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ABSTRACT

Data analysis is a key process to foster knowledge generation
regarding particular domains or fields of study. With a strong
informative foundation derived from the analysis of collected
data, decision-makers can make strategic choices with the aim of
obtaining valuable benefits in their specific areas of action.
However, given the steady growth of data volumes, data analysis
needs to rely on powerful tools to enable knowledge extraction.
Dashboards offer a software solution for visually analyzing large
volumes of data in order to identify patterns and relations and
make decisions according to the presented information. But
decision-makers may have different goals and, consequently,
different necessities regarding their dashboards. Having a
methodology to efficiently generate dashboards taking into
account differing needs would add a customization layer to allow
particular users to reach their own goals. This approach can be
achieved through domain engineering and automatic, code
generation processes. This paper presents the @pplication, of
domain engineering within the dashboards’ domain, through a
case study in the context of the /Spanish Observatory for
University Employment and Employability, in which a set of
dashboards can be generated to exploit differentperspectives of
employment and employability data in the-academic context.
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1 INTRODUCTION

Informed decision-making processes have gained relevance over
the years given the potential benefits of using data for building
strong informative foundations [1]. Data collection is a crucial
stage in data-driven [2] activities, but until its analysis, data has
no real value. The,analysis of the collected data opens up the
possibility.of generating knowledge from it and, consequently, to
improve“and, obtain benefits from the execution of strategic
choices [3]. However, the introduction of information systems to
support‘a great diversity of processes has caused an exponential
growth of generated data.

This situation has led to the necessity of powerful tools for
managing and analysing large volumes of collected data in order
to support and ease knowledge generation processes.

Information dashboards are one of the most commonly used
software tools to explore data in an interactive and friendly way
[4], providing a solution for visually analysing datasets and
identifying relevant factors or patterns at a glance.

There are certain fields of study, like employability, that
could take advantage from these tools. This research area has not
yet a strong theoretical foundation given the complexity of
acquiring influential indicators to evaluate it. In addition, several
variables need to be taken into account in order to obtain a wide
and complete view of this field: from identifying different skills
that individuals could need in their careers to sociodemographic
variables [5].

Having technological support to explore employability and
employment data (through information dashboards, for example)
could ease the recognition of relevant or influential factors
within the domain. What is more, the study of these fields in an
academic context can help to reach insights about the linkage
between university training and the career path of the graduates.



Universities (as they have a key role related to the
employability of their students) can benefit from the
introduction  of information dashboards to conduct
well-informed knowledge management [6, 7] and to support
decision-making processes. Specifically, policymakers and
institutions can improve and promote identified factors
that  affect
students, placing these processes in the context of emergent
areas like the Academic Analytics [8, 9] or Institutional
Intelligence [10, 11].

However, developing information dashboards is not a trivial
task. Several requirements can be involved and can vary among
the different user profiles that would use the dashboard.

It is important to take into account all requirements and
necessities in order to provide a good user experience to enable
knowledge generation.

Software engineering paradigms like software product lines
(SPL) [12, 13] provide solutions for managing sets of differing
requirements, focusing on the reutilization and composition of
base software assets (also known as core assets) to improve
scalability and maintainability of particular products that share
commonalities.

This paper describes the application of domain engineering to
obtain a software product line of dashboards for analyzing
university employment and employability data, in the context of
the Spanish Observatory for University Employment and
Employability (known in Spanish as OEEU, https://oeeu.org/).
This organization has the vision to become an information
reference for understanding the behavior of the variables related
to employment and employability of students from .Spanish

the employability and employment of the

universities through the recollection of data from /the
Universities’ administrative records and the students themselves
[14, 15]. The variety of users that consume-informationfrom the
Observatory makes the SPL paradigm a potential solution for
developing customized information/ dashboards-to explore its
data.

The rest of this work is organized -as<follows. Section 2
describes the methodology followed ‘to develop the’dashboard
software product line for the Observatory--Section3 presents the
results of the application of the SPL paradigm within the
dashboards domain. Section 4 discusses the results obtained,
followed by the final section (Section 5), where the conclusions
derived from this work are presented.

2 METHODOLOGY

2.1 Domain engineering

The main stage of the SPL paradigm is called domain
engineering. In this stage, the domain of the product line to be
developed is studied in order to identify the commonalities and
variability points of the products that will conform the product
family.

By identifying these characteristics, it is possible to model the
SPL through a feature diagram [16] which allow the developers
to generate the final products through the combination of the
different features identified.

During the domain engineering stage, a series of core assets
(software assets that will conform the foundation of the product
line) are implemented. These core assets are generally
configurable, which means that developers will be able to reuse
and adapt them given specific requirements of particular users.

For the pilot product line of dashboards presented in this
paper, three components have been modeled. These components
are three kind of information visualizations that could have
different data sources, functionalities or even layout: a scatter
diagram, a heat map and a chord diagram, as shown in Figure 1.
The generated dashboards need support from the base system of
the Observatory to manage user permissions and data retrieval
from the persistent storage.
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Figure 1. Top-level feature model of the SPL for the
Observatory’s dashboard product line. The individual
features of every individual component have been omitted
for simplicity

Once the core assets for these components have been
implemented, developers are able to combine and configure them
with different parameters to build dashboards pages that fit
particular requirements or necessities.

