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Abstract

This article provides insights in the creation of the serious game MATH — Mountains of absolutely
terrifying height. The game focuses on fostering student’s mathematical skills concerning fractions,
pitch, the rule of the three, mathematical gradient and the Pythagorean theorem. Using Design-
based-research the development of the game was accompanied by research activities. Both levels —
research level and development level — are supporting each other. Therefore, the texts offers insights
in the benefits of serious games in education, the concept of an design based approach and insights
in development and research results.

1. Serious Games in education

Nowadays, teachers and learners in European educational systems are confronted with changes in
daily live which effect the pedagogical work in schools. IT is changing economy and daily live and
therefore, also education has to adjust to the needs and the opportunities. There is a benefit digital
program for vocational education and training which is directly connected to economy but also for
general schools. The benefit consists of three core aspects: (1) Bringing authentic situations into the
classroom, which learner can also experience in their real live, (2) Creating learner motivation for the
topics via gaming elements and activating the natural need for playing games and competition, and
(3) Using technology which is already available in the daily live of the learners and addressing ways to
handle it and foster media and refection competences. Serious games are growing rapidly. They are
recognized by the gaming industry as well as a field of academic research (Laamarti, Eid, El Saddik
2014). Serious games are tools designed to foster learning processes. Michal and Chen define them
as Games that educate, train and inform (Michael, Chen 2006). They are combining learning and
gaming activities and therefore there is always a game related objective and a learning related
objective behind them. According to Abt “Games are effective teaching and training devices for
students of all ages and in many situations because they are highly motivating, and because the
communicate very efficiently the concepts and facts of many subjects.” (Abt 1987)

Learners and teachers are now facing new concepts that centre around creating motivation, dealing
with authentic problems gathered from real live outside schools, gamification elements, a trend to
create immersion and social interactivity. Already in 2011 Sara de Freitas and Fotis Liarokapis came
up with similar ideas and discussed if serious games are a new paradigm of education. They
addressed the four dimensional framework of (a) Learner Specifics, (b) Pedagogy, (c) Context and (d)
Representation (de Freitas, Liarokapis 2011). A core idea to design such processes is to combine
Design Based Research with general principles.

2. Design Based Research as a basis to create a Serious Game
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Design based research consists of two different levels the research level and the development level

and both are interrelated and support each other (Beutner 2018). On the research

level empirical

research is in focus and this can be done in qualitative or quantitative ways (Beutner 2018). Here,
thesis of hypothesis are the basis for the following work in research designs or experiments with the
aim to create or generate a new theory or to adopt an existing one. At the end design based research
focuses on the use of such theories in real life. It generates the backbone theory for the Serious

Game.
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Figure 1: Research related level of design based research (see as well Beutner 2018)
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In addition to that a development level focusses on the creation of the serious game itself. This starts
with and analysis of real life problems and challenges and gathers ideas for solutions on the basis of
theory. The design process offers a protoype and a set of redesigned versions. The redesign is always
based on testings of the current solutions and an evaluation of the implementation. The design

principles are sharenpend in the development and reflection processes.
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Figure 2: Development related level of design based research (see as well Beutner 2018)

3. Insights in the MATH project
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The Serious Game MATH - Mountains of Absolutely Terrifying Height - supports ICT-based teaching
and learning as well as game based approaches in the school education sector. In the project a
consortium of five project partners from four different European countries Germany, Bulgaria, Spain
and Turkey created the serious game concept, the game itself, the research design and did the
implementation and testing. The coordination of the project was provided by the chair of business

and human resource education of Prof. Marc Beutner at the university Paderborn.
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Knowledge with the CEO Rasmus Pechuel was responsible for the technical support and the
programming and had a huge impact on game design. The MATH project is co-funded by the
ERASMUS+ programme of the European Union. Within this programme MATH intends to create an
innovative concept for training math skills in a more fun oriented setting. It is created as a
smartphone game that lets learners challenge their friends and uses math as game mechanics in a
stealth learning approach.

3. The focus and aims of MATH

PISA and other forms of evaluating education have shown that in many European countries students
are severely lacking even basic skills in mathematics. Many learners seem to have difficulties with the
way that math is taught, and in most countries girls seem to struggle even more than boys. This
contrasts greatly with the goals the European Union has proclaimed in its 2020 strategy. In order to
achieve smart, sustainable and inclusive growth and establish Europe as an Innovation Union,
sciences, math and engineering graduates are needed. It is well known that mathematics are a
stumbling block for young learners. On the one hand it threatens successful completion of studies,
leading to early school leaving, on the other hand it causes experience of failure and reduces
motivation to follow careers in sciences, mathematics and engineering.

