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Abstract

This paper presents a serious game, the Warehouse game, which is designed and developed as part
of the NEWTON project and deployed at Dublin City University (DCU), Ireland, in the EM108 Software
Development for Engineers course, taught to all first year DCU Engineering students. This game has
three levels, targeting C data types, variable declaration and type casting concepts. In level one,
students are introduced to a warehouse scenario where the basic data types in C are taught in interactive
manner. In level two, the computer memory is visualized as shelf spaces in the warehouse and data
values are interpreted as goods with different sizes. The students are asked to conduct a set of tasks to
complete the process of declaring variables and assigning values. In level three, students are guided to
carry out tasks that declare variables and assign values of unmatched data types to them, learning the
concept of type casting. To evaluate the impacts of the game, a comprehensive case study was
conducted involving 93 undergraduate students. Pre-test and post-test that contain several single choice
questions targeting the related programming concepts were given to students before and after the game
to assess the game’s influence on the learning outcomes. The results show students’ knowledge level
improved after playing the game. A game experience survey was also given to the students following
the game to measure their satisfaction levels. The survey results indicate that most of the participants
liked the design of the game and the game helped to stimulate their interests and improve their
confidence in the subject.

Keywords: serious game, programming course, STEM subjects

1 INTRODUCTION

In recent years, most European countries have witnessed declines in terms of engagement in science,
technology, engineering and mathematics (STEM) subjects among their younger generations. The
potential shortage of scientists in the future is endangering European countries’ competitiveness in
related areas. The perception among students that STEM subjects are difficult to learn is one of the
major underlying issues behind this crisis. This is justified by the fact that there are very high failing rates
in many STEM subjects, including programming related courses. Despite the fact that most of the third-
level students who choose STEM majors make this decision out of enthusiasm and personal interest in
STEM subjects, high failing rates decrease students’ motivation and increase their course drop rates.
To address the aforementioned crisis, many researchers have proposed to bring innovative technology
enhanced learning (TEL) methods to traditional classrooms to stimulate students’ engagement and
interests as well as improve their learning outcomes. Serious games, in particular educational serious
games, which are games developed for educational purpose rather than pure entertainment, are among
the most popular ones. In recent years, serious games have been widely applied to various education
subjects and targeted different education levels. Research work in this area revealed positive impacts
and outcomes of games in educational context [1] [2]. Application of serious games in computer science
subjects have been carried out by many researchers [3]. For example, Miljanovic and Bradbury [4]
presented a serious game developed for programming novices, targeting at a series of programming
concepts.

This paper presents a research study on the impacts and outcomes of a 2D serious game, the NEWTON
Project Warehouse game, which targets at helping students to understand the concepts of data types,
variable declaration and type casting in C programming. The effectiveness of this game was assessed
through a case study carried out among 93 first year undergraduate Engineering students at Dublin City
University, Ireland. The game was played during the second lab session in the 12-week Software
Development for Engineers module.

The research case study presented in this paper is part of the EU Horizon 2020-funded NEWTON
Project (http://newtonproject.eu) [5]. The NEWTON project has built a networked educational platform
that supports seamless integration and dissemination of various technology-enhanced learning content
and methods, including augmented reality, virtual reality, virtual labs [6], serious games [7] [8], adaptive



multimedia [9] [10] and multisensorial content delivery [11], remote fabrication labs [12], and innovative
teaching and learning approaches [13] [14]. Multiple pilots are deployed in different educational
institutions in several European countries to validate the outcomes and effectiveness of the NEWTON
project. The NEWTON Project Warehouses game introduced in this paper is part of a large-scale pilot
deployed in three universities in Ireland and Slovakia.

The rest of the paper is structured as follows. Section Il presents the details of the NEWTON Project
Warehouse game. Section Il describes the research methodology and analyzes the case study results.
Section IV concludes the paper.

2 THE NEWTON PROJECT WAREHOUSE GAME

In this Warehouse serious game, students learn the concepts of variable declaration and truncation of
variables. The educational content conveyed in this game includes:

1) different data types require different amount of memory space;

2) when a variable is declared, the required amount of memory space is allocated;

3) assigning a value to a variable means storing the value in the memory space allocated to the variable;
and

4) when assigning a value of a different type to a variable, type casting may happen.

The scenario of the game includes a warehouse where the computer memory is visualized as shelf
spaces in the warehouse and variable values are visualized as boxes with different sizes. The game
has 3 levels or activities.

Level 1—introduction to basic data types. There are various data types in C, each of them has certain
size. At the beginning of the game, the player enters the NEWTON project cargo. Here, different data
types and their sizes are demonstrated. Boxes with different sizes that represent different data types
are dropped one by one, while their definitions and sizes are introduced.
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Figure 1 NEWTON Project Warehouse Game - Level 1

Level 2 - declaring variables. In this level, the player enters a warehouse, which represents the
memory of computer. Inside the warehouse, each byte in the memory is represented by a square space
on the shelf. The number tag under each shelf space is its address in memory. The player follows the
instruction given by the game and carries out the actions of declaring and initializing a “char” type
variable, an “int” type variable, and a “double” type variable, which have sizes of 1 byte, 4 bytes and 8
bytes, respectively. For each variable, the player needs first to allocate the memory space required by
clicking on the empty shelf space (e.g., the player needs to single click 4 consecutive shelf spaces to
allocate enough memory for an integer variable). After each click, an “occupied” stamp shows up on the
space which indicates the space has been allocated to the variable. Then, the player initialises the
variable by dragging one of the corresponding boxes to the occupied shelf space.



