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Abstract. Today there are smart cities that, through the use of information technologies, sensors, and
specialized infrastructure, focus their efforts on improving the quality of life of their inhabitants. From these
efforts arose the need to analyze and represent data within a system to make it useful and understandable to
people, for which dashboards emerge. The objective of these systems is to provide users with information to
support decision-making, so it is essential to adapt the visualization of the information provided to their needs
and preferences. However, the analysis of adaptability through user interaction and its benefits is a topic still
under exploration. This paper analyzes the literature on information visualization in adaptable dashboards for
smart cities. Based on the elements of adaptable dashboards identified in the literature review, we propose an
adaptable dashboard architecture, identify the main characteristics of the users of a smart city dashboard, and
build an adaptable dashboard prototype using user-centered techniques.
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AnHoTtanusi. CeromHs CymECTBYIOT YMHBIE TOPO/a, B KOTOPBIX 3a CUET MCHOJIF30BAHUS HH(POPMAIOHHBIX
TEXHOJIOTHH, JATYMKOB M CHELUUATN3UPOBAHHON HH(PACTPYKTYpPHI MOBBIIIACTCS KAUYECTBO JKU3HU JKUTENCH.
[Ipu 3TOM BO3HHKJIA TOTPEOHOCTD B aHAITM3E U NMPEACTABICHHN JaHHBIX B HEKOTOPO CUCTEME, YTOOBI CIeIaTh
MX TIOJIE3HBIMU M TOHATHBIMH JJIs JIIOJIeH, JUIsl 4ero MpUMeHsIOTCs: nHopMalonHble maHenu. Llenbo aTux
CHCTEM SIBIISICTCSI IPEJOCTABICHHUE IOJB30BATENsIM HHGOPMALUU IS TOJJCPKKU IPUHATHS PELICHHH,
MOSTOMY BXXHO AaIaNTHPOBATh BHU3YAIHM3ANUIO NPEJOCTABIAEMON HHOOpPMAaIUHM K HX IOTPEOHOCTSIM M
npeanouteHusiM.  OfHAKO aHaMM3 BO3MOXKHOCTEH W TIPEUMYIIECTB  aJaNTHBHOCTH IOCPEACTBOM
B3aMMOJCHCTBHS C IOJNB30BaTeIIMU — 3TO TeMa, HaxXoJslascs Ha CTaaiud u3ydeHus. B naHHOW craThe
aHAIU3UPYETCs INTepaTypa 1o BU3yaTn3aliuy HHGOPMAINH B aaIITHPYEMbIX HHPOPMAIMOHHBIX TAHENSX IS

7



Contreras-Figueroa V., Montané-Jiménez L.G., Cepero-Garcia T., Benitez-Guerrero E., Mezura-Godoy C. Design of an adaptable dashboard
for smart cities. Trudy ISP RAN/Proc. ISP RAS, vol. 35, issue 1, 2023. pp. 7-24

YMHBIX TOpozoB. Ha ocHOBE 371eMEHTOB afaTHpyeMbIX HHPOPMAIIMOHHBIX MaHeNeH, BEIIBICHHBIX B 0030pe
JIUTEPATYpPBI, MbI IIPE/IIaraeM apXUTEKTypy afalTUPyeMOoil HH(OPMALMOHHOM aHeNH, ONIpeaessieM OCHOBHBIC
XapaKTePUCTHKH TOJIb30BaTelicii WH()OpMAIMOHHOW TMAaHEIH YMHOTO TOpoJa M CO3JaeM MpPOTOTHI
aganTupyeMoil MHQOPMAIMOHHOHW TaHENW C KCIOJb30BAaHHEM METOJIOB, OPHUCHTHPOBAaHHBIX Ha
MOJIE30BaTEIICH.

