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Engaging Citizens with Open Government Data: The Value of Dashboards

compared to Individual Visualizations

ABIOLA PATERNE CHOKKI, ANTHONY SIMONOFSKI, BENOIT FRENAY, and BENOIT VANDEROSE

The use of individual visualizations for Open Government Data (OGD) has been shown not to be entirely efficient in engaging citizens.
Dashboards constitute a promising solution but how they should be designed and applied in an OGD context remains under-
investigated. This paper examines whether the use of well-designed dashboards can increase citizen engagement with OGD. To achieve
this objective, a literature review on dashboard design principles is conducted. Then, the outputs of this literature review are used to
compile a list of 16 dashboard design principles in the context of OGD. Next, we apply these design principles to build the Namur
(Belgium) Budget Dashboard (NBDash) in order to provide a practical application of our research and use it for evaluation. Finally, we
use NBDash as a use case to evaluate the usefulness of well-designed dashboards compared to individual visualizations through an
experimental study. The results of the experimental design study with 108 participants suggest that the implementation of well-
designed dashboards can be beneficial in encouraging the use of data on portals. In addition, the selection of meaningful metrics and
the use of appropriate visualizations, all organized in a clear presentation, have proven to be the primary factors of successful
dashboards.

CCS CONCEPTS »« Human-centered computing ~ Visualization design and evaluation methods « Applied computing

~ E-government

Additional Keywords and Phrases: Open government data, visualizations, dashboards, citizen engagement, design

principles

1 INTRODUCTION

In recent years, many public data have been published online by governments and local authorities for the purposes of
transparency, economic development and development of new services [1]-[3]. In addition, data have been published to
enable reuse by citizens and thus increase their interest in participating in the decision-making process concerning the
development of their society [4], [5]. The published data are called Open Government Data (OGD) and are mainly
available on dedicated portals [6], [7]. In order to facilitate the understanding and reuse of the available data, many
portals have offered individual visualizations in addition to the raw data. Individual visualizations refer to graphical
displays (such as statistical charts and graphs, diagrams and maps) used to analyze and interpret indicator and

benchmarking data, used to reveal the structure, pattern and trends of variables [8]. For instance, domestic exports by
area is presented with a default pie chart visualization on the Singapore Open Data Portal®. Similarly, with the recent

COVID crisis, these individual visualizations have been a key pillar of government digitization [9], [10]. Many portals

1 https://data.gov.sg/


https://data.gov.sg/

often suggest one individual visualization per dataset and therefore cover only a small part of the information contained
in the dataset. This leads to a decrease of the relevance of OGD to citizens as the added value is not clear to them [5],
[11]. As a way forward, dashboards constitute a promising approach to present more complex information in a visual
manner. Contrary to individual visualizations, dashboards provide a means of collecting together and displaying a
number of indicators through a common graphic interface [8]. For Few, (2006a) (p. 34) a ‘dashboard is 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’ [12]. Dashboards have often been used in the private sector,
with various tools such as business intelligence (BI) tools (e.g., Google Data Studio?, Tableau® Power BI*) or custom
solutions (e.g., VizDeck [13], Keshif [14]). They have recently been used in the public sector through city dashboards
(e.g., in Dublin®, London® and New York”) that offer an innovative way to present several indicators using multiple city

open and private (i.e., collected from private organizations and whose reuse requires a license) data to citizens. In this
study, we focus more on dashboards developed using exclusively datasets available on the OGD portals to make
predictions and decisions.

However, a major criticism of dashboard systems for the public sector is that they are not able to fulfill the conditions

and factors needed to improve citizen engagement as they are subject to many issues [15], [16]. For example, in the case
of London City Dashboard® and Boston’s City Score, the following problems were identified: difficulty in understanding

and using the dashboard due to the lack of in-depth details on the tasks being tracked, lack of interpretation of the
visualizations represented, with inexplicable terminology and abbreviations, lack of information about the quality and
veracity of the data or how the metrics are calculated and lack of possibility to collect citizen feedback. The term citizen
engagement with OGD refers in this study to the fact that citizens can understand, explore and use OGD independently.
Referring to this previous study [11], 15 constructs (9 conditions and 6 factors) have been identified to be able to stimulate
citizen engagement. The 9 conditions are: 1) the availability of a legal and political framework that grants mandate to
open up government data, 2) sufficient budgetary resources allocated for OGD provision, 3) the availability of OGD
feedback mechanisms, 4) citizens’ perceived ease of engagement, 5) motivated citizens, 6) citizens’ sense of urgency, 7)
competition among citizen-led OGD engagement initiatives, 8) the diversity of citizens’ skills and capabilities, and 9) the
intensive use of social media. The 6 factors are: 1) democratic culture, 2) the availability of supporting institutional
arrangements, 3) the technical factors of OGD provision, 4) the availability of citizens’ resources, 5) the influence of

social relationships, and 6) citizens’ perceived data quality. In this study, we focus on the following constructs that are

2 https://datastudio.google.com

3 https://www.tableau.com

4 https://powerbi.microsoft.com

5 https://dublindashboard.ie/

6 https://citydashboard.org/london/

7 https://datausa.io/profile/geo/new-york-ny
8 https://citydashboard.org/london/

° https://www.boston.gov/innovation-and-technology/cityscore
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not related to political, financial or social conditions and factors (e.g., sufficient budgetary resources allocated for OGD
provision, motivated citizens, democratic culture and influence of social relationships) and can therefore be assessed
using tools: citizens perceived ease of engagement, citizens perceived data quality, and diversity of citizens’ skills and
capabilities [11].

