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Abstract
Public city dashboards are online platforms giving access to data and information about a

city to users. Giving access to data must, however, include methods to enable citizens to use
this data which, �rst and foremost, requires users to be able to make sense of what they see.

�e desire to give access to open data through dashboards requires a considerable investment

of time and resources - an investment that is wasted if dashboards are not useful to their users

(citizens) and, as a result, are not used. Nevertheless, li�le research has looked at how citi-

zens make sense of city dashboards. In this thesis, we describe a novel and rich qualitative

analysis of citizens’ sense-making experiences of city dashboards. Firstly, using two sample

city dashboards, we engage community activists from four di�erent areas (Health, Environ-

ment, Transport and Agriculture) to explore the information displayed. Secondly, we leverage

Re�exive �ematic Analysis to identify key challenges that need to be addressed to support

users making sense of city dashboards: lack of support given for understanding the infor-

mation and data presented, lack of possibilities for users to engage, lack of purpose, and a

lack of governance. Based on this analysis, we create a prototype dashboard for Galway City

which is iteratively evaluated by citizens and design experts. Finally, by leveraging the results

of our evaluation, we identify speci�c design elements that address our key challenges, and

propose a design solution. �is research is novel in that i) it is the �rst study that actually

captures the sense-making needs of users in relation to city dashboards and ii) it makes a sig-

ni�cant contribution in the form of a series of evidence-based recommendations for dashboard

creators.
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Chapter 1

Introduction

1.1 Motivation

Access to open data about cities is a necessary prerequisite for enabling citizen participa-
tion in decision-making and policy development (A‹ard et al., 2015). Hence, a number of
cities have developed dashboards that are publicly available and contain visualisations based
on city data. ‘ese dashboards give access to data to anybody viewing the site as opposed
to dashboards focused on decision-making which are primarily accessible to city authorities
only. As our focus is on citizens and how they make sense of the information and data pro-
vided, our research is only concerned with the former de€nition. ‘ese publicly available city
dashboards pose a challenge for citizens, for while design considerations have been explored
recently (Matheus, Janssen, & Maheshwari, 2018; Young & Kitchin, 2020), none have investi-
gated how citizens make sense of the information and visualisations presented. ‘is lack of
evidence as to whether and how citizens use city data and how they make sense of it (con-
cerns regarding sense-making have been raised in relation to Learner Analytics Dashboards
(Gibson & Martinez-Maldonado, 2017; Suzuki & Takei, 2013)) raises important questions in
terms of why public city dashboards were developed and how citizens' sense-making can be
be‹er supported. Public city data should be accessible to citizens, and this accessibility cannot
stop at just making data available online. It must include a communication strategy so that
people can become aware of what is available. More importantly, it must support people with
di‚erent skills, especially in digital literacy, and needs to make sense of the information and
data presented. Research has been carried out in areas related to sense-making (see Chapter
2.2) and city dashboards (Chapter 2.3). Yet very li‹le research has a‹empted toengagewith
citizens within this area (an example would be Matheus et al. 2018), and there is no evidence
of city dashboards being evaluated from a citizen's point of view. In order to address this gap,
we identi€ed the following research questions:

1. RQ1 How do citizens make sense of information provided on city dashboards?
‘e above research question provokes the following sub-questions:

ˆ How do current city dashboards facilitate sense-making for users?
‘is question explores if and how the issue of sense-making in relation to city
dashboards has been addressed. In order to answer this question, we carried out
an extensive literature review (Chapter 2) where we examine current research in
relation to sense-making and city dashboards. We also undertook two scoping
studies to establish if existing public city dashboards support sense-making for
users (a domain review, Chapter 2.4.2 and a questionnaire, Chapter 2.4.1).
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ˆ What factors inƒuence sense-making in the context of city dashboards?
In order to answer this question we worked together with a group of community
activists to establish how they make sense of the information and data presented
on a city dashboard. We focused on community activists for our main study as we
wanted to engage deeply with participants over a considerable time and considered
them to have strong interest in city information and hence su•cient motivation in
being involved in a time intensive study. ‘is work and its outcomes are described
in Chapter 4.

