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Abstract

Contribution: This research study deploys three serious games with various topics in an entry-level C Programming module,
and investigates students’ learning outcomes. The study also explores whether learners belonging to different subgroups benefit
more from the use of serious games than their peers. The subgroups are formed based on learner demographics that capture
learners’ attitude towards school or STEM subjects, their previous educational performance and gender.

Background: Despite the latest rapid economy growth in the ICT sector, many European countries are facing the challenge
of retaining students in STEM related subjects, which could lead to unfilled vacancies in the ICT job markets in the near future.
Serious games have been utilized in the classrooms of many STEM subjects to improve students’ learning experience and learning
outcomes, and potentially encourage their engagement with STEM related industries. While some prior works had assessed the
effectiveness of serious games in improving students’ learning outcomes, little research has been done to investigate the impacts
among students with different previous educational background and performance, attitude, and gender.

Research Questions: 1) Do the proposed serious games improve students’ learning outcomes?, and 2) Do students with certain
previous educational performance, learning attitude, and/or gender benefit more than others from the use of serious games?

Methodology: To thoroughly study students’ learning outcome, a large scale pilot was deployed as part of the first-year
undergraduate C Programming module at Dublin City University, Ireland. A multi-dimensional pedagogical assessment toolkit
was utilized. In particular, a demographic questionnaire was carried out before the pilot began, based on which students were
divided into different subgroups in terms of educational ability, initial attitude to school, attitude towards learning STEM subjects,
and gender. Pre- and post-tests were conducted right before and after playing each game. For students belonging to each subgroup
and for all students, the average pre- and post-test marks related to each game were compared, while paired-sample t-tests were
also conducted to assess the statistical significance of knowledge gain.

Findings: Statistically significant knowledge gains were observed in all three games for all students. The students with good
previous educational performance or strong attitude towards attending school and learning STEM subjects, tend to gain more by
using serious games, as they obtained statistically significant improved learning outcomes in all three games. The students with
average starting points, although performed better in the post-test than in the pre-test in all games, they achieved statistically
significant improvements in some cases only.
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I. INTRODUCTION

In this paper, is investigated the impact of serious games on undergraduate students’ learning outcome when learning
Programming. Three serious games for an entry-level C Programming module were proposed and developed as part of the EU-
funded NEWTON Project1, covering the topics of variables, loop, and structure, respectively. The paper describes the results
of a 12 week pilot deployed at Dublin City University, Ireland, in which the proposed serious games were used in a software
development module by first-year undergraduate students with little or no prior experience of programming. The impact of
the proposed games on students’ learning outcomes was studied. In particular, factors such as students’ previous educational
performance, students’ attitude towards attending school and learning STEM, and gender, were taken into consideration when
analyzing the impact.

The paper is structured as follows: Section II presents current research works related to using serious games in education;
Section III presents an overview of the NEWTON project, and provides the details of the proposed Programming serious
games; Section IV describes the overall setup and participants in this large scale pilot, as well as the evaluation methodologies;
Section V presents the results of the study, assessing the learning outcomes achieved through the proposed serious games
among all students as well as among students belonging to different subgroups; Section VI and Section VII discuss the results
and conclude the paper.
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II. RELATED WORKS

A serious game is a game that has an educational or instructional purpose with well-defined objectives, in terms of transmitting
knowledge or supporting skill acquisition [1]. Based on their scope, serious games are used in a wide range of fields including
education, healthcare, military, politics, and scientific research [2], [3]. This paper focuses on relevant research employing
serious games in education (also referred to as game-based learning (GBL)) to improve students’ learning experience and their
performance. There is a significant body of research in this area, that has indicated that serious games are effective [4], [5],
especially when teaching difficult subjects such as science, technology, engineering, and mathematics (STEM) [6], [7], [8].

