
Paper—Comparison of E-Learning, M-Learning and Game-based Learning in Programming Education...  

Comparison of E-Learning, M-Learning and Game-based 

Learning in Programming Education 

A Gendered Analysis 

https://doi.org/10.3991/ijet.v15i15.14503 

Sohail Iqbal Malik (), Mostafa Al-Emran, Roy Mathew 
Al-Buraimi University College, Al-Buraimi, Oman 

sohail@buc.edu.om 

Ragad M Tawafak 

Al-Buraimi University College, Al-Buraimi, Oman 

University Malaysia Pahang, Kuantan, Malaysia 

Ghaliya AlFarsi 
Al-Buraimi University College, Al-Buraimi, Oman 

Abstract—Learning to code is considered as a difficult and challenging task 

for a significant number of novice programmers in programming education. 

Novice programmers have to acquire different skills such as problem solving, 

program design, comprehension, and debugging at the same time. On the other 

hand, most introductory programming courses focus more on syntax of the pro-

gramming language. In this study, we developed and introduced a ‘PROBSOL’ 

application in three different learning systems (E-learning, M-learning and 

Game-based learning) to enhance the problem solving skills of novice pro-

grammers in an introductory programming (IP) course. A survey was conducted 

with the IP students to determine their perception about all the three applica-

tions in the IP course. Gender differences were determined by comparing both 

female and male students’ responses for each question in the survey. The results 

of comparison show that male students were more satisfied with all the three 

applications compared to female students. Both female and male students per-

ceived that all the three applications are user-friendly, enabled them to accom-

plish tasks more quickly, and enhanced their learning productivity. Overall, 

both male and female students appreciated all the three applications in the 

teaching and learning process of the IP course. This study implies that instruc-

tors can also use all the three applications as an additional teaching tool in the 

teaching and learning process of programming education. 

Keywords—Learning to code, problem solving skills, programming education, 

E-learning, M-learning, Game-based learning. 
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1 Introduction 

Learning to code is considered as a difficult and challenging task for a considerable 

number of novices in computer science and related disciplines [1][2]. The traditional 

approach used in the introductory programming courses focuses more on program-

ming knowledge (syntax and semantics) instead of paying equal attention to problem 

solving strategies [3]. As a result, reference [4] argued ‘that novice programmers 

know the syntax and semantics of individual statements, but they do not know how to 

combine these features into valid programs’ (p. 17). Therefore, problem solving skills 

should be offered for the whole semester for novices in an introductory programming 

course [5]. 

In this study, we developed and introduced the ‘PROBSOL’ application in three 

different learning systems (E-learning, M-learning and Game-based learning) to en-

hance the problem solving skills of novice programmers. Most of the teaching topics 

of the IP course are covered in these three applications. Hence, these applications 

offer problem solving skills to novices for the whole semester. 

This paper is divided into a number of sections. It starts with a literature review, 

followed by research questions. A brief introduction to the ‘E-PROBSOL, M-

PROBSOL, and PROSOLVE’ game is provided. The research methodology is de-

scribed for this study, and research results are reported and discussed. The paper con-

cludes with a summary of the outcomes. 

2 Literature Review 

Computer programming skills are one of the core competencies expected from 

graduates of computer science and related discipline [6]. On the other side, it is con-

sidered as a difficult and challenging task for novice programmers to acquire these 

skills [7]. Reference [8] argued that introductory programming courses focus more on 

syntax of the programming language instead of paying equal to problem solving strat-

egies as well. Different teaching strategies and methods are introduced in the intro-

ductory programming courses to address this issue. 

Reference [6] introduced a facilitative E-learning system, PASS (Programming As-

signment Assessment System), to facilitate novices in learning programming. In 

PASS, an instructor uploads a programming problem along with a set of test cases. A 

student solves the problem and submits the solution to the system. The system auto-

matically assesses the solution against the test cases submitted by the instructor and 

provides instant feedback to the student. Therefore, PASS uses a stepwise-reflective 

approach for novices to learn programming and provides students timely and relevant 

feedback to facilitate their learning process. 