A solution to dashboard issues is to implement best practices when deploying dashboards. As pointed out by Matheus
et al., (2020), the use of dashboards can create transparency, serve as accountability and stimulate engagement if they
are properly designed. Therefore, the first necessary step in this study was to collect the main design principles for
dashboards that can facilitate their use. Thus, our first research question (RQ1) is as follows: “What are the dashboard
design principles to assure their success in the OGD context?” To address RQ1, a Systematic Literature Review (SLR) is
conducted to identify the design principles of dashboards, and then each design principle obtained from the SLR is linked
to the OGD context. Once this is answered, we seek to understand whether the use of dashboards that incorporate the
recommended design principles can improve citizen engagement with OGD over individual visualizations, as this
question remains unexplored to our knowledge. Our second research question (RQ2) is therefore formulated as follows:
“Can the use of well-designed dashboards (i.e., dashboards that incorporate the identified design principles) help citizens
to engage more with OGD than individual visualizations?” To address RQ2, we first apply the design principles to build
the Namur (Belgium) Budget Dashboard (NBDash) step by step. Then, we use NBDash as a use case to assess whether
the use of well-designed dashboards helps citizens to engage more with OGD (i.e., citizens to understand, explore and
use OGD independently) than individual visualizations proposed on the Namur (Belgium) open data portal. The
experimental design study was conducted with 108 participants with different profiles, ranging from the youngest (18-
29) to the oldest (50+), and with education level from high school to PhD. The contribution of this paper is threefold.
First, it provides dashboard designers with a list of best practices for deploying dashboards in the OGD context. Second,
it applies the design principles to build a usable tool which can be used as a basis to develop other dashboards. Third, it
suggests that citizens prefer to use well-designed dashboards over individual visualizations to engage with (i.e., use or
explore) OGD.

The remainder of this paper is organized as follows. Section 2 presents the systematic literature review approach and
its outputs. Section 3 presents the methodology of NBDash. Section 4 describes the proposed dashboard NBDash (Namur
Budget Dashboard) and its impact on citizen engagement. Section 5 presents the discussion and limitations of this study
and then proposes some avenues for future work. Finally, Section 6 provides a conclusion that summarizes the

contributions of this paper.

2 SYSTEMATIC LITERATURE REVIEW

In this section, we first describe the systematic literature review approach used to identify the design principles of

dashboards. Then, we present the outputs of the SLR.

2.1 Systematic Literature Review Approach

We carried out a Systematic Literature Review (SLR) based on the established procedure [18] to access existing

knowledge on the design principles of general, city and OGD dashboards. We do not limit the SLR to the OGD context



only, as we believe that the design principles of general and city dashboards can be applied to OGD dashboards, since

they also sometimes use open data. In order to cover as many relevant publications as possible, we searched the
following databases: Scopus'?, Science Direct'! and Association for Computing Machinery (ACM)*2. With the aim of

automating the search in the selected databases, the following search string was constructed using the combination of
keywords from our research question RQ1: (““dashboard” OR “*visual*”) AND (“design”) AND (“principle” OR “practice”
OR “guideline”) AND (“open government data” OR “open data” OR “government data” OR “public government data” OR
“public data” OR “public sector information”). The search string was later customized based on the requirements of each
database. The term "visual*", which can cover, for example, "visualization" or "visual", was added to the search terms
because a dashboard is a collection of visualizations and, therefore, visualization best practices can also be applied to
dashboards. Based on the automated search, we obtained 274 articles. We then identified relevant articles in three stages:

first, we evaluated the type, domain and title; second, we examined the abstract; and finally, we scanned the content (see

Figure 1).
Automated search Evaluation of .type, domain Examination of abstract Full text reading Papers included in SLR
& title (After backward & forward search)
(274 papers) (19 papers) (13 papers) (17 papers) + (7 from grey literature)

(37 papers)

Figure 1: Filter processes applied in the systematic literature review (SLR) accompanied with the number of remaining papers for
each step.

In the first stage, 237 publications meeting one of the following criteria were excluded from the review: duplicate
papers, studies with titles that are not relevant to the keywords from RQ1, studies published in the health sector or
mathematics and studies not written in English. In the second stage, we excluded 18 publications that we deemed
irrelevant to dashboard or visualization design principles because none of these terms were mentioned in their abstracts.
In the third stage, we excluded 6 irrelevant publications because they did not provide any design principles and were
more focused on describing a proposed platform (or) used for a specific domain (e.g., health, survey, learning analytic
dashboards). We also applied the forward and backward search [19] by examining the references and citations of selected
articles and added 4 additional relevant publications. In the end, we retained 17 articles that empirically explored
visualization or dashboard design principles. In addition to these 17 articles, we identified 7 articles from the grey

literature using the Google search engine. The retained articles are listed in Appendix A.1.

2.2 Systematic Literature Review Outputs: Dashboard design principles (RQ1)

Based on the review of the selected papers, we were able to identify dashboard design principles. In this section, we first
briefly explain the different stages of the dashboard data cycle and then present dashboard design principles collected

from the literature review and applied in the OGD context.

10 https://www.scopus.com/
1n https://www.sciencedirect.com/

12 https://dl.acm.org/
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Dashboard data cycle. Figure 2 illustrates the different steps considered when deploying dashboards [17], [20]. There
are seven steps in the process of deploying dashboards: metrics choice (defining the metrics to include in dashboards),
data collection (collecting datasets), data processing (cleaning and transforming datasets), data analysis (analyzing
datasets to get clear details about their content), build the dashboard (creating adequate visualizations for each defined
metric, build the dashboard layout and integrate visualizations in the layout) and deployment (sharing the created

dashboard to citizens). After the deployment, the citizens can then use the dashboard and provide feedback or the

dashboards can be customized by adding more datasets or changing metrics.

