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Abstract 

 
This paper explores the students’ knowledge 
achievement when the programming Loop game was 
used to teach students the loop statement principles. 
The Loop game was deployed as part of a large scale 
Programming pilot run at the National College of 
Ireland (NCI) in the first semester of a computing 
conversion course. 23 mature students participated in 
the case study that employed pre-and-post 
assessments while the Loop game was used as part of 
the lab session. Research findings indicate that 
students seemed to achieve improved knowledge 
performance in Java programming language coding 
of the loop concept after employing the game. The 
positive post-test assessment outcomes are discussed 
together with recommendations for further work in 
computer programming game-based learning. 
 
1. Introduction 
 

STEM-associated teachers and researchers have 
identified an elevated cognitive load for students 
while they are exposed to learn computer 
programming, leading to their lack of enthusiasm, 
enjoyment, positive orientation and commitment with 
both learning computer programming and STEM-
related subjects alike [1]. These unfavourable student 
attitudes have led to the development of different 
technology enhanced pedagogies to assist the teaching 
and learning of computer programming discipline 
across different educational curricula worldwide. 
Game-based learning or else, educational computer or 
“serious games” [2 p. 1991] emerged during recent 
years and it seems to be an indicative example of such 
technology advanced approach with a strong learning 
potential [3]. Game-based learning assists students in 
experientially learning computer programming (i.e. 
involved way of learning), while enjoying the 
experience at the same time [4]. Despite the 
aforementioned favourable learning dynamics that 
educational computer games are claimed to have, a 
limited number of studies have been reported to 
evaluate whether games seem to support or advance 
computer programming learning [5].  
                                                            
1NEWTON project website, [Online] Available: 
http://newtonproject.eu  

In this context, this paper aims to present the 
preliminary results of a large scale pilot study run at 
the National College of Ireland (NCI) which explores 
the students’ knowledge achievement when the 
programming Loop serious game was used to teach 
the loop statement principles during Semester 1 of the 
academic year 2018/2019. The pilot was deployed as 
part of the NEWTON EU Horizon 2020 research 
project1. NEWTON project has developed and 
evaluated diverse solutions based on innovative 
technologies for adaptive and personalised 
multimedia, multiple sensorial media delivery, 
Virtual and Augmented Reality (VR/AR) learning, 
Virtual Teaching and Learning Labs (Virtual Labs), 
Fabrication Labs (Fab Labs) and Gamification-based 
teaching and learning [6-11]. These solutions are used 
in conjunction with different pedagogical approaches 
including self-directed, game-based, flipped 
classroom, and problem-based learning methods [12-
16]. The remainder of this paper is organised as 
follows. Section 2 presents a brief summary review 
about game-based learning applications (educational 
games) for teaching and learning programming in 
higher education. Section 3 presents the research 
methodology including the description of the 
programming Loop game and results’ analysis. 
Section 4 synopsizes the findings, their implications 
and concludes this paper with avenues for further 
research.  
 
2. Literature review 
 

The integration of computer games into different 
educational curricula has been indicated to advance 
students’ learning, knowledge and skills’ enrichment 
and commitment [17] [18]. Successful computer 
games are claimed to expose players or agents (i.e. 
students) to critical thinking and problem-solving 
skills whilst offering them immediate real-time 
feedback and prizes to motivate them to discover 
more solutions and good practice [2]. In addition, 
when a student interacts either individually or 
collectively with his or her peers in one computer or 
other computer agents (actors) in the game, is required 
to put his or her input and generate its’ own learning. 



That input also combined with gameplay feedback per 
se, seems to assist the student in comprehending the 
game-associated concepts addressed each time [19]. 

Computer science higher education students tend 
to fall short of prior experience in employing 
programming concepts and practicing programming 
knowledge and skills leading to their lowered 
engagement in learning programming [20]. In helping 
them to learn and exercise the corresponding concepts 
more effectively, programming games have been 
designed, developed and disseminated predominantly 
over the last years. However, a limited number of 
studies are reported to evaluate whether these games 
seem to support or advance programming learning in 
effect [5]. As regards the learning effectiveness of 
programming games used in teaching programming 
modules at university at university level, there seem 
to be rather inconclusive findings as far as 
programming knowledge and skills, motivation and 
user experience features are concerned.  

