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Abstract—Despite great effort in research and teaching as
well as in raising women’s quotas in the public sector and
in enterprises, a gender gap in computer science can still
be observed. The reasons are manifold, including the lack of
interest of girls because of existing stereotypes of male nerds,
misconceptions in the field of computer science, and concrete
differences in students’ self-concept and performance. Girls do
not choose schools or studies in the field of computer science
because working on computers or coding is unattractive to
them. Research shows poorer performance, missing interest, and
lower self-concept for girls in secondary computing education
as well as a high dropout rate of female students in computer
science courses at the bachelor’s level. Software development
exams contribute to those high dropout rates, and women often
choose a different subject or even stop their university education
altogether. This leads to fewer female employees in the field of
computer science, and this situation calls for special measures
at several levels. The current paper provides an overview of
the initiatives of our university that aim to address several
aspects of the gender gap. The programs offered aim to (1)
increase interest in computer science and recruit (highly) gifted
girls for our talent programs, (2) recruit and support female
bachelor’s and master’s students in computer science, and (3)
redesign programming courses and teaching materials to reduce
the gender gap in performance and support, especially for female
students. This study also describes a ‘“‘cyber tutoring” program
in which highly gifted girls between 13 and 16 years collaborate
with and are supervised by female role models in higher positions
in STEM. The evaluation results gained in the first year of this
case study are promising and suggest that the extension and
further development of the program would be advantageous.

Index Terms—gender gap, talents promotion, computer sci-
ence, STEM

I. INTRODUCTION

Promoting diversity and fostering equality and inclusion
have become strategic missions of many universities globally.
At the Johannes Kepler University Linz, for example, equality
in educational and professional opportunities is strategically
promoted with a dedicated Women Promotion Plan'. With
respect to education, this plan promotes both women’s ac-
cess to academic studies and the active promotion of fe-
male students. However, diversity does not solely manifest
in gender disparities. Gardenswartz and Rowe [1] present
four layers of diversity dimensions (see Figure 1) that need
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to be considered: Personality, Internal Dimensions (e.g. age,
gender, race), External Dimensions (e.g. work experience,
educational background), and Organizational Dimensions (e.g.
work location, functional level). In this paper, we focus on the
gender part of the Internal Dimensions in computer science.

Fig. 1. Four layers of the diversity model proposed by Gardenswartz and
Rowe [1]

Despite a great effort in research and teaching, a gender
gap in computer science can still be observed [2], [3]. At
the bachelor’s level, this gap typically manifests in the poorer
performance of female students than male students as well
as higher drop-out rates from computer science courses. This
corresponds with our own observations from the introductory
programming course in the Business Informatics bachelor’s
program. Research further shows that the gender gap emerges
much earlier, as girls do not even choose schools or studies in
the field of computer science because working on computers or
coding is unattractive to them. Among young girls, computers
and computer science are often perceived as nerdy or geeky
[4].

In this paper, we present the initiatives of the Johannes
Kepler University Linz that aim to address several aspects



of the gender gap. The programs offered aim to (1) increase
interest in computer science and recruit (highly) gifted girls for
our talent programs, (2) recruit and support female bachelor’s
and master’s students in computer science, and (3) redesign
programming courses and teaching materials to reduce the
gender gap in performance and support, especially for female
students.

In Section II, we discuss the relevant literature in the area
of gender and computer science. Section III presents our
initiatives and early results. We conclude our paper in Section
IV with an outlook on future work we plan in this area.

II. LITERATURE REVIEW

There has been extensive research over several decades to
understand the lack of female computer scientists. Figure 2
shows the proportion of entering students who plan to major
in computer science in the United States. When computing
peaked in the mid-1980s, women earned about 35% of bache-
lor’s degrees in computer science in the United States, whereas
in 2014 only 18% finished their studies [5].

Fig. 2. Proportion of students who plan to major in computer science by
gender from 1971 to 2015 in the United States [5]

Hence, women tend to be more attracted to low-paying
job fields, which is a significant factor in the gender pay
gap. Nonetheless, their diverse perspectives could improve
technology development in areas in which companies have
overlooked women and their needs (e.g. voice recognition).
Many organizations have partnered with industry giants such
as Microsoft and Google to help girls find their way into
computer science-related areas. However, those efforts have
not increased the number of women undertaking computer
science majors [S]. Studies show that young women tend
to rate their academic abilities, especially their math and
computer science abilities, lower than men of the same age,
even if they gain similar levels of academic achievement [6]
or similar test scores [7]. Indeed, many studies have found
a correlation between confidence in computing and/or self-
efficacy and the under-representation of women in this field
[5].

