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INTRODUCTION

In recent years, the incorporation of gamification into educational environments has garnered increasing attention to
engage students and improve learning outcomes (Hamari et al., 2014). Gamification refers to the application of game
elements and principles in nongame contexts, with the aim of motivating participation, promoting active learning,
and achieving educational objectives. This pedagogical approach holds promise in higher education, where educators
strive to cultivate students' skills in critical thinking, problem-solving, and decision-making (Landers and Landers,
2014; Deterding et al., 2011). However, despite its growing popularity, the empirical evidence regarding the impact
of gamification on cognitive skills development, especially in specialized academic domains, remains limited.

This research paper seeks to address this gap by evaluating the impact of gamification on cognitive skills
development among students in higher education, with a specific focus on learners specializing in Electronics and
Sensors. The field of Electronics and Sensors encompasses a broad spectrum of disciplines, such as electrical
engineering, computer science, and materials science, where cognitive skills play a crucial role in solving complex
problems and innovating new technologies.

The rationale for focusing on Electronics and Sensors learners lies in the interdisciplinary nature of the field,
which demands proficiency in various cognitive domains, such as logical reasoning, analytical thinking, and creative
problem-solving. By investigating the efficacy of gamified learning interventions in this context, this study aims to
offer valuable insights into the potential of gamification as a pedagogical tool to enhance the development of cognitive
skills in specialized academic disciplines.

Future iterations of this research will incorporate a more diverse sample size that includes students from
various disciplines, thus testing the generalizability of the findings beyond the Electronics and Sensors domain.
Moreover, future research could investigate longitudinal studies to evaluate the enduring impact of gamification on
the development of cognitive skills, providing deeper insights into the sustained effectiveness of gamified learning
interventions over time.

Through a case study methodology, this research examines the effects of gamified learning experiences on
students' cognitive abilities, including their problem-solving strategies, critical thinking skills, and decision-making
processes (Rohatgi and Singh, 2016; Wouters et al., 2013). By analysing pre- and post-intervention assessments,
conducting student surveys, and gathering qualitative feedback, this study aims to assess the extent to which
gamification influences cognitive skills development in the context of Electronics and Sensors education.

The findings of this research have significant implications for both theory and practice in higher education.
By elucidating the impact of gamification on cognitive skills development, this study contributes to the ongoing
discourse on innovative teaching methodologies and instructional design strategies. Moreover, the findings from this
research can inform educators and curriculum developers about the potential benefits of integrating gamification
approaches into specialized academic programs, thereby enhancing student engagement, and improving learning
outcomes in technical disciplines.

LITERATURE REVIEW
Gamification in Education

Gamification entails integrating game design elements and mechanics into hon-game contexts like education
to boost motivation, engagement, and learning outcomes (Deterding et al., 2011). In educational settings, gamification
strategies often include the use of points, badges, leaderboards, and rewards to incentivize student participation and
promote active learning (Hamari et al., 2014). Proponents argue that gamification can address common challenges in
education, such as student disengagement and lack of motivation, by tapping into intrinsic motivators and promoting
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a sense of achievement (Kapp, 2012). However, critics raise concerns about the potential for superficial engagement
and the need for careful design to ensure meaningful learning experiences (Nicholson, 2012).

Cognitive Skills Development in Higher Education

Cognitive skills, such as critical thinking, problem-solving, and decision-making, are crucial for success in
higher education and professional environments (Halpern, 1998). Higher education institutions aim to cultivate these
skills through various instructional methods, such as problem-based learning, collaborative activities, and experiential
learning opportunities (Prince, 2004). Research suggests that cognitive skills can be enhanced through targeted
interventions and practice (Anderson and Krathwohl, 2001). Moreover, the development of cognitive skills is closely
linked to academic achievement and lifelong learning (Halpern, 1998).

Previous Research on Gamification and Cognitive Skills

While gamification has gained traction as a pedagogical approach in education, empirical studies on its
impact on cognitive skills development remain relatively scarce and inconclusive. Some research suggests that
gamified learning interventions can improve students' problem-solving abilities and decision-making skills by
offering opportunities for practice, feedback, and reflection (Landers, 2018). However, other studies report mixed
findings, with some indicating no significant effects or even detrimental outcomes on cognitive skill development
(Hamari et al., 2014). Additionally, most of the existing research on gamification in education has focused on general
student populations or specific disciplines such as computer science and business, leaving gaps in our understanding
of its applicability and effectiveness in specialized academic domains like Electronics and Sensors.