2. RQ2 What supports are needed to help citizens make sense of the information
and data provided on city dashboards?
‘e above research question provokes the following sub-questions:

ˆ What are `essential requirements' without which a city dashboard cannot support
sense-making?
Our in-depth user study engaged with citizens to identify key challenges that af-
fect users' sense-making in relation to city dashboards. We identi€ed four key
challenges which need to be addressed to support sense-making: a challenge ofun-
derstanding, a challenge ofengagement, a challenge ofgovernanceand a challenge
of purpose. ‘e process that led to these four challenges is described in Chapter 4.

ˆ How do we capture and account for di‚erent goals, di‚erent skills?
People accessing city dashboards have di‚erent goals and di‚erent skills in rela-
tion to data access and data processing. Yet, current city dashboards focus predomi-
nantly on providing access, with li‹le concern regarding di‚erences in either goals
or skills of users. ‘erefore, in order to answer this question, we €rstly examined
users' goals (Chapter 4) and how these could be supported (Chapter 5). Secondly, in
Chapter 5.4, we describe how our prototype testing ensured both goals and skills
of users are addressed throughout. Finally, we explain how our design solution
(Chapter 5.5) addresses this question through the inclusion of speci€c design ele-
ments.

ˆ How can we facilitate the inclusion of sense-making supports in the creation of city
dashboards?
City dashboards are created without established guidelines as to what information
should be included. Recent studies have identi€ed design elements to support us-
ability but while these are a pre-requisite to using and understanding a dashboard,
they do not address sense-making. Ideally, creating a city dashboard should in-
clude representative citizen participation to ensure the dashboard addresses users'
sense-making requirements. Based on our research, we have developed a `check-
list' for city dashboard creators in cases where this participation is not feasible or
only available in a truncated form. ‘is checklist is de€ned in (Chapter 5.5), while
Appendix D.2 includes the artefact itself.

In order to answer our research questions, we then explored methodological approaches which
would support an in-depth engagement with people's experiences of city dashboards.
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1.2 Overview of Methodology

Our methodology focused on obtaining meaningful information that allowed us to understand
the problem be‹er and informed the creation of a low-€delity prototype1. ‘is required a deep
immersive study involving a small cohort of citizens to be‹er de€ne the problem and to co-
operatively evaluate city dashboards and create an improved model. We undertook a series
of steps to achieve our results (Overview of steps taken is shown in Figure 1.1) which can be
summarised thus:

Figure 1.1: Overview of research process

1. Context-speci€c Literature Review
We conducted a thorough literature review of research in the area of sense-making
(Chapter 2.2) and city dashboards (Chapter 2.3). Within sense-making, we particularly
focused on sense-making of visualisations as dashboards consist of a number of di‚er-
ent visualisations. Furthermore, we looked at how complex systems make sense-making
harder and why this ma‹ers in the context of cities. In the section about city dashboards
we €rstly give a brief overview of current applications and identi€ed challenges before
examining how citizens can use dashboards.

2. Two Scoping Studies:

(a) A questionnaire aimed to get a broad sense of problems connected to city
dashboards
We engaged with citizens through a broad exploratory questionnaire that focused
on asking them to €nd certain information on the Dublin Dashboard2. Using Neu-
tral •estioning Techniques (Dervin, 1983), we identi€ed multiple issues of con-
cern regarding sense-making of city dashboards which warranted further investi-
gation and, hence, formed the basis for our user study. ‘e questionnaire is de-
scribed in detail in Chapter 2.4.1 below.

1Low-€delity prototypes give an overview of layout and content rather than providing a detailed look of a
product (Hartson & Pyla, 2019)

2h‹ps://www.dublindashboard.ie
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(b) Review of publicly available city dashboards
‘is focused on investigating if current city dashboards support sense-making for
users by applying criteria developed by Kennedy et al. (Kennedy & Hill, 2018) to
publicly available city dashboards. ‘is mapping exercise facilitated the identi€-
cation of clusters from which two sample dashboards were selected for the user
study; and is described in Chapter 2.4.2.