Reference [9] introduced M-learning in an introductory programming course and 

discussed that overwhelming majority of students appreciated the M-learning in the 

teaching and learning process of the course. Reference [10] also introduced M-

learning in the teaching and learning process and concluded that the retention of spe-

cific subject knowledge in first year university students for a mobile learning group 
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was better than the other group without offering this option. Reference [11] discussed 

‘how smartphones, studio-based learning and extensive scaffolding could be used in 

combination in teaching of a freshman introduction to programming course’ (p. 13). 

They suggested that when studio-based learning used in conjunction with application 

development with smartphones, is an effective pedagogy for an introductory pro-

gramming course. 

Reference [12] introduced Game-themed programming (GTP) in the programming 

education to teach abstract programming concepts to the students by exploring small 

game applications. They concluded that success rates in GTP based classes were 

higher than other traditional classes in programming education. Reference [13] pre-

pared and introduced a game (RoboBUG) to teach debugging in programming to 

novices. The results of the study show a positive impact of game-based learning on 

novices learning process. 

3 Research Questions 

It is evident from the previous section that different learning systems such as E-

learning, M-learning and game-based learning can play an important role in pro-

gramming education. Therefore, in this study, we prepared and offered the PROBSOL 

application in three different learning systems (‘E-PROBSOL, M-PROBSOL, and 

PROSOLVE’ game) to novice programmers in the introductory programming course. 

We purpose research questions to guide the study and to determine the impact of these 

three different learning systems on novice programmers. 

The research questions being addressed in this study are as follows: 

RQ1: what is the impact on the perception of genders after introducing the E-

learning in the programming education? 

RQ2: what is the impact on the perception of genders after introducing the M-

learning in the programming education? 

RQ3: what is the impact on the perception of genders after introducing the game-

based learning in the programming education? 

4 ‘PROBSOL’ Applications 

A web-based application (‘PROBSOL’) is developed and offered in the introducto-

ry programming (IP) course to enhance problem solving skills of novice program-

mers. The application is based on pseudo-code technique and it covers most of the 

teaching topics of the IP course. Questions related to different topics are embedded in 

the application. Figure 1 shows the interface of the ‘E-PROBSOL’ application. 
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Fig. 1. Interface of the ‘E-PROBSOL’ application 

Three list boxes (Random, Right and Solution steps) are used in the application. 

Random steps of the given problem statement are listed in the Random list box. A 

user selects and moves the appropriate step from the Random list box to the Right 

step box by clicking on the Right arrow button as shown in figure 1. The correct solu-

tion of the given problem statement can be accessed from the Solution list box after 

clicking the Check Solution button. The application counts the wrong steps in the 

users’ solution and these wrong steps are shown in red color in Right list box as 

shown in figure 1.  

The ‘PROBSOL’ application is also offered as a mobile app (‘M-PROBSOL’) for 

novice programmers in the IP course as shown in figure 2. The main purpose is to 

facilitate the learning process of the IP course. The ‘M-PROBSOL’ app is available in 

the Google store. Moreover, a user can download the app from the following web site 

(www.mserves.com). The app provides the same functions and features as in the E-

PROBSOL application. 

 

Fig. 2. Interface of the ‘M-PROBSOL’ application 
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 The ‘PROBSOL’ application is also offered as a ‘PROSOLVE’ game with a few 

modifications as shown in figure 3. The game consists of two list boxes (Random and 

Solution steps). A user provides the right solution of the given problem statement in 

the Random list box by clicking up or down arrows buttons. The user can get the right 

solution by clicking ‘Get Points’ button. Moreover, the game compares the user solu-

tion provided in the Random list box with the correct solution provided in the Solu-

tion list box and award points. The errors in the users’ solution are depicted in red 

color in Random steps list box as shown in figure 3. 

The game comprises of seven levels and different teaching topics of the IP course 

are covered in each level. A user can win medal (bronze, silver or gold) based on the 

points earned in the game. Furthermore, the user can win a cup depends on the total 

points earned in the game. 

  

Fig. 3. Interface of the ‘PROSOLVE’ game 

5 Research Methodology  

The research questions were investigated by conducting a survey with students of 

the IP course after introducing the ‘E-PROBSOL, M-PROBSOL, and PROSOLVE’ 

game. 204 students participated in the survey including 87 male (42.6%) and 117 

female (57.4%). 