Summary and Gaps

In summary, while gamification holds promise as a pedagogical tool for promoting student engagement and
motivation, its impact on cognitive skills development in higher education, particularly within specialized fields such
as Electronics and Sensors, remains underexplored. Existing research suggests a need for rigorous empirical studies
that examine the specific effects of gamified learning interventions on cognitive skills like problem-solving, critical
thinking, and decision-making. This study aims to address this gap by conducting a case study to evaluate the impact
of gamification on cognitive skills development among Electronics and Sensors learners.

Gamification in Higher Education

Numerous studies have explored the effectiveness of gamification in higher education settings. For example,
N. Landers and K. Landers (2015) conducted a meta-analysis of 48 studies and found positive effects of gamification
on student learning outcomes, motivation, and engagement. Similarly, Manzano et al. (2023) examined the impact of
gamification on various educational contexts and concluded that it can lead to improved learning experiences and
outcomes.

Theories of Motivation and Engagement in Gamified Learning Environments

Central to understanding the motivational aspects of gamification is Self-Determination Theory (SDT),
which suggests that individuals are naturally motivated to engage in activities that satisfy their psychological needs
for autonomy, competence, and relatedness (Ryan and Deci, 2000). Within gamified learning environments,
autonomy is facilitated through learner control over their progress and choices, competence is enhanced through
challenges and feedback mechanisms, and relatedness is fostered through social interactions and collaborative
gameplay (Deci et al., 2017). By aligning game mechanics with these psychological needs, gamification has the
potential to promote intrinsic motivation and sustained engagement in educational tasks.
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Another theoretical framework relevant to gamified learning is Csikszentmihalyi's Flow Theory, which
describes the state of optimal experience characterized by deep concentration, heightened focus, and immersive
engagement (Csikszentmihalyi, 1990). In gamified learning environments, elements such as clear goals, immediate
feedback, and a balance between challenge and skill can lead to a state of flow, enhancing learners' cognitive
performance and intrinsic motivation (Plass et al., 2015). By providing opportunities for students to experience flow
states during learning activities, gamification can enhance their cognitive skills development and overall learning
experience.

Social Cognitive Theory (SCT) offers insights into the role of observational learning, social modeling, and
reinforcement in shaping behavior and motivation (Bandura, 1986). In gamified educational settings, SCT highlights
the importance of social interactions, peer feedback, and collaborative problem-solving in fostering motivation and
skill acquisition (Barab et al., 2004). Through experiences of gamified learning that incorporate social elements such
as leaderboards, badges, and team challenges, students can observe and learn from their peers, receive social
recognition for their achievements, and develop a sense of competence and efficacy in their learning endeavors.

Impact on Cognitive Skills Development

While gamification has been widely adopted to enhance student engagement, its specific impact on cognitive
skills development has garnered increasing attention. Research by You Zhi et al (2023) suggests that gamification
elements such as challenges, rewards, and feedback mechanisms can stimulate cognitive processes and promote skill
acquisition. Furthermore, Sailer et al. (2017) conducted a systematic review and found evidence supporting the
positive impact of gamification on cognitive abilities, especially problem-solving and decision-making skills.

Specialized Learning Contexts

In specialized academic domains such as Electronics and Sensors, the application of gamified learning
interventions remains relatively underexplored. However, studies indicate the potential of gamification to improve
learning outcomes in technical disciplines. For example, Kapp (2012) discusses the concept of “serious games" and
highlights their effectiveness in teaching complex subjects such as engineering and technology.

Future Directions

Future research in gamified e-learning may focus on exploring new game mechanics, assessing long-term
effects on learning outcomes, and investigating the optimal balance between challenge and skill level. Additionally,
advancements in technology, such as augmented reality and virtual reality, offer promising avenues for innovative
gamified e-learning experiences (Seaborn & Fels, 2015; Asaad, R.R., 2021).

