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Abstract—A smart city dashboard is an application that is
capable of retrieving historical and real-time data from different
sources and visualizing data through different graphical and
interactive techniques, and also to act on data storage and 10T
devices. To ensure interoperability with various IoT protocols
and devices, we have developed Snap4City Dashboard Builder,
one-of-a-kind tool that is then used to create multiple smart city
dashboards. This paper briefly discusses the tool we developed
and presents a thorough evaluation of the tool, followed by
description of ten dashboards created using the builder and
summary of our extensive assessment of these dashboards. The
evaluation indicates that our dashboard builder is powerful and
the dashboards are very helpful for city officials.

Index Terms—smart cities, dashboard, evaluation

I. INTRODUCTION

Increasing need of smart and connected communities/cities
has inspired lots of research in this area, which further results
in a large amount of data coming from various sources such
as stationary sensors, mobile devices, online data, social data.
This plethora of data comes from “a range of application
domains including, but not limited to, the following: agri-
culture, civil infrastructure, disaster mitigation and response,
education and learning, energy, environmental quality, health
and wellness including healthcare, human services, resiliency,
safety, social services, telecommunications, transportation and
mobility, urban and rural planning, and water resources [1].”
While understanding, analyzing, processing the data is impor-
tant, visualizing the data in real-time is also extremely useful
for decision makers, city operators, residents, etc. This has
highlighted an urgent need to build graphical user interface to
display the data in a meaningful way. We call such an interface
’smart city dashboard’.

It is possible that smart city dashboards can be built
using business intelligence tools that provide access to data
with faceted indexing and search, as in SOLR or Elas-
ticSearch. However, those systems are focused on single
view of data, filtering and drilling down on data, rather
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that representing the cities’ key performance index and
status. Solutions such as SpagoBI and OpenDataSoft pro-
vide data virtualization, but they provide limited capabil-
ities on rendering, while smart city dashboards must be
active all the time. For these reasons, several specific cus-
tom solutions have been developed and deployed, exam-
ples include London (https://data.london.gov.uk/), Amsterdam
(http://citydashboard.waag.org/), Dublin [2], Bandung in In-
donesia [3], Torino in Italy [4], etc.

II. SMART CITY DASHBOARD BUILDER

In this section, we provide an overview of Smart City
Dashboard Builder we have developed and then present a
thorough evaluation of this tool.

A. Overview of Smart City Dashboard Builder

We have developed the Snap4City Dashboard Builder Tool,
web and mobile application (https://www.snap4city.org/). Our
Dashboard Management System manages more than 1.2 mil-
lion of complex events/data per day [5], reaching 1.8 recently.
Dashboards can be created with the Snap4City Dashboard
Builder Tool, as well as through the creation of Smart City
IoT apps with the help of the integrated IoT App Builder and
Node-RED. Dashboards widgets can be created and edited
in a completely graphical way, without the need for users
to know any programming language. On the other hand, the
connection between dashboards and Node-RED based IoT
applications allows advanced users and programmers to exploit
deeper-level actions and customizations, including the creation
of new widget types. Dashboards support authenticated user
access, based on centralized LDAP and KeyCloack SSO
authentication systems; users’ personal data are stored and
managed through a GDPR compliant framework. Dashboards
can be built from scratch, with the help of the Dashboard
Wizard Tool, which can make easier for users to create their
dashboards in a few steps, starting from pre-built templates
and guided steps to choose the most suitable widgets for
representing the chosen data.

The collection of widgets available in the Dashboard Builder
includes:

« Different kinds of charts and graphs, tables, time trends,
time trend comparison;
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Fig. 1. A Dashboard Example

o Multi-data maps for visualizing geo-referenced data, such
as Points of Interests (POI), Smart City sensors, personal
devices and personal data tracking;

o External Services, allowing to view embedded external
web pages and services, such as: Traffic Flow and Public
Transportation monitoring;

o Special widgets, such as Weather Forecast, Social Media
monitoring, Healthcare status etc.;

o Actuators, represented by interactive widgets, such as
knobs, dimers, key pads etc. which are used to interact
with ToT devices and applications.

