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Serious game: Teaching & learning behavior

1. Objectives:

1. General Objective

To investigate how serious games influence teaching and learning behaviors in educational
settings, and to provide actionable insights for optimizing student engagement, motivation, and
learning outcomes.

2. Specific Objectives
1. Analyze Student Learning Behaviors in Serious Games

o Identify patterns of engagement, attention, interaction, and collaboration among
students during serious game activities.

o Examine how these behaviors correlate with learning outcomes such as
knowledge retention and performance.

2. Examine Teaching Behaviors in Serious Game Environments

o Explore how teachers adapt instructional strategies, monitor student progress, and
provide feedback during serious game interventions.

o Identify best practices for integrating serious games into pedagogy.
3. Develop a Comprehensive Behavioral Framework

o Combine insights from student and teacher behaviors to create a holistic model of
serious game-based teaching and learning interactions.

o Use this framework to predict learning outcomes and guide instructional design.
4. Apply Data Analytics and Predictive Modeling

o Utilize learning analytics, regression, and clustering methods to analyze patterns
in serious game engagement and performance.

o Identify key predictors of success and challenges in serious game-based learning.

5. Provide Recommendations for Personalized Learning
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o Investigate how individual differences (learning styles, motivation, prior
knowledge) influence engagement and learning in serious games.

o Propose strategies for adaptive interventions to improve student outcomes and
teaching effectiveness.

6. Assess Long-Term Effects of Serious Games
o Examine the sustainability of learning behaviors and outcomes over time.

o Evaluate whether serious games contribute to long-term improvements in
motivation, engagement, and academic performance.

2. Literature Review

Serious games have emerged as a promising tool in education, offering interactive, immersive,
and learner-centered experiences. They aim not only to entertain but also to facilitate learning,
enhance engagement, and improve performance. Previous studies on online learning behaviors
provide a strong foundation for understanding how digital tools influence student learning, but
there remains limited research specifically on serious games and their dual impact on teaching
and learning behaviors.

This review synthesizes research on online learning behaviors, engagement patterns, and
learning outcomes, with an emphasis on how these insights can inform serious game-based
education.

1. Online Learning Behavior Studies

1.1 Development Stages and Trends

Gao (2021) analyzed the development of online learning behaviors in China, identifying stages,
models, and research hotspots. This study provides a macro-level understanding of how students
interact with online platforms and highlights the importance of tracking behavioral patterns to
optimize learning experiences. However, it does not explore gamified learning or teacher
adaptations.

1.2 Learning Effectiveness in SPOC Courses

Zeng (2023) investigated online learning behavior and learning effectiveness in College English
courses using SPOC-based data mining and regression analysis. Findings indicate that
engagement frequency, interaction with materials, and timely participation significantly predict
learning outcomes. This study emphasizes the value of structured and interactive learning
activities, which are integral to serious game design.

1.3 Learning Analytics and Behavioral Patterns
Wu (2024) examined the online learning behavior of college students using learning analytics
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and data mining. The study revealed that interaction patterns, content navigation, and
engagement quality are strong predictors of academic performance. This suggests that tracking
in-game behaviors in serious games can provide actionable insights for teachers.

1.4 Internet-Based Behavior Segmentation

Yang (2023) applied clustering algorithms to analyze Internet-based learning behaviors,
identifying distinct learner patterns. Personalized interventions based on these patterns improved
learning effectiveness, highlighting the potential of adaptive and tailored serious games.

1.5 Predictive Modeling of Learning Behavior

Xiu (2025) employed linear regression algorithms to predict online learning behaviors,
identifying key factors that influence engagement and performance. Predictive modeling can be
extended to serious games to anticipate learning challenges and adjust game difficulty or content
dynamically.

2. Integration of Findings and Insights
Across these studies, several common themes emerge relevant to serious game research:

1. Engagement is Key: Student participation, frequency of interaction, and attention
strongly influence learning outcomes (Zeng, 2023; Wu, 2024).

2. Behavior Tracking is Critical: Monitoring patterns and performance allows for
personalized interventions and adaptive learning (Yang, 2023; Xiu, 2025).

3. Predictive Analytics: Applying regression or clustering helps anticipate learning
challenges and inform instructional strategies (Xiu, 2025; Wu, 2024).

4. Limited Gamified Contexts: Most studies focus on traditional online learning or SPOC
courses, not on serious games that can influence both teaching and learning behaviors.

3. Problem Statement:

The rapid adoption of online learning platforms and serious games has transformed
contemporary education, providing opportunities for more interactive, engaging, and learner-
centered teaching methods. Research demonstrates that online learning can enhance student
engagement, motivation, and academic performance (Gao, 2021; Zeng, 2023; Wu, 2024;
Yang, 2023; Xiu, 2025). However, despite the growing popularity of serious games in education,
there is limited systematic research on how these tools influence both teaching and learning
behaviors simultaneously.

Previous studies offer valuable insights into online learning behaviors:
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e Gao (2021) identifies stages, models, and research hotspots in Chinese online learning,
providing a macro-level understanding of how students interact with digital platforms.

e Zeng (2023) highlights the critical role of engagement frequency, interaction with
materials, and timely participation in SPOC-based English courses.

e Wu (2024) emphasizes how student interaction patterns and content navigation predict
learning outcomes, suggesting that monitoring learning behaviors can support teaching
strategies.

e Yang (2023) identifies distinct learner behavior patterns and advocates personalized
interventions for improving learning effectiveness.

e Xiu (2025) demonstrates that predictive modeling using regression algorithms can
identify key factors affecting engagement and performance, which can guide adaptive
educational strategies.

