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Abstract: Knowledge in Computer Science (CS) is essential, and companies have increased their demands for CS
professionals. Despite this, many jobs remain vacant. Furthermore, computational thinking (CT) skills are required in all
contexts of problem solving. A further serious problem arises from the gender disparity in technology related fields. Even if
tech companies want to hire women in technology, the number of women who enter these fields is remarkably low. In high
schools with no technical focus, most teenagers acquire only low-level skills in CS. The consequences are misleading
preconceptions about the fundamental ideas of CS and stereotype-based expectations. Consequently, many teenagers
exclude computing from their career path. In this paper, two promising concepts to overcome these challenges are
presented. In 2018, a voluntary gamified lecture “Design your own app”, held at the University of Graz for students of all
degree programs, was introduced. The course attracted over 200 students and received positive evaluations. This led to the
second concept. In January 2019, a MOOC (Massive Open Online Course) with the title “Get FIT in Computer Science” was
designed and launched in August 2019 on the platform iMooX.at with the goal to provide a basic introduction to different
concepts of CS, including programming and the application of game design strategies. The MOOC was accompanied by an
offline lecture, following the principles of flipped classroom and inverse blended learning. For evaluation purposes, we
collected data at three stages: 1) during the MOOC, 2) during the offline lecture, and 3) two months after the lecture. The
results showed that the MOOC framework was a promising approach to support and motivate at least a certain group of
first-semester students, especially those who had no prior knowledge in CS.

Keywords: computer science education, digital literacy, technology enhanced learning, MOOC, flipped classroom, Pocket
Code

1. Introduction

IT specialists are needed worldwide in order for businesses to be competitive in science and technology. Thus,
there is a growing demand for IT professionals (Cuff, 2015). On the one hand, the enrolment of students in
Computer Science (CS) programs in European countries has slightly increased, according to Informatics Europe
(2015). On the other hand, degree courses in CS have very high drop-out rates (European Commission, 2015).
There are many reasons why students drop out of university, but this report points out that students who have
no previous knowledge in CS are more likely to drop out in comparison to students who already have
programming experience and a basic understanding of the important concepts of CS. In addition, data from
European Statistics Eurostat (2019) confirm a low percentage of female students in studies related to CS. In
Austria, the percentage is only about 14%, which is even lower than the EU average (17%), but higher than the
share of women in ICT studies in Luxembourg (10%), Belgium (8%) and in the Netherlands (6%). Female students,
who decide to enter the field of ICT or CS, are then confronted with various challenges and prejudices. In STEM
(Science, Technology, Engineering and Math) subjects in Austria, all male and female students in bachelor
programs have the same success rates of about one third (Binder et al., 2017). However, more men (16%) further
enroll for a graduate study (master’s or doctoral program) than women (10%). Degree programs of non-STEM
fields are more likely to be completed by women. Here, it is apparent that the higher the proportion of women
in a subject, the more frequently women complete their studies compared to men (Dormayr and Winkler, 2016).
With regard to success rates and gender, the only exception is the field of CS: Here, women have a 10%-points
lower success rate than men. One explanation of this gender related success rate is the differences in school
education. Overall, women in STEM studies more often have a degree from an upper secondary school providing
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a general education (women 66% vs. men 50%) and rarely completed their secondary education at a technical
college (women 8% vs. men 37%).

The percentage of female students at Graz University of Technology (TU Graz) in Austria for the winter term
2017/2018 reaches just 23.87%. This percentage increases slightly every year, but it is mainly due to the high
amount of female first semester students in architecture, biomedical engineering, and chemistry. A closer look
at the percentage of women’s bachelor’s degrees in computer science shows a percentage of 12.55%, without
significant changes over the last 20 years. The gender distribution at the TU Graz in the different levels continues
to show inequality. With 76.13% male students, female students are in the clear minority.
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Figure 1: Percentage of CS degree programs at TU Graz (winter term of 2003/04 to 2017/18)
https://online.tugraz.at/tugonline/Studierendenstatistik.html

This situation is similar to other developed countries. Reasons why female teenagers decide not to choose CS as
a major are diverse. Literature and researchers argue that existing stereotypes, preconceptions about the field
of CS, gender inequality in education, the absence of female role models and mentors, and moreover, girls’
presumed deficits, like low tech affinity, interests, and experiences in tech, are all reasons that lead to that
gender gap in ICT. These important gender differences especially in interest, self-efficacy or sense of belonging
are part of the authors’ previous work (Spieler, Oates- Induchova, Slany, in press). These issues need to be
considered when thinking of alternative approaches to increase female achievement in this field (Cheryan et al.,
2013). In addition to this, there is a major lack of exposure to CS at schools all over Europe (CECE, 2017).

