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Abstract. Student attrition in mechanical engineering at German universities
currently lies at about 40 %. A lacking sense of practical relevance for a future
career are often named as reasons to quit studies. Over the past decade online
games have become very popular for educational purposes. The approach of
game-based learning, however, has proven to be suitable to motivate students.
At RWTH Aachen University engineering students are imparted the relevance of
computer science for their field through an e-learning environment including the
online game Pump it up! The paper describes the conception and game design of
the game including didactical and technical requirements related to it.
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1 Introduction

Digital media establish new possibilities of innovative ways of teaching and learning in
higher education. With the arisen development of e-learning, the emerging tendency of
serious games and the concept of game-based learning (the application of games with
the aim of learning with digital media [1]) for educational purpose is an ongoing
increasing trend. Mayer et al. talk about “a digital turn in the use of games and
simulations for learning and training” [2]. At the same time, student attrition in
mechanical engineering at German universities currently lies at a relatively high rate,
approximately 40 %. A lacking sense of achievement and the lack of practical rele-
vance for a future career are often named as reasons to quit studies. The missing of
practical relevance is often embedded in the curriculum of engineering education
because of a largely missing reference to the engineer profession. Evaluation results in
the lecture “Computer Science in Mechanical Engineering” at RWTH Aachen Uni-
versity show that most students are unaware of the relevance of computer science in
mechanical engineering as well as their importance and application in future career
which has a negative effect on students’ motivation. On the positive side, 60.5 % of
engineering students prefer situations in which they have to find their own practical
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solutions [3]. A promising approach combining self-controlled acting with enjoyment
is the game-based learning approach. By now one third of the German population
regularly plays computer games, two thirds of them play every day [4]. Games have the
power of engaging, motivating and emotionally involving students. Therefore, it can be
expected that educational games increase students’ learning motivation as well as
demonstrate the practical relevance of academic content.

2 Related Work

An increasing number of studies have shown that serious games provide an effective
environment for the purpose of learning, for example [5, 6]. This research field is also a
controversially debated field when it comes to the effectiveness of serious games. On
the one hand, a lot of researchers, e.g. [1, 7] point out that the application of serious
games improves learning, motivation as well as performance. Several studies, e.g. [8]
show the positive effect of educational games in math, science and military education.
Van Eck [9] supports the positive effects of game-based learning by a review of
experimental research. Mayer et al. [2] give an overview of several authors which
examine the effects of game-based learning. Pivec [10] sees in the “application of
games and simulations for learning […] an opportunity for learners to apply acquired
knowledge and to experiment, get feedback in form of consequences and thus gain
experience in a ‘safe virtual world’”. Wilson et al. [7] examine the relationship between
game attributes and learning outcomes. Furthermore, games encourage different
learning approaches such as active learning, experimental learning and problem-based
learning [5]. Consequently, it can be stated out that games have a positive impact as
related to cognitive, skill-based and affective outcomes [7].

On the other hand there are several researchers [11, 12] who assess that the
empirical effectiveness of game-based learning is quiet a mystery. Gunter et al. [13
cited in 14] report that “the effectiveness of an educational game is often based on
enhancing learning motivation and social interactions rather than the effectiveness of
knowledge acquisition” [14], an effect which is a quite unexplored [14]. Wilson et al.
[7] claim a lack of research which combines game elements to learning outcomes.

To summarize, it can be stated that despite the huge number of research of the
effectiveness of game-based learning there are a lot of open research question. But in
light of the positive learning outcomes of serious games in higher education, it is worth
to continue further research of the effectiveness of Serious Games on learning outcomes
as well as the relationship between games and their impact on learning as a direct or
indirect process and what the mediating variables are [7].

3 Conception of the Online Game Pump It up!

According to De Gloria et al. [15] the following aspects are important in order to
develop serious games: the underlying theory respectively the didactical concept, the
academic content as well as the game design which are described in detail below.
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3.1 Didactical Concept: Game-Based Learning Approach

Playing games is related to having fun [16]. Brandstätter et al. [17] state that emotions
such as enjoyment have an important function in motivation processes: motivated
behavior is aimed to gain positive emotions and to avoid negative ones. A well-known
model of motivation is the concept of flow by Csikszentmihalyi [18]. Flow describes
the involvement in an activity. Weibel and Wissmath [19] also describe the feelings
while playing games as “the sensation of being involved in the gaming action”. This
emotional state fosters students’ motivation in the learning process. Because of its
activating and participating approach the game-based learning model by Garris et al.
[20] is used as the underlying didactically concept of Pump it up! (Fig. 1).

