 DHIS2 design lab

In late 2018, the DHIS2 design Lab was launched at UiO consisting of students

and researchers. The DHIS2 Design Lab explores how to support innovation and

promote design within DHIS2 (Design Lab, 2021). While writing this thesis, I was

a part of the DHIS2 design Lab. The DHIS2 Design Lab facilitated several activities

to support the thesis writing process. Some of the activities included seminars

about the different parts of thesis, and co-reading sessions where I received and

provided feedback to other students.

2.3 Summary

To summarize, this thesis takes place within the software platform DHIS2, which is

used worldwide. While the core team develops apps that the users’ can customize

through the user interface, developers in the community can also develop custom

apps when there are no suitable apps available. To develop these apps, the core

team provides resources such as the DHIS2 application platform and the DHIS2

design system. The focus of this thesis is to develop online courses to learn about

the DHIS2 design system.
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3
Literature review

In this literature review, the focus will be to explore research in the platform

literature in the IS field. The chapter will position the research and identify gaps

in the literature. This literature review has been a narrative review (Baumeister

and Leary, 1997).

Firstly, I will introduce digital platforms and different types of digital platforms. I

will focus specifically on innovation platforms. Then I will discuss boundary

resources and present research concerning digital platforms for development.

Lastly, research on instructional design will be discussed, which forms the basis

for the initial design principles used to develop the website.

3.1 Definition of digital platforms

There does not exist any overarching definition of what digital platforms are.

Instead, the definition of digital platforms depends on the field of study. Some

researchers have signaled that scholars need to come to terms with a clear

description of digital platforms. Asadullah et al. (2018) argue that digital

platforms are a challenging research object due to the lack of a conceptual

definition and being spread across many regions and industries. Asadullah et al.

(2018) distinguish between two different types of digital platforms: technical

(e.g., software development and production) and non-technical (e.g., B2B and

B2C transactions). The non-technical view sees digital platforms as being
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concerned with the user interaction within the platform and how this market is

different from other markets (Rossotto et al., 2018). The technical view of digital

platforms focuses on the idea that digital platforms are technological

developments that form as a foundation where complementary products and

services can be developed (Tiwana et al., 2010; Ghazawneh and Henfridsson,

2013; Ceccagnoli et al., 2012). Viewing digital platforms as technical does not

mean that they are only interested in technology, but more so that they are

interested in the architecture of the platform and how the architecture can

release innovation.

3.2 Types of digital platforms

Evans and Gawer (2016) mention three types of digital platforms: transaction

platforms, innovation platforms, and integration platforms. Cusumano et al.

(2020) define transaction platforms as intermediaries or online marketplaces,

making it possible to exchange goods, services, or information. Transaction

platforms will become more valuable the more people that use them. Some

examples of transaction platforms given by Cusumano et al. (2020) include

Amazon and Facebook. Innovation platforms are platforms that consist of

technological building blocks where innovators can develop complementary

services and products. They are often concerned with how technical architecture

can enable innovation. The innovation platform focuses on how interfaces can

facilitate the interaction between the platform and third-party developers (Yoo

et al., 2012; Baldwin et al., 2009; Tiwana et al., 2010). DHIS2 is by many

considered an innovation platform (Braa and Sahay, 2017; Roland et al., 2017)

since it allows third-party developers to build apps on top of the platform.

Integration platforms combine both elements from transaction platforms and

innovation platforms. Evans and Gawer (2016) view companies like Apple as an

integration platform since the platform contains matching platforms like the App

Store and a third-party developer ecosystem supporting content creation.

The focus in this thesis moving forward will be on innovation platforms.
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3.3 Platform ecosystems

Koskinen et al. (2019) argue that it is also necessary to show how digital platforms

are connected to other socio-technical dimensions. Platforms are linked to other

platforms, organizations, and various entities that together form an ecosystem.

The authors elaborate on this by saying that researchers need to be aware that the

platform’s ecosystem is essential for success.

Tiwana (2013) defines platform ecosystems as consisting of the platform and

complementary apps. The platform is, in this case, referring to software

platforms. Software platforms consist of an extensible codebase that provides

core functionalities shared by apps (Tiwana et al., 2010; Baldwin et al., 2009).

Figure 3.1 shows a visual image of the platform ecosystem’s elements. Tiwana

(2013) defines an app as a software subsystem that extends the platform’s core

functionality. Tiwana (2013) argues that the platform will be more attractive

when there are more apps available. The platform’s interfaces allow the apps to

communicate and interoperate with the platform core (Tiwana, 2013, p. 6). An

example of an interface could be the Application Programming Interface (API).

How thriving a platform is will depend on the diversity and vibrancy of the

ecosystem (Tiwana, 2013, p. 6). Many of the platforms we know today did not

start as platforms but rather as standalone products. After end-users started

adopting the products and external developers started contributing, it turned into

a platform (Evans and Gawer, 2016).

Figure 3.1: Elements of a platform ecosystem (Tiwana, 2013, p. 6)
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3.4 Platform architecture

Baldwin et al. (2009) argue that a platform architecture should "partition a

system into stable core components and variable peripheral components"

(Baldwin et al., 2009, p. 8). By separating the platform like this, the developer do

not have to build everything from scratch when developing a new product.

Having a platform architecture will be beneficial when the system is complex, the

requirements are heterogeneous, and the future developments on the platform is

uncertain. The challenging part is knowing which components should remain

stable and which should vary. The stable core will be the low-variety components,

and the peripheral components will be the high-variety components. The two

components can be combined into a working system with interfaces that must be

stable and part of the platform. Having a platform architecture will make the

system evolvable. The stable core components can also evolve, but the interfaces

need to be stable (Baldwin et al., 2009). Separating into such a platform

architecture allows for design flexibility at the outer layer and enabling local

innovation without compromising the software core (Roland et al., 2017).

Roland et al. (2017) extend the platform architecture into a modular and loosely

coupled software architecture consisting of custom apps, bundled apps, and a

generic core. The custom apps are at the outer layer and have high design

flexibility for further design improvements but low flexibility for use across tasks.

The high design flexibility makes custom apps more appropriate when needing to

meet specific user needs. The bundled apps are at the middle layer and allow the

customization of pre-built apps to meet end-user needs, which has a high degree

of use flexibility through customization, but low design flexibility due to software

dependencies. Both custom apps and bundled apps interact with the platform

core through what is known as boundary resources (Roland et al., 2017).

3.5 Boundary resources

Ghazawneh and Henfridsson (2013) define third-party development as systems

development where one actor develops apps on behalf of the platform owner. The

apps are developed to satisfy the end-users of the platform. Resources that support

third-party developers are called boundary resources. The boundary resources act

as the interface between the platform owner and the developer. Some examples of

boundary resources include APIs, App Store, Software development kit (SDK), and

regulations such as open-source licenses (Karhu et al., 2018). Through boundary

resources, the platform owner can secure control over the platform and facilitate

13



3.5. BOUNDARY RESOURCES

so people can contribute to the ecosystem (Karhu et al., 2018; Ghazawneh and

Henfridsson, 2013). Typically, boundary resources are developed by the platform

owner as a response to seeing that the existing boundary resources are insufficient

when it comes to contribution opportunities and control concerns (Ghazawneh

and Henfridsson, 2013). Ghazawneh and Henfridsson (2013) propose a boundary

resource model, which they argue is useful for understanding the balancing act

between resourcing and securing the platform. Resourcing referring to the act

of stimulating external contributors to develop, securing referring to maintaining

platform control. The process of securing the platform is typically to prevent the

development of apps that violate the platform.

Ghazawneh (2012) considers two types of boundary resources: social and

technical boundary resources. Examples of technical boundary resources are API

and SDK. The social boundary resources intend to transfer knowledge about

developing software for the platform. Some examples of social boundary

resources given include incentives, platform guidelines, and documentation

(Ghazawneh, 2012). The technical boundary resources will expose or extend the

platform architecture, whereas the social boundary resources will explain the

platform architecture to third-party developers.

Dal Bianco et al. (2014) did not find the division between technical and social

boundary resources sufficiently descriptive. Therefore they separate boundary

resources into three levels: social boundary resources, application boundary

resources, and development boundary resources. The technical boundary

resources are here separated into application boundary resources and

development boundary resources. The three levels of boundary resources can be

seen in figure 3.3. Application boundary resources enable the application

architecture to interface with the platform architecture. APIs fall under this

category. Development boundary resources are defined as boundary resources that

enable third-party developers to develop applications. Some examples include

program resources that help the developers during programming, testing,

debugging, deploying, and maintaining the applications, one example being

SDKs. Thirdly, social boundary resources are defined as resources that "enable

transferring knowledge about and coordinating the third-party application

development" (Dal Bianco et al., 2014, p. 15). Dal Bianco et al. (2014)

emphasize that boundary resources are not restrained to one of the boundary

resources; they can be classified into several of the boundary resources

simultaneously. Extending on the examples of social boundary resources given by

Ghazawneh (2012), Dal Bianco et al. (2014) also include training material,

promotion and training events, and online community forums as part of the
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Figure 3.2: Software ecosystem architecture, platform architecture, and actors
(Dal Bianco et al., 2014, p. 12)

social boundary resources. Figure 3.2 shows how third-party developers use

social boundary resources to interact with the technical boundary resources. For

a platform ecosystem to exist, Dal Bianco et al. (2014) emphasize that application

boundary resources need to be present. Development boundary resources and

social boundary resources are, on the other hand, not required. However, they

make the ecosystem more attractive to third-party developers.
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Figure 3.3: The onion model of the platform boundary resource classes.
(Dal Bianco et al., 2014, p. 16)

Foerderer et al. (2019) define another type of boundary resource: knowledge

boundary resources. In the study, the authors investigate how knowledge

boundaries emerge between platform owners and complementors. Knowledge
boundaries here referring to problems related to the spread of tacit knowledge.

Knowledge boundary resources are resources to overcome knowledge boundaries.

Some examples of knowledge boundary resources given by Foerderer et al.

(2019) include information portals, interface documentation, massive open

online courses, and communities of practice.

Foerderer et al. (2019) also propose separating knowledge boundary resources

into three different types that differ in terms of scope and scale. Scope meaning

the extent of the knowledge gap they need to overcome. Scale refers to how

many complementors the resource can address. Depending on the scope and

scale, Foerderer et al. (2019) introduce three types of knowledge boundary

resources: broadcasting, brokering, and bridging. Broadcasting consists of

boundary resources that complementors can access without interacting with the

platform owner. Broadcasting includes resources such as guidelines and

programming tutorials. Brokering is a semiformal and interaction-based resource.

It includes resources such as help desks and phone resources. Bridging consists of

ongoing and frequent interactions between experts of the platform owner and

complementors (Foerderer et al., 2019).
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Class Definition

Application boundary resource

"Program resource that enable the third-party
application to interact with the platform; they
are also technical boundary resources"
(Dal Bianco et al., 2014, p. 15)

Development boundary resource

"Program resources or tools that enable the
third-party developer to develop and evolve
applications; they are also technical boundary
resource" (Dal Bianco et al., 2014, p. 15)

Social boundary resource

"Resources that enable transferring knowledge
about and coordinating the third party
application development" (Dal Bianco et al.,
2014, p. 15)

Knowledge boundary resource

"Objects and activities employed by platform
owners in order to overcome knowledge
boundaries and enable effective product
development outcomes." (Foerderer et al., 2019,
p. 129)

Table 3.1: The classification of platform boundary resources

To summarize some of the different types of boundary resources and their

definition, I have created table 3.1.

3.6 Digital platforms for development

Much of the previous research on digital platforms involves studies on

commercial and for-profit platforms in the Global North. However, recently we

have seen an increase in research concerning digital platforms in the Global

South. Koskinen et al. (2019) argue that digital platforms show promise in the

Global South regarding societal and developmental challenges. However, only in

the last five years have digital platforms been discussed in conjunction with

ICT4D (Bonina et al., 2021). ICT4D is a multidisciplinary field consisting of

computer science, information systems, and development studies (Unwin and

Unwin, 2009). In contrast to studies in Information Technology (IT) and

Information Communication Technology (ICT), the main focus of ICT4D is not on

the technologies themselves. Instead, it is concerned with empowering the poor

and marginalized communities (Unwin and Unwin, 2009, p. 33). In the following

paragraphs, I will explore the field of ICT4D in detail before discussing ICT4D

together with digital platforms.
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Heeks (2008) argues that ICT4D is moving to a next phase, which will mean

new technologies, new ways for innovation, and another view of the world’s poor.

In ICT4D version 1.0, the people responsible for development had pressure to

deliver, which meant that they often had to use off-the-shelf solutions. However,

these efforts often failed (Heeks, 2008). ICT4D version 2.0 came as a result of the

lessons from ICT4D version 1.0. Instead of viewing the poor as passive consumers,

which was the case in the previous version, ICT4D version 2.0 views them as

active producers and innovators. Heeks (2008) identifies three different types of

innovation modes: pro-poor, para-poor, and per-poor. Pro-poor innovation is when

innovation happens outside the poor communities but on their behalf. Para-poor
innovation is when innovation is happening together with the poor communities.

Per-poor is when innovation is happening within and by the poor communities.

Heeks (2008) concludes by arguing for a focus on developing tools so that people

in the Global South can produce digital content and services themselves, resulting

in new jobs through ICT.

While pro-poor innovation still has a place in ICT4D 2.0, there is a danger of

introducing a design-actuality gap (Heeks, 2008). Heeks (2002) define the

design-actuality gap as the match or mismatch between local actuality and

systems design. Heeks (2002) argues that the most extreme form of

design-actuality gap occurs when industrialized country designers create an

information system for an industrialized-country context that is later transferred

to a developing country. In this case, the actuality of the local conditions in the

developing country is not considered, making it more likely for a design-actuality

gap to appear. Heeks (2002) argues that even when the information system is

developed explicitly for a developing-country context by developers in the Global

North, similar problems can be seen, since developers might have the wrong

assumption about user actuality.

Since introducing ICT4D version 2.0, Heeks (2020) have also looked at whether

we are now seeing a new version, ICT4D version 3.0. Heeks (2020) argues that

some of the issues seen in ICT4D version 2.0 remain the same. For example,

the topics discussed in the former paragraphs considering the view of the poor

as innovators and the different models of innovation remain the same in ICT4D

version 3.0. However, in ICT4D version 3.0, digital platforms are now seen as

iconic technology.

