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Abstract

:

Generation Z members use their smart devices as part of their everyday routine. Teaching methods may need to be updated to make learning materials more interesting for this generation. This paper suggests gamifying computer science subjects to enhance the learning experience for this generation. Additionally, many students face difficulty in understanding computer science materials and algorithms. Gamifying computer science education is one of the suggested teaching methods to simplify topics and increase students’ engagement. Moreover, the field of computer science is dominated by males. The use of gamification could increase women’s interest in this field. This paper demonstrates different techniques that were developed by the researchers to employ gamification in teaching computer science topics. The data was collected at the end of the two different courses. Results show that students enjoyed the suggested teaching method and found it useful. This paper also demonstrates two tools and their gamification elements. These tools were developed by the researchers to help people learn computer programming and information security.
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1. Introduction


Members of the Z generation have already been born into a digitalized world where smart tools are part of their everyday routine and online games are popular among them. On the other hand, the teaching methods of the 20th century that are still being used in the current educational system may not be efficient enough for these digital natives. The introduction of gamification could provide a solution for the difficulties in educational systems for this group as they are familiar with the various aspects of the gamification technology.



Computer programming is among the hard subjects that need to be simplified by the instructor. Several studies found that the use of gamified learning increases students’ learning motivation and engagement [1,2,3]. Seaborn and Fels (2015), found that applying gamification in any educational context contributes to increasing the student’s engagement in learning while providing feedback from such learning [4]. Gamification is the process of adding game elements into a non-game context [1,5].



In his article, Dodge (2018) mentioned that there is no better way to engage students in a code-oriented lesson than through a game. In this way, they hardly feel like they are studying at all [6]. He also listed and described a variety of coding games that help learners break into the world of computer programming such as Scratch and Swift Playgrounds, Osmo, Kodable, Tynke, LEGO Mindstorms, Code Monkey, CodaKid, Blockly, CodeCombat, Code.org, Codemoji, Stencyl, Lightbot, Bitsbox, Code Karts, Roblox [6,7] Scratch and Swift Playgrounds are shown in Figure 1. Most of those tools were designed for K12, however, several studies found that gamification was useful for college students as well [1,2,3,6,8].



Varannai, Sasvari, and Urbanovics (2017) conducted an empirical study on 86 university students where they asked the sample subjects to use Kahoot gamified environment as part of their lectures. The result shows that the positive attitude, good experience, and tool ease of use contributed to improving student performance [9]. Piteira, Costa, and Aparicio (2017) designed and implemented an online course of fundamentals of programming that includes gamification elements. The course was attended by 108 freshmen. Students’ attitude toward the progress bar, leader board, badges and points was surveyed. Students found those gamification elements useful and motivating [10].



This paper demonstrates three different techniques of using gamification in computer science education for college students. In the first one, activity games were developed and used in teaching different data structures algorithms and concepts in a university-level course. In the second, game coding examples were added to the teaching materials of the mobile app development course. Both courses were designed for both undergraduate and graduate students. The third technique is to add gamification elements into two different educational tools to enhance the learning experience. Unlike the first two techniques, those two tools could be used by anyone; however, they also contain university-level course materials.




2. Materials and Methods


Computer science algorithms and topics are not always easy to learn. Educators recommend using games in teaching a complex subject to make it easier and more interesting to students. In this study, different kinds of gamification techniques were used to help teach different computer science topics as follows:




	
The Use of Gamification in Teaching Data Structure Algorithms;



	
The Use of Gamification in Teaching Mobile App Development;



	
The Use of Gamification in Code Genie Tool and a Cybersecurity App.








Data were collected from students who attended the data structure and the mobile app development courses. These are university-level courses for both graduate and undergraduate students. Students were asked about their experience in these two courses by the end of the semester.



The following section explains the group activity games that were developed and used to help teach different data structures algorithms and concepts. The next section demonstrates the game-coding examples that were used in teaching a mobile app development course.