The EU has explicitly chosen the reduction of early school leaving as one of its priorities. According to
the EU's strategic growth strategy Europe 2020, a key factor in the achievement of sustainable and
inclusive growth lies in a stronger development of basic skills for all learners. The European
Commission sees basic skills, such as maths, as the foundation for further learning, leading to better
qualifications. According to the EU Commission, approximately 20% of young people don't have the
necessary basic skills which has serious consequences for their future professional development.

The project title, Mountains of Absolutely Terrifying Height (MATH), already hints at the state of
mind concerning math for many learners. The way that math is currently taught in most schools
appears to be difficult for many learners, so that even basic mathematical skills become literally
terrifying high mountains that the learners are afraid to conquer. Forcing the learners to climb them
anyway only makes the situation worse, reinforcing the fear and disinterest in the head of many
learners. MATH focuses on basic math skills, using a game-based approach to train learners in
performing calculations and applying basic math concepts.

The goal of the project MATH is the development and implementation of a different approach that
presents the mountains as a fun opportunity to challenge your friends to a game. The game-based
learning approach will offer trophies for accomplishments (such as medals for different types of
slopes that learners climb in the game).

The consortium intends to create a showcase for how a well-executed game-based learning approach
can improve basic math skills of learners. The game will be built as a smartphone app that lets
learners challenge other learners to a mountain climbing contest. Climbing a mountain is done by
quickly solving simple math problems which depend on the current slope condition. The challenge
mode will take an asynchronous approach which lets the challenger climb the mountain first. The
friend who is challenged will then try to climb faster in a view with the two contestants side by side.
In solitary mode the game will give learners the opportunity to practice, receive awards for getting to
the top of various mountains, and unlock new challenges.

The consortium created a serious game that can be played at various skill levels, starting at
elementary school level up to secondary level. The difficulty levels offer more challenging
mathematical problems for advances learners. The game also addresses even disadvantaged learners
with math difficulties. They can be motivated to play the game and improve their skills. Here the
game context is a perfect cover to hide the mathematical skills which are addressed and to overcome
the barriers they are feeling when they are in contact with mathematics.

The MATH approach aims to take the learning to an digital, non-traditional game setting, aiming to
support especially those who struggle with regular curricula. Teachers have a key role in supporting
them and motivating those who are close to giving up on learning math after failing in the formal



systems. The overall aim of the project is to create a game that encourages learners to train their
math skills in order to make their avatars in the game climb mountains faster than their opponent
(description of the game concept in the project summary). This motivation to learn is meant to
improve basic skills, especially for disadvantaged learners and contribute to keeping them in school.

4 The Development Level - Insights in the Serious Game MATH

Figure 3: Screenshot of the Serious Game MATH and the calculation of a fraction

4 The Research Level — An Insight in TAM results and qualitative interviews on MATH

MATH was presented to several users in the partner countries with in the testings to come from a
protoype to redesigned versions.

A first step was an internal testing within the development group (N=5), a second step was a testing
with external experts on elearning which was done with qualitative interviews. This was
accompanied by a first usability test (N=20) which is broadened with the end-users at the
implementations in later parts of the implementations and testings.

The usability test was done with a modified TAM model, the technology acceptance model of
Venkatesh and Davis (2000). It focuses on Perceived usefulness (PU), Perceived ease-of-use (PEOU),
the Attitute towards using (A) and the Behavioral intention to use (ITU sometime also called B)
(Davis, Begozzi, Warshaw 1989).

With regard to MATH the TAM results of the first Usability Test were already excellent.

The 6 TAM items of PEOU perceived ease of use were rated with a mean of 4.42 on a scale from 1 to
6 were 1 stands for “does not fit at all” to 6 “does fit completely”. The respondents rated the 6 items
of ATTITUDE with a mean of 4.56 and PU — Perceived usefulness with a mean of 4.36. The Intention
to use — ITU- was rated with a mean of 4.89. Therefore, the Usability Study was positive and provided
good results.

In addition to that, 6 interviews were conducted and analysed. In order to identify appropriate
arguments we decided to run this qualitative research. The average duration of each interview was
10 minutes. All six interviews were structured as semi-structured. This helped to collect data based
on an interview guideline. The core aim was to delineate personal meanings and experiences (Flick
1998; Strauss / Corbin 1998). The documentation of the interviews was ensured by datatables and
structured via argumentation tables. On the basis of the approach of Mayring content analysis was
used to analyze and categorize the data. Trustworthiness is important and therefore the interviews



were assigned and analyzed by the authors. All interviews were conducted by one of the authors to
make sure that always the same information were provided. All categories that emerged from the
data are consistent with the understandings of the participants and consequently validity it can be
stated. All interviews were conducted in December 2018. The interviewed persons, had all an
educational background in work as teachers in Germany.

Categories derived from the interviews
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Figure4: Categories derived from the interviews
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