The aim of the paper is twofold: First, the development of a MOOC (Massive Open Online Course) and the
implementation of a corresponding offline lecture at TU Graz, providing a general introduction to CS, are
described. The MOOC and the lecture were designed to help all first semester students to gain knowledge in CS
and programming. Second, the results of the online course and the offline lecture were compared with the
answers of a post questionnaire, done by CS first semester students in December 2019 to see if the topics
covered by the MOOC were helpful. For those who did not participate in MOOC, we wanted to know which
topics would help them in their first semester courses. This paper investigates the following research question:
How can a MOOC in the form of a preparatory course help students and especially women with different
background knowledge in technology to acquire CS and programming skills?

This paper is organized as follows: First, relevant concepts, methods and arguments for the design of the pre-
MOOC are presented from a theoretical point of view. Based on the theoretical framework, the authors describe
the research method, followed by a discussion of the final results related to the MOOC, the offline lecture and
additional questionnaires. The last section concludes this paper and describes the author's future work.
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2. Related Literature

A New York Times article by Singer (2019) stated that a growing number of students with no experiences in CS
feel motivated to learn about coding but are not willing to study CS as a major. Offering courses at the university
level that focus on a general introduction to CS and, more precisely, on computational thinking skills instead of
digital literacy, may lead to better career prospects and a better understanding of the importance of CS in nearly
all domains. In this section, related literature referring to the content, format, didactics and pedagogics of a CS
introduction course is presented.

3. Digital Literacy versus Computer Science

A critical approach to new technologies requires a general understanding of the logical and technical aspects
behind them. However, European school systems are mostly concerned with Digital Literacy and Information
and Communication Technology (ICT) as a supporting context-free medium/technology to enhance learning.”
(CECE, 2017). CS is more than just using the computer as a tool but a “distinct scientific discipline” that plays an
insignificant and insufficient role in the school curricula of most European school systems (ibid.). Consequently,
CS remains a great unknown for many pupils worldwide. Computational Thinking (CT) is considered an essential
skill in the 21st century. According to J. Wing, it “represents a universally applicable attitude and skill set
everyone, not just computer scientists, would be eager to learn and use.” (Wing, 2006). Under certain conditions,
coding activities are one way to train CT. Many countries around the world, including Austria and Germany,
organize an annual Bebras contest that usually takes place in November (Brebas Challenge UK:
http://www.bebras.uk/). The aim of this contest is to help pupils of different age groups to develop
computational thinking skills and to boost interest in CS without the actual use of a computer. Furthermore, CS
unplugged activities are a way to teach fundamental principles of CS playfully by using paper, strings, crayons,
and movement (Brackmann et al., 2017).

4. Technology Enhanced Learning and Massive Open Online Courses (MOOCs)

ELearning concepts, online courses, or MOOCs, in particular, are a perfect way to support distance education or
lifelong learning. The rise of MOOCs can be dated back to the so-called “year of the MOOCs” in 2012 (Pappana,
2012). Since then, more and more higher education institutions began to produce so-called xMOOCs (Carson
and Schmid, 2012), by using large MOOC platforms like Udacity, edX, or Coursera to publish their video-based
courses or lectures. It has become apparent that those MOOCs helped to reach a broad public and to introduce
new didactic approaches (Ebner and Schon, 2019). However, the most well-known problems of MOQOCs are the
high drop-out rate (Khalil and Ebner, 2014) and the difficulty in certifying courses in the context of a higher
education institution (Kopp and Ebner, 2017). In 2014, TU Graz and the University of Graz founded the first and
currently only MOOC-platform in Austria, called iMooX (Khalil and Ebner, 2016). Following the idea of open
education, each single learning object within a course on iMooX is published with an open license and can be
identified as an Open Educational Resource (OER). In recent years, more than 60 MOOCs have been offered on
iMooX.at, addressing people from different educational sectors with different interests. In the context of this
research work, one of the most relevant courses was the so-called “Mathe-FIT-MOOC” (Get-FIT-In-Math-MOQC).
This MOOC is combined with an offline lecture and aims to act as a preparatory course to bridge the knowledge
gap in Math between school and university level.