Bonina et al. (2021) found that most of the digital platforms in the Global South

were transaction platforms, and there was a lack of studies on innovation platforms
concentrating on developmental outcomes. In total, Bonina et al. (2021) identified
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34 transaction platforms and five innovation platforms in the Global South. Evans

and Gawer (2016) also found in their survey that none of the platforms in Africa

were innovation platforms; there were only transaction platforms. Nielsen (2017)

also addresses the need for more research on digital innovation in developing

countries, where software platforms in developing countries are mentioned as one

area for future research.

In addition to classifying the different types of platforms in the Global South as

either transaction platforms or innovation platforms, Bonina et al. (2021) also

identify eight different development goals for the recognized platforms. Only two

of the development goals are covered by innovation platforms: global health

access and gender equality. The innovation platforms related to global health

access were linked to the generation of local innovation. Other innovation

platforms identified were related to inclusive innovation and inclusive co-creating

targeting women.

Due to the lack of research on innovation platforms in developing countries and

how they are linked to development outcomes, Bonina et al. (2021) propose

research questions related to how to release the development potential of

innovation platforms. Bonina et al. (2021) give a couple of examples for research

questions, one being: “are boundary resources deployed in the Global North still

effective to nurture and foster a local ecosystem of third-party innovators in

Africa?”.

3.7 Instructional design

This section will establish the basis for the initial design principles used to develop

the website. An instructional-design theory is a theory that offers explicit guidance

on how to better help people learn and develop (Reigeluth, 1999). Instructional-

design theories are extensive and extend back to the 1970s (Gustafson, 2002).

Reigeluth (1999) defines instructional design theory as:

"Instructional design theories are design-oriented, they describe

methods of instruction and the situations in which those methods

should be used, the methods can be broken into simpler component

methods, and the methods are probabilistic"(Reigeluth, 1999, p. 7).
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3.7.1 Gagne’s nine events of instruction

A widely cited work on instructional design is the work by Rober Gagne. In

Gagnes’ book, The conditions of Learning, he created guidelines that guide the

design of instructional events. He specifies nine instructional events that

correspond to cognitive processes (Gagne and Briggs, 1974). Many web-based

courses are designed according to Gagne’s instructional events or similar

instructional design models (Snyder, 2009; Ritchie and Hoffman, 1997;

Anyatasia et al., 2020).

Below I will explain the nine events of instruction, and in chapter 5, I will describe

how I implemented the principles in the website.

Gaining attention (reception)

Learning must first begin by gaining the learners’ attention. According to Gagne,

various events can be employed to gain the learner’s attention. One way of gaining

attention includes appealing to the learner’s interests, for example, by asking a

thought-provoking question.

Inform the learner of the objective (expectancy)

After gaining the user’s attention, the next step is to inform the learners of the

objectives. This could be accomplished by stating what learners will achieve

during the course and how they can use the knowledge in the future.

Stimulate recall of prior learning (retrieval)

For learners to make sense of new information, you can relate it to something they

already know or something they have already experienced, for example, by asking

a recognition or recall question.

Present the stimulus material (selective perception)

This principle states that new information needs to be presented to the learner.

An example given is if the learner must learn a sequence of facts, like events

from history, then this must be communicated either orally or in printed format.

The learning material must be presented using learning strategies that provide

effective and efficient instruction.
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Provide learning guidance (semantic encoding)

Providing learning guidance means offering guidance on how to solve a problem.

Examples of how to provide guidance include using cues, hints, and prompts to

help the learner understand.

Elicit performance (responding)

After being presented with new knowledge or skill, the next step is to practice to

activate the learning process.

Provide feedback (reinforcement)

When the learner has attempted to demonstrate their knowledge, the next step

is to provide immediate feedback on the learners’ performance. There should at

least be feedback concerning the degree of correctness about the learners’ previous

performance.

Assess performance (retrieval)

This principle states that there needs to be an assessment of the learning outcome,

to test whether the learning outcomes have been achieved.

Enhance retention and transfer (generalization)

At this stage, skills have been learned and what remains is to enhance the

retention and transfer of the learning. This principle is concerned with

transferring the gained knowledge to situations that differ substantially from

those used for learning itself

(Gagne and Briggs, 1974).

3.8 Summary

This chapter introduced the reader to digital platforms, boundary resources, and

digital platforms, specifically focusing on innovation platforms in the Global

South. I have also introduced principles from Instructional design considering

Gagne’s Nine Events of Instruction. Chapter 5 will use these principles to develop

a website, which will be a form of boundary resource. In chapter 7: discussion, I

will position the practical work with the concepts of digital platforms presented

in this chapter.
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This chapter aims to describe the research approach used in this thesis. First, I will

describe the philosophical assumption. Then, I will introduce the methodology

design science research followed by an overview of the research process. After

that, I will describe the data collection methods used in each of the three design

science research cycles. Then, I will explain how the data was analyzed and reflect

on some ethical considerations. Lastly, I will account for some of the limitations of

the methodology and data collection methods used.

4.1 Philosophical assumption

All research contains some assumptions about what is ’valid’ research and which

research methods are appropriate (Myers, 1997). A well-known distinction made

by Orlikowski and Baroudi (1991) following Chua (1986) describes the three

"research epistemologies’: positivism, interpretivism, and critical theory. Much of

the research in IS focus on the competing paradigms positivism and

interpretivism (Niehaves, 2007). However, inspired by Wicks and Freeman

(1998), Goles and Hirschheim (2000) argue that pragmatism should also be

recognized as a research paradigm in IS research. Goldkuhl (2012b) supports this

view and names interpretivism and pragmatism as two possible and important

research paradigms for qualitative research in IS. In this research, I position

myself as a pragmatist. A theory for a pragmatist is true if it is useful. Then, in

contrast to positivists, they are not looking for timeless truths, but accept that
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there can be single and multiple realities (Marshall et al., 2005). Pragmatists are

interested in whether or not the information is useful, "useful in the sense of

helping people to better cope with the world or to create better organizations"

(Wicks and Freeman, 1998, p. 129). Pragmatism, being concerned with action

and change, has been stated to be appropriate as a basis for research that not

merely observes but intervenes into the world (Goldkuhl, 2012b). Goldkuhl

(2012b) argues that this would be the case if the intervention is organizational

change, like in Action Research, or the building of artifacts, like in Design

Research. Pragmatism is not restricted to explanation, which is the key form of

positivism. Neither is it restricted to understanding, which is the key form of

interpretivism (Goldkuhl, 2012b). This means that knowledge should not only

try to explain or understand, but also be used in a constructive way for change

and improvement. Pragmatists are therefore interested in constructive

knowledge that is meant to be useful for action (Goldkuhl, 2012a). In

pragmatism, knowledge forms such as prescriptive, normative, and prospective

are essential (Goldkuhl, 2012b). I am interested in prescriptive knowledge in my

research question since I want to create guidelines for how to develop a specific

website.

4.2 Design science research

The methodology that I have used in this thesis is design science research. Over the

last few years, more research within the IS field has looked at using design science

research. Design science research is important in a discipline directed towards

the creation of successful artifacts. Hevner et al. (2004) state that the purpose

of using design science research is to achieve knowledge and understanding of a

problem domain by building an application of a designed artifact. Since the goal

of this thesis was to design and develop a new artifact in the form of a website,

using design science research seemed like a good approach.

The plan was initially to use the methodology action design research and

collaborate closely with the community. However, due to travel restrictions in the

spring and autumn of 2020, this plan changed. As action design research requires

the researcher to collaborate closely with the community, the plan to use this

methodology was changed when the restrictions came into place.

Design science research has been happening for decades, but the research

methodology has only recently been given a name (Iivari, 2007). The book, the

Sciences of the Artificial by Herbert Simon helped realize the importance of this

research methodology (Simon, 2019). Simon’s (2019) ideas about the science of
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design have encouraged the development of the scientific study of designing.

However, the book does not provide much guidance on how to perform such

research. Therefore, March and Smith (1995) proposed a framework for design

science research driven by research activities and research outcomes. The

research outcomes were classified as constructs, models, methods, and

instantiations, whereas the research activities include: build, evaluate, theorize,

and justify. The authors argue that IT research should build and evaluate

constructs, models, methods, and instantiations. The research should also

theorize about the artifact and justify the theories. Later, the framework proposed

by March and Smith (1995) has been expanded to different process models and

frameworks that intend to help people doing design science research. Some of

the frameworks include Hevner et al. (2004) and Peffers et al. (2007). In Hevner

(2007), he uses the IS research framework found in Hevner et al. (2004) but

focuses on three different research cycles. This research framework guided my

research and will be explained more in-depth in section 4.2.1.

4.2.1 A three cycle view of design science research

The design science research framework by Hevner (2007) sees design science

research as consisting of the three related cycles shown in figure 4.1: the

Relevance Cycle, the Design Cycle, and the Rigor Cycle. The Relevance Cycle refers

to the process of understanding the opportunity, problem, and criteria for a

particular artifact in a specific context. The Rigor Cycle refers to thoroughly

researching and referencing the knowledge base to ensure that the research

contains research contributions and not simply design input. The Design Cycle
refers to the artifact’s construction, evaluation, and feedback to further refine the

design. The artifact’s requirements come from the relevance cycle, whereas

design and evaluation theories come from the rigor cycle. The reader can read

more about the data collection methods used in each of the three cycles under

section 4.3.

4.2.2 Design science research contribution

Gregor and Hevner (2013) present a design science research knowledge

contribution framework arguing that the field has not understood what defines

clear knowledge contribution from a design science research project, thereby

limiting acceptance of design science research in the IS community. The authors

argue that a design science research project can make research contributions at

different levels depending on the research topic’s problem maturity and solution

maturity. Figure 4.2 shows the design science research contribution framework
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Figure 4.1: Design science research cycles (Hevner, 2007, p. 2)

discussed in Gregor and Hevner (2013). As seen in the figure, when the

application domain maturity is low, and the solution maturity is high, the

research falls under the category exaptation. The exaptation category attempts to

extend known solutions to new problems. This research will fall under this

category since there already exists design knowledge in one field, which is

extended to another domain. In this research, the known solution would be how

to develop instructional material, as discussed in section 3.7.1. The new domain

would be how to develop such instructional material for a software platform used

globally.

In the exaptation quadrant, design science research projects can contribute to the

prescriptive knowledge base in the form of artifacts in one or more of the levels

described in figure 4.3. The figure is from the research paper by Gregor and

Hevner (2013), but it builds on the framework introduced by Purao (2002). It

shows how to distinguish between different design science research outputs and

uses three different maturity levels. This research will contribute to Level 1 and

Level 2, as seen in figure 4.3. Level 1 contains the situated implementation of the

artifact, and Level 2 contains knowledge as operational principles. In my case,

Level 1 will be the instantiation of the initial design principles taking the form of

a website. The instantiation is presented in chapter 5, Artifact Description. Level

2 will be the final design principles presented at the end of the discussion chapter

in section 7.4.

25



4.2. DESIGN SCIENCE RESEARCH

Figure 4.2: Design science research knowledge contribution framework (Gregor
and Hevner, 2013, p. 345)

Figure 4.3: Design Science Research contribution types (Gregor and Hevner, 2013,
p. 342)
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4.2.3 Design principles in design science research

Formulating design principles is an important instrument to transfer design

knowledge that contributes beyond the instantiation (Chandra Kruse et al.,

2015). However, the formulation of these principles varies. Chandra Kruse et al.

(2015) identifies three different orientations in formulating design principles for

human use. The three orientations consist of action-oriented design principles,

materiality-oriented design principles, and a combination of action and

materiality design principles. The action-oriented design principles are defined as

design principles that “give prescriptions about what actions the artifact allows

for" (Chandra Kruse et al., 2015, p. 4042). The materiality-oriented design

principles “prescribe how an artifact should be built and what it should

compromise” (Chandra Kruse et al., 2015, p. 4042). The last category, action-

and materiality-oriented design principles, combine the previous orientations.

This category “prescribes what an artifact should enable users to do and how it

should be built in order to do so” (Chandra Kruse et al., 2015, p. 4043).

Chandra Kruse et al. (2015) propose a conceptualization of design principles

considering both materiality and action. They suggest formulating design

principles using the following structure:

Provide the system with [material property—in terms of form and

function] in order for users to [activity of user/group of users—in

terms of action], given that [boundary conditions—user group’s

characteristics or implementation settings](Chandra Kruse et al.,

2015, p. 4045).

Following this format, I specified several design principles. These will be presented

in section 5.2.

4.3 Data collection methods

This section will describe the methods used in the three research cycles: the

relevance cycle, the design cycle, and the rigor cycle, as seen in figure 4.1. All the

data collection methods have been conducted digitally, except for the meetings in

February of 2020 and one interview in the autumn of 2020.

Table 4.1 shows an overview of all the data collection methods, when they

occurred, and who the interviewers were. This section will explain and give an

overview of the many activities that this research has undergone.
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Methods When Interviewers

Meeting with core
developers

February, 2020
me and four other
students

Meeting with UX designer February, 2020
me and two others
students

Semi-structured interview
with UX-designer

September 3, 2020 me

Semi-structured interview
with core developer

September 10, 2020 me

Semi-structured interview
with core developer

September 15, 2020 me

Semi-structured interview
with core developer

September 17, 2020 me

Semi-structured interview
with core developer

September 22, 2020 me

Semi-structured interview
with core developer

September 24, 2020 me

Semi-structured interview
with developers in
Tanzania

October 9, 2020
me and three other
students

Demonstration of artifact
to UX-designer

October 20, 2020 me

Demonstration of artifact
to core developer

October 21, 2020 me

Semi-structured interview
with developer in
Mozambique *

December 18, 2020 me

Focus-group with five
students

January 28, 2021 me

Seminar with product
manager in DHIS2

March 2, 2021 DHIS2 design lab

Seminar with core
developer

March 16, 2020 DHIS2 design lab

Seminar with UX designer March 30, 2021 DHIS2 design lab

* problems with the internet connection caused me to have to use the chat function
on Zoom a little bit since we had difficulties with hearing what we said to each other

Table 4.1: Overview of the data collection methods used
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4.3.1 Relevance cycle

This section will describe the data collection methods used in the relevance

cycle.

Interviews

Interviews are often categorized into three different types: unstructured,

semi-structured, and structured (DiCicco-Bloom and Crabtree, 2006). For the

interviews conducted in this research, semi-structured interviews were used.