Previous studies show that game-based learning foster student motivation [9], [10], engagement, self-efficacy, and overall
increase learning experience [6]. However, the games have to be well designed and at the right level of complexity as learners
who are bored by the games develop superficial problem solving skills only [9]. Similar findings are reported by Hamari et
al. [6] who highlight that the challenge of the game directly influences the perceived learning. It was observed that a learner
loses interest in playing the game when the game has a low challenge. In contrast, an increase level of challenge, which
matches the learner’s competence, activates learner’s engagement with the game activities which in turns enhances learning by
supporting knowledge development.

Serious games have the potential to promote active and self-directed learning through their entertaining and engaging
characteristics, enabling students to learn while exploring concepts in authentic contexts and receiving immediate feedback.

In particular, serious games are effective in teaching computer programming as they help students to visualize abstract and
difficult programming concepts [11], [12], [13], [14], [15], [16], [17]. Well designed educational games support learners to
enhance their computational thinking skills while playing the games, and aid learners to understand fundamental programming
constructs [18]. For example, Eagle and Barnes, present Wu’s Castle [11], an interactive educational game to support learning
loops and arrays. Tessler et al. [13] use game-based learning to help students understand the concept of recursion. Miljanovic
and Bradbury propose RoboBug [19], a puzzle-based serious game, to support students to learn different debugging techniques
to identify bugs in their programs. Zhao and Muntean propose the interactive Warehouse game [16]to learn concepts of variables
and data types. Dicheva and Hodge present an educational game [20] that helps students understand and implement the stack
data structure.

Despite the popularity of game-based learning, there is no consistent methodology for evaluating the usefulness of a serious
game. Different studies may explore one or more dimensions to assess the effectiveness of a game. The dimensions/metrics
commonly evaluated are learner engagement [12], enjoyment to learn with the game [14], [18], [19], and attainment of learning
outcomes [11], [14], [19], [21].

This paper explores whether additional dimensions such as learner attitude towards STEM subjects, prior educational
background, and gender impact differently the attainment of learning outcomes through game-based learning.

It is widely known that women are underrepresented in the computing field. This manifests starting with formal education;
for example, in the EU and US the proportion of women obtaining a Bachelor’s Degree in computing courses is between
18-21% [22], [23]. To address the gender inequity, it is crucial to understand the rationale behind the various attitudes that
different genders show towards computing. Main and Schimpf’s study [24] reveals that women’s interest in computing are
influenced by a series of factors that are changing across the different stages of life and education, from pre-high school up
to employment. Their study found that the main contributors to the female’s lower participation in computing in pre-high
school are the differences in computer access, spanning from interests to use a computer, computing skills, to frequency and
patterns of use. At the high school, the main differences between male and female students come from the courses they take
and knowledge about careers in computing, with a lower number of female students taking introductory computing courses.
At the college level, factors such as self-efficacy, sense of belonging, stereotypes, and classroom environments affect womens
interests in pursuing computing studies. Smith et al. investigate the motivations that influence women to study computing by
conducting a student survey [25]. Their findings show that the main factors for womens participation in computing degrees are
early experiences with computing, interest in computing, prospects at a good career, family members working in the computing
area, and advice received from family members or school advisers. Potvin et al. show that women’s interests in computing are
correlated with their career outcome expectations [26].

Recent efforts to reduce the gender gap in computer programming propose teaching programming to primary and secondary
school pupils via the design and development of serious games [27].

However, there is limited research on the role gender play in the effectiveness of using serious games to facilitate students
performance and learning. Buffum et al. [28] combine collaborative learning and game-based learning to enable students who
have less prior gaming experience to better engage with the game, and thus facilitating learning computational thinking at
middle school level for underrepresented groups. In their study the authors consider underrepresentation based on gender and
differences from prior experience with programming and video gaming. The findings show that while female students had
lower knowledge gain than the male students in the first level of the game, the more the students interacted with the game the
lower the gender learning gap. Through collaboration the students gain significant knowledge regardless of their gender or prior
gaming experience. While female students may have less prior gaming experience than male students, it was not investigated
if similar patterns regarding knowledge gain are observed for male students without prior gaming experience.




