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Abstract - Nowadays, many policies have encouraged organizations to develop Gender Equality Plans (GEPs) and monitor
their implementation. The paper presents a prototype of a data analytics tool for gender equality monitoring GEAnalyst
designed for the needs of higher education institutions (HEIs) from the perspective of different stakeholder groups. The tool
allows them to understand key gaps between women and men within the HEI and its activities, take data-informed decisions to
ensure equal access to education and career development, increase the sense of equality among the university community, set

priorities, and adjust these priorities as the situation evolves.
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1. Introduction

Nowadays, many policies have stimulated organizations
from all sectors to develop and implement Gender Equality
Plans (GEPs). Organizations are not only strongly
encouraged by European policies from all sectors to develop
and implement Gender Equality Plans (GEPs), but a Plan
like that has become a suitability criterion for higher
education institutions (HEIs), all public bodies, and research
organizations from the EU member states and accompanying
countries who want to participate in the Horizon Europe
Framework Programme for Research and Innovation 2021-
2027.

Organizations must collect and publish sex/gender-
disaggregated data on personnel (and students, where
relevant) and carry out annual reporting based on indicators
to be eligible for Horizon Europe [1]. The most pertinent
indicators should consider by Organizations on how to select,
how to collect and to analyse the data, including resources to
do so, and should ensure that data is published and monitored
on an annual basis.

As a result, the following analysis and the collection of
sex-disaggregated data require human resources participation
and manually perusing endless data streams. On the other
hand, the presented information does not provide information
about the organization's current state and is up-to-date at the
time of its analysis. It raises the question of whether the
analysis and collection of such data can be computerized and
thus not only reduce the amount of physical work and the
number of people involved and provide current information
at any time. In this regard, data analysts face the challenge of

leveraging technology to eliminate bias and promote gender
equality. The United Nations [2] also encourage data
scientists to collect and analyse gender data to measure the
progress towards achieving the Sustainable Development
Goals (SDGs) for 2030.

Platforms like Gallup  Analytics  (https://www.
gallup.com), Pipeline (https://www.pipelineequity.com/),
Hirevue (https://www.hirevue.com), Pymetrics (https://
www.pymetrics.ai), Textio Hire (https://textio.com), WEPSs
Tool (https://weps-gapanalysis.org/), Equialo (https://www.
equilo.io/) allows organizations to use data analysis
technologies to close the gender gap in the workplace.
Organizations from all business areas can use data analytics
to illuminate an existing gender gap, monitor trends and
discrepancies between the treatment of female and male
staff, recruit a diverse workforce, predict whether certain
groups of people are more likely to resign than others, and
eliminate bias [3-5].

HEIs use administrative staff, students and PhD
students, and software systems to automate their activities,
which store a large quantity of data on faculty that they could
extract and analyse from data analytics tools. Therefore,
HEIs have the data sets to benefit from targeted data
analytics, which increases interest in analysis and data
mining. HEIs are searching for software tools so that they
will be allowed to extract data from information systems and
convert them into knowledge. As a result, it helps them make
important decisions regarding workflows and various
processes and improves process management. Data analytics
has the potential to act positively on all the main areas of
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importance for HEIs, including monitoring gender equality.
Data analysis can bring accountability and transparency in
the management of the education sector [23] and assessment
of institutional performance and progress, as well as help
HEI leadership predict future performance and identify
potential issues [25].

Automatic extraction, analysis and classification of data
are allowed by data analytic tools that support governing
bodies of HEIs to make informed decisions. Data analytics
tools have been used by many HEIls worldwide [8-17] to
improve the quality of learning, track data for institution's
work, student retention and improve student results, deliver
early interventions and immediate feedback, support
decision-making, and make significant progress in improving
the university processes, generate reports for internal and
external quality assurance, etc. They pay less attention to the
possibility of using data analytics tools to monitor gender
equality in HEIs. On the other hand, platforms that allow
organizations to use data analysis technologies to close the
gender gap in the workplace are unsuitable for HEIs because
they do not fully reflect the specifics of educational
institutions.

These facts motivate the development of a tool for
monitoring gender equality in HEIs. The development of a
data analytics tool that will extract and analyse sex-
disaggregated data about academic and non-academic staff,
PhD students and students will help different stakeholders
(e.g. top and middle management, responsible bodies for
gender equality, etc.) to make data-driven decisions in order
to improve the university environment referring to equality
between women and men.

A prototype of a data analytics tool for gender equality
monitoring designed is being presented in this paper for the
needs of top and middle management and gender equality-
responsible bodies. Key gaps between women and men
within the HEI and its activities are being understood by this
tool. The tool helps managers to make data-informed
decisions to ensure equal access to education and career
growth for women and men, increase the sense of equality in
the university, set priorities and adjust these priorities when
the situation evolves.