Metrics Choice
(P1, P4)

Data Collection

Build Dashboard

(P4, P5, P6, P7, P8, P9, P10,
P11, P14)

Deployment
(P4, P7, P8, P9, P10, P11, 12,

Data Processing
(P3,P7,P13)

Data Analysis

(P2, P7) (P7)

Feedback/Customization
(p7, P15, P16)

Figure 2: Dashboard data cycle with associated design principles.

Table 1 provides a summary of the dashboard design principles from the literature review with their application in

the OGD context.

Table 1: Dashboard design principles in the OGD context.

Design principle

Application in the OGD context

P1. Pick  meaningful
metrics [15], [21]-[25]

Using meaningful and understandable indicators that are relevant to citizens help them to understand
the utility of the implemented government dashboards, creates added value and increases their
usability.

P2. Collect accurate and
precise data [17], [23], [26],
[27]

Data quality and lack of understanding of published data are among the reasons why open data are
not used [28]. Government dashboards should therefore avoid using ambiguous or unreliable data
and metadata in order to make the data easier to understand and to reassure users of its veracity.

P3. Ensure your data

makes sense [15], [17]

A lot of open data is made available online and integrated into dashboards after aggregating some
initial data. It is therefore very important to ensure that the data is consistent before and after the
transformation process in order to assure the quality and the veracity of data.

P4. Consider audience [22],
[24]-[26], [29], [30]

Referring to previous studies [29], [31]-[33], there are users from different backgrounds who are
interested in using Open data. Thus, since not all users have the same technical skills to understand
data and visualization, it is important to consider the target audience before implementing
government dashboard or, if possible, to propose different dashboards according to the type of user,
as was done in Dublin dashboard [29].

P5. Use best visualization
practices [16], [17], [21]-
[27]

According to survey results on visualizations for OGD [34], citizens like to have simple and attractive
visualizations that can help them to understand the data without much effort. For example, simply
arranging the data in descending order in a bar chart can help users quickly grasp the highest and
lowest values of the data presented. More details on the design principles of visualizations can be
found in [32], [34]-[36].

P6. Use the right type of
chart [16], [17], [21], [22],
[24]-[27]

According to previous studies [34], [37]-[40], visualizations are very useful for understanding the
information in the data, but they should be carefully chosen according to the types of data and the

target audience in order to be easily understandable. So, for example, using a treemap to show




Design principle

Application in the OGD context

population distribution in a city can be very useful for journalists, but can be difficult to understand
for ordinary citizens who are not familiar with visualization. Thus, in government dashboard, these
parameters should be taken into account before choosing the visualization for a specific metric.

P7. Provide easy to use
tools [15], [17], [26]

Only a few cities and open data portals provide dashboards for their data and the reasons are that
they do not have sufficient technical skills, time and financial resources to build and update these
dashboards [11]. In order to overcome that issue, one solution would be to provide free and easy to
use tools that could help them to create their dashboards and thus facilitate the understanding of
published data by citizens and improve their reuse.

P8. Clear presentation
(15]-[17], [21]-[23], [25],
[26], [30]

o The layout and the presentation of the dashboard is very important for its success and should be
also adapted to the device screen size (e.g., phone, tablet, PC) [30].

e When presenting government dashboards, it is recommended to display key information at the
top of the screen (using for example single value charts or a single value with indicator) followed
by more details (using advanced visualizations: e.g., line chart, bar chart) [17].

e It is also recommended to group together items within the same domain in case the dashboard
covers different topics, as is the case in government dashboards. More common mistakes to avoid
a messy and unclear presentation are presented in [16], [25], [30].

e In addition, some tips about UX and UI design principles such as: avoid unnecessary elements and
be clear in the language used on labels and in messaging, consider the spatial relationships between
items on the page and structure the page based on importance, use of different sizes, fonts and
arrangement of the text to help to increase scalability, legibility and readability, etc. are presented

n [41]-[43].

P9. Provide context and
data interpretation support
(21], [25], [26], [29]

Not all citizens have the ability to easily understand visualization, so it is important to have additional
contextual information or metadata to clarify the meaning of data and to avoid misinterpretation for
each visualization presented on dashboard governments. In addition, each visualization should have
a title and titled axes.

P10. Think about data
literacy levels [24], [26],
[29]

As mentioned earlier, one of the reasons for the lack of use of open data is the lack of clarity in the
metadata provided on open data portals. Therefore, dashboard governments need to use clear and
consistent terminology, familiar words, phrases and concepts to explain their purpose and then allow
citizens from different backgrounds to understand the dashboards.

P11. Ensure data is up to
date [15], [17], [26]

The government dashboards are mainly used to verify some information and then make decisions.
Therefore, it is very important to let the citizens know that the data is current or when it was
extracted, which can really help the citizens to make a correct decision.

P12. Allow access to data
source [15], [17], [24]

Many government dashboards sometimes use data that is collected from external organizations and
thus not accessible and sometimes also provide no link to access the data used. Allowing access to
data sources will enable customization and increase user confidence in the implemented dashboard.

P13. Check for personal

Since much of governments’ data is obtained by collecting citizen data, they need to ensure the

data/outliers [15], [17], | confidentiality of the data when using it in dashboards, for example by aggregating data and avoid

[24] the risk of the data becoming identifiable in any way. This will then help to solve the data privacy
issue observed in dashboards.

