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Abstract

In the last years, the growing volumes and sources of data has made Big
Data technologies to become mainstream. In that sense, techniques like
Data Visualization are being used more and more to group large amounts
of data in order to transform them into useful information. Nevertheless,
these techniques are currently included in Business Intelligence approaches
to provide companies and public organizations with helpful tools for making
decisions based on evidences instead of intuition. The Sankey diagram is an
example of those complex visualization tools allowing the user to graph-
ically trace meaningful relationships in large volumes of data. However,
this type of diagram is usually static so they must be continuously and
manually rebuilt on top of massive multivariable environments whenever
decision makers need to evaluate different options and they do not allow to
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establish conditions over the data shown. This paper presents LiveSankey,
an approach to automatically generate dynamic Sankey Diagrams allowing
users to filter the data shown. As a result, multiple conditions may be estab-
lished over the data used and the corresponding diagram can be dynamically
rebuilt.

Keywords: visualization, data intelligence,sankey, multi domain.

1 Introduction and Motivation

Throughout history there have been ages that have marked turning points in
society. Currently we are faced with the beginning of one of these turning
points, a new leap in evolution which arises thanks to the advantages of
technology, but which has recently been revolutionising social concepts of
governance, management and participation. In this new cycle of massive data,
we generate huge amounts of data, which are not always used to help us
in our everyday life or in making decisions, making evident the importance
of treating these data in order to turn them into information that is useful
and relevant for us. We are now in a new age, with the leading role of data
intelligence in the time of Big Data [1, 2]. However, the volume of data gener-
ated each day is huge, coming from multiple sources and in diverse formats,
usually designed with different goals, methods, profiles, and production and
consumption paces. So, Big Data must solve several challenges, such as its
inherent complexity in the different stages of data cycle: data capture, data
storage, data analysis and data visualization.

The main challenge of data visualization in the Big Data domain is to
deal with its large size and complexity dimension. As [3] state, Big Data
systems “with a rich palette of visualizations, which can be quickly and
declaratively created, become important in conveying to the users the results
of the queries in ways that are better understood in the particular domain
and are at the right level of detail”. In this scenario, Data Visualization [4]
techniques were introduced to tackle this complexity by means of innovative
and graphical approaches, enabling the visual simplification of all informa-
tion processed from the collected data. In other words, Data Visualization is a
really good option to simplify the complexity of understanding relationships
among complex and massive data. Even, these techniques have become a
mainstream in Data Analysis due to the importance of being able to visualize
the information in a simple (information must be quickly understood by
people who the information is provided for), agile (information must be
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processed and displayed in a reasonable time-frame) and powerful (all the
potential information must be presented) way. This information visualization
supports decision making and the advanced analysis of the collected data,
by means of report and graphical techniques to represent knowledge in an
interactive and intuitive way.

Sankey Diagram [5] is one of these advanced techniques to visualize com-
plex relations of data. This diagram can be decomposed into flow graphical
relations, in which width of lines related with different nodes are proportional
to the value visually described (flow quantity to visually represent many to
many relationships with respective proportions). However, in order to make
Data Visualization systems valuable, the graphical information provided must
be useful and relevant to be consumed by the decision maker. Note that, even
although being the data the same for all the users, they may want to access
the information in a different way, according to their needs and profiles. Thus,
these visualizations should provide the feature to configure the information
presented in a different way for each consumer. However, this feature has
been traditionally neglected in tools for generating Sankey diagrams and they
are usually static so that the information presented may not be dynamically
filtered. This would enables a new interaction with this diagram that would
improve traceability of data when several nodes are subsequently connected
through different flows. As an example, when two flows arrive at a node,
and this node is connected to a subsequent one, the user may not know
the contribution of each flow that arrives at the intermediate one to the
flow that departs from this node for the subsequent one. Obtaining that
traceability would be helpful for decision makers, especially when they need
to evaluate differents options on the spot to facilitate the recognition of hidden
patterns and relationships in the same data, reconfiguring the values used,
their characteristics or incorporating or eliminating dimensions. However,
Sankey diagram generated by common tools are difficult to build / rebuild in
massive multivariable environments so that the only solution to that context
is to create a new diagram once and again. With this idea in mind, this work
presents LiveSankey, an advanced visualization approach in data intelligence
multi domain contexts that allows decision makers to explore and to compose
/ recompose interactively complex sequence scenarios represented as Sankey
diagrams. Although there are other proposals that allow the generation of
Sankey diagrams for multi domain contexts, they lack of the interactive
features that are provided by LiveSankey.