Semi-structured interviews use elements from both unstructured and structured

interviews. Before the interview, I prepared a set of predefined questions.

However, I also asked follow-up questions and had the opportunity to diverge

from the predefined questions. Adams (2015) expresses that semi-structured

interviews are particularly suitable when some of the questions require follow-up

questions or situations where you want to know more about the independent

thought for each individual. A total of eight semi-structured interviews were

conducted. Some of the semi-structured interviews were followed up by a

demonstration of the website, as explained in section 4.3.2.

For the semi-structured interviews with the core developers, many of them

developed the UI components for the DHIS2 design system. Consequently, some

topics covered during the interview included the usage of the UI components,

challenges with the UI components, what documentation exists, and what kind of

documentation is lacking. Another theme included communication with HISP

groups and their use of the UI components. In addition to giving an overview of

the challenges, these interviews also gave me input on the website’s

functionality.

The semi-structured interview with developers in Tanzania was conducted

together with other students from UiO. Consequently, not all the questions asked

were directly relevant to my project. However, some themes covered included the

existing documentation in DHIS2, their experience with UX design, and their

choice of programming language.

In the semi-structured interview with the developer in Mozambique, I asked

questions related to his background, role in the team, usage of existing DHIS2

documentation, and experience with the DHIS2 design system.
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Meetings and seminars

In the early stages of the research, I had two meetings with core developers in

collaboration with other students. In the later stages of the research process, I

also attended multiple seminars facilitated by the DHIS2 Design Lab. Both of

these activities gave me insight into the current problems in the organization and

their work practices.

Document investigation

Documents can give hints about the practice and implicit knowledge (Crang and

Cook, 2007). During the research, I looked at and evaluated guides, tutorials,

and documentation that exist when it comes to developing apps for DHIS2. The

document investigation was also helpful in the creation of the interview guides

and identifying what already exists and what is missing, and it helped me identify

potential content for the website. Some of the documents I investigated included

the DHIS2 community website, the DHIS2 user guides, and documentation on

Github.

4.3.2 Design cycle

The design cycle contains the activity of building the website and evaluating the

website, as seen in figure 4.1.

I have identified three design cycles. After each design cycle, I have evaluated the

website using different methods. What was done in each of the three design cycles

can be seen in section 5.4 under the chapter Artifact Description.

Build design artifacts

The development of the website was a part of the design cycle’s build activity. A

major part of this thesis has been to develop a website to learn about the DHIS2

design system. The website is developed from scratch by me using the JavaScript

library React and Firebase as backend to store information about the user. In

chapter 5, I will present the website’s main functionality.
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Evaluate

To evaluate the website, I have used the methods demonstration, focus-group,

questionnaire, and expert evaluation.

Demonstration

Demonstrating the website was a method used in the earlier cycles to evaluate

the website. After many of the interviews during the first design cycle, I

demonstrated the website to the interviewees and got feedback on improvements

and suggestions for future work. The demonstration was done by sharing the

screen on the video conferencing software Zoom. The demonstration was also

used as an evaluation method during the second design cycle. Here, I

demonstrated the website to two people with no interview prior to the

demonstration.

Focus groups

Another method I used to evaluate the website was to facilitate a focus group.

The people who participated in the focus group were students who had some

knowledge about DHIS2 and the design system. The participants were all given a

link to the website before the focus group. They were encouraged to test the

website beforehand. In total, five people participated in the focus group. All the

participants participated in discussing the website, and some shared their screen

when there was something specific they wanted to talk about regarding the

website.

Questionnaire

A questionnaire was another method I used to evaluate the website. In appendix

A.2, the reader can find the questionnaire used. The questionnaire was used as

an additional method to the other evaluation methods to gain more feedback

from the whole community. Since it is more time-consuming to participate in an

interview, the hope was to get more people to assess the website by taking a less

time-consuming questionnaire. In total, eight people answered the questionnaire.

Of the people who answered, four were students at UiO, one worked as a

developer in the HISP network, one worked for the Ministry of Health (MOH),

another person was a core developer in DHIS2, and one was a contractor. The

questionnaire was posted twice on the DHIS2 community website and on a

Mattermost channel for students. This Mattermost channel was only for students

that were a part of the DHIS2 design lab and therefore had some experience with

DHIS2. The questionnaire was also sent by email to some core developers, and

my supervisor posted the questionnaire in some private DHIS2 channels.
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The questionnaire consisted of a combination of open-ended and close-ended

questions. Due to being challenging to get many people to take the questionnaire,

the open-ended questions were vital and provided interesting insight.

Expert evaluation

After the third design cycle, I also had an expert evaluation by the UX designer

to evaluate the website. Peffers et al. (2012) mention expert evaluation as one

evaluation method in design science research. An expert evaluation is seen as an

"assessment of the artifact by one or more experts" (Peffers et al., 2012, p. 402).

The UX designer could be seen as an expert since he is the one who is responsible

for the DHIS2 design system and has a lot of knowledge about it. The UX designer

wrote a document as part of the expert evaluation after the final design cycle,

which contained information about how the website could be improved.

Interview

Before the interview with the developer in Mozambique, I sent a link to the

website in order for him to test it before the interview. The first part of the

interview consisted of general questions related to the relevance cycle seen in

section 4.3.1. In the second part of the interview, I got feedback on the website.

This feedback was a part of the evaluation after the final design cycle. During this

feedback session, he shared his screen and talked about what he liked and things

he thought could be improved. As mentioned in table 4.1, there was some

trouble with the internet connection. During this part of the interview, I managed

to hear what he said, so he could talk and share the screen at the same time.

However, he had some trouble hearing me, and I had to send some of the

questions in the chat on Zoom.

4.3.3 Rigor cycle

Literature review

The rigor cycle is concerned with grounding the research in the literature. The

literature review could be seen as a part of the rigor cycle. The result of the

literature review can be seen in chapter 3: Literature Review. The literature

review has been a continuous process starting in the spring of 2020 and lasting

until the end of spring 2021. Being a novice researcher has meant that this

process has consisted of a lot of trial and error to find relevant literature. The

literature review followed a narrative approach (Baumeister and Leary, 1997). I

found some of the literature through the literature databases Google Scholar and

Scopus, recommendations from other students and supervisors. Besides using

boolean operators to search for literature, I also found literature through the

32



CHAPTER 4. METHODOLOGY

snowball effect by looking at the bibliography and related articles section in

Google Scholar.

4.4 Analysis

Qualitative research has often been referred to as "wolly" and subjective. Since

the data will be in multiple forms, Crang and Cook (2007) acknowledge that this

informally constructed data is likely to get created through an informal process of

piecing things together and gaining and changing focus as the research unfolds.

To balance between the creative and structured processes, Crang and Cook (2007)

advocate for a process in which both less and more systematic data construction

and analysis are needed for proper research.

Before the actual beginning of the analysis phase, the data will already be partly

analyzed. It is far from "raw," as Crang and Cook (2007) point out. Just refocusing

the research aims and questions and updating the interview guides is a part of the

analysis phase. This analysis will be considered a more loose form of analysis.

The systematic analysis will be looking at the data more carefully and critically

(Crang and Cook, 2007). I used thematic analysis as a method for analyzing the

interviews. The first step of thematic analysis includes coding, where the text

is highlighted in the transcripts, and codes are created to describe the content.

From the codes, I then created themes, which are generally broader than codes.

For the analysis related to the evaluation of the website, I also used thematic

analysis. Here, I had some pre-defined themes associated with the initial design

principles. Therefore, this analysis followed a deductive approach (Braun and

Clarke, 2012).

For the coding of the interviews, I used the software NVivo 12. While being a

student at UiO, I had access to the full version of the software. For all the

interviews, I took extensive notes.

4.5 Ethical considerations

Several ethical issues were considered when doing this research. Some of the

considerations are described below.

All the participants signed a consent form to show that they agreed to participate

in the research, except for participants taking the questionnaire. In the

questionnaire, it was stated that by completing the questionnaire, the participant

agreed to partake in the research. This can be seen in the introduction page of
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the questionnaire in appendix A.2.

The consent form changed during the study. When I had a clearer idea of what I

was doing, the description got more precise. There were also some special

considerations for the focus group that needed to be taken into consideration,

which meant that the consent form diverged a little bit from the previous consent

forms. This was related to group dynamics. The consent form used for the focus

group can be seen in appendix A.3

The plan was to use an audio recorder during the data collection to better recall

people’s responses. However, I only used an audio recorder during the first two

interviews after having received consent for that. I did not use an audio recorder

for the consecutive interviews, since I realized that to use an audio recorder, the

researcher should receive confirmation from the Norwegian Center for Research

Data (NSD).

Confidentiality and anonymity were ensured by not using the participant’s real

name and not take any photos of the participants.

4.6 Limitations

As mentioned in section 4.3.2 and table in 4.1, I had some issues with the internet

connection during the interview with the interviewee from Mozambique. Due to

the problems with the internet connection and having to send some questions

using the chat, it took more time to send and receive a response to the questions

than a typical interview would. Consequently, I could not ask as many questions as

I would have liked without the interview taking much longer than planned.

Another limitation was the time restrictions to complete the project. The time

restrictions meant that I did not have the time to thoroughly evaluate the artifact

after each design cycle. While I did evaluate to some extent after each cycle,

as seen in section 5.4, the most extensive evaluation happened after the final

evaluation.

For the questionnaire I used both free-text and multiple-choice questions. While

many people answered the free-text questions and it provided good insight. There

is a possibility that I might have misunderstood something the participant wrote,

since I did not have the option to ask follow-up questions.

Not getting more people outside Oslo and the core team to participate in the

research was also a limitation. The website is aimed at a varied group of people

spread all over the globe. However, this is not fully reflected with regards to who
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evaluated the website.

Another limitation was that I did not use an audio recorder for all the interviews.

This meant that I had to take notes while the interviewer was talking, in addition

to coming up with follow-up questions. Having to take notes may have resulted

in not asking as many follow-up questions. While I have written that the

interviews were semi-structured, sometimes they might have leaned a little

towards being structured. The aim was that they should be semi-structured. But,

since I do not have that much experience with conducting interviews and the

absence of an audio recorder, it was difficult to ask questions that diverged from

the interview guide. However, this was easier after already having conducted

some interviews.
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Artifact Description

This chapter will describe the tools I have used to develop the artifact, how I

implemented the initial design principles, and explain the three design cycles I

have followed.

The artifact I have developed is a learning website with different courses to learn

about the DHIS2 design system. The website is developed from scratch by me as

part of this thesis and is a fully functional website. Still, much of the courses’

textual content is based on existing documentation about the DHIS2 design

system. However, all the quizzes and coding exercises are created by me.

This chapter will not discuss the technical solution for how I developed the

website, apart from mentioning the main technologies used in section 5.1. If you

wish to look at the code I have written, details on how to access the code are

available in appendix A.1.
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5.1 Description of the technologies used

This section will describe the main technologies used to develop the website.

5.1.1 React

React is a JavaScript library for building user interfaces (React, 2021) and was

chosen since it is the primary front-end language used by DHIS2. The DHIS2 UI

components are also developed using React, so it was natural also to use this when

developing the website.

JavaScript Object Notation

JavaScript Object Notation (JSON) is a way to structure data in a text-based format

based on JavaScript object syntax. Often it is used to transmit data in a web

application from the server to the client (MDN, 2021). I have used JSON to store

information about the content of a course. I will describe how I used JSON in

design cycle two in section 5.4.2.

5.1.2 Firebase

For the back-end of the application, I have used Firebase (Firebase, 2021). I chose

Firebase as I had previous experience with the platform. Since I did not have much

time to develop the website, it was important to be as efficient as possible and use

systems I was familiar with.

By using Firebase as the back-end, it allowed me to store users and their login

credentials. It also allowed me to store information about what courses the person

had completed and what badges the person had received.

5.1.3 Codesandbox

Codesandbox is an online editor to create and share web applications without

setting up a development environment. Codesandbox also allows you to create a

sandbox on the Codesandbox website, and embed the sandbox on your website

using a URL (Codesandbox, 2021). For all the coding exercises and coding

examples discussed in this chapter, I used embedded sandboxes.
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5.1.4 DHIS2 UI components

For many of the UI components used on the website, such as buttons and radio

buttons, I used the DHIS2 UI components. Since the website that I have developed

attempts to teach using the DHIS2 UI components, it was also natural to use them

when developing the website.

5.1.5 Material-UI

In addition to the DHIS2 UI components, I also used Material-UI when there were

no appropriate components in DHIS2. Material-UI components were used for

icons and the Grid. The Grid allows you to create responsive layouts

(Material-UI, 2021).

5.2 Initial design principles

The initial design principles for the website were developed using Gagne’s nine

events of instruction, as seen in section 3.7.1. To format the initial design

principles, I have followed the format specified in section 4.2.3. Table 5.1 shows

the formulation of the initial design principles. In the next section, I will explain

how I implemented the initial design principles.
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# Design principle Design principle specification

DP1
Principle of
reception

Provide the website with features that appeal to the user
[material property] in order to capture the user’s attention
[action potential], given that the user has started using the
website [boundary condition]

DP2
Principle of
expectancy

Provide the website with features that inform the user of the
course objectives [material property] in order to anticipate what
they will learn [action potential], given that a course has gained
the users’ attention [boundary condition]

DP3
Principle of
retrieval

Provide the website with features that stimulate the recall of
prerequisite learned capabilities [material property] in order for
users to make sense of the new material [action potential],
given that the user has some previous knowledge that could
apply to the topic [boundary condition].

DP4
Principle of
selective
perception

Provide the website with features that present the new material
[material property] in order for users to get familiar with the
material to be learned [action potential], given that the user has
started a new course [boundary condition]

DP5
Principle of
semantic en
coding

Provide the website with features that offer learning guidance
[material property], in order for users to receive assistance
[action potential], given that the user has a problem to solve
[boundary condition]

DP6
Principle of
responding

Provide the website with features that elicit performance
[material property] in order for users to practice the new
material [action potential], given that the user has been
presented with the material [boundary condition].

DP7
Principle of
reinforcement

Provide the website with features that give feedback on the users’
performance [material property], in order for the users to
understand what they need to work on [action potential], given
that the user has tried to solve a practical problem [boundary
condition].