This model is based on constructivist learning theories after which students gen-
erate knowledge by making experience in a certain environment, in this context by
playing the game [15]. Consequently students are seen as active participants of Pump it
up!, who generate knowledge through the experience of playing. Giving frequent and
transparent feedback regarding the level of completion provides the basis for long-term
motivation. The key component of the model is the game cycle in which the students
are in a “repeated judgment-behavior-feedback loop” [20]. This enables students to
evaluate their actions and personal benefit. By playfully applying computer science
skills through Pump it up!, students get feedback, gain practical experiences in terms of
computer science and learn the importance of it for their future career.

3.2 Game Design and Content of Pump It up!

The game design includes the theoretical conception of the game world, rules and
characters with regard to a certain target group. According to Pivec and Moretti [16]
Pump it up! is developed along the following game design steps: learning outcomes of
the game, define target group, define the game and shape the game idea, elaborate the
details (storyline), evaluate the game idea, (technical) implementation of the game.

It is crucial for students to know and fully understand the final desirable outcome
beforehand. This enables students to evaluate their actions and personal benefit. Pump
it up! has the following learning outcomes: The overall aim is to maximize the

Fig. 1. Game-based model (Source: Simulation Gaming 33(4), p.445)
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motivation of those learners who perceive their task field to be too monotonous,
theoretical or complex. Furthermore, students experience the importance and applica-
tion of basic knowledge on computer science for their later career in the field of
mechanical engineering. Students get a stronger practical relevance of computer sci-
ence as well as deepen their knowledge from the lecture and of the practical course.
A self-controlled, practical learning is fostered. Students learn how to integrate single
commands into a complex program and realize further procedural steps typical for the
industry as they are often found in the human-robot cooperation.

The target group of Pump it up! are engineering students which attend the lecture
“Computer Science in Mechanical Engineering”. Pump it up! will take up the already
existing project-based task as part of this lecture. In the practical course, students apply
lecture contents in teams by hands-on work. Engineering students focus especially on
content of mechanical engineering and machine construction. Therefore, the relevance
of computer science is an underrepresented field for them. After defining the learning
outcomes the game idea is defined as well as the game title and genre. The game is
entitled Pump it up! because students have the task to program robots which in turn
manufacture pump adapter pipes. Using this scenario, students experience the impor-
tance and application of basic knowledge on computer science in the field of
mechanical engineering. Pump it up! is assigned to the computer game genre of
simulation [21]. Simulations constitute a representation of a real in a virtual world and
are a practical context for the reality without their consequences like manufacturing
errors and are therefore especially valuable in engineer’s hands-on education [22]. In
context of Pump it up! students have to program the two robots of each assembly cell to
precisely execute the demanded task and to cooperate with other robots. Thereby
students learn the realization of further procedural steps. The tasks are embedded in a
storyline along a brewery scenario. In this scenario the start-up company Pump it up!
gets the order to produce new pump adapter pipes for a brewery. In order to do so,
different sub-steps are required. The students move from one level to another once they
have successfully completed the lower level i.e. successfully manufactured the pump
adopter pipes meeting the geometric and mechanical requirements (Fig. 2).

Afterwards, they have to implement this information in the form of a pseudo code,
the syntax of this code is given to the students. The student who delivers the highest
quality result in the shortest period of time will win. Thus, students will learn about the
relation between the quality of the implemented program and the quality of the

Fig. 2. Screenshot of programming in Pump it up
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manufactured good. Several possible game ends depending on the leaner’s perfor-
mance and various levels make it possible to customize the game to the respective level
of students’ knowledge, learning pace and rate of performance.

Before the game goes into action, the beta-version will be tested with students in
order to receive didactical and technical feedback.

Up to technical implementation Pump it up! is set up as a browser game. The
main technological objective is to play the game on different devices like notebook,
tablet, pc or smart phones. For achieving platform independence the implementation of
the game must be independent from the operating system e.g. Windows, IOS or
Android as well as the game is constructed on HTML5, JQuery and CSS3
technologies.

4 Conclusion and Outlook

Driven by the lack of high student attrition in mechanical engineering at German
Universities and the lack of practical relevance in computer science, the promising
approach of game-based learning is applied in the engineering science at the RWTH
Aachen University. Combining learning with engagement students get the possibility to
experience practical relevance of computer science in a virtual learning environment in
Pump it up! During the development of the game the students’ requirements are col-
lected and entered in the developing process in a didactical and technical way. The next
steps include the programming and implementation of the game.

Besides the online game, further research steps are planned in context of applying
Serious Games into higher education. In order to provide students more complex tasks
and a higher immersion, the game-based learning approach is extended to 3D virtual
learning environments, e.g. using a so called virtual theatre [22] or different versions of
mixed learning environments as suggested by Hoffmann et al. [23]. Therefore, in
further research activities we will focus on virtual environment using 3D glasses in
order to enter more virtual reality and to increase the immersion in the game to facilitate
students learning as the next education level.
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