P14. Interaction support | Government dashboards should offer interaction features such as the ability to hover over an item in

[17], [21], [24], [25]

the visualizations to get more details, the ability to use filters to update data in the dashboards and
the ability to dig deep into certain trends, metrics, or insights with ease, instead of displaying static
visualizations in dashboards that can be good for novice users but not for some less advanced and
advanced users such as journalists, or developers, who request more interaction. Thus, it is important
to add interaction to support different types of users.

P15. Ensure feedback
support [17], [25], [30]

One factor influencing citizen engagement with OGD is the availability of OGD feedback
mechanisms. Therefore, government dashboards should never stop evolving and allow users to
provide feedback through user testing during development or after deployment that can be later used
to improve the layout, functionality, look and feel of the dashboard to ensure optimal value at all




Design principle Application in the OGD context

times. In addition, feedback feature that can help citizens to report suspected fraud or corruption to
an independent and trusted agency can be a good element to encourage citizens to use dashboards.

P16. Customization [24], | Citizen reuse is one of the open data initiatives. Government dashboards should provide citizens with
[26], [29] all the information needed to customize existing dashboards in order to facilitate reproducibility that
can improve trust and also allow citizens to create an improved version of dashboards without
contacting the dashboard manager.

3 NBDASH OVERVIEW AND EVALUATION METHOD
After gathering the list of dashboard design principles, we applied them to build the Namur Budget Dashboard (NBDash)

in order to have an example of a well-designed dashboard for the participants to use during the evaluation. NBDash is a

web application built using two budget datasets (Namur-Ordinary Budget by function'® & Namur-Extraordinary Budget

by function'®) available on the Namur open data portal®®. It is the official open data portal of the city of Namur (Belgium)

created in 2018 with several objectives of information, statistics, creation of useful applications for citizens and
transparency. As of August 2021, the portal contains 174 datasets across 13 topics such as urbanism, population,
administration, transport, culture, environment, health, sport, energy, economy, education, internal data and closed data
(data that can be accessed by a specific group of users). These datasets are either statistics, which can be consulted online,
or batches of data which can be used directly for the creation of applications. We selected the budget datasets for two
reasons. First, transparency-related datasets in general (and budget datasets in particular) are very interesting for citizens
[34], [44], [45]. Second, creating a dashboard with these datasets can allow citizens to see how the budget of the
municipality is dispatched and can then increase transparency. In addition, we chose the portal of Namur as there is no
budget dashboard available for this municipality and access with key stakeholders of this portal was possible. More
details on the development of NBDash will be presented in Section 4.1.

An evaluation was later conducted to determine whether citizens prefer to use well-designed dashboards rather than
the individual visualizations offered on a traditional OGD portal, that do not fully incorporate some of the identified
design principles (such as feedback support, data literacy levels and data interpretation) to engage with OGD. We
adopted an experimental design based on the static-group comparison model and thus divided the participants into two
groups [46] (p12) (the profile of participants in each group is presented in Section 4.2 and further details on participants'
recruitment are provided below). The first group (control group) evaluated only the individual visualizations presented
on the Namur portal for both budget datasets (see Figure 3). The second group (treatment group) evaluated only the
NBDash dashboard. The participants’ feedback was collected through a survey consisting of 16 questions with a 5-point
Likert scale (from “Totally Disagree” to “Totally Agree”) accompanied with a free text to justify their ratings and 3
additional questions to collect demographic data (age, gender, education). At the beginning of the questionnaire where

the context of the survey was presented, we mentioned that these two datasets were used as illustrations and the

13 https://tb.gy/61r8dic
14 https://rb.gy/dpayws
1 https://data.namur.be/
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participants' evaluation should not be only based on these specific datasets but on dashboards and individual

visualizations in general.
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Figure 3: Individual visualizations proposed on Namur portal for the ordinary and extraordinary budget datasets (translated to
English using Google translate). (Left): Average ordinary service revenue by function over time and (Right): Total extraordinary
expense by function over time.

The first fifteen questions were carefully constructed to correspond to the following constructs (conditions and factors)
that have been proven to impact citizen engagement in [11] and also to verify the implementation of the defined design
principles: C1) citizens perceived ease of use (refers to effort expectancy or citizens’ perceived ease of engagement in
[11]), C2) diversity of citizens’ skills and capabilities, C3) citizens perceived data veracity and quality (e.g., accuracy,
completeness, timeliness [47], [48]. See example in section 3 of Figure 4a). The last question Q16 was added to gather
the general opinion on RQ2 and thus to verify whether the use of dashboards or visualizations encourages citizens to
engage more with OGD. We select these 3 constructs among the 15 constructs identified from [11] because these
constructs are independent of the political, financial or social conditions and factors (e.g., citizen motivation and
citizens/government resources) and can therefore be evaluated using tools. The list of questions of the surveys are
presented in Appendix A.2. Table 2 summarizes the corresponding questions for each factor, and also explains why we
chose them and provides references where appropriate. Two surveys (one for visualizations and one for dashboards)
were distributed to collect feedback from participants using dragnsurvey16 and were pretested with two citizens to
ensure all kinds of errors associated with survey research are reduced [49]. Next, we shared the surveys on social
networks such as Facebook groups and Twitter to recruit participants. We later used Amazon Mechanical Turk!’ to
recruit other participants. We do not set any conditions that participants must meet in order to complete the survey,
except that they must properly justify their choices. We chose this option because we want to have different profiles
among the participants. The Amazon Mechanical Turk was used because after one month of posting the surveys on
social networks, we observed that only 3 participants responded to the surveys and this tool has proven effective and

reliable in previous studies [50], [51]. Each participant received a $1.5 compensation for completing the survey, which

takes about 15 minutes.