Concerning Lagesen’s analysis, the problem can be cate-
gorized into three “deficit models” [8]. The first focuses on
women’s lower knowledge or experience in the field (“deficits
in women”). The second (“deficits in computer science”)

focuses on improving computer science education to attract
women. The third concentrates on the “image” of computer
science that lots of people still identify as the typical male
stereotype of “hackers,” “geeks,” and male “geniuses” [8].
Interestingly, this stereotype is much more about racism than it
is about gender. When asked, people describe nerds as mostly
Asian men devoid of emotion and caring only for money,
whereas the majority see black people as unsuited to a career
in computer science [9].

Furthermore, the literature concentrates on the lack of
female role models in computer science. It seems difficult for
girls to come into direct contact with successful women who
have majored in male-dominated fields. For example, several
studies show the impact of female teachers on female students,
particularly for STEM majors [10].

III. PROMOTING FEMALE STUDENTS AT OUR UNIVERSITY

In general, we concentrated on three aims to foster female
students’ interest in computer science and help them during
their studies. Concerning the first group, we implemented the
“cyber tutoring” program described in Section III-A. By re-
designing programming courses on the university’s curriculum,
we aim to reduce dropout rates, as outlined in Section III-B. In
Section III-C, the approaches for supporting female bachelor’s
students are characterized.

A. Recruiting gifted girls

The cyber tutoring program supports gifted girls to allow
them to gain basic experience with creative projects in an
academic setting. The two-year program started in autumn
2018 and comprised 13 girls between the ages of 13 to 16,
who were brought together with women in higher positions in
the field of STEM. Several teams were formed after the tutors
had proposed their project ideas. The girls not only developed
their own projects and products, but were also involved in
the research projects of the department, worked after an
introduction as peer tutors in the COOL Lab, and participated
in the new tutor training for basic digital education. The
main interaction took place over online platforms such as
Moodle, Facetime, Skype, and Dropbox over the course of
a year when participants met to present their work-in-progress
and forge new collaborations. A vivid feedback culture was
fostered to improve and combine projects as well as discuss
necessary adaptations. Additionally, accompanying leadership
seminars were offered to participants. The girls not only
had the opportunity to improve their academic and technical
understanding, but also were trained to pass on their know-
how on computational thinking to peers at their own school.
The program with our first participants will end in July 2020.
Hence, we will aim to evaluate the outcome in the upcoming
months.

B. Redesigning programming courses

Whether at school or university, learning to code is often dif-
ficult for beginners. High dropout rates, poor performance, and
a major gender gap verify these experiences [11]-[13]. There



already exist several approaches to support beginners such
as tutoring systems and extra training courses; nonetheless,
many students still do not pass their exams. This concurs with
our experience of the introductory programming course in the
Business Informatics bachelor’s program at Johannes Kepler
University. We have regularly seen high dropout rates and
moderate results by those who passed, and we thus decided to
introduce COOL Programming into our programming courses
[14].
COOL Programming is based on the concept of COOL In-
formatics, a teaching approach that brain-supporting teaching
methods and materials [15]. The lessons and tasks are designed
based upon the following neurodidactic principles:
1) New content is always built on existing knowledge and
learning occurs through association [16], [17].

2) Knowledge cannot be transferred but must be con-
structed in each student’s brain [18].

3) Learning occurs through imitation [16].

4) The brain recognizes and produces patterns, categories,
and rules itself [17].

5) The instruction method impacts the retention of new
information [16].

6) Double-coded is double-saved (multimedia effect) [18].

COOL integrates four main principles in lecture and task
design to make teaching more effective and understandable:
discovery, cooperation, individuality and activity.

(1) Discovery learning is supported by solution-based learn-
ing, step-by-step instructions and tasks, video tutorials, and
observational learning.

(2) Cooperation, a crucial principle of COOL, is supported
by team- and groupwork, peer tutoring and peer teaching, and
pair programming. Peer learning is the use of teaching and
learning strategies in which students learn with and from each
other without any direct intervention by a teacher. Examples of
peer learning are student-led workshops, team projects, study
groups, and student-to-student learning partnerships [19]. In
contrast to peer learning, peer teaching involves advanced
students in class acting as tutors [19]. In pair programming,
two programmers work together on the same algorithm at one
computer. One person is the “driver” and the other is the
“navigator.” The driver types at the computer and performs the
physical input, while the navigator observes and comments on
the role of the driver [20].