2.2 Code generation

Once the domain engineering phase is done and a set of core
assets is available, the application engineering stage starts. In
this stage particular products of the line are generated through
the combination and configuration of software components.

This process can be automated through code generators
fueled by configuration files, obtaining the source code adapted
to the specified requirements.

There are several strategies to materialize the variability
points previously modeled in the domain engineering phase [17].
One of these strategies is to implement the core assets as a series
of code templates [18, 19] that will be filled once the
requirements for the product are defined.

In this case, a domain specific language (DSL) has been
implemented with XML technology [20] to provide a structured
file to the code generator so it can easily extract the features and
inject them into the code templates (with Jinja2 [21] as the



template engine). This code generator is implemented in Python,
and it is in charge of processing the XML configuration files and
inject the functionalities through the code templates logic.

The outcomes of this process are the source files (HTML and
JavaScript files) that will be deployed to make them accessible to
the final wusers, conforming the personalized information
dashboard. The general workflow followed to generate the
source code can be seen in the Figure 2.
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Figure 2. Code generation workflow.

2.3 Interoperability

The backbone of an information visualization is the data showed.
One of the main concerns of this approach applied to the
dashboards domain is the interoperability of the data sources
that will fuel the information visualizations.

Having good interoperability levels means that .any
modification on the data sources would not imply several or
critical changes in the visualizations’ code.

To retrieve the data to be presented from the Observatory’s
bank of knowledge, a GraphQL API/[22] has been implemented
in order to decouple the presentation components from the
persistent storage.

GraphQL provides a flexible query language to build requests
that can be parameterized. What is more, GraphQL allows to
specify the fields that will be retrieved, saving bandwidth by
including only the necessary data in the responses [23, 24].

The API calls are executed by specific GraphQL connectors
implemented to add an abstraction layer and to be able to modify
(if necessary) the data requests without affecting the actual
components or even change the data sources.

3 RESULTS

The following section presents the results derived from the
application of the SPL paradigm to create a software product line
for the Observatory in order to generate customized dashboards.
The results are presented through three perspectives: the results
obtained regarding the customization of functionalities, layout
and data sources.

3.1 Results regarding functional
personalization

One of the main goals of this approach is to provide an
automated method to manage the generation of products with
different functionalities.

Having the possibility to change the components’ functional
features gives freedom to the users to choose and obtain
components that fit best their requirements.

For example, a potential user could need a scatter diagram to
explore three variables at the same time through the X and Y
axes and the radius of the points being represented, in order to
study potential patterns or relations among them.

On the other hand, another particular user could only need to
explore two variables at the same time, because the addition of a
third variable could aggravate the analysis process.

By only changing the configuration of a scatter diagram
component it is possible to achieve (through the specific core
asset that supports this component) two different versions of the
diagram to fit these, particular requirements (an example is
showed in the Figure 3).

Figure 3. Comparison of two scatter diagram components.

On the left, the radius of the elements within the diagram

represents the value of a variable. On the right, the radius

is not used to represent any variable and every point has a
default radius.

There are other kind of features that can be configured, like a
set of controls or filters available to explore data with more or
less detail or freedom given the final user necessities.

All these variations are introduced through the templates
previously implemented; functionalities are injected or ignored
on the core assets to produce components with different features
from the same template.

3.2 Results regarding layout personalization

This approach also allows the customization of the dashboards
pages’ layout. A generated dashboard page will be composed by
a series of selected components previously configured to fit
particular requirements. Once this task is done, these
components need to be placed on the final dashboard page.

From an abstract point of view, a dashboard page is
composed by containers (rows or columns) that will hold the
different components or graphical resources.



Through the implemented DSL it is possible to specify the
page layout once the components have been configured by
referencing them within the containers that will hold
them. There is an example of this syntax on the Figure 4.

<Page page_id="1">

<Components>
<Component>
<ScatterDiagram component_id="ScatterDiagram_1"...>
</Component>
<Component>
<Heatmap component_id="HeatMap_1"...>
</Component>
<Component>
<ChordDiagram component_id="Chord_1"...>
</Component>
</Components>
<Layout>
<RowGroup>
<Row width="100%" height="100%">
<ColumnGroup>
<Column width="100%" height="100%">
<Component ref="Chord_1"/>
</Column>
<Column width="100%" height="100%">
<Component ref="ScatterDiagram_1"/>
</Column>
</ColumnGroup>
</Row>

<Row width="100%" height="100%">
<Component ref="HeatMap_1"/>
</Row>
</RowGroup>
</Layout>
</Page>

Figure 4. Example of a configuration for a dashboard page

in which the layout is specified in terms of rows and
columns

The configuration specified in the Figure 4 yields the final
dashboard page presented in the Figure 5.
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Figure 5. Example of a generated dashboard page given a
specific configuration (contents in Spanish)

Thanks to the DSL it is possible to arrange the elements that
will conform the dashboard page in terms of rows and columns,
allowing developers to create and test different pages’ layouts by
only specifying them in the configuration files.