5. The Pre-MOOC Principle: From Flipping the Classroom to Inverse Blended Learning

Following the research study and the design principles of Ebner et al. (2020) there are seven learning and
teaching scenarios to use MOOCs in higher education - from a very traditional, pure online form to a mix between
face-to-face and online education. The MOOC “Get-FIT-In-Math” follows the concept of a pre-MOOC, meaning
that the MOOC starts and ends before the face-to-face education (Ebner et. al, 2020, p. 79). This type of MOOC
is used when students (or other learners) need to have some prior knowledge or if there are simply some other
restrictions in time or place.

The underlying didactical design is a mix between the well-known flipped or inverted classroom and the concept
of Inverse Blended Learning. Flipping the classroom is the idea that students can study the content of a lecture
at home (mostly by watching videos of the instructions of the lecturers) and do their “homework” or exercises
inclass (Li et al., 2015). Inverse Blended Learning (IBL) is following the idea that education and therefore learning
is a social process which must be done by the learners themselves - people interacting with people; the teacher
interacting with the learners; learners interacting with the teacher and just as important, the learner interacting
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with other learners (Price and Lapham, 2003). With other words, we have to ensure and foster interaction to
strengthen the learning process instead of rather consuming content. MOOCs traditionally lack interaction,
which leads to a high drop-out rates in those courses (Khalil and Ebner, 2014). IBL aims to bring the pure online
course back to face-to-face education. For example, different forms of learning meetings, in parallel to the
MOOC, can be arranged to ensure discussions between learners or give them the possibility to exchange with
instructors in case of any questions. Both, the principles of flipped classroom as well as IBL increase the retention
rate in MOQOCs (Ebner et al., 2017).

6. Game Development Based Learning (GDBL) Challenges and Tools

Game Development Based Learning (GDBL) challenges are popular in introductory programming courses at all
educational levels and a popular strategy to motivate and engage students in CS topics (Wu and Wang, 2012).
The active involvement as designers and producers of their own games promotes creativity, problem-solving,
and critical thinking skills (Vos, van der Meijden and Denessen, 2011; Ya-Ting et al., 2013). Relevant knowledge
in CS should help (young) people to consider new career paths that can ultimately lead to a fast employment
and well-paid jobs (European Commission, 2016). New technologies and tools formed the ways of learning and
teaching in the 21st century. For example, web-based technologies like HTMLS5, as well as an increase in the
number of modern smartphones and tablets, opened up new ways for innovative coding concepts (Kahn, 2017).
Game Development-based approaches could be easily applied with block-based visual oriented programming
tools, like Scratch (https://scratch.mit.edu/) and support novices in their first programming steps (Tumlin, 2017).
In 2010, the Catrobat team (https://catrobat.org) at TU Graz developed an educational app that allows the
creation of games, stories, animations, and many types of other apps directly on smartphones or tablets, see
Figure 2.
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Figure 2: Pocket Code’s User Interface. Free on Google Play and iTunes.
7. Diversity in Computer Science

The introduction section stated the problem: The percentages of female university students in ICT fields in
Austria currently varies between 4% to 20% and the drop-out rate is much higher among female students than
among male students (Binder et al., 2017). This leads to a small number of female professionals in CS and
consequently to missing role models and male-dominated development teams.

Many researchers conclude that there is no need to “fix the women”, but to fix the system (e.g., Master, Sapna,
and Meltzoff, 2016; Alvardo, Cao, and Minnes, 2017). Predominant stereotypes, and missing role models (Young
et al., 2013), as well as other social and cultural factors (e.g., gender role socialization, peer groups), expose
technology as male-dominated field. Girls’ lower sense of belonging corresponds with the feeling of “Lack of Fit”
or “the Sense of Not Fitting In” with CS stereotypes. This occurs when female CS students feel that they do not
receive help, question their ability in CS, or feel intimidated by others. If the profession does not fit the
“traditional gender model”, one is not as likely to pursue or feel discriminated against by someone who does.
To be socially connected and respected is a strong initial motivator (Walton and Cohen, 2007): It can “create a
sense of belonging that can reinforce students’ self-efficacy and connections to community that support student
perceptions of their ability within the field” (Veilleux et al., 2013, p. 64). This is important in students’ decision
to pursue IT and helps to identify with the field (Beyer, 2016). Since the stereotype in IT is more associated with
a male role, female teenagers are less likely to feel a sense of belonging with these stereotypes (Cheryan, 2012;
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Master, Sapna and Meltzoff, 2016). All of these factors make young women question whether their abilities and
interests are harmonious with their selected field.