KuroueBrbie ciioBa: I/IH(i)OpMaL[I/IOHHaSI NaHeJIb; BU3yaInu3alus I/IHq)OpMaL[I/II/I; YMHBI€ TOopoaa; aaantupyemast
CUCTCMa

s nurupoBanusi: Kontpepac-®durepoa B., Monrane-Xumenec JL.I'., Cenepo-I"apcus M., benurec-I'eppepo
9., Mesypa-T'onoit K. Pa3zpaboTka agantiupyemoli HHPOPMAIIMOHHON MaHEIH A YMHBIX TOpomoB. Tpymsl
WCII PAH, Tom 35, BeIm. 1, 2023 1., ctp. 7-24. DOI: 10.15514/ISPRAS-2023-35(1)-1

1. Introduction

Some cities are now called smart because of their ability to use information and communication
technologies (ICT) to improve the quality of life of citizens and the overall operation of the city [1,
2]. The smart city approach incorporates ICT in almost all aspects of daily life in an urban space.
Some areas that can take advantage of the integration of services and platforms are economy,
government, environment, housing, society, and mobility, to mention a few [3].

A key smart city technology is the dashboard. According to Few [4], dashboards are a visual display
of the most important information to support users to achieve one or more objectives in their daily
lives.

Visualizations in dashboards show in a visual way — through charts and maps — the information of
key performance indicators (KPIs). To be useful for decision-making, the visualizations of these
KPIs must be carefully designed and then selected for deployment [5].

To meet the demand for information, it is important to consider the characteristics of the users. New
forms of interaction can improve existing systems and create new platforms that contribute to the
development of different areas of a city. Some recent research on the development of smart city-
centric systems shows the importance of integrating the user into the development and deployment
process of these systems [6-8].

In the current development of dashboards for smart cities there is a tendency to focus on a single
user or a group with specific characteristics [9], which affects the deployment in cases where a user
who is outside the specific context seeks to use the dashboard for their benefit. Some authors [10-
12] have explored the different information needs of dashboard users and tried to approach the
problem from a user-centric perspective, which has led to the development of different dashboards
for different users.

Sharifig [13], through an analysis and description of information visualization using a flexible
dashboard, shows how users can create their own configurations focused on what they want to
visualize. This approach is a first attempt to make the interface adaptable to the user.

This research analyzes adaptable dashboards in the context of smart cities, identifies city
dashboards’ users, and proposes an adaptable dashboard and its architecture. This paper is an
extension of the paper originally presented at the 9th International Conference in Software
Engineering Research and Innovation (CONISOFT 2021) [14]. The paper is organized as follows.
Section 2 presents the methodology followed in carrying out the systematic review. Section 3
presents the quantitative and qualitative results of the review. Section 4 shows the proposed
component specification as a result of the previous work. Section 5 shows the development of the
interface and the user model. Section 6 shows the process carried out in evaluating the adaptable
dashboard prototype. Finally, Section 7 discusses conclusions and future work.

2. Research process

We have conducted a systematic literature review following the methodology for systematic reviews
developed by Kitchenham [15]. The research questions addressed by this study are:
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Q1. How is key performance indicator information represented within the visual components of a
dashboard?

Q2. What are the methodologies currently applied in the construction of dashboards?
Q3. What are the benefits of adaptability applied to dashboards?
Q4. What elements can be adapted within a smart city dashboard?

Based on the research questions and considering other terms obtained from previous research [16-
18, 9], we identified the following key words that are consistent with what is proposed to be found:
”Smart city”, “Adaptable dashboard”, ”Information visuali*ation”, and “Key performance
indicator”. Once the terms had been defined, they were used to create the search string (S1):

S1. ("Smart city” OR “adaptable dashboard”) AND
("Information visuali*ation” OR “key performance indicator”).

To carry out an orderly review and to find valuable results for the research questions, we used the
following selection criteria with which the works will have to comply to be considered:

e Inclusion:
o Aresearch carried out in retrospective of no more than five years.
o Aresearch carried out in the area of computer science.
e Exclusion:
o Technical and programmatic platform development work.
o Papers published in a language other than English.

In order to search the resources to answer the research questions, we used the queries in four research
databases: ACM Digital Library, IEEE Xplore, ScienceDirect, and SpringerLink. To extract the
relevant papers for the systematic literature review, we followed a four-stage procedure:

1) Application of inclusion and exclusion criteria within search engines.
2) Synthesis of initial results and organization of metadata.
3) The initial selection process of articles through their title and keywords.

4) Selection process of papers by analysis of their abstract and contributions.