The rest of the article is organized as follows. Section 2 reviews some
works related with the generation of Sankey Diagrams. Section 3 details the
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architecture and describes the implementation of LiveSankey. Finally, section
4 presents an application case using LiveSankey whilst Section 5 concludes
the paper.

2 Background and Related Work

In order to make the paper self-contained, this section firstly describes what
a Sankey Diagram is. Then, a comparison among different tools to generate
dynamic and interactive Sankey Diagrams is presented.

2.1 Sankey Diagrams

The Sankey diagram was conceived over 100 years ago by the engineer Riall
Sankey to analyze the thermal efficiency of steam engines and has been
traditionally applied to represent the energy and material balances of complex
systems [6]. Nowadays Sankey diagrams are used for representing network
data, traffic and transport data, product costing, workloads and bottlenecks,
diseases domain, energy data, labor or educational flows, etc. In general,
Sankey diagrams are suitable to depict tree data structures associated with
value attributes incorporating visual information directly into these diagrams.
It is structured by a graphic part and a sequence part. This kind of diagrams
depicts information applying colours to flows and depending on the quan-
tity it represents between nodes, it will have a certain width, colour and
colour alpha. The nodes/dimensions are placed along the diagram in terms
of time, cycles or stages, representing a static snapshot of composed dynamic
situations.

Figure 1 shows an example of Sankey Diagram (extracted from [7])
with three dimensions: sources, buckets and targets. Based on these three
dimensions and the flow width, me may identify the contribution of each
source to each bucket and what parts of each bucket are finally dedicated to
each target.

2.2 Tools Comparison

Today, there are severals frameworks that allow the automatic generation of
these diagrams in Business Intelligence field like Tableau, R, MicroStrategy,
Google Visualization, ArmChart, among others. However, exploiting the
dynamic aspect of the data on the spot still remains a challenge for these
tools. Similarly, there are a lot of papers that describe how to use Sankey
Diagrams to visually represent flows in severals domains, but less effort
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Figure 1 Sankey Diagram example extracted from [7].

has been dedicated to give enhanced interactive and dynamic capabilities
to manage these ones on the spot, so we mainly focus on prior work about
interactive improvements.

Regarding the interactive and dynamic improvements on Sankey Dia-
grams, LifeFlow [8] introduced a way to aggregate multiple event sequences
into a tree, and Outflow [9] allows to include events into a graph as well
as statistics. Outflow is conceived in medical domain like a visualization
and analysis environment to understand patient progression over time. In
Frequence [10], each subsequence is represented as an individual edge to
provide an overview of all sequences and their individual outcomes and
support, as we support user tasks to find meaningful individual sequences.
Alluvial diagrams [11] are similar to Sankey ones. We have evaluated here the
Alluvial generator [12]. Finally, SankeyMatic [13] is a free online tool that
acts as a simple and easy web based Sankey diagram builder. With the aim of
evaluating the capabilities of each approach we have identified the following
features, according to the steps for evaluating software introduced in previous
works such as [14] and quality models like the introduced in [15, 16]:

(a) web-based interface: deployed via web browser. We consider this fea-
ture important due to the cloud-deployability options for other tools
around it.