GAMIFICATION DESIGN MODEL

Prior to delving into the examination of gamification's impact on learning, it is imperative to underscore the necessity
of designing gamification within e-learning systems. This sentiment is echoed by prior research (Senay and Fezile,
2018; Kashive and Mohite, 2023; Deterding et al., 2011). Consequently, a comprehensive gamification design model
has been formulated and is elucidated in Figure 1. This model comprises several integral components, notably the
gamification component, the educational Programs Unit, and the learner profile. Data housed within these
components is accessible to the gamification business logic for the purpose of crafting a gamified learning experience,
which is subsequently disseminated to the learner. Furthermore, the output contributes to the continual enhancement
of the learner profile.
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Fig. 1. The Gamification Design Model

Within the proposed model, three principal stakeholders are identified: the learner, the instructor, and the
administrator. The learner is the person involved in activities designed to gain knowledge and comprehension. The
instructor takes on the responsibility of developing courses, encompassing objectives, units, lessons, and assessments,
to aid the learners. Meanwhile, the administrator oversees the implementation of the model, managing technological
aspects and incorporating gamification elements. Additionally, the administrator may assume an instructional role
within the model as needed.

Gamification Component

The gamification component is designed to facilitate the representation, management, and maintenance of
gamification elements by system administrators. This component encompasses seven primary game elements, such
as badges, rewards, points, timers, feedback, levels, and leaderboards, as they are commonly recognized and used in
relevant literature (Hamari et al., 2014). Each of these elements is comprehensively outlined and detailed in Table I.

Upon implementation, the model offers flexibility, empowering administrators to effortlessly create and
manage various information associated with each element. For instance, administrators can generate multiple levels,
assign distinct names to each level, and then categorize them within the system as beginner, intermediate, and
advanced. Similarly, badges can be created in unlimited quantities, each featuring a unique image and title.
Additionally, various rules and requirements can be applied to all elements within the gamification component (Table
1: badges, points, level...).

It is important to recognize that these game elements can be independently created and managed, separate
from other components of the model. However, they can be easily integrated into various learning activities. This
allows instructors to initially focus on developing courses and learning activities. Later, they can align game elements
with these activities by selecting appropriate ones as needed. Moreover, not all elements need to be activated within
the system; instructors have the flexibility to choose elements that are expected to enhance learners' motivation and
learning.
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Table 1. Description of Gamified Elements

Game element Description

A badge serves as a visual representation or symbol of achievement within a game. It
acts as a virtual reward, providing players with recognition for completing specific
tasks, reaching milestones, or demonstrating particular skills. Badges not only signify

Badge accomplishment but also encourage further engagement and progression by tapping
into intrinsic motivation and a sense of accomplishment.
Levels in gamification learning mark stages of progress, offering challenges and
Level o )
motivation as learners advance through educational content.
Rewards in gamification learning are incentives, given to learners for completing tasks
Reward or reaching milestones, enhancing engagement and motivation.
Timers in gamification learning are countdowns used to create urgency, challenge, and
Timer focus. They encourage efficiency and time management, adding an element of
excitement and pressure to tasks.
Points Points are earned by completing tasks or achieving goals. They serve as a measure of

progress and skill, motivating learners and providing a sense of accomplishment.

Educational Programs Unit

Within the gamification design model, the Educational Programs Unit emerges as a pivotal component. Its
primary function revolves around the representation, storage, and management of learning materials pertinent to a
designated course. Employing a hierarchical structure akin to a tree-like arrangement, this module comprises three
levels, as illustrated in Figure 2.

I ‘ Course 1 ‘ ‘ Course 2 ‘ oo
Level 2

| Test | | Test Test

Level 3

Fig. 2. Educational Programs Unit Structure with Three Levels

It is paramount to underscore the hierarchical structure's significance within the Educational Programs Unit,
as it affords instructors a systematic framework for authoring learning content. This structured representation obviates
the need for instructors to consider gamification integration within the learning material, as game elements can be
seamlessly mapped to learning activities, either automatically or manually. Moreover, this hierarchical structure
facilitates the creation of diverse courses catering to distinct learning domains, thus underpinning the generalizability
of the proposed model and its constituent elements.

