
Web Applications for Large-Scale
Decision Support
 
Preference Elicitation, Modeling and Visualization

 
Samuel Bohman

Sam
uel Bohm

an    W
eb A

pplication
s for Large-Scale D

ecision
 Su

pport

DSV Report Series No. 21-005

Doctoral Thesis in Information Society at Stockholm University, Sweden 2021

Department of Computer and
Systems Sciences

ISBN 978-91-7911-664-4
ISSN 1101-8526

Web Applications for Large-Scale
Decision Support
 
Preference Elicitation, Modeling and Visualization

 
Samuel Bohman

Sam
uel Bohm

an    W
eb A

pplication
s for Large-Scale D

ecision
 Su

pport

DSV Report Series No. 21-005

Doctoral Thesis in Information Society at Stockholm University, Sweden 2021

Department of Computer and
Systems Sciences

ISBN 978-91-7911-664-4
ISSN 1101-8526

Doctoral Thesis in Man-Machine-Interaction (MMI) at Stockholm University, Sweden 2021





Web Applications for Large-Scale Decision
Support
Preference Elicitation, Modeling and Visualization
Samuel Bohman

Academic dissertation for the Degree of Doctor of Philosophy in Man-Machine-Interaction
(MMI) at Stockholm University to be publicly defended on Thursday 2 December 2021 at 13.00
in Aula NOD, NOD-huset, Borgarfjordsgatan 12.

Abstract
This thesis addresses the lack of effective and efficient technology design in current e-participation research by investigating
two approaches that yet have not been explored to any great extent in the literature: decision science and data visualization. It
is concerned with the problem of how to combine techniques from these two fields to achieve decision support in the context
of e-participation; from preference elicitation and modeling to data analysis, visualization and final recommendations, such
that it can provide value to practitioners.

The work was carried out in two separate research projects, but which shared a common research strategy: to develop,
demonstrate, and evaluate e-participation technologies in real-life settings. The first project was a pilot designed to provide
European universities with a web-based e-participation platform to empower students in the Bologna Process. Thirteen
universities in Europe participated as end-users of the platform. Using a mixed methods research design, the results
showed that ICT is poorly conceptualized in e-participation research and practice, typically conceived informally and
simply as tools, independent of the political and social context within which they are developed and used. With regard
to sociotechnical challenges in e-participation, the results confirm much of previous research that has underlined the
prevalence of technological determinism, institutional resistance, privacy and trust issues, among many other factors.

In the second project we developed a decision analytic framework for structuring, evaluating, and analyzing stakeholder
conflicts in land-use planning. The Municipality of Upplands Väsby in Stockholm, Sweden, participated as a trial. Using
agile design principles and methods we implemented the framework as a prototype spatial decision support system using
the R programming language. Our prototype shows that a combination of decision science and data visualization has the
potential to become a powerful tool in the hands of governments to enable members of society to identify where their
differences really matter and where they are unimportant, thus providing structure and new insight to democratic debate.
Furthermore, we believe it has the potential to alleviate some of the barriers and limitations associated with traditional
methods of community engagement, including distance and time constraints, issues of scale, and high costs.
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Sammanfattning

Denna avhandling tar upp bristen på effektiv teknologidesign i samtida forsk-
ning om e-deltagande genom att undersöka två tillvägagångssätt som ännu inte
har utforskats i någon större utsträckning i litteraturen: beslutsvetenskap och
datavisualisering. Den behandlar problemet hur man kombinerar tekniker från
dessa två områden för att uppnå beslutsstöd i samband med e-deltagande; från
preferenselicitering och modellering till dataanalys, visualisering och slutligen
rekommendationer, så att det kan generera värde för praktiker.

Arbetet utfördes i två separata forskningsprojekt, men som delade en ge-
mensam forskningsstrategi: att utveckla, demonstrera och utvärdera teknik för
e-deltagande i verkliga miljöer. Det första projektet var en pilot som syftade
till att ta fram en webbaserad e-deltagandeplattform åt europeiska universitet
för att ge deras studenter möjlighet att aktivt delta i Bolognaprocessen. Tretton
universitet i Europa deltog som slutanvändare av plattformen. Med hjälp av en
blandad forskningsdesign visade resultaten att IKT är dåligt konceptualiserat i
e-deltagandeforskningen och dess praktik, vanligtvis uppfattat informellt och
enkelt som ett verktyg, oberoende av dess politiska och sociala kontext inom
vilket de utvecklas och används. När det gäller sociotekniska utmaningar inom
e-deltagande bekräftar resultaten tidigare forskning som har understrukit före-
komsten av teknologisk determinism, institutionellt motstånd, integritets- och
tillitsfrågor, bland många andra faktorer.

I det andra projektet utvecklade vi ett beslutsanalytiskt ramverk för att
strukturera, utvärdera och analysera intressentkonflikter i markanvändnings-
planering. Upplands Väsby kommun i Stockholm deltog i en fallstudie. Med
hjälp av agila designprinciper och metoder implementerade vi ramverket som
en prototyp i form av ett spatialt beslutsstödssystem utvecklat i programme-
ringsspråket R. Vår prototyp visar att en kombination av beslutsvetenskap och
datavisualisering har potential att bli ett kraftfullt verktyg i händerna på offent-
lig sektor i sin strävan att möjliggöra för olika aktörer i samhället att identifiera
var deras åsikter skiljer sig och om de är viktiga eller ej, vilket skapar struktur
och genererar nya insikter till det demokratiska samtalet. Vi tror också att det
har potential att minska några av de hinder och begränsningar som är förknip-
pade med traditionella metoder för samhällsengagemang, inklusive distans-
och tidsbegränsningar, skalproblem och höga kostnader.
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1. Introduction

This chapter provides an introduction to the thesis covering the background,
the gaps in the literature, the research problem, the research aims and ques-
tions, and the disposition.

1.1 Background

Over the last three decades, consolidating and established liberal democra-
cies around the globe have been facing struggles with declining voter turnouts
and party memberships [1]. A large body of literature see the growing disen-
chantment with formal politics as signs of a legitimacy crisis of representative
democracy, characterized by widespread democratic deficits among members
of the public and their loss of trust in government and its institutions, all fears
for which there is some justification [2–6].

At the same time, there is a surge of grass root, often single issue political
activism and movements that focus on a highly controversial or polarizing is-
sue: the Arab Spring [7], the Occupy Movement [8], the power and influence
of Facebook [9] and Twitter [10], the distribution of misinformation and "fake
news" [11], corona-virus pandemic protests and the Black Lives Matter move-
ment [12], to name just a few. Indeed, the desire for democratic involvement
across society is certainly not dead, but its nature may have changed, both in
terms of the issues people are interested in and the mechanisms to engage them
[13]. Increasingly well-informed citizens want their opinions to be heard, de-
bated, and considered in policy-making. This has led governments world-wide
to strengthen their relations with citizens and look for better ways of tapping
their experiences and felt needs [14–16].

These trends and concerns are emerging against the backdrop of a glob-
alized network society where information and communications technology
(ICT) advancements are playing an increasingly important role [17]. Given the
great opportunities presented by new ICT, in particular the Internet, it is hoped
and expected that a digitally transformed government will be more responsive,
transparent, participatory, efficient, and effective than before [18; 19].

The terms electronic government (e-government) and electronic democ-
racy (e-democracy) and many other similar ones (e.g. open government, dig-
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ital democracy) have become widely used in politics, academia, and industry
to denote the use of ICT in government though they have not been clearly
defined or understood [20; 21]. In the literature of e-government maturity
models, e-democracy is typically described as the goal and final step of e-
government (r)evolution [22; 23]. However, such stages-of-growth models
have been criticized for lacking empirical support and there is no consensus
among researchers on how to theorize about the links between ICT, gover-
nance, and democracy [24].

For the purpose of this thesis, government refers to all legal, political, and
administrative organizations and their modes of operation that control a state
or a political subdivision, such as a region, county, or municipality. Further-
more, the thesis focuses on the government’s role of searching for solutions to
heterogeneous and often contradictory requests from many diverse stakehold-
ers within society, for political decisions that involve conflict management,
trade-offs, negotiation, and compromise.

E-democracy can be divided into two distinct areas: one addressing e-
voting, or the support of political participation in formal elections, and the
other addressing e-participation, or the promotion of democratic engagement
of the public outside of formal elections [25]. The focus of this thesis is on
the latter. Based on Macintosh [25], a typical e-participation experiment can
be thought of as having two (possibly conflicting) goals, one quantitative and
one qualitative, with respective to democratic involvement: (1) reach a wider
audience to enable broader participation (quantitative goal), and (2) promote
greater engagement and deliberation (qualitative goal). These goals are com-
monly seen in government-driven e-participation initiatives, including the one
studied in this thesis in paper II, but they also provide a rather narrow interpre-
tation of the aim of e-participation.

There are other as important, if not more important goals or dimensions
of e-participation. For example, Coleman and Blumler [26] suggest sharing of
complex decision-making in partnership with citizens, a form of co-production
of public policies and services known as governance. Another set of goals sug-
gested by Sæbø, Rose, and Flak [27] is to improve efficiency, acceptance, and
legitimacy of political processes and decisions. In a similar vein, Molinari
[28] posit that sustainable e-participation will emerge whenever five key at-
tributes are present: juridical compliance (embedded in regulatory structures),
legitimacy (approved by most of the adult population), social value (enhances
collaboration and civic engagement), efficiency (reduce operational costs), and
productivity (increase public officials’ productivity).

A range of experimental online platforms and tools have been tested to
broaden and deepen the involvement of citizens in the policy-making process
[27; 29; 30]. However, despite significant investments, actively engaging the
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public has proven very difficult. Though diverse in their focus and themes, a
large body of empirical research suggests much of the proposed e-democracy
experiments and tools to date have generated meager results and failed to meet
the expectations of both governments and citizens [31–42], or more generally
underline the challenges related to the political implications of ICT [43–48].
With regard to EU-funded e-participation projects launched since year 2000,
Prieto-Martín, de Marcos, and Martínez [49] found that pilot e-participation
systems in general were unappealing, error prone, confusing to casual visi-
tors, unacceptable in terms of accessibility and flawed with respect to web 2.0
mindset and tools. Indeed, the authors point out that "no real breakthrough
or even any significant research milestone can be reported for the field" and
that "there are no truly functional eParticipation systems or experiences" [49,
p. 247-248].

1.2 Research problem

Many challenges and barriers have been identified as hindering the advance-
ment of e-participation. Macintosh et al. [50] identified fragmentation and im-
maturity of research as an overarching barrier responsible for trigging a num-
ber of other obstacles. According to the authors, there is a need for stronger
emphasis on comprehensive and interdisciplinary strategies, and mixed-methods
research designs are suggested to counterbalance the deficiencies of individual
approaches. They also underline the importance for researchers to maintain
a critical distance from practice to enable them to challenge the assumptions
upon which projects are based and to expose actor motives and interests, such
as those held by technology vendors, project managers, officials, and other
beneficiaries.

Macintosh et al. [50] also suggest the lack of effective and efficient tech-
nology design to support information management and data analysis poses a
significant challenge to research. There is a strong need to consider new tools
and technologies that support rational and justified argumentation, structur-
ing, traceability of contributed information, accountability and transparency
in its use, as well as access and understanding of information. Furthermore,
e-participation needs to go beyond deterministic and simplistic views that tech-
nology is bound to have positive effects on democracy. Instead, it should em-
brace the complexities of power relations and conflict that are characteristic
of all forms of group decision-making. The field needs to take into account
issues such as context, interests, and motives, connecting with organizational
work practices and everyday life.

Relatedly, Coleman and Moss [52] argue that deliberative citizenship is an
unduly restrictive construction, a product modeled on Habermas’s discourse
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ethics and enacted by researchers themselves, rather than a natural and univer-
sal phenomenon. Instead, they urge researchers to be more open to a broader
range of technologies and practices and highlight argument mapping and vi-
sualization techniques as a particularly promising area, noting that a common
problem in large-scale online deliberation is cognitive overload and that visual
representations can aid our natural abilities. In response to these and other
similar calls in the literature, this thesis addresses the lack of effective and ef-
ficient technology design in current e-participation research by investigating
two approaches that yet have not been explored to any great extent in the lit-
erature: decision science and data visualization, both of which aim to amplify
and augment human cognition and problem-solving.