3. An in-depth user study focusing speci€cally on sense-making
In order to obtain highly detailed and relevant information, we needed to engage deeply
with a much smaller group of citizens. As we wanted to obtain not just answers to
speci€c questions but also information about what people were a‹empting to do or what
they thought, assumed, and/or believed, we used three types of methods to gather our
data, namely a diary study, a semi-structured interview and a focus group. ‘is approach
resulted in very rich data which we analysed using Reƒexive ‘ematic Analysis (Braun
& Clarke, 2019) to crystallise concerns people had from their own words. ‘is process
is described in detail in Chapter 4.

4. Creating a prototype of a city dashboard which was evaluated by citizens and
design experts
‘is prototype was iteratively created and evaluated with users from the original user
study, other individuals interested in the research topic and a number of design experts.
Informed by requirements identi€ed in previous work (in particular by the results from
the user study), the prototype addresses areas aroundunderstanding(providing context,
showing complexity),engagement(relevant information),governance(transparency and
accountability) andpurpose(supporting users' goals). ‘is €nal step is described in
Chapter 5.

We used the Design Science Research Methodology (DSRM) (Pe‚ers et al., 2007) as our overall
research methodology while we utilised a number of methods to ensure appropriateness for
each step. ‘is is described in detail in Chapter 3.
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1.3 ‡esis structure

‘e structure of this thesis is comprised of three main sections.

1. Introduction

ˆ Chapter 1: Introduction

ˆ Chapter 2: Sense-making and City Dashboards
In Chapter 2 we examine the contextual areas of sense-making and city dashboards.
We investigate the role of visualisations in relation to sense-making and describe
why cities, as complex systems, are di•cult to make sense of. Here we also describe
the two scoping studies undertaken to further investigate sense-making of city
dashboards.

2. Core research

ˆ Chapter 3: Methodology
‘is Chapter gives a detailed account of our research methodology and speci€c
methods that were utilised to conduct the research, analyse the resulting data and
develop a design solution.

ˆ Chapter 4: User Experiences in using City Dashboards
In Chapter 4 we detail our main user study.

ˆ Chapter 5: Design Solution
In Chapter 5 we report on our prototyping creation and testing and how this re-
sulted in our design solution.

3. Conclusion

ˆ Chapter 6: Conclusion
We complete this ‘esis with reƒections on how our design solution addresses our
research questions and identi€ed challenges from Chapter 2.5.

Each chapter is brieƒy introduced to highlight key components of the section while a summary
is provided at the end of the chapter. ‘e appendices contain supplementary documents as
follows:

ˆ Original questionnaire used in the €rst scoping study (see Chapter 2.4.1).

ˆ Data results from the review of public city dashboards (see Chapter 2.4.2).

ˆ Research information for the user study participants (see Chapter 4).

ˆ Instructions for participating in the diary study (see Chapter 4.2).

ˆ Information for participants and sample consent forms used to inform test participants
for the prototype (see Chapter 5.4.1).

ˆ Checklist for dashboard creators developed from our design solution (see Chapter 5.5).
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1.4 Communicating this research

‘is work has been disseminated through conferences in the area of E-Governance, Data Visualisation, Geography and Media & Communication.
Table 1.1 provides an overview of where we communicated our research and which chapter(s) the respective publication was based on.

Table 1.1: Overview of Publications and Presentations

Title Venue Type Chapter

Sensemaking of Complex Sociotechnical Systems: the case
of governance dashboards

dg.o 2018 Publication Chapter 2

E‚ective Visualisation to Enable Sensemaking of Complex
Systems. ‘e Case of Governance Dashboard

EGOV-CeDEM-ePart 2018 Publication Chapter 2.4.1

CityVis Workshop IEEE Vis 2018 Presentation Chapter 2.4

Understanding my City through Dashboards - How hard
can it be?

EGOV-CeDEM-ePart 2019 Publication Chapter 2.4.2

Show me the City! Making Sense of Visual Representations
of Cities within the European Context

EUGEO 2019 Presentation Chapter 2.4

City Dashboards = Citizen Engagement? DataPower 2019 Presentation Chapter 2

Making Sense of City Dashboards: A community-based ap-
proach to reviewing and creating city dashboards

DIS 2020 Presentation Chapter 4

Making sense of city dashboards Teagasc3 Presentation Chapter 4 and
Chapter 5

Do city dashboards make sense? Conceptualising user ex-
periences and challenges in using city dashboards. A case
study

dg.o 2021 Publication Chapter 4
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Chapter 2

Sense-making and City Dashboards

2.1 Chapter introduction

‘is chapter describes the context in which we situate our research. Informed by our research
questions we have identi€ed the following key contextual focus areas:

1. RQ1 How do citizens make sense of information provided on city dashboards?
Contextual focus on sense-making: our understanding of sense-making, sense-making
challenges of visualisations, dashboards and complex systems.

