D6.2 Visualisation Tools for
Simulation and Scenario Analysis
Project acronym:
Project title:
Grant Agreement number:
Funding Scheme:
Project start date / Duration:
Call Topic:
Project web-site:
Deliverable:
Issue
Date
Status

INSIGHT
Innovative Policy Modelling and Governance Tools for Sustainable Post-Crisis
Urban Development
611307
Collaborative project
01 Oct 2013 / 36 months
FP7.ICT.2013-10
http://www.insight-fp7.eu/
D6.2 Visualisation Tools for Simulation and Scenario Analysis
1
30/09/2016
Approved

Dissemination Level:

Public

D6.2 Visualisation Tools for Simulation and Scenario Analysis
Issue 1

Authoring and Approval
Prepared by
Name & Affiliation

Position

Date

Luca Piovano

CeDInt Researcher

23/09/2016

Francisco Luque Oostrom

CeDInt Researcher

23/09/2016

Héctor Muñoz

CeDInt Researcher

23/09/2016

Reviewed by
Name & Affiliation

Position

Date

Ricardo Herranz (Nommon)

Scientific/Technical Coordinator

30/09/2016

Iris Galloso (Nommon)

Management Coordinator

30/09/2016

Approved for submission to the European Commission by
Name & Affiliation

Position

Ricardo Herranz (Nommon)

Scientific/Technical Coordinator

30/09/2016

Iris Galloso (Nommon)

Management Coordinator

30/09/2016

© INSIGHT Consortium

Date

Page 2 of 33

D6.2 Visualisation Tools for Simulation and Scenario Analysis
Issue 1

Record of Revisions
Edition

Date

Description/Changes

Issue 1 Draft 1

05/08/2016

Preliminary structure and first draft of the document

Issue 1 Draft 2

23/09/2016

Revised version of the document following the internal review of the
Issue 1 Draft 1

Issue 1

30/09/2016

Minor editorial corrections and approval for delivery to the EC

© INSIGHT Consortium

Page 3 of 33

D6.2 Visualisation Tools for Simulation and Scenario Analysis
Issue 1

Table of Contents
EXECUTIVE SUMMARY ........................................................................................................................... 5
1.

INTRODUCTION ............................................................................................................................ 6

2.

THE POLICY CONFIGURATION TOOL .............................................................................................. 8
2.1.

WELCOME SCREEN .................................................................................................................................. 8

2.2.

USER LOGIN ........................................................................................................................................... 8

2.3.

CONFIGURATION INTERFACE FOR POLICIES LOADING ...................................................................................... 9

3.

VISUALISATION TOOLS FOR POLICY CENTRED ANALYSIS .............................................................. 11
3.1.

MAIN TITLE BAR ....................................................................................................................................12

3.2.

POLICY INDICATOR SIDEBAR.....................................................................................................................13

3.3.

MAP EXPLORATION PANEL ......................................................................................................................15

3.3.1

One-dimensional choropleth map exploration............................................................................17

3.3.2

Exploration of a policy indicator representing data of single regions .........................................19

3.3.2.1

Tooltip information .................................................................................................................... 20

3.3.2.2

Filtering....................................................................................................................................... 20

3.3.2.3

Comparison between group of regions ...................................................................................... 22

3.3.3

3.3.3.1

Tooltip information .................................................................................................................... 23

3.3.3.2

Filtering....................................................................................................................................... 24

3.3.3.3

Comparison between groups of regions .................................................................................... 25

3.3.4
3.4.

Comparison of a policy indicator for two policy alternatives ......................................................25

TEMPORAL LINE-CHART PANEL.................................................................................................................26

3.4.1

Line-chart type selection..............................................................................................................27

3.4.2

Temporal ‘raw data’ analysis of a policy indicator ......................................................................28

3.4.2.1

Tooltip information .................................................................................................................... 28

3.4.2.2

Filtering....................................................................................................................................... 29

3.4.2.3

Interaction with the map panel .................................................................................................. 29

3.4.3
3.5.
4.

Exploration of a policy indicator representing flows ...................................................................23

Temporal ‘difference’ analysis of a policy indicator ....................................................................30

POLYGONAL SCATTERPLOT PANEL .............................................................................................................31
CONCLUSIONS ............................................................................................................................ 33

© INSIGHT Consortium

Page 4 of 33

D6.2 Visualisation Tools for Simulation and Scenario Analysis
Issue 1

Executive Summary
This document describes the visualisation tools supporting simulation and scenario analysis developed in
WP6.2. The set of interactive tools and charts presented here are intended to be used as part of a policyoriented, web-based dashboard to support decision makers and other interested stakeholders during the
policy assessment process. Particular emphasis is given to the description of the tools and functionalities
from the user perspective side, as an aid to the analysis and understanding of the results of the urban policy
scenarios generated in the project.
The platform has been built by taking into account the functional requirements, the architectural
organisation and the main functionalities outlined in D6.1 Visual ecosystem Technical Specification and
Design. A thorough description of the interactive features, graphical components, and charts’ capabilities
and scope will guide the reader to the operational use of the visualisation dashboard. In particular, we
describe how to take advantage of the different components to extract useful information from the
simulation data visualised in the interactive environment and perform analysis about specific policy issues.
More specifically, the visualisation platform is able to help users to reason about geographical patterns,
temporal trends, relations in the multi-dimensional indicators space, and comparisons between different
formulations.
The implementation of the components of the interactive dashboard could be further extended in future
releases of the visualisation platform. Possible improvements may include new, existing chart-related
functionalities (e.g., filters specifically designed for the polygonal scatterplot; zoom in and out tools to
improve the readability of the line-chart) as well the introduction of new tools / charts supporting further
scenarios analysis and/or user requirements (e.g., chord diagrams for flows analysis; representation of
different statistical metrics embedded into the charts themselves; generation of reports).