(b) live data-driven: live load of data. This feature refers to the dynamic
capability of changing the data used for generating the sankey diagram.
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(c) multi domain: can be applied to several domains. It refers to the option
of being used with different datasets.

(d) live dimensions ordering: allows to re-order the dimension over the
generated diagram. By this characteristic, the nodes of the graph may
be reordered so that different diagrams with the same data may be
generated.

(e) filtering subsequences: by means of this characteristic, the user may
filter by a condition and the rest of the diagram may be dynamically
adapted in terms of that condition.

(f) navigation by level-of-detail: it is also related to the previous characteris-
tic since filtering the data, the user may obtain more detailed information
from the visualization (e.g. number of persons that meet a condition).

(g) customize diagram: this option refers to the approach capability of
dynamically changing the aspect of the generated diagram.

In order to collect the capabilities of the approaches identified in this
related work section for covering the six features, we have fixed a simple
comparison process based on a three level degrees process. Each degree
represents the particular approach capability to design the objectives shown
in Table 1. Suitability of each comparison goal is represented by one of the
following Coverage Degrees:

• High Coverage Degree (H), which represents that the feature is covered
by the approach,

• Partial Coverage Degree (P), which is used when the feature is moder-
ately covered,

• None Coverage Degree (N) is used when the feature is not suitably
covered.

Each Coverage Degree has a specific weight. In this evaluation the
proposed weights are: H = 2, P = 1 and N = 0.

Due to the results shown in Table 1, the most suited approaches to
design advanced visualization in data intelligence multi domain contexts

Table 1 Coverage degree reached for each feature evaluated
a b c d e f g

LifeFlow P N H N P P P
OutFlow N N P N P H P
Frequence H H P N H H H
Alluvial N P H N P P P
SankeyMatic H P H N N N H
LiveSankey H H H H H H H
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Figure 2 Results about the comparison process for covering the features.

using Sankey diagrams are Frequence and LiveSankey. Figure 2 also depicts
that the feature tagged as d) live dimensions ordering is only available in
LiveSankey, which is a novel contribution to prior approaches.

3 Livesankey Architecture and Implementation

This section presents the architecture used to develop LiveSankey and the
implementations details derived from that architecture that allowed us to
cover all the features presented in previous section.

3.1 Architecture

LiveSankey follows a multi-layer architecture for web applications (web-
based interface feature (a)) with a clear separation between the data; the
logic for generating the diagrams, that is located into the server; and the
user interaction, a client responsibility. Figure 3 shows a representation of
this architecture where the different components involved in the webapp are
presented. As it may be observed in this figure, the main technologies used
for the implementation of the tool are JavaScript for the client tier, Python
for the server side implementation, PostgreSQL as the database and Net-
workD31 as the library for generating the diagrams. NetworkD3 is a library
that connects R framework with D3, an Open Source JavaScript library that

1https://christophergandrud.github.io/networkD3/

https://christophergandrud.github.io/networkD3/
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Figure 3 Tool architecture.

supports data manipulation and visualizations. So, based on NetworkD3 we
may use R functionalities in a JavaScript domain. This library has been
modified to enable the features that LiveSankey provides (these modifications
are explained in Section 3.2.1). Among these features, LiveSankey provides
an innovative functionality that allows switching on/off some flows in the
diagram, so that the user may focus only on the parts that she is interested
on. This functionality enables the regarding filtering subsequences (e) or
navigation by level of detail (f) features. Moreover, since the generated
diagrams are interactive, the feature live dimensions ordering (d) is also
provided.

Based on that architecture, the behaviour and components that are
involved in each layer are explained as follows:

• Presentation layer:

– The “Data Selection Form” component is developed with
JavaScript and hosted in the client (web browser). It allows the user
to select the data dimensions that will be represented in the Sankey
diagram. These dimensions are loaded based on the “Data Model”
json file where the data used for generating the Sankey diagram
must be described (so that the tool may be used with different
datasets). This component also sends the (user) data selection to
the server.