DP8
Principle of
retrieval

Provide the website with features that assess performance
[material property], in order for users to test whether the
expected learning outcome has been achieved [activity of user],
given that the user has completed a course [boundary
condition]

DP9
Principle of
generalization

Provide the website with features to enhance retention and
transfer [material property], in order for the user to generalize
the knowledge taught to a new situation [action potential],
given that the user has completed the other courses [boundary
condition]

Table 5.1: Overview of initial design principles
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5.3 Instantiation of design principles

This section will explain how I implemented the design principles specified in

table 5.1. The screenshots and explanations of the application in this section are

considering the website after the final design cycle. I have not included

screenshots covering all of the website’s functionality in this section. Instead, the

reader can find screenshots covering more of the application in appendix A.1.

However, I have included screenshots of the main functionality. In table 5.2, I

summarize how I implemented the initial design principles.

The first design principle was the following:

DP1 Principle of reception: Provide the website with features that

appeal to the user [material property] in order to capture the user’s

attention [action potential], given that the user has started using the

website [boundary condition]

To implement the first design principle, I developed two different features. The

first feature was to present the courses with colorful images and course

descriptions to capture the users’ attention. The course descriptions argue the

importance of the courses. The reader can view the courses on the homepage in

figure 5.1. The second feature developed to try to appeal to the user was the

possibility of receiving points and badges. The settings page in figure 5.18 shows

all the possible badges the user can receive, and the course overview in figure 5.2

shows how many points a user can receive when completing the course.

While the homepage seen in figure 5.1 shows seven different courses, I have only

created content for two courses: the course "DHIS2 Components" and the course

"Color". This was due to time limitations.
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A

B

C

D

E

F

Figure 5.1: Homepage when the user is not logged in – (A) The navigation bar,
(B) The headerbar, (C) Overview of the courses, (D) Course image, (E) Course
description, (F) Links to resources
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DP2 Principle of expectancy: Provide the website with features that

inform the user of the course objectives [material property] in order

to anticipate what they will learn [action potential], given that a

course has gained the users’ attention [boundary condition]

Design principle two is concerned with ensuring that the user knows what to

expect from the courses. This design principle was implemented by having a

course overview page, as seen in figure 5.2. There is an in-depth description on

the course overview page, which explains the topics covered in the course. Next

to the course description, there is a time estimate for how long it takes to

complete the courses. Below the course description, there is an accordion that

outlines each of the sections in the course. Figure 5.2 shows the course overview

page where the accordion for section two is open.

Figure 5.2: Course overview for the course "DHIS2 components" with one of the
sections in the accordion open. Note: the screenshot only shows parts of the
accordion
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The course "DHIS2 components" has more content than the course "Colors."

Therefore, in addition to the accordion, I have section overviews inside the

course. Figure 5.3 shows a section overview for the "Action components" section

in the course "DHIS2 Components"

Figure 5.3: Overview of the topics covered in the "Action components" section in
the course "DHIS2 components."
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DP3 Principle of retrieval: Provide the website with features that

stimulate the recall of prerequisite learned capabilities [material

property] in order for users to make sense of the new material

[action potential], given that the user has some previous knowledge

that could apply to the topic [boundary condition]

Design principle three was implemented by having a section on the homepage

describing the prerequisites relevant to the courses. The homepage in figure 5.1

F) displays the prerequisites under a section called "Resources."

DP4 Principle of selective perception: Provide the website with features

that present the new material [material property] in order for users to

get familiar with the material to be learned [action potential], given

that the user has started a new course [boundary condition]

Design principle four was implemented by presenting the new material in the

course with the help of navigation buttons. I attempted to introduce the new

material logically by following a given format. First, the course overview page

will present the material to be learned. Then a new topic is presented with

text-based lessons. After that, the website shows examples relevant to the

text-based lessons. Lastly, the user will have to complete exercises to test the new

knowledge. To assess that the new knowledge has been understood, I use quizzes

and/or coding exercises. In figure 5.5, there is an example where the website

presents information about the different button options.

I also implemented this design principle using "next" and "back" buttons and the

usage of breadcrumbs. By having navigation inside the course with the help of

"next" and "back buttons, the website separated the learning content into smaller

chunks. Breadcrumbs are a secondary form of navigation. Using breadcrumbs

allows the user to see where they are in the course. The reader can see an example

of the usage of breadcrumbs in figure 5.4.

Figure 5.4: Secondary navigation inside the course "DHIS2 Components". Known
as breadcrumbs
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Figure 5.5: Presentation of the different button options in the course "DHIS2
components"
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DP5 Principle of semantic encoding: Provide the website with features

that offer learning guidance [material property], in order for users to

receive assistance [action potential], given that the user has a problem

to solve [boundary condition]

Design principle five assert that the website should offer learning guidance. This

design principle is implemented by having a button below the coding exercises

that will show the solution for the exercise. Below the Codesandbox in figure 5.6,

there is a button that says "Show solution." Clicking this will show one answer

for how the user could solve the coding exercise. Copying the code and pasting

it into the embedded Codesandbox should change the browser window to reflect

the image provided in the exercise.

For the coding exercise seen in figure 5.6, there is also a "Show hint" button in

addition to the "Show solution" button. Clicking on this button would give hints

for how the user could solve the coding exercise. In figure 5.6, the user has clicked

the "Show hint" button. The button text will therefore say "Hide solution." Below

the "Hide solution" button, there are some bullet points with hints for solving the

exercise.
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Figure 5.6: Coding exercise with both a "show solution" button and a "show hint" button were the button for "show hint" is clicked
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DP6 Principle of responding: Provide the website with features that

elicit performance [material property], in order for users to practice

the new material [action potential], given that the user been

presented with the material [boundary condition]

Design principle six is concerned with allowing the user to practice the new

material. The principle is implemented by having different coding exercises and

quizzes where the user has to use the knowledge presented earlier in the

text-based lessons.

There are two different types of quizzes: an image quiz and a multiple-choice

quiz. The course "Color" uses the image quiz tasks the most. For this task, the user

has to click on the image that uses color correctly according to the DHIS2 design

principles. Figure 5.7 shows an example of an image quiz, while figure 5.8 shows

an example of a multiple-choice quiz.

There are some coding examples and exercises in both the course "DHIS2

components" and the course "Colors." In the coding examples, the user gets

familiarized with how to code something using the DHIS2 components or color

schemes. In the coding exercises, the task is to change the code, for example by

adding more functionality to an existing Codesandbox. Figure 5.9 shows an

example of a coding exercise.

Figure 5.7: Image quiz for the usage of the UI component Tag
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Figure 5.8: End of section multiple-choice quiz for the section "Data display
components" in the course "DHIS2 components"
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Figure 5.9: Coding exercise from the course "DHIS2 components"
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DP7 Principle of reinforcement: Provide the website with features that

gives feedback on the users’ performance [material property], in

order for users to understand what they need to work on [action

potential], given that the user has tried to solve a practical problem

[boundary condition]

Design principle seven is implemented by giving feedback on the multiple-choice

questions and the image quiz. Figure 5.10 shows an image quiz the user has

clicked on the correct image. Since the user has clicked on the correct image, a

green outline appears around the image. Below the image, there is a description

that explains why it was correct. In contrast, when the user chooses the incorrect

answer, a red outline appears around the image and a box underneath will explain

why it was incorrect. The multiple-choice questions give feedback in the same way.

Figure 5.11 shows a screenshot of multiple-choice questions where the user has

answered three of the questions. The first two questions are answered correctly,

and the third question is answered incorrectly. The user will receive feedback in

the same way as the image quiz tasks.

Figure 5.10: Image quiz where the user has chosen the correct answer
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Figure 5.11: Multiple-choice questions after the action components section in the
"DHIS2 components" course, where the user has chosen the two first multiple-
choice question correctly and the third incorrectly
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DP8 Principle of retrieval: Provide the website with features that assess

performance [material property], in order to test whether the

expected learning outcome has been achieved [action potential],

given that the user has completed a course [boundary condition]

For design principle eight, the website will assess performance inside the course

through coding exercises, multiple-choice quizzes, and image quizzes. In addition

to this, the website will also evaluate the users’ performance for the whole

course. After the user is finished with a course, the user will be presented with a

congratulation page and the progression bar will increase. The reader can see the

congratulation page in figure 5.12. On the congratulation page, the user will

receive points and may also receive badges. The number of points is dependent

on the performance in the quizzes. The performance means the number of

correct answers the user got from completing the multiple-choice quizzes and the

image quizzes. In addition to receiving points, it is also possible to receive badges

when meeting specific criteria. In figure 5.13, there is an example where the

person has received two badges: one for answering all the questions correctly

and one for completing the first course.

Figure 5.12: Congratulation page at the end of the course, where the user has
received a badge for completing the first course
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Figure 5.13: Congratulation page at the end of the course, where the user has
received two badges, one for completing the first course and one for getting all
the questions correct

The progression bar seen in figure 5.14 will assess the performance for all the

courses. When the user completes a course, the progression bar will increase

based on the number of points the user received during the course.

Figure 5.14: Progression bar in the navbar

The website will only save the results from completing the courses if the user is

logged in to the website. To log in, the user first needs to have an account on the

website. In the navigation bar seen in figure 5.15, there is a link to the right called

"login." When clicking on this link, the login page seen in figure 5.17 will appear.

To create a new account on the website, the user needs to click the link called

"create an account here," as seen in figure 5.17. Clicking on this link will transfer

the user to the signup page. Here, the user can create a new account. The signup

page has a similar layout as the login page.
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Figure 5.15: Navigation bar when the user is not logged-in

Figure 5.16: Navbar when the user is authenticated

Figure 5.17: Log in page

The settings page displays all the available badges that a user can receive. Figure

5.18 shows the settings page. At the top of this page, the user’s account that is

logged in is displayed. There is also a button to log out of the website. Below this,

the user will see the completed courses and all the badges the person has received.

If the user has not received any badges, this section will not be shown. Below this

section, there is a section that displays all the possible badges the user can receive.

At the moment, I have only created four types of badges.
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Figure 5.18: Settings page, when the user has completed one course and received
one badge for completing the first course
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DP9 Principle of generalization: Provide the website with generalize

the knowledge taught [material property], in order to ensure that the

user can transfer the knowledge to a new situation [action potential],

given that the user has completed a course [boundary condition]

Design principle nine is concerned with generalizing the knowledge taught in the

course. Due to time restrictions, I did not have time to implement this feature.

However, a possible suggestion for how to implement this design principle could

be to have a task at the end of the course where the user has to utilize information

taught in the course to develop a full application. The user will then have to set

up a development environment themselves, and it will be closer to tasks that they

are required to accomplish at work.

Table 5.2 summarize all of the design principles and how I implemented each of

the design principles
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# Initial design principle Instantiation of Material Properties

DP1 Provide the website with features that appeal to the
user [material property] in order to capture the user’s
attention [action potential], given that the user has
started using the website [boundary condition]

• Presentation of courses with colorful
images and course descriptions

• Possibility to receive points and badges

DP2 Provide the website with features that inform the user
of the course objectives [material property] in order to
anticipate what they will learn [action potential], given
that a course has gained the users’ attention [boundary
condition]

• In-depth description on the course
overview page

• Time estimation for how long it takes to
complete the course

• Accordion on the course overview
outlining what you could expect in the
course and a time estimate for how much
time it will take to complete the course.

• Overview for each of the sections inside
the course "DHIS2 Components"

DP3 Provide the website with features that stimulate the recall
of prerequisite learned capabilities [material property]
in order for users to make sense of the new material
[action potential], given that the user has some previous
knowledge that could apply to the topic [boundary
condition]

• Prerequisite resources on the homepage

DP4 Provide the website with features that present the
new material [material property] in order for users to
get familiar with the material to be learned [action
potential], given that the user has started a new course
[boundary condition]

• Courses presented logically with
different learning material

• Navigation in the course with back/next
buttons + breadcrumbs, which allowed
to separate the material into smaller
chunks

DP5 Provide the website with features that afford learning
guidance [material property], in order for users to
receive assistance [action potential], given that the user
has been given a problem to solve [boundary condition]

• Possible to see solution and hints in
coding exercises

DP6 Provide the system with features that elicit performance
[material property] in order for users to practice the
new material [action potential], given that the user has
been presented with new material [boundary condition]

• Coding exercises, multiple-choice
questions and image-quiz that
demonstrate that they have learnt
the material

DP7 Provide the website with features that give feedback on
the users’ performance [material property], in order
for the users to understand what they need to work on
[action potential], given that the user has tried to solve
a practical problem [boundary condition]

• Feedback if you have answered
correct/wrong on the multiple-choice
question and the image quiz tasks

DP8 Provide the website with features that assess performance
[material property], in order for users to test whether
the expected learning outcome has been achieved
[activity of user], given that the user has completed a
course [boundary condition]

• End of course congratulation page with
points and badges you have received for
completing the course

• Progress bar for all the courses

DP9 Provide the website with features to enhance retention
and transfer [material property], in order for the user
to generalize the knowledge taught to a new situation
[action potential], given that the user has completed the
other courses [boundary condition]

Not implemented

Table 5.2: Overview of instantiation of initial design principles
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5.4 The three design cycles

This section will describe the three design cycles used in this research. The design

cycles consisted of a build activity and an evaluation, as seen in figure 4.1. When

presenting the design cycles, I will follow this structure.

5.4.1 Design cycle 1: Early sketches + development of the

homepage

The first design cycle started at the beginning of September and lasted until the

end of September.

Build activity

In the first design cycle, I made some paper sketches of the website and

developed the homepage’s first version with login and sign-up functionality. The

paper sketches contained some examples of the type of course content I was

planning to develop. Besides some early paper sketches of the website, I also

developed the application’s main skeleton using the framework React and

Firebase as back-end. In figure 5.19, there is a screenshot of the homepage after

the first cycle.

Figure 5.19: The homepage after the first design cycle
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In figure 5.19 of the homepage, all the courses have a “start the tour” button.

Clicking on this button would only show dummy data. By using the react-tour

library, it was possible to click through the course. However, using the react-tour

library proved to be too restrictive. Therefore, in the subsequent design cycle, the

react-tour implementation was replaced by a custom implementation.

Evaluation

To evaluate the website after the first design cycle, I had email correspondence

with the UX designer. I used email since I wanted to get feedback quickly. I also

demonstrated the website to many of the core developers after interviews.

Through the evaluation, I received feedback based on the screenshots of the

homepage and the paper prototypes. From the email correspondence, the UX

designer was positive to the "teach, then quiz" flow. However, he also emphasized

that the users need to see the benefits of completing the courses since the tricky

part might be to get people to take them.