© INSIGHT Consortium
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1. Introduction
The present document describes the main functionalities of the different components that comprise the
INSIGHT visualisation platform. The common and ultimate goal of these tools is to support decision makers
in the analysis, interpretation and presentation of results in the context of a model-based policy planning
process. More concretely, its aim is to give to the user the right means to support simulation and scenario
analysis and extract relevant insights and knowledge from the visual representation of indicator data.
Throughout this document, we present the different components of the dashboard according to their main
functionalities, analysis purposes, and operational usage. The idea is to illustrate their usefulness in the
support of the analyst’s workflow, from the environment configuration step till the accomplishment of more
specific analysis tasks. From a practical point of view, the work presented in the following sections is
concretely the implementation of the requirements and design principles detailed in D6.1 – Visual Ecosystem
Technical Specification and Design.
The charts and interactive functionalities focus on very specific features of the data under analysis. As standalone graphics, they could just reveal a partial point of view; put in a wider and collaborative context (e.g. by
link-and-brushing techniques), the potential to reveal useful information about the different policy
formulations increases to a greater extent. The strength of the interactive dashboard is therefore based on
its ability to connect the different perspectives covered by every single component to foster the analytical
reasoning of its users and provide a comprehensive and coherent reconstruction of the picture described by
the simulation data. Since the interactive charts are directed to users, the human perspective has been
carefully addressed too. To design a user-friendly set of tools, aspects such as easiness of use, clarity of
presentation, and perception-based design have been taken into account throughout the whole
implementation phase1.
The data features covered with the INSIGHT platform are mainly related to the exploration of geographical
patterns, the analysis of temporal evolutions and the characterisation of policies in the multi-dimensional
space defined by the different indicators. The choice of these features was mainly due to look for some
common aspects across the heterogeneous set of simulator outputs to deal with. Therefore, the main charts
at user’s disposal comprise choropleth maps, line-charts and polygonal scatterplots. Other graphical
interfaces and elements are described to complement the information displayed in the charts. For instance,
filters are used to retain only the relevant information according to both the user’s judgement and task to
accomplish, making the exploration more focused on the relevant subset of data; tooltips and tables provide
more numerical information on user’s demand; time panels allow to move back and forth across the period
of simulation as well as aggregate larger time periods. Concerning the analysis capabilities of the dashboard,
the aim is twofold: first, it has been conceived to investigate the effects of a single policy across the urban
territory under analysis; then, it allows the comparisons of the impacts between different policy alternatives.

1

The aspects covered here in this document, however, are more focused on the description of the component
functionalities and how to use them in the context of the analysis of policy alternatives. A more detailed research
centred on testing how human factors are involved in the use and perception of our platform will be addressed as a
future research line.

© INSIGHT Consortium
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This duality in the analysis is reflected on the flexibility of the graphical interfaces to adapt their contents and
functionalities to the analyst’s needs.
Several relationships have been established with other WPs of the project to accomplish with the specific
vision outlined so far. In particular:






The tools described in this document are fed by the heterogeneous data outputs generated by the
urban simulators developed in WP5. Also, the interface layout and presentation of results have been
conceived to ensure a suitable analysis of the policy questions tackled by the case studies defined in
WP7.
The visualisation platform and in particular the implemented workflow, has been inspired also by the
policy planning process, the analysis of the use of urban models in policy making and the
methodology for impact assessment defined in WP2.
Finally, the outcomes of the user evaluation conducted in WP3 have contributed to define the
definitive look-and-feel of the platform and its components and to identify the most suitable
techniques to be used in order to tackle the specific case studies defined by INSIGHT.

This deliverable is structured as follows:
-

-

-

Chapter 1 summarises the objectives, approach and scope that frame the development of the
INSIGHT visualisation platform. It also describes the most relevant interactions of this activity with
other tasks in the project;
Chapter 2 describes the visualisation platform configuration tool, aimed to guide the user in the
initial steps of the analysis process as well as to set up the framework and prepare policy data to be
analysed;
Chapter 3 focuses on the description of the different tools, techniques and graphics that have been
implemented to support policy formulation and impact assessment;
Chapter 4 discusses conclusions and lessons learnt during the implementation phase of the
INSIGHT visualisation platform.

© INSIGHT Consortium
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2. The Policy Configuration Tool
The workflow to configure the visualisation platform has been divided into three differentiated parts/steps. These
are in order of appearance: the welcome screen; the analysis approach selection; and the policy loading. The first
and second steps are invariant regardless of previous selections already made by the users (in terms of
information and location of the interface components).
Throughout the configuration workflow, a graphic with three icons located at the upper part of the main content
window illustrates the current ‘active’ step (also highlighted at the left navigation bar as shown in the next figure).

Figure 1 – Navigation bar (left) and graphic (right) representing the current “active” step in the configuration
process

2.1. Welcome screen
The first screen when accessing the visualisation platform is the ‘Welcome Screen’. The user is presented with
the main dashboard layout and the different sections that make up the web application. These are the title bar;
the left side navigation bar; and the main content window. In the main content window, an introductory text
summarises the general context of the project and overall objectives.
To proceed with the configuration, the user should press the ‘Next’ button located at the bottom part of the main
content window. During the configuration phase, it is always possible to go back and forth using these navigation
buttons. Besides, the user can always go back to the welcome screen by pressing the corresponding button
located at the right corner of the main title bar.

2.2. User login
The second step consists in identifying the user who wants to access the visualisation platform. The
authentication process requires the user to provide his / her credentials in the form of a unique pair username password and to submit it through the ‘Sign in’ button. Figure 2 shows the interface for such login procedure.
The user is allowed to continue on the platform whether the submitted credentials match an entry in the user
registration database. In case of rejection, a suitable message will inform the user about the failed attempt. On
the other hand, a successful login will start a new user session and lead the user to the next screen for configuring
the platform (see Section 2.3).