Decision science is an umbrella term for various theories, quantitative
methods, and tools used to model, analyze, and support human decision-making
using data. It draws from and overlaps with several other quantitative dis-
ciplines such as mathematics, statistics, computer science, behavioral eco-
nomics, etc, and consequently have a lot in common with the widely used
term data science. However, by focusing on decisions as the unit of analy-
sis, decision science provides a unique perspective for studying the human act
of choosing between alternative courses of action and a potent framework for
improving real-life decisions. Decision science has been largely overlooked
in e-participation research, despite having a great potential to improve it, both
from a theoretical (decision theory) and a practical (decision support systems)
perspective [e.g. 53–56].

Data visualization, or just visualization, is the graphical representation of
data, widely appreciated for reducing information overload and making com-
plex data more accessible to a wide audience [57–60]. It is an active area of
research and development that has made rapid scientific and technological ad-
vancements over the last decades with numerous highly successful business
applications. E-participation research has not kept pace with these develop-
ments, as it has been too focused on textual engagement over other modes of
communication. To date, little research has been conducted on visualization
in the context of e-participation [e.g. 61; 62]. Even fewer attempts have been
made to integrate decision science and visualization in this context.

In sum, this thesis is concerned with the problem of how to use decision
science and data visualization together to achieve decision support in the con-
text of e-participation: from preference elicitation and modeling to data analy-
sis, visualization and final recommendations, such that it can provide value to
practitioners. The underlying hypothesis is that with a successful technology
design, the pervasive issue of institutional resistance can be overcome (or at
least reduced); if the suggested technology can solve an important practical
problem faced by decision-makers without having them to give up too much
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power, the higher the likelihood for acceptance and adoption of that technology
in existing decision-making processes. Previous experiments in e-participation
have encouraged deliberation, but have not produced refined results that are
actionable enough from the perspective of the end-users, the decision-makers.
As a result, few are tied into actual decision-making, which keeps them from
having real impact. My belief is that the delicate balance of problem-solving
and power-sharing needs to be solved first, before other stated goals can be
pursued.

1.3 Research questions

The research questions are divided into two sets, each consisting of a connected
pair. The first set aims to develop a better understanding of e-participation
theory and practice, with a particular focus on ICT.

RQ1: What technologies are used in e-participation? (paper I)

RQ2: What are the sociotechnical challenges of e-participation? (paper II)

The second set of questions relates to expanding the technology design reper-
toire of e-participation.

RQ3: How can visualization be used in e-participation? (paper III, IV, and
V)

RQ4: How can decision science be used in e-participation? (paper IV and V)

The papers that contribute to answering each research question are listed
in parenthesis using Roman numerals. All four research questions are neces-
sarily broad as the e-participation field is still in its infancy and the knowledge
gaps are many and diverse, as outlined above and discussed in greater detail
in chapter 2. The first research question has been studied previously, but due
to rapid technological developments it needs to be studied repeatedly as the
field develops. The second research question has also been studied previously,
but the field still lacks an understanding of what works, when, and why. The
third and fourth research questions remain largely unanswered in the published
literature at present, in particular their combination.

Related to the two sets of research questions, this thesis has two high-level
research objectives and associated types of knowledge contributions, respec-
tively. The first objective is to produce descriptive knowledge that improves
our understanding of e-participation practices, in particular what factors ex-
plain the success or failure of e-participation initiatives. The second objective
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is to produce prescriptive knowledge in the form of new artifacts that can help
solve real-world decision-making problems in e-participation practices.

Keeping the above research problem, questions, and objectives in view,
the overarching purpose of this thesis is to contribute to the knowledge base
by broadening the approach to e-participation by exploring a wider range of
technologies and practices. In particular, the aim is to move away from the
conventional approach centered around text-based deliberation in web forums
and instead investigate the new possibilities that decision science and data vi-
sualization can bring.

1.4 Disposition

The remainder of this thesis is structured as follows.
Chapter 2 reviews the relevant literature and provides the theoretical back-

ground of the thesis, including important theories, models, and concepts. First,
e-democracy is introduced together with three schools of thought about the
transformative impact of the Internet on society and democracy: the revolution
thesis, the normalization thesis, and the normalized revolution thesis. Second,
decision science is introduced with a focus on prescriptive decision theory and
the development of decision support software. Third, data visualization is in-
troduced, including a high-level visualization framework called the visualiza-
tion pipeline. The grammar of graphics is also discussed, which constitutes an
underlying theory for the visualizations created in this thesis.

Chapter 3 outlines the research methodology of the thesis. First, I describe
the research paradigm and philosophical assumptions that underpin the thesis
and help explain the choice of research strategy and methods. Next, I describe
the research strategy of the thesis: design science research. In the next section,
I describe how the research strategy was applied in each project, i.e., how
the various steps of the design science framework map to each project and its
associated methods. Last in this chapter I discuss ethical considerations.

Chapter 4 presents the results in two sections. First, I present the empirical
findings of e-participation ICT and its sociotechnical challenges that are faced
in practice. Secondly, I present my expansion of the technological repertoire
of e-participation, including the potential of visualization, a visualization and
decision analysis web application for land use planning, and a decision analytic
framework.

Finally, chapter 5 concludes the thesis by discussing the research results, its
contributions and limitations. I also contrast the developed software in relation
to other similar tools described in the literature. Last, I discuss implications
for further research and development and conclude the work presented.
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2. Literature review

This chapter introduces theories, concepts, and research results which provide
the theoretical background of the thesis. First, e-democracy is introduced to-
gether with three schools of thought about the transformative impact of the In-
ternet on society. Second, data visualization is introduced, including the visu-
alization pipeline, which is a high-level visualization framework for analyzing
and designing visualizations, and the grammar of graphics, which constitutes
an underlying prescriptive theory for the visualizations created in this thesis.
Last, an introduction to decision science is given with a focus on prescriptive
decision theory.

2.1 Electronic democracy

Since the end of the Cold War, established democracies around the globe have
experienced a weakening of representative democracy, characterized by de-
clining public engagement in civic and political life [1; 2; 5]. In the 1990s, a
number of scholars, politicians, and activists looked to the potential of ICT for
a possible cure to the ills of representative democracy, a stream of research and
practice termed electronic democracy (e-democracy) [63–65]. Street [66] has
proposed the following definition:

Electronic democracy refers to the use of information technology
(IT) to expedite or transform the idea and practice of democracy.

Examples of synonyms, near-synonyms, and closely related concepts are nearly
any combination of tele-, cyber-, virtual-, electronic- (e-), information-, online-
, digital-, open-, and smart- for the first word, and -government, -governance, -
democracy, -participation, -engagement, -involvement, -rule-making, -deliberation,
-voting, -consultation, and -petitioning for the second word. I will use several
of these terms interchangeably, in particular e-democracy and e-participation.
We can also note relevant developments in other disciplines, even if they are
not explicitly identified as e-democracy or similar, notably developments in
computer supported cooperative work/groupware, group decision-making and
negotiation, decision support systems, and collective intelligence. This rele-
vance is, in fact, the main thrust of the thesis, and something we will return to
in the next section.
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With the rise of networked computing, the optimistic so called cyber democrats
heralded the Internet’s promise to revitalize the public sphere, strengthen civic
and political participation, and eventually create a new and better democracy,
given its decentralized structure and capacity to transcend spatial and temporal
boundaries: geography, time, and the related cost of mass communication [67–
70]. In the wake of the initial burst of cyber-utopian rhetoric, a diverse array of
new, primarily text-based, Internet applications to enhance public engagement
with governments was championed and tested: political online discussion fo-
rums, e-consultations, e-polls, e-petitions, and more [71; 72]. Largely, these
e-democracy experiments have been concerned with what has been called elec-
tronic participation (e-participation), or the promotion of democratic engage-
ment of the public outside of formal elections, as opposed to electronic voting
(e-voting), which focuses on political participation in formal elections [25].

By the mid-2000s, with the advent of the so-called participatory Web, Web
2.0, or social media, the prospects for e-democracy seemed quite bright. Yet,
after more than three decades of experimentation worldwide, an overwhelm-
ing amount of empirical evidence suggests that the democratic potential of
e-democracy tools (e-participation, e-voting, etc.) is limited, whether judged
in terms of participation (the number of people involved) or deliberation (the
extent to which discussion reflects deliberative ideals) [31–47; 73]. The liter-
ature on the democratic potential of the Internet more generally reflects and
corroborates these findings [31; 39; 44; 45; 47; 48; 74–83].

Today, e-democracy is often considered an integral part of the more gen-
eral phenomenon of e-government, a concept that became fashionable during
the explosion of the Internet in the 1990s in discussions around ICT and public
sector reform. However, the complex sociotechnical phenomenon of ICT in
government has a long history and has been studied for several decades, from
fax machines and mainframe computers to the Internet and cloud computing
[84]. The strong link between e-government and e-democracy is evident from
the fact that e-democracy initiatives are usually top-down, government-led,
technology- or innovation-centric phenomena. Bottom-up, citizen-led, initia-
tives have previously been largely overlooked in e-democracy research, al-
though this trend is changing [30].

Research on e-government and e-democracy have since 2000 been criti-
cized by many authors for being of poor quality, under-theorized, and suffering
from methodological shortcomings [20; 21; 24; 49; 50; 85–96]. For example,
Coursey and Norris [88] argue that e-government maturity models (also called
stage or stages-of-growth models) [e.g. 97], which describe the evolution of
e-government and constitute a core component of e-government reform pro-
grams, are highly speculative and developed without linkage to either existing
theories or empirical data.
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Typically, these models convey a progression from good (e.g. providing in-
formation) to better (e.g. consultation) to best (e.g. delegation of power), lack-
ing dimensions of conflict characteristic of all types of decision-making [89].
Contrary to what these models predict, Coursey and Norris [88] argue that the
evolution of e-government is neither linear, stepwise, nor necessarily progres-
sive. Furthermore, the final stages as predicted by these models—described
variously as either e-democracy, e-participation, full integration, seamlessness,
transformation, revolution, or some other word combination—have no empir-
ical support. Yet other authors consider the idea of e-democracy the "ultimate
e-dream" and dismiss it as a myth entirely [98, p. 491].

Similarly, Debri and Bannister [24] argue that e-government stage models
are an immature mix of descriptive, normative, and predictive claims based on
speculation, hopes, and guesses, rather than rigorous research. A slightly more
positive view is provided by Bannister and Connolly [86], who argue that e-
government maturity models do provide a body of native theory, albeit not on
the level of a unifying grand theory, and that the concerns regarding the ab-
sence of a coherent body of theoretical knowledge in the field of e-government
may be overstated.

The notion of stages are also important in democratic theory. A paper
with a long-standing influence on e-democracy research is A Ladder of Citi-
zen Participation by Arnstein [99]. In the paper, Arnstein argues that citizen
participation is citizen power and that it celebrates the virtues of social inclu-
sion and an involved citizenry that should be educated and fostered with an
exercise of self-rule, self-realization, and self-determination. Arnstein distin-
guishes different levels of participation as rungs of a ladder divided in three
categories (from top to bottom):

� Citizen power: partnership, delegation power, citizen control

� Tokenism: informing, consultation, placation

� Non-participation: manipulation, therapy

The purpose of Arnstein’s eight-rung ladder is to illustrate that participa-
tion is a process of gradual empowerment, and that involvement of citizens in
decision-making may not necessarily lead to genuine participation and sharing
of power.

The idea that the Internet might have a transformative impact on society
and politics has sparked an intense academic debate between the revolutionary
or cyber-optimist school and the normalization or cyber-realist school [100].
The central question in this debate is whether the Internet is in effect a level-
ing medium that mobilizes traditionally marginalized groups, or a technology
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that merely reinforces the status quo [44]. These two streams of thought, the
revolution thesis and the normalization thesis, are outlined next. A third view
called the normalized revolution thesis, suggested by Wright [100], is also de-
scribed.

2.1.1 The revolution thesis

Proponents of the revolution (or in more modest terms: revitalization, renewal,
or mobilization) thesis argue that new ICT will revitalize if not radically trans-
form democracy. Two commonly used rhetorical figures in this context are the
virtual Athenian agora and the electronic town hall meeting [101; 102]. Ex-
pectations are that participatory or direct democracy will replace current dys-
functions within representative democracy, which is deemed antiquated and
only necessitated by the impossibility to realize direct democracy. Proponents
argue that the Internet allows for more inclusion of marginalized groups and
promotes greater involvement of individuals. Hacker and van Dijk [34] sum-
marize the rhetorical claims made about the effects on democracy created by
political ICT under three headings:

� E-democracy improves political information retrieval and exchange be-
tween governments and individual citizens

� E-democracy supports public debate, deliberation and community for-
mation

� E-democracy enhances participation in political decision-making by cit-
izens

Hacker and van Dijk [34] suggest that it can be argued that the first claim
has been reached, while the second claim appears to be only partially justified.
The third and strongest claim, however, cannot be maintained according to the
authors. Overall, proponents of the revolution thesis take on a technological
determinist position, a naive and simplistic "if we build it, they will come"
mindset.