In addition to the creation of a new dashboard, the wizard
assists the users also in creating instances of single widgets,
showing a pool of data (Smart City related data and users’
personal data) from which users can choose data of interest,
as well as a set of available widgets that can be used for
representing chosen data. In order to help users in choosing
among many different kinds of data available in a Smart
City knowledge base, the wizard provides a multi-faceted
classification of collected data.

An example of a dashboard created with the Snap4City
Dashboard Builder is shown in Fig. 1. Different kinds of cross-
connected widgets, such as: a selector on the left side, which
trigger different kinds of data to be viewed on the map in
the central area (e.g.: Smart City sensors, POI, heatmaps).
In addition, a single content and a time trend widgets are
presented, in order to monitor real-time data trend and last
values.

B. Evaluation of Our Smart City Dashboard Builder

On July 9, 2019, we offered a three-day course on the
Snap4City platform, which included one day on dashboard
building. During the training on dashboard, three different
exercises have been performed, asking the users to create a
dashboard and report the perceived/intended performed action
in a form. The form presented the list of widgets composing
the dashboard. The purpose was to respond to the question:
“how easy it is to use the wizard for dashboard creation, thus
matching the intention selecting the icon with respect to the
results obtained in creating the dashboard?.” The users started
the exercise after a general training about the platform, i.e.,
after the explanation of the mechanisms of the Dashboard

Wizards, and of the coding of the icons in modeling the
graphic representation, etc.

Users were asked to work on three exercises.

o ExI. Create a Dashboard for the visualization of Sensors
values: actual and their trend. In addition, the sensors
to be selected should be located in Florence around a
point of your interest (home, work, study), report data
regarding: environment, traffic, parking, pollution, etc. 20
minutes of time

e Ex2. Create a dashboard for the visualization of geolo-
cated services (POI, Sensors, heat map,.. ) and their se-
lection on Map, with eventual target to see the time trend.
The HLT to be selected should be located downtown in
Florence, could be of different kid of HLT and nature,
at least 5 of them; data regarding environment, traffic,
parking, pollution, etc. 20 minutes of time

e Ex3. Create a dashboard for the visualization of MyKPI
regarding my trajectories and eventually those of other
users. We suggest to open wizard and search for trajec-
tories of your mobile. 15 minutes of time.

The assessment has been carefully performed since each
exercise can be solved with multiple solution. For example,
exercise 1 can be solved realizing a dashboard with a number
of Time Trend widgets and some mechanism to show real
time data. The latter can be realized with: single content,
gauge, speedometer, bars, etc. Their combination also selecting
a template called Multi data trend, etc. For this reason, the
assessment has assigned a vote that depends on percentage of
matched widgets proposed with respect to one of the possible
solutions (100% all taken).

Results from these three exercises are reported below.

Results of Ex1.
e 22 users have performed the exercise on paper
1) Obtaining the 80% of average score on paper
2) The 63.63% of them selected the correct widgets at
the 90% or over.

o 18 users have performed the exercise on the Snap4City
Dashboard Builder. Some of those presented the result on
paper, have not been interested in performing the exercise
on the real tool.

1) Obtaining the 86.11% of average score on the real
result

2) The 72.22% of them developed the Dashboard cor-
rectly

o A number of those solved the exercise in the dashboard
editor have actually performed better in the tool rather
than reporting it on paper.

Results of EX2

o 19 users have performed the exercise on paper

1) Obtaining the 60.52% of average score on paper

2) The 47.36% of them selected the correct widgets at
the 90% or over.

3) It should be noted that a number of wrong answers
on paper have been due to the similarity of the Icons
and thus they have marked the wrong one.
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4) Those icons have to be changed

o 15 users have performed the exercise on the Snap4City
Dashboard Builder. Some of those presented the result on
paper, have not been interested in performing the exercise
on the real tool.

1) Obtaining the 100% of average score on the real
result

2) The 100% of them developed the Dashboard cor-
rectly

o A number of those solved the exercise in the dashboard
editor have actually performed better in the tool rather
than reporting it on paper.

Results of EX3
o 13 users have performed the exercise on paper
1) Obtaining the 98.46% of average score on paper
2) The 100% of them selected the correct widget at
the 90% or over.

o 10 users have performed the exercise on the Snap4City
Dashboard Builder. Some of those presented the result on
paper, have not been interested in performing the exercise
on the real tool.