© INSIGHT Consortium
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Figure 2 – Login window

2.3. Configuration interface for policies loading
The final step in the configuration workflow presents the user with a set of multiple-selectors and lists intended
to filter the policy alternatives and indicators according to the analyst’s considerations and to the objectives
pursued. In this sense, the components are cross-linked so that options previously checked in any of them will
determine and filter further possibilities. The workflow followed is illustrated in Figure 3.

Figure 3 – Workflow of the INSIGHT visualisation platform
First the user is required to select one of the cities involved in the project. Then, a list with all the policies available
for that city (i.e. uploaded to the visualisation platform database) is shown, as presented in Figure 4.

Figure 4 – Selectors for city (left) and policy alternatives (right)

© INSIGHT Consortium
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The last dropdown menu in Figure 4 is organised as a nested list: the first level deals with the policy subject (e.g.
cordon tolls, re-densification, or teleworking), while the indented, second level lists the possible alternatives
available for a given policy. At this point, the user is asked to select some entry from the list. It is worth to mention
that multiple alternative choices are allowed, even spanning across different policy topics.
After the previous selection, another menu is prompted for the choice of the policy indicators to be loaded into
the interactive dashboard since the beginning. This menu is depicted in Figure 5 and allows the user to select a
set of categorical variables (or input indicators) that characterise each of the alternatives. By default, all the
indicators are selected to be loaded. However, either for a sake of bandwidth saving and speed performances or
for analyst goals and judgement, it is possible to limit the choice to a subset of them. Users interested into a
description of the different categorical variables can find a concise explanation in Section 4 of D6.1. More detailed
discussions are provided in deliverables of WP5 and WP7.

Figure 5 – Policy indicators list
After selecting a set of indicators and pressing the ‘Go to Dashboard’ button the configuration phase is finished
and the inputs selected are loaded to proceed with the analysis. These help to speed up the processing and at
the same time reduce the memory necessary to run the web application. Nevertheless, the user may load at any
time an unselected indicator by a convenient option available in the dashboard left navigation bar.

© INSIGHT Consortium
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3. Visualisation Tools for Policy Centred Analysis
When the selection of policy alternatives and related indicators has been completed, the visualization platform
shows the main dashboard screen. The general layout of the user interface for the policy centred analysis presents
the geographical layer of current city of study as well as the policy alternatives and indicators loaded during the
configuration phase (left side bar of the screen as shown in Figure 6). The next figure shows all the components
involved in the dashboard.

1
3

5

2

4

Figure 6 – Layout of the visualisation dashboard for policy centred analysis
From the previous screenshot it can be distinguished the following dashboard components:
1.
2.
3.
4.
5.

Main title bar
Policy indicator sidebar
Map exploration panel
Temporal line-chart panel
Polygonal scatterplot panel

© INSIGHT Consortium
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3.1. Main title bar
The main title bar is located at the uppermost part of the screen, spanning the entire width of the window. To
the left of the title bar, we can distinguish two elements (see Figure 7): the logo of the INSIGHT project and the
left side bar collapse button. The first is a web link to redirect the user to the project web page while the second
allows collapsing the left side bar in a more compact way thus extending the visualisation area of the dashboard
as shown in the next figure.

Figure 7 – The policy indicator side bar in its default size (left) and collapsed (right)
On the other hand, the right corner of the title bar contains a set of buttons to configure general functionalities
of the platform. In this sense, from left to right we can interact in the following way:
Table 1 – Set of buttons at the right side of the main title bar appearing from left to right
Button

© INSIGHT Consortium

Name

Description

Go back

It enables the user to return to the welcome screen of the
configuration tool

Help

Access or download the visualisation platform manual

Logout

Finish the working session and close the dashboard
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3.2. Policy indicator sidebar
The policy indicator sidebar allows the user to manipulate and interact with data through a set of filters, selectors
and options, which are dynamically configured to deal with the specific policy alternatives and indicators under
analysis. These are grouped according to their policy issue in different sections using a rectangular frame
(coloured in grey as shown in Figure 7). Furthermore, the sidebar includes a separate section for each of the policy
issues to collect all the different alternatives that have been pre-uploaded through the configuration tool.
Table 2 describes the four sections differentiated in the sidebar. As a matter of general design, a number
contained in a blue box indicates the count of active checked options. At the same time, a couple of buttons are
used to apply filters on data. In particular, the green button labelled as ‘Apply new’ is activated whenever a change
in the corresponding filter section is detected: by pressing it, all the changes in filtering are applied
simultaneously. The orange, ‘Restore’ button is used instead to undo the last change in filtering and recover the
situation up to the latest filtering action state.
Table 2 – Sections and components in the policy indicator sidebar. For a graphical reference, see Figure 8
Sidebar element

Geographical zone filters

Description
This component groups those filters related to the geographical division
of the city of study, which can be either political-administrative zones or
any other area of interest for the specific policy analysis. Using these
filters the user can select the specific (group of) zones to be considered
in the analysis. In Figure 8, this corresponds to the section bordered in
fuchsia.
Interaction with these elements will affect the rest of the components in
real time so that the changes can be perceived by the analyst. For
instance, if the user unchecks the ‘Between’ option for the ‘Position
relative to M30’ filter, those zones crossed by the M30 highway ring will
not be rendered in the charts (e.g. the zones are not coloured in the
map)

Policy issue title

This is the policy topic name that groups the loaded alternatives /
indicators contained within this section. In Figure 8, this is shown in red.
More titles can be present according to the number of policies loaded.

Policy alternatives loader

It shows the alternatives selected (e.g. using the configuration tool), as
well as any other that could be included afterwards during the analysis.
In the example shown in Figure 8 (green frame), the 'Loaded alternatives'
heading says that there are two alternatives currently under analysis,
while one is kept outside the analysis environment, as stated by the
'Other alternatives' heading. Users can load or detach any alternative at
any time. When more than an alternative is loaded, policy comparison
functionalities are activated.