The interview with the core developers often started with questions about the

existing documentation in DHIS2 and what was missing. The website Storybook

displays all the UI components available. However, it did not provide information

about when to use the component and what the component is used for. A theme

in the interviews with the core developers was that it might be useful for

developers to display the components and have text and explanations for every

component. The documentation today did not showcase how the users could use

all the components together. People also mentioned that my website could

probably be more opinionated than Storybook when it comes to when the user

should use the components. Some people wanted to see more significant tasks

where the user gets an overview of how everything is connected. People were

generally positive about having coding tasks that the user had to complete.

However, it was mentioned that having automatic tests for the coding exercises

would be a nice feature. Then the user could get specific feedback on what they

had done correctly and what was incorrect. This was not practically doable in the

short timeframe the website was developed.

The development of the website continued in-between the evaluation with the

core developers and the UX designer. However, how the website looked at the

different stages remained the same. The development mostly had to do with the

back-end of the application and improving code quality.
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5.4.2 Design cycle 2: Developing course content

The second design cycle started in the beginning of October and lasted until the

end of October.

Build activity

During the second design cycle, I developed course content for the course "DHIS2

components" and the course "Colors." During this cycle, the library react-tour was

replaced by a custom implementation using JSON. I created a JSON array for all

the courses. Each of the courses had an identifier, a name, and a description.

Inside each of the courses, there was also an array that contained the course

content.

I also developed the course overview page in this second design cycle, some coding

exercises, and text-based lessons. The skeleton of the multiple-choice quiz and the

image quiz was also developed.

Evaluation

After the second design cycle, two people evaluated the website: the UX designer

and a core developer. The website was evaluated with a demonstration where I

shared the screen on Zoom. After I showed the website, I received feedback on

possible improvements. Some suggestions for improvement included having a

progress bar for the courses and receiving a checkmark when the user had

finished the quiz. After demonstrating and listening to how I had developed the

course content, the core developer also proposed using MDX instead of JSON. He

thought it was good that I stored it locally instead of in Firebase. This makes it

possible to use the website without connecting to a database, which can be

resource-demanding. However, he said that using MDX might make it easier for a

non-developer to change the course content in the future. Since this was too

time-consuming to change, I decided not to prioritize this.
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5.4.3 Design cycle 3: Adding more content to the courses and

adding badges

The third design cycle lasted from November 2020 until February 2021.

Build activity

In the third design cycle, I created more content for the courses "DHIS2

components" and "Colors." I developed more coding exercises for the courses and

made the multiple-choice questions fully functioning. I also added more

text-based lessons and implemented the image quiz. After design cycle two, I had

some image quiz tasks, but they were not functioning at this point. The images in

the image quiz were present, but it was not possible to click on any of them and

see if the answer was correct. During design cycle three, I developed this task

type further. Now it was possible to see if the answer was correct or not. In this

cycle, I also created the course images. To create the course images, I used

PowerPoint. Figure 5.20 shows a closer look at the course image for the course

"DHIS2 Components." In this screenshot, there is also a checkmark beneath the

title that says "Completed." This checkmark means that the user who is signed

has completed the course. The checkmark was suggested as a feature by the UX

designer during the second cycle. Another suggestion from the second design

cycle was to have a progress bar for the courses that would tell how many

courses the user has completed. I also implemented this feature. Figure 5.16,

shows the progress bar with the label "Completion rate."

Evaluation

To evaluate the artifact after the final design cycle, I interviewed a developer in

Mozambique, posted a questionnaire, facilitated a focus group, and received

feedback from the UX designer. Chapter 6 will go through the findings from each

of the methods used to evaluate the website after the last design cycle.
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Figure 5.20: The course image for the course "DHIS2 Components" with a
checkmark for having completed the course

5.5 Summary

This chapter has described the tools used to develop the website and explained

how I implemented the initial design principles. It has also given an overview of

the three design cycles this research has followed. For the next chapter, I will go

through the evaluation of the website after the final design cycle and relate it to

the initial design principles.
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Evaluation

This chapter will report the findings related to the summative evaluation of the

website after the final design cycle and discuss it in relation to the initial design

principles. The final evaluation of the website consisted of different data collection

methods. It included a questionnaire, a focus group, an interview with a developer

in Mozambique, and an expert review by the UX designer. At the end of this

chapter, I will discuss some aspects of the evaluation that were not necessarily

related to the instantiation of a design principle. Table 6.1 will summarize the

findings from the evaluation.

6.1 Design principle 1

DP1 Principle of reception: Provide the website with features that

appeal to the user [material property] in order to capture the user’s

attention [action potential], given that the user has started using the

website [boundary condition]

The first design principle was implemented with two features. The first feature

was to present the courses with colorful images and course descriptions. The

second feature was the possibility of receiving points and badges. For the courses

to appeal to the user, the features should be suitable for the user.
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6.1.1 Questionnaire

One statement in the questionnaire was: "I think the website could be a good

supplement to the other DHIS2 resources", which I argue says something about

whether the website appeals to users. For this statement, 37.5% answered

"Strongly Agree," and 62.5% "Agreed". To the question "Do you think the course

would be suitable for beginners wanting to learn to use the DHIS2 design system"

62.5% answered "Yes" and 37.5% answered "Somewhat." None of the

respondents answered "No." One said that whether the website would be suitable

would depend on the audience and their background.

There were no specific thoughts about the homepage regarding the course

images and course descriptions. People were more interested in the actual course

content. However, one question that was asked that was more general was: "How

was it to get familiar with the website"? 12.5% answered "Neutral," 50%

answered "Easy," and 37.5% answered "Very easy." Another question that was

asked was regarding the attractiveness of the website. This question was not

specifically asking about the homepage but the whole website. The question was:

"How visually attractive did you find the course?", 25% answered "Mediocre,"

62.5% answered "Quite attractive," and 12.5% answered "Very attractive." When

asked about what the best thing about the courses was, one person mentioned

that the website being attractive was the best thing. However, another person in

the survey noted that the website’s visual design could be more appealing. Still,

he also said that he thought it looked very much like a DHIS2 related content

page.

There were not many people who said that they received points and badges for

completing the courses, which suggests that the possibility of receiving points and

badges might not have been that clear, or it might not have been that important

for people to take the time to log in. One person mentioned that it was not that

clear that the user had to click on the login button to sign up.

6.1.2 Focus group

The students in the focus group also thought the website was a good addition to

the existing resources. All of the students had taken the platform course offered

at UiO. The previous semester, a website was developed as a part of the course

material. This website introduced the students to DHIS2. However, students in

the focus group felt that information about the DHIS2 design system lacked in

the platform course. Therefore, some of the students thought that the website

I had developed would have been a good supplement to existing resources when
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taking the platform course. Some students also mentioned that this resource could

be helpful in the DHIS2 world. Even for developers in Norway, this could be a

valuable website since many developers in Norway do not have that much design

knowledge either.

In general, people seemed to think the homepage was good. However, one student

suggested that the homepage should state the benefits of signing up. Some people

felt that it was not clear that it was possible to receive points and badges. If the

benefits of signing up were more apparent, people thought that the users would

be more inclined to sign up. While one person said that it was easy to get to know

the website, create a user and log in, another person in the focus group did not

feel it was natural to log in. Someone also mentioned that they did not see the

login button.

A couple of people in the focus group advocated for using the navbar more. One

suggested having courses and resources besides the logo in the navbar. Another

person suggested that it should be possible to click directly on a course from the

navbar. Some argued that many people use the navbar to navigate, so there should

be more up there. One person also suggested having trophies in the navbar.

The initial design principle is also concerned with having engaging descriptions

of the courses. However, a topic that emerged in the focus group was whether

people know what a design system is. Only having descriptions for each of the

courses might not be enough. As some might not be familiar with what a design

system is, a suggestion was to introduce the design system with a design systems

fundamentals course. The user should complete this course before the other

courses. In this course, a suggestion was to introduce why having a design system

and having a similar identity across all DHIS2 applications is favorable. As a

result, the benefits of completing the remaining courses might have been

clearer

6.1.3 Developer in Mozambique

The website did seem to appeal to the developer in Mozambique, and he said he

liked it very much. He also mentioned that he felt that the website was a good

resource for new developers. He noted that some of the documentation in DHIS2

is too advanced and not suited for new developers. While he said that the

documentation is not necessarily missing, it is difficult to find the things you are

looking for when you don’t know the platform’s structure. Therefore he thought

the website that I had developed could be a good addition to the existing

resources.
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The developer in Mozambique seemed to like the homepage in general. However,

he wanted more colors, especially since I had a course named "color." Another

thing he mentioned was that there was too much text in the course descriptions

on the homepage. He would have liked to get that information in the course

overview instead when clicking on a specific course.

6.2 Design principle 2

DP2 Principle of expectancy: Provide the website with features that

inform the user of the course objectives [material property] in order

to anticipate what they will learn [action potential], given that a

course has gained the users’ attention [boundary condition]

This design principle was implemented by having a course overview page

containing a course description, a time estimation, and an accordion showing the

course content.

6.2.1 Questionnaire

Two people in the questionnaire mentioned that completing the courses took

longer than what was written in the time estimate for that course and that a new

time estimation should be made.

It was also mentioned that when opening up the course DHIS2 components, it

might not be clear for users’ what components are used for, suggesting that course

description might not have been that clear.

6.2.2 Focus group

People in the focus group generally liked the accordion to see what the course

would cover and how much time they should schedule. However, someone

mentioned that it should be possible to go to a specific page from the accordion

in the course overview. Then, if the user is uncertain about a particular topic, the

user could go directly to that page. At the moment, the user would have to go

through the whole course before finding the correct page.

6.2.3 Developer in Mozambique

The developer in Mozambique generally liked the course overview page.

However, he would also like to have the option to jump to a specific page from

the accordion.
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6.3 Design principle 3

DP3 Principle of retrieval: Provide the website with features that

stimulate the recall of prerequisite learned capabilities [material

property] in order for users to make sense of the new material

[action potential], given that the user has some previous knowledge

that could apply to the topic [boundary condition]

Design principle three was implemented by describing prerequisites relevant to

the course on the homepage under "Resources".

6.3.1 Questionnaire

People in the questionnaire found the placement of the "Resources" section on

the homepage to be a bit off. One person mentioned not seeing the "Resources"

until later. Someone also suggested stating more prerequisites for each course.

One example that was given was when discussion the UI component "chips", the

tutorial should highlight where in existing documentation the user should go to

find information about the design system’s chips.

6.3.2 Focus group

Multiple people participating in the focus group emphasized further links to

external resources. Someone in the focus group mentioned that it is confusing to

find information in DHIS2. Therefore, it was nice to have some links to other

resources, as I had attempted in the website. However, this was not consistent,

and someone in the focus group emphasized more links inside the courses. One

example given was to directly link the color course to the documentation on

Github about the DHIS2 color specification.

6.4 Design principle 4

DP4 Principle of selective perception: Provide the website with features

that present the new material [material property] in order for users to

get familiar with the material to be learned [action potential], given

that the user has started a new course [boundary condition]

Design principle four was implemented by presenting the new material using

various media and question types and having navigation inside the course with

back and next buttons and breadcrumbs.
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6.4.1 Questionnaire

In the questionnaire, some people emphasized that the courses were

well-structured. One person wrote that the courses take you through the DHIS2

design system in a methodological way. However, some people mentioned that it

was too much text on some of the pages. One person mentioned that having so

much text was overwhelming, and the person suggested that I could improve the

courses by having more steps with less information. Another person also

mentioned that the text blocks could use better formatting for readability.

Some people said that the distribution between the different tasks was good.

However, people had different opinions regarding the usefulness of the learning

materials.

Results from the multiple-choice questions considering the usefulness of the

different tasks:

• Text-based: Very useful 50% , Moderately useful 37.5% and Slightly useful

12.5%

• Multiple-choice: Very useful 87.5%, Slightly useful 12.5%.

• Coding tasks: Very useful 37.5%, Moderately useful 25%, Slightly useful

37.5%

• Image quiz: Extremely useful 25%, Very useful 50%, Moderately useful 25%

According to these results, the image quiz seems to be the most popular, and the

coding tasks the least popular. In one free-text question, someone mentioned that

the usefulness of the task would depend on the audience. The person assumed

that the intended audience would-be developers of DHIS2 apps. In which case,

the person argues that some of the material would be easier to get from the

documentation. If the audience were designers who don’t code the apps, e.g., just

people making wireframes, then the coding exercises would not be as

relevant.

One person also suggested new functionality in the courses. The suggestion was

to display more example apps that apply the design principles properly.

The navigation inside the course was also a part of the implemented features

for this design principle. One person noticed when using the back button in the

browser and not on the webpage, he/she would go back to the main page and start

all over again from the beginning. After noticing this behavior, the person said that

he/she was more careful with using the "back" and "next" buttons available on the
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page only.

6.4.2 Focus group

In the focus group, someone also mentioned that there was too much information

on some of the pages. Therefore, a suggestion was to use multiple pages.

Someone also said they liked the usage of breadcrumbs, but then they became

aware that not all were clickable, which they should be. Some of the people in

the focus group also advocated for improved navigation inside the courses. To

improve the navigation inside the courses, someone suggested that there should

be some navigation inside each page. The student suggested that there could be a

table of contents for each page. The table of contents would take the user to the

different parts of the page.

Another thing that was mentioned was to have a small introduction before the

coding examples and exercises. One person mentioned that he would like a heads

up before the coding exercises.

6.4.3 Developer in Mozambique

The developer in Mozambique also said that he sometimes felt it was too much

text on some of the pages. He would also like to have the option to click on the

breadcrumbs.

6.4.4 UX designer

The UX designer reported using the back and next buttons in the browser and

not the dedicated "next" and "back" buttons provided on the webpage. Using the

browser’s back button would take the user out of the quiz. The UX designer felt

that this could be confusing for the user who wanted to go back to the previous

section to reread some information. The UX designer reported that this happened

multiple times, which was an issue when one had gone deep into the "DHIS2

Components" course since he had to go through 20+ pages again.

6.5 Design principle 5

DP5 Principle of semantic encoding: Provide the website with features

that afford learning guidance [material property] in order for users

to receive assistance [action potential], given that the user has been

given a problem to solve [boundary condition]
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Design principle five was implemented by seeing the solution and hints in some of

the coding exercises.