16 https://www.dragnsurvey.com

17 https://www.mturk.com
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Table 2: Correspondence between citizen engagement constructs and survey questions.

Constructs

Questions

Comments

C1) citizens perceived ease
of use

10 questions of the SUS questionnaire (Q1 to
Q10)

SUS was used as it is suitable to measure the
usability of a system in a standalone and also to
compare the usability of multiple systems [52], [53]

C2) diversity of citizens’
skills and capabilities

Q11. I can easily tell what we can learn from
the datasets based on [these visualizations/this
dashboard] (Refer to P8, P9)

Q12. I can easily draw conclusions based on
[these visualizations/this dashboard] (Refer to
P8, P9)

Q13. I can easily understand [these
visualizations/this dashboard] (Refer to P10)

Q14. I can easily modify or customize [these
visualizations/this dashboard] to see other
aspects of the datasets (Refer to P16)

These questions were constructed with reference to
the design principles that need to be covered to
consider that a system takes into account the skills
of end-users (P4. Consider audience). We have
mainly based on the following design principles to
formulate these questions: P8. Clear presentation,
P9. Provide context and data interpretation
support, P10. Think about data literacy levels, and

P16. Customization

C3) citizens perceived data

veracity and  quality
(citizens’ confidence in the

veracity of data and ease of

access to data quality)

Q15. dashboard]
provide(s) me necessary information to verify

[these visualizations/this

that the data used are accessible, accurate and
up to date and to easily access the quality of
the datasets (Refer to P2, P12)

This question was constructed with reference to
design principles regarding data quality and
veracity (P2. Collect accurate and precise data, P12.
Allow access to data source)

4 RESULTS: THE IMPACT OF NBDASH ON CITIZEN ENGAGEMENT (RQ2)

In this section, we first describe the development of NBDash. Then we present the results of the evaluation.

4.1 NBDash: System Description
NBDash is a web application (source code available at https://github.com/chokkipaterne/nbdash) built using three

technologies: Python as the programming language, Pandas'® as the data processing library and Dash Plotly®® to create

and display the visualizations on the web page. The deployment of NBDash was done after following each step of the
deployment process shown in Figure 2 and applying the associated design principles for each step.

Metrics choice & Data Collection. In this step, we defined metrics with reference to existing metrics in the London
budget dashboard?® and validated these metrics by gathering feedback from two citizens (P1). The metrics were also

categorized based on the users’ skills in order to display only necessary and understandable metrics to the users (see
Appendix A.3) (P4). Later, we collected the latest update of the budget datasets related to the selected metrics on the
reliable open data portal of Namur (P2 and P11). We also provided access links to the datasets to users for possible reuse
(P12) and calculated the data quality of each dataset based on the basic features: missing values, data information and
metadata information (column titles and descriptions) [54], to indicate users the quality of the data (see section 3 of

Figure 4a) (P2).

18 https://pandas.pydata.org/
1 https://plotly.com/dash/
20 http://openbudget.lacity.org/#!/year/default
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Data Processing & Data Analysis. In this step, we used Excel formulas in parallel to Pandas to aggregate and filter
data according to each metric in order to ensure that we get the same results for both options (P3). Data aggregation
was also used to ensure that personal data is not disclosed (P13).
Build Dashboard & Deployment. In this step, we implemented three display types in order to accommodate for the
skills of the audience which vary from novice (low knowledge in visualizations) to advanced users (high knowledge in
visualizations) [29]. The display types are as follows: “simple” display for novice users on visualizations (see Figure 4c),
“less advanced” display for users who need more control over the data and visualizations displayed on dashboard (see
Figure 4b) and “advanced” for users who want to customize the dashboard (see Figure 4a) (P4). For each display type, we
organized the metrics that represent the big picture of the data on the top of the dashboard, followed by the metrics that
provide more details (see sections 7 & 8 of Figure 4a) (P8). Three main visualization types were used to represent the
selected metrics: a bar chart with descending sorting and single color for the representation of categorical data (see
section 8 of Figure 4a), a pie chart for the representation of proportions and a line chart for the temporal data (P5 and
P6). In order to help users to understand the graphs and avoid misinterpretation, we provided the chart title, axes titles
and a small interpretation for the graphs (see Figure 4c) (P9). We noticed that datasets contained many financial terms.
To help users understand key aspects of the graphs, we created a terminology section to explain key budget terms (see
section 2 of Figure 4a) and also used easy to understand words to represent title, axes, interpretation of graphs and to
design the layout of the dashboard (P10). In addition, we also added filters to the dashboard (e.g., fiscal year, function,
budget type) to allow users to update the data displayed and change the visualization type (see sections 6 & 9 of Figure
4a) in order to support interaction (P14).
Feedback/Customization. In this step, we provided a feedback form to users and allowed them to track the status of
their feedback (see section 4 of Figure 4a) (P15). We also added an “Edit chart” button to allow users to directly edit the
represented graph in the chart studio of Plotly*! and also provided access to source code that can be used to enhance
NBDash or create a new dashboard (see sections 5 & 8 of Figure 4a) (P16).

Figure 4 shows the interface of NBDash for the three different display types. The layout is nearly the same for all
display types, with the exception of sections 5, 8 and 9 which are slightly modified depending on the display type. Table
3 details the difference between these three display types.