P1. User profiling for
smart city dashboards

P2. Characteristics
of dashboards
P3. How information
visualization works
on a dashboard

P4, Architecture for Q Q
dashboards
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Fig. 1. Quantitative analysis of adaptability in dashboards
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3. Review results

3.1 Quantitative analysis

The results of the search in the databases gave total of 542 articles, of which 518 were excluded, and
24 were selected for analysis. Based on the 24 selected articles, we performed a quantitative analysis
of the problems and contributions identified in each paper through a bubble chart.

The quantitative analysis of the contributions on adaptability in dashboards for smart cities is
presented in Fig. 1. In this analysis, we identified that the greatest concentration of work is on how
information is visualized on a dashboard.

3.2 Qualitative analysis

Within the visualization field, dashboards are commonly applied to monitor what is happening in a
specific context so that people can interpret the visualization results and relate them to particular
goals [19].

Tong and Wu [20] summarize the six characteristics of city dashboards: recording, connectivity,
sensing, interaction, adaptation, and integration. Recording refers to saving city data. Adaptation
refers to the ability to customize data products and services based on needs.

Decision-makers can contrast the data through visual components (either static or real-time KPIs)
to make comparisons and inferences to improve city operations [21] [22].

One of the biggest challenges of dashboards for smart cities is to satisfy the different information
visualization needs of users to ensure that they are useful in their decision making [9].

In the current development of dashboards for smart cities, the aim is to provide the user with visual
representations of data that are part of several screens [23].

To learn how to integrate adaptability into dashboards, we will analyze the literature in the following
subsections. Each of the subsections corresponds to the answers to the research questions posed in
Section 2.

3.2.1 Data visualization for city dashboard

City dashboards collect data from the urban environment for its analysis and display. Today there
are multiple schemes (tools, frameworks, indices, indicators, and rankings) of urban data formed
with a hierarchical structure of urban data analysis, where each level is described by the results of
the previous level [24], [25].

Zdraveski [12] proposes a model with three scales of resolution or level of detail of the indicators:
temporal (annual, quarterly, monthly, weekly, daily, hourly, and real-time values); spatial (values
based on city, district, street, or GPS location); and human or population (values based on the city,
region, municipality, neighborhood, household, or person).

The dashboards technology tries to solve the information overload for users by using visual
components such as charts and tables to effectively communicate the city’s current state and
historical data to help identify patterns.

A recent survey [26] mentioned that it is vital for users of dashboards and smart city systems to
manipulate the information for their benefit. According to this study, there are three main types of
users: citizens, authorities, and communities.

A starting point to integrate the user in the information visualization process is to analyze how the
user will obtain information from the system. There are several ways to represent and classify the
information, Protopsaltis [19], and Peddoju [27] made a description of the most used charts in
information visualization based on the analysis and pattern of data of interest. Their work
concentrates on the main charts used when making decisions with a dashboard, as defined in Table
1, with univariate, bivariate, or multivariate variables. The charts are currently used in dashboards
to represent multiple data and provide additional information that allows users to interpret the data.
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Table. 1 Graphics used for the construction of dashboards

Data type Name Characteristics
Univariate Columns and bars [27] [19] | Measurement of a variable according to a metric.
Pie [27] Illustrate the proportion of the elements that make up a
whole.
Area [27] [19] To identify patterns between measurements of the
variable and make comparisons.
Bivariate Scatter plot [27] Visualization of information in 2 and 3D for
multidimensional analysis.
Heat map [27] [19] To show the spatial distribution of the variable on a map.
Line [27] [19] To explain functional dependencies between variables.
Multivariate | Circular area (radar) [19] Comparison of multiple variables and their behavior
among them
Stacked bars [19] Composition of data and categories that change over
time.
Bubbles [27] [19] Specify large dimensions of variables within the same
graphic.
Timelines [19] To understand the evolution of variables in relation to
time.

Maps are another dashboard visualization component that presents geographic information through
a digital representation of space, displaying location-related information [28, 29].

In addition to traditional charts and maps, specific visualization methods have been developed for
certain scenarios. Purahoo [30] used a way of representing the information employing a gauge chart
(speedometer-like chart) to represent the decibel level of the environmental sounds. Moustaka et al.
[31] proposed a display to show the relationships between the various dimensions of a smart city
through a model based on DNA structure. Another form in which the information can be represented
is a 3D model [32].