– The “Dynamic Sankey diagram” component developed with
JavaScript and hosted in the client (web browser) receives the
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Sankey diagram from the “Sankey diagram creation” component
and allows users to dynamically interact with it.

• Business layer:

– The “Web Service” element is an endpoint that is invoked by the
“Data Selection Form” component. This web service receives the
data from the client request. This web service is hosted in a web
server developed by using the CherryPy Python library.

– The “Dynamic query construction” component developed with
Python is hosted in the server. It receives the data from the web ser-
vice component and composes the queries to be executed against
the database. These queries will provide the information that is
needed to build the diagram (number of instances for each flow
edge of the diagram).

– The “Nodes & Link generation” component developed with
Python is hosted in the server. It receives the result from the query
executed against the database, transforms the data to the format
required by NetworkD3 library and sends them to the “Sankey
diagram creation” component.

– The “Sankey diagram creation” component is developed with a
modified version of NetworkD3 and hosted in the client (web
browser). It receives the data from the “Nodes & Link generation”
component and generates the diagram that is dynamically managed
later by the “Dynamic Sankey diagram” component.

• The Data layer is based on the following assumptions:

– The “Data model” json file contains a description of the database
structure. This file is key for being able to apply the tool to different
domains with, obviously, different datasets. This file is located in
the server and will be deeper described in Section 3.2.2.

– Data is stored into a PostgreSQL database also hosted in the
server although, obviously, the usage of other databases would be
feasible.

3.2 Implementation

Based on the architecture previously described and the different components
involved in it, the process implemented to generate a live and interactive
diagram is illustrated in Figure 4.
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Figure 4 Process for generating a dynamic Sankey Diagram.

The process is started by the user by selecting the data that will be shown
in the diagram. Note that the data selected by the user represent levels of
the different data dimensions, that usually correspond to the columns (or
group of columns) from the tables stored in the database that contains all
the information that we want to represent in the diagram. This information
is presented to the user by the “Data Selection form” component whilst the
data dimensions are obtained from the “Data model” json file (explained in
Section 3.2.2).
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Once the user has selected the columns to be shown in the diagram, this
information is sent to the server as an HTTP POST request (received by
the “Web Service” component). Then, the process to obtain the data to be
represented in the diagram starts in the server. The server creates a query (by
the “Dynamic query construction” component), based on the set of columns
to be represented, that is executed to obtain filtered data. To easily manipulate
the response, a data dictionary is created. Based on this dictionary, the server
builds a matrix (“Nodes & Link generation” component) with all the nodes
(selected columns) and links (edges or flows between the nodes) that will be
replied to the client. For each node, a pair of values is created, “group” and
“name”, that represent the group that the column belongs to (if there exists)
and the name of the column, respectively. Groups are used just for being able
to select a set of columns in the client instead of selecting each one. For each
edge, the information stored includes “source”, “target”, “group” and “value”.
While source represents the node where the edge departs from, target is used
to represent the node that it arrives to. Group is also used for handling a set
of links as a unique entity. Finally, value represents the number of registries
in the database that match the edge’s source and target. In other words, this
value will be related to the width of the edge in the diagram.

The matrix built by the server is sent to the client as a JSON file. Figure 5
shows the format of this file whilst Figure 6 shows a snapshot of a server
response.

Based on the JSON file obtained from the server, the client builds
(“Sankey diagram creation” component, built by the modified version of
NetworkD3) and presents to the user the Sankey diagram (“Dynamic Sankey
diagram” component). Figure 7 shows an example of a Sankey diagram gen-
erated for an application case in the education and employment environment
where academic trajectories are represented together with labor information.