2.1.2 The normalization thesis

Contrary to the (sometimes wildly) speculative claims of the revolutionaries,
proponents of the normalization (or reinforcement) thesis challenge the popu-
lar idea that the Internet will radically transform democracy. Two of the most
influential authors in this stream of thought is Margolis and Resnick [103]
who argue that the Internet has not brought forth radical political change as
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the cyber-optimists once imagined. Instead, they propose a normalization the-
sis, which holds the view that although the growth of the Internet has been
spectacular, it has not changed democracy that either the revolutionaries or the
pessimists once predicted. Far from being a revolutionary force, Margolis and
Resnick [103] argue that the Internet has taken on the characteristics of the real
world of politics, commerce, and social life. On the whole, the normalization
thesis constitutes a realist account of e-democracy as it is supported by a large
body of empirical research [31–48; 73–83].

A number of political, social, technological, and economic factors help ex-
plain the marginal record of e-democracy. One important factor is the complex
and dynamic concept of the digital divide: white middle-class citizens with a
higher education are more likely to participate than other groups [44]. A sec-
ond factor is that e-democracy initiatives typically have failed to stimulate the
public attention and engagement. A third barrier is that despite the widespread
availability of online discussion forums, few are tied in to actual governmental
decision-making, which keeps them from having real impact.

Other prominent barriers discussed in the literature include public apa-
thy, lack of trust, disengagement, over-simplistic assumptions, over-optimism,
technological determinism, neglect of bottom-up approaches, lack of polit-
ical will, integrity and privacy issues, anonymity in discussion forums and
the related issues of offensive language and insulting (so called “flaming” and
“trolling”), too little moderation of discussions, information overload, com-
mercialization of the Internet, technical problems, low usability, poor interface
design, lack of resources, and high costs for development and maintenance.

The list is not exhaustive but gives an impression of the breadth and depth
of the challenges at hand. It is important to note here that many of the problems
listed above, such as disengagement, apathy, distrust, and so forth, all affect
political participation and democracy in general, not just e-democracy. Recent
research also suggests that trust in the Internet, in particular social media, is
also declining, which seems to make e-democracy a particularly difficult task
[104].

The barriers that are to be surmounted make clear why so many government-
run e-democracy projects have generated poor results. Indeed, several authors
[91; 105] highlight that ICT in and of itself has never been an instrument of
administrative reform, much less a catalyst of governmental transformation;
rather, the evidence suggests that the main impact of ICT has been to rein-
force existing institutional arrangements and power structures to the benefit
of managerial and political elites. Clearly, there is a huge cleavage between
rhetoric and reality when it comes to e-government and e-democracy research
and practice [87].
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2.1.3 The normalized revolution thesis

Some authors have argued that the schism between the revolution and normal-
ization schools is false and unproductive. Wright [100], for example, argues
that the polarized revolution/normalization debate has negatively influenced
empirical research in the way cases are selected, the choice of research ques-
tions, and how results are interpreted. Empirical findings are typically inter-
preted against idealized models of deliberation, where participants are sup-
posed to be well informed, dispassionate, represent a diversity of viewpoints,
weigh the merits of competing arguments, and finally come to an agreement,
all in an atmosphere of mutual respect regardless of social standing or pres-
tige. For ordinary citizens faced with scarce resources and limited capacity,
engaging in serious deliberation simply takes too much effort and too much
time, even when the Internet is used to compensate limitations, such as geo-
graphic distance. This results in unduly pessimism about the nature of political
discussions online. There is also a huge disparity between the deliberative ide-
als and the real world of politics where interest advocacy, pressure groups,
lobbying, campaigning, partisanship, and power abound. Instead, Wright ar-
gues that "when technology is applied to existing practices, those practices
could be theoretically revolutionized—leading, for want of a better phrase, to
a normalized revolution" [100, p. 253]. In essence, a normalized revolution
is a fundamental change to the function of an existing institution and prac-
tice, without overthrowing it. In the case of politics, the power still rests with
elected representatives, but the new technology can help to create stronger or
weaker representative democracy.

In order to take research forward, Wright proposes a series of suggestions.
First, a more qualified understanding of the nature of revolutionary change is
needed that involves studying smaller, incremental changes over longer time-
frames. Second, the dominant innovation-centric approach has led to narrow-
minded research that studies the latest ICT advancement in isolation, rather
than considering it in a wider context. Third, scholars have focused too much
on formal political institutions and overlooked the importance of political dis-
course in non-political third spaces. Fourth, researchers need to look over
longer timeframes and beyond typical election campaign periods to avoid mak-
ing hasty and generalized claims based on small sample sizes. To enable more
comprehensive and systematic studies, computer-supported analysis tools is
recommended. Fifth, Wright proposes to increase multidisciplinary experi-
mental research with greater involvement of social science on the one hand,
and computer science and decision science on the other, and to pay more atten-
tion to the design of individual tools and how they promote (or not) underlying
norms, values, and procedures.
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This thesis subscribes to a more nuanced middle-ground between the rev-
olution and the normalization theses, similar to the normalized revolution the-
sis and the idea that technology and society are constitutively entangled as
discussed in the sociology of technology literature [e.g. 106–108] and how
technological change is conceptualized in evolutionary economics, e.g. the
concept of incremental improvement along innovation trajectories, often de-
picted as following a logistic curve [110]. Furthermore, the thesis also draws
on the dual nature theory of technical artifacts from the philosophy of technol-
ogy which states that technical artifacts have a hybrid nature in the sense that
they are creations of the mind and of matter [109].

2.2 Decision science

Decision science is an interdisciplinary field that views decision-making from
the perspective of the scientific method. It draws on economics, computer
science, mathematics, statistics, and psychology. Two other widely known
names for this body of knowledge are operations research and management
science, and it is one of the foundational disciplines of artificial intelligence
[111]. Broadly speaking, decision science addresses three fundamental ques-
tions:

� How should a rational agent make decisions?

� How do people actually make decisions?

� How can we help people improve their decisions?

In order to provide some structure, decision theory can be broken into
three branches which address the above three questions respectively: norma-
tive decision theory, descriptive decision theory, and prescriptive decision the-
ory [54; 112].

2.2.1 Normative decision theory

Normative decision theory constitute formal (philosophical, logical, mathe-
matical) theories of how idealized decision-making agents should decide given
some axioms of rationality and optimality: e.g. it is assumed that ideal agents
have unlimited capacity in terms of processing information, never makes mis-
takes, and know all logical consequences of their beliefs. Its roots can be
traced back to works by Ramsey [113], de Finetti [114], and von Neumann
and Morgenstern [115], among others. The orthodox normative decision the-
ory is the principle of maximizing the expected utility, which models decision
under risk, so called lotteries.
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In order to provide support to a decision-maker in making a decision, it is
necessary to construct some kind of model to represent their value judgments
over the options under consideration, so called preferences over prospects. The
building blocks of all preference models are logical properties based on two
fundamental preference relations: preference ("better") denoted by the symbol
� and indifference ("equal in value to") denoted by the symbol �. Based on
these two comparative value concepts, the following ordering properties are
usually considered required conditions for rational preferences of an (ideal-
ized) agent.

1. A� B =) :(B� A) (asymmetry of preference)

2. A� B =) B� A (symmetry of indifference)

3. A� B =) :(A� B) (incompatibility of indifference and preference)

Furthermore, the following ordering properties are required:

4. A� B_B� A_A� B (completeness/connectedness of preference)

5. A� B^B�C =) A�C (transitivity of indifference)

6. A� B^B�C =) A�C (transitivity of preference)

We can assign numbers to (i.e. measure) preferences that reflect their relative
importance by a value function V such that

7. V (A)>V (B) () A� B

8. V (A) =V (B) () A� B

The resulting sequence of numbers is called an ordinal measurement scale be-
cause it represents the relative preference ordering. Any value function V 0 that
is an ordinal transformation of V preserves this representation, i.e. ordinal
scales are unique up to monotone transformations. A problem with ordinal
scales is that they do not provide any information about the relative strength of
preference or desirability difference between alternatives, which is usually of
interest in many applications. To elicit or construct such preferences we need
an interval (cardinal) scale, which must satisfy the above eight properties, and
the following

9. V (A)�V (B)�V (C)�V (D) () A B�C D
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Less formally we would say something like: if the strength of preference
for A over B is greater than or equal to the strength of preference for C over
D (RHS), a real-valued function V can represent these preferences in the sense
that the value of A over B is greater than or equal to the value of C over D
(LHS). Any assignment of numbers that satisfy the above properties preserves
the representation and count as equivalent, i.e. interval scales are unique up to
positive linear transformation.

Many critics have pointed out that no humans come close to the ideals as
laid out in normative decision theory: perfect rationality simply does not exist.
Furthermore, they argue that many mathematical models of rational agents
are oversimplified and disregard important factors, which is why behavioral
researchers have suggested alternative theories.

2.2.2 Descriptive decision theory

Descriptive or behavioral decision theory study how decisions of real human
beings are made, regardless if they adhere to the rationality axioms or not
(usually the don’t). In essence, behavioral scientists argue that the normative
model does not provide an adequate foundation for a descriptive theory of
decision-making, as the basic rules of the theory are commonly violated in
experimental studies. An important work in this school of thought is Simon
[116] who suggested the principle of bounded rationality:

The capacity of the human mind for formulating and solving com-
plex problems is very small compared with the size of the prob-
lems whose solution is required for objectively rational behavior
in the real world — or even for a reasonable approximation to
such objective rationality [117, p. 198].

According to this principle, humans do not maximize when they are fac-
ing problem situations but satisfice (a portmanteau of "satisfy" and "suffice"):
they make radical simplifications to bring it within power of human computa-
tion and accept an approximate course of action that is ’good enough’. This
search process for an acceptable solution is particularly important with mul-
tiple choice criteria and incomplete orderings of alternatives [118]. Another
important work in descriptive decision theory is the heuristics and biases re-
search program by Kahneman, Slovik, and Tversky [e.g. 119]. Overall, de-
scriptive decision theory provides evidence why we need computers in order
to support complex real-world decision-making.
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2.2.3 Prescriptive decision theory

Prescriptive decision theory draws on the normative and the descriptive deci-
sion theories and tries to apply them to practical problems through technology
(cf. 3.2). The aim is to help people make better decisions, provide training and
various decision support, in the light of the normative ideals and mindful of
the behavioral realities sketched out above. This pragmatist standpoint holds
the view that the normative ideals are indeed unattainable in practice, but still
serve as models valuable enough to yield insights into phenomena that can
guide our thinking in real-world situations. The bulk of the work presented in
this thesis falls into this category of research.

Some of the reasons why decision science might be used in a real-life
decision-making problem include:

� The problem is complex, and in need of quantitative analysis.

� The problem is important, and a thorough analysis is warranted.

� The problem is new, and there is no previous experience from which to
draw.

One way to overcome the biases and fallacies pointed out in behavioral
decision research is to design human-centered decision support systems (DSS)
1 which allow us to surpass our cognitive limitations (cf. 2.3). By allowing
us to surpass our constrained cognitive capabilities, DSS enable human intel-
ligence augmentation [120], which is helpful when people face complex, ill-
structured, or dynamic decision problems. An example of this type of decision
problem are those encountered in land use planning where multiple stakehold-
ers are involved, there are many factors to consider, the time horizon is very
long, and there are deep uncertainties and considerable risks. In situations
where a group, network or collective of individuals—people, software agents,
or both together—act intelligently, i.e. solve problems and achieve objectives,
we can use the term collective intelligence [121–123]. Group decision support
systems (GDSS) or groupware is a form of DSS that aims to harness the col-
lective intelligence of groups, networks, and crowds. The focus of this thesis
is on distributed or web-based GDSS, wGDSS [54].

Multiple criteria decision analysis

In practice, it is common with decisions between alternatives (prospects, op-
tions, actions, etc.) involving multiple and often conflicting criteria (objec-
tives, aspects, etc.) that decision-makers and/or stakeholders value differently.

