GAMIFICATION
DEFINITION

Gamification integrates game elements into non-game contexts to enhance engagement, motivation, and
learning.

IN COMPUTING EDUCATION

Gamification uses game mechanics to motivate and engage students through reward systems, competition, and achieve-
ment. This behavioral psychology-based method promotes persistence and active engagement to changing learning.

Multiple studies show its effectiveness, particularly in computer-related fields like programming, resulting in increased stu-
dent motivation and engagement (Al-Azawi et al., 2016; Figueiredo & Garcia-Pefialvo, 2020; Thongmak, 2018; Elshiekh &
Butgerit, 2017).

Gamification improves learning when instructional materials match internal and external motivation. It prepares students
for real-world challenges by encouraging critical thinking, teamwork, and problem-solving.

IMPACT AND LIMITATIONS

Gamification in computing education has become popular for motivating students. However, its implementation has signifi-
cant disadvantages. According to research, students find gamification innovative, engaging, and fun (Nieto-Escamez &
Roldan-Tapia, 2021), but its long-term educational benefits are unclear. Gamifying learning has outpaced researchers' un-
derstanding of its mechanisms and methods, and educational gamification is limited (Dichev & Dicheva, 2017).

Gaming in education can also cause addiction, distraction, higher costs, and lower efficiency (Uaidullakyzy et al., 2022).
Gamification in education, including computing education, faces many challenges that may affect user experience (Zhao et
al., 2022). Gamification can boost student engagement and learning (Smiderle et al., 2020), but its drawbacks in computing
education should be considered. These drawbacks emphasize the need to carefully design and implement gamified ele-
ments in computing education to minimize drawbacks and maximize benefits.

GAME ELEMENTS

-+ Engagement and Motivation
= Points System: Awarding points to students for completing tasks, overcoming challenges, or showing mastery of
concepts.
=  Badges: Gaining access to virtual badges or achievements as a reward for reaching specific milestones.
=  Leaderboards: Displaying student progress or rankings on leaderboards to encourage motivation and competition.

+  Learning Progression
= Levels: Dividing the course material into levels that students need to progress to continue, with new challenges
and rewards offered as they do.
=  Challenges / Quests: Giving students challenges or quests to complete, usually with time limits or other compo-
nents related to games.
+ Feedback Mechanisms
= Progress Tracking: Providing immediate and continuous feedback on students' performance, progress, and accom-
plishments.
=  Rewards: Offering privileges, awards, or virtual or physical rewards, such as virtual money, for successfully com-
pleting tasks or reaching goals.

+ Interactive Elements:
= Storytelling / Narrative: Including the course material in an engaging narrative or storyline to fully engage students
in the learning process.
= Avatars: Allowing students to create and personalize their own virtual avatars or characters in the learning envi-
ronment.
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INTEGRATING GAMIFICATION WITH EDUCATIONAL GOALS

Align with outcomes:

-

Technical Skills (e.g., programming): Use quests and challenges that require applying these skills to solve problems.
Leaderboards can motivate students to improve their coding efficiency or accuracy.

Conceptual Understanding (e.g., algorithms): Badges or points for completing quizzes or exercises that demonstrate
understanding of key concepts.

Engagement and Participation: Points for active participation in forums or discussions. Badges for contributing useful
code reviews or helping peers.

Teamwork and Collaboration: Team quests or challenges where students must work together to achieve a common
goal, with rewards for the team's success.

Align with learning objectives:

<

Knowledge-based objectives: Use trivia quizzes, point-based systems for correct answers, or badges for mastering spe-
cific concepts.

Skill-based objectives: Design challenges that require problem-solving, coding, or debugging skills. Implement leader-
boards to compare performance and encourage friendly competition.

Attitudinal objectives: Use collaborative quests, peer feedback systems, or role-playing scenarios to foster teamwork,
communication, and critical thinking.

Gamification in Freshman Year: Introduction to Programming

Scenario Gamification Elements

In this scenario, students manage a virtual Students collect virtual coins as a reward for achieving good
farm. Writing code is necessary for agricultural harvests. They may then use these coins to unlock other
planting to automate harvesting, selling, and crops with more complex code requirements. Additionally,
watering processes. Different crops stand for students can compete on leaderboards to see who has the
different degrees of coding challenge difficulty. most productive farm.