Finally, once the Sankey Diagram is presented to the user, she may
interact with it to dynamically filter some of the data (functionality provided
by the “Dynamic Sankey diagram” component). Based on this interaction, the
user may see data traceability across more than two levels, that is one of the
key features provided by LiveSankey. This feature allows to better understand
the contribution of a flow to a particular node. To implement this feature,
when user clicks on a node (e.g. “University Degree”), the client sends a new
request to the server with the columns (data) to be shown in the diagram so
that the process shown in the upper part of Figure 4 is repeated to build a
new diagram (lower part of figure). However, in this case, in addition to these
columns, the client sends the clicked node so that the server rebuild a new
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Figure 5 JSON response sent by the server.

Figure 6 Example of server response.
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Figure 7 Example of a generated Sankey diagram.

query to obtain the data from the database but adding a new condition based
on the clicked node. Then, all the data obtained by the server must keep a
relation with the clicked node (having a “University Degree”). The new data
provided by the server is sent again to the client that shadows the previous
diagram and shows a new layer with the new data. Based on this layers
composition, the user may obtain the wished visualization. This functionality
will be better understood in Section 4, where the aforementioned application
case is deeply illustrated.

3.2.1 NetworkD3 modifications
As it has already been mentioned, NetworkD3 is a library that connects R
framework with a JavaScript library that supports data visualizations. Based
on this library, Sankey diagrams may be generated and visualized into a web-
based context. However, this library does not support some of the features
described in Section 2.2 so that we modified the library (note that it is Open
Source) to enable those features. The changes implemented are the next:

• Filters: It allows users to highlight a node and the links related to it as
well as decrease the intensity of the colours of the rest of the nodes of the
same data level (and their links). Concretely, this functionality is based
on drawing two overlapped Sankey diagrams (instead of the original
version that only draws one). So, when a user double clicks on a node,
a new HTTP.POST request is sent to the server with the information
of such node. Then, when the browser receives the response containing
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the nodes and links affected by the filter, it draws a new diagram over
the original diagram, keeping both of them but with the colors of the
original showing less opacity to produce the filter effect. The overlapped
nodes are located in a way that only one can be seen. If the user moves
vertically a node, the coordinates are replicated in the mirror node which
is moved according to them, keeping the effect that simulates that there
is only one node.

• Zoom: This functionality enable users to zoom in to or out of the
Sankey diagram, being particularly useful when the Sankey diagram is
composed of numerous levels with several values belonging to each one.
To do this, the “wheel” event is captured to avoid the interference of
the “double-click” and the “click”event. In case of moving forwards the
mouse wheel (zoom in), this functionality takes the original position and
stores the transformation of the diagram in a “zoomstate” variable. In
case of moving backwards the mouse wheel (zoom out), the functional-
ity ignores the coordinates of the event and also stores the transformation
of the diagram in the “zoomstate” variable. In both cases the “zoomstate”
variable is checked to be sure that the diagram is not out of the limits.

• Drag & Drop: Based on this modification, users may move the whole
diagram when the zoom in functionality is being applied. To this
purpose, the event “mousedown” is captured and, to avoid the inter-
ference with the “click” event, it waits until the “mousemove” event
is launched. Then, the coordinates of the event are used to compute the
transformation of the diagram and this transformation is stored in the
“zoomstate” variable. Limits of the diagram: the previous modifications
also includes some restrictions in order to protect the diagram from
unwanted interactions:

– Both Zoom and Drag & Drop do not allow that the diagram is
moved away from the center of the screen more than eighty percent
of the initial size. This avoids that the focus of the diagram is lost
on the screen.

– The maximum level of zoom in is restricted to 3 times.