8. Methods

To explore the MOOC concept as a supportive tool for female first semester students to gain knowledge in CS
and programming, we developed a new CS pre-MOOC. This MOOC, with the title “Get FIT in Computer Science”,
is based on the experiences and feedback gained from the obligatory lecture “Design your own App” and
followed the principle of the “Get FIT in Math” MOOC. “Get FIT in CS” was launched on August 5th, 2019 on the
iMooX-platform and was offered in combination with an offline lecture at TU Graz.

9. Research Design

The voluntary lecture “Design your own App” was introduced in the summer terms of 2018 and 2019 for all
students at the University of Graz. A total of 202 students from diverse degree programs attended the first
lecture. A majority of students (43.82%) came from three degree programs: 17.98% from teacher training studies
(e.g., studying a language, maths, geography, physics), 15.73% from Business Management and Economics, and
10.11% from CS. A percentage of 56.18% came from 120 different degree programs, including psychology, legal
sciences, molecular biology, sociology, history, chemistry, or philosophy. This variety of students was impressive.
The goal of the lecture was to 1) stimulate computational thinking skills, by using logical puzzles (e.g., Beaver
challenges), and 2) foster participation and creative thinking via the game-making and coding tool Pocket Code.

The newly designed MOOC “Get FIT in CS” consists of seven lectures, which are presented in Figure 3. It is still
possible to register for the course by following the link: https://imoox.at/mooc/go/Info-Fit19. The MOOC
provides a general introduction to the field of CS and programming. Besides videos, the MOOC includes
interactive exercises (e.g., gap text, timelines) and programming tasks. Students who participated in the MOOC
were supposed to apply game design strategies by using Pocket Code and while learning the basics of
programming with Python and Java. Every lecture included exercises (e.g. to write pseudocode, execute
assembler commands, solve tasks of the “Bebras challenges”), and self-assessment questions are presented in
a multiple-choice format. Furthermore, students were encouraged to post and discuss their results in the
corresponding online forums and received feedback from the course leaders and/or the other participants.
Participants who completed all seven lectures had to fill out a final survey and receive a certificate.
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Computer an algorithm
Science? work? A\ become a program?
women in CS input/output, . algorithm theory
historical facts assembly program . programming
basics logic , binary .\ constructs /
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sensors

digital future
impact

Figure 3: The MOOC “Get FIT in CS” consists of seven lectures. The content of each lecture is represented by a
central question

This MOOC was offered in combination with an offline lecture at TU Graz. The identically named lecture took
place on five consecutive days, between the 18th and the 25th of September 2019, and lasted two hours per
day. The lecture followed the structure of the MOOC and aimed to repeat the main topics of the MOOC, practice
computational thinking, and prepare students for upcoming challenges in their degree program at the university.
For most of the students this lecture was their first lecture at TU Graz. Thus, the lecturer also focuses on
organizational details (e.g. WLAN access, learning management system). Students received a grade and 1.5 ECTS
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if they completed the MOOC by the 25th of September, attended 80% of the offline lecture, submitted
homework tasks (e.g., a Python program), and submitted and peer reviewed a Pocket Code game. During the
lecture, exercises were discussed with the students in an interactive way, ranging from a CS-unplugged human
binary counter to a demonstrative explanation of the bubble sort algorithm and tasks of the “Bebras” initiative
(see Section 2.1).

To attract more female students, we tried to counteract stereotypes and clarify expectations. First of all, nearly
all videos in the MOOC show a female speaker (the lecturers). Secondly, in lecture one, a video was created to
portray famous female (computer) scientists. The organizers also decided to use a game design approach to
highlight how programming is a highly creative process. Completed games could be presented on a voluntary
basis on the last day of the lecture. During the offline lecture, both female lecturers used gender-sensible
language and talked about female achievements, which received many positive reactions. In order to elaborate
the process of asking questions during the lecture, an audience response system (ARS) was used.