3.3 Results regarding data sources
personalization

As it has been aforementioned, data sources are vital for
dashboards to fulfil their role. There could be users that
prioritize specific variables or specific information over another,
and it is important to take these data requirements into account,
as having too much information on an information dashboard
could deteriorate the user experience.

This approach considers data sources as a part of a
dashboard’s configuration, making also the information
presented itself or the information available to show (through a
series of interactive ¢ontrols) a customizable element.

For example, & particular user could require a heat map to
have an overview, of a series of skills required in the career path
of the students.(Figure 6).
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Figure 6. Example of a heat map with the goal of showing
the most required skills in the career path of the students

However, another user could require a heat map to study
which are the most popular methods to search a job.

Starting from the same component (a heat map visualization),
developers only need to specify through the DSL which data
sources will be necessary to consume information from (an
example of this syntax showed in the Figure 7). In this case, it is
important to specify the Observatory’s GraphQL API endpoints
and parameters necessary to retrieve the requested data. As it
will be discussed, the variety and homogenization of data
sources is a challenge for this approach.

<Heatmap component_id="HeatMap_1">
<Title>Level of skills</Title>
<Dimensions>
<Dimension dimension_id="1">
<DataResource>
<DataSource>
<label>Required in job</label>
<code>C1EMP</code>
<metric_cod: LevelGroupedAverage</metric_code>
<endpoint>stats2017</endpoint>
</DataSource>
</DataResource>
</Dimension>
<Dimension dimension_id="2">
<DataResource>
<DataSaurce>

Figure 7. Example of the data source specification in a heat
map visualization through the implemented DSL



By solely changing the data resources it is possible to achieve
two visualizations adapted to the requested information.

4 DISCUSSION

Applying the software product line approach to the automatic
generation of dashboards has led to promising results regarding
the management of customization within this domain.

Software interfaces require both the study of the domain in
which they will be framed and the study of the target users that
will end up using the products. Moreover, interfaces that give
support to decision-makers present additional difficulties given
the particular requirements and factors that could affect the
experience and, consequently, the visual data analysis and
decision-making processes.

The main focus must be on providing powerful tools that are
not only aesthetic and functional but also helpful for the users.
However, there could be several user profiles, and the necessities
of one user could differ totally from the necessities of another.
Developing a specific dashboard for every user profile
constitutes a solution, but it is inviable if the number of user
profiles is significant within the particular problem to be
addressed. In addition, the requirements of every user could
evolve along time and that is also another issue that affects
maintainability and consumes resources.

The software product line paradigm helps to manage
different and dynamic requirements by providing a theoretical
framework for implementing modular, configurable and reusable
software components (named core assets of the product line) that
can be composed to create final and complete software products.
The results derived from this work have proved that this
approach can decrease the efforts made during the development
processes and improve maintainability and the evelution of ‘the
products. The most time-consuming tasks are carried'out during
the domain engineering phase, when the base core assetsthave to
be designed and implemented to be reusable and. configurable.
Once this phase is done, the creation of particular products is
straightforward.

The main challenges of applying the SPL to the‘dashboards’
domain involve different matters. First, usability has to be a
priority. As it has been mentioned before, the finally generated
dashboards need to be helpful, and that involves having good
levels of usability in order to provide valuable user experiences.
However, the automatic generation of user interfaces is still a
tough process that require semi-automatic or even manual
design processes [25, 26]. Further research will involve usability
tests to study the perceived usability levels of the automatically
generated user interfaces.

On the other hand, the particular domain of the dashboards
makes the data sources a vital element for the product line.
There could be different data sources, with different data formats
or even different ways or protocols to retrieve the information. It
is important to take into account the heterogeneity of
the sources involved to decouple the logic of the
software components from the information that they will
finally hold, in

order to avoid critical changes on the components if the data
sources are modified [27] in some sort of manner.

Developing a framework to efficiently generate flexible and
customizable information dashboards could give a strong
foundation to create powerful tools with the main goal of
helping decision-makers to take well-informed decisions in order
to obtain benefits from them.

5 CONCLUSIONS

In summary, the software product line paradigm has been
applied to the Spanish Observatory for University Employment
and Employability’s system in order to provide an automatic
method for generating customized dashboards to analyse the
organization’s data regarding university employment and
employability, given a set of particular requirements.

Having a method for managing differing necessities benefits
both developers and target users, increasing maintainability and
efficiency in development processes and allowing fine-grained
customization in the final products, respectively.

In this particular case, the creation of visualization tools for
exploring data.about university employment and employability
could support policy-makers and institutions to identify factors
that _affect, the students’ capacity to obtain a job in order to
improve the linkage between higher education and employment.
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