2 https://chart-studio.plotly.com/
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NBDash - Namur Budget Dashboard
This dashboard presents information on the
ordinary and extraordinary
expenses/revenues of the commune of
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Data Used (Source: Namur Open Data Portal)

1. Namur-Crdinary budget by function ?,
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Data Quality: 75% 7

2. Namur-Extraordinary budget by function ?
Last updats: August 19, 2020 (snrul updats)
Data Quality: 75% 7
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123 General administration .
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(a) NBDash Interface for advanced display. (1): Description of the dashboard. (2): Explanation of the key budget terms used. (3):
Information about the data used. (4): Possibility to give feedback and track status (5): Possibility to choose the display type (simple,
less advanced and advanced) and to download source code. (6): Filters used to update the visualizations. (7): Display of the data
overview. (8): Visualization for more details with editing option followed by data presented in table form. (9): Advanced filters used

to update visualizations.
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(c) NBDash Interface for “less advanced” display. No “Edit chart” and “Access source code” buttons compared to “advanced” display.

Figure 4: NBDash Interface for different display types.
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Table 3: Difference between the different display types in NBDash.

also display only a small

interpretation of the chart.

(e.g., fiscal year, function, budget
type) to allow users to update the
data displayed and change the
visualization type.

We hide the chart interpretation.

Criteria Display types in NBDash
Novice Less Advanced Advanced

User type Used by users who have a low | Used by users who have a middle | Used by users who have a high
level of visualization knowledge | level of visualization knowledge | level of visualization
such as the general public. such as public servants using | knowledge such as developers.

visualization often in their work.

Section 5 The “access source code” buttonis | The “access source code” buttonis | The “access source code”
not visible. not visible. button is visible.

Section 8 We show only a bar chart. We show the selected chart (bar, | We show the selected chart
The “edit chart” menu is not | line or pie) followed by the datain | (bar, line or pie) followed by
visible. table format. the data in table format.

The “edit chart” menu is not | The “edit chart” menu is
visible. visible.

Section 9 We hide the advanced filters. We | We show the advanced filters | We show the advanced filters

fiscal function,

(e.g.,
budget type) to allow users to

update the data displayed and

year,

change the visualization type.
We hide the chart
interpretation.

3,4,6,7)

Other sections (1, 2,

Other sections remain the same except for the text about the display type in section 1 which is updated

according to the chosen display type.

4.2 Insights from the Experimental Study

Through questionnaires that participants completed after exploring the visualizations on the Namur Portal and NBDash,

we were able to gather their opinions on RQ2. A total of 50 participants completed the survey on visualizations and 58

completed the survey on NBDash. A minimum of 50 participants were recruited for each group because when referring

to previous studies [55]-[58], using 5-50 participants for comparison or usability tests is a good baseline. Table 4 presents

the demographic representation of participants for both surveys. We did not observe a significant relationship between

this demographic information and participants' choices. We will therefore not discuss it further in this article.

Table 4: Demographic data of surveys.

Group 1 (Visualizations) | Group 2 (NBDash)
50 participants 58 participants
Sex Male 31 participants (62%) 39 participants (67.24%)
Female 19 participants (38%) 19 participants (32.76%)
Other 0 participants (0%) 0 participants (0%)
Age 18 - 29 21 participants (42%) 22 participants (37.93%)
30 - 49 25 participants (50%) 32 participants (55.17%)
50 + 4 participants (8%) 4 participants (6.9%)
Education | None 0 participants (0%) 0 participants (0%)
Primary 0 participants (0%) 0 participants (0%)
High School 3 participants (6%) 3 participants (5.17%)
High Education 39 participants (78%) 50 participants (86.2%)
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| PhD I 8 participants (16%) I 5 participants (8.63%) |

As the responses were provided in an ordinal scale, we used the average (avg) with standard deviation (o) to evaluate
the collected answers. We also used a one way ANOVA test (especially the p-values) to verify the statistical significance
of the answers between the two groups. Table 5 presents the corresponding p-values, averages, as well as the standard
deviations of the responses for each group. The visualization group is referred to as group 1 and the dashboard group is
referred to as group 2. The results of Table 5 show that NBDash offers greater usability than individual visualizations,
as its average SUS score (76.85) is higher than 68, which is the minimum required [52] and also greater than the average
SUS score of individual visualizations. The results also show that there is significant variation between the SUS scores
of participants in the two groups (o = 11). On the basis of this first part of the results, we can therefore deduct two
things: (1) citizens perceived that the well-designed dashboard is easy to use and (2) citizens perceived that the well-
designed dashboard is easier to use than individual visualizations which have a usability score below the threshold.
Regarding statements Q11, Q12 and Q13, the results show that the averages of the scores collected on these three
questions by the group 2 participants (avg resp. 4.21, 4.31, 4.5) are higher than those collected by group 1 participants
(avg resp. 3.98, 4.08, 4.14) and there is no significant variation between the scores (o < 1 for Q11 to Q13). For statement
Q14, more participants in group 1 found easy to modify or customize the individual visualizations (avg = 4) than
participants in group 2 (avg = 3.97). However, there is a smaller difference between these Avg scores (diff = 0.03)
compared to the previous differences and there is also no significant variation between the scores (¢ < 1 for Q14). Based
on the scores of these four statements (Q11 to Q14), we can therefore infer that participants agree that well-designed
dashboards take into account the diversity of skills and capabilities rather than individual visualizations. Indeed,
participants with different levels of education in group 2 were more likely to be able to easily understand, draw
conclusions and modify (with a smaller difference between the two groups in this aspect) than those in group 1.
Regarding the statement about the evaluation of the data quality (Q15), there are more participants in group 2 (avg =
4.23) compared to group 1 (avg = 4.02) who agreed that they have necessary information to evaluate the quality of the
datasets. We can therefore deduct that citizens more easily perceived data veracity and quality in using well-designed
dashboard compared to individual visualizations. The results on the statement Q16 show that there are more participants
in group 2 (avg = 4.43 (o =< 1)) compared to group 1 (avg = 4.02 (o =< 1)) that agreed that they will be interested to explore,
understand and use (engage with) more data on a portal if the data is presented with this type of dashboard compared
to the individual visualizations. We can therefore deduct that citizens would be more interested to engage with OGD if
there were represented using well-designed dashboard than individual visualizations. In addition, the results of the p-
values show that the differences between NBDash and individual visualizations were statistically significant (p-
value<0.05) for the answers to questions Q11, Q13, and Q16. Based on all these conclusions, we can respond to RQ2 by
saying that the use of well-designed dashboards can help citizens to engage more with OGD than individual

visualizations.