Policy indicators filters

Initially, this part contains all the indicators that have been pre-loaded
using the configuration tool. For each indicator, the different types of

© INSIGHT Consortium
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filters available are grouped into categories according to the data they
refer to. Using these filters, the user can select the specific data to be
considered for calculations.
According to the type of indicator, different aggregation options can be
selected. For instance, flow-type indicators can be aggregated by origin
or destination. Furthermore, additional indicators can be uploaded (i.e.
from the list of 'Other indicators' available) or removed (i.e. using the
‘Unload indicator’ option) anytime.
In Figure 8, this section is highlighted in light blue.

Figure 8 – The sidebar with its components and sections highlighted. Please, refer to Table 2 for their description.
© INSIGHT Consortium
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3.3. Map exploration panel
At the upper left part of the main content window, a map layer is presented representing the current city under
analysis. By default, all regions appear shaded in grey until the user loads a policy indicator using the selectors at
the top part of the panel. Figure 9 shows the different parts represented in the map panel when the dashboard
is loaded:

2
1

3

Figure 9 – Map panel default representation for the city of Madrid
Referring to the figure indexing, the components that enable the user interaction are the following:
1. Main interaction tools. These set of buttons and tools allows the user to interact with the map so that
the visualisation adapts to his/her needs at any time. In the following table it has been summarised the
main functionalities:
Table 3 – Description of the map panel interaction tools
Tool
element

Name

Map
configuration
button

© INSIGHT Consortium

Description

When selecting this option, a dialog box appears with a twofold functionality
(these possibilities may not be active depending on the current state of the
analysis):
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- When dealing with flow indicators, it lets the user to choose the type of
region interaction, either by selecting ‘origins’ or ‘destinations’.
- When more than one policy alternative has been loaded to the platform, a
selector enables the user to represent a choropleth comparison with the
current map alternative (by using the indicator selectors).
Search zone
button

This search zone button is a tool to quickly look up any region on the map by
writing its zone ID. The zone appears highlighted and a tooltip is shown to
describe the data and layer information.

Map zoom
buttons

It enables to change the level of zoom in and out to see regions with more
detail or get a general comparison overview respectively.

Erase selection
button

When selecting regions on the map, the analyst may reset the current selection
more efficiently with this option. Otherwise, he would have to deselect them
one by one on the map.

Centre map
button

This option lets the user to reset the map view at any time to cover all regions
of the current selected city.

Show/Hide
background layer
button

By clicking this button, the background geographical context layer is hindered
or shown. This way, the transparency of the map is removed to have a clearer
view of the colour divergence on the region layers.

Show/Hide
additional layers
button

By hovering over this button, a dialog box shows the available internet map
providers to be used as a background geographical layer. Besides, depending
on the current policy alternative being represented on the map, a list with
possible interesting overlay layers is shown. Generally, these overlay layers are
related to the zone filters at the left side bar

2. Indicator loading selectors. The loading of policy indicators to be represented on the map is a three step
configuration process in which the user has to select at least one option in each of the drop-down selector
lists located at the upper part of the panel (see next table). By default, each step is made active only when
a valid number of options have been selected in the previous steps.
Table 4 – Description of the drop-down list selectors to load a policy indicator
Indicator loading selector

Available options
One-dimensional analysis
- Choropleth map: activates the exploration of one nondirectional policy indicator representing data of regions
- Flow choropleth map: activates the exploration of one policy
indicator representing directional data between two regions.
Depending on the type of analysis selected in the previous step,
this selector shows a list with all the available policy alternatives

© INSIGHT Consortium
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that include valid indicators. For a ‘one variable dimensional
analysis’, only one policy alternative can be selected using this list.
Otherwise, the user can choose either one (to select two indicators
of the same alternative) or two alternatives.
In the final step of the policy indicator loading process, the third
selector lists all the suitable policy indicators that can be analysed
with the current configuration (type of analysis and selected policy
alternatives). Depending on the type of analysis, the user will have
to select one or two indicators under any of the policy alternatives
to proceed with the map exploration.
3. Main exploration map. This component extends to all directions of the panel to cover the available space.
Before having loaded the policy indicators, it only presents the current city with all the available regions
painted in grey. In this state, the user can interact with the regions by moving the mouse over (see Figure
10) to show a tooltip with information regarding the layer geographical characteristics. Otherwise, if a
suitable set of indicators have been loaded using the drop-down selectors, the regions are coloured
according to the type of analysis being made (this is not the case for flow indicators that need at least
one region to be selected to draw the choropleth map).

Figure 10 – Tooltip information for a region with no indicator data available

3.3.1

One-dimensional choropleth map exploration

Once the user has finished selecting the policy indicators using the drop-down selectors, all regions of the map
are coloured accordingly (using a choropleth) to represent the current data and allow the map exploration phase.
At this point, the panel shows two new components located at the bottom part of the panel. From left to right
these are:
1. The temporal time slider. It allows the interaction with the map across the dimension of time. Current
temporal configuration is represented on the title bar by indicating the selected time span and the type
of aggregation (see Figure 11). The horizontal labels represent the time unit according to the loaded

© INSIGHT Consortium
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indicator data (i.e. years, hours, etc.). At any time, the user may interact with the different elements of
the slider to explore the differences on the map as described in Table 5.

Figure 11 – Time slider representing data from 2014 to 2021 with temporal aggregation by mean
Table 5 – Description of the temporal slider components
Temporal slider element

Description

Current selection bar

This element represents the current selected temporal span by using a blue
coloured bar. At any time, the user may extend or reduce the bar interval by
dragging the edges (also represented textually at the title bar). In the same way
it is also possible to move the selection bar horizontally to select another time
span of the same duration.