The third and fourth sections explain the gamification elements that were added to two different educational tools: the Code Genie and the “Be Aware of the Hacker” app. Code Genie is a web-based IDE (Integrated Development Environment) that was developed to learn the JavaScript language and the second educational tool is an app that was developed to educate people about different information security subjects. These two tools were developed by the leading researcher of this paper.



2.1. The Use of Gamification in Teaching Data Structure Algorithms


In this study, practical games or class activities were developed and used to help students learn different data structure sorting algorithms in a university-level course. The 15-week course was designed for both graduate and undergraduate students. The activities included engaging role-playing for each student in the context of traditional Computer Science algorithms such as Bubble Sort, Insertion Sort, and Selection Sort; in addition to the use of depictions to reinforce key concepts such as Stacks and Queues. After getting the human subjects’ approvals from the university, students were asked to fill out an online questionnaire by the end of the course. The results showed an agreement on the usefulness of the activities and how such activities simplify rather complicated algorithms and make them easier to understand.



The bubble sorting game is one of the activities that were used in this study, and it is explained in the following paragraphs. For the other game activities that were used to explain other algorithms, the reader is referred to [11]



The bubble sorting algorithm includes two nested for-loops as shown in Figure 2 [12]. In the inner loop, the algorithm compares the first two numbers in the array. If the one on the left is greater, the numbers need to be swapped. The algorithm moves one position right to compare the next two numbers and continues comparing, swapping, and moving to the right until the largest number reaches the right end. When the highest number is pushed to the far right, the outer loop starts over at the left end of the line to sort the rest of the numbers. The class activity that was used to explain this algorithm is shown in Figure 2. The notation N## is used to refer to a student and the number that he/she is holding; for example, N55 refers to a student with the number 55. Six students were asked to participate in this game. When these students left their seats and stood in front of other students, they were given paper plates with numbers. An instructor can also use T-shirts with numbers to let students feel like a team.



In Figure 3, a student on the left (N55) is asking the student next to him/her (N77): “Am I greater than you?” If the answer was “yes” the two students need to swap their position, otherwise, the second student (N77) needs to ask the students next to him/her (N99) the same question and so on until the student with the highest number goes to the right end. The process is repeated four times (out = 6–1 to out = 2) to sort the six numbers. The instructor could have two teams with two T-shirt colours. In this case, the two teams would compete on sorting the numbers as fast as possible. A small gift could be given to the winning team with a photo for memory to increase students’ motivation.




2.2. The Use of Gamification in Teaching Mobile App Development


In an Android mobile development course, several game examples were used to explain different topics. The data were collected by the end of the course to explore the effect of using this technique on students’ interest in programming. The results suggest that Android development could increase students’ interest in programming and the use of the game examples was effective.



The data were collected from 17 college students (N = 17) at the end of a 15-week course and in the classroom setting from all students at the same time using Google Forms. The course name was Android Development Using Java and the leading researcher of this study was the instructor. During this course, students learned how to create Android mobile apps using Java language and how to publish their apps on Google Play. The sample was composed of college students who are trying to get their associate degree. Android Studio was the main IDE that was used to create apps in this course. Currently, Java and Kotlin programming languages are used to develop apps with Android Studio. Java language was used for this course. However, some students submitted their final projects in the Kotlin language.



A study shows that integrating art and animation in teaching programming increases students’ interest in writing more code [13]. The course material of this study was designed by the leading researcher to include art, animation, and game examples. It included a variety of gaming examples such as “Flappy Bee”, “Matching the Pictures”, and “Pop the Balloon” as shown in Figure 4. It also included examples that utilized most of the available graphical user interface (GUI) components or widgets such as radio buttons, checkboxes, images, buttons, slider, and different types of Android layouts. Examples also included the use of lists, dropdown menus, web view, SQLite database, and search queries. Figure 5 shows other app examples.