In summarizing a few indicative examples of 
them, are discussed next: Liu, Cheng and Huang [21] 
in their study assessing the learning experience of 
higher education programming students during their 
gameplay practice, indicated that those perceiving the 
game as motivational, developed their problem-
solving knowledge and skills for programming 
learning. However, the programming students that did 
not indicate the game as engaging, did not seemed to 
develop their problem-solving competencies further 
after their programming gameplay experience. 
Mathrani, Shelly and Ponder-Sutton [22] in their 
study involving two groups of national diploma in 
computing students playing a programming game, 
indicated mixed findings in relation to the game’s 
perceived learning effectiveness for programming 
teaching. Most students of the first group with no prior 
advanced programming knowledge but experienced 
in such gameplay before, they did perceive the game 
as fun and successful as a supportive tool for their 
programming game-based instruction. However, 20% 
of those participants did not indicate favourable 
responses regarding programming learning and 
computer games overall. As regards the second group 
of students who had already finished their basic 
programming course, 17% of them perceived the 
game as difficult to understand, although helpful in 
clarifying prior learned programming concepts. 
Overall, both groups of participants did indicate 
positive attitudes concerning the learning 
effectiveness of gameplay in understanding 
programming concepts. In retrospectively exploring 
the game’s learning outcomes after four months, most 
of them reported that they had discussed with their 
lecturers and peers the programming concepts 
addressed in the game and employed particular 
elements of the game in their programming module 
project assignments.   

Donald and McLeod [23] elaborate on a game 
developed as a tertiary education-commerce 
collaborative research effort for teaching preliminary 
programming knowledge and skills. 155 users of 
different demographic background played the game 
during an online community gameplay event session. 
90% of the participants indicated they had fun with 
the game and reported favourable attitudes in terms of 
the game’s usability design and immersion features. 
However, 60% of them reported that they did not learn 
more about programming objectives. The 
aforepresented indicative summary of gameplay 
studies for teaching programming in higher education, 
tends to reveal rather contradictory findings in 
relation to knowledge acquisition and learning 
experience aspects of programming games. In that 
respect, therefore, the exploration of knowledge and 
learning features as exercised in games used for 
teaching programming language coding concepts 
across diverse curricular courses within different 
social and cultural contexts, needs to be further 
addressed.  

Following the rationale above, therefore, the 
current research work reported in this paper, aims to 
explore the effects of the programming Loop game on 
the knowledge performance of NCI’s computing 
students when the game was used to teach them the 
Loop statement essentials.    

 
3. Research methodology 
 
3.1 Study design 
 

The Programming pilot study adopted the pre-and-
post-assessment approach (experimental design) 
when the programming Java Loop game was used as 
part of the Software Development module in National 
College of Ireland, Higher Diploma in Computing 
course as part of the lab session. 23 students of 
different demographic and academic background took 
part in the case study. The students were asked to 
answer pre-and-post knowledge tests corresponding 
to their pre-and-post playing learning experience with 
the programming Loop game that specifically 
addressed the learning and practice of Java 
programming language coding concepts through 
related questions designed for the needs of the present 
research. These were multiple choice (for each of the 
3 questions) with their corresponding answers marked 
on a 0-3 scale pending on right or wrong answers 
provided during the pre-and-post knowledge test 
measurement. 
 
3.2 Loop game 
 

The Loop game presents the programming 
knowledge concept of loop through the completion of 
game activities (i.e. tasks and quiz) that correspond to 



the compilation of coins as represented by the player 
who acts as a mermaid within an underwater storyline 
context (i.e. role-playing game) ( Figure 1). It entails 
an only version which is applied to both Java and C 
Programming languages alike.  