1Of course, today most practitioners use other terms, such as business intelligence, analyt-
ics, big data, etc. but the term has stuck around in some academic circles.

28



Multiple criteria decision analysis (MCDA) is a collection of formal methods
rooted in social choice theory that offer a systematic way to explore and aid in
such situations. MCDA follows an iterative process involving four main activ-
ities: (1) problem identification and structuring, (2) model building, (3) using
the model to inform and challenge thinking, and (4) developing an action plan
[125].

One of the more widely used methods in MCDA is multiple attribute value
theory (MAVT), which is based on the idea of measuring human values, i.e.
assigning numbers to preferences regarding choices that reflect their relative
importance or attractiveness (preference scoring). MAVT can be described as a
weak form of decision theory because it does not require as strong assumptions
compared to e.g. multiple attribute utility theory (MAUT). However, the main
benefit and appeal of MAVT over MAUT is that it is much easier to apply in
practice, but to the cost of giving up some axiomatic rigor.

Roughly, MAVT consists of the following four steps:

� Define alternatives

� Define criteria

� Assess preference scores for each alternative in terms of each criterion

� Calculate a total score of each alternative and rank them

With the help of the axioms listed above (see section 2.2.1), an interval
measurement scale is constructed. After defining alternatives and the criteria to
which evaluate them, a partial (marginal) value function vi(a) is constructed by
assigning each alternative A a real valued number v on an interval measurement
scale for each criterion i. Next, a weight wi is assessed for each criterion i.
The preference scores and the importance weights are then aggregated into an
overall value function V (a) for each alternative. Finally, the alternative with
the best overall score is selected. The most used aggregation method is the
additive model:

u(A) =
m

å
i=1

wiui(A) (2.1)

The simplicity of additive aggregation is particularly appealing in appli-
cations as it is easily explained and understood by a wide variety of deci-
sion makers [125]. In practice, decision makers often weigh different criteria
against each other intuitively, which has practical advantages, but it also has
the disadvantage of lacking efficient mechanisms for ensuring consistency. For
example, in order for the additive model to be appropriate, the criteria needs to
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satisfy the condition of preferential independence, which states that the trade-
offs a decision-maker is willing to accept between any two criteria should not
be dependent on any other criteria. This is one of the reasons sensitivity anal-
ysis is so important in practical applications. Apart from the risk of producing
analyses which are inconsistent, potential downsides of MCDA are that it is
very time and resource consuming: it requires time for problem structuring,
the elicitation of preferences, for assessing consequences, and interpretation
and discussion of the results. It is also important to note that MCDA should
not be viewed as a replacement for intuitive or subjective judgment but a com-
plement [125].

2.3 Data visualization

Data or information visualization1, or just simply visualization, focuses on the
use of primarily visual or graphical representations of data to help people see
patterns and gain insight about a phenomenon. A common definition used in
computer science defines visualization as "the use of computer-supported, in-
teractive visual representation of data to amplify cognition" [59]. Visualization
research is a young field that combines several aspects of different branches
of science, including statistics, computer science, human-computer interac-
tion, cartography, visual perception, cognition, etc. The power of visualiza-
tion derives from the fact that it allows us to surpass our cognitive limitations
by offloading slow logical inferences to the rapid visual system using graphi-
cal representations as external memory and intelligence augmentation devices
[126] (cf. section 2.2). Research in visual perception has shown that a sig-
nificant amount of visual information is preattentively processed in parallel at
high bandwidth which enables us to see huge amounts of information at once
without effort [127].

A classic illustration is Anscombe’s Quartet [128], a suite of four small
datasets, each comprising eleven (X, Y) pairs, shown in Table 2.1. All four
datasets have identical statistical properties: mean, variance, correlation, re-
gression line, etc., yet are quite different. These descriptive statistics are use-
ful as they allow us to describe a complex dataset with just a few numbers, but
has intrinsic limitations of losing information through summarization. Com-
pletely different stories emerge when the four datasets are shown graphically,
as in Figure 2.1. Suddenly the data sets look nothing the same. The scatterplot
of the first data set appear to follow a rough linear relationship. The second
scatterplot shows a smooth curve rather than a straight line. The third dataset

1I make no distinction between various genres of visualization in this thesis, e.g. between
information visualization and scientific visualization.
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is close to a straight line, but is offset by a single outlier. Finally, the fourth
dataset looks like X is constant, except for one outlier as well. Anscombe’s
Quartet demonstrates that summary statistics are often misleading on their own
as they oversimplify the dataset and hides its true structure. In order to make
sense of data fully, we need to visualize it.

X1 Y1 X2 Y2 X3 Y3 X4 Y4
1 10.00 8.04 10.00 9.14 10.00 7.46 8.00 6.58
2 8.00 6.95 8.00 8.14 8.00 6.77 8.00 5.76
3 13.00 7.58 13.00 8.74 13.00 12.74 8.00 7.71
4 9.00 8.81 9.00 8.77 9.00 7.11 8.00 8.84
5 11.00 8.33 11.00 9.26 11.00 7.81 8.00 8.47
6 14.00 9.96 14.00 8.10 14.00 8.84 8.00 7.04
7 6.00 7.24 6.00 6.13 6.00 6.08 8.00 5.25
8 4.00 4.26 4.00 3.10 4.00 5.39 19.00 12.50
9 12.00 10.84 12.00 9.13 12.00 8.15 8.00 5.56

10 7.00 4.82 7.00 7.26 7.00 6.42 8.00 7.91
11 5.00 5.68 5.00 4.74 5.00 5.73 8.00 6.89

Table 2.1: Anscombe’s Quartet raw data of identical statistical properties.

2.3.1 A framework for visualization

Munzner [129] suggests a four level framework that is intended to help think
about visualization design choices and how to evaluate them systematically:

� Domain situation: encompasses domain, target users, their questions,
and their data

� Task and data abstraction: analyzing user tasks and transforming data
to fit their needs

� Visual encoding and interaction: techniques that controls what the user
see and how it interacts with a visualization

� Algorithm: how to efficiently perform the visual encoding and interac-
tion idioms

2.3.2 The visualization pipeline

It is also common to describe visualization as a data flow process consisting
of a sequence of steps, each performing a specific type of data transformation.
This chain of operations is often called the visualization pipeline [130]:
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Figure 2.1: Anscombe’s Quartet of identical statistical properties. A visual in-
spection shows how their structures are quite different.

Import!Manipulate!Map! Render

The visualization pipeline roughly corresponds to the data abstraction and vi-
sual encoding levels in Munzner’s framework [129]. In practice, the visualiza-
tion pipeline consists of numerous substeps and operations that have elaborate
implementations. Data mapping, or the association of a variable to visual at-
tributes called aesthetics such a position, size, color, shape, etc. is arguably the
most characteristic step of visualization and is at the core of designing effective
visualization applications.

2.3.3 The grammar of graphics

Wilkinson’s grammar of graphics [131] provides a comprehensive theory and
the mathematical foundations for describing and constructing a wide range of
visualizations. In the grammar, the visualization pipeline is represented as a
nested composition of functions. Let D denote the space of all datasets, then
we have

Vis = F1 �F2 � : : :�Fn; where Fi : D! D: (2.2)

The various functions Fi perform the data rendering, mapping, filtering, and
data importing. This model allows us to decompose the visualization pipeline
into as many functions as needed which reduces complexity and favors mod-
ular, reusable, and extensible code. In this thesis, I have been using the open
source R packages ggplot2 [132] and ggvis available from CRAN, which im-
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plement and extend Wilkinson’s grammar of graphics. The following code
illustrates the grammar and the R syntax:

1 library(ggplot2)
2 library(dplyr)
3 library(tidyr)
4 anscombe |>
5 mutate(obs = seq_len(n())) |>
6 gather(key , value , -obs) |>
7 separate(key , c("variable", "set"), 1, convert = TRUE) |>
8 spread(variable , value) |>
9 ggplot(mapping = aes(x, y)) +

10 geom_point() +
11 facet_wrap(vars(set)) +
12 geom_smooth(method = "lm", se = FALSE)

The above code takes the dataset anscombe and transforms it through a nested
composition of function calls which create the plot we see in Figure 2.1. In-
stead of composing the functions from inside-out and right-to-left as seen in
Equation 2.2, we write them aligned with thought and order of execution using
the forward-pipe operator |>, which feeds left-hand side values forward into
functions that appear on the right-hand side, i.e. one can replace f(x) with x
|> f. The ggplot() function is used to construct the initial plot object where
the mapping argument defines the aesthetic mappings. This is followed by + to
add additional components and specifications to the plot: the geom_point()
function to create a scatterplot layer and facet_wrap() to split the data into
four subplots. Lastly, we add a second layer with geom_smooth() to fit linear
models to each scatterplot.
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3. Methodology

This chapter presents the research methodology used in this thesis. First, I de-
scribe the philosophical assumptions that underpin the thesis and help explain
the choice of research strategy and methods. Next, I describe the research
strategy, which serves as a framework for guiding and also explaining the re-
search methods and procedures. Next, I describe how the research strategy
maps to each respective project. The methods are only briefly summarized
here. The details are presented in the original communications. The methods,
algorithms, technologies, and techniques used can be identified by the use of
bold font. Last, I discuss ethical considerations.

3.1 Research paradigm

A research paradigm is the primary philosophical worldview or belief system
that underlies research and determines the choice of research strategy, data col-
lection methods, analytical methods, and other important research considera-
tions. Creswell [133; 134] discusses several major paradigms widely discussed
in the literature: positivism, constructivism, post-positivism, and pragmatism.

Positivism, also sometimes called the scientific method, is a traditional
form of inquiry that usually adopts deductive reasoning and is associated with
quantitative methods. Ontologically, it assumes that a single objective real-
ity exists, independent of human actions and experiences. Epistemologically,
positivism subscribes to an empiricist cause-and-effect view of the world and
therefor relies on observation and numerical data generation through measure-
ment. The research process is viewed as a series of logically related steps in
which the collected data is used to statistically test a predefined hypothesis or
theory. Positivism underpins the theories, models, and methods of decision
science.

In contrast, constructivism is a philosophical orientation which usually is
associated with inductive reasoning and qualitative methods. Ontologically,
it assumes that multiple realities exists and that they are subjectively and so-
cially constructed through historical and cultural contexts. Epistemologically,
researchers that subscribe to this worldview seek to interpret the meanings of
peoples’ experiences rather than searching for a single objective truth.
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Post-positivism positions itself as a middle ground between positivism and
constructivism in order to overcome the shortcomings of the individual meth-
ods and break down the traditional divide. In post-positivism, qualitative el-
ements often play a supportive role to quantitative elements. The approach
is similar to positivist research, however, the researcher typically believes in
multiple perspectives rather than a single objective truth.

The research paradigm underpinning this thesis is pragmatism. Pragma-
tism is different from the above three belief systems in that it is not committed
to any one philosophical worldview, but instead focuses on finding solutions to
practical problems that matters for us as humans. Ontologically, pragmatism
is less concerned with philosophical concepts related to reality and existence;
instead it views the concept of truth as an instrument; it signals confidence
in a particular belief that leads to predictable outcomes via the process of
inquiry and verification: scientific, engineering, or otherwise. Epistemolog-
ically, pragmatic researchers can chose whatever method and technique that
best meet their needs and purposes. Pragmatism underpins mixed-methods re-
search, and it consequently supports the research in paper I and in paper II.
In applied decision science research, the rationale for pragmatism is equally
strong (see section 3.2 below) given its focus on solving real-life problems;
pragmatism therefor naturally underpins the research reported in paper IV and
paper V.

3.2 Research strategy

A research strategy describes the overall approach, plan or design, processes
and procedures for conducting research. This thesis is the result of two sepa-
rate research projects, but which share a common research strategy: decision
science research, as discussed in 2.2. Decision science overlaps conceptually
to a large extent with the design science concept, which is the term we shall
use here (keeping in mind they are essentially synonymous).

Design science is the scientific study and creation of artefacts as
they are developed and used by people with the goal of solving
practical problems of general interest [135, p. 7].

Whereas natural science is concerned with how things are and to create
facts, design science is concerned with how things ought to be and to create
artefacts [136]. March and Smith [137] suggest four types of ICT artefacts:
constructs, models, methods, and instantiations. Constructs include vocabu-
lary and symbols used in a particular domain. Models are higher order con-
structs, abstractions, and representations. Methods include algorithms, guide-
lines, processes, and practices. Lastly, instantiations, or implementations, are
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the realizations of the constructs, models, and methods in the form of a proto-
type or production (less common) software system.