Besides assignments and exams, students had to develop their own apps as final projects. Students’ projects were of different categories. Most of the students submitted game apps; others submitted other kinds of apps such as map app, an app for saving favourite music and videos, an app for chemical engineers, and other apps that included the use of the SQLite database. Students also had to present their app projects by the end of the semester. With the rich course materials, students were exposed to many topics of Android development and gained the needed skills. Having adequate exposure to the material increased the study validity.




2.3. The Use of Gamification in Code Genie Tool


The Code Genie programming environment was built by the leading researcher of this paper to encourage high school students to code in the JavaScript language. This environment was built to integrate art and animation in teaching computer programming [14]. The environment includes a variety of coding templates including simple games such as flappy bird and matching the picture as shown in Figure 6 and Figure 7. This tool was tested and used in three coding workshops. Pre-test-post-test experimental methodology and the data were collected from 65 high school students participated in the workshop. The results show that the students’ confidence in answering the programming questions increased in the post-test for both genders [15]. The participating students had several suggestions in their feedback comments. One of the common suggestions was adding a tutorial section to the environment. Gamification elements and the suggested tutorial section were added to the Code Genie web Integrated Development Environment (IDE) in the following update after the workshops [16]. The following flowchart, see Figure 8, explains the gamification elements that were added to the tool and demonstrates how a learner could earn points and badges while coding and running his/her code.




2.4. The Use of Gamification in Cybersecurity App


Gulf countries such as Saudi Arabia and the United Arab Emirates are increasingly becoming the targets of sophisticated cyberattacks that are aimed at stealing personal data and, in some cases, exposing state and trade secrets [17,18]. As many of these people fall victim to cyber-attacks, more awareness about cybersecurity is needed to protect their social media, bank, and email accounts. This section explains the gamification elements that were added to an app developed by the researcher to educate Arab-speaking people in the Middle East and North Africa (MENA) about cybersecurity and to increase their awareness of information assurance and cybercrimes [19]. The app was developed for Android, and it was called “Be Aware of the Hacker”. Figure 9 shows screenshots of the app.



The app is currently available at Google Play, and it includes three information assurance sections: multiple choice questions, terms, and articles. Currently, it includes 20 multiple-choice questions, 15 term definitions, and 30 article links.



The questions section includes different situations that a user needs to respond to while being online. Such as what to do when you receive a link from your manager, how to respond when you see a warning dialog box asking you to click a button while browsing a website, when you need to be suspicious about some online activities, how to be aware of the social engineering, what is Ransomware, and what situation is considered phishing from different choices, what is the difference between http and https. The questions were translated to Arabic from the Quizizz learning platform [20,21].



The terms section includes definitions of some common cybersecurity terms, such as Ethical Hacking, Social Engineering, Two-Factor Authentication, Honeypot, Firewall, Rootkit, Worm, Trojan, Virus, Botnet. The term and the article sections’ data were collected from different technical websites such as Kaspersky Middle East and The Arabic News Gate for Information Technology [22,23].



The article section educates users about different security topics and to increase their awareness about different situations, such as how to create strong passwords, or how to delete the saved ones from their computers, how to deal with two-factor authentication, what is biometric authentication, what is phishing emails, what are DDoS attacks, and what are the different ways that hackers could use to steal your bank account while shopping online.



Adding gamification elements could increase users’ engagement and their motivation to learn. The app included multiple-choice questions and when a user answers correctly his/her scores will increase by 10 points. An encouragement message is displayed briefly with each right answer. The scores are also increased by five when the user reads an article or a term definition. The scores are also decreased by 10 with each wrong answer.



When a user answers a question, the answer button is disabled to allow one answer. However, a user can visit the same question and answer again using the previous and the next buttons. The answer options are shuffled with each visit and the questions are shuffled each time the user opens the app. An array of the correct questions was used to make sure that the scores were increased once in case the user tried to answer the same question multiple times. The scores were saved and retrieved from the phone’s local storage whenever the app closed and opened again. Figure 10 shows the gamification flowchart of the app and Figure 11 shows the code for the onPause and onResume methods that were used for this purpose.





3. Results


The data that were collected from students in the two courses, the data structures course and the Android mobile development course, are analysed in the following two sections.