3.2.2 Data Input
LiveSankey defines the data levels that may be used in the application based
on a configuration file. This file is called data_model.json and is read by the
server during the application startup. Note that thanks to this file, LiveSankey
tool is generic so that it is able to generate the diagram independently of
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Table 2 Students table in the database
student_id gender city_of_family_home
1 Male New York
2 Female Baltimore

Table 3 Studies table in the database
student_id study end_study_year

2
Compulsory
Secondary Education

2015

2
Post-Compulsory
Secondary Education

2017

the input data. So, a well-formed data_model.json file is key to ensure that
LiveSankey works properly. Obviously, the generation of this file depends on
the particular application case so that its generation is out of the scope of
this paper. However, this section explains the structure that this file should
follow based on a simple example (a database storing a group of students
and the educational certifications they have obtained). This example will be
also used in next section to illustrate LiveSankey applicability. Assuming that
our database stores the two aforementioned tables, called students and studies
(see Tables 2 and 3), the data_model.json file to define these data levels is
shown in Figure 8.

It can be seen that the file is divided into two main items, monovalued and
multivalued. They are two arrays that contain a set of objects that represent
tables from a database and their main difference is the type of table they
represent:

• monovalued: the tables represented by this array should meet the
requirement that each row belongs only to a unique instance. So, stu-
dents table would be an element of this array in our example (students
will be unique in this table).

• multivalued: in the tables represented by this array, the same instance
could appear in several rows. So, certifications table would be an ele-
ment of this array in our example since the same student may have more
than one study or certification. Usually this kind of tables include a year
column that will be later used to represent the temporal (chronology)
relation in the Sankey diagram. In our example, the student 2 completed
Post-Compulsory Secondary Education after Compulsory Secondary
Education so that this instance will be computed in the flow that will
connect the node representing the first certification (Post-Compulsory)
with the second one (Compulsory).
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Figure 8 Data_model.json structure for the database represented in Tables 2 and 3.

Both, monovalued and multivalued attributes, share some attributes:

• tablename: name of the table. So, “student” and “studies” would be the
possible values in our example.

• key_colname: name of the column that contains the identifier of the
instances in the table specified in “tablename”. So, “student_id” would
be the value in our example.

The next attributes are exclusive to monovalued:

• values_colname: it is an array of objects where each one represents a
different column of the table. Each object is composed of:

– colname: name of the column in the table. So, one possible value
would be “city_of_family_home” in our example.

– display_name: name to display in the diagram for that column. So,
one possible value would be “City of family home” in our example.
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Finally, these are the attributes exclusive to multivalued:

• values_colname: name of the column in the table. So, “study” would be
the value in our example.

• display_name: name to display in the diagram for that column. So,
“Studies” would be the text shown in the Sankey Diagram in our
example.

• sortby_colname: it is an optional attribute. It may contain the name of
the column to sort the rows by (if there could be multiple instances). In
our example, if a student has two different studies, they are sorted by
“year” so that the earlier study is represented before the later one.

• display_positions_tablename: it is an optional attribute. It may contain
the name of the table in the database where it is specified in which posi-
tion of the Sankey diagram the different values of the column indicated
in “values_colnames” should be represented. This field is explained in
next section so that it will be better understood.

3.2.3 Sorting nodes of the same dimension
There are some cases where we may be interested in placing the different
nodes generated for the same column in a particular position. As an example,
the column studies of Table 3 may present different values that will be later
represented as different nodes in the sankey diagram. However, since these
values are all stored in the same column (or dimension), they will be all
presented vertically in the same line (as it is shown in Figure 9).

However, in this case, since there are some studies or degrees that are
usually obtained after other ones, we could establish a particular order
between the nodes of the same dimension so that they are vertically placed
at different levels. To offer this functionality, LiveSankey uses the dis-
play_positions_table optional attribute explained in previous section that just
contains the name of a table where this order may be defined. For instance,
Table 4 shows a concrete order for the data contained in the studies column
of our example.

Based on the order established in Table 4, the nodes of that dimension are
placed in a different vertical level, as it may be observed in Figure 10.