10. Data Collection Process

Data was collected in three phases: 1) online questionnaires after students completed the MOOC, 2) during the
lecture with the help of audience response systems (ARS), lecture evaluations, and submitted games, and 3) a
questionnaire two months after the lecture during the first semester course “Foundation of CS”. At TU Graz,
students of CS need to pass the course “Foundations of CS” as part of the orientation period (STEOP). Therefore,
students of the course were asked to fill out a questionnaire concerning their experiences and impressions of
the last three months. Table 1 provides an overview of the data collection process at the different times.

Table 1: Chronological overview of the data collection process

MOOC

Lecture “Foundation of
Computer Science

Offline Lecture

Time period 05.08. — 30.09.2019 18.09. — 25.09.2019 December 2019
(7 week online course + 1
week offline lecture

Participants In total 643, finished: 76 In total 102, finished: 76 62

Data collected

Course engagement
Final online survey*

ARS feedbackr responses,
Pocket Code programs

Post-questionnaire with
LimeSurvey***

Lecture evaluation**

* This survey is part of every MOOC on iMooX.

**During the lecture, the ARS “feedbackr” (https://www.feedbackr.io/) was used to allow students to ask
questions and to give suggestions about the content and organisation of the course in an anonymous way.
Feedbackr is a web application, which allows students to access a survey by entering a defined session code,
available via (mobile) devices.

***The questionnaire was generated with LimeSurvey (https://www.limesurvey.org/), an open source online
survey tool which allows the creation of secure and anonymous surveys.

11. Data Analysis

With the help of questionnaires, we collected quantitative and qualitative data. Quantitative measures were
used to evaluate the MOOC itself, while qualitative measures were used to ask open questions about
improvements and enhancements, thus exploring the concept of a pre-MOOC more broadly. For evaluation, two
kinds of 5-point Likert Scales were used (Sullivan and Artino, 2013). The first asked for agreement/disagreement
(1: strongly agree, 2: agree, 3: partly, 3: disagree, and 4: strongly disagree), and the second used a grading system
(1: highest to 5: lowest).

For the game analysis, one final game will serve as an example and will be described in more detail. First students
had to generate a storyboard to define the genre, theme, and goal of their game (Spieler and Slany, 2018). These
game design strategies and decisions were part of the MOOC lecture 6. Second, they created small games which
should have fulfilled the following requirements: stick to a concise structure (title, introduction, end screen), use
different Mechanics, Dynamics, and Aesthetics (MDA) (min. 3, e.g., points, levels, narrative), and set the level of
control. MDAs are defined as key components required for building games (Hunicke et al., 2004). The level of
control requires students to integrate different concepts for moving objects such as animations or touch-actions
(simple), device sensors or buttons (advanced), or clones or physics bricks (expert).
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12. Results and Discussion

Based on the data collection and analysis, the following section presents the main results and findings of the
MOOC, the offline lecture and the post questionnaire, shows different engagement levels, and proves that the
pre-MOOC “Get Fit in CS” acts as a successful example of a preparatory course for entering the field of CS.

13. MOOC

Participants: At the end of September 2019, a group of 643 participants signed up for the MOOC. In total, 237
participants completed the first lecture, 181 the second, 131 the third, 104 the fourth, 93 the fifth, 81 the sixth,
and 76 completed the seventh and last lecture. Hence, 12% of the participants completed the MOOC. The
average age of the participants was 27.01 years, while 60.61% were male and 39.39% were female. Most of the
participants were from Austria (82.83%), and 14.14% from other German speaking countries. Figure 4 illustrates
the answers of the online questionnaire. Participants who have completed all lectures of the MOOC are required
to fill out this questionnaire to receive a certificate of participation. Answers are displayed with the average
values.

Why did you participate in this MOOC? 1. strongly agree
2: agree

3: partly To what extent were the following skills required in this
I am interested inthecourse topic.  EEE——— 4: disagree
5: strongly disagree MOOC

The topic complements my study

Iam interested in additional training online communication

]

My friends also participated in the MOOC. usage of new media

discipline |

time management  IEEEE——
|
]
]
|
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| choose that setting because of car e responsibity.
thirst of know ledge

| choose that setting because of location ndenpendence. -
autonomous kearning
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| choose that setting for accessiblity reasons. willingnessto learn

1 2
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Figure 3: MOOC survey evaluation. a) students’ motivational aspects, b) skills required for the MOOC, and c)
students' evaluation of the MOOC. Answers are displayed with the average values

Motivation (Figure 4a, in orange): Questions about motivational aspects show mixed results: On the one side,
participants strongly agreed or agreed that they are interested in the course topic (1.35) and that the topic
complements their study (2.09). This shows a high self-motivation of students to complete the course. On the
other side, they strongly disagreed or disagreed that they completed the course because their friends also
participated in the MOOC 3.53), that they are looking for a new profession (3.56). Since the majority of the
participants were students (67%), these results are not surprising. Examples for open answers were “l want to
prepare myself for the study of CS” or “to refresh my skills”.