2. RQ1a How do current city dashboards facilitate sense-making for users?
Contextual focus on dashboards: historical overview, evaluations of dashboards and citi-
zens as users.

To begin, Section 2.2 focuses on the process of sense-making. It examines how people make
sense of information and highlights the active role of information providers in shaping this
process. ‘is section then considers the role of using visualisations to support sense-making
and highlights the challenges of understanding visualisations before arguing the case for going
beyond outputs (e.g. visual appeal, design. etc.) to examine impact. Dashboards in particular,
with their multiple visual forms, are harder to comprehend especially within the context of
cities as complex systems. Finally, we identify a number of challenges regarding sense-making
and describe how RQ1 has been addressed in the literature.
Having gained an understanding of the sense-making process we proceed to look in more de-
tails at city dashboards in Section 2.3. We consider the genesis of city dashboards and identify
two main de€nitions of what they are: One focusing on dashboards as tools for decision-
making while the other considers them as tools to give access to open data. ‘is la‹er de€-
nition is our main focus and we examine how citizens have been considered as recipients of
open data on dashboards. We conclude this section on city dashboards by identifying current
challenges and how these impact on the process of sense-making.
‘is review of literature highlights the dearth of information regarding the usefulness of city
dashboards to citizens. To further inform our research we describe two scoping studies we un-
dertook in Section 2.4. Findings from a questionnaire looking at making sense of information
on the Dublin Dashboard1 are presented along with a review of city dashboards. Results from
both of these scoping studies and how these were incorporated into the research are described.
Finally, we condense our €ndings from this section and describe those challenges we address
through our research in the chapter conclusion.

1www.dublindashboard.ie, accessed 2017
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Sense-making, UX and Information Management
We argue that sense-making is an important part in User Experience (UX) related research in
that it inƒuences users' experiences of a product (goods or services). Equally, UX is also an
important part of Sense-making research as users' experiences inƒuence their sense-making.
‘e distinction between them, however, is that the study of the user experience is the outcome
of UK research, while, with sensemaking, UX is part of the process.
UX stems from a design background and is focused on users' experiences in connection with
a product (Glanznig, 2012; Hassenzahl, 2018). For example, this could include a desire to cre-
ate fearful experiences or experiences focusing on more `instinctive' reactions (e.g. the thrill
experienced on a roller-coaster).
On the other hand, sense-making has roots in many di‚erent disciplines { Human Computer
Interaction (HCI), Information Architecture, Cognitive Systems Engineering and Organisa-
tional Behaviours (Aselmaa et al., 2017; Kou & Gray, 2019). Here, the focus is on improving
users' sense-making to which UX can contribute positively or negatively. Coming back to the
example of the roller-coaster, a sense-making approach would focus more on why and how
people experience a thrill rather than the thrill itself.
Our work is focused on understanding how and why people may have problems in accessing
information on city dashboards. It is therefore very much situated in the context of sense-
making.
‘is work is also connected to the €eld of Information Management (retrieval and presenta-
tion). People's information search strategies vary depending on their rationale for seeking
knowledge (Ingwersen, 1986; Borlund & Dreier, 2014). In our work we focus on how they
make sense of the information once retrieved. ‘erefore, we talk about users looking for in-
formation and interpreting this information in order to make sense of what they see. It is
assumed that dashboard designs need to support di‚erent information retrieval techniques to
cater for users' needs.
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2.2 How do people make sense of information?