4 Application Case

In order to better understand the utilization of the tool, this section shows a
running example where it has been used to generate dynamic and interactive
Sankey diagrams. This example is framed within a bigger project where
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Figure 9 Sankey Diagram without sorting the nodes of the same dimension.

the development of LiveSankey is integrated with the aim of designing a
Data Engineering process to support the definition of precise policies, in
education and employment areas, and decision making based on evidence.
The project takes advantage of the opportunities that existing techniques
(machine learning, predictive analytics, data visualization) offer to generate
knowledge from large volumes of information. The project is focused on the
region of Extremadura, in Spain, since an important anonymized dataset of
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Table 4 Table specifying the sorting order for studies dimension
field_value field_position
_No Register (Pre-University studies) 0
Higher Studies in Drama Arts 3
Intermediate Studies in Art and Design 1
Higher Studies in Art and Design 0
Post-Compulsory Secondary Education 3
Compulsory Secondary Education 1
Intermediate Studies in Sport 0
Higher Studies in Design 3
Compulsory Vocational Modules 1
Intermediate Level Vocational Education and Training cycles 0
Higher Level Vocational Education and Training cycles 3

Figure 10 Sankey Diagram of Figure 9 with a particular order for studies dimension.

122.278 tuples is available and provided by the Educational and Employment
Board of the public government of the region. Concretely, all the activities
of citizens’ educational period and working life are recorded into data and
available for being used within the project. Based on these data, and due to
Sankey diagrams are useful for understanding complex datasets, LiveSankey
has been used to represent the academic-employment trajectories of the data
set so that public administration may use a high level dashboard where these
trajectories are represented.

The source of data that is available for generating the Sankey diagrams
has been divided into different levels that will be represented in the diagram.
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Thus, the user may select what level must be displayed in the diagram and
these levels will be transformed into its nodes. Note that these levels provide
from the Data_model.json file explained in previous section. In our example,
firstly, the user may select the gender so that the sankey diagram will add a
level distinguishing between male and female citizens. Secondly, regarding
the employment levels, the user may include in the diagram information
related to the citizen’s job type (employed or self-employed), the job eco-
nomical sector (e.g. services, industry, agricultural and farming, etc.), the
job sector (e.g. education, real estate, research, . . . ) and the contract type
(temporal, full time employed or unemployed). Finally, regarding academic
information, the levels that the user may select include pre-university degrees
and university degrees. These levels are shown in part 1 of Figure 11 that
shows a snapshot of the web page where the user may select this information.

Once the user has selected the levels to be included into the diagram, the
visualization order may be selected so that the nodes corresponding to these
levels will be shown in the selected order within the diagram. This step may
be selected in part 2 of Figure 11.

Figure 11 Selection of input data for the diagram.
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The “Visualization settings” widget (part 3 of Figure 11) allows chang-
ing the granularity of the diagram by indicating the minimum number of
instances with the same value required to show a link. It should be noted
that a node will not be shown if it has neither an input link nor an output link.
Thus, the higher this value, the lower the granularity of the diagram. As an
example, if there is a node whose input and output links contain less than 100
citizens (there are less than 100 citizens that fulfil the condition represented
by the node), it will not appear in the diagram. This is done for the sake of
clarity.

Finally, the user may generate the corresponding diagram (part 4 of
Figure 11). Figure 12 shows the diagram that was generated for the data
selected in Figure 11.

Figure 12 Sankey diagram generated for the input shown in Figure 11.
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Note that, obviously, when the data selected as a level may have several
possible values, they are represented as different nodes in the diagram. As
an example, the value “Contract type” selected in the previous step may
have three possible values: “NO REGISTER”, “TEMPORAL” or “PERMA-
NENT”. These values represent the situation of being unemployed, having
a temporal job or having a permanent job, respectively. Notice also that the
user may obtain dynamic information as tooltips just moving the mouse over
the different flows. As an example, in Figure 12, the tooltip is showing the
amount of women that have obtain a university degree in the region according
to the data (5748).