The third principle of COOL is individuality, which is
supported by self-organized learning with compulsory and
optional tasks. Fourth, activity is realized by hands-on/minds-
on learning by doing, learning by animation, and simulation
by playing and designing games (creative learning).

The crucial elements in both lesson and task design in our
programming course are the principles of cooperation and
discovery as well as individuality (i.e. freedom of choice for
students regarding the type, number, and context of exercises).
The script and given tasks are designed especially for discov-
ery learning as well as for training certain competencies and
programming concepts.

At the beginning of lessons (Questioning Phase), students
work in small teams supervised by a peer tutor (a student with
good programming competencies) and can ask their peers,
peer tutors, and docents questions to clarify understanding.
The next phase (Discovering Phase) is based on the automatic
brain function of patterning [21] and is dedicated to extracting
the structures, rules, and other essential elements in different
examples of Java code. Students use several forms of materials
appropriate for discovery learning, such as reading corners
(short pieces of correct Java code), sample solutions, step-by-
step exercises, and worked examples. The rest of the lecture
(Pair-Programming Phase) offers the possibility for students
(at a similar knowledge level) to work together on their
programming tasks, following the rules of pair-programming.
Students can ask their partner as well as other peers and tutors
when problems with tasks arise.

The outcomes of the first group in 2018 were promising, as
the overall motivation as well as learning outcomes improved.
In 2019, the experiment was repeated and the course results
improved further. The overall success rate of 77% was much
higher than that in previous semesters, where it was typically
below 50%. We also found that under the COOL approach,
students tend to stay on the course longer before they give up.
This trend is also visible in homework hand-ins. Interestingly,
the gender gap is reduced as well, maybe because women
prefer the conversational, cooperative style of the courses to
traditional ones. Indeed, while female students increased their
performance during the course, male students stayed at the
same level. In general, course evaluation was also positive. In
particular, students liked the individual feedback and support,
small peer groups, and assignments that helped them better
understand and learn the different topics.

C. Supporting female bachelor’s students

There are pragmatic as well as principled reasons for
concentrating on peer learning at universities. As both peer
learning and peer teaching concentrate on students, universities
can easily increase the number of students in classes without
more input from staff. Collective forms of learning may better
suit women and minority groups than traditional individualistic
teaching methods because they concentrate on cooperation
rather than competition [19]. Considering the gender gap, more
and more of these teaching and learning concepts should thus
be investigated.

Although one of the beginners programming classes
switched to the concepts of COOL Programming, many other
courses required support for women struggling to start to code.
Consequently, in the winter term of 2018, we created a peer-
learning group that met each week in the conference room of
our department to discuss upcoming programming tasks [22].

In the summer term 2019, the first official peer-learning
class was implemented. Students could take that class volun-
tarily but still receive ECTS for it. Two PhD students acted as
tutors but did not solve the coding tasks step-by-step. Sadly,
no female students participated [22].



In the following winter term, the class was restricted to
students enrolled in the beginners programming classes of
the Computer Science and Business Informatics bachelor’s
programs. The system also changed from peer learning to peer
teaching, as two advanced students were members of the same
group. In total, 18 students attended class of which eight were
women. Seven of those eight female students passed the final
exam [22].

IV. CONCLUSION AND FUTURE WORK

To lower the gender gap in the field of computer science, it
seems important to introduce strategies to increase the interest
of female students, not only at the university level, but also in
earlier stages. At the Johannes Kepler University Linz, three
strategies have been implemented to promote female students.
First, recruiting gifted girls via cyber tutoring can bring young
women together with female leaders in a technical field.
Female role models can influence young female students, es-
pecially in STEM. Second, redesigning programming courses
by implementing modern teaching and learning methods such
as COOL Programming can improve learning outcomes and
lower the gender gap. Third, supporting female bachelor’s
students through peer-learning programs fosters a cooperative
and conversational learning style.

Although our strategies have shown an immediate effect
on the motivation and support of already enrolled and highly
gifted students, it is also vital to foster a curiosity about
sciences from an early age by providing appealing, creative,
low-threshold projects. In the future, we plan to focus on
providing explicit support for students with diverse educational
backgrounds, ages, and migration statuses.
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