Temporal aggregation
selector

At the upper right corner, this selector allows to choose the type of temporal
aggregation considered for time intervals: ‘Mean’ or ‘Total sum’ value. By default,
the first option is active and all the calculations are made considering the
temporal average.

This element group three navigation buttons to interact with the selection bar.
These are:
Temporal button set

- The play button that moves the bar forward one temporal unit every two
seconds to make an animation. It can be stopped by clicking on the pause
button (only shown during the animation).
- The step back/forward buttons that moves back and forth the selection bar
one temporal unit when clicking on them.

2. The legend. This component lists the considered intervals of data to make the colour differentiation of
the map. The title bar shows the indicator that is being represented (see Figure 12). The colour palette
used may differ according to the type of analysis made: a white to red gradient to explore a single policy
indicator and a brown to green divergent palette to make policy alternative comparisons. For each
interval, an ‘eye’ icon allows the colour filtering of data so that these are not represented on the map
(useful to reduce the amount of colour information displayed and compare between different time
instants). The computation of intervals is made according to the method selected at the bottom button
set as follows:
- Jenks: using a natural breaks classification method to cluster data and minimise each class
average deviation from the mean

© INSIGHT Consortium
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-

Quantiles: a data classification method that distributes a set of values into groups that contain
an equal number of values.
Fixed: to use intervals of the same size between the minimum and the maximum value
represented on the map.

Figure 12 – The legend component representing the ‘jobs’ indicator intervals using 'Quantiles' and the map
representation with two intervals filtered

3.3.2

Exploration of a policy indicator representing data of single regions

In this type of analysis, policy indicators refer to data of single regions (there is no directional information between
them). Using the drop-down list selectors, the user should have chosen to do a ‘One variable choropleth map
analysis’, and loaded a suitable policy indicator related to one policy alternative. This way, a choropleth map will
be drawn with all regions coloured according to the class division shown in the legend component.
Besides changing the current time interval using the temporal slider, when exploring a policy indicator, the user
may interact with the map panel as described in the following subsections.

© INSIGHT Consortium
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3.3.2.1

Tooltip information

By moving the mouse over the coloured regions on the map panel, a tooltip box appears with information
regarding the highlighted layer. As shown in Figure 13, the information tooltip is divided into three different
sections using horizontal blue lines. These are:





Header: the left half contains the aggregation result of the policy indicator for the highlighted region
considering all the filters already applied. The right half shows the zone ID number and the type of flow
aggregation (only for policy indicators computed as aggregations of flows).
Indicator Info: regarding the indicator data, it shows the numerical values for the highlighted region
disaggregated in the different categories. This section does not consider possible filters applied.
Layer info: the last section displays interesting information about the geographical context of the
highlighted region. These features are considered when applying zone filters as described in the previous
subsection.

Figure 13 – Tooltip information of a single region while exploring indicator data

3.3.2.2

Filtering

In general, there are two possibilities to filter the information represented on the map panel. These are zone
filtering by geographical criteria and indicator filtering taking into account intrinsic characteristics of the data.
In the first option, the user may select any ‘zone filter’ located at the left side bar. These are grouped considering
either territorial political divisions or their location with respect to policy overlay layers (see Figure 14). By default,
these are presented active and the user may unselect them to clear the region/s of interest.
The other possibility concerns the ‘categorization’ of the policy indicator. When an indicator is first loaded into
the map panel, all the filters are ‘active’ and therefore results are presented as an aggregation of the different
data categories. In case of unselecting a filter, the related data will not be aggregated in the final result.
© INSIGHT Consortium
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Figure 14 – Filtering of regions with a ‘zone filter’. In the example, regions crossing M-40 highway are filtered for
data calculations
Concerning the analysis of Origin-Destination matrices, Figure 15 shows a radio selector that allows choosing the
flow direction to consider in the map representation. This feature is only possible for indicators computed as an
aggregation of flows, either by origins or destinations. Therefore, each region in the choropleth map is colored
according to its own global contribution on the selected indicator and for the chosen flow direction. From a
mathematical point of view, and considering an OD matrix, this is equivalent to say that the values presented in
the map correspond to either an aggregation by rows or by columns. For instance, let us consider the example
shown in Figure 15: the map depicts the average time taken to get to each region (because the option
‘Destination’ is checked) by car in the afternoon.

Figure 15 – Filtering indicator data by category. In the picture: travel time to destination in the afternoon by car.

© INSIGHT Consortium
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3.3.2.3

Comparison between group of regions

By clicking on regions with the left mouse button, the user is able to generate two selection groups and make
comparisons of the aggregated policy indicator data. The differentiation between both groups is made with a
different colour to highlight the region border: green for the first group and dark blue for the second. By default,
to add a region to the second group, the user must hold the CTRL key while doing the selection. In the opposite
way, the user may remove a selected region from any group by clicking on it.
When more than one region have been selected and added to any of the groups, a comparison window is
displayed at the upper right part of the panel. As shown in Figure 16, this window contains a comparative table
to compute the difference between the aggregated data (total sum or mean value depending on the policy
indicator considered). The difference result is represented in green or red to remark whether the subtraction has
a positive or negative value. The second row of the table disaggregates the result by selected zones to observe
the overall contribution to the total value.
Besides, the user can interact inside the comparison table by clicking the zone ID to highlight the corresponding
region and locate it on the map. The ‘close’ symbol to the right of the zone value will remove that region from its
selection group in the same way than clicking on it using the map.