2. Materials and Methods

Based on the literature review in the field [1, 18-19], the
Plovdiv University (PU) GEP in force [24], and available
data in potential data sources, a model with a set of indicators
is being proposed to serve as a business logic basis of the
developed data analytics tool (see Section 3).

The set goal of the tool determines the selection of
indicators to collect as much relevant data as possible to
enable scrutiny of the differences between men and women
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in different roles and at different levels within the
university's core activities. After the indicators are selected,
further breaking down the collected sex-disaggregated data
into other categories is considered to study the differences
between women and men in the different units of the
university. Stakeholders are allowed to examine data on the
interrelationship of gender with other characteristics that can
highlight specific areas requiring attention.

Gender equality models for monitoring define what type
of data they should collect from the institutional information
infrastructure that stakeholders can use to monitor gender
equality at the university. The model consists of measurable
indicators allowing the relevant stakeholder to track sex-
disaggregated data for candidate PhD students and PhD
students, students, students, and members of the faculty staff
for different purposes, e.g. monitoring, analysis, forecast,
intervention, recommendations, etc., but finally to improve
the university environment in terms of equality between
women and men.

They have built the model for gender equality
monitoring as hierarchies of indicators of different levels.
Indicators from Level 1 represent the object to which the
collected and aggregated data relate — candidate PhD
students, PhD students, candidate students, students, and
faculty staff members. These indicators group together a set
of Level 2 indicators that allow the relevant stakeholder to
track specific data for this object. Each Level 2 indicator
comprises several measurable attributes whose values will be
extracted from the university information systems. Table 1
presents the proposed model and its indicators for Levels 1
and 2.

3. Results and Discussion: Data Analytics Tool
Based on the model proposed (Section 2), a

corresponding data analytics tool for gender equality

monitoring called GEAnalyst is created and implemented.

Through an analytical study of software solutions for
analysing, extracting, and visualizing data from different
information sources, some technologies and tools for
software development were selected. The GEAnalyst has
been developed by combining current software solutions,
such as JasperReport Server, Jaspersoft ETL and JasperSoft
Studio  tools  (developed by TIBCO  Software,
https://www.tibco.com/) and the client application.

The JasperSoft Studio delivers a variety of instruments
to design report templates which are to be filled out with data
retrieved from a range of data sources (relational databases,
big data sources, or other types of database systems).
Together with JasperReport Server, effective report
publishing workflows could be created.
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There are some options that JasperReport Server offers, generating and storing reports. Besides, it could present them
such as accessing data collections with a different type of  in the preferable form by the user. The server combines a
organization (incl. custom - DB, XML, CSV, Hibernate, variety of tools for incorporation with a number of software
PQJO), organizing structured repositories, and making use of  applications through shared web services.
them as data sources for JasperSoft Studio needs when

Table 1. Monitoring for gender equality

Level 1 Level 2

1.1.  Number of both genders (women and men) amongst applicant students per study programme
1.2.  Number of both genders (women and men) amongst applicant students per professional field

L (s:taurgjilr?tite 1.3.  Number of both genders (women and men) amongst enrolled students per study programme
1.4.  Number of both genders (women and men) amongst enrolled students per professional field
1.5.  Number of both genders (women and men) amongst enrolled students per faculty programme
2.1.  Number of both genders (women and men) amongst students per faculty
2.2. Number of both genders (women and men) amongst students per study programme
2.3. Number of both genders (women and men) amongst students per professional field
2.4.  Number of both genders (women and men) amongst dropped out students per faculty
2.5.  Number of both genders (women and men) amongst dropped out students per study programme
2.6.  Number of both genders (women and men) amongst dropped out students per professional field
2.7. Number of both genders (women and men) amongst graduate students per faculty

2 Students 2.8.  Number of both genders (women and men) amongst graduate students per study programme

2.9.  Number of both genders (women and men) amongst graduate students per professional field

2.10. Number of both genders (women and men) at the end of the academic year per faculty

2.11. Average grade of both genders (women and men) at the end of the academic year per study
programme

2.12. Average success of both genders (women and men) in graduation per study programme

2.13. Maximum success of both genders (women and men) in graduation per study programme

2.14. Minimum success of both genders (women and men) in graduation per study programme

2.15. Number of students (women and men) who participate in research projects per faculty

3. Candidate PhD | 3.1.  Number of both genders (women and men) - candidate PhD students per study programme
Students 3.2. Number of both genders (women and men) among enrolled PhD students per study programme