While these studies significantly advance the understanding of online learning behavior, serious
games remain underexplored as a medium for teaching and learning. Most existing research
focuses on traditional online courses or specific subjects, such as College English (Zeng,
2023), without analyzing how serious games can influence both:

1. Teaching Behavior — How instructors adapt their teaching strategies, monitor students,
and intervene based on real-time behavior feedback.

2. Learning Behavior — How students engage, interact, and respond to gamified content,
including motivation, attention, collaboration, and retention.

This gap is particularly critical because serious games offer unique affordances—such as
immersive simulations, interactive challenges, and immediate feedback—that are not captured by
traditional online learning analytics. Without a clear understanding of how serious games impact
teaching and learning behaviors, educators lack evidence-based guidance for designing
effective gamified learning experiences.

Furthermore, existing research often lacks longitudinal insights, does not integrate predictive
analytics with behavioral observations, and rarely considers contextual and personalized
factors that affect learning outcomes in diverse student populations (Yang, 2023; Wu, 2024; Xiu,
2025). These limitations underscore the need for a comprehensive study that examines:

o How serious games affect student engagement, motivation, attention, and
performance.

e How instructors can leverage serious games to adapt teaching strategies based on
observed learning behaviors.
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How much predictive analytics and behavior modeling can inform personalized

interventions to maximize learning effectiveness.

Thus, this research aims to fill a critical gap by investigating the interplay between serious game
design, teaching behaviors, and student learning behaviors, providing actionable insights for
educators, instructional designers, and researchers.
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5. Research Gap

While previous studies provide valuable insights into online learning behavior and learning

effectiveness, there remain several critical gaps when it comes to understanding the role of
serious games in teaching and learning:

1. Limited Focus on Serious Games

o Most existing research focuses on traditional online learning platforms (Gao,
2021; Zeng, 2023; Wu, 2024) or specific subjects such as College English (Zeng,
2023).
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o The unique affordances of serious games—such as interactive simulations,
immediate feedback, and immersive learning environments—are largely
unexplored in terms of their influence on both student learning behaviors and
teaching strategies.

2. Lack of Integrated Behavior Models

o Studies such as Wu (2024) and Yang (2023) analyze student engagement,
interaction patterns, and learning outcomes, but few combine these variables into
a comprehensive framework that captures:

= Student attention, motivation, and collaboration
= Teacher instructional adaptation and monitoring
= Real-time feedback loops

o A holistic model linking serious games to teaching and learning behaviors is
missing.

3. Insufficient Longitudinal Research

o Most research is short-term, focusing on immediate engagement or academic
performance (Zeng, 2023; Xiu, 2025).

o There is a lack of longitudinal studies examining how repeated interaction with
serious games affects learning habits, retention, and instructional strategies over
time.

4. Limited Use of Predictive Analytics in Serious Games Context

o Xiu (2025) and Yang (2023) show that predictive modeling and clustering can
identify learning patterns, but these techniques are rarely applied in gamified
learning environments.

o Understanding which behaviors predict success in serious games can inform
adaptive interventions, yet this area is under-researched.

5. Contextual and Personalized Learning Factors are Underexplored

o Current studies often focus on single universities or courses (Wu, 2024; Yang,
2023), limiting generalizability.

o There is limited investigation into how individual differences (learning styles,
prior knowledge, motivation) interact with serious game mechanics to influence
learning behavior.

6. Gap in Teacher-Centered Insights
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o Most research emphasizes student behavior, but few studies explore how teachers
adapt their teaching strategies in response to student interaction with serious
games.

o Understanding the bidirectional influence between teaching behaviors and student
engagement in gamified environments is crucial for maximizing learning
outcomes.

Summary of the Gap:

In essence, while online learning behavior is moderately well-understood, the intersection of

serious games, teaching behaviors, and student learning behaviors remains largely unexplored.

There is a pressing need for:

Comprehensive behavioral models integrating teacher and student actions.
Application of predictive analytics to serious game environments.

Longitudinal studies examining engagement, learning outcomes, and instructional
adaptation over time.

Research addressing contextual, personalized, and cross-subject applicability.

Addressing these gaps will provide actionable insights for designing effective serious games that

enhance teaching strategies and learning outcomes simultaneously.

6. Challenges in Research

Conducting research on serious games and teaching & learning behavior involves several
practical, methodological, and analytical challenges. Insights from previous studies (Gao, 2021;
Zeng, 2023; Wu, 2024; Yang, 2023; Xiu, 2025) highlight the following key challenges:

1. Curriculum and Game Alignment

o Serious games must be designed or selected to align with specific educational
objectives (Yang, 2023; Zeng, 2023).

o Challenge: Ensuring that the game content matches course objectives without
compromising learning engagement or game mechanics.

2. Measuring Teaching and Learning Behaviors
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o Traditional metrics (e.g., test scores, participation) do not fully capture complex
interactions in serious games (Wu, 2024; Xiu, 2025).

o Challenge: Developing reliable instruments to quantify both student