6.5.1 Questionnaire

People who participate in the questionnaire seemed to want to have more learning

guidance. Some people said that they would like to receive more help when doing

the courses.

6.5.2 Focus group

Some people mentioned that they would like to have the option to see

solutions/get hints, not being aware that this was possible in some of the coding

exercises. This may suggest that the placement of the hints could be better.

For the coding exercises someone also said that they would like to receive more

guidance. The student compared it to Codeacademy, where the user will receive

more guidance.

6.6 Design principle 6

DP6 Principle of responding: Provide the system with features that elicit

performance [material property] in order for users to practice the new

material [action potential], given that the user has been presented

with new material [boundary condition]

Design principle six was implemented by having tasks that would elicit

performance. These tasks included multiple-choice quizzes, image quizzes, and

coding exercises.

6.6.1 Questionnaire

A developer who took the questionnaire mentioned not being interested in

editing code in a tutorial. Instead, the developer said that he would like to learn

more about the DHIS2 design principles. However, he also noted that this

approach could help people who do not have a lot of React experience and want

to learn how to develop apps for DHIS2. In contrast, another person preferred

more coding exercises in general and thought having coding exercises was better

than the image quiz and the multiple-choice quiz. The person emphasizes that

this may be personal taste, mentioning liking more practical learning methods,

f.ex by playing with code. However, the person also sees it as essential to have

71



6.6. DESIGN PRINCIPLE 6

some theory and learn why the components exist and how to use them correctly.

Another person said that sometimes it felt that it was more a lesson in React than

a lesson in using the DHIS2 design system. The person elaborated further, saying

that it could be helpful depending on the user’s background. Therefore he

mentioned that he would like to have the option to skip over specific exercises.

Another person said that he would like to have even more quizzes in general,

arguing that new knowledge can be more quickly tested and retained.

Having bigger tasks was also something that was mentioned. One person said that

he would like a step-by-step real project development. For example, do a small

project from A-Z where the participants can use React knowledge in building real

DHIS2 applications. When asked about whether there is anything else that he

would like to add about the website, the same person said that he would like the

website to have a complete playground where the developer can play around and

develop basic apps for DHIS2.

One issue that was reported by a couple of people was that they had trouble

with the embedded code sandbox. The people who mentioned this issue said

that the cursor was misplaced a couple of symbols towards the left. One person

got used to the error and consequently remembered needing to place the cursor

incorrectly when typing something. However, although being able to do coding

tasks, the respondent did not look forward to the coding assignments due to this

error. Another person had to resort to using the keyboard instead due to the

errors the misplaced cursor caused. Some people mentioned that having a non-

embedded version might have been better. One person who said that he also had

this issue with the embedded version reported that it helped open the dedicated

coding sandbox page.

6.6.2 Focus group

The majority of the people in the focus group leaned more towards being designers

than developers. Consequently, many were more interested in the course "Color,"

which did not contain many coding exercises but emphasized design. The "Color"

course used image quizzes a lot, and many of the people in the focus group seemed

to enjoy this task. Some of the students thought the examples were good and that

comparing images was an excellent way to visualize things. The people in the

focus group felt that correct color usage was very important. Especially being

consistent with the color usage, so the user will be able to have correct focus.

The focus group also mentioned that the development of DHIS2 in some countries

often had colorful apps and that they did not want the apps to look alike. People
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in the focus group felt that this was a battle to take, especially regarding the

difference between danger and confirm colors.

One person in the focus group who examined the course "DHIS2 components" a

little bit more said that he generally liked having coding exercises seeing that he

had tried out other types of courses (like code academy). Still, he found it

challenging to navigate the embedded code sandbox examples and felt it was

difficult to scroll with the embedded version. The cursor was also misplaced with

a couple of symbols.

In order to practice the new material, even more, a suggestion by one of the

students was to have a task with a drag-and-drop interface. In the drag-and-drop

interface, the person could drag different components and see if they used them

correctly. Then, they could check to see if they used the correct colors.

6.6.3 Developer in Mozambique

The developer in Mozambique also said that he liked the code sandbox exercises

but that it would have been helpful to have some more extensive tasks. When

asked about what type of tasks he liked the most, he said the coding exercises, the

multiple-choice questions, and the image quiz.

6.6.4 UX designer

In the earlier stages of the development, the UX designer suggested having a

prototyping site where you could drag components to the page and check that

you used them correctly. This is similar to the suggestion by the student about the

drag-and-drop interface. He would like to have something like this, where the

site would warn if the user has used more than one primary button on the same

page. However, this was abolished due to being very time-consuming to

accomplish well.

The UX designer also suggested that the different answers in the "quiz" section

should be emphasized, perhaps with a border around each answer. The UX

designer argues that it can be difficult at a glance to see that there are two

different answers. He also suggests providing hover states for the clickable

answers since it is not clear that they are clickable. The hover state should be

visibly different, and the cursor should reflect that the answer is clickable.
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6.7 Design principle 7

DP7 Principle of reinforcement: Provide the website with features that

give feedback on the users’ performance [material property] in order

for the users to understand what they need to work on [action

potential], given that the user has tried to solve a practical problem

[boundary condition]

Design principle seven was implemented by receiving feedback on the multiple-

choice question and the image quiz.

6.7.1 Questionnaire

It was not asked explicitly in the questionnaire how they felt about receiving

feedback on the quizzes. But one person mentioned that while the coding

exercises were better than the image quiz or the quiz, the person mentioned

liking receiving correct/wrong answers in the quiz.

6.7.2 Focus group

Some of the people in the focus group said that it was very good to receive

feedback on the quizzes. However, someone suggested that the user should get

links in the feedback to learn more about the topic.

6.7.3 Developer in Mozambique

The developer in Mozambique also liked the multiple-choice quizzes and the

image quiz and receiving feedback for the quizzes.
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6.8 Design principle 8

DP8 Principle of retrieval: Provide the website with features that assess

performance [material property] in order for users to test whether

the expected learning outcome has been achieved [action potential],

given that the user has completed a course [boundary condition]

Design principle eight was implemented by having an assessment at the end of

the course. The user would get an end-of-course congratulation page with points,

and badges received. A progress bar will also assess how many courses have been

completed.

6.8.1 Questionnaire

There were not that many people who answered that they had received badges in

the survey. When asked about how they found receiving badges, 37.5% said that

they had not received any badges. This suggests that they either did not signup

to the website, they did not fully complete a course, or it may be an unidentified

error since the user should receive a badge when completing your first course if

you have signed up. This does suggest that it might not have been that obvious that

you could sign up, and the benefits of signing up might not have been that clear.

However, I asked no question about whether they signed up, so it is impossible to

be sure. For the people who did receive badges, 25% said it was "Very exciting" to

receive badges, 25% said it was "Exciting," and 12.5% were Neutral.

A couple of people mentioned that they found the progress bar to be a bit

confusing, and they would instead like to have one for each course. There is only

one progress bar named "completion rate" for all the courses. Someone said they

felt it was unclear what the completion rate was for, and some thought it was a

little bit out of place. Some people found this progress bar confusing since they

believed that this should change when clicking next inside the courses. However,

they later realized that this progress was related to all the courses and not the

current active course.

6.8.2 Focus group

Multiple people said that they thought it was cool to receive points and badges for

completion in the focus group. One said that he loved the concept of gamification.

In the focus group, one person said that he would like to receive "Spicy titles,"

saying that it would be cool to be a "UI guru." Since courses can become a little

boring, adding more spicy titles and animations and making it more "childish."
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This sparked a discussion in the focus group. While people in the focus-group,

generally liked the idea of receiving badges, someone said that we should think

about cultural differences, saying that badges with silly titles and using fun emojis

might not be perceived that well by serious health authorities. This person still

thought that the idea of using some badges could be accomplished well, but that it

should not be that silly. Still, someone said that since the tutorials are aimed more

towards developers and not necessarily towards health professionals, it might still

work. Whether they would like such silly titles is not possible to know, and this

discussion was more about the students imagining how the rest of the community

would perceive the badges.

Having a progress bar for each of the courses was also suggested in the focus

group. Another suggestion was to show the score the user had received when

completing the course on the homepage for that respective course.

6.8.3 UX designer

The UX designer mentioned that he would also like a progress bar for each course,

seeing it as an encouraging element that would nudge the user to keep going.

6.9 Further findings

Some of the suggestions that I received regarding improvements do not fit under

any design principles, and I will discuss them here.

6.9.1 Questionnaire

In the questionnaire, it was mentioned that adding a rating system might be a good

idea. Then people would be able to review the courses, which could generate a

feedback loop and possibilities to improve the courses’ content even more.

One issue that was mentioned was when signing up. The user was asked for

a username, but the website only accepted email. Some people also mentioned

receiving a 404 page when duplicating the page.

Everyone in the questionnaire said that the response time they were pleased with

the response time of the questionnaire. Some describes it as "pretty good", "fast"

or "very good". However, one person mentioned that while the website was very

performant, some of the images took a bit of time to load. Therefore, the person

suggested to use code instead of images to make it load faster.
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6.9.2 Focus group

A suggestion for improvement mentioned in the focus group was to save the

courses’ progression. Right now, the course will only be saved when the user has

completed the whole course. The user will not be able to save the progress if the

user is halfway through the course. Therefore the person said that it would have

been nice to have the option to save progression. Then you would be able to pick

up where you left off.

Some students also mentioned issues with the signup page requesting a username

and the 404 error page. Another issue mentioned in the focus groups was the

hover effect on the image quiz tasks. The grey hover effect should appear when

the user hovers over the image. However, students mentioned that this hover

effect only occurred when the user arrived at that image quiz the first time. If

the user went to another page of the course and then returned to the same image

quiz, the hover effect did not appear.

The need for internet connection to use the coding exercises was also mentioned

as an issue. Some had travelled to countries in the HISP network an experienced

the lack of internet connection first hand. Someone said that it was not really

good internet connection at the university and people used a memory stick to

store YouTube videos. Therefore, it was suggested that the courses should have an

offline mode.

6.9.3 Developer in Mozambique

The developer in Mozambique also mentioned that when he is finished with a

course, he would like to have the option to go back home. In addition to the "start

over" button that starts the courses, he would like to have a button that would

take the user back to the home page.

6.9.4 UX designer

The UX designer mentioned that it would have been clearer if the action buttons

were placed consistently. The "Start course" button is left-aligned, but the "Back"

and "Next" buttons are center-aligned.

There was also an issue with the page layout "showcase of DHIS2 components",

which did not work well on smaller screen widths. The UX designer suggested

stacking the sections vertically below a certain screen width.

In addition, the UX designer also mentioned that the Table and the Data table
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components are being mixed up, and the font family used in the code examples is

incorrect. According to the design system, the font family should be Roboto.

6.10 Summary

Table 6.1 summarizes the findings from the last evaluation of the website. The

table separates results for each of the design principles and the evaluation

method used. In chapter 7, the initial design principles evaluated in this chapter

will be revised based on the evaluation, and some new design principles will be

discussed.
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Table 6.1: Summary of the findings from the evaluation

Design principle Questionnaire Focus group Mozambique Expert review

Design principle
1

• Good supplement to existing resource
• Generally thought that it was suitable

for new developer
• Not many thoughts on the homepage
• Majority though it was "Quite

attractive", but the views varied
• Not clear that it was possible to

receive points and badges

• Good supplement to existing
resources

• Not clear that it was possible to
receive points and badges

• Use the navbar more as a form of
navigation

• Would like a design systems
fundamentals course

• Very good website
• Good resource for new developers
• Would like to have more colours
• Too much text introducing the

courses on the homepage

-

Design principle
2

• Wrong time estimates for the courses • Liked seeing the course overview
with time estimates

• Would like to have the option to go
directly to a page from the course
overview

• Liked seeing the course overview
• Would like to have the option to go

directly to a page from the course
overview

-

Design principle
3

• More links to external resources and
state prerequisite

• More helpful links, also inside the
courses

- -

continued on the next page
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Table 6.1: Summary of the findings from the evaluation

Design principle Questionnaire Focus group Mozambique Expert review

Design principle
4

• Well-structured
• Too much information on some pages
• Good distribution between different

learning material
• Navigation inside the course not

working properly

• Too much information on some pages
• Liked breadcrumbs, but all should be

clickable
• Would like better navigation inside

one specific page in the course
• Add small introduction before coding

exercises

• Too much information on some pages
• Liked breadcrumbs, but all should be

clickable

• Navigation with back and next
buttons inside course not working
properly

Design principle
5

• Would like to receive more guidance • See solution and hints

- -

Design principle
6

• Difference in what type of task they
like

• Bigger tasks
• Issues with embedded code sandbox

• Liked the image quiz
• Coding exercises could be valuable,

but difficult to use embedded
codesandbox

• Would like a drag-and-drop
interface to see if the person used
components/colors correctly

• Liked the coding exercises
• Bigger tasks

• Drag-and-drop components
• Emphasize the answers in the "quiz"

Design principle
7

• Liked receiving feedback on quizzes • Liked receiving feedback on quizzes
• More links in the feedback to learn

more about the topic

• Liked receiving feedback on quizzes

-

continued on the next page
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Table 6.1: Summary of the findings from the evaluation

Design principle Questionnaire Focus group Mozambique Expert review

Design principle
8

• Not that many who signed up, but of
the people who did 25% said it was
“Very exciting” to receive badge, 25%
Exciting and 12.5% Neutral

• Progress bar confusing. Would like a
progress bar for each course

• Cool to receive points and badges
• Would like to receive more "silly"

titles and badges
• Progress bar confusing. Would like a

progress bar for each course

-

• Progress bar confusing. Would like a
progress bar for each course

Further findings

• Feedback system to improve courses
• Issues with signup page
• Receiving 404 page
• Good response time

• Should be possible to save course
progression

• Issues with signup page
• Receiving 404 page
• Courses should have an offline mode

• Misses a button that would take
the user to the homepage after
completion

• Should be consistent with button
alignment

• The page "showcase of DHIS2"
components not working well on
smaller

• Table and Data table components are
being mixed

• Wrong font in the coding exercises
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7
Discussion

This study aims to develop a set of design principles for an online app development

course used globally. Within this chapter, I will address the research questions in

light of the evaluation of the website and literature presented in the literature

review. The research question for this thesis is the following:

RQ: What are appropriate design principles for an online app development course

used globally?

To answer this research question, I had a set of research objectives which

consisted of 1) identify initial design principles, 2) develop an instantiation of the

design principles, 3) Evaluate the instantiation, and 4) Develop new and

expanded design principles. The first two objectives were explored in chapter 5.