These observations can be justified by the following reasons. First, according to participants' comments, the

visualizations used on NBDash are easier to understand than those on the Namur portal. On the Namur portal, some
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participants found that the visualizations contained too much data and that the visualization technique used to represent
data was not easy to understand. Second, many participants found NBDash to be user-friendly and well-organized and
therefore easy to use and understand. However, two participants of group 2 disagreed with this statement. They thought
that there was a lot of information in the dashboard and too much text. For example, they suggested hiding the
terminology, feedback and data used sections and only displaying them when the user requests so. Third, participants
found that on the Namur portal, they can easily modify the visualizations compared to NBDash. Five participants of
group 2 cannot figure out how to modify or customize the visualization in NBDash, probably because they were on the
“Simple” display while the option to modify the chart is available on the “Advanced” display. Fourth, in NBDash
participants perceived that they can more easily access data quality information than in individual visualizations because
in NBDash, we clearly specified the data used accompanied with their sources and the last update time and also evaluated

the data quality to help users to have an idea about it without accessing them.

Table 5: Average (avg), standard deviation () and p-value of survey scores.

Visualizations on | NBDash

Namur Portal

avg c avg c p-value
SUS Score (Q1 to Q10) | 66.3 12.81 76.85 11.18 -
Q11 3.98 0.71 4.21 0.59 0.04
Q12 4.08 0.9 4.31 0.79 0.16
Q13 4.14 0.81 4.5 0.54 0.006
Q14 4 0.86 3.97 0.88 0.83
Q15 4.02 0.77 4.23 0.83 0.13
Q16 4.02 0.89 4.43 0.57 0.004

Another finding from the participants' comments is that the most important design principles for the participants
are the selection of meaningful metrics (P1), the use of appropriate visualization (P5 and P6) and a clear presentation
and design layout (P8). This is supported by the fact that many participants justified their ratings on the basis of these
four design principles. Other design principles were also important to the participants, as without them we would not
achieve a sufficient SUS score. However, the design principle of providing context and assistance in interpreting the data
(P9) was somewhat criticized by some participants, as applying this design principle added more text to the dashboard.
Therefore, we need to find a compromise between providing more details and providing little details in order to not

clutter the dashboard.

5 DISCUSSION

This research contributes to theory and practice in the following aspects. First, this research extends this recent work
[11] by using its recommended conditions for the emergence of OGD citizen engagement to propose some design
principles that can be incorporated into dashboards to fulfill these conditions. Second, unlike previous studies [15]-[17],
[21]-[23], [25], [26], [29], [30] that have focused on design principles for general or city dashboards, it contributes to
the knowledge base by proposing 16 design principles with a clear application in the OGD context. Therefore, the design
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principles provided can be used by dashboards designers and OGD managers to implement usable and understandable
dashboards that can then improve citizen engagement with OGD. Third, different from previous studies [15]-[17], [21]-
[23], [26], [29], we show through a concrete case study how to apply each design principle. Thus, this case study can be
a source of inspiration for dashboards designers and OGD managers to create their own dashboards using OGD. Fourth,
we provide access to the source code of the case study. This can be used as a starting point by dashboards designers and
OGD managers to create their own dashboards or improve the Namur budget dashboard. Fifth, the usefulness of the
dashboards in helping citizens to engage with OGD on the portals was proven on the basis of the evaluation results. We
suggest OGD managers to provide more dashboards on their portals and also follow the design principles to make them
easy to use and understand.

However, this research has some limitations that will need to be addressed in future work. The first limitation
concerns the representativeness of the participants in the evaluation. The use of Amazon Mechanical Turk can be a bias
[59], [60] but in our research we tried to minimize this by following best practices [60], [61] such as using strict criteria
to select relevant participants and also checking the consistency of the participants’ comments with their ratings before
validating their submission because we noticed that some participants were not fluent in English and also sometimes
their ratings and their comments did not match. However to solve this issue, we suggest using other channels of
communication or collecting data on-site in administrations, universities or public places. In this study, this was not
feasible due to the COVID-19 situation. The second limitation resides in the use of three of the factors mentioned in [11],
[15] that impact citizen engagement, to define our design principles. Other factors that were excluded in this study
concern for example citizen motivation and citizens/government resources, which we believe communication and
financial resources can be used to address. However, other researchers can build on our study and investigate whether
there are design principles that can address these remaining factors. The third limitation is the non-implementation of
generic tool for OGD dashboards. Other researchers and programmers can build on the implemented dashboard as well
as the proposed design principles to implement a usable tool that can be generic and can help OGD managers to easily
create dashboards that follow all of these best design principles. Further research may also involve collecting additional
data following the Unified Theory Of Acceptance And Use Of Technology (UTAUT) [62], [63] model to check whether
demographic and social factors actually impact citizen engagement, as we were unable to cover this aspect in this study
due to the sample size and distribution. The UTAUT model is suggested because it includes four main constructs, namely:
performance expectancy, effort expectancy, social influence and facilitating conditions while accommodating four
moderators: age, gender, voluntariness and experience. Therefore, it is the most appropriate model for assessing the
impact of demographic and social factors compared to other models (e.g., TAM, TOE) that do not incorporate these

factors.