Notably absent from this list are theories, the ultimate outcome of natu-
ral science research. Instead, a design scientist typically offers an artefact as
the main contribution to knowledge. Successful artefacts embed prescriptive
knowledge, a type of predictive statement of the form: if an artefact is used
in a certain practice, it will result in a desired effect in that practice [135, p.
25]. In sum; whereas natural science is descriptive and explanatory in intent,
design science is prescriptive. This is the essence of the pragmatist standpoint
in design science.

Drawing on Peffers et al [138], Johannesson and Perjons [135] suggest a
method framework for design science research, an iterative process of learning
through making consisting of five main activities: explicate problem, define
requirements, design and develop artefact, demonstrate artefact, and evaluate
artefact. Apart from providing rigor and guidance for research and develop-
ment, it also provides a lens through which the fluid and iterative process of
design and creation can be described.

Explicate problem The researcher identifies or defines the problem and mo-
tivates its importance, i.e., showing that the proposed solution is of general
interest. In this step, it is important to analyze the problem conceptually so
that an appropriate level of complexity is achieved. Appropriate scoping of the
problem supports reasoning and understanding.

Define requirements This activity involves transforming the problem into
needs and performance objectives of a solution to the problem. It involves
considering what is possible and feasible. The objectives can be quantitatively
or qualitatively described.

Design and develop artefact The creation of the artefact, including deci-
sions regarding its structure, functionality, and user interface. This is typically
done through iterative development, which involves a search and discovery
process of repeating cycles of incremental development, testing together with
end-users, and analysis.

Demonstrate artefact This activity involves demonstrating an artefact pro-
totype, also called a proof-of-concept, to end-users, funders, and other stake-
holders with the aim of proving that the solution is feasible and works in a
limited use-case or instance of the problem.
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Evaluate artefact The researcher systematically evaluates the performance
of the artefact in terms of fulfilment of requirements and to what extent it
solves the problem.

It is important to note that the steps are not temporally ordered and should
not be interpreted as prescribing a sequential work ordering. Quite the oppo-
site, a design science project is always carried out iteratively and in cycles. It
can begin from any of the five steps listed above and not all steps need to be
considered in every project. This flexibility is usually needed in practice, but
skipping steps can also pose risks, as described below.

3.3 Research methods

The research questions were studied in two separate projects which shared a
common thread: to develop, demonstrate, and evaluate e-participation tech-
nologies in real-life settings. As stated above, decision and design science is
uniquely concerned with solving real-world problems and supporting decision-
making through the use of scientific methods and computer software. The
question of research strategies and methods therefore becomes less important
[135, p. 78, 125]. However, data collection methods are often used to top-and-
tail this form of research. For example, a survey can be used to gather user
requirements, and in-depth interviews can be used to collect user feedback on
the proposed solution. In this way, design science research is similar to mixed-
methods research in that it can use several data collection methods, however
the goals are different.

As for methodological choices made by respective project, they are of
course intertwined with my own since I have been largely constrained and in-
fluenced by the projects’ premises, stated goals, and required deliverables. To
make it easier to understand which research methods and software engineering
techniques that I (together with colleagues) have decided to use, I have high-
lighted them with bold font in the text. It is important to remember here that
the term "method" is sometimes used somewhat differently in decision and
design science—or computer science for that matter—compared to the social
sciences. This section describes how the research strategy was applied in re-
spective project, i.e., how the various steps of design science research map to
respective project.
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3.3.1 Project I

The first project, MyUniversity: Decision-Making for a United Higher Educa-
tion, was a pilot designed to provide European universities with a web-based e-
participation platform to empower and involve students and other members of
the academic community in the Bologna Process, a mechanism promoting in-
tergovernmental cooperation in the field of higher education. The project was
connected to the European Union’s i2010 European Information Society ini-
tiative, which aimed to stimulate innovation through a wider adoption of ICT
and the development of an inclusive information society. Thirteen universities
in Spain, Slovakia, Bulgaria, and Lithuania participated in trials, and the total
duration of the project was 33 months. The project was partially funded by the
European Commission under the Competitiveness and Innovation Framework
Program (2007-2013).

Explicate problem

The project was based on the assumption that students, professors, staff and
other stakeholders in the higher education system have a lot to say on the
Bologna Process and other educational legal initiatives, but lacked the means to
participate and have an impact on decision-making and legislation. The MyU-
niversity platform aimed to solve this problem by bridging the assumed com-
munication and interaction gap between the decision-makers and the stake-
holders through the use of interactive tools based on web 2.0 technologies,
new intermediation models, and by leveraging existing social networks, such
as Facebook.

The specific objectives of the project was to design, deploy, and validate
a web-based e-participation platform (service/solution) for empowering and
involving university members and other stakeholders in the Bologna Process
and the creation of a unified European higher education area. Together with
specialized training, MyUniversity aimed to enable universities to engage their
members and stakeholders on important issues and to get feedback locally, na-
tionally, and across borders through a European level super-portal, the main
point of access for the service. Thus, the project was based on the assump-
tion that the problem was already identified, considered important, of general
interest, and worthy of substantial public funding (2,300,000e). These as-
sumptions were later shown to be questionable during the evaluation of the
project, as described in Paper II.

After completion of the project, institutional users (the universities) had to
pay an estimated annual leasing fee of 5,000-10,000e to the platform provider-
s/owners (GFI, Scytl, and Gov2U) for its use, maintenance, and technical sup-
port. The number of institutional users were estimated to be more than 110,
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with a potential reach of more than 15 million citizens in Europe.
In sum, the problem that was to be solved within the project time frame

was already considered to be explicated and therefore no time or resources
were dedicated to this stage of the project.

Define requirements

Since MyUniversity was conceived as an e-participation demonstration project
using existing technologies, little attention was dedicated to identifying func-
tional, structural, or environmental requirements. Instead, the project consor-
tium developed a set of 20 key performance indicators (KPIs) and their associ-
ated performance metrics and objectives as primary tools for project manage-
ment and evaluation that pertained to project reach, infrastructure deployment,
number of registered users, portal visits, forum replies, and so on. The full list
of KPIs is provided in Paper II. The traditional (sequential) waterfall model
was the general, though not explicit, software development and project man-
agement methodology used throughout the project.

Design and develop artefact

The MyUniversity platform was based on the integration and customization
of two existing systems, both co-funded by the European Commission: the De-
mos@Work e-participation platform and its core component Gov2DemoSS,
which in turn was based on the open source content management system
Joomla. Accordingly, a working prototype of the solution already existed,
although developed and tested for a different purpose and in a different en-
vironment. The third component of MyUniversity was Pnyx, a proprietary
cryptographic e-consultation software from the Spanish company Scytl. At
the time of the project’s inception Demos@Work was operative in the parlia-
ment of Lithuania and Catalonia, Gov2DemoSS was used by approximately
100 different local and regional governments, and Pnyx had been used by 10
different local and regional governments.

Apart from integrating the above three systems, the systems design and
software development work also included localization (e.g. language trans-
lations), the development of an automatic translation plugin built on Google
Translate, a Facebook integration module for attracting new users to the plat-
form, and a security module for managing user authentication. Support for
mobile use was also considered in the planning stage, but was subsequently
abandoned during the course of the project. The hardware hosting the platform
was commercial-off-the-shelf products. Extensive user documentation, man-
uals and guidelines on what was considered best practices in user engagement
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was produced and provided to all trials. In total, over 1,000 documentation
pages were produced over the course of the project.

Demonstrate artefact

MyUniversity was conceived as a demonstration project where the focus was
to prove the feasibility of the MyUniversity platform among 13 trial universi-
ties and evaluate its potential sustainability and scalability, i.e. if the service
could be successfully commercialized. It was estimated that a break-even point
(at which expenses equal revenue) could be achieved if 40-50 universities de-
cided to pay for the service. The demonstration efforts focused on training,
initialization, content provision, user-related tests and e-participation ex-
periments focusing on the platform’s functionality and usability. A technical
help desk service was available during the demonstration. Support regarding
content issues and editorial management was also provided.

Thirteen universities in Spain, Slovakia, Bulgaria, and Lithuania partici-
pated as end-user trials of the platform. The Spanish universities included:
Autonomous University of Barcelona, University of Barcelona, Polytechnic
University of Catalonia, University of Girona, University of Lleida, University
Rey Juan Carlos, and University of León. The Slovakian universities included:
Slovak University of Agriculture in Nitra, Slovak University of Technology
in Bratislava, and University of Prešov in Prešov. In Bulgaria, the trials were
International Business School and the University of National and World Econ-
omy. In Lithuania, Vilnius University took part in the project as a trial.

Evaluate artefact

In order to develop a theoretical foundation for evaluating the MyUniversity
pilot, an analysis of e-participation technology was performed, reported in
paper I, and a comprehensive theoretical framework was developed, reported
in paper II. In paper I, the occurrence of 60 technology categories in a biblio-
graphic database consisting of over a thousand research articles were investi-
gated using mixed methods research software NVivo.

The MyUniversity technological platform and project design were evalu-
ated from a technological and sociological perspective using a mixed meth-
ods research design, reported in paper II. We used a hybrid QUAN + qual
concurrent-independent research design, which means that the quantitative
components were primary and the qualitative components were secondary (sup-
plemental), and that some components were executed in parallel and inde-
pendently, whereas other components were executed sequentially and depen-
dently. For example, web traffic statistics were continuously collected to an-
alyze website visitor demographics and behavior in parallel and independently
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from the recorded focus groups and interviews, whereas the second user sur-
vey was informed by the results of the first user survey.

Apart from the main evaluation work, an extended research team at Stock-
holm University conducted several additional and independent evaluations of
the platform’s core technologies, its design, and usability; a bachelor thesis
evaluated the MyUniversity platform’s user interface and usability; a focus
group discussion was conducted with 30 computer science graduates; and a
number of evaluations were conducted by software engineers, researchers, and
department directors. Furthermore, two in-depth interviews were conducted
and recorded with Bologna Process experts at Stockholm University, and a
seminar was organized with the National Bologna Expert Group.

3.3.2 Project II

The second project, Multimodal Communication for Participatory Planning
and Decision Analysis: Tools and Process Models, aimed to develop new mod-
els and software tools to better support participatory land-use and municipal
planning practices. Specifically, the project aimed to enable local govern-
ments to better understand the conflicting priorities and needs of the public,
and to enable government representatives to account for this information in
their planning and decision-making. The Municipality of Upplands Väsby in
Stockholm, Sweden, participated as a trial, and the total duration of the project
was 36 months. The project was funded by the Swedish Research Council for
Sustainable Development (Formas).

Explicate problem

Land use planning is inherently characterized by conflict in multiple dimen-
sions. It typically involves a wide range of actors and stakeholders with con-
flicting views and differing preferences that are tied to a varied spatial land-
scape. The proposed development plans and actions greatly affect the quality
of life of the local community at different spatial scales and time horizons.
A core task for planners is to analyze planning conflicts and take appropri-
ate measures to ameliorate them so as to ensure that the uses of the land are
sustainable, community resources are not wasted, and social conflict does not
cause disruption among disparate interest groups. The chance of finding com-
promises between stakeholders increases in situations where a combination or
portfolio of actions is chosen, instead of choosing one single action. Con-
sequently, it is important for decision-makers to understand and analyze the
conflicting needs and priorities of the local community, and to develop plans
that contain an optimal portfolio of actions that optimize public value, while at
the same time minimize conflict and disagreement.
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In 2012, the municipality of Upplands Väsby embarked on a process of es-
tablishing a new comprehensive plan toward 2040. The municipal office con-
ducted a number of extensive community dialogues and surveys to reflect the
values, collective vision, and development goals of the community. Also seen
as important was the involvement of academics: people who could provide
scientific input and act as a sounding board for ideas. In 2014, we established
a collaboration with the municipal office with the goal of developing new de-
cision support methods and tools that could be useful in the planning process.
Being aware of the fact that previous research in e-democracy had been criti-
cized for lacking dimensions of conflict, we decided to focus on this particular
aspect of the planning process. The initial collaboration took place over the
course of a few months in which we arranged meetings and workshops and
conducted in-depth interviews and performed document studies of the previ-
ous community dialogues and survey results to better understand the problem
and solution space.