1) Obtaining the 100% of average score on the real
result

2) The 100% of them developed the Dashboard cor-
rectly

o A number of those solved the exercise in the dashboard
editor have actually performed better in the tool rather
than reporting it on paper.

Out of the 30 participants in the dashboard building training,

22 responded to our questionnaires. These people’s expertise
is shown in Figure 2. We aggregated the results for the whole

Which are your main competences? (%)

Systemist NN 2 56%
Student  —————— 7.69%
SIT Competences ENENEEN 256%

Researcher NN 2.56%

Proj Manager /Strategist 28.21%

Natural Resources NENSSSNNN 2.56%

Energy NN 2.56%

gestion 7.69%

12.82%

Data 15.38%

Data Analyst

15.38%

0.00% 5.00% 1000% 1500% 2000% 25.00% 3000%

Fig. 2. Distribution of evaluator’s expertise

set of exercises and observed that 90% of the users completed
in time the development of the Dashboards that satisfy the
requirements; the speedup of using Snap4City with respect to
any other platform is 7 times on building dashboards. Only 9
people reported the specific tool they used to build dashboards:
44% use Penthao (which is the tool for ETL) and it is not an
actual Dashboard Builder, and 33% use Power BI of Microsoft,
that is business intelligence tool far from the Smart City world
and features.

56.70% were very satisfied and 37.11% were somewhat
satisfied with the training day. 90% were happy with the

dashboards, among them 49.38% were very satisfied. 93%
stated that the dashboard builder would be useful for their
work, 51.72% thought it would be very useful in their daily
work. 72.63% were more than somewhat satisfied with the
easiness for the dashboard production, 96.51% were more than
somewhat satisfied with the completeness of the dashboard,
and more than the 40% were very satisfied.

We surveyed the most appreciated aspects of the Dashboard
Builder. Everyone appreciated the builder and wizard, 70%
liked widget collection, 45% liked external services, 45% liked
data inspector, and 35% liked micro applications. Suggestions
to improve the tool include adding data on the same widget,
better contextual guidance, dashboard customization, clearer
user interface.

III. SMART CITY DASHBOARDS

We first discuss the main requirements for smart city
dashboards. We will then present the evaluation methodology
and results of ten smart city dashboards.

A. Overview of Smart City Dashboards

As reported in [5], a Smart City dashboard should be
capable of retrieving historical and real-time data from dif-
ferent sources (from big data to traditional data sources, as
well as users’ personal data), and showing data and metrics
through many different graphical and interactive paradigms.
Dashboards created by Smart City operators, as a control
room to monitor what is happening in the city, have to
be actively shown on web or mobile browsers 24/7, and
should provide notification tools to allow early monitoring and
decision making.

The main general features and functionalities of a dashboard
are listed as follows.

o A dashboard is composed of a set of graphical widgets,
(data viewers and actuators), which can be customized
through a dedicated edit grid view modality;

o Dashboard widgets can act as autonomous data viewers
and actuators, or they can be interconnected to other
widgets;

o A new dashboard can be created from scratch through the
Dashboard Wizard Tool, or an existing dashboard can be
cloned to derive a new dashboard, allowing to perform
versioning and additional customization;

o A dashboard can show, through its widgets, historical and
real-time data coming from data lake, virtual store and
many different data sources.

e A user who has created a dashboard (referred as the
dashboard owner in the following) can manage its vis-
ibility, by choosing whether to share its view as a public
dashboard, or whether to keep it private, or delegate the
view to specific users or groups;

o A dashboard can be connected with IoT applications, thus
integrating and viewing data coming from one or multiple
IoT applications;
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o Dashboard widgets can be connected to a notification
system which can send custom alerts based on data
thresholds set by the user.