6 CONCLUSION

The use of individual visualizations on open data portals has been shown to lack efficiency in reducing the information
asymmetry between governments and citizens [5], [11]. Dashboards may be a promising way to address this problem,

as individual visualizations only cover few information contained in the dataset, unlike dashboards that often
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incorporate more details in a single screen. The objective of this paper is to identify the design principles of dashboards
in the OGD context (RQ1) that facilitate their use and to investigate whether the use of well-designed dashboards can
help citizens to engage with OGD (RQ2). To address RQ1, a systematic literature review was conducted, which allowed
us to provide 16 design principles applicable to OGD dashboards. There are as follows: P1) pick meaningful metrics, P2)
collect accurate and precise data, P3) ensure data quality, P4) consider audience, P5) use best visualization practices, P6)
use the right type of chart, P7) provide easy to use tools, P8) provide clear presentation, P9) provide context and data
interpretation support, P10) think about data literacy levels, P11) ensure data is up to date, P12) allow access to data
source, P13) ensure data privacy, P14) provide interaction support, P15) integrate feedback support and P16) allow
customization. To address RQ2, we developed the Namur Budget Dashboard (NBDash) that implements the mentioned
design principles and then compared it to the budget visualizations on the Namur portal in terms of ease of use, diversity
of citizens’ skills and capabilities, data veracity and quality and citizens’ intention to engage.

An experimental study conducted with two groups composed of 50 (for the evaluation of the budget visualizations
on the Namur portal) and 58 participants (for the evaluation of NBDash) was conducted to address RQ2 and revealed
the following findings. First, citizens perceived that the well-designed dashboard is easier to use and understand than
individual visualizations. Second, citizens with different levels of education perceived that they can easily understand,
draw conclusions from well-designed dashboards than individual visualizations. Third, citizens more easily perceived
data veracity and quality in using well-designed dashboard compared to individual visualizations. Fourth, citizens would
be more interested to engage with OGD if there were represented using well-designed dashboard than individual
visualizations. Based on these results, we can answer RQ2 by saying that the use of well-designed dashboards can help
citizens to engage more with OGD than individual visualizations. The evaluation results also showed that while all
design principles are important for citizen engagement with OGD through dashboards, choosing meaningful measures

(P1), using appropriate visualization (P5, P6) and clear presentation and layout (P8) are the most important.
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A APPENDICES

A.1 List of publications retained in the Systematic Literature Review (SLR)

Table 6: List of 17 scientific publications and 7 grey literature contributions retained in the SLR.

Dashboard design principles Category
[15], [17], [21], [23], [25], [26], [29], [30] Public sector
[16], [20], [22], [24], [27] General
Visualization design principles Category
[32], [34] Public sector
[35]-[40] General

UX and UI design principles Category
[41]-[43] General

A.2 List of questions in the surveys

Table 7: Survey questions for the evaluation.

Questions for [visualizations/dashboard] to address citizen engagement

Q1. I think that I would like to use [these visualizations/this dashboard] frequently

Q2.1 found [these visualizations/this dashboard] unnecessarily complex

Q3. I thought [these visualizations/this dashboard] were easy to use

Q4. I think that I would need the support of a technical person to be able to use [these
visualizations/this dashboard]

Q5. I found the various functions in [these visualizations/this dashboard] were well integrated

Q6. I thought there was too much inconsistency in [these visualizations/this dashboard]

Q7.1would imagine that most people would learn to use [these visualizations/this dashboard] very
quickly

Q8.1 found [these visualizations/this dashboard] very difficult to use

Q9. I felt very confident using [these visualizations/this dashboard]

Q10. I needed to learn a lot of things before I could get going with [these visualizations/this
dashboard]

Q11. I can easily tell what we can learn from the datasets based on [these visualizations/this
dashboard]

Q12. I can easily draw conclusions based on [these visualizations/this dashboard]

Q13. I can easily understand [these visualizations/this dashboard]

Totally Disagree o o o o o
Totally Agree

+ Free text to justify their
choice
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Q14.1 can easily modify or customize [these visualizations/this dashboard] to see other aspects of
the datasets

Q15. [these visualizations/this dashboard] provide(s) me necessary information to verify that the
data used are accessible, accurate and up to date and to easily access the quality of the datasets

Q16. Using this type of [visualization/dashboard] to present data makes me want to engage with
(i.e., explore, understand and use) more data on a portal

Demographic questions

Q17. How old are you?

18 -29/30-49/50 +]

[

Q18. What is your gender? [Female / Male / Other]

Q19. What is your level of education? [None / Primary / High School
/ High Education / PhD]

A.3 List of Metrics in NBDash

Table 8: Metrics in NBDash based on the different display types. [ordinary/extraordinary] and [revenues/expenses] are used as

filters.
Metrics Display Type
M1. Total [ordinary/extraordinary] [revenue/expense] for specific year with possibility to | All (Simple, Less advanced,
compare to the previous year Advanced)
M2. Analysis of [ordinary/extraordinary] [revenue/expense] by function for specific year All
M3. Analysis of [ordinary/extraordinary] [revenue/expense] by [revenue/expense] type for | All

specific year

M4. Analysis of [ordinary/extraordinary] [revenue/expense] by function over time

Less advanced, Advanced
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