Learner Profile

The learner profile serves as a repository for learner attributes and dynamically manages essential elements
such as learner level, badges, rewards, leaderboard standings, and accumulated points. This repository continuously
evolves as learners engage with the gamified e-learning system, reflecting their progress and achievements. For
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instance, upon successfully mastering a lesson and completing an associated quiz, the learner's profile is augmented
with points commensurate to the quiz score and time invested. Subsequently, as learners progress through sets of
quizzes, additional gamification elements are updated and integrated into their profiles, ensuring a comprehensive
record of their accomplishments and advancements within the system (Figure 3).
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.fn Welcome Khalidwr m
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Fig. 3. Learner profile
METHODOLOGY

Research Design

This study utilized a comprehensive mixed-methods approach, strategically integrating both quantitative and
qualitative data collection methods to thoroughly investigate the impact of gamification on cognitive skills
development among students specializing in Electronics and Sensors within the higher education landscape. By
integrating both quantitative metrics and qualitative insights, this study aimed to capture a detailed understanding of
the connection between gamification and cognitive skill enhancement.

In adopting a case study design, the research delved deeply into the specific context of Electronics and
Sensors education, allowing for a rich and detailed examination of how gamification practices unfold and interact
within this specialized academic domain. This approach facilitated a holistic exploration of the phenomenon,
considering factors such as course content, instructional methods, and learner engagement dynamics within a real-
world educational setting.

Furthermore, by utilizing a mixed-methods framework, this study aimed to overcome the limitations inherent
in singular methodological approaches, offering a more comprehensive and nuanced understanding of the complex
impact of gamification on cognitive skill development. This combination of quantitative data, such as pre- and post-
intervention assessments, with qualitative insights from participant feedback and observations, provided a robust
foundation for analyzing the effectiveness of gamified learning experiences in fostering cognitive growth among
Electronics and Sensors learners in higher education.

Participant Selection and Recruitment

Participants were selected from a cohort of students enrolled in an Electronics and Sensors course at a higher
education institution. Inclusion criteria included students who had experienced the gamified elements integrated into
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their course curriculum. Recruitment was conducted through announcements in relevant courses and departments,
inviting interested students to voluntarily participate in the study.

Description of the Gamified Course Structure

The gamified course structure was designed in collaboration with course instructors and instructional
designers, integrating game elements such as points, levels, badges, leaderboards, and challenges. Gamified activities
were strategically integrated into the existing course content to improve engagement and learning outcomes. Specific
gamification strategies included narrative-driven scenarios, interactive simulations, problem-solving quests, and
collaborative challenges relevant to Electronics and Sensors concepts.

Data Collection Methods

a. Surveys: Pre- and post-course surveys were administered to assess students' baseline cognitive skills levels,
attitudes towards gamification, and perceived learning outcomes. Surveys utilized Likert scales and open-ended
questions for collecting both quantitative and qualitative data.

b. Interviews: Semi-structured interviews were conducted with a subset of participants to delve into their
experiences with gamification in more depth. Interviews focused on cognitive skill development, motivation,
engagement, and preferences for specific gamification elements. Audio recordings and transcripts were obtained for
analysis.

c. Observation: Researchers observed gamified classroom activities and interactions among students to gain
insights into their engagement levels, collaboration, problem-solving approaches, and overall learning experiences.
Field notes were taken to capture relevant observations and reflections.

Data Analysis

Quantitative data from surveys were analyzed using descriptive statistics techniques to examine trends and
patterns in cognitive skills development and student perceptions of gamification. Qualitative data from interviews
and observations were analyzed using thematic analysis to identify recurring themes related to cognitive skill
enhancement, motivation, and effective gamification strategies.

Ethical Considerations

All participants provided informed consent before participating in the study, emphasizing voluntary
participation and the right to withdraw at any time without penalty. Confidentiality of participants' data was strictly
maintained, with identifying information anonymized during analysis and reporting. Institutional ethical guidelines
and regulations were adhered to throughout the research process to ensure the welfare and rights of participants were
protected.

This methodology provided a robust framework for evaluating the impact of gamification on cognitive skills
development among Electronics and Sensors learners in higher education, allowing for a thorough understanding of
the effectiveness of gamification strategies in improving learning outcomes.