Skills (Figure 4b, in blue): Most agreed answers on skills required by the MOOC were willingness to learn (1.91),
self-organisation (1.92), and autonomous learning (1.77). It can be argued that prospective students have
already been encouraged to apply skills that are essential for a study.

Content Design and Organization (Figure 4c, in green): The students were asked to grade the MOOC on a scale
from 1 to 5 (in school grades). Positive ratings were given for design elements, such as graphical/textual
representation (~1.85), and the learning goals, content, and workload (~1.93). Content or navigation received
the best rating (~1.73). The overall concept of the MOOC received an average grade of 1.53.
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Finally, they rated their engagement with 2.01 on average. 60% stated that they never read or left a post, and
27% used the forum up to five times. Many exercises had to be submitted within a forum, and in total 341 forum
entries were made. Some students appreciated the possibility to see code from others and get direct feedback,
and some disliked the forum submissions (this was also mentioned in the evaluation of the lecture as well as in
the personal feedback given during the lecture). Most of the students dealt with the course topics one to three
hours a week (48%) and a percentage of 81% stated that the online course fostered their interest for this topic.
Open questions to likes/dislikes showed that participants liked the videos, using the Pocket Code app, Python
programming, the examples, quizzes, forum discussions, and the general structure of the MOOC. On the one
hand, students mentioned that the Java examples were too difficult for beginners, on the other hand they asked
for more examples with textual programming languages like Python instead of using Pocket Code. This is in line
with the feedback during the lecture and shows the need to specify the target group of the MOOC more clearly
(i.e., beginners). 72% of the participants said that they would like to participate in other MOOCs like this, and
94% stated that they would recommend this MOOC. In conclusion, it can be assumed that for those who
completed the MOOC, the concept was very satisfactory.

Discussion: The concept of a pre-MOOC for CS was seen as a welcome offer that was gladly accepted by a certain
group of first-year students. Differences in perceived usefulness could be detected between students who
already had knowledge in CS and those who were beginners. The MOOC was advertised in newsletters, during
registration at the university, at the student service office, and via social media platforms. However, many
students already had some or a lot of knowledge in CS and only wanted to gain 1.5 ECTS. These students said
that the MOOC was too easy and wished to have more textual programming languages. In the future, the target
group (students with no background knowledge in CS) must be communicated more clearly.

Furthermore, the 40% female participation rate in the MOOC provides evidence that gender-sensitive education
is a key factor for engagement and collaboration. Female students in particular recognize the absence of female
role models in technology with whom they can personally identify (Lockwood, 2006). Female lecturers in MOOCs
and at university in CS can break down the stereotyped expectations. The literature suggests that if female
students are exposed to strong female role models, they rarely express stereotypical thoughts. Steady contact
with successful women (e.g., female professors) leads to higher career ambitions and stronger implicit self-
images (Asgari et al., 2010).

14. Offline lecture

Participants: Initially, 102 students signed up for the offline lecture. 76 students actually received a final grade
(23 females, 53 males). A total of 59 students were first semester students from different degree programs such
as computer science, electrical engineering, software engineering, or psychology.

Audience Response: Students were encouraged to ask and answer questions via the ARS feedbackr and 75
students did so. The students’ answers can be categorized in questions regarding the organisation of the course
(e.g. “Is there an exam in the end”, “Which smartphone is required to use the app Pocket Code”), general
comments about the content (“I find it cool that you point out the role of women in the technological progress”),
and specific questions regarding the content of the course (“Can you explain the Java program again?”, “Can you
explain why the symbols i, j, temp, ++ are used in the program?”). The ARS was also used to ask the students
about the type of school they came from and their choice of study to better understand the students’ motivation
and concerns. More than half of the students, who participated in the survey, said that they came from a
college/upper secondary school providing a general education. This information led to the assumption that more
than half of the students had little to no programming experience.