The second objective was explored in chapter 6. This chapter will explore the last

research objective considering the development of new design principles for a

new context. Firstly, I will place the practical work with this thesis in relation to

the literature. Secondly, I will discuss the findings from the evaluation of the

website with the initial design principles and revise the design principles. Thirdly,

I will develop new design principles based on the evaluation and the literature.

Finally, I will discuss the limitations of this research.
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7.1 Positioning the empirical work within the

platform and ICT4D literature

This section will position the empirical work within the platform and ICT4D

literature.

This thesis has developed a website with online courses to learn about the DHIS2

design system. The website could be seen as a part of the DHIS2 software

ecosystem. It is a resource to learn about another part of the ecosystem: the

DHIS2 design system.

The DHIS2 design system is a boundary resource since it supports third-party

developers in developing applications (Ghazawneh and Henfridsson, 2013).

Using the division of boundary resources created by Dal Bianco et al. (2014), the

DHIS2 design system could be seen as a development boundary resource. As

development boundary resources are tools that can help third-party developers

develop apps, I consider the design system to fall under this category.

The website that I have developed to learn about the DHIS2 design system can

also be viewed as a boundary resource. It is a boundary resource to utilize the

DHIS2 design system. However, I consider it to be a social boundary or a

knowledge boundary resource since it aims to transfer knowledge about

third-party application development (Dal Bianco et al., 2014; Foerderer et al.,

2019). Both social boundary resources and knowledge boundary resources cover

many of the same resources. If viewing it as a knowledge boundary resource, it

would fall under the category Broadcasting. Broadcasting is a boundary resource

that complementors can access without interacting with the platform owner

(Foerderer et al., 2019).

Following the separation of platform architecture, according to Roland et al.

(2017), the website developed could be viewed as a boundary resource to

support the development of custom apps. Custom apps are known for having

high design flexibility and low flexibility for use across tasks (Roland et al.,

2017). The custom apps developed in DHIS2 today have very high flexibility

regarding the look of the apps. Some of the custom apps developed are not

reusable by other HISP groups. If the applications developed in DHIS2 were more

standardized, there might be a greater possibility to reuse apps developed by

other HISP groups. Since there are many similar use cases in health and

education, there might be a greater possibility of utilizing custom apps developed

by other teams. Regarding the platform architecture, this would mean that the
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platform could increase the reusability of the custom apps. Still, there are other

aspects to consider than the user interface. Therefore, I would still argue that the

custom apps would have low reusability. Nonetheless, the design system might

increase the reusability of the apps.

The DHIS2 design system and the learning resource developed in this thesis

could be considered boundary resources that resource and secure the platform

(Ghazawneh and Henfridsson, 2013). The DHIS2 design system intends to make

it easier for developers to develop external contributions to the platform.

Therefore it could be seen as a boundary resource that resource the platform.

However, enforcing the usage of the DHIS2 design system will reduce the

flexibility and could be seen as a way to secure the platform (Ghazawneh and

Henfridsson, 2013). Securing the platform does not necessarily have to do with

security; it can also mean securing what contributions the platform will accept.

However, in DHIS2, the core team can’t secure the platform entirely. It is possible

to develop apps in an in-country instance without interfering with the official app

store governed by the core team. There are also HISP teams that do not use the

React library required to utilize the UI components. But it is impossible to use the

design principles that are a part of the DHIS2 design system. Sometimes the

developers of DHIS2 apps have clients that would like another visual interface

than the DHIS2 design system provides. Enforcing everyone to use it will

therefore not be possible, but they can encourage it.

Using the literature from ICT4D, the website developed could also be considered

a tool to support innovation in the Global South (Heeks, 2002). It could also be

considered pro-poor innovation since the development of the website has been

taking place from the Global North. The aim is to promote innovation in the

developing countries themselves. Having developers in the Global South develop

their own products is supposed to reduce the design-actuality gap (Heeks, 2008).

For the developers to produce content, Heeks (2008) propose developing tools

to support developers. However, there are several issues related to this. Since

the tools that should support developers in the Global South are developed in the

Global North, it might also introduce a design-actuality gap. The website that

I have developed as part of this thesis is developed by me in Oslo, or what is

referred to as the Global North in the literature. Introducing the website to the

Global South might also introduce a design-actuality gap (Heeks, 2008).

The DHIS2 design system itself could be in danger of introducing a

design-actuality gap. As mentioned earlier, the DHIS2 design system is developed

by the core team at UiO, far away from people in the HISP network. While they
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also want the resources in the DHIS2 design system to be useful for people

outside the core team, they have not received that much input from the

community in the initial phase of developing the components. However, they

have received feedback after the core team developed the initial

components.

7.2 Revising the design principles

In this section, I will revise the initial design principles developed in section 5.2,

based on the evaluation in chapter 6.

7.2.1 Design principle 1

Design principle one emphasizes that the website should appeal to the user as a

way to encourage them to begin the courses. This design principle is fundamental

due to the nature of the website. The developed website is a social boundary
resource to learn about a design system that third-party developers do not need to

use in order to develop apps for the platform. Therefore, they need to be presented

with good arguments about the benefits of using the DHIS2 design system. The

UX designer also mentioned this in the first design cycle, as seen in section 5.4.1.

People in the focus group shared this view when they said there should be a design

systems fundamentals course to promote why having a similar identity across apps

are good. However, there needs to be a balance between presenting the website’s

benefits and not overflowing the user with information. As seen in the evaluation,

the developer in Mozambique felt that the course description contained too much

information.

One of the features that were developed to appeal to the user was receiving points

and badges. However, feedback gathered from both the questionnaire and focus

group suggests that this feature was not clear. Features that appeal to the user

should be clear when the user first starts to use the website. It should not be

something that the user has to search for.

Design principle one remains the same, but the website should appeal to the user

when they first arrive at the website. They should not have to look for the

benefits. However, since the website is developed globally by people with

different backgrounds and preferences, it is also important to realize that what

appeals to some might not appeal to everyone. Therefore, I have also developed

new design principles that consider this in section 7.3.
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7.2.2 Design principle 2

Design principle two was concerned with informing the user of the course

objectives. One of the features implemented for this design principle was to

inform the user how much time it takes to complete the course. I made the time

estimate on the course overview page without input from users. Consequently, I

had to guess how much time people would use to complete the courses. To get a

better time estimate, multiple people should have completed the courses.

People might spend more or less time completing the courses. Since the software

platform is used across many different countries with different backgrounds,

deciding on a time estimate that fits everyone might be difficult. Therefore,

having a time estimate represented as a range instead of a set time might be

better.

The courses are not intended to be used as an encyclopedia to look up information.

For this, using regular documentation might be better. But from the evaluation,

it seems to be a theme that people would like to have the option to use it like

this. The website is aimed towards a varied group who have different needs, so

having the option to only learn about some parts of the course material could be

good.

To summarize, people generally liked the features implemented to inform the user

of the course objectives. However, having the option to learn more about one

specific element in the course objective was emphasized. I, therefore, propose an

adapted design principle:

DP2 Principle of expectancy: Provide the website with features that

inform the user of the course objectives and the option to learn about

one course objective [material property] in order for users to know

what to expect [action potential], given that the site has gained the

users attention [boundary condition]

7.2.3 Design principle 3

This design principle was concerned with having features that provided links to

prerequisites. From the evaluation, it seems that people would have liked to have

even more of this. I view this as an implementation issue rather than an issue with

the design principle. From the evaluation, people would like to have even more

prerequisites inside each individual course.
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7.2.4 Design principle 4

Design principle four is concerned with presenting the new material. Overall,

many people felt that the navigation inside the course did not work correctly. Since

the issue is more an implementation issue than an issue with the design principle,

I did not change the design principle. But it highlights that people might use the

website in different ways. Many people also reported feeling that the new material

presented contained too much information. A couple of people mentioned that

they would like less text per page. To highlight this finding, I created an adapted

design principle:

DP4 Principle of selective perception: Provide the website with features

that present the new material in small bulks [material property] in

order for users to get familiar with the material to be learned without

feeling overwhelmed [action potential], given that the user has

started a new course [boundary condition]

7.2.5 Design principle 5

Design principle five was concerned with affording learning guidance. People

from the evaluation generally seemed to think that learning guidance is important,

but the website should provide more features to afford learning guidance. The

design principle remains the same, but the developer should put more thought

into visualizing the design principle and ensuring that the user sees the possibility

of receiving learning guidance.

7.2.6 Design principle 6

This design principle is concerned with eliciting performance. The people who

evaluated the website had different views surrounding the type of tasks they liked.

However, in general, people seemed to like having more practical tasks that would

elicit performance, but not all the practical tasks seemed suitable for the people

evaluating. I still view the design principle as appropriate. Still, I will discuss an

additional design principle in section 7.3.1 , which would allow for more tailoring

of the learning content to fit the person’s needs.

7.2.7 Design principle 7

Design principle seven is concerned with giving feedback on the users’

performance. While I did not test this design principle to a great extent, people

generally seemed to like the quizzes where the user would receive feedback for
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why they had chosen the correct or incorrect answer. I have expanded the design

principle to consider what was mentioned in the focus group. In the focus group,

someone mentioned that there should be links in the feedback to learn more

about the topic.

DP7 Principle of reinforcement: Provide the website with features that

give feedback on the users’ performance and provide links to learn

more about the subject [material property] in order for the users to

understand what they need to work on and how they can work on it

[action potential], given that the user has tried to solve a practical

problem [boundary condition]

7.2.8 Design principle 8

Design principle eight is concerned with assessing performance at the end of the

course. This design principle came to life in the website by receiving points and

badges and seeing the progress bar increase. The design principle was very open

and not specific about how assessment should be done. There are many ways to

assess performance, and there might have been better ways to accomplish

this.

A finding from the evaluations was that people found the progress bar confusing

and wanted a progress bar for each course. This confusion was an issue related to

the website and not the design principle.

7.2.9 Design principle 9

Design principle nine was not implemented, but it is concerned with generalizing

the knowledge taught in the course, and use the knowledge in a new context. A

suggestion for how to implement this task was to have a task where the user had to

develop a full application. Some of the core developers who evaluated the website

during the first design cycle wanted more significant tasks, to be able to see how

everything is connected. However, I did not manage to accomplish this in the

short timeframe. During the final evaluation of the website, people also reported

wanting bigger coding tasks and a drag-and-drop interface that would allow the

user see if the guidelines where followed. These features could fall under this

design principle.
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7.3 New design principles

After evaluating the initial design principles and reading more literature, I have

received input to make new design principles. The three new design principles will

be discussed below and include tailorability, offline mode, and feedback.

7.3.1 Tailorability

People who evaluated the website had different views on the learning material

they liked. A proposal would be to have the possibility of tailoring the learning. I

propose that this would not only apply to DHIS2 but also other courses consisting

of users with high diversity. There needs to be an investigation into how

developers can best accomplish this. As suggested in the focus group, one way

might be to have the option to skip specific exercises. Another option might be to

have the person complete a questionnaire beforehand to decide what kind of

tasks and information the course will cover.

The tailorability design principle wants to facilitate so users with different

backgrounds can take ownership of what I have created and change it further.

This design principle aligns with Heeks (2008), which sees developers as active

producers and innovators. They are not only passive consumers of the learning

material but have the option to tailor it to their needs. For the development of

online courses used globally, I propose a new design principle:

DP10 Principle of tailorability: Provide the website with features that

allow the user to tailor the learning [material property] in order for

the user to be able to customize it to their needs and preferences

[action potential], given that they have some preferences [boundary

condition]

7.3.2 Offline mode

From many of the interviews with core developers and students in the focus

group, respondents suggested that using the website offline would be beneficial.

The course’s target a diverse audience, where not everyone have access to good

internet connection. Internet connection is also something that is mentioned as a

challenge in the literature on ICT4D (Heeks, 2002). Consequently, I argue that

the proposed design principle could be applicable for global courses:

DP11 Principle of offline mode: Provide the website with features that

allow the user to use the website offline [material property] in order
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for the user to be able to use it when the internet connection is poor

[action potential], given that the user has a course they would like to

begin [boundary condition]

7.3.3 Feedback

In the questionnaire, having a feedback system was mentioned as a suggestion

for a new feature. While having the possibility to give feedback on the website is

important regardless of the context. It is essential when trying to reduce the

design-actuality gap (Heeks, 2008). Since the website is intended for a global

user base, it might not be possible to get feedback from everyone before the

development. However, to reduce the design-actuality gap after it is developed, I

propose a new feedback principle. The feedback principle is more concerned with

fixing the design-actuality gap than hindering it from appearing.

DP12 Principle of feedback: Provide the website with a feedback

system to improve the website further [material property] in order

for the user to participate in improving the website [action

potential], given that the user has some suggestions for improvement

[boundary condition]

To hinder the design-actuality from appearing, developers in the Global South

should actively give feedback and possibly also partake in developing the

website.

7.4 Final revised design principles

In table 7.1 and 7.2, I showcase all the old, new and adapted design

principles.
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#
Design
principle

Design principle specification

DP1
Principle of
reception

Provide the website with features that appeal to
the user [material property] in order to capture
the user’s attention [action potential], given
that the user has started using the website

DP2
(adapted)

Principle of
expectancy

Provide the website with features that inform
the user of the course objectives and the option
to learn about one course objective [material
property] in order for users to know what to
expect [action potential], given that the site
has gained the users attention [boundary
condition]

DP3
Principle of
retrieval

Provide the website with features that stimulate
the recall of prerequisite learned capabilities
[material property] in order for users to make
sense of the new material [action potential],
given that the user has some previous
knowledge that could apply to the topic.

DP4
(adapted)

Principle of
selective
perception

Provide the website with features that present
the new material in small bulks [material
property] in order for users to get familiar with
the material to be learned without feeling
overwhelmed [action potential], given that the
user has started a new course [boundary
condition]

DP5
Principle of
semantic en
coding

Provide the website with features that offer
learning guidance [material property], in order
for users to receive assistance [action
potential], given that the user has a problem to
solve [boundary condition]

DP6
Principle of
responding

Provide the website with features that elicit
performance [material property] in order for
users to practice the new material [action
potential], given that the user has been
presented with the material [boundary
condition].

