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ABSTRACT
Interactive dashboards enable viewing and interacting with com-
plex underlying data using visualisations such as charts, tables,
maps, or even text typically on a single display. By bringing the
most important information in a single place, dashboards enable
performance monitoring and support decision making. Although
nowadays dashboards are widely adopted in many domains, they
involve challenges that prevent users from utilising them as they
were intended. For example, having a dashboard with too much
data can negatively affect decision making and lead to misleading
interpretation. Through this research, we identify and investigate
the challenges associated with dashboards, what users do in re-
sponse to those challenges, and what adaptations can be applied
to mitigate these challenges. Consequently, we aim to examine
and evaluate a set of adaptation techniques that can improve the
experience of users interacting with dashboards.
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•Human-centered computing→ Information visualization;
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1 RESEARCH PROBLEM
With the sheer amount of openly available data nowadays, a prolif-
eration of visualisation dashboards has increased in nearly every
industry [28]. Dashboards are used in several domains such as learn-
ing analytics, medicine, manufacturing, energy, commerce, news,
software development, environment, and social media analysis
among other domains. In its simplest form, a dashboard supports
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presenting and making sense of complex data to enable perfor-
mance monitoring and support decision making. There are several
definitions of dashboards in the literature. One of the most agreed
upon is that of Few [13] where dashboards were defined as “a visual
display of the most important information needed to achieve one or
more objectives, consolidated and arranged on a single screen so the
information can be monitored at a glance.” There is no general agree-
ment, however, on a definition for a dashboard, which is attributed
to the expansion of data and visualisation technologies increasing
dashboards adoption to new domains, which led to evolution of
the dashboard concept [28, 29]. Recently and in response to coron-
avirus (COVID-19) pandemic, many interactive dashboards have
been developed by world health agencies [8, 25, 37]. These dash-
boards are mainly intended for media and public use. However, their
interaction and information presentation techniques vary widely.

Researchers in the field are in general agreement that dash-
boards, although widely adopted, are still under-researched and
under-explored [24, 28, 39]. The rising diversity and ubiquity of
dashboards make it difficult to formulate universal dashboard de-
sign guidelines that can be widely adopted [28]. The lack of proper
design guidelines has resulted in the development of many dash-
boards that involve many challenges. Most dashboards are poorly
designed displays and most of them fail due to designers focusing
on making them aesthetically appealing more than functionally
effective [1, 14]. As a result, dashboards involve challenges related
to the dashboard’s main players: users, designers, and data. For
each one of these, certain prerequisites must be met to have an ef-
fective dashboard. For example, users are challenged by the absence
or the inefficiency of some functionalities needed to be more pro-
ductive on the dashboard while designers are expected to possess
good knowledge about several aspects of dashboards and visualisa-
tions. As for data, being the dashboard’s main focus, it must be, for
example, complete (without missing values).

Dashboards are useful for summarising data and alleviating infor-
mation overload by utilising robust visualisation principles. They
are used to improve performance, enhance business operations,
improve strategic decision making, ease the integration of institu-
tional data with decision making practices, improve routine mon-
itoring, track processes effectiveness, minimise data complexity,
communicate organisations’ values to diverse stakeholders, support
data-driven decision making, and enable real-time monitoring of
dynamically updating data [10, 23, 26, 28]. Our work focuses on the
challenges users face when interacting with dashboards. This will
inform our understanding and enable us to introduce adaptations
to mitigate the challenges, which is still an open research prob-
lem [28]. Specifically, what challenges users face, what strategies
they employ, and what adaptation techniques can be introduced to
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overcome these challenges. Our ultimate aim is to help inform the
design of more effective dashboards.

2 RELATEDWORK
We have looked at papers discussing challenges, strategies and
adaptations in dashboards. There is almost an absence of works
in the literature that link these three dashboard aspects. Adapta-
tion, however, is not the only method of changing a dashboard to
meet users’ changing requirements. Vázquez-Ingelmo et al. [35]
conducted a systematic mapping of the literature to understand
the status of tailored information dashboards. They differentiate
between customised, personalised, adaptive, and hybrid dashboards.
They explain that customisation is done by the user to fit the inter-
face, content, functionalities, etc. to their needs, personalisation is
done by the system using user information and without user in-
volvement at the dashboard creation stage, adaptive dashboards use
information about the user to adapt the dashboard at run-time and
may change as user’s requirements change, and finally hybrid dash-
boards are personalised solutions with customisation support. Al-
though adaptive dashboards can be argued to be more user-friendly
since they require the least user involvement, they appear the least
in literature (2 times; 9%). Moreover, the authors identified only
23 works (in total) in the last 12 years (until 2018). The last three
years (2016-2018) saw 57% of the works), which is evidence that re-
search is needed in the area. Below, we investigate the most relevant
adaptive and personalised dashboard works to our research.