Now, the user could select a different set of data for the input (by using the
option shown in part 5 of Figure 11) and the diagram could be automatically
and dynamically reloaded showing the new information. However, although
this is an important contribution, the feature that makes LiveSankey more
interesting is the ability for filtering the data across more than two levels. In
other words, we can select a node and the flows will be reloaded showing
the data that are related to that node. In order to better explain this concept,
Figure 13 shows an example. This figure shows the same diagram after
selecting “PERMANENT” node.

The diagram has been dynamically filtered so that all the flows are
shadowed but only the amount of data of each one that is related to the
selected node (“PERMANENT”) are highlighted. As an example, notice that
the flow that departs from the node “Woman” to “Degree” has now a shaded
part and a highlighted one (in the middle) that visually shows the proportion
of women that have a Degree and a permanent contract as well (only 614 of
the 5748 aforementioned).

As a different example, Figure 14 shows the same diagram where, in this
case, the “Master” node has been selected. We may graphically observe, for
instance, that the set of women that study a Master are just a small proportion
of those that study a Degree (647 of 5748).

Even, the user may select more than one node so that the filters may be
combined showing the data that fulfill several conditions. Thus, based on
these filters, the user may completely adapt the Sankey Diagram to show the
wished data.

5 Threats to validity

In this section, we elaborate on several factors that may jeopardize the validity
of our results, according to the well-known categorization introduced by [17].
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Figure 13 Sankey diagram filtered by selecting the node “permanent”.

Internal validity refers to the relationship between the treatment for an
experiment and the outcomes obtained—in other words, whether we are sure
that treatment we used in an experiment is really related to the actual outcome
we observed. Since LiveSankey diagrams are built based on real data, we just
checked, by querying the original sources, that the results obtained by the tool
were consisted with the real data. Thus, this threat to validity was ruled out.

External validity refers to the possibility of generalizing the results out-
side the scope of the study. A potential external threat for our work would be
the applicability of the tool to different datasets and domains. However, as it
has been explained in Section 3, the tool has been designed for allowing the
utilization of different datasets just by introducing a configuration file where
different parameters must be specified.

Conclusion validity is concerned with the relationship between the treat-
ment and the outcome. In that sense, in our example, the main conclusion
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Figure 14 Sankey diagram filtered by selecting the “Master” node.

threat regards to the interpretation of the results obtained by LiveSankey
diagrams. Note that the diagram provides the data and its visual representa-
tion, however, the real interpretation of these data must be carried out by the
domain’s experts. To avoid this threat, we collaborated in our application case
with the members of the Educational and Employment Board of the region
that interpreted the data obtained from a social perspective.

6 Conclusions

We have introduced LiveSankey, an innovative tool to generate dynamic
Sankey diagrams that may be filtered so that with the same diagram we may
obtain more than one representation. We introduced the main features that
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these tools usually provide and made a thorough comparison between ours
and others existing in the literature/market. We also described how our tool
is structured and implemented and that it performs well for all the features
mentioned. In that sense, although there are other tools that generate Sankey
diagrams, to the best of our knowledge, the tool presented here provides some
features that has been neglected in the literature/market before, such as the
possibility of lively ordering the dimensions, applying filters over the diagram
and adapting it to different conditions. Based on these features, LiveSankey
allows building different diagrams with the same data since they may be
dynamically filtered to focus on the data that the user is interested in, being
this an important contribution with respect to previous work. Moreover, since
the tool takes as input a dataset and some specifications, it may be used to
generate diagrams related to different domains.

The application of the tool to a real example has been illustrated by a
case study based on education and employment data. This case study is part
of a bigger project where the implementation of LiveSankey is included.
Additionally, it was driven by the Educational and Employment Board of the
region where the tool was applied so that its validation was performed by the
final users/stakeholders . As further work, on one hand, we are already work-
ing on applying the same idea to different advanced visualization techniques.
On the other hand, due to the current version of LiveSankey is designed to
work with homogeneous sources of data, we are planning to extend it to work
with heterogeneous sources [18] [19].
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