RESULTS

Utilizing SPSS for data collection and analysis, this study examined the effects of gamification on cognitive skills
development among Electronics and Sensors learners in higher education. The findings stem from a multi-faceted
approach, integrating quantitative analysis of pre- and post-intervention assessments, as well as qualitative insights
gathered from student surveys and in-depth interviews. This comprehensive methodology offers nuanced insights
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into the nuanced impacts of gamified learning interventions on cognitive skill enhancement within this academic
cohort.

Quantitative Analysis

a. Pre- and Post-Intervention Assessments: Statistical analysis of post- and pre-intervention assessment
scores reveals significant improvements in cognitive skills among participants exposed to gamified learning
interventions. Specifically, participants demonstrate enhanced problem-solving abilities, improved critical thinking
skills, and more effective decision-making strategies following the gamified learning experience.

b. Comparison with Control Group: A comparison between the experimental group exposed to gamified
learning and a control group receiving traditional instruction indicates a significantly greater improvement in
cognitive skills among the former. This finding suggests that gamification positively influences cognitive skills
development beyond what can be achieved through conventional teaching methods.

Student Survey Findings

a. Engagement and Motivation: Survey responses indicate high levels of engagement and motivation among
participants in the gamified learning group. Students report enjoying the interactive and immersive nature of the
gamified activities, which fostered a sense of challenge and achievement.

b. Perceived Learning Outcomes: Participants express positive perceptions of their learning outcomes,
attributing their improved cognitive skills to the gamified learning experience. Many students highlight the relevance
of the gamified activities to real-world applications in the field of Electronics and Sensors, which enhanced their
understanding and retention of course content.

Quialitative Feedback Sessions

a. Themes and Insights: Thematic analysis of qualitative feedback sessions reveals several key themes related
to the impact of gamification on cognitive skills development. Participants emphasize the effectiveness of gamified
activities in promoting active learning, collaboration, and problem-solving skills. Additionally, students appreciate
the immediate feedback and rewards associated with gamified tasks, which motivated them to engage more deeply
with course material.

b. Suggestions for Improvement: While overall feedback is positive, participants offer suggestions for further
enhancing the gamified learning experience, such as increasing the variety of game elements, providing more
opportunities for peer interaction, and integrating gamified assessments throughout the course.

Overall, the study results offer strong evidence supporting the effectiveness of gamification in fostering
cognitive skills development among Electronics and Sensors learners in higher education. The findings underscore
the value of gamified learning interventions as a pedagogical tool for promoting active engagement, motivation, and
meaningful learning experiences in specialized academic disciplines.

Limitations

While the study offers valuable insights into the impact of gamification on cognitive skills development
among Electronics and Sensors learners in higher education, several limitations should be considered:

Selection Bias: Participants were chosen based on their enrollment in specific courses related to Electronics
and Sensors. This could introduce selection bias, as participants may have inherent characteristics or motivations that
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differ from the broader student population. Future research could employ random sampling methods to mitigate this
bias and ensure the generalizability of findings.

Novelty Effect: The observed improvements in cognitive skills may be influenced by the novelty effect of
gamification. Participants may have been particularly motivated by the novelty of gamified activities, which could
inflate the observed outcomes. To address this limitation, future studies could incorporate longitudinal designs to
assess the sustainability of cognitive skill improvements over time and control for potential novelty effects.

Generalizability: The study focused on a specific academic cohort within the field of Electronics and Sensors.
As such, the findings may not be generalizable to other disciplines or student populations. Future research could
explore the effects of gamification across diverse academic domains and student demographics to enhance the
generalizability of findings.

DISCUSSION

The findings of this investigation enhance our comprehension regarding the potential advantages of gamification in
higher education, particularly within specialized academic domains like Electronics and Sensors. The discussion
focuses on interpreting the results, exploring implications for teaching and learning, addressing limitations, and
suggesting directions for future research.

Interpretation of Results

The results of this study demonstrate an important positive impact of gamification on cognitive skills
development among Electronics and Sensors learners. Participants exposed to gamified learning interventions show
improvements in skills related to problem-solving, critical thinking, and decision-making compared to those receiving
traditional instruction. These findings align with previous research highlighting the effectiveness of gamification in
enhancing student engagement, motivation, and learning benefits (Hamari et al., 2014; Landers, 2018). The
guantitative analysis, supported by qualitative feedback, provides robust evidence of the efficacy of gamification
approaches in promoting cognitive skills development in higher education.