Previous work has identi€ed a number of factors that inƒuence how people make sense of in-
formation. Within the context of our research, we concur with Savolainen (Savolainen, 1993)
that sense-making is a process primarily concerned with either adjusting existing knowledge
or creating new knowledge through a process ofinformation seeking, processingthe informa-
tion vis-a-vis internal knowledge frames,creatingand adjusting frames, and lastly,usingthe
knowledge thus gained. Sense-making enables us to literally make sense of the world around
us. It does not happen in a vacuum - past experiences, current contexts and intentions shape
our understanding (Dervin, 1983), as do e‚ectively structured domain knowledge and critical
thinking skills (Cohen, Freeman, & Wolf, 1996). Sense-making as a process involves a number
of activities such as looking for information, processing and analysing the results, creating
meaning and using this knowledge (Savolainen, 1993). ‘ere are many de€nitions of sense-
making with some common key components:

ˆ Sense-making is an ongoing iterative process (Klein, Moon, & Ho‚man, 2006).

ˆ Sense-making is triggered when people encounter new or unexpected information (Dervin,
1983).

ˆ Sense-making depends on social context, i.e. a person's sense-making is related to their
social context (Weick, 1985).

ˆ Sense-making informs actions which in turn shape the information search (Maitlis &
Christianson, 2014).

Historically, information providers would have seen information as an `object' to be transmit-
ted to users, sense-making theories posit instead that users construct the information they are
looking for (Figure 2.1) through the methods they use. ‘ese methods include the seeking of
di‚erent perspectives (Dervin, 1983) and observing the results of actions taken (Weick, 1985).
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Figure 2.1: Information providers focus on the distribution of information whereas users seek
information for a speci€c purpose. (Image extracted from (Savolainen, 1993).)

‘ese methods depend on mental concepts that frame the information search: an initial identi-
€cation of a knowledge gap generates a mental picture of what type of information is needed,
or what other areas may impact this knowledge. ‘en, information is sought which, in turn,
can change this mental picture, triggering a subsequent search for further information. ‘is
iterative looping between a mental picture and the search for information continues until the
information seeker is satis€ed (Klein, Moon, & Ho‚man, 2006) (Figure 2.2).

Figure 2.2: Data/Frame sense-making model developed by Klein et al. (Klein, Moon, & Ho‚-
man, 2006)

.
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A simple example of this process is a person's search for information regarding air pollution
in cities. Depending on the person's prior experiences and background, they already have
a mental concept, or `frame', regarding this topic which inƒuences their information search.
Any information found will be judged by the source and how much it aligns or does not align
with previous knowledge. ‘is new information is then either `assimilated' into the existing
frame or leads to a re-framing, an `accommodation' (Piaget, 1976).

Figure 2.3: •estioning the
role of the sense-giver

Yet the process of `sense-giving' and the role of the `sense-giver'
is less de€ned. ‘e role of the media in shaping public opin-
ion is perhaps most extensively researched (see for example re-
search into the perception of key workers during and before the
Covid19 pandemic (De Camargo & Whiley, 2020) or work on
how media a‚ects meaning by using economic or nationalistic
frames (Hellgren et al., 2002)), while organisations as informa-
tion providers, as `sense-givers' are less well understood (Bajwa,
Waseem, & Ahsan, 2020). Considering that city dashboards are
set up intentionally, dashboard creators / maintainers aresense-
givers: their decisions inƒuence what and how information and
data is portrayed. In particular, they would have considerable
power over how a frame is questioned as they decide how the
information is represented. How do they actually support users
to make sense of the information (Figure 2.3)? People's infor-
mation search strategies vary depending on their rationale for
seeking knowledge (Ingwersen, 1986; Borlund & Dreier, 2014). In our work we focus on how
they make sense of the information once retrieved. While the initial goal inƒuences their con-
sequent sense-making, the strategies used are of less concern to their understanding. ‘ere-
fore, we talk about userslooking for informationand interpretingthis information in order
to make sense of what they see. Dashboard designs need to support di‚erent information
retrieval techniques to cater for users needs and further work is required to establish which
designs best support this. We maintain that sense-making in the context of city dashboards is
not a simple information transfer whereby users independently make sense of the information
- it is an ongoing, iterative process between the sense-maker and the sense-giver. Most of the
information on dashboards is given through the form of data visualisations, hence, in the rest
of this section, we will focus €rst on sense-making and visualisations before examining how
sense-making of dashboards is becoming an area of interest. ‘is will be followed by a look
at how the complexity of cities a‚ects sense-making before we conclude this section with an
overview of the gaps and challenges remaining to be addressed.
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