4.1.  Number of both genders (women and men) - PhD students per study programme

4.2.  Number of both genders (women and men) who dropped out PhD students per study programme

4.3.  Number of both genders (women and men) amongst defended doctoral students per faculty

4.4. Number of both genders (women and men) amongst defended doctoral students per study

4. PhD students programme

4.5.  Number of both genders (women and men) amongst defended doctoral students per professional
field

4.6.  Number of both genders (women and men) amongst PhD students who participate in research
projects per faculty

5.1.  Number of both genders (women and men) in an academic position per faculty

5.2. Number of both genders (women and men) in an academic position per professional field

5.3.  Number of both genders (women and men) amongst academic staff with scientific degrees per
faculty

5.4. Number of both genders (women and men) amongst academic staff with scientific degrees per
professional field

5.5.  Number of both genders (women and men) amongst academic staff who participate in research
projects per faculty

5.6.  Number of both genders (women and men) amongst academic staff who participate in research
projects per professional field

5.7. Number of both genders (women and men) amongst project managers per faculty

5.8.  Number of both genders (women and men) amongst project managers per professional field

5. Faculty staff
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Fig. 1 GEAnalyst Architecture

Data Sources

Jaspersoft ETL (extract, transform, and load) is an open-
source tool for data integration. This tool is applied to extract
transactional system data to create a joined data warehouse
or data mart for analysis and reporting. Some of its
applications are graphic design, schedules, and executing
data movements and transformations for business
intelligence projects, such as loading an Operational Data
Store (ODS), Data Mart, or Data Warehouse.

The architecture of the GEAnalyst (see Figure 1)
demonstrates the average type of 3-tier architecture with
recognized three layers - Presentation, Application and Data
layers.

The Client application allows users to ask for a report by
a chosen template and view the result of the request
(visualized report). The Client application (using XML
Parser and Style Control Module functionalities) allows
users, through predefined conditions to adjust some view
attributes like colour, font size, etc., to visualize the report in
the web browser in a user-friendly way.

The report templates design tool JasperSoft Studio has
implemented the core functionality of the Application Layer
of GEAnalyst and its business logic.

Displaying the developed model (see Section 2) is a key
component of this functionality and acquisition of values for
the model's indicators of different levels from systems of the
university information infrastructure.

Solving the problem of extracting data from information
systems requires an in-depth analysis of the PU information
infrastructure. The appropriate data sources are projected to
be defined by this analysis, what quantity of the stored data
and how they can be extracted and analysed for GE
monitoring and forming values of the indicators from the
model proposed. PU computerizes its learning and
administrative processes through software systems that
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collect data on students and PhD students, faculty and
administrative staff and has the data sets which are necessary
to benefit from data analytic tools. The analysis, the student
information system, the student admission system, the human
resource system, and the research reporting system consider
powerful data sources of the GEAnalyst. Therefore, all data
sources are united through JasperSoft ETL.

The next step in the development process is related to
templates of GE monitoring reports for each stakeholder
group's necessities which collect appropriate data for the
proposed indicators, designed and developed through
JasperSoft Studio (see Table 1). The JasperReport Server
stores the templates (mentioned above). Besides, all that has
an intermediate role between the three architectural layers.
The Client Application requests the REST services of the
JasperReports Server to run a chosen template and generate a
report through the Service Client. The Web Service interface
responds to HTTP requests from the client application.

The Data Layer of the GEAnalyst incorporates all the
data sources selected from the university information
infrastructure  (student information system, students'
admission system, the research reporting system and human
resource system) and JasperReports Server repository.
JasperReport Server addresses data sources to retrieve the
data needed when creating reports.

GEAnalyst completes the templates with actual data
(obtained from information systems or through calculations)
and generates reports depending on the user's role (dean,
vice-dean, rector, vice-rector, member of GEG). Since
indicators from Level 1 and Level 2 are the same for
different stakeholder groups, they differentiate in the minor
levels, and that is set in the designed templates. A common
example is that a dean of a faculty can create reports that
provide data only for the faculty s/he heads, and a member of
top management can create reports with data for the whole
university.

The tool can generate reports automatically based on a
fixed schedule or manually by the user when they want to
check the present situation in the faculty/university. The
generated reports are stored in the repository and can be
retrieved by users with access rights.

Tables and diagrams present the results of data
processing and allow users to:

« Monitor the ratio of female and male PhD students
(candidate students, enrolled PhD students, dropped out
PhD students);

« Monitor the ratio of female and male students (candidate
students, enrolled students, graduates, dropped out
students),

« Monitor the equal access of students, PhD students and
employees to education and competitions for academic
and administrative positions;
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« Monitor the ratio of female and male members of the
faculty staff;

« Monitor the ratio of female and male project managers;

o Monitor the ratio of female and male participants in
projects (students, PhD students and members of the
faculty staff);

o Monitor career growth in terms of gender equality
(academic positions and degrees);

« Identify the most desired/undesirable study programmes
by female and male future students;

« ldentify study programmes with the highest/lowest
percentage of female and male graduates;

« Establish a baseline situation in relation to gender
equality in PU, against which progress can be monitored
and evaluated on an annual basis;

o Carry out an analysis to identify areas of strength and
weakness, which will allow better targeting of actions and
priorities within the GEP;

« Compare monitoring results from different time periods.