Define requirements

We defined high-level non-functional requirements of the application during
workshops with the municipal office and during prototyping of the solution.
We also carried out a literature review to gather information on the state-of-
the-art visualization research, technologies and tools, reported in paper III. For
example, one source of inspiration was the ’eXplorer’ software, a web appli-
cation for dynamic visualization of official statistics used by OECD, Statistics
Sweden, and several Swedish municipalities, among them Upplands Väsby
[139]. We conducted in-depth interviews with GIS and visualization experts
at Statistics Sweden and the Upplands Väsby municipal office. The initial
high-level requirements were:

� The application should enable decision-makers to better understand the
preferences of the public

� The application should visualize survey data on an interactive map

� The application should be developed using open source software

� The application should be user-friendly

� The application should be web-based

These initial requirements were subsequently expressed in the form of a
simple user story:
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The system should display a map of a municipality, divided into residential
areas. The user should be able to choose among a set of actions, where
each action for each residential area has an associated value, which could
either be disagreement (negative) or agreement (positive). This value should
have an associated color, ranging from negative to positive, e.g., red to green.
When the user then selects the preferred combination (that is, a portfolio) of
actions, the associated colors are then aggregated and displayed over each
residential area. The user can thereby explore how different combinations of
actions affect his or herself and other citizens.

Based on identified problem space and the high-level requirements, we
conducted a paper-based pilot survey based on non-probability sampling
technique due to its ease of use and to save time and resources. The municipal
office reviewed the survey questionnaire and suggested groups of respondents
that we should contact. We gathered 100 survey results, presented them to the
municipal office for feedback, and used them as input in the development of
the second web-based survey described below.

Design and develop artefact

We adopted agile design principles consisting of cycles of prototyping, testing,
and analysis. During the initial design phase we produced rapid prototypes
using Balsamiq Mockups, a software development tool for creating sketch-
style website wireframes using pre-built widgets in a drag-and-drop editor.
This enabled us to explore high-level features of the solution and alternative
user interfaces. In parallel to rapid prototyping we carried out a literature
review.

After the initial design phase, we started programming the tool using the
R programming language. Geospatial vector data of Upplands Väsby munici-
pality was obtained in the proprietary MapInfo TAB file format from the GIS
experts at the municipal office and read into R with the rgdal package [140].
As planning at the local government level often calls for a more detailed geo-
graphical breakdown than that of the municipality, Statistics Sweden has devel-
oped the key code system NYKO (’Nyckelkodsystemet’) for reporting statis-
tics in subareas or neighborhoods within a municipality. NYKO has a hier-
archical structure composed of several levels in which smaller homogeneous
areas can be aggregated to form larger areas. For our research, we decided to
use level three, which contains 44 subareas of Upplands Väsby municipality
with names that we thought were easily recognizable, while at the same time
large enough to ensure the privacy of respondents.
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Demonstrate artefact

To support the design and development of the software tool and to demonstrate
the underlying decision analytic framework, we designed and developed a
web survey using the open source content management system Drupal to col-
lect citizens’ preferences about the future of Upplands Väsby. A survey invi-
tation letter was sent by traditional mail to 10,000 persons randomly sampled
from the municipal population registry consisting of 31,408 persons aged 18
years or older. We chose traditional mail over email to reach as many people as
possible and to minimize the risk of the invitation letter being misinterpreted
as spam. Participation in the survey was voluntary and anonymous. In total,
1,032 respondents participated in the survey, which constitutes a response rate
of 10.3%. Due to time constraints and limited resources, we could not address
issues of non-response, for example by sending reminders. The survey was
open between January and March 2015.

The form consisted of 20 items divided into four parts. The first part con-
sisted of 10 items that concerned 10 focus areas, each associated with five
unique actions (non-mutually exclusive alternatives) that the respondent was
asked to rank using an interactive horizontal slider with multiple handles.
The second part consisted of one item for which the respondent was asked
to estimate the relative importance of each focus area using a similar slider.
The sliders were designed and developed especially for the survey and was
based on the jQuery UI slider widget. The third part consisted of three items in
which the respondent was asked to state a preference between two conflicting
(either/or) actions. This part of the survey was not implemented in the tool, so
it is not discussed further. In the fourth and last part of the form, we asked re-
spondents about their demographic profile. We designed and developed and
included an instructional video in the web survey form that explained how to
use the slider. We also provided technical support for the form via email.

We performed usage scenarios and cognitive walkthroughs with students
for testing various prototypes and to receive general feedback on the look and
feel of the user interface. The prototype was demonstrated using illustrative
scenarios using the empirical data gathered from the web survey. In the sce-
narios, we illustrated how the elicited preferences and the conflict indices can
be used as input to generate portfolios and how the portfolios are analyzed
using core index and core index slopes.

Evaluate artefact

The software prototype was evaluated using informed arguments at a research
workshop on decision-making organized by Toulouse University, France. Based
on the feedback received, the software was further developed and refined. The
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advantage of informed arguments is that it is an inexpensive and fast evalu-
ation method, which often is highly relevant in practice due to time and/or
resource constraints. However, it is important to be aware that it is a weaker
form of evaluation since it is not based on empirical data and may therefor be
more biased by the researcher’s personal interests, in contrast to, for example,
a controlled experiment, which is a more objective evaluation method.

To ensure reproducibility, audit and further development, all R code and
data was made available in a public repository on GitHub under the MIT li-
cense. The data was also made available for query and download on the public
data sharing platform data.world, together with the survey invitation letter. The
survey data was anonymized before being made publicly available.

3.4 Ethical considerations

Research ethics refers to the norms, standards, and responsibilities of scien-
tific research in general, and to those that guide the behavior of the individual
scientist in particular. Some of the research reported in this thesis involves hu-
man participants which raises ethical considerations. In paper II, participation
in all surveys was voluntary and anonymous to ensure confidentiality. Fur-
thermore, the research process was designed to promote transparency between
the researchers and the consortium partners with multiple points of input and
feedback.

In paper IV and paper V, we used a web survey form to collect public
opinion data. The two key ethical issues for surveys are informed consent
and maintaining the confidentiality of responses. Consequently, we informed
the participants about the essential elements of the research, its purpose, and
that participation was voluntary and anonymous. In the survey, we also asked
the participants to provide demographic background information and their ge-
ographic location in the municipality. The survey data and the demographic
information were then mapped to the geographic data to create a single social-
spatial dataset. This link between a person to a specific geographic location
creates potential confidentiality risks. We therefor took measures to properly
aggregate this data so that individuals could not be identified. All meta-data
that could be used to identify a person, such as the IP address, were also re-
moved. No ethical aspects were listed in the project application to the funding
agency.
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4. Results

This chapter presents the research results. The detailed results are presented in
the original communications, and therefore they are only briefly summarized
here.

4.1 Understanding e-participation

This section answers the first set of research questions that relates to develop-
ing a better understanding of e-participation theory and practice, with a partic-
ular focus on technology.

4.1.1 Information and communication technologies

The results of paper I show that the most common ICT reported in the e-
participation literature is websites; almost 3 out of 4 items in the bibliographic
database mention this technology. This is not a surprising result. However,
only one author from the early 2000s lists websites as an e-participation tech-
nology. This result suggests that due to its proliferation, websites have become
normalized and rendered non-technological and mundane in e-participation re-
search. As a result, websites are excluded from subsequent literature reviews
and characterizations in the field.

Message boards and web forums closely follow websites as the second
most common ICT. Approximately 7 out of 10 items in the literature database
include this technology. Web forums are also listed by 6 out of 7 of the
reviewed authors. Clearly, message boards, web forums, and similar asyn-
chronous text based communication are the most characteristic technology in
contemporary e-participation research.

A notable result is that social media, the third most common ICT category
in the bibliographic database, is not listed by any of the seven authors. Indeed,
the lack of research in social media and its role in political participation and
civic engagement has been recognized for some time. However, it occurs in
45 percent of the items in the literature database. It is also the most frequently
occurring technology in article abstracts and keywords. Web 2.0, a concept
closely related to social media, seems to be similarly partly overlooked in the
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e-participation literature.
Another noteworthy result is that semantic web, GIS, and data mining are

regularly described as part of the e-participation researcher’s toolbox. Six, five,
and five authors respectively out of seven list these ICTs but they occur in only
5 percent of the items in the literature database. This discrepancy suggests
some fashionable technologies are used for special occasions when it is time
to "dress up" and promote e-participation research.

The least frequently occurring ICTs were filtering technology, speech tech-
nology, and scenario planning, along with online surgery, alert service, open
architecture, and collaborative writing. These technologies occurred in less
than 2 percent of all items in the bibliographic database. They are also rarely
mentioned by the seven authors. A possible explanation why these technolo-
gies do not appear more often in the literature database is that they have been
inadequately operationalized in this study. It is also quite likely that some of
them, such as scenario planning and speech technology, are, in fact, rarely used
in e-participation practice and consequently rarely researched.

4.1.2 Sociotechnical challenges

The results of paper II are organized thematically under ten headings: (1)
project design, (2) participation, (3) functionality and usability, (4) impact on
decision-making, (5) privacy and trust, (6) institutional resistance, (7) motiva-
tional factors, (8) the political, economic, and sociocultural context, (9) lan-
guage barriers, and (10) moderation and framing.

The Project design had a weak theoretical underpinning, poor project man-
agement methodology, and neglected emerging e-participation good practices.
Overall, the project focused too much on the technology dimension (techno-
logical determinism), while neglecting other, more relevant, institutional and
contextual factors. A failure to learn from the literature and previous experi-
ences resulted in inefficient initiatives among the trials, poor system usability,
and low participation and engagement numbers.

Participation measured via web analytics show that the number of visits
to the platform and the visit duration as a measure of engagement were low
overall throughout the project.

Functionality and usability tests of the MyUniversity platform identified
over 50 problems, including violations of the principles of aesthetic and min-
imalist design, consistency and standards, and visibility of system status. The
results of the user surveys and focus groups showed that they found the plat-
form too complex, not user-friendly, and unappealing. The core content man-
agement system on which the platform was built was questionable in terms of
security and sustainability. The proprietary voting tools Pnyx that was planned
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to be used for voting also showed several drawbacks. Levering social media to
attract new users to the platform turned out to be counterproductive: instead of
attracting new users to MyUniversity, the Facebook integration made it easier
for existing users to leave the platform and take their discussions with them.
In sum, the platform’s poor functionality and low usability became a barrier to
engagement and participation.

Impact on decision-making was low in all trials, in particular among cross-
border initiatives on the EU super-portal. The lowest participation rates were
achieved in initiatives related to the Bologna Process, and conversely the high-
est participation rates were achieved in initiatives that addressed local issues.
It was also challenging for the trial managers to engage the National Bologna
Expert Groups, which in turn made it difficult for them to raise MyUniversity
to a higher policy level.

Privacy and trust issues proved to more difficult and complex than antici-
pated, in particular the enforcement of personal identification and a real-name
policy that was employed in some of the trials. Among universities that re-
quired identification before participating on the platform, the users considered
it an institutional instrument and abandoned it for open source and social me-
dia alternatives. Some Eastern European universities reported that a lack of
democratic political culture and tradition in their countries made their students
skeptical towards participating in the platform.

Institutional resistance and low levels of management commitment raised
organizational and communication barriers that had a negative effect on all
trials. Interview results suggest changing people’s attitudes and behavior is
difficult and takes time. Not all decision-makers are willing to open up the de-
bate and make decisions based on a single e-participation pilot. With regard to
the problems of institutional resistance and also participation in general, issues
of motivational factors arise. As discussed above, motivating people to partic-
ipate and engage in the platform proved difficult in all trials. Clearly, future
e-participation projects need to provide stronger incentives for participation.

The political, economic, and sociocultural context, e.g. the European fi-
nancial crisis and the political instability that followed in its wake, were seen
as a barrier to participation for all trials. For example, in Catalonia, the stu-
dents expected debatable topics on current events related to the economic cri-
sis. However, this was considered too controversial by the university man-
agement, who banned it from their portals. As a result, the five Catalan trials
were unable to provide a meaningful e-participation platform to their univer-
sity communities.