The survey has four parts and consists of 38 closed –ended questions. The first part 

of the survey consists of five demographic questions (gender, age, major, program-

ming experience, and preferences among E-learning, M-learning and Game-based 

learning). The second part includes eleven questions related to E-learning (‘E-

PROBSOL’). The third part of the survey covers eleven questions related to M-

learning (‘M-PROBSOL’). The last part of the survey consists of eleven questions 

related to the ‘PROSOLVE’ game. The same set of questions are included in the sec-

ond, third and fourth sections of the survey to obtain students’ perceptions and prefer-

ences among ‘E-PROBSOL, M-PROBSOL, and PROSOLVE’ game in the teaching 
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and learning process of the IP course. A five point Likert scale (1=strongly disagree to 

5 = strongly agree) is used for questions related to the second, third and fourth parts of 

the survey. The data was collected from the students after obtaining an ethical ap-

proval from the college. Students’ participation was optional and volunteer in the 

survey. Moreover, data collection was anonymous in the survey. 

6 Results 

This section describes the results of this study. The research questions were ex-

plored by analyzing the responses of students in the survey. 

The research questions were explored by using a statistical method. The mean val-

ues for each question were compared by gender. 

a) Demographic details  

The demographic details of the respondents are as follows: 

 53.9% respondents are enrolled in the Information Systems major, compared to 

31.4% from Computer Science and 14.7% from Software Engineering. 

 78.9% respondents are between 18 to 22 years old, compared to 13.2% between 23 

to 28 years, and 7.8% from above 28 years.  

 Most of the respondents (57.4%) were female compared to 42.6% male. 

 The majority of the respondents (52.9%) do not have any prior programming expe-

rience. 

 64.7% respondents prefer M-learning, compared to 19.1% prefer E-learning, and 

16.2 prefer Game-based learning.  

b) E-Learning (‘E-PROBSOL’) 

This section addresses the first research question, which is: 

RQ1: what is the impact on the perception of genders after introducing the E-

learning in the programming education? 

Respondents’ perception after introducing the ‘E-PROBSOL’ in the IP course for 

understanding programming concepts is shown in figure 4. Moreover, figure 4 shows 

a comparison of mean values by gender for a set of questions. 
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Fig. 4. E-learning (E-PROBSOL) 

Figure 4 depicts that male students show more positive responses compared to fe-

male students in all the questions related to the ‘E-PROBSOL’ in the teaching and 

learning process of the IP course. 

c) M-Learning (‘M-PROBSOL’) 

This section explores the second research question which is: 

RQ2: what is the impact on the perception of genders after introducing the M-

learning in the programming education? 

Figure 5 shows the respondents perceptions after introducing the ‘M-PROBSOL’ 

in the IP course. 
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Fig. 5. M-learning (M-PROBSOL) 

Likewise in E-PROBSOL, figure 5 shows that male students depicts more positive 

responses compared to female students in most of the questions related to ‘M-

PROBSOL’ except ‘M-learning enhances my learning productivity’ where female 

students depict slightly better response (0.01%) than male students.  

d) Game-based Learning (‘PROSOLVE’) 

This section addresses the first research question which is: 

RQ3: what is the impact on the perception of genders after introducing the game-

based learning in the programming education? 

Respondents’ perception after introducing the ‘PROSOLVE’ in the IP course is 

shown in figure 6. 
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Fig. 6. Game-based learning (‘PROSOLVE’) 

The mean values of male students are better for all the questions compared to fe-

male students in this part of the survey. 

7 Discussion 

The result of the students’ survey depicts that both female and male students ap-

preciated the ‘E-PROBSOL, M-PROBSOL and PROSOLVE’ game in the teaching 

and learning process of the IP course. All the three applications helped novices to 

understand the precise concepts of programming domain. The applications focus on 

students’ cognitive engagement and gain in programming. Furthermore, the applica-

tions help in developing affective engagement of students in the course. This finding 

is consistent with the reference [14] who also advocated that E-learning and M-

learning promoted problem solving skills in programming education. 

The survey results show that male students depict more positive response than fe-

male students about incorporating all the three application (‘E-PROBSOL, M-

PROBSOL and PROSOLVE’ game) in the teaching and learning process of the IP 

course. Reference [15] discussed that it may be due to lack of self-confidence in fe-

male students compared to male students. This finding is also consistent with [16] 
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who concluded after introducing a new teaching approach in programming education 

that male students are more confident compared to female students in learning pro-

gramming. 