A part of generated report is presented in Figure 2.
through the developed tool for Indicator 5.1. Number of both
genders (women and men) in an academic position per
faculty by the university's Vice-rector. The report shows the
numbers of both genders (women and men) in academic
positions in each faculty. It allows them to monitor the
numerical data on the ratio of women and men among
academic staff.

Once the data analytics tool creates the reports, the users
can analyse them in order to understand key gaps between
women and men within the university and its activities. This
analysis will help users make data-informed decisions to
provide similar career development in the university and
access to education. It could also increase the gender balance
in the university environment, guide key priorities, and
adjust them as the situation evolves. The generated report
data (see Figure 2) show that the majority of faculty
members are female (e.g. Faculty of Pedagogy) and others
are male (e.g. Faculty of Mathematics and Informatics). The
last shows that the top management of the faculties where the
gender balance is distorted can take measures to stimulate the
unrepresented sex and achieve better gender equality (in
implementation of Measure 1.7 of PU GEP [21]).

At the end of each year, annual monitoring reports are
created for each indicator with summary data for each faculty
and the university. These reports can be viewed and
downloaded by users with rights through GEAnalyst.
Members of GEG can analyse them to recognize whether the
activities are impacting and where obstacles persist and
compare the results with those from the previous year to
show progress or lack thereof. Therefore, the current and last
year's results can be presented and the findings to the top and
middle management, responsible bodies for gender equality,
academic staff and students (where relevant) and other key
stakeholders.

Gender Equality: Data analytic tool

VISUAL EDITOR

Repository  Settings | Login: Vice-rector

STORAGE FOR PU "PAISII HILENDARSKI"

Indicator: Numbers of women and men in academic position

Monitoring and analysis of numerical data on the ratio of women and men in academic positions
(by units and positions held)

Other Assistant Assist. Prof. | Assoc. Prof. Professor Total
Faculty
M F M F M F M F M F M F
Faculty of Biclogy 0 0 0 4] 14 17 9 13 5 7 28 37
Faculty of Pedagogy 4 5 2 15 6 23 8 14 7 10 27 67
Faculty of Economics and Social Sciences 1 0 5 2 8 6 8 14 8 4 30 26
Faculty of Mathematics and Informatics 1 0 10 7 17 14 12 15 12 4 52 40
Physico-technological faculty 0 1 9 2 7 7 10 12 2 4 28 26
Faculty of Philology 1 5 7 19 6 24 9 26 3 9 26 83
Faculty of History and Philosophy 0 0 3 2 4 10 14 17 6 3 27 32
Faculty of Chemistry 0 0 0 4 5 12 T 11 3 1 15 28
Law faculty 0 0 1 1 5 6 12 10 8 8 26 25

Fig. 2 Generated report
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4, Conclusion In future, the tool functionality will be expanded to

The developed application is the first of its kind that allow data extraction for other quantitative indicators (e.g.

allows the monitoring of gender equa”ty and career number of women and men in deCiSion-making pOSitionS,
development in HEIs. GEAnalyst retrieves and summarizes ~ number of publications of women and men, average numbers
data that enable gender equality monitoring without human ~ Of years needed for women and men to make career growth,
resources participation and manually perusing endless data ~ humbers of women and men applying for/taking parental
streams. The tool helps HEIs managers to make data- leave etc.) as well as automated analysis of the results of
informed decisions to ensure equal access to education and  surveys conducted among academic staff and students.

career growth for women and men, increase the sense of

equality in the university, set priorities and adjust these Regardless of the software systems, each HEI can adapt
priorities when the situation evolves. the developed data analytics tool for its needs. In order to

achieve this, HEI needs to identify data analytics purposes
GEAnalyst provides real-time testing at PU. Various  and map its context.

stakeholder groups will use the tool to generate reports )
needed for the status-quo assessment of the university and ~ Funding Statement
the monitoring procedure for PU GEP [21]. The paper is partly supported by the projects

"Supporting and Implementing Plans for Gender Equality in
Based on the feedback received from the ongoing  Academia and Research" (Grant Agreement No 824544) and

evaluation of the tool by various stakeholder representatives, "Application of big data analysis methods in higher
the final version of the device will be developed, which will education". This paper reflects only the author's view and the
ensure requirements for users' privacy and data protection European Commission is not responsible for any use that
[22]. may be made of the information it contains.
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