Lecture Evaluation: At TU Graz students are able to evaluate lectures anonymously and 27 students have used
this possibility. Most of them rated the workload as adequate (55.6%) or high (25.9%). The level of difficulty of
the course was mostly considered adequate (66.7%) and the majority was satisfied with the course (62.6%).
Students enjoyed working independently, designing their own games with Pocket Code, feedbackr, the flipped
classroom scenario, the helpful and friendly lecturers, and the opportunity to meet new people before the
university classes started. But students saw also room for improvement: the order of the lectures of the MOOC
should be changed slightly, a greater emphasis should be put on Python programming basics instead of Pocket
Code and Java (in the MOOC as well as in the offline lecture), and attendance should not be mandatory.
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Pocket Code Projects: Altogether a total of 113 Pocket Code games were submitted (some students attended
the lecture without grading). After the first submission, students received a peer review and a remix from
another student and were allowed to revise and resubmit their game to receive extra points. For this paper, a
game by a 19-year-old female student is analysed in more detail, see Figure 5. This game has the name “Das
groRe Meeresquiz” (“The big ocean quiz”) and is considered an action game with an underwater theme. The
goal is to solve different mini-games (e.g.; catch/avoid, shoot). The characters are controlled by the tilt sensor,
and physical attributes such as gravity are used for the automotive objects. The game has all screens integrated
(title, introduction, end), uses different MDAs (four levels, points, a high score, countdowns, visual and sound
feedback). The peer review suggests improvements for navigation (an additional start button) and describes
bugs in the high score. For the remix program the first level was extended (more obstacles, different scores). For
the bonus task, a narrative storyline was added.

Punkte: 4

Im Meer herrscht Unruhe.
Immer mehr Gefahren
tauchen auf und die Fisch
Bewohner sind
zunehmend beunruhigt.

Der Fisch Joachim, &
Die Tintenfischlady Stella a;-

und der Kugelfisch Big Mike “

zeigen Dir in den
folgenden Aufgaben, wie
schwer ihr Leben bedroht
ist. Hilf ihnen, gendigend
Punkte zu sammeln und
den Gefahren
auszuweichen!

Noch 52 Sek.

Figure 5: The example game “The big ocean quiz” a) title screen, b) story line, c) catch/avoid items, d) shoot
sharks with ink, and e) a pinball game with a blowfish.

Discussion: The results indicate that a safe environment was created in which students were encouraged to
actively participate through challenges, activities, questions, and discussion. In general, many students feel
uncomfortable asking questions in lectures with big groups (Margolds, Fisher, and Miller, 2014). Particularly in
CS degree programs, students have different background knowledge as the integration and intensity of CS topics
into high school curricula varies between schools and countries. Years of literature show that female learners in
particular tend to be less comfortable than their male colleagues when asking questions, and thus are left with
lingering doubts regarding the material (Frieze and Quesenberry, 2015). The MOOC and the ARS-tool allow
students to study the content of a lecture at home can build self-confidence in women.

With interactive exercises, the lecturers wanted to foster feelings of enjoyment, which have a positive effect on
students’ motivation and outcome (Filsecker and Kerres, 2014). Additionally, the peer review and the
presentation of the individual Pocket Code projects in front of peers, engages the learners, cultivates their sense
of ownership, and gives them the opportunity for sharing different artefacts (i.e., via the Catrobat Community,
Papert, 1993).

15. Post-Questionnaire

Participants: The online questionnaire was conducted in December 2019, with students from the lecture
“Foundation of CS”. A total of 62 students (16 females, 46 males) completed the online questionnaire.

Answers of students, who completed the MOOC: A total of 11 students stated that they completed the MOOC
“Get FIT in CS”. Of these, five students agreed that the topics that were covered in the MOOC were supportive
for the mandatory lectures “Design your Own App” and “Foundations of CS”. Three students said they were “not
sure” if the MOOC contributed to a better understanding of the lecture(s) and three other students rated the
MOOC as not supportive. One of these students argued: “It is better to learn Python and C instead of Java and
Pocket Code, because these programming languages have no relevance for CS studies at TU Graz.”
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Answers of other students: The students, who did not complete or participate (in) the MOOC, were asked, which
topics or applications should be discussed in a pre-course. The answers included “basis concepts of

” o u n u » o u

programming”, “Python for beginners”, “more Python, less Scratch and Pocket Code”, “introduction to the
programming language C”, “binary/hexadecimal number system”, “sentential logic”, “Linux”, “Git” (version-
control system), or “relevant software for CS students”. Except for the programming language C, Linux and
specific software solutions, all other topics were covered in the MOOC, respectively. 33 of these students said
that they had experienced some lack of knowledge, which related to not having CS lessons at school. Of these,
24 students stated that they had graduated from a college/upper secondary school which provided only a
general education or from a vocational school with no technical specialization. This result supports the claim

that many (Austrian) schools do not provide an in-depth view of CS.