The game gas 3 levels that cover the fowling 
concepts through some tasks, as follows: a) basic for 
loop, where the coins need to be collected and stored 
(first level), b) for loop with continue statement, 
where some of the coins disappear once they are 
compiled by the mermaid (second level) and c) for 
loop with break statement, visualized by letting one of 
the coins becomes a jackpot coin (reward) once the 
mermaid collects them (third level), respectively. 
When the player (i.e. the mermaid) comes across a 
jackpot coin, then the corresponding activity is 
completed along with the level.  

The activity of quiz which is taken after the students 
finish the tasks, requires them to answer a number of 
knowledge game-related questions. As the student 
(player) moves forward during the game, the code 
display on the screen alters in order to demonstrate the 
current routes that are being executed 
correspondingly, so that students are able to learn 
(practice) the order of the code execution inside a for 
loop. 
 
3.3 Data analysis and results 
 

Pre-and-post knowledge test scores were compared 
in terms of the average of the total marks and the 
percentage of the correct answers given by the NCI 
participants. The findings presented in Table 1 and 
Table 2 below, indicate that the average of the total 
marks for the 3 questions overall gained during post-
knowledge test assessment was higher than the 
corresponding one in the pre-test (2.19 and 1.38, 
respectively). In addition, the percentage of the 
correct answers for all participants in questions 1 and 
2 out of the 3 in the post-knowledge test was also 
higher than the corresponding ones in the pre-
knowledge test assessment (90%, 57% and 14%, 38%, 

respectively). The percentage of the correct answers 
given by the students in all 3 questions overall during 
post-test assessment was higher than the 
corresponding ones in the pre-test measurement (75% 
and 46%, respectively). These results indicate that the 
NCI students seemed to achieve a better knowledge 
assessment performance in Java programming loop 
concept after employing the Loop game.  
 
Table 1. NCI student marks for the pre-and-

post knowledge test assessments 
Programming Loop 

Game Pre-test 
Programming Loop 

Game Post-test 
Questions 1,2,3 

Average of total marks 

1.38 2.19 
 
 

Table 2. Distribution of NCI’s student correct 
answers for the pre-and-post knowledge test 

assessments 
 

Programming Loop Game 
Pre-test Post-test 

Question 
correct (%) 

Question correct 
(%) 

1 14% 1 90% 
2 38% 2 57% 
3 86% 3 76% 

Average 46% Average 75% 

 
 
4. Discussion and conclusion 
 

The results presented in this paper indicate that the 
Loop game seemed to help the NCI students to obtain 
a better knowledge achievement in Java programming 
language coding loop concept. Based on their lack of 
prior knowledge on the loop concept in Java, the Loop 
game was found to be useful as a particular exercise 
and learning tool for teaching and learning 
programming coding objectives.  

The slightly more favourable percentage of correct 
answers provided by the participants for question 3 
from the pre-test than the corresponding one in the 
post-test, may indicate the need for the Loop game to 
be additionally improved in terms of captivating the 
programming coding procedure learning.  

However, the favourable post-test results outcome 
indicates that the game was perceived as a supportive 
application for computing students with less advanced 
knowledge and skills in programming language 
coding concepts. These findings tend to lend support 
to prior programming game-based learning ones 
obtained in higher education domain [21] [22].  

Along this vein, it would be fruitful to explore 
additionally an appraisal of the Loop game in terms of 
programming knowledge acquisition features by 

 

Figure 1 Loop Game  



experienced users and (or) students in programming 
concepts along: a) its diverse game complexity levels 
(e.g. low, medium and high); b) following up on the 
impact of further metacognitive-and-community-
associated attitudes and skills investigated in 
advanced intelligent systems settings [24], in respect 
also with individual traits (e.g. academic 
achievement, gender, educational background, etc.) 
and c) students motivation assessment and monitoring 
during the gameplay by making use of the MoGame 
mechanism [25][26]. These seem to be interesting 
questions and issues for further research in game-
based learning for computer programming curricular 
objectives.  
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