Figure 16 – Comparison between regions using selection groups
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3.3.3

Exploration of a policy indicator representing flows

In this case, the loaded policy indicator represents directional information between two regions of the map,
referred as ‘origin’ and ‘destination’ zones. After having selected the flow type analysis and loaded a policy
alternative/indicator using the drop-down list selectors, the time slider and legend components are shown on the
map panel. As shown in the next figure, the difference with the previous type of analysis is that the legend
intervals are not computed at this point and therefore regions remain uncoloured (see leftmost picture of Figure
17). To be able to explore the map, the user must indicate at least one region by selecting it, so that the
information shown represents the contribution of the flow from/to the selected region to/from each of the
unselected ones. The method used to select zones (configured with the map tools button at the upper left corner)
determines whether the platform should consider them as ‘origins’ or ‘destinations’.
In the next subsections, interaction with the map panel is described for flow policy indicators. As it has several
similarities with those techniques described for map exploration in single region analyses, only the most
important differences will be highlighted here.

Figure 17 – Exploration of a flow indicator by selecting a zone as 'Origin'. Left side is uncoloured because no
selection has been made while right side shows the contribution of the region with green dash border to the rest
of the zones in the map

3.3.3.1

Tooltip information

As shown in Figure 18, the tooltip presents a different layout with respect to the one described in Section 3.3.2.1
to make numerical comparisons on the contributions generated by the two groups of selected regions.
The tooltip always refers to the region hovered by the user and highlighted in orange in the above mentioned
figure. The ID of such a region is given in the first section of the tooltip, on its rightmost side (in the example
provided is 4). The rationale of the tooltip is to provide a numerical insight into the flow contributions generated
by the regions selected by the user. These regions could be divided into two different groups for comparison
purposes (to see how it is possible to create two distinct selections, please refer to Section 3.3.2.3). This
information is provided at different levels of detail. For instance, the leftmost side of the first section shows the
total contribution generated by the selected regions. In the example considered in Figure 18, about 16681 trips
have been attracted by the zone 4 and proceeding from the regions 8, 9, 16, and 20.
In the second section of the tooltip, the information is split to highlight the role of each group. Within a group,
the impact of each region belonging to it is aggregated. In this part, the IDs of the selected regions are provided
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according to their membership. Group 1 and group 2 labels are written with the same colours used in the map,
so that it is possible to have a visual reference of the geographical position of regions. Then, the indicator values
are broken down per groups and given in the form as contribution of the first group / contribution of the second
group. The section heading ‘Total (no filter)’ accounts for the combined values of the two selections as a whole;
the section immediately below it splits the contributions according to the list of filters (or factors) applicable to
the indicator. With respect to Figure 18, we learn that regions belonging to group 2 generates about 5000 trips
more than regions in group 1 (of course the total sum of such values equals the amount showed in the first
section) and that the number of trips made by bus and car are fundamentally the same across the two groups.
On the other hand, it seems more likely for people living in zones 16 and 20 to move to zone 4 by a slow mode
(e.g. by walk or bicycle).
The last section is the same as for tooltips described in Section 3.3.2.1 and deals with geographical information
about the hovered region.

Figure 18 – Tooltip information representing the contribution of two selection groups to the highlighted region.
More details about its interpretation are provided in the text

3.3.3.2

Filtering

Interaction with filters in the case of flow indicators is done in the same way as described in Section 3.3.2.2. In
this way, options unchecked at the left side bar will not be considered when computing results aggregations on
the map.
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3.3.3.3

Comparison between groups of regions

In the comparison table, the total sum aggregation is computed from/to the selection groups to/from the rest of
regions. Figure 19 shows the total difference between the groups selected which were defined as origin by the
user.

Figure 19 – Comparison panel for a flow policy indicator
The table shows the information in a similar way as the tooltips described in Section 3.3.3.1, by highlighting the
contribution generated by each selected region as well as the values distributed in each group. The column called
‘Difference’ states instead the discrepancy in the values between the two groups (i.e. Selection 1 – Selection 2).

3.3.4

Comparison of a policy indicator for two policy alternatives

Regardless of the type of policy indicator shown on the map panel, the user may explore the difference between
the current policy alternative shown in the map and other measures by clicking on the map configuration button,
as indicated in Table 3. This way, a drop-down menu will appear at the upper left corner of the screen. The user
can then select one of the items (i.e. policy alternatives) present in the list to enable the comparison mode. Only
those policies currently loaded in the working environment are enumerated in the drop-down list.

Figure 20 – Comparison of two policy alternatives using the map panel. In this capture, a cordon toll policy at the
M40 highway is compared against the baseline scenario alternative for number of trips
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For the sake of example, Figure 20 shows the difference between the cordon toll policy at the M40 highway and
the baseline scenario for the aggregated indicator ‘Number of trips’ and across the whole Metropolitan Region
of Madrid. With respect to the previous figures, the colour palette used to visualise comparisons is different.
Indeed, comparisons are represented through a divergent colour scheme, while raw values have been coloured
by a sequential pattern. In the example above, the divergent scheme uses brown shades to represent negative
values, whitish colours for values close to zero, and greens for positive differences. Apart from the colours and
the values to be represented (from raw values of a single policy option to the difference of the corresponding
values computed for two alternatives), the visual elements presented in the sections above works the same way
as previously described. For instance, and considering Figure 20, each region in the choropleth map is coloured
according to the numeric difference in the indicator ‘Number of trips’ between the cordon-toll-M40 and the
baseline alternative; the legend is built to reflect the Jerks’ intervals of the ninety difference values of the whole
set of regions. It is also possible to compare the differences for two groups of regions, as shown in the comparison
table. As for the cases described in Sections 3.3.2.3 and 3.3.3.3, the value for the single region is shown both
alone and in aggregation with the values of the regions of the same group. In this last case, the aggregated value
represents the overall change across a group of regions when comparing the results of two policy alternatives
results on the same indicator. In a similar way, the same holds for the tooltip element.