Language barriers and low English proficiency among the university pop-
ulations hindered cross-border participation on the EU super-portal. This prob-
lem was partly foreseen, and an automatic translation module based on Google

49



Translate was developed to handle it. However, the translation module was
inadequate and, therefore, rarely used. A language barrier was also evident
within the multi-country project consortium itself, inhibiting effective com-
munication and cooperation. English was the working language of the project,
but only one consortium member was a native English speaker. Furthermore,
translations of press releases, questionnaires, and other documents required
more time and resources than anticipated.

Some trial managers expressed the need for Moderation and framing of
debates in order to promote trust, reinforce ethical standards, and generally
raise the quality of the online discussions. For example, the forum moderator
at University of National and World Economy never had to remove a contri-
bution because of inappropriate content, but noticed that some users in the
discussion forum censored themselves by deleting their own contributions as
if they were afraid of sharing their opinion. The clear presence of a moderator
and a stronger democratic framework may have helped in this case.

4.2 Expanding the technology design repertoire of e-participation

This section relates to expanding the breadth of e-participation in terms of
methods and technologies used and answers the second set of research ques-
tions.

4.2.1 The potential of visualization

Paper III discusses how governments could better engage with the public through
various forms of data visualization. Four interconnected and overlapping themes
that contribute to an ongoing popularization of data visualization are discussed:
data storytelling (narrative visualization), infographics (viral visualization),
data psysicalization (physical visualization), and the quantified self (personal
visualization).

Data storytelling is related to the emergence of data-driven journalism and
a new category of user-friendly self-service visualization software that enable
a broad audience to tell stories with data using visualization. Examples of
the latter include software such as Google’s Fusion Tables, Tableau Public,
and Qlik Sense, all of which emerged out of academic research efforts. This
class of software, which are typically available free, empowers the average
users, as it makes them less dependent on technical expertise. A typical case
is a journalist who wants to use interactive visualization to turn inaccessible
data into an engaging story and publish it online. The approach is frequently
referred to as data journalism and emerged in news organization, such as the
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New York Times, in response to the disruptive forces of digitization and media
convergence.

Information graphics, often referred to as infographics, is a popular form
of visualization commonly found in news media. The typical online info-
graphic is a static high-resolution graphic design that attempts to transform ab-
stract or complex information about a specific topic or issue into a format that
is visually engaging, easily understood, and easily shared. Infographics com-
bine data with design in order to inform, entertain, or persuade their audience.
Despite the proliferation of infographics in today’s fast-paced digital society,
little research has been conducted on them. However, they typically share a
number of attributes. Similar to the idea behind micro-blogging service, such
as Twitter, the main characteristic of infographics is that their purpose is to
tell the gist of a story at a glance. A second important characteristic is that
infographics are meant to be aesthetically pleasing, paying particular attention
to the use of color, typography, icons, and composition. A third characteristic
of online infographics is that they are "viral": easily shared and spread across
social networks from person to person through "word of mouse". The sharp
increase of online infographics in the last decade suggests that they appeal to
a broad audience, a fact that makes them worth investigating further, in the
context of e-participation.

Data physicalization is a lesser known subfield of data visualization that
studies alternative data representations in casual or non-professional contexts
where the data is not represented through pixels on a computer screen, but via
physical modalities experienced directly through the eye (not including ink on
paper) or other human senses. In contrast to conventional data visualization,
where objectivity is the norm, physical representations of data allow of, and
sometimes even encourage, the inclusion of subjectivity in order to be evoca-
tive and increase the onlooker’s engagement. Typically, the alternative data
mappings employed in physical visualizations may not be immediately recog-
nizable, but instead be discovered through interaction, association, and reflec-
tion. Examples include: data sculptures, ambient displays, pixel sculptures,
object augmentation, wearable visualization, and alternative modalities.

Quantified self refers to self-tracking of physical activity, sleep pattern,
nutritional intake, etc. through smart phones, smart watches, activity track-
ers, or some other portable or wearable computing device. The basic idea is
simple: Through more granular around-the-clock quantified monitoring, peo-
ple can make smarter lifestyle choices and live healthier, more active lives. A
number of consumer-oriented products and services are available on the market
today. Typically, these applications and devices are paired with a website for
data management and visualization, social networking, personal recommen-
dations, and action plans. Some services also include gamification features,
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such as challenges, leader boards, and virtual awards, drawing on theories of
behavioral economics to keep users motivated and engaged. The reasons for
self-surveillance are numerous and varied and range from those of the causal
fitness-tracker who monitors their own exercise, to those of tech-savvy patients
and citizen scientists who share their medical and lifestyle data online to help
others and advance research, to those of life-logging enthusiasts with a passion
for self-discovery through personal analytics.

4.2.2 A visualization and decision analysis application

Paper IV describes a prototype web-based spatial decision support system
(SDSS) for exploring stakeholder conflicts in land use planning, developed
with the statistical programming language R [144] and the web development
framework Shiny [145]. It implements the decision analytic framework pre-
sented in paper V. The application user interface consists of three HTML pages
and a top-level navigation bar with the title "Upplands Väsby Data Explorer".
The main page titled "Map" is composed of (from top left to bottom right): (1)
a menu, (2) a choropleth map, (3) two demographics panels, (4) a tabset panel
for details (frequency, value, distance, and Pareto plots), and (5) a tabset panel
with tables for portfolio details.

The map widget positioned in the center of the page consists of two layers.
The bottom layer is the standard tile layer of OpenStreetMap1, an open source
and free general purpose map of the world built by a community of volunteers.
The second layer is a semi-transparent choropleth map where each geograph-
ical subarea is indicated by a polygon. The map polygons are color shaded
using the color palette in proportion to the mean strength of preference for the
selected action within the population in the selected geographical subareas,
i.e., group 1 or group 2. A mouse-over on any of the map markers displays a
tooltip with the subarea name and the group’s mean strength of preference for
the selected action. A color legend and scale ranging from 0 to 14 is available
in the bottom left corner. The ’+’ and ’-’ signs in the top left corner enable the
user to zoom in and zoom out of the map to reach a desired level of detail. A
tool for measuring distances and areas is available in the top right corner. In
the bottom right corner, a minimap provides geographical context relative to
the map.

From the menu the user makes all selections and filtering decisions that
drive the data analysis. The menu has three tabs: "Start", "G1" and "G2". G1
and G2 stand for group 1 and group 2, respectively. They are user-defined
groups of survey respondents that the user wants to contrast and analyze.
Throughout the application, group 1 and group 2 are represented by the color

1https://www.openstreetmap.org
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Steel Blue and Fire Brick, respectively, whereas the total group, denoted "T",
is represented by the color Dark Slate Blue. Choices made on the Start tab
are high-level choices that affect both groups, whereas choices made on the
G1 and G2 tabs only affect the respective group. Since color can have a great
impact on how people perceive a data display, we have provided a select list
with nine different diverging color palettes developed especially for thematic
maps. The palettes are listed in the "Color Palette" dropdown menu and in-
clude six that are suitable for color-blind users. The choice of color palette
from this select list affects not only the choropleth map but also the data table
on page "Table". A detailed case study and walk-through of the application
functionality and user interface is provided in paper IV.

4.2.3 A decision analytic framework

Paper V describes a decision analytic framework for structuring, evaluating,
and analyzing stakeholder conflicts between two stakeholder groups in land
use planning. The aim of the framework is to support planners and politicians
involved in the planning process with identifying and analyzing conflict-prone
development plans and actions that are potentially costly and time consum-
ing if not detected and managed appropriately. The framework ties together
MAVT with previous research consisting of methods for eliciting stakeholder
preferences and measuring conflict. It consists of three separate but interde-
pendent parts.

First, the stakeholders state their preferences regarding the actions over a
set of criteria and estimate the relative importance weight of each criterion.
Next, a conflict index and a performance score for each action is calculated
(p. 326-328). Next, a set of Pareto efficient portfolios (combinations) of ac-
tions are generated by solving a knapsack optimization problem multiple times
with different levels of conflict as resource constraint (p. 330). The generated
portfolios are either productive (positive) or counter-productive (negative), in
which the latter has an overall negative impact on the attainment of the ob-
jectives. The use of two different conflict indices (within-group conflict index
and between group conflict index) as resource constraints applied to the same
optimization problem provides valuable complementary views of the actions.

Last, the sensitivity analysis indicates which actions are the most conflict-
prone within and between the two stakeholder groups. It draws on the concept
of core index, which measures an action’s degree of inclusion in a set of port-
folios, defined as core, borderline, and exterior actions. The paper introduces
two novel extensions of this concept. First, we introduce the concept of bor-
derline action sub-types which divide the core index into n equally sized bins,
which is used to further distinguish between the borderline actions. Second,
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we introduce a the concept of core index slopes and an associated slope graph
to visualize and highlight actions of potential interest to stakeholders (p. 338).
Core index slopes, actions with a big core index difference between the two
groups, are highlighted red. Actions with a small core index difference and
a high core index value in both groups are highlighted green; these actions
are good candidates for implementation. The remaining and less interesting
actions are gray.

We applied the decision analytic framework to empirical data with the aim
of testing its applicability. For demonstrative purposes, we defined two stake-
holder groups based on socio-spatial segregation. The results include a set
of portfolios of actions for each stakeholder group constrained by a within-
group conflict index, and a third portfolio set of actions constrained by a
between-group conflict index based on the difference between the two stake-
holder groups. The overall results suggest that the framework has potential
for supporting decision-makers in analyzing stakeholder conflicts at various
decision points in the urban planning process, making it more data-driven,
transparent, and actionable.
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5. Discussion

Chapter 5 concludes the thesis by discussing the research results, compares
the developed software with other similar ones described in the literature, and
lastly suggests ideas for future research and development.

5.1 Discussion of the results

This thesis had two research objectives and associated types of knowledge
contributions. The first objective was to contribute descriptive knowledge that
could improve our understanding of e-participation practice. The second ob-
jective was to contribute prescriptive knowledge in the form of new artifacts
that could help solve real-world problems in e-participation practice. Con-
nected to the two research objectives, two sets of research questions were for-
mulated, respectively.

RQ1 was answered in paper I. First, a theoretical framework was con-
structed around the concept of ICT by drawing on related theories and concepts
in information systems, sociology of technology, philosophy of technology,
and evolutionary economics. The results from the text search queries show
that the most common ICT reported in the e-participation literature are web-
sites and webforums. A notable result is the lack of research in social media
and its role in political participation and civic engagement. Another interest-
ing result is that some fashionable technologies—such as semantic web and
data mining—are primarily used for promoting e-participation research, but is
rarely used in actual studies.

Establishing an exhaustive list of e-participation technologies is a challeng-
ing task. This is due to not only the diversity of available technologies, but also
a linguistic problem. The words "technology" and "tool" are frequently used
interchangeably or in conjunction, typically in the colloquial expression "tech-
nologies and tools". Some authors use these words synonymously, whereas
others think of them as separate categories. A related problem is that many
e-participation technologies are umbrella terms that cover a broad number of
technologies that should be studied separately and in their own right. Other
technologies, such as social media or web 2.0, have the character of a buzz-
word. Untangling these phrases and structuring them into a coherent frame-

55



work constitutes a good candidate for future research as the field lacks common
definitions of central concepts.

The overall results show that ICT is poorly conceptualized in the e-participation
literature, typically conceived informally and simply as tools, independent of
the political and social context within which they are developed and used. The
results indicate a rather wide gap between what a number of influential studies
say about e-participation technology and what can be found in the research
literature. Furthermore, the results suggest that visualization and MCDA are
underused technologies in e-participation practice.

RQ2 was answered in paper II. The results confirm much of previous re-
search that has underlined the unsatisfactory development of the e-participation
field. It identifies several challenges and barriers described in the literature,
such as technological determinism, institutional resistance, language barriers,
privacy and trust issues, poor user interface design, low usability, faulty or
misaligned interventions, and the lack of bottom-up approaches. When the
project was drafted, it may have seemed a good idea to continue along the ex-
isting path and build the platform on conventional technologies in use at the
time. However, in a very short period of time, we have seen the emergence of
a completely new ICT landscape with profound effects on government, busi-
ness, and civil society. Solutions that were highly acclaimed and considered
state-of-the-art only a few years ago are now outdated and unusable.

With respect to the KPIs, what is interesting about them is not whether the
project objectives were met or not, but the rationale behind them and their key
role as tools for project management. At first glance, the KPIs make sense
since they provide figures on a number of important variables for measur-
ing project performance. However, they only include variables that can be
measured or expressed quantitatively. This narrow focus excluded important
qualitative aspects that would have enabled a deeper understanding of the uni-
versity trials. Furthermore, most KPI objectives were set arbitrarily as the
e-participation field lacks an understanding of what constitutes a good or a
bad result. In the end, the KPIs designed to be an effective tool for project
management and evaluation were in effect useless.