Table 7.1: Final revised design principles
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#
Design
principle

Design principle specification

DP7
(adapted)

Principle of
reinforcement

Provide the website with features that give
feedback on the users’ performance and provide
links to learn more about the subject [material
property] in order for the users to understand
what they need to work on and how they can
work on it [action potential], given that the
user has tried to solve a practical problem
[boundary condition].

DP8
Principle of
retrieval

Provide the website with features that assess
performance [material property], in order for
users to test whether the expected learning
outcome has been achieved [activity of user],
given that the user has completed a course
[boundary condition]

DP9
Principle of
generalization

Provide the website with features to enhance
retention and transfer [material property],in
order for the user to generalize the knowledge
taught to a new situation [action potential],
given that the user has completed the other
courses [boundary condition]

DP10
(new)

Principle of
tailorability

Provide the website with features that allow the
user to tailor the learning [material property]
in order for the user to be able to customize it to
their needs and preferences[action potential],
given that they have some preferences
[boundary condition]

DP11
(new)

Principle of
offline mode

Provide the website with features that allow the
user to use the website offline [material
property] in order for the user to be able to use
it when the internet connection is poor [action
potential], given that the user has a course they
would like to begin [boundary condition]

DP12
(new)

Principle of
feedback

Provide the website with a feedback system to
improve the website further [material
property] in order for the user to participate in
improving the website [action potential], given
that the user has some suggestions for
improvement [boundary condition]

Table 7.2: Final revised design principles
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7.5 Reflections and limitations

Since I am very new to design science research, I was not aware of the initial

design principles before developing the website. I had already developed the

skeleton of the website when I found the initial design principles. However, as I

was learning more about design science research, I found the initial design

principles from Gagnes’ nine events of instruction. I suggest that I should have

made a thorough comparison before choosing the initial design principles. But at

this point, I did not have time to make a thorough comparison as I had already

initiated the development of the website. The initial design principles from

Gagnes’ nine events of instruction are also very general design principles for

creating instructional content. There are many ways to instantiate the design

principles, which will mean varying degrees of success.

A limitation that made it difficult to relate the findings to the design principles

was using software quality attributes from ISO-9126 as evaluation criteria. In

design science research, ISO-9126 is mentioned as a possible evaluation measure

when evaluating a product (Pries-Heje et al., 2008). However, using ISO-9126 as

evaluation measures made it more difficult to relate the findings to the initial

design principles. Therefore, I think it would have been better to create the

questionnaire with the design principles in mind instead of ISO-9126.

Another limitation of this research is the people who participated in evaluating

the website. While I received input from people in the HISP network, I would

have liked to receive more. A lot of the people that participated in the research

were students or core developers. Since the research is also focusing on creating

resources for the HISP network, more feedback from them would have been

beneficial.

Many students working with DHIS2 in their master thesis have traveled abroad

and visited different countries in the HISP network. However, this was not

possible due to covid-19. When all the data collection methods need to be

conducted online, it was difficult to get in touch with people outside the core

team. This was also why I decided to use a questionnaire as an additional

method to reach out to different people in the whole community. However, a

positive thing with the research taking place in Oslo is that I have been able to

talk to people from different countries and not relied on input from developers in

one specific country.

Finally, another limitation was not receiving that many responses from the

questionnaire. While the answers I got on the free-text questions were quite
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good, I would have liked to receive even more responses. However, I have put in

a lot of effort to get more people to answer the questionnaire by posting it a

several times in different forums and specifically sending emails to relevant

people.
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8
Conclusion

This research aimed to identify a set of design principles for an online app

development course for use on a global scale. Through a design science research

study, this research has developed a website with online courses based on initial

design principles from instructional design. The developed website consists of

different courses to learn about the design system for the innovation platform

DHIS2. The website could be considered as a boundary resource to support

innovation in the platform DHIS2. DHIS is used on a global scale with developers

all over the world. The aim is that this website should support developers in

developing apps that are standardized and good quality apps. Due to DHIS2

being used in health and education with similar use cases, it is also an aim that

using this design system could help developers reuse apps developed by other

teams.

The research question for this thesis was the following:

RQ: What are appropriate design principles for an online app development course

used globally?

The initial design principles were identified in research on instructional design.

Specifically, I have used design principles from Gagnes’ nine events of instruction

to develop the website. The initial design principles have been revised through

three cycles of development and evaluation, and three new design principles have

emerged. The initial design principles have been revised to consider what was

mentioned in the evaluation of the website. The three new design principles that
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emerged during the study bear in mind that the courses are meant to be used

globally by users with different backgrounds, skillsets, and needs. These new

design principles are related to reducing the design-actuality gap when an app is

developed in one place but is supposed to be utilized in a different location. Since

the intended app development course is supposed to be used on globally, there is

a risk that a design-actuality might appear.

The three new design principles identified are the principle of tailorability, the

principle of offline mode, and the principle of feedback. The principle of
tailorability says that it should be possible to tailor the learning content, to

support diversity and different needs. This design principle intends to make it

easier for the users to customize the learning. The principle of offline mode states

that the website needs to be able to be used offline so that more people can use

the website, even though the internet connection is poor. The principle of feedback
states that the website should consist of a feedback system to improve the

website further. This principle is concerned with ensuring that it will be possible

to receive feedback on the website after the initial development. It is essential to

receive feedback during development as well. However, because the website is

intended to be used on a global scale, not everyone might be able to partake in

giving feedback during the initial development.

8.1 Limitation

The main limitation of this research is that while the research question considers

developing an online app development course that is supposed to be used both

in the Global South and Global North, this is not reflected in the people who

participated in this research. Most of the participants were students and core

developers in the Global North. While I received input through an interview and

some of the participants in the questionnaire, I would have liked to receive even

more input from people in the Global South. However, it has not been easy to get

in touch with people when the research took place in Oslo.
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8.2 Future work

To conclude the research, I will give some recommendations for future research.

The website developed in this thesis and the design system that the website aims

to teach are developed in the "Global North" and could be seen as boundary

resources. While results from the evaluation were positive, most of the people

who participated in the evaluation were developers and students from the Global

North. Consequently, the results from this study will not be able to say anything

about the effectiveness of boundary resources deployed in the Global North for

the Global South. Instead, the findings say something about overcoming

challenges when developers consist of a diverse group of people. Therefore, in

alignment with Bonina et al. (2021), I suggest more research on the effectiveness

of developing boundary resources deployed in the Global North to foster a local

ecosystem of third-party developers.

The DHIS2 design system is supposed to standardize the custom apps developed

within the platform. However, it would be interesting to look more into people’s

views on standardization and design systems. Earlier findings suggest that some

people like apps that do not look the same and contain more colors than the DHIS2

design system advice. If this is the case, then it might be challenging to introduce

the design system.

Future research can also look into possible design principles when developing an

online app development course for global use. The first suggestion is to use the

design principles developed in this thesis as initial design principles when

developing a website. This research could then further expand upon and evaluate

the design principles specified in this thesis. The second suggestion for future

research is to use other initial design principles to develop the website. A

thorough review of the possibilities of initial design principles from the literature

would be beneficial, including looking into appropriate design principles that

consider that the instructional content is an online website.
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A
Data collection

A.1 Appendix: The Final Website

A major part of this thesis has been to develop a website to learn about the DHIS2

Design System. While I have gone through the major parts of the application

in chapter 5: Artifact Description, there were not space for everything. In this

appendix, I will show the screenshots of the two courses "DHIS2 components" and

thte course "colors".

The complete source code will be available on Github using the following link:

https://github.com/dhis2designlab/dhis2-ui-tutorial

A.1.1 DHIS2 components
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14.12.2020 Evaluation of DHIS2 UI tutorial

https://docs.google.com/forms/d/1tgHdab_JNscWWuqy_hkrbvFGRCykwnIR93rsu7AvDvo/edit 1/10

Background
information
(Section 1 of 5)

Before beginning with the questions related to the website, I would like to get 
some background information about you and your previous experiences

1.

Mark only one oval.

Other:

Core developer in DHIS2 Skip to question 7

Student at UiO Skip to question 6

HISP Skip to question 7

Evaluation of DHIS2 UI tutorial
The work with the website and this survey are a part of my master thesis at the University Of 
Oslo (UiO).  

Before answering this survey, please go to: https://dhis2-ui-tutorial.firebaseapp.com to test 
the website. Sign up as a new user and complete the course "DHIS2 components" and the 
course "Colors". The course "DHIS2 components" is considerably larger than the course 
"Colors". Click on the settings page after having completed a course. You will not be able to 
try the other courses, since the button is disabled. The estimated time to complete the 
tutorials will be around 30 minutes, so ensure you have set away enough time.  

Your participation in this study is entirely voluntary. If you feel uncomfortable answering any 
question, you can withdraw from the survey at any point. Your information will be coded and 
treated confidentially. When the results of the study are reported, you will not be identified by 
name or any other information that could be used to infer your identity. By filling out this 
survey, you agree to participate in this research project. 

If you have any questions about the survey or are having trouble with the website, please 
contact me at hannaev@ifi.uio.no 

* Required

Where do you work/study? *
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2.

Mark only one oval.

No experience

Somewhat experienced

Experienced

Very experienced

3.

Mark only one oval.

No experience

Somewhat experienced

Experienced

Very experienced

4.

Mark only one oval.

No experience

Somewhat experienced

Experienced

Very experienced

5.

Mark only one oval.

No

A little bit

Yes, a lot

How experienced are you with the JavaScript library React? *

How experienced are you with DHIS2? *

How experienced are you with the DHIS2 Design system? *

Have you used any other Ui components apart from DHIS2 specific (F.ex material
UI, bootstrap) *
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Extra question: student at UiO
Questions due to answering being a student at UiO

6.

Mark only one oval.

No

Yes

Section
(2 of 5)

Go to https://dhis2-ui-tutorial.firebaseapp.com to test the website. Sign up as a new user 
and complete the course "DHIS2 components" and the course "Color".  Click on the 
settings page after having completed a course. 

7.

Mark only one oval.

Very difficult

Difficult

Neutral

Easy

Very Easy

8.

Mark only one oval.

Yes

No

Have you taken the course Development in platform ecosystems? *

How was it to get familiar with the website? *

Was there any use of language that was not familiar to you? *
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9.

10.

Mark only one oval.

Yes

No

11.

12.

Mark only one oval.

Yes

No

Somewhat

if yes, please give some examples?

Was there any use of icons that were not familiar to you? *

If yes, please give some examples

Do you think the course would be suitable for beginners wanting to learn to use
the DHIS2 design system? *
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13.

Section (3 of 5)

14.

Mark only one oval.

Yes

No

15.

16.

Mark only one oval.

Not at all engaging

Not very engaging

Mediocre

Quite engaging

Very engaging

If you answered no or somewhat to the previous question, why?

In the coding examples, were you familiar with the coding syntax used? *

If no, did you feel that this hindered you to being able to solve the task?

How engaging did you find the course? *
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17.

Mark only one oval.

Not at all attractive

Not very attractive

Mediocre

Quite attractive

Very attractive

18.

Mark only one oval.

Not at all useful

Slightly useful

Moderately useful

Very useful

Extremely useful

19.

Mark only one oval.

Not at all useful

Slightly useful

Moderately useful

Very useful

Extremely useful

How visually attractive did you find the course? *

How useful did you find the text-based lessons? *

How useful were the multiple-choice questions? *
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20.

Mark only one oval.

Not at all useful

Slightly useful

Moderately useful

Very useful

Extremely useful

21.

Mark only one oval.

Not at all useful

Slightly useful

Moderately useful

Very useful

Extremely useful

Section (4 of 5)

22.

Mark only one oval.

Strongly disagree

Disagree

Neither disagree nor agree

Agree

Strongly agree

How useful were the coding tasks? *

How useful were the tasks where you were supposed to click on the correct
image? *

I think the website could be a good supplement to the other dhis2 resources *
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23.

24.

Mark only one oval.

Very unnecessary

Unnecessary

Neutral

Exciting

Very exciting

I did not receive any badges

25.

26.

How did you find the distribution of the different question/lesson types?

How did you find receiving badges for completion of courses? *

What was the best thing about the courses?

What was the worst thing about the courses?
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27.

28.

Section (5 of 5)

29.

30.

Mark only one oval.

Yes

No

How easy was it to find the information needed? (f.ex signing in, settings page,
going back to home page)?

How would you describe the response time of the website?

Do you have any ideas for how the courses could be improved?

Did you experience getting any sort of error while using the website? *
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31.

32.

33.

This content is neither created nor endorsed by Google.

If yes, what was the error about? Was it appropriately handled?

Is there anything else you would like to add about the website?

Do you have any comments about the questions asked in this survey?

 Forms
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Focus Group Consent Form
Evaluation of artifact developed to learn about the Design System for the District Health Information 
System Software (DHIS2)

Purpose of the study

You have been invited to participate in a focus group conducted by Hanna Evensen as a part of my master
thesis at the University of Oslo (UiO). The purpose of this focus group is to evaluate an artifact developed
to learn about the Design System for the District Health Information System Software (DHIS2). The
information learned from this focus group will be used to create some principles for how similar artifacts
can be developed in the future. 

Procedure

As a part of the study, you will be placed in a group of approximately five individuals. The moderator will
ask you several questions while facilitating the discussion. 

Please note that there are no right or wrong answers to any of the questions. The researcher wants to
hear many varying viewpoints and would like everyone to contribute with their thoughts. Feel free, to be
honest even though your responses might not align with the other group members. 

By signing this consent form:

1. You agree to take part in the research project.
2. You confirm that your participation is entirely voluntary.
3. You understand that you can choose not to answer questions without any consequences.
4. You understand that you can leave the focus group at any time. However, it will not be possible to

identify or remove any comments you made before withdrawing.
5. You agree to the statement that you have had the purpose and nature of the study being explained in

writing and that you have had the opportunity to ask questions about the study.
6. You understand that the signed consent forms will be stored until the exam board confirms the

dissertation results.
7. You understand that you are entitled to access all the notes taken from this focus group upon

request by email.
8. You respect other focus group members' privacy by not disclosing any content discussed during the

focus group.
9. You understand that the researcher will analyze the focus group's data, but your responses will

remain confidential. The final report will not include any names. 

 

If you have any questions or comments about the focus group, please feel free to contact me at
hannaev@ifi.uio.no or message me on Mattermost 

Navn

Fornavn Etternavn

Create your own automated PDFs with JotForm PDF Editor
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Dato

Måned Dag År

Create your own automated PDFs with JotForm PDF Editor
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