3.4. Temporal line-chart panel
At the bottom part of the main content window, it can be found the temporal line-chart panel. By default, it spans
to all the available width and 30% of the height leaving the rest to the map panel content. Nevertheless, this size
can be changed dynamically by dragging the top border of the panel upwards/downwards whenever the user
may need it for the analysis.
A line-chart is a type of graph that presents data as a series of points called markers, which are at the same time
connected by straight line segments. These segments allow visualising local changes (from one point to the next)
as well as other global temporal trends. It is the most suitable tool to represent quantitative variables as two
points connected by a line can be represented as a slope (visually interpreted in relation to others) or expressed
as an exact math formula.
The main objective fulfilled by this chart in the visualisation platform is the observation of temporal trends of an
indicator for a set of regions across time. Each line of the chart corresponds to one unfiltered region of the current
loaded city. In this sense, the ‘X’ axis represents the temporal unit (according to the loaded indicator) while the
‘Y’ axis is the corresponding indicator value.
Referring to the figure indexing, the components that enable the user interaction are the following:
1. Line-chart selectors. Allows to configure the type of chart to be represented as well as the reference
time unit when representing differences relative to a given instant of time
2. Line-chart plot. This area is used to draw the graph attending to the current configuration (indicator
and filters). Considering the figure, the plot is representing the temporal evolution of the ‘Number of
Trips’ indicator for the baseline scenario at the districts of Madrid.
The line-chart has been configured to visualise always the same indicator that is loaded into the map panel using
the selectors described in Section 3.3. Similarly, the filtering options selected using the policy indicator sidebar
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(see Section 3.2) are applied to both views in a synchronous manner. Thus, the dynamic cross-linking between
views is used at this point with a twofold aim: i) to ensure consistency across views and, ii) to facilitate the
identification of possible spatio-temporal patterns that could be revealed from the simultaneous observation of
the spatial distribution of regions and the evolution of their indicators across time.

1

2

Figure 21 – Line-chart panel representation for a loaded map indicator

3.4.1 Line-chart type selection
When an indicator is ready to be represented (after setting the three selectors in the map panel accordingly), two
additional selectors located at the top of the temporal line-chart panel are enabled. These selectors, which are
numbered 4 and 5 (see Figure 22), allow to set the type of chart to be displayed and the time units to be used
respectively. The two types of chart that can be enabled using the selector number 4 are described in Table 6.

Figure 22 – Line-chart selectors: type of chart (left) and time unit for comparisons (right)
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Table 6 – Types of line-chart analysis
Line-chart type

Description

Raw data

Represent the temporal evolution of an
indicator with the current filter configuration
applied.

Difference

Represent points as the subtraction between
their value and a reference time unit selected by
the user using the right drop-down list of Figure
22. When choosing this type of analysis, it is
mandatory to set the reference time unit before
the chart is displayed.

3.4.2 Temporal ‘raw data’ analysis of a policy indicator
In this type of analysis, it is possible to represent policy indicators related to single regions (with no directional
information). As shown in Figure 23, the ‘Raw data’ option in selector 4 delivers the temporal evolution of the
indicator under analysis considering all the filtering options previously configured. The areas in grey and salmon
represent past and future values respectively. Vertical dotted lines are used to highlight the selected point in time
(red line) and to facilitate the identification of trends across regular time intervals (blue lines).

Figure 23 – Temporal raw data’ evolution of a policy indicator
The possible interactions with the line-chart panel are described in the following subsections.

3.4.2.1

Tooltip information

If the cursor is hovered over one of the data lines in the line-chart, the line is highlighted in black and a tooltip
showing the value of the corresponding indicator at the point of interest appears. Besides, a red dotted vertical
line intersecting the selected point is drawn for a quick identification of the temporal unit. Figure 23 shows the
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tooltip information displayed on the line-chart panel (the percentage value in brackets indicates the value of the
point in relation to the maximum for that region)

3.4.2.2

Filtering

The coordinated views technique implemented enables the possibility to define the amount of data to be
represented into the line-chart panel by using the policy indicator sidebar. Figure 24 shows the result of applying
a zone filter both in the map (see coloured regions) and in the line-chart panel, where only the datasets
corresponding to the selected regions are drawn.

Figure 24 – Line-chart representation when zone filters are applied using the side bar

3.4.2.3

Interaction with the map panel

As described in previous sections, the line-chart provides ways to do a cross linking interaction with the map
panel. As shown in Figure 25, the two groups of regions selected on the map (coloured in green and blue) are
highlighted with the same colour in the line-chart to ensure consistency and facilitate cross-view analyses.
Similarly, selected lines in the line-chart panel are identified in the map by highlighting the corresponding regions.

Figure 25 – Cross-linking interaction between the map and line-chart panel
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3.4.3 Temporal ‘difference’ analysis of a policy indicator
This type of representation is enabled by selecting the option 'Difference’ in selector 4 and indicating a reference
time unit in selector 5. In this chart all the lines intersect the zero value ordinate at the time unit used as reference,
as shown in Figure 26. The interaction functionalities implemented for this chart are similar to those already
described in this section.
The purpose of this representation is to allow the user to compare, for each region of interest, the temporal trend
of an indicator with respect to a specific year of the simulation. Instead of presenting the absolute trend (i.e. the
temporal evolution of the indicator during the period of reference of the simulation), this mode enables the
evaluation of relative patterns to see improvements and/or declines in the indicator performances. In Figure 26,
the year of reference is 2007, so that each region is compared against the corresponding indicator values for that
given year. On the horizontal axis, it is possible to detect two distinct parts, namely before and after the year of
reference; conversely, the y-axis delimits positive and negative differences and a red, dotted line highlights the
no-change status (i.e. when the differences equal to zero). The most of the regions (i.e. lines) of this example lays
in the positive part after the reference date and in many cases they have a pattern in common, that is a rapid
change in the first 5-10 years followed by a decline just thereafter. On the other hand, just a few regions tend to
have a negative evolution after 2007 and the effects are visible towards 2025. Previous the year of reference, the
situation is almost the opposite: just a single line lays on the positive side of the y-axis, while the most of them
shows a difference up to 100 minutes with respect to the situation in 2007.