All the three applications promote algorithmic thinking in the course. Novices have 

to devise the solution of the given problem statement by using pseudo-code technique 

(problem solving strategy) before start writing the code in any programming lan-

guage. This process promotes deep-learning of the programming domain among nov-

ice programmers. This finding is consistent with [17][18] who introduced a new 

teaching approach in the IP course to promote algorithmic thinking. Moreover, refer-

ences [19][20] advocated that game-based learning promoted algorithmic thinking in 

programming education. 

Both female and male students perceived that all the three applications (‘E-

PROBSOL, M-PROBSOL and PROSOLVE’ game) are user-friendly and easy to use. 

The applications enabled students to accomplish tasks more quickly and enhanced 

their learning productivity. Moreover, the applications enhanced students’ efficiency 

and they used applications on daily basis. Students preferred to use E-learning, M-

learning and game-based learning more frequently in the future in their learning pro-

cess. Furthermore, both female and male students recommended E-learning, M-

learning and game-based learning for other students in their learning process. This 

process promotes students’ affective engagement, cognitive engagement and gain in 

programming domain. This finding is consistent with [21][22]. 

All the three applications (‘E-PROBSOL, M-PROBSOL and PROSOLVE’ game) 

discourage the presentation style which promotes programming shortcut [23] (‘Prob-

lem statement → Codes’) and encourage the presentation style (‘Problem statement 

→ Solution plan → Codes’) which promotes deep learning in programming educa-

tion. This finding is consistent with [24][25] who introduced the four stages of the 

ADRI approach in the programming education to discourage programming shortcut.  

All the three applications (‘E-PROBSOL, M-PROBSOL and PROSOLVE’ game) 

provide an opportunity for students to practice programming concepts by choosing a 

mode of instruction based on their interest. If the student like E-learning can use ‘E-

PROBSOL’, if like M-learning can use ‘M-PROBSOL’, and if like game-based learn-

ing can use ‘PROSOLVE’ game. This process promotes affective engagement of 

students in the course. This finding is consistent with [26][27][28]. 

Most of the teaching topics of the IP course are covered in all the three applica-

tions. Novices practice problem solving strategies throughout the semester which 

promotes deep learning of the programming concepts. Reference [29] discussed that 

‘practice is considered an important step in grasping the precise concepts of computer 

programming for novices’ (p. 1). 

All the three applications (‘E-PROBSOL, M-PROBSOL and PROSOLVE’ game) 

also support instructors to incorporate different teaching strategies to engage students 

in the learning process of programming education. Moreover, instructors can use all 

the three applications as an additional teaching tool in the teaching and learning pro-

cess of programming education. The applications also provide a question bank to the 

instructors. Reference [30] discussed that ‘the technology integrated tools emphasis 

on student interest in order to develop their academic performance.’ (p. 2). 

142 http://www.i-jet.org



Paper—Comparison of E-Learning, M-Learning and Game-based Learning in Programming Education...  

8 Conclusion 

Gender differences were examined in the introductory programming (IP) course af-

ter introducing the ‘PROBSOL’ application as three different learning systems (E-

learning, M-learning and game-based learning) in the teaching and learning process of 

the course. All the three applications are web-based and easy to use. Moreover, they 

are based on pseudo-code technique. Most of the teaching topics of the IP course are 

covered in all three applications. 

A survey was conducted with the IP students to determine their perception about 

all the three applications in the IP course. Gender differences were determined by 

comparing both female and male students’ responses for each question in the survey. 

The comparison shows that male students were more satisfied with all the three appli-

cations compared to female students. It may be due to that male students are more 

self-confident compared to female students [15]. 

All the three applications promote algorithmic thinking, discourage programming 

shortcut, and enhance students’ affective engagement, cognitive engagement and gain 

in the IP course. Both female and male students perceived that all the three applica-

tions are user-friendly, enabled them to accomplish tasks more quickly, and enhanced 

their learning productivity. Instructors can also use all the three applications as an 

additional teaching tool in the teaching and learning process of programming educa-

tion. Overall, both male and female students appreciated all the three applications in 

the teaching and learning process of the IP course. 
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