Implications for Teaching and Learning
The results of this study have several implications for teaching and learning practices in higher education:

e Educators can leverage gamification as a pedagogical tool to enhance student engagement, motivation,
and cognitive skills development in specialized academic domains like Electronics and Sensors.

e Gamified learning interventions should be carefully designed to align with course objectives, incorporate
relevant game elements, and provide opportunities for active learning, collaboration, and problem-
solving.

e Faculty development programs should include training on effective gamification strategies and
instructional design principles to support educators in integrating gamification approaches into their
teaching practices.

e Institutions should invest in technology infrastructure and resources to facilitate the implementation of
gamified learning platforms and tools, ensuring accessibility and usability for diverse student populations.

Limitations and Future Research Directions

Despite the positive findings, this study has several limitations that warrant consideration:
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The case study design limits the generalizability of findings to other contexts and populations. Future research
could employ larger-scale experimental designs to replicate and validate the results across multiple institutions and
academic disciplines.

e The study primarily focuses on short-term outcomes immediately following the gamified learning
intervention. Longitudinal studies are needed to assess the sustainability of cognitive skills development
over time and its impact on academic and professional success.

e Additional research is needed to explore the optimal design features, implementation strategies, and
effectiveness of gamified learning interventions in diverse educational settings and subject areas.

e Further investigation is warranted to examine the differential effects of gamification on various cognitive
skills and the underlying mechanisms driving these effects.

In conclusion, this study underscores the potential of gamification as a valuable educational tool for fostering
cognitive skills development in higher education, particularly within specialized academic domains like Electronics
and Sensors. By providing empirical evidence of its efficacy and offering insights into effective implementation
strategies, this research contributes to the ongoing dialogue on innovative teaching methodologies and instructional
design practices. Continued research in this area is essential to further elucidate the influence of gamification on
student learning outcomes and to guide evidence-based practices in higher education.

CONCLUSION AND RECOMMENDATION

The findings of this research paper add to the expanding body of literature on the efficacy of gamification in higher
education, specifically within the context of cognitive skills development among Electronics and Sensors learners.
Through a comprehensive case study approach, this study has demonstrated the positive impact of gamified learning
interventions on students' abilities.

The results indicate that gamification holds promise as a pedagogical tool for enhancing cognitive skills
development in specialized academic domains. Participants exposed to gamified learning experiences exhibited
significant improvements in cognitive skills compared to those receiving traditional instruction. These findings
highlight the potential of gamification to engage students, motivate learning, and facilitate meaningful skill
acquisition in technical fields such as Electronics and Sensors.

The implications of this study extend to educators, curriculum developers, and policymakers in higher
education. By incorporating gamification into instructional design, educators can craft dynamic and immersive
learning experiences that encourage active engagement and cultivate the development of cognitive skills.
Furthermore, curriculum developers can leverage gamification approaches to enhance the relevance and applicability
of course content to real-world contexts, thereby better preparing students for professional practice.

However, it is important to recognize the limitations of this study, including the case study design, sample
size, and potential confounding variables. Future research should address these limitations by employing larger-scale
experimental designs, longitudinal studies, and rigorous control measures to further validate the effectiveness of
gamification in promoting cognitive skills development.

In conclusion, this research underscores the value of gamification as a viable educational strategy for
enhancing cognitive skills development in higher education. By embracing innovative teaching methodologies and
leveraging technology-enabled learning platforms, educators can empower students to actively engage in their own
learning journey, equipped with critical thinking, problem-solving, and decision-making skills essential for success
in the 21st-century workforce.

106
https://irjstem.com



International Research Journal of Science, Technology, Education, and Management
Volume 4, No. 2 | June 2024

REFERENCES

Anderson, L. W., & Krathwohl, D. R. (2001). A taxonomy for learning, teaching and assessing: A
revision of Bloom’s taxonomy of educational objectives: Complete edition. New York, NY:
Longman.

Asaad, R. R. (2021). Virtual reality and augmented reality technologies: A closer look. International
Research Journal of Science, Technology, Education, and Management, 1(2), 1-10.

Bandura, A. (1986). Social foundations of thought and action. Englewood Cliffs, NJ: Prentice Hall.