The use of different ways of representing information allows developers to adapt these components
according to what a user needs to achieve their goals. This representation also brings us to the
challenge of building a dashboard with adaptable features that consider the user to select relevant
information for their goals when viewing the dashboard and which tools it will display to promote
a good experience.

3.2.2 Construction of dashboards

The construction of the scorecard of the city of Trieste in Italy developed by Brunetto [33], detailed
analysis of its users and context. The dashboard was built considering the characteristics of the
people who use it and the impact it would have within the government in which they work.
Habibzadeh et al. [34] showed the characteristics for the construction of a smart city system in detail.
As a starting point, [34] considers seeing these systems as a set of five different planes: 1) of
application, I1) detection, I11) communication, 1V) data, and V) security. The model, despite being
robust, does not consider the user in the construction.

One way in which user characteristics are considered to improve a system is the process applied by
[28]. By using a three-dimensional design of the city and through data analysis with the Internet of
Things (10T) data, these systems provide crucial information to smart city dashboard end-users.
Vicuna [29] applied a visualization process focused on the improvement of transportation within the
city with transportation performance metrics (TPM), which consisted of applying steps for the
analysis of information and the visualization process.

Rolim et al. [35] proposed an architecture used to build dashboards focused on how the user can
comfortably interact with them. They use two architectures; the first is focused on constructing a
dashboard for the visualization of information. The second is a dashboard for developers where they
can modify and control the information on the visualization. Related to this, Chrysantina and lvar
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[36] in their work on user-focused dashboard design, mentioned some of the main issues to consider
when developing a user-focused (or user-designed) dashboard.

An important contribution identified from the review of the literature was the Dashboard Design
Guide developed by Few [16], in which he identified and described analogies to common problems
in dashboards. Few also present guidelines for positioning and arranging elements to avoid
overloading the user. The authors [36], [37] and [9], developed their research based on the
characteristics of this guide.

Regarding the construction of adaptable dashboards, it was identified in the works of Ergasheva et
al. [9], and Elshehaly et al. [37] similar steps in the process of building adaptable dashboards, so the
following procedure is proposed for their construction, it can be seen in the Fig. 2.

Define the list Use a dashboard Selecting the visual Selecting the Improve the

of potential KPls design guide component for each implementation dashboard
data type technology

Fig. 2. Procedure for dashboard construction

A fundamental part of applying methodologies to the development of dashboards is the possibility
of validation through testing. Dostal et al. [38] developed a method of evaluation for smart city
environments through models based on current and future information.

The literature review commonly mentions the process of building dashboards based on their
technology and the steps to achieve a final product that meets the characteristics of information
visualization. However, this only provides applied processes and patterns that, even though they
follow a standardization, are not studied with the end users.

3.2.3 Adaptability in dashboards

One feature of dashboard design that has been little explored and implemented is adaptability.

As mentioned in [9], the focus of current dashboards is a single person or a group of people who
will be using the system. Making it clear the need to incorporate adaptability into the dashboard
design to meet users’ needs, and in turn, improVve their decision-making based on the KPIs displayed
on their screen. For example, Ergasheva et al. [9] built its InnoMetrics platform focused on energy
efficiency, which adapts what is displayed on the screen according to the importance of an event
that requires a solution.

The most crucial feature identified in the literature review is integrating user needs and preferences
into the development of platforms related to information visualization, particularly dashboards for
smart city. It must meet their expectations and objectives to be helpful as a tool to improve their
quality of life and their interaction with their environment [39].

As mentioned by Han et al. [22], the creation of dashboards through user assistance tools to
personalize the components which will display all the information requires a classification of the
information to be subsequently displayed in a useful way to the user in its context. An efficient
dashboard is one that considers the needs of users to ensure that the viewing process is completed
smoothly [40].

Elshehaly et al. [37] developed a dashboard that actively involves the user during the whole process.
Since the tool allows the user to adapt the information displayed within the cards, users feel
comfortable visualizing what is necessary and can expand the information communicated through
their interaction with the system.
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The use of Nielsen heuristics [41] to develop a dashboard type system makes it possible to add
features that make it attractive for users in their context of use. Within smart cities, understanding
the needs of both the city and the users who are going to make decisions is crucial.