Dabbebi et al. [18] introduce a model to dynamically generate
learning analytic dashboards based on the use context and adapt
them if the context changes. They consider ten use contexts based
on surveys with potential users. However, users, no matter how
experienced in the domain they are, do not have enough visual
and analytic literacy to determine what information is needed to
achieve a task or the appropriate type of visualisation to represent
the data even with standardised guidelines [10, 17, 36]. Belo et al. [3]
proposed a method to adapt dashboards using a multi-agent system.
The re-structuring agents frequently analyse a data log of the user’s
interactions collected in a session then define data to be shown at
the next session. It learns from user’s customisation events such
as changing a visualisation element or its data through association
discovery rules. The method, however, was not evaluated and the
identification of users’ preferences from the logs was not described
in detail.

Toreini et al. [34] investigated the impact of attention and work-
ing memory limitation on dashboard effectiveness through an eye-
tracking study. They found that dashboards must adapt to user’s
visuospatial working memory capacity and should also adapt chart
positions based on their importance. However, this study only in-
vestigates a single challenge (working memory capacity) and the
dashboard used in the study is not interactive. Kintz et al. [21] use a
model-driven approach to generate user-specific dashboards based
on user roles. This approach, however, only provides a solution to
the user adaptability challenge (adapting the dashboard to user’s
goal).

It can be seen that works on adaptive dashboards lack the connec-
tion between users’ interaction strategies, adaptation techniques,
and dashboard challenges. It is important to know this relationship

as the strategies employed by dashboard users are indicators of
problems and can inform the adaptation techniques to use. The
contribution of our work lies in the identification of dashboard
challenges, understanding dashboards user behaviour around them,
finding relationships between challenges, strategies, and adapta-
tions, and finally introducing adaptation techniques based on the
found patterns.

3 RESEARCH QUESTIONS AND PROPOSED
APPROACH

Dashboards have a variety of challenges as we will explain in more
detail in the next section. Our research focuses on users’ chal-
lenges with the interaction and information presentation aspects
of dashboards. We also investigate user interaction strategies and
adaptation techniques. There is not enough research on dashboards
in general and dashboard adaptation, as opposed to other forms of
tailoring, in particular. We propose using adaptation techniques to
solve interaction and information presentation challenges on inter-
active dashboards informed by these challenges. Thus, in the scope
of our research, we would like to seek answers to the following
research questions:

(1) RQ1: What are the interaction and information presenta-
tion challenges users encounter when they interact with
dashboards?

(2) RQ2: What are the adaptations that can be applied on dash-
boards and data tables? Which of these adaptations can be
applied to address the problems found in RQ1.

(3) RQ3: How can we intervene to adapt the user interface? Do
the adaptations improve the interaction with dashboards?

To tackle these questions we propose the following methodology:
(1) We have conducted a systematic literature review (results

are in the next section) to identify dashboard challenges (any
factor that limits the utilisation of dashboards). We have
also identified users’ strategies and adaptation techniques
introduced by designers in response to these challenges.

(2) Wewill conduct a series of experiments to isolate what strate-
gies users apply when faced with known interaction and in-
formation presentation challenges on dashboards. According
to our experimental design, participants will interact with
dashboards to complete a set of information finding tasks
on dashboards that contain challenges and ones that do not.
We will measure the efficiency (time taken to accomplish the
required tasks), effectiveness (accuracy of task accomplish-
ment), and participants’ cognitive load using an eye-tracking
device. We will collect self-reported qualitative data to ascer-
tain their preferences and perceived challenges and to learn
more about their mental models. We will look for patterns of
use in user interaction with dashboards, which will be parts
of user models. The collected data will be in the form of low-
level event data where we will use WevQuery [2] to analyse
it. The identified user models will inform our understanding
of users’ interaction strategies and help us adapt dashboards
better, which was proved achievable [31].

(3) To understand how adaptation techniques are designed and
built into dashboards, we will conduct interviews with dash-
board development experts in several sectors (private and



public sectors, non-governmental organisations, and aca-
demic and research institutions). Moreover, we will present
the findings from the first study to the experts to discuss if
the identified strategies are considered in the development
process and whether they can help introduce robust adapta-
tion techniques to interactive dashboards. We aim to conduct
semi-structured interviews with questions designed before
the interview but with the possibility to deviate if needed.

(4) Informed by the findings from previous stages, we aim to
design adaptation techniques and implement them into in-
teractive dashboards following a user-centered methodology.
Finally, we will evaluate these techniques in a controlled
user experiment.

4 CURRENT PROGRESS AND FUTUREWORK
To answer RQ1, we have conducted a systematic literature review to
identify dashboard challenges without a focus on a dashboard type,
domain, or users. Also, we have identified users’ strategies and adap-
tation techniques introduced by designers in response to these chal-
lenges. The papers investigated were chosen pseudo-systematically.
All of the reviewed works were retrieved from searches in Google
Scholar and digital libraries such as ACM Digital Library, IEEE
Xplore, Springer, and dblp. The search keywords included (“Dash-
boards” OR (“Dashboard AND challenges”) OR (“Dashboard AND
use AND challenges”) OR (“Dashboard AND design AND chal-
lenges”) OR “Dashboard adaptation”). The retrieved papers’ titles,
abstracts, and keywords were examined for relevance to dashboard
challenges, strategies, and adaptations. The inclusion criteria were:
(1) does the paper describe a dashboard design, tool, review, etc.?
(2) Is the paper about information dashboards (not other kinds) (3)
Is it about visualisations used in dashboards? and (4) Is it written in
English? Then for each of the selected works, the references were
examined since they have high chances of relevance.