Gamification in Sophomore Year: Data Structures and Algorithms

Scenario Gamification Elements

In this scenario, students assume the role of Reducing congestion earns points, as do well-designed algo-
city traffic controllers and are charged with de- rithms that open new city features like subways. Leader-
signing effective algorithms to control traffic boards keep track of the "smoothest" cities. Students can fo-

during rush hour. Varying traffic figures and cus on various topics, such as traffic light optimization or
route configurations make algorithm optimiza- shortest path algorithms.

tion more difficult.
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Gamification in Junior Year: Web Development

Scenario Gamification Elements

Students set out to build websites for fictional Points are given for completing customer requests, gaining
clients with certain requirements in this sce- access to new features and design components for their web-
nario. New ideas in web development, such as site builder, and showcasing the most visually appealing and
HTML, CSS, and JavaScript, are covered at each user-friendly websites on leaderboards. Specializations in
level. front-end or back-end development are available to students.

Gamification in Senior Year: Advanced Topics (e.g., Cybersecurity, Al)

Scenario Gamification Elements

As ethical hackers, students are tasked with Students can earn badges for detecting specific kinds of vul-

protecting a virtual network from cyberattacks. nerabilities or developing effective security fixes. Points are

Within. A particular period of time, they need given for successfully defending the network, and leader-

to identify vulnerabilities and provide code to boards keep track of the "most secure" networks. To add in-

fix them. terest, scenarios may simulate real-world hacking attempts.
REFERENCES

Al-Azawi, R., Al-Faliti, F., & Al-Blushi, M. (2016). Educational gamification vs. game based learning: comparative study. International Journal of Innovation
Management and Technology, 131-136. https://doi.org/10.18178/ijimt.2016.7.4.659

Dichev, C. and Dicheva, D. (2017). Gamifying education: what is known, what is believed and what remains uncertain: a critical review. International Jour-
nal of Educational Technology in Higher Education, 14(1). https://doi.org/10.1186/s41239-017-0042-5

Elshiekh, R., & Butgerit, L. (2017). Using gamification to teach students programming concepts. Open Access Library Journal, 4(8), 1-7.

Figueiredo, J., & Garcia-Pefialvo, F. J. (2020, April). Increasing student motivation in computer programming with gamification. In 2020 IEEE Global Engi-
neering

Nieto-Escdmez, F. and Roldan-Tapia, M. (2021). Gamification as online teaching strategy during covid-19: a mini-review. Frontiers in Psychology, 12.
https://doi.org/10.3389/fpsyg.2021.648552

Smiderle, R., Rigo, S., Marques, L., Coelho, J., & Jaques, P. (2020). The impact of gamification on students’ learning, engagement and behavior based on
their personality traits. Smart Learning Environments, 7(1). https://doi.org/10.1186/s40561-019-0098-x

Thongmak, M. (2018). Creating gameful experience in the object-oriented programming classroom: A case study. Online Journal of Applied Knowledge
Management (OJAKM), 6(1), 30-53.

Uaidullakyzy, E., Rizakhojayeva, G., Sartayeva, K., Zeinep, B., Turmanov, R., & Rysbayeva, G. (2022). Creating integration situations of students’ computer
lesson and learning with gamification. International Journal of Emerging Technologies in Learning (ljet), 17(19), 207-223.
https://doi.org/10.3991/ijet.v17i19.32177

Zhao, D., Playfoot, J., Nicola, C., Guarino, G., Bratu, M., Salvadore, F., ... & Muntean, G. (2022). An innovative multi-layer gamification framework for im-
proved stem learning experience. leee Access, 10, 3879-3889. https://doi.org/10.1109/access.2021.3139729

 National

5';' ls-gfz:ﬁmn This material is based upon work supported by the National Science Foundation under Grant No. 2111097



https://doi.org/10.18178/ijimt.2016.7.4.659
https://doi.org/10.1186/s41239-017-0042-5
https://doi.org/10.3389/fpsyg.2021.648552
https://doi.org/10.1186/s40561-019-0098-x
https://doi.org/10.3991/ijet.v17i19.32177
https://doi.org/10.1109/access.2021.3139729

	Gamification
	definition
	Gamification integrates game elements into non-game contexts to enhance engagement, motivation, and learning.

	in computing education
	impact and limitations
	game elements
	integrating gamification with educational goals
	Align with outcomes:
	Align with learning objectives:
	Gamification in Freshman Year:  Introduction to Programming
	Gamification in Sophomore Year: Data Structures and Algorithms
	Gamification in Junior Year: Web Development
	Gamification in Junior Year: Web Development
	Gamification in Senior Year: Advanced Topics (e.g., Cybersecurity, AI)

	references

	Gamification Elements
	Scenario
	Gamification Elements
	Scenario
	Gamification Elements
	Scenario
	Gamification Elements
	Scenario