One of the primary benefits of adaptability in dashboard is to improve the quality of the information
to make decisions in a smart city. Information visualization helps to provide the information and
facilitates the work of local authorities and people interested in monitoring the city. As a result of
using visualization to achieve this, it is possible to build better opportunities for citizens and visitors
[42].

3.2.4 Adaptable dashboard elements

The first type of adaptability identified in the literature analyzed was the operation of a visualization
system. An example of this type of adaptability is shown in the document of Chan et al. [43], where
graphical elements display information from sensors in an organized manner, first using a data
analysis algorithm that provides an open standard for users to create compelling visualizations.
The creation of dashboards through user assistance tools to customize the components that will
display all the information requires a classification of the information to later display it in a useful
way to the user in context [22]. Smart city dashboards function as a constant monitoring system that
shows users information about their environment to help them make decisions [44].

According to Alves et al. [45], one way to adapt visual information is with zooming in and out on
different sets of time-based details, which allows the user to specify the period in which they want
to review the information.

In contrast, a particular way identified for adapting dashboards according to users and the context
of smart cities is the use of Domain Specific Language (DSL), which focuses on using specific
words and phrases with a syntax to make changes to the content displayed [46].

Silva et al. [47] identified that the number of KPIs used for smart city systems is relevant to modify
the way in which information is displayed in a logical and orderly manner, thus improving the
understanding of the information for the user. The organization of the KPIs information within a
smart city system is an important feature that can be adaptable [47]. Silva et al. [47] proposed a
structure that organizes the system elements involved in the information organization, from the
document’s structure. Following this same idea, Limon et al. [42], through an analysis based on the
construction of smart cities, identified the critical parts when designing a platform focused on
information visualization. This model seeks to improve the construction of web platforms by using
a software engineering model [48]. Other factors identified previously in the literature as relevant
components of an adaptable dashboard are: dashboard design guidelines [16] and the importance of
integrating users and their information within the process [9] [35] [34]. Based on identified adaptable
dashboard elements, we present the specification of components and an architectural proposal for
an adaptable dashboard in the following section.

4. Structure of adaptable dashboard

Adaptable dashboards can be customized to present data according to the user knowledge to tailor
what is being communicated. Therefore, adaptability characteristics in dashboards can enhance the
user’s data understanding and use of available information [18]. Based on the literature review and
the model of [42], we identified elements that had not been previously considered such as design
guidelines, user information for the construction of the dashboard, and a personalized selection of
key performance indicators.

Smart city features are another component that is considered when designing adaptable dashboards.
This information can be collected through sensors and databases. Subsequently, the selection of the
KPIs used to display the information through visual components is made. We suggest building the
visual components using the recommendations of the dashboard design guide developed by Few
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[16]. And finally, to build the dashboard, we will use user preferences and interaction to adapt the
dashboard interface.

We develop a functional architecture to show the internal structure of an adaptable dashboard (see
Fig 3). Its parts will be described in the following sections to understand the adaptable dashboard
proposal.

(«d]]
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Adaptation :
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Fig. 3. Adaptable dashboard architecture

4.1 Users

The dashboard users can interact with the visualizations to select, filter, and adjust the components
to change their shape and size. In this type of platform, it is necessary to consider the number of
components and avoid information overload.

The number of components, the amount of information, and the way in which data are represented
are elements that users unconsciously use to understand and use the dashboard visualizations [23].
Ivanov [49] mention the priorities of the users organized in the following way: performance
monitoring, planning, communication, and consistency of data management.

The authors Ivanov [49] and Young [50] define three main types of users for the dashboards, 1)
Operational, 2) Analysts or managers and 3) Experts or executives. The three types of users analyzed
will be considered for the dashboard.

Each dashboard user must use the information with the minimum effort to make a quick decision;
thus, this information must be eye-catching and interactive to be meaningful and of constant use
[49].

4.2 Smart city data

The dashboard for smart city is constructed in a way that its internal elements can constantly operate
through data from sensors and databases. Some existing public databases pertain to specific
countries or cities; however, these data are only available to the citizens through files or application
programming interfaces [51, 52]. For example, in Mexico, an information transparency portal has
been in place since 2018 that provides data files that are constantly updated to collect and display
information for systems that support the work of the government [53].