Figure 26 – Temporal ‘difference' evolution of a policy indicator
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3.5. Polygonal scatterplot panel
The polygonal scatterplot is located to the right of the map panel and on top of the line-chart panel. As it can be
done for the other main components, the default size of this panel can be changed in both directions by dragging
the corresponding edges.
The goal of the polygonal scatterplot is to help the user to perform trade-off evaluations of different
alternatives. In this sense, it is intended to support the analysis in a twofold manner. That is, by depicting possible
trade-offs of different policy alternatives under a restricted number of dimensions / objectives or by
depicting trade-offs associated to a single policy measure across the different regions involved.
For a further understanding of the features, arrangement of points/dimensions and possibilities offered by this
kind of chart, the reader may refer to D6.3 – Visualisation Tools for Evidence-based Decision Support. In this
document, the description will focus mainly on the configuration options and general workflow from the user
perspective.

1

3

2
Figure 27 - Layout of the polygonal scatterplot panel
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As shown in Figure 27, the polygonal scatterplot panel comprises the following components:
1. Data loading selectors. These set of dropdown lists allow setting the data that will be used by the tool to
represent the polygonal scatterplot. By interacting with the data loading selectors the user can set the
analysis subject, policy alternatives and indicators to represent in the polygonal scatterplot. Selections
shall be made in an incremental manner, so that previous choices will define the options that are made
available in the rest of selectors. Interaction possibilities are described in Table 7.
2. Point features configuration tools. These selectors allow to define the mapping strategy to be applied
(i.e. to arrange the points inside the polygonal scatterplot), as well as the (dis-)similarity measure to be
used. The options can be modified anytime and the polygonal scatterplot responds by re-configuring the
visualisation dynamically. To maximise the follow-up of the process, transitions are illustrated using
relevant animations. The strategies and measures available are discussed in detail in D6.3.
3. Chart drawing area. This component is where the plot will be drawn once the user have configured the
data and pressed the ‘Draw’ button. By default, the chart will fit all the available height and width in order
to maximise the viewing area.
Table 7 – Description of the polygonal scatterplot data loading selectors
Data loading
selector

1. Analysis
subject

Description

The polygonal scatterplot allows the exploration of data with a two-fold aim defined by the
use. The possibilities are:
- Regions: each point corresponds to a spatial unit (e.g. a census region) of the policy
making scenario loaded (e.g. a city). Thus, this configuration focuses on analysing how a
single policy measure performs across the different zones considered.
- Policies: each point represents a different policy alternative. Thus, this configuration is
aimed to evaluate and compare the different policy options in terms of their
performance and trade-offs against a restricted number of policy indicators (i.e.
dimensions).
This drop-down list allows the selection of policy simulations to be considered in the analysis.
According to the option selected in the previous step, the possibilities are:

2. Policy
Alternatives

-

3. Policy
indicators

‘Regions’ analysis: one policy measure shall be selected to analyse its performance
across the different zones considered.
‘Policies’ analysis: two or more policy alternatives shall be selected to analyse and
compare their performance against a set of common policy indicators.

The last selector determines which indicators to use as objectives /dimension of the polygon.
By default, the number of dimensions is restricted to 6.
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4. Conclusions
INSIGHT has developed a visualisation platform aimed to support the assessment of urban policy alternatives as
implemented by the simulation tools used in the project. The platform has been conceived as a web based
dashboard in which policy indicators are presented using a set of connected graphical tools and charts, also known
as coordinated views. Using these tools, the analyst can focus on a specific feature or dimension (e.g., temporal
evolution of a specific policy indicator) or analyse different facets/dimensions in a coordinated manner (e.g.,
spatio-temporal patterns or trade-offs between conflicting policy objectives).
To support the user in the first steps of the analysis and reduce the amount of concurrent information being
processed and presented in the working dashboard, a configuration tool has been included where he/she is
guided through a set of incremental steps. The working dashboard is then loaded using the options and data
selected by the user across these initial steps. Additionally, further options are available to change the initial
configuration and remove/add datasets anytime during the analysis.
The working dashboard encompasses three main graphical components, namely the geographical map, the
temporal line-chart and the polygonal scatterplot. Each of these panels focuses on a specific aspect or dimension
of the analysis and all of them have been linked to relevant information in a synchronised and consistent manner.
The geographical map panel is intended to visualise spatio-temporal indicators in the context of their geographical
features. The line-chart panel can be used to analyse the temporal evolution of indicators and to compare trends
across different administrative regions. And the polygonal scatterplot panel has been designed to evaluate one
or several policy options in terms of their performance and trade-offs against a specific set of policy objectives.
Current solutions addressing similar problems are still largely designed for/by technical experts, thus limiting the
opportunities for a wider involvement of analysts and stakeholders. In this sense, the main contribution of the
work described in this document has been the development of a more intuitive and interactive interface, designed
to achieve a better integration of both quantitative and qualitative information and foster the analysis capabilities
in terms of efficiency and effectiveness. On the other hand, it has been conceived to effectively deal with
heterogeneous urban data obtained as an output of diverse city models. By presenting the information using an
integrated visual environment, the platform supports the analysts in the task of evaluating how a policy would
perform across different urban locations.
Further improvements to the visualisation platform would include a configuration tool so that any user could
upload other policy issues/alternatives (for any of the involved city simulators of the INSIGHT project) to the
database by himself/herself. Besides, additional features and/or charts could be included to extend the support
to policy assessment. For this end, the improvements may deal with enhancing the functionalities of the existing
charts (e.g., bi-variate choropleth maps; zoom in and out tools for improving the readability of line-charts) as well
as introducing new graphical representations (e.g., chord diagram for flow analysis) and functionalities (e.g.,
generation of reports, visualisation of statistical descriptors directly embedded in the charts).
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