Discussion: The purpose of the MOOC was to introduce different concepts of programming (loops, conditions,
variables, etc.) by using a block-based and a textual programming language. The focus was not on a particular
programming language, but to apply these basic programming concepts and to get a feeling for syntactical and
semantical issues. Some students were not happy with the blocked-based programming approach and asked for
more “relevant” software and programming languages. In a systematic literature review, Noone and Mooney
(2018) tried to answer the questions whether there are “any benefits of learning a visual programming language
over a traditional text-based language” and whether “the choice of first programming language” makes a
difference. Noone and Mooney (2018) conclude, that “the actual choice of what tools to use does not matter,
within reason." It is about the conjunction with effective pedagogical and didactic actions. Anyway, Python and
Java are characterized as “good” first programming languages. The use of visual programming languages in the
first step is announced as “clearly beneficial” as it helps to increase student’s learning motivation, interest, and
self-efficacy (Weintrop and Wilensky, 2015; Tsai, 2018).

16. Conclusion

In this paper we present the design and evaluation process of the pre-MOOC “Get fit in CS” and the
corresponding offline lecture. We put a special emphasis on the students’ different background knowledge in
CS and female students. The results show that students of various degree programs were attracted by the overall
concept (the MOOC and in lecture). This indicates the growing importance of basic CS skills in all fields of studies.
In general, students have to understand that it is very likely that a general understanding of the main concepts
of CS is required or at least beneficial for their future career paths. Thus, it was important that the MOOC foster
students’ sense-of belonging by showing a broader picture of CS, the use of a gamified approach, and by
providing a low entry point.

The major weaknesses reported by the students were 1) the order of the topics/lectures (in terms of difficulty),
2) organisational aspects in regard to the offline lecture (compulsory attendance, grading), and 3) the frequent
use of the visual coding tool Pocket Code instead of textual programming languages. At this point, it can be
argued that visual coding concepts may be of “limited benefit to high self-efficacy students with programming
background during the initial phase” (Tsai, 2018). In this case, Weintrop and Wilensky (2015) suggest to use a
hybrid or dual-modality programming environment to address the needs of learners with a different level of
prior experiences in programming.

To sum up, the results led to a better understanding of the way in which students engage with the content of
the MOOC. We were able to answer our pre-defined research questions by examining the learners' experiences
on a broader level and providing insights into their level of engagement. Furthermore, the evaluation illustrates
the need to promote gender-sensitivity and equality in lectures in aiding students’ digital inclusion. This was
reflected in the positive comments via feedbackr and in the results of the lecture evaluation. However, the
analysis also demonstrates the difficulty of motivating students with different background knowledge in
programming equally and to design a MOOC for different target groups. Consequently, it is necessary to
communicate the target group of the MOOC (=programming beginners) more clearly. It can be argued that such
courses are important to create equal conditions right at the beginning of their study and especially in CS where
students have different knowledge levels depending on their secondary education. To conclude, this MOOC
serves as an applicable example for a preprepartory course for CS and the findings act as a basis for further
improvements.

www.ejel.org 257 ISSN 1479-4403



The Electronic Journal of e-Learning Volume 18 Issue 3 2020

17. Outlook

The MOOC and the lecture will be held again in the winter term of 2020. The results suggest opportunities for
improvements. For example, this time it will be mandatory to complete the entire MOOC and its exercises before
the offline lecture begins. In this way, all students will start with the same basic knowledge in CS and the lecture
can focus more on sparking discussions and offering examples instead of repeating content. The forum has
received positive and negative evaluations. However, following the Constructionism theory of Seymour Papert
(1993) we will stick to this concept of sharing results. In order to improve organisational aspects, the MOOC
must follow the structure of the “Mathe-FIT-MOOC”. Here attendance is not compulsory and students do not
receive any grades. As a result, in the “Fit in CS”-MOOC students were confused by the different regulations and
feared that they would receive a bad grade.
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