Barab, S. A, Evans, M. A., & Baek, E.-O. (2004). Activity theory as a lens for characterizing the
participatory unit. In D. H. Jonassen (Ed.), Handbook of research on educational communications
and technology (2nd ed., pp. 199-214). Lawrence Erlbaum Associates Publishers.

Beck, L. A. (1992). Csikszentmihalyi, Mihaly. (1990). Flow: The psychology of optimal experience.
Journal of Leisure Research, 24(1), 93-94. https://doi.org/10.1080/00222216.1992.11969876

Deci, E. L., Olafsen, A. H., & Ryan, R. M. (2017). Self-determination theory in work organizations: The
state of a science. Annual Review of Organizational Psychology and Organizational Behavior, 4,
19-43. https://doi.org/10.1146/annurev-orgpsych-032516-113108

Deterding, S., Dixon, D., Khaled, R., & Nacke, L. (2011). From game design elements to gamefulness:
Defining “gamification”. In Proceedings of the 15th international academic MindTrek conference:
Envisioning future media environments (pp. 9-15). https://doi.org/10.1145/2181037.2181040

Halpern, D. F. (1998). Teaching critical thinking for transfer across domains: Dispositions, skills,
structure training, and metacognitive monitoring. The American Psychologist, 53(4), 449-55.

Hamari, J., Koivisto, J., & Sarsa, H. (2014). Does gamification work? - A literature review of empirical
studies on gamification. In 2014 47th Hawaii International Conference on System Sciences (pp.
3025-3034). IEEE. https://doi.org/10.1109/HICSS.2014.377

Seaborn, K., & Fels, D. I. (2015). Gamification in theory and action: A survey. International Journal of
Human-Computer Studies, 74, 14-31. https://doi.org/10.1016/j.ijhcs.2014.09.006

Kapp, K. (2012). The gamification of learning and instruction: Game-based methods and strategies for
training and education. San Francisco, CA: Pfeiffer.

Kashive, N., & Mohite, S. (2023). Use of gamification to enhance e-learning experience. Interactive
Technology and Smart Education, 20(4), 554-575.

Landers, R. N., & Landers, A. K. (2014). An empirical test of the theory of gamified learning: The effect
of leaderboards on time-on-task and academic performance. Simulation & Gaming, 45(6), 769-
785. https://doi.org/10.1177/1046878114563662

Landers, R. N., Auer, E. M., Collmus, A. B., & Armstrong, M. B. (2018). Gamification science, its
history and future: Definitions and a research agenda. Simulation & Gaming, 49(3), 315-337.
https://doi.org/10.1177/1046878118774385

Manzano-Leon, A., Camacho-Lazarraga, P., Guerrero, M. A., Guerrero-Puerta, L., Aguilar-Parra, J. M.,
Trigueros, R., & Alias, A. (2021). Between level up and game over: A systematic literature review
of gamification in education. Sustainability, 13(4), 2247. https://doi.org/10.3390/su13042247

Sailer, M., Hense, J. U., Mayr, S. K., & Mandl, H. (2017). How gamification motivates: An experimental
study of the effects of specific game design elements on psychological need satisfaction.
Computers in Human Behavior. https://doi.org/10.1016/j.chb.2016.12.033

Nicholson, S. (2012). A user-centered theoretical framework for meaningful gamification.

Plass, J. L., Homer, B. D., & Kinzer, C. K. (2015). Foundations of game-based learning. Educational
Psychologist, 50(4), 258-283.

Prince, M. (2004). Does active learning work? A review of the research. Journal of Engineering
Education, 93, 223-231. https://doi.org/10.1002/].2168-9830.2004.tb00809.x

107
https://irjstem.com


https://doi.org/10.1080/00222216.1992.11969876
https://doi.org/10.1146/annurev-orgpsych-032516-113108
https://doi.org/10.1016/j.ijhcs.2014.09.006
https://doi.org/10.1177/1046878114563662
https://doi.org/10.1177/1046878118774385
https://doi.org/10.3390/su13042247
https://doi.org/10.1016/j.chb.2016.12.033
https://doi.org/10.1002/j.2168-9830.2004.tb00809.x

International Research Journal of Science, Technology, Education, and Management
Volume 4, No. 2 | June 2024

Rohatgi, A., & Singh, S. K. (2016). Understanding the role of gamification in education: A review.
Journal of Educational Technology, 13(4), 159-164.
https://doi.org/10.17010/ijet/2016/v11i5/103166

Ryan, R. M., & Deci, E. L. (2000). Self-determination theory and the facilitation of intrinsic motivation,
social development, and well-being. American Psychologist, 55(1), 68-78.
https://doi.org/10.1037/0003-066X.55.1.68

Senay, K., & Fezile, O. (2018). A review of research on gamification approach in education.