3.1. The Data Structures Course


For the data structures course, the data was collected from 40 college students by the end of the course. Most of the students were males (75%) and 25% were female students. 17.5% were graduate students and 20% were seniors. Most of the students were White and 20% were Asian. Figure 12 shows the demographic data of the participants.



When students were asked if they enjoyed the class activities in teaching different algorithms, 80% agreed, 17.5% were neutral, and only one student disagreed, see Table 1.



The agreement percentage was better (85%) when students were asked about the usefulness of the class activities; only two students (5%) disagreed. When the question was more specific, almost all students agreed (95%) that the use of the class activities simplifies the algorithms and makes them easier to understand. Only 5% were neutral about this question and the disagreement percentage was zero. The agreement percentage decreased (70%) when students were asked whether the class activities enhance students’ engagement, 22.5% were neutral, and 7.5% disagreed on this question. Since the students are already in computer science programs and they have an interest in their major, the disagreement percentage was 47.5% when they were asked if the class activities increase students’ interest in the computer science field. 32.5% of the students were neutral about this question, and 15% disagreed.



As shown in Figure 13, the agreement percentage of the activities’ enjoyment for the female students was 100% while it was 73.3% for the male students. Similarly, the agreement percentage of the activities’ usefulness was also 100% for females while it was 80% for males. This indicates that females enjoyed the game activities and found them useful more than male students.



In the same course, different teaching techniques were used to teach linear data structures such as Stack and Queue. The class camera was used to explain those two data structures. The instructor used real-life objects such as fruit and small shelves to simulate memory locations and how those two data structures are working. Students enjoyed this other technique and found it useful. However, the class activities for the three sorting algorithms where students participated themselves were preferred in students’ responses, as shown in Figure 14.




3.2. The Android Mobile Development Course


The actual number of students who attended the Android mobile development course was 21 students, but the data were collected from 17 who attended the last class. The majority of the participants were White with one Asian student. At the beginning of the course, there was one African American student, but he left the course in the second meeting. Most of the participants were male students. The number of female students who were enrolled in the course was only two (12%), and this indicates the low interest of women in the mobile development field and in computing majors in general. Adding students who enrolled in the course but did not fill in the surveys, the female percentage drops to 10%. Figure 15 shows the demographic data of the participants in the Android course.



Most of the students (76.5%) agreed that mobile development increased their interest in computing degrees, as shown in Table 2. Figure 16 shows students’ responses to some questions of the survey. Most of the students (76.4%) also agreed that mobile development increased their motivation toward programming in general. The agreement percentage that android development increases creativity was high (88.3%). More than half of the students (64.7%) agreed that mobile development gives them a sense of accomplishment and makes them feel happy. 82.4% of the students found mobile development easy to learn. The researchers claim that enjoyment of the game examples and the use of the art and animation examples simplified the course materials.



There are several types of apps that are currently available on Google Play and people use in their daily life. These vary from social media and other communication apps such as emails to gaming apps, educational apps, banking, and business apps, news and magazine apps, weather and map apps, and productivity apps where a user can create something and save it. Statistics show that “Game” is the most popular app category at the Apple store while “Education” is the top category at Google Play [24,25]. The results of this study show that most students were interested in creating games, educational, and productivity apps, as shown in Figure 17.