The source of the data is relevant because it defines the way in which it will be used in the
construction of visual representations. Current web platforms use sockets to transmit information in
real time, while some others use databases that are constantly updated from automated systems.
For the adaptable dashboard prototype, the Thingsboard [54] platform was selected, this platform
consists of a web-based system focused on the control and deployment of dashboards for smart
cities.
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4.3 Adaptation

A system is called adaptable if it provides the user with tools that allow the user to change the
characteristics of the system. Its objective is to provide the user with facilities to adapt the system to
his personal tasks and needs. Control of the adaptation is given to the user, who must initiate the
adaptation and use it [55].

Adaptable dashboards enable the selection of the most appropriate metrics and use them in a
structured way. In this way, by adapting the interface to the user interaction, relevant information
for each user is displayed when needed [56]. These adaptability features are implemented in a
general dashboard interface to transform the way data is displayed and improve users’ decision-
making.

Familiarity can be generated in the user, reducing information overload, and allowing them to
interact in a precise and easy way. Among the adaptable components that will be considered are: 1)
Customization, 2) Zoom, 3) Colors, sizes and positions of the components, 4) Emphasize relevant
information and 5) Make components simultaneously comparable [23].

Adaptability in dashboards enhances the display of information with an interactive mechanism that
allows users to select the information to be displayed on their interface. In the dashboards already
generated, adaptability allows the user to specify the information and the way it is presented within
the graphical interface.

5. Adaptable dashboard development

As a starting point for designing adaptability within the dashboard, we considered the contributions
of Strugar [56] and Young [50]. In their work, they mention that there is a set of key questions to
consider in the design of a dashboard:

1) What metrics does the user need to visualize?
2) What context does each metric require to be meaningful?
3) Which visual representation best communicates the metric?

The answers to the guiding questions were defined to have a first draft of what the system and the
organization of the information within the dashboard deployment will be.

The first thing to do is to install the Thingsboard platform in a controlled local environment to define
the features used for its creation and deployment on a personal computer, as shown in Table 2.

Table 2. Implementation technologies

Technology Version

Operating system | Linux Ubuntu 20.04.3
Data base PostgresSQL 12.9
Java JDK OpenJDK 11.0.13
Thingsboard Realease 3.3.2

The details for the construction of the dashboard will be defined in the following sections. Each
section answers the guiding questions posed above, the selected metrics, the type of user considered,
the visual representation of the metrics, and the context to be used to classify the indicators
employed.

5.1 Metrics for the user

Being a dashboard for smart cities, the metrics have a common context which is focused on
improving processes and services within the city, however, the context of each of them changes
according to what is required to show the user specifically. The scope of application of metrics
according to the case study of the research project is focused on smart cities [57]. According to the
classifications of Alvarado [58], Borjaz [2], Estrada [59], Bosh [60], Cohen[61] and Sharifi [25] the
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following categories are defined for the development of the adaptable dashboard: 1) Economy, 2)
People, 3) Government, 4) Environment, 5) Living, 6) Mobility and 7) Data.

To perform the analysis of the performance indicators and whether they will be useful for the users

of the smart city dashboard,
relevant user characteristics
Personal data, 4) User’s mo

we used the user-centered design tool called personas. Fig. 4 shows the
of this instrument: 1) Demographic data, 2) Technology-related data, 3)
tivation.

Context

Objective

sl

Scenano Charactoristics

Fig. 4. Instrument Personas

The second instrument used was the empathy mapping tool (see Fig. 5). This map makes it possible
to identify some interactions and experiences that users have when using the dashboard. It consists
of four segments in which data is aggregated regarding what they think and feel, hear, see, say and
do, and, finally, what are their pains and needs.

itk dupls appt e g st
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Fig. 5. Empathy map

5.2 Visual representation of metrics

The tool selected for the dashboard has a pre-established set of charts that can be used for the
construction. Some of the charts mentioned in the section IV are mentioned here, and new charts
belonging to the tool have been added 1) Last-value charts, 2) Time series, 3) Remote controls, 4)
Alarms, 5) Maps with position indicators, 6) Gauge plots, 7) Digital calendars and 8) Customizable

graphics.
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5.3 Dashboard design