B. Evaluation of Smart City Dashboards

We assess the dashboards that were created using the
Snap4City Dashboard Builder Tool. Snap4City Smart City
Dashboards are interactive visual tools, based on a large
collection of graphic widgets, which are useful for viewing
and monitoring data from many different sources. Dashboards
allow users to view data on customizable maps, to perform
multi-faceted drilling-down on data, data analytics, as well as
to interact with Smart City and personal IoT devices through
actuators. Dashboards are suitable for decision makers, city
operators, administrators and citizens as final users, and they
can be created, edited and viewed on a wide range of devices,
including mobiles.

We have conducted assessment of Snap4City dashboards
by city officials and ICT officials from Antwerp (August
21st, 2019) and Helsinki (June 11th, 2019). We evaluated the
following dashboards.

1) Antwerp City Overview (A5a): This dashboard has been
created to provide an instrument to City Officers and
Experts about environmental and weather aspects of the
city.

2) The Life of Antwerp (A5b): This dashboard has been
designed to provide an overview to the city officials
about the main trends of the city in terms of people
flow and usage.

3) Antwerp vs Helsinki Comparison (A6): This dashboard
has been designed to provide a tool for comparing two
cities on the basis of nearly common parameters to the
city officials of Antwerp and Helsinki.

4) Antwerp vs Florence Comparison (A6): This dashboard
is similar to the Antwerp vs Helsinki Comparison dash-
board, but compares Antwerp and Florence.

5) Helsinki City Overview (H5a): This dashboard has been
created to provide an instrument to City Officers and
Experts about environmental and weather aspects of the
city.

6) The Life of Helsinki (H5b): This dashboard has been
designed to provide an overview to the city officials
about the main trends of the city in terms of people
flow and usage.

7) Enfuser vs RealTime Comparison (H4) daily/weekly:
This Dashboard is dedicated to Environmental profes-
sionals.

8) Helsinki vs Antwerp Comparison (H6): this dashboard
is equivalent, in terms of functionalities and visualized
features, to the one described at point 3), with the only
difference that the comparative view is focused on the
first city in the title.

9) Helsinki vs Florence Comparison (H6): This dashboard
is similar to the Antwerp vs Florence Comparison dash-
board, but compares Helsinki and Florence.

Dashboard name MinlI\dvac; Accﬁ)va?l Min)IAA‘::?: Status
Antwerp City Overview (A5a) 9507,4 1332 71,4 Public
The Life of Antwerp (A5b) 6828,1 69,5 98,3 Private
Antwerp vs Helsinki Comparison (A6) 1470,4 15,4 95,2 Private
Antwerp vs Florence Comparison (A6) 1105,1 14,2 78,0 Private
Helsinki City Overview (H5a) 22368,5 159,0 140,7 Public
The Life of Helsinki (H5b) 9699,0 92,8 104,5 Public
Enfuser vs RealTime Comparison (H4) daily 2724,6 20,8 130,9 Public
Enfuser vs RealTime Comparison (H4) weekly 1141,8 13,1 87,0 Private
Helsinki vs Antwerp Comparison (H6) 7897,6 32,1 245,9 Public
Helsinki vs Florence Comparison (H6) 2722,2 23,8 114,2 Private

Total for Antwerp 18.911 232 343

Total for Helsinki 46.554 342 823

Fig. 3. Average dashboard usage

In Helsinki, we had eight participants from Select4Cities
consortium and nine participants from the City of Helsinki,
mainly City Official of several kinds. In Antwerp, we had
15 participants. In most cases, the dashboards have been
maintained on browser for several minutes. The #Accesses is
the number of accesses performed to see the dashboard, call to
the URL of the dashboard performed on the Dashboard system
from some client; The measure of #Days is the number of days
in which we have measured some activity on that dashboard;
the measure #Minutes is the number of minutes the dashboard
has been active. There is a process on the dashboard client that
for every minute in which the dashboard is on browser send
a call to the Dashboard system.

From these statistics, we have derived a number of metrics
that show the interest provoked with those dashboards, as
reported in Figure 3. Overall, our dashboards were well-
received by city officials and considered very helpful.

IV. CONCLUSION

In this paper, we present a high level overview of the
Snap4City Dashboard Builder and evaluation of its usefulness
by 30 participants. We also introduce ten smart city dashboards
created using the builder and present a summary of the assess-
ment results of these dashboards. Feedback we received was
very positive and we will implement the suggested changes in
our system in the future.
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