After removing the duplicate papers, we extracted dashboard
challenges, strategies, and adaptations from the resulting corpus of
papers (N=32). Most of the analysed papers were about dashboard
system design [4, 6, 9, 11, 15, 16, 19, 20, 22, 24, 32, 33], then dash-
board literature review [5, 7, 12, 29, 39], dashboard user modelling
[38], understanding dashboards [22, 24, 26, 28], or lab studies on
high information density artefacts [17, 27, 30]. Although the lab
studies did not look at the visualisation artefacts (tables, charts,
etc.) in the context of dashboards, it was relevant to include them
to understand challenges in their construction [17] and use [27, 30]
because they are substantially used in dashboards.

We performed thematic analysis on the findings, by categorising
the emerging themes under three a-priori themes:

(1) Challenges: any problem that hinders the use of dashboards.
(2) User strategies: any activity pattern employed by the user

as a response to a challenge.
(3) Adaptation techniques: any technical intervention intro-

duced by developers to mitigate a challenge.
We used another four a-priori codes to categorise the identified

challenges [28]:
(1) User flexibility challenges: the absence or inefficiency of

any dashboard feature that users need to use dashboards
effectively.

(2) Visual, analytic, and data literacy challenges: any require-
ment of users or designers to use or develop effective dash-
boards, respectively.

(3) Data design challenges: any issue with the underlying data
that hinders the utilisation of dashboards.

(4) Social impact challenges: socio-technical challenges related
to how dashboards are perceived or their effects on people
personally or socially.

As for user strategies and adaptation techniques, they were linked
to the challenges as they are typically associated with them so there
was no need to look into their emergence. The identified dashboard
challenges, that fall under challenges theme, are as follows:

User Flexibility Challenges. These are: dashboard design and cus-
tomisation, data detail adjustment, user adaptability, display adapt-
ability, situation adaptability, data ink maximisation, comparison
support, system integration, annotation and storytelling, and search
functionality. For example, data detail adjustment is a feature that
provides a summary of the data in a way that covers the most im-
portant points needed to aid the decision with the ability to explore
more details on demand.

Visual, Analytic, and Data Literacy Challenges. The challenges
here include: visual literacy, analytic literacy, data literacy, ease of
use, designers knowledge, and dashboard evaluation. For example,
dashboard evaluation challenge involves standardising methods
of evaluating the effectiveness and efficiency of dashboards and
putting them into use.

Data Design Challenges. This kind of challenges includes: data
oversimplification, data quality, data order and grouping, data and
metadata, too much data, data sources, inaccurate data represen-
tation, and key performance indicators and metrics. For example,
the effects of low data quality such as incorrect or missing data can
lead to misleading interpretation of data.

Social Impact Challenges. These challenges include: data-driven
thinking, technology resistance, automation, added value, foresight
deficiency, dashboard demotivation, quality costs, and data sharing,
security, and privacy. For example, the challenge of added value
occurs when knowledgeable dashboard users feel that no additional
insight is gained from visualising the data and do not see added
value of the dashboard they may not be inclined to use it.

We have identified a total of 32 challenges in the literature. We
have also identified 59 adaptation techniques and 9 user strategies.
An example of an adaptation for display adaptability challenge
when display size changes we can use iconisation or remove less
important charts. An example of a user strategy occurs when data
drill down feature is absent. In that case, users seek more gran-
ular data elsewhere and keep switching back and forth between
applications. Some of the identified challenges have as many as 9
adaptations but no strategies (data sources challenge), some have
several adaptations and strategies (analytic literacy has 5 of each),
most challenges have 3 adaptations/strategies on average, but 11
challenges have none at all. We can see that mapping between
challenges, strategies, and adaptations is non-existent. Also, user
strategies are especially lacking. Adaptations are introduced by
designers to change some aspect of the dashboard in response to a



dashboard challenge. On the other hand, users employ strategies
to overcome challenges with dashboards. So dashboard challenges,
adaptation techniques, and user strategies are interconnected as
Figure 1 shows. The rationale is that if we are able to establish
a relationship between strategies to problems and we can detect
the strategies in real-time, we can adapt the user interface in real-
time or in the next iteration. Then we can say that the adaption
techniques have a positive effect on the challenges.

Figure 1: The relationship between dashboard challenges,
user strategies, and adaptation techniques in our research.

The next step in our research is to conduct the dashboard user
interaction strategies study to identify the links between the chal-
lenges and strategies. This paper has explained the progress done
in the first six months of this PhD project. The tentative plan for
the remainder of the project is as follows:

• Year 1: conduct dashboard user interaction strategies study.
• Year 1–2: interview dashboard designers.
• Year 2: design and implement the adaptation techniques.
• Year 2–3: evaluate the adaptation techniques.
• 2nd part of Year 3: write up the PhD thesis.
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