RQ3 was answered in paper III. First, the main constraints and challenges
of contemporary e-participation research were reviewed and we found that it
cautions us to reduce our expectations of the conventional approach to online
participation since there is little evidence of its success. In particular, it sug-
gests that the rationalistic model based on deliberative theory has become a
straitjacket, impeding wide civic involvement. This predicament has prompted
some scholars to rethink their earlier views, and to suggest that the study of e-
participation should be expanded to incorporate a wider range of technologies
and practices.
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As a response to this call, we examined the power of data visualization
through a couple of recent examples and a brief historical overview. We then
explored four overlapping themes that contribute to an ongoing popularization
and democratization of data visualization: data storytelling (narrative visual-
ization), infographics (viral visualization), data physicalization (physical vi-
sualization), and the quantified self (personal visualization). All four themes
suggest that data visualization has a yet untapped potential for promoting a
more informed and engaged participation in civic and democratic life.

An important aspect of this technological transformation is the empow-
erment that visualization can bring about through a more direct and personal
interaction with data. When people are given the opportunity to explore data
on their own, they become empowered to take responsibility and enact change,
both individually and collectively. Moreover, as people adapt to new flows and
contours of data, statistical literacy is likely to become increasingly important
and eventually a necessity for efficient citizenship in information-laden soci-
eties. Data visualization, in all its various forms and expressions, may prove
to be an important factor in developing this competence.

The four themes should not be viewed as comprehensive, but rather as
stimuli to the research community to begin to ask better questions regarding
the design of future technologies and their use for political participation and
civic engagement. The themes and examples are suggestive evidence that the
time is ripe for scholars to consider the use of data visualization in electronic
participation research. However, the versatility and potential applications of
data visualization in the service of democracy remain to be explored.

RQ3 was also addressed in paper IV, which contributes to the literature
and knowledge base in the form of a proof-of-concept prototype tool for struc-
turing, evaluating, and visualizing stakeholder conflicts in land use planning.
We believe our tool has the potential to alleviate some of the barriers and lim-
itations associated with traditional methods of community engagement, such
as town-hall meetings and charrettes, including distance and time constraints,
issues of scale, and high costs. Compared to conventional e-participation tools,
we think ours can provide actionable insight into complex issues and problems
that typically arise in participation initiatives. Intended end users are pub-
lic officials and individual members of society who should be able to explore
their own preferences of the problems and as a means of communicating their
preferences to each other, thereby promoting informed debate and increased
transparency.

Instead of trying to reach understanding and consensus through conven-
tional forms of deliberation, we accept the fact that conflicts exist and instead
focus on the exploration of the possibility of consensual alternatives through
data modeling and sensitivity analysis, indicating balanced and legitimate de-
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cisions that perhaps were not considered. The combination of decision science
and data visualization has the potential to become a powerful tool in the hands
of governments to enable members of society to identify where their differ-
ences really matter and where they are unimportant, thus providing structure
and new insight to democratic debate. By not using text-based discussion fo-
rums or chats as the primary means of deliberation, we also avoid the associ-
ated issues of offensive language, insulting, and the need for moderation, while
minimizing the risk of manipulation, psychological pressures, groupthink and
political jargon. However, the continuing presence of the digital divide re-
minds us that it is easy to overestimate the benefits of Web technology.

RQ4 was addressed in conjunction with RQ3 and was answered in a sepa-
rate but related study, paper V. It describes a decision analytic framework that
constitute the computational engine of the prototype described in paper IV.
It utilizes two new indices for measuring conflict within and between stake-
holder groups. The optimization algorithm finds Pareto efficient portfolios and
the corresponding visualizations enables a decision-maker to investigate how
the portfolio composition changes as the conflict increases or decreases. Public
administrators, planners, and politicians should be able to account for the in-
formation provided when using framework in municipal land use planning and
city development, thereby enabling better-informed decisions and strengthen-
ing local democracy.

Despite land use and urban planning conflicts being intrinsically tied to
space and place, relatively few studies have represented such conflicts geo-
graphically, and even fewer attempts have been made to develop SDSS to ana-
lyze such conflicts. To the best of our knowledge, this is the first attempt to use
the statistical programming language R and the web development framework
Shiny to develop an SDSS for land use planning. The software can run on any
modern browser, desktop or mobile, and does not require the installation of a
plug-in or additional software. Another benefit of the tool, compared to many
other prototypes developed in academia, is that it is open source and does not
rely on proprietary software. This guarantees public access to the source code
for audit, modification, and redistribution without additional cost, which in the
end encourages further development.

Traditional GIS software have mainly been sophisticated data-processing
and display systems with weak analytical capabilities. As a result, these sys-
tems cannot support complicated planning decisions that require formal problem-
solving techniques. In comparison, our software utilizes theories and methods
of decision science for transparent and powerful decision support. For exam-
pale, a benefit of using MCDA is that it resembles how humans intuitively
make decisions by analyzing the positive and negative aspects of the alter-
natives under consideration [146]. However, one could object that it is too
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simplistic and only provides a static view of the world. An alternative would
be to take changing preferences into account, for example by using dynamic
simulation that models future scenarios for evaluating alternatives, or by ex-
perimenting with scenario planning, see e.g. [147].

Below, I provide a brief outlook of related software described in the aca-
demic literature.

5.2 Outlook of related software

SoftGIS is a collection of methods and Web-based tools that aim to bridge the
gap between citizens and urban planners by allowing the former to express lo-
cation based experiences [148]. For example, planners can study the perceived
safety of a neighborhood or experiences concerning the natural environment.
Through a Web form, the respondent marks places on a map that they perceive
as unsafe, important, positive, negative, etc., in relation to their home location.
With the help of a visualization tool called softGISview, planners and citi-
zens can explore the survey results. Theoretically and normatively, SoftGIS is
grounded in human geography and the critical reflective ‘GIS and society‘ dis-
course, including public participation GIS and participatory GIS, which aims
to create spatially empowered citizens and serve community interests.

Geo-questionnaire is a method and a Web-based tool for eliciting public
preferences and attitudes about land use planning and development of local ser-
vices [149]. The method is based on the softGIS approach and aims to integrate
local knowledge in the planning process and support wide public participation.
Single-, multiple choice-, and open-ended questions as well as an interactive
slider with a neutral/lack of opinion midpoint and two endpoints labeled "def-
initely no" and "definitely yes" are used for eliciting attitudes and preferences.
Some form items are accompanied by an interactive map on which the respon-
dent marks a location by a single point, line, or polygon. Answers and map
responses are visible to other respondents. A reported drawback of the method
was that aggregation of map polygons was too computationally demanding for
the ArcGIS 10.2 (ESRI, Redlands, CA, USA) software installed on a standard
desktop computer. As a solution to the performance issues, the authors suggest
dividing the map into "easily identifiable, relatively homogeneous subareas be-
forehand, and attributing questions regarding their use or preference" (p. 921).
This is precisely what we have done in our tool.

MCDA4ArcMap is an add-in for ArcGIS 10 that combines MCDA with
interactive thematic maps to support a visual exploratory approach to decision
making [150]. The reason for developing the tool, according to the authors,
is that existing MCDA tools are only loosely coupled with GIS software and
that few vendors have integrated MCDA functionality in their products. The
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tool includes three MCDA methods: weighted linear combination, ordered
weighted averaging, and locally weighted linear combination. The authors
promote it as open source software, and indeed, it is freely available for down-
load from GitHub. However, since it is an add-in for a proprietary software,
ArcGIS, it cannot be used without it.

5.3 Implications for further research and development

With respect to e-participation technology, we can conclude that ICT is poorly
conceptualized in e-participation research and practice. Instead, e-participation
technologies are typically conceived informally and simply as tools indepen-
dently of the political and social context within which they are developed and
used. Future research should try to move beyond existing vague notions by an-
alyzing the characteristics of individual e-participation technologies in detail,
looking at both their technical structure and functionality, as well as various
levels of contexts and use. Untangling common terms and phrases and struc-
turing them into a coherent framework constitutes a good candidate for future
research as the field lacks common definitions of central concepts. Drawing on
relevant theories of technology from adjacent fields such as information sys-
tems, sociology of technology, philosophy of technology, or even evolutionary
economics, appears to be good starting points.

With regard to e-participation practice and pilots, the results of paper II
confirm much of previous research that have that have underlined the unsatis-
factory development of the field. Above all, the study accords with previous
studies that has highlighted the need to replace the current e-government ap-
proach to civic engagement with a new citizen-centric model, for example by
leveraging the spontaneous formation of grass-roots movements and Internet
activism. Additional lessons learned and future recommendations include (but
are not limited to):

� Embrace agile development methods

� Focus on solving real needs at the outset

� Technology and tools must be appealing and easy to use

� Find a balance between power-sharing and problem-solving

� Evaluate and conduct rigorous research about what works and why

Practitioners in the field of e-participation need to stop repeating the same
mistakes and start applying what has been learned. Only then can the field
move forward.
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With regard to the developed prototype visualization and decision analysis
tool, much work remains to move it from a proof-of-concept to a more mature
production system. First, the tool needs to be made more flexible to accommo-
date different needs of the user. Integrating support for all 290 municipalities
in Sweden is an obvious first step. A second step would be to include addi-
tional map layers and data sources, such as income, political party preference,
air quality, or emissions statistics. Integrating support for other levels of gov-
ernment beyond the local level would be another step in this direction.

Second, the Web survey form should be integrated with the visualization
tool. Today, they are separate systems and built with different technologies: the
former with Drupal and the latter with Shiny. Both of these web frameworks
are free and open source but also quite different as they serve different needs.
Furthermore, they are not interoperable. Another potential problem with Shiny
is that its open source server has limited security and authentication features,
which are likely to be important elements to build user trust in the tool. Among
the many possible options that we are currently investigating, the Python pro-
gramming language is particularly interesting since it is general-purpose and
offers both web development with frameworks such as Django and scientific
computing with libraries such as SciPy and Pandas.

Third, the slider widget needs to be systematically evaluated in a controlled
environment to ensure its validity and reliability as an instrument for measur-
ing preference. The slider can be compared to a visual analogue (continuous)
scale, which, in general, is a validated instrument for interval measurement.
However, the majority of studies have been conducted in medicine and psy-
chology, especially in pain, fatigue, and anxiety research, and comparatively
few in social survey research, except perhaps marketing. The slider widget,
the form, and the underlying preference elicitation method was developed in
parallel, which resulted in the slider implementation of preference elicitation
somewhat unpolished; this likely made it more cognitively demanding on part
of the respondents than necessary. Other interesting points for future research
include investigating the effect of measurement resolution (the number of dis-
crete points along the scale), the length of the scale, the use of semantic ex-
pressions (verbal descriptors), and the use of color gradients as a means of
providing affordance cues.

Fourth, the visualization tool could implement support for social media
interaction, drawing on ideas of "narrative" and "viral" visualization discussed
in paper III. This would enable users to share opinions, interesting insights,
and to discuss the results for an improved understanding of their communities
and potential areas of conflict.

In conclusion, this thesis began by reviewing the many challenges and bar-
riers that have hindered the advancement of e-participation. Drawing on Mac-
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intosh et al. [50], we identified among several issues the lack of effective and
efficient technology design to support information management and data anal-
ysis posed significant challenges to research. In particular, we identified the
strong need to consider new tools and technologies to support rational argu-
mentation, problem structuring, traceability, accountability, and transparency
of contributed information, as well as access and understanding of information.

Previous experiments in e-participation have encouranged deliberation, but
have not produced refined results that are actionable enough from the perspec-
tive of the end-users, the decision-makers. The suggested prototype tool de-
scribed in this thesis aim to tackle this problem by using methods and tech-
niques from decision science and data visualization. The outcome is improved
decision support, including preference elicitation, modeling, analysis, and vi-
sualization, such that it can provide value in practice.

Furthermore, I have throughout the thesis underlined the importance to
go beyond deterministic and simplistic views that ICT is bound to have posi-
tive effects on democracy. Instead, I have aimed to embrace the complexities
of power relations and conflict that are characteristic of all forms of group
decision-making. In fact, the focus of the suggested tool is to analyze such
conflicts, taking into account issues such as context, interests, and motives,
connecting to everyday life as well as organizational work practices.
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