The adaptable dashboard interface design (see Fig. 6) follows the style of the thingsboard platform.
It has a side menu where users can select the section of the system where they want to be located, it
has a home section where the recently consulted information is shown, a section to visualize their
configured dashboards, an information section where they can generate information reports, they
can consult the information sources and the data with which the system is being fed, and it has a
gallery of components to modify the parameters of the used visualization. In addition, there is a
configuration section that allows you to change the way the graphical interface looks as well as
colors and font sizes.
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Fig. 6 Adaptable dashboard

The first image (see Fig. 6a) shows a configuration screen where users can select the different areas
of interest with which they will interact. The general categories are represented as larger bubbles,
while some subcategories and derived indicators are the smaller bubbles. This screen will serve as a
starting point for users to select information relevant to them, from which a dashboard specific to
their selection will be built. This interface complies with Raymond’s usability rules [62] by making
the selection of items limited to a number and with a consistent response to the user’s actions.
Figure 6b corresponds to the main dashboard menu. In this screen the user can switch between the
different sections of the platform: dashboards, information, sources, gallery, and configuration. In
the internal screen of the dashboard, the user can interact with the charts to modify their size and
position; each of the charts is inside its widget, which shows information related to the data. At the
bottom is the mechanism to adapt the interface, which is a drop-down component to avoid
influencing the interaction with the data.

Finally, the fourth image shows the mechanism whereby the user will be able to modify the
information that is currently on the screen. The category selector allows the user to focus his
attention on a single type of information and, at the same time, to display more related information
without having to use a search engine.

6. Dashboard evaluation

The objective of the evaluation was to gather information on the interaction and user experience of
the adaptable dashboard for smart cities through tests with users.

As part of the evaluation, the prototype shown in the previous section was used to obtain feedback
on the design and use of the adaptable dashboard mechanism. Specifically, we sought to evaluate if
the component that adapts the interface with the labels (see Fig. 6d) is perceived as comfortable and
easy to use.

Since the perception of the information for each user may vary, we used questionnaires to gather
user feedback on different aspects of the prototype, so that they could make comments that would
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help improve the dashboard. We selected the post-task Single Ease Questionnaire (SEQ) [63] to
obtain feedback on specific tasks with the user interface, it has 1 question for each activity carried
out with a scale of 1 to 7, in addition, three questions were added to collect user context information.
We additionally used the post-study System Usability Scale (SUS) [64] questionnaire to obtain user
feedback on the use of the prototype, it has 10 questions with a scale of 1 to 5. Both questionnaires
complete a total of 16 questions in total. These questionnaires were selected because they have been
used to evaluate dashboard interfaces in different fields of study [65-68]. Sauro [69] defines the
reliability of the questionnaires used.

The tasks that users had to complete are:

1) Create a new dashboard;

2) Enter a dashboard to view your charts;

3) Configure transport and energy charts in the dashboard.

In total, the evaluations were estimated to last a total of 10 minutes for each user to provide sufficient
time for them to comment on the design and experience of using the prototype.

6.1 Participants and process

Four people participated in the dashboard test. Each of them lives within a city in the process of
developing to be smart (Mexico City) [1]. Because they are in different locations, remote testing
was conducted via video calls.

Users were asked to connect through videoconferencing software in which they were able to share
their camera and screen. The first step of the testing was to provide the user with the research context,
explaining what a dashboard is and its application in multiple areas. Then, the user was explained
the testing procedure.

Subsequently, the user was informed of the letter of consent in which he/she agrees to the recording
of the session and is notified that the data will be used privately for research purposes. A total of 3
links were provided to the user, the first was a form in which the user agreed to participate in the
tests. The second was the link to the SEQ and SUS questionnaires (divided by pages), and the third
was the dashboard prototype accessible via the web.

The environment for the test was set up when the user logged into the video call. We started by
turning on his camera, verifying that when sharing the screen, he could share only the dashboard
window and that he could access the Internet to view the questionnaires and the dashboard.

The test was controlled by segmenting the entire session into 15-minute slots, which allocated 10
minutes for testing and 5 minutes for collecting feedback and having a backup space for the next
participant.

6.2 Evaluation results

The results of the SEQ questionnaire are shown in Table 3. The results obtained are divided by the
average, median, success rate, error rate, and average score obtained in the SEQ questionnaires.