Let's assign a value to mylnt:

myInt=3;

Just drag the box with the number 3 on it
to the space we just assigned to myInt
variable.
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Figure 2 NEWTON Project Warehouse Game - Level 2

Level 3 - the pitfall: type casting. In this level, the player learns what happens when they assign
values of mismatching data types to variables. First, the player declares an “integer” type variable and
allocates a 4-byte space for it. However, when assigning a value to this variable, the player is asked to
try to drag a “double” type value box, which has a length of 8-byte, into the 4-byte space allocated for
the integer variable. Upon this action, the box is truncated to half and the double precision number
shown on it is truncated too, so that only the integer part is kept. Then, the player declares a “double”
type variable and allocates an 8-byte space for it. Instead of assigning a double type value to this variable,
the player is asked to drag an integer value to the spaces allocated to the double variable. The size of
the integer variable box is doubled and a decimal point and zeros are padded to the end of the integer
value. This turns the integer value into a double value.
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Did you see what just happened? The
length of the integer value is doubled and
zeros are padded after the decimal point,
which turns this integer into a double
precision floating point!

1495 136 137" 138

131 132" 133" 139 136 137 138 139 140 191 3

3 3.00000000000000001 = [ =)
1Z7 378 3

s it phits e 122" 123 124" 125" 126

myInt myDpuble
103 104 105 106 108 109 110 111 112 113 113

Figure 3 NEWTON Project Warehouse Game — Level 3

3 CASE STUDY RESULTS

In this case study, we investigated both students’ subjective feedback on the game and their learning
outcomes through playing the game. This game was included as part of a lab session in the EM108



Software Development for Engineers module in Dublin City University, Ireland in the Spring semester in
2017/2018 academic year. This module involves all first year undergraduate Engineering students from
the Faculty of Engineering and Computing. According to the results of a demographic survey that 93
students participated in at the beginning of the semester, 77% of them are male and 23% are female.
The majority (86%) of them claimed they like/love learning science and 75% of them got good marks in
STEM subjects sometimes or always before. 77% of them play games and 47% believe they have above
average gaming skills. Around 50% of them had played serious games before the case study.

The methodology of the case study is as follows. During the lecture session, which was one day before
the lab session, students learned related topics in class. During the lab session, students logged into
the NEWTON project platform NEWTELP (http://newtelp.eu) and took part in a pre-test that includes 3
single choice questions that assessed their knowledge level of the topics covered by the game before
they were exposed to the game. Then, they downloaded the game from the platform and played the
game on the computers. After they finished the game, they took a post-test that also includes 3 single
choice questions to assess their knowledge level after exposure to the game. The students were also
asked to complete a survey that included 12 single choice questions, each with 5 Likert Scale answer
options: strongly disagree, disagree, neutral, agree, and strongly agree.

The results of the pre- and post-tests are shown in Table 1 and Table 2, respectively. The difficulty levels
of each question are also indicated. Question 1 in the pre-test and Question 1 in the post-test targeted
the same topic and both have a difficulty level of “easy”. The correct rate increased from 93% to 98%
from the pre-test to post-test. Question 3 in the pre-test and Question 2 in the post-test targeted the
same topic and both have a difficulty level of “hard”. The correct rate increased from 60% before the
game to 72% after the game. In the post-test, more than half of the students answered correctly the
third question, which is of “very-hard” difficulty level. Overall, the test results have shown that more
students could answer questions of the same difficulty levels after they played the game, which indicated
they were able to learn better targeted programming knowledge through playing the Warehouse serious
game.

Table 1 Variable Declaration Game pre-test results

Question No. Difficulty Level Correct Rate
1 Easy 93%
2 Medium 71%
3 Hard 60%

Table 2 Variable Declaration game post-test results

Question No. Difficulty Level Correct Rate
1 Easy 98%
2 Hard 72%
3 Very hard 51%

Students’ subjective experience of the serious game was assessed through a survey after the game.
The results of the survey are summarized in the stacked bar chart in Figure 4. Results show that 73%
of students (56% agreed and 17% strongly agreed) thought the game was a good complement to
textbooks, and more than half of them claimed to be more interested in the course after playing the
game. At the same time 78% of students agreed (63% agreed and 15% strongly agreed) the game
helped them to understand the programming concepts and 65% of the students (49% agreed and 16%
strongly agreed) believed the game could help them achieve better results in the course. Regarding the
quality of the game, 77% of students agreed (64% agreed and 13% strongly agreed) that the game
tasks and levels are well designed, 84% thought the User Interface (Ul) design is pleasant and 66% of



them believed the game targeted their knowledge gap. Furthermore, 58% of students denied they would
prefer to learn without serious games. It can be concluded from the results that the Warehouse game is
in general well designed and appreciated by most students. The game also fulfilled its purpose of
motivating students and improved their learning outcomes.