4. Discussion


According to motivation theory and self-determination theory, motivation is either intrinsic or extrinsic. Intrinsic motivation is about a person’s enjoyment, accepting challenges, seeking mastery and curiosity about a certain thing. Extrinsic motivation promotes external reasons for participation, such as competition or collaboration with others, rewards such as scores, points, or badges [26,27]. The results of this study showed that using class activities and gaming code examples to explain computer science (CS) subjects increased students’ intrinsic and extrinsic motivation. These findings concur with those of other researchers. Zainuddin (2018) compared the students’ performance and motivation for both gamified and non-gamified instructional models and he found that the gamified model increased students’ motivation and engagement and the findings were supported by the self-determination theory of human motivation [28]. Ibanez, Di-Serio & Kloos (2014) designed and developed a platform called Q-Learning-G to investigate the effectiveness of gamified activities in learning the C programming language. The results showed that most students continue working even after achieving the learning goal and after earning the maximum points which was an indicator of their cognitive engagement [3]. However, gamification in education could not be useful if it was not designed carefully. Hanus and Fox (2015) conducted a study to assess the effectiveness of gamification elements in the classroom using motivational, psychological, and behavioural measures [29]. Testing was carried out on students during a 16-week semester with gamification and non-gamification curriculum. Results found that students in the gamified course showed less motivation, satisfaction, and empowerment over time than those in the non-gamified course. This suggests that some care should be taken when applying certain gamification mechanics to educational settings.



The motivation theory and the self-determination theory also helped in designing the Code Genie tool. After reviewing these theories, three buttons were added to the tool: “Share”, “Like”, and “Others Code”. These buttons would motivate students to write and share code [10]. In addition, points, and badges were added to the two tools that were demonstrated in this paper. Limantara, Hidayanto, and Prabowo (2019) reviewed studies published between 2014 and 2018 to examine the frequency and effects of gamification elements used in the recent literature [1]. They found that the most effective elements in gamified learning are points, badges, and a leader board. The Code Genie web IDE has the point and badges; however, the leader board could be added in the next update.



The results of these experiments clearly indicate a positive relationship between the performed methods and a better CS education experience. With the limited number of female participants, it is difficult to conclude that females find gamifying CS education more useful than males do, even though the results show 100% of females agreeing to this statement. This high percentage could be due to the lack of female participation. As a minority group or even a CS novice, activities with high inclusion (such as the bubble sorting activity) may have contributed to the overall positive reaction. A sense of inclusion and belonging most probably led to their overall engagement and understanding. Out of the algorithmic activities, the students seemed to have preferred the sorting class activities the most. This could be possibly due to the level of immersion as well as the level of simplification and application to real-world examples that are easy to follow. Integrating animation, gaming, and another visual stimulation widens the CS education audience as well as the pool of students that can enjoy and understand the concepts explained. Adding visual representation to technical processes such as sorting loops and algorithms allows a broader scope of students to comprehend such complex topics.



The freedom to navigate creatively through Android Studio (with instructions) may have also contributed to the students’ positive reaction to the course. Being able to creatively apply learned concepts and seeing clear results (working code) is a strong motivator for students. This also gives them the ability to further explore programming beyond the class requirements. Instant gratification (working code) is a very strong motivator and is likely to increase the likelihood of a student enjoying a course or activity.



Some misconceptions about CS and coding may be a barrier between students and pursuing a degree in a CS subject, introducing programming in an interactive and creative way can negate such assumptions and attract a larger variety of students to the field. Including artistic features in technical subjects can offer them a new perspective, therefore appealing to a subset of the overall student population that was hesitant to enter the field.



Representation and feeling included are important components of education. The methods used in the data structures class embody these concepts. The students participating in the exercises more than likely felt a sense of inclusion while participating which can increase interest and confidence in a subject. The low number of African American students in the field (and the courses) may be due to the lack of inclusion and participation. Methods such as the ones mentioned in this study can help bridge that gap and make room for a more diverse student CS population.



While the number of students and level of diversity may have been limited, the overall consensus is that introducing gaming and more artistic methods into CS teaching creates a positive reaction from most students of all groups. Perhaps further research to tackle specific portions of the student population is needed for more specific conclusions.




5. Conclusions


In this study, class activities were used to teach data structures algorithms, while game coding examples were used to teach the Android course. The students’ feedback for both courses was collected at the end of the 15-week courses. Students who were surveyed after the data structures course agreed on the usefulness of the used activities and close to consensus on how such activities simplify rather complex algorithms and make them easier to understand. Similarly, students who attended the Android mobile development course stated that the use of the game coding example was useful in simplifying the materials and in making the course more interesting.