Woulters, P., Van Nimwegen, C., Van Oostendorp, H., & Van Der Spek, E. D. (2013). A meta-analysis of
the cognitive and motivational effects of serious games. Journal of Educational Psychology,
105(2), 249-265. https://doi.org/10.1037/a0031311

You, Z. H., Wei, H. T., & Chignell, M. (2023). Impact of rewards on cognitive game performance:
Competition with peers increases enjoyment in easy, but not difficult tasks. Computers in Human
Behavior. https://doi.org/10.1016/j.chb.2023.107952

APPENDIX

Pre-Course Survey
v" On ascale of 1 to 5, how familiar are you with the concept of gamification?
v Have you used any gamified educational apps or platforms in the past? If yes, please specify.
v Please indicate your level of agreement with the following statements on a scale of 1 to 5, where 1
represents "Strongly Disagree" and 5 represents "Strongly Agree"
o | feel confident in my ability to solve problems related to Electronics and Sensors.
¢ | believe gamification can enhance my learning experience.
¢ | am motivated to engage in gamified activities.
e | am excited about the prospect of participating in a gamified course.
v What are your expectations regarding the incorporation of gamification into the Electronics and Sensors
course?
v Are there any specific gamification elements or strategies you would like to see implemented in the course?
Please elaborate.
v Do you believe gamified learning approaches can be effective in enhancing understanding and skills in
Electronics and Sensors?

Post-Course Survey
v" On ascale of 1to 5, How would you rate your overall experience with the gamified learning activities
implemented in this course?
v' Please assess the degree to which you agree or disagree with the following statements based on your
personal experience with gamification in the Electronics and Sensors course:
e Gamification enhanced my understanding of course concepts.
e Gamification increased my engagement with course material.
Gamification improved my problem-solving skills.
Gamification motivated me to actively participate in course activities.
Overall, | found gamification to be a valuable addition to the course.
v Reflecting on your experience with gamification, what aspects of the approach do you believe were most
effective in supporting your learning?
v" Do you believe the gamified learning approach was more effective than traditional instructional methods
for enhancing cognitive skills development? Why or why not?
v In what ways, if any, did gamification influence your perceptions of the Electronics and Sensors course
compared to non-gamified courses?
v What recommendations would you propose for enhancing the design and execution of gamified learning
activities in future courses?
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Interview Questions

A. Can you describe your overall experience with gamification in the Electronics and Sensors course?

B. How do you feel gamification impacted your cognitive skills development, particularly in problem-solving
and critical thinking?

C. Did any specific gamification elements stand out to you as particularly effective or engaging? Why do you
think they were effective?

D. Inwhat ways did gamification contribute to your motivation and engagement with the course material?

E. Were there any challenges or limitations associated with the gamified approach? If so, how did you
overcome them?

F. How do you perceive the value of gamification in enhancing learning outcomes compared to traditional
instructional methods?

G. Based on your experience, what recommendations would you offer for improving the implementation of
gamification in future courses?

H. These survey instruments and interview questions were designed to gather comprehensive feedback from
participants regarding their perceptions and experiences with gamification in the Electronics and Sensors
course, as well as its impact on cognitive skills development.

I.  Were there any specific gamification elements or techniques that you found less effective or engaging? If
S0, please describe them and suggest improvements.

J. How do you think the gamified approach in this course compared to traditional teaching methods in terms
of fostering collaboration and peer interaction?

K. Did you notice any differences in your motivation and engagement levels during gamified activities
compared to non-gamified activities within the course?

L. Reflecting on your experience with gamification in this course, do you believe it has influenced your
perception of learning and education in general? If so, how?
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