4 CONCLUSION

VARIABLE DECLARATION GAME QUESTIONNAIRE RESULTS
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Figure 4 Stacked bar chart of game experience survey results

This paper introduced the NEWTON Project Warehouse Game — a 2D serious game about data types
and variable declaration for university level C programming modules. This game covers the knowledge
of basic data types, variable declaration and type casting in C programming. This research case study
was conducted in a first-year undergraduate software development module in the Faculty of Engineering
and Computing at Dublin City University, Ireland. The students’ subjective experience was investigated
by a game experience survey and their learning outcomes via pre-test and post-test. Result analysis of
the survey indicate that the NEWTON Project Warehouse Game was liked by most students from both
educational content perspective and aesthetics perspective. The game experience was able to stimulate
students’ interest and make students more confident in learning in this module. From the results of pre-
test and post-test, it can also be concluded that the game produced good learning achievements as
significantly increased number of students were able to answer questions of the same difficulty levels
correctly after the game.

ACKNOWLEDGEMENTS

This research is supported by the NEWTON project (http://www.newtonproject.eu/) funded under the
European Union’s Horizon 2020 Research and Innovation programme, Grant Agreement no. 688503.

REFERENCES

[1] Y. Klisch, L. Miller, S. Wang and J. Epstein, M. Qian, and K. R. Clark, “Game-based learning and
21st century skills: A review of recent research,” Computers in Human Behavior, Issue 63, 50-58,
2016.



[2] E. A. Boyle, T. Hainey, T. M. Connolly, G. Grant, J. Earp, M. Ott, T. Lim, M. Ninaus, C. Ribeiro, J.
Pereira, “An update to the systematic literature review of empirical evidence of the impacts and
outcomes of computer games and serious games,”. Computers & Education, Issue 94, 178-192,
2016.

[3] A.L.Krassmann, L. N. Paschoal, A. Falcade, R. D. Medina, “Evaluation of Game-Based Learning
Approaches through Digital Serious Games in Computer Science Higher Education: A Systematic
Mapping,” 14th Brazilian Symposium on Computer Games and Digital Entertainment (SBGames),
Nov, 2015, Piaui, Brazil.

[4] M. A. Miljanovic, J. S. Bradbury, “Robot ON!: A Serious Game for Improving Programming
Comprehension,” 5th International Workshop on Games and Software Engineering, May, 2016,
Austin, TX, USA.

[5] NEWTON, “H2020: Networked Labs for Training in Sciences and Technologies for Information and
Communication,” 2018. [Online]. Available: http://www.newtonproject.eu/

[6] T. Lynch, I., Ghergulescu, “NEWTON Virtual Labs: Introduction and Teacher Perspective”, IEEE
International Conference on Advanced Learning Technologies (ICALT), Timisoara, Romania, July
2017

[7] C.H.Muntean, J. Andrews, G. M. Muntean, “Final Frontier: An Educational Game on Solar System
Concepts Acquisition for Primary Schools,” IEEE 17th International Conference on Advanced
Learning Technologies, July, 2017, Timisoara, Romania.

[8] D. Bogusevschi, C. H. Muntean, N. Gorjiand G. M. Muntean, "Water Cycle in Nature: Small-Scale
STEM Education Pilot", EDULEARN Conference, Palma de Mallorca, Spain, July 2018.

[9] L.Zou, R. Trestian, Gabriel-Miro Muntean, "E3DOAS: Balancing QoE and Energy-Saving for Multi-
Device Adaptation in Future Mobile Wireless Video Delivery”, IEEE Trans. on Broadcasting, vol. 63,
no. 1, 2018

[10] A. N. Moldovan, C. H. Muntean, “QoE-aware Video Resolution Thresholds Computation for
Adaptive Multimedia” IEEE International Symposium on Broadband Multimedia Systems and
Broadcasting (MBSB), Cagliari, Italy, June 2017

[11] T. Bi, A. Pichon, L. Zou, S. Chen, G. Ghinea and G.-M. Muntean, “A DASH-based Mulsemedia
Adaptive Delivery Solution”, ACM Multimedia Systems Conference (MMSys), International
Workshop on Immersive Mixed and Virtual Environment Systems (MMVE), Amsterdam, The
Netherlands, June 2018

[12] M. A. Togou, C. Lorenzo, E. Lorenzo, G. Cornetta, G.-M. Muntean, “Raising Students' Interest in
STEM Education via Remote Digital Fabrication: An Irish Primary School Case Study”, EDULEARN
Conference, Palma de Mallorca, Spain, July 2018

[13] J. Playfoot, C. De Nicola, C., F. Di Salvadore, “A New Experiential Model to Innovate the STEM
Learning Processes” International Technology, Education and Development Conference, Valencia,
Spain, March 2017

[14] T. Lynch, l., Ghergulescu, “Large Scale Evaluation of Learning Flow”, IEEE International
Conference on Advanced Learning Technologies (ICALT), Timisoara, Romania, July 2017