The field of computer science is dominated by males. The use of gamification could increase women’s interest in this field. The results of the data structures course showed that agreement percentages of the females on different variables of the study were better than the percentages for male students. In other words, female students enjoyed the game activities and found them useful in learning data structures and algorithms. Similarly, the two women who attended the Android mobile development course were very motivated and they created two great game apps as their final projects. The researchers claim that the use of gamification could increase women’s interest in programming and mobile development. However, the number of women in this sample was too small to draw a conclusion and further study is needed for that.



This paper also demonstrates the gamification elements that were added to two tools as a third technique to employ gamification in teaching computer science. These tools are the Code Genie web IDE and the “Be Aware of the Hacker” app. No data were collected to explore the usefulness of gamifying those two tools and another further study could be conducted for that.



Our conclusion is that students’ learning of computer science algorithms and data structures can be enhanced through practical gamification that helps stimulate active learning. Additionally, the use of game examples in the Android course simplifies the topics and makes the course more enjoyable. It also increased students’ interest in the computer science field. However, further study with a bigger sample may confirm the results of this study.



Overall, a gamified approach reached a wider audience of students and increased computer science comprehension as well as enjoyment.




6. Future Work


The results of this study show that the use of game examples and game activities in the Android and data structure courses simplifies the topics and makes the courses more enjoyable and interesting. However, there are several areas of improvement that may be explored in future work. First, the sample size (N = 40, N = 17) was not large enough to produce generalizable and conclusive results, and therefore, a bigger sample with more females may better confirm the findings. Furthermore, only three data structures sorting algorithms were gamified in this study, so more activities can be developed for other sorting and searching algorithms. Additionally, virtual reality or augmented reality may be employed to improve class activities. Similarly, more game coding examples can be added to the mobile development course. To avoid any negative results as those found by Hanus and Fox [29], the gamified materials should be carefully designed.
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Figure 1. Tools for code learner: Swift Playgrounds from Apple and Scratch from MIT. 






Figure 1. Tools for code learner: Swift Playgrounds from Apple and Scratch from MIT.



[image: Information 12 00453 g001]







[image: Information 12 00453 g002 550] 





Figure 2. Bubble Sort. 
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Figure 3. Bubble Sort Class Activity. 
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Figure 4. Games examples that were used in the teaching mobile app development course. 
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Figure 5. Other examples that were used in teaching the mobile app development course. 
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Figure 6. Matching the picture game in the Code Genie Web IDE. 
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Figure 7. Flappy Bird game in the Code Genie Web IDE. 
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Figure 8. Code Genie Gamification Flowchart. 
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Figure 9. The Question View and the side menu of the “Be Aware of the Hacker” App. 
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Figure 10. Gamification in “Be Aware of the Hacker” Android App. 
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Figure 11. The onPause and onResume methods of the App. 
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Figure 12. The demographic data of the participants. 
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Figure 13. Students’ responses to game activities for both genders. 
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Figure 14. Students’ enjoyment of different activities. 
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Figure 15. The demographic data of the participants. 
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Figure 16. Students’ responses to part of the mobile app development course survey. 
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Figure 17. Students’ preference to the development mobile app categories. 
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Table 1. Students’ responses to the survey questionnaire for the Data Structures course.
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	Agreement %
	Neutral %
	Disagreement %





	Enjoyment
	80%
	17.5%
	2.5%



	Usefulness
	85%
	10%
	5%



	Simplifies the algorithms
	95%
	5%
	0%



	Engagement
	70%
	22.5%
	7.5%



	Interest in CS
	47.5%
	32.5%
	15%
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Table 2. Students’ responses to the survey questionnaire for the Mobile App Development course.
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	Agreement %
	Neutral %
	Disagreement %





	Enjoyment
	64.7%
	35.3%
	0%



	Creativity
	88.3%
	11.8%
	0%



	Simplicity
	82.4%
	11.8%
	5.8%



	Interest in Programming
	76.4%
	23.5%
	0%



	Interest in CS major
	76.5%
	23.5%
	0%
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