Table 3. SEQ questionnaire results

Activity | Average | Median | Success rate | Error rate AVG score
1 64.33 58 75% 15% 4.25

2 22.33 18.5 100% 0% 7

3 23.33 20 100% 0% 6.25

AVG 36.66 32.16 91.6% 8.4% 5.83

The first result of interest is the time it took the users to complete activity 1 (creating a new
dashboard). Besides being the one that took the longest time (64.3 seconds), this activity is the only
task with a 75% success rate because one user was unable to complete the activity. We can also see
this effect reflected in the median column, which for activity 1 was 58 seconds. Regarding the rating
of the activity, the average was considerably low with a total of 4.25 being the maximum 7. This
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means, in conjunction with the time obtained, that the task was complex to understand and that users
have difficulties in configuring a new dashboard from the main interface.

Even though task 1 had a low result, tasks 2 and 3 had 100% success rate, each of them with a similar
average time (22.3 and 23.3 seconds). The most notable difference between these two tasks lies in
the rating obtained, task 2 (entering a dashboard) obtained a rating of 7, indicating that it is a simple
task to perform and that there was no problem at all, while task 3 (configuring charts in the
dashboard) obtained a rating of 6.25, where users considered it a little more difficult to perform.
Finally, the overall rating of the dashboard prototype was 5.83, which indicates that there are still
features that can be improved to give users a better experience when using the platform, these
features fall mostly on the method of creating a new dashboard and the label system that adapts the
interface.

Moreover, Table 4 presents the SUS evaluation results divided by user. The table shows both the
values of the total sums of each questionnaire and the score obtained on a scale from 0 to 100.

Table 4. SUS questionnaire results

User Sum of ratings | SUS Rating
1 35 87.5

2 30 75

3 33 82.5

4 29 72.5
Overall rating 79.37

In the ratings of this instrument, the lowest rating corresponds to user 4 with a value of 72.5 followed
by user 2 with 75. In contrast, users 1 and 3 rated the usability of the dashboard with a higher value
(87.5 and 82.5). This indicates that the opinions of the different users can tell us which parts of the
system meet their objectives and which parts need to be corrected.

Despite rating differences, the overall grade of 79.37 is in an acceptable range according to the
interpretation of the results developed by [70], specifically, the value corresponds to a grade of ’C’,
where a value lower than 60 is an F, between 60 and 69 to D, between 70 and 79 to C, between 80
and 89 to B and higher than 90 is an A.

The result obtained, being right in the middle of the classification with the letter C, indicates that
there are still factors that can be improved for users enjoy interacting with the system, making it
useful and easy to use. In the answers of this questionnaire, we were able to analyze that both the
way of creating dashboards and the functionality of adaptation by tags is functional to the user, but
there are sections that, with the changes suggested by them, will improve the way in which the
usability of the adaptable dashboard for smart cities is perceived.

Once the results of the questionnaires have been analyzed, it is important to mention the main
comments made by users about the design and functionality of the prototype dashboard.

Feedback from users is valuable because it will serve as a basis to understand what is happening
with the dashboard and for further studies to improve the functionalities and aspects of the user
interface.

7. Conclusions and future work

This paper presents the results of a systematic review of the literature on information visualization
in adaptable dashboards. We used the methodology proposed by [15] for the elaboration of literature
reviews, setting out a search strategy that starts with the research questions. We used a search string
in digital databases to obtain a total of 24 relevant articles used to answer the research questions
posed. In addition, using the information related to adaptability, a proposal for component
specification was built for later use in the design of an adaptable dashboard. We used the user-
centered tools personas and empathy map to know the characteristics of the user and then propose
and evaluate the design of the interface that will allow adapting the dashboard for smart city. The
evaluation was carried out with 4 users with a total of 3 tasks. It was carried out using 2 evaluation
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instruments: SEQ and SUS. The results obtained for the SEQ questionnaire is a total of 5.83 points
out of 7. The results of the SUS questionnaire gave a value of 79.37 being in an acceptable rating.
As future work, user feedback must be addressed in both the design and development of the
dashboard to improve the user experience. Furthermore, once a refined design has been obtained, it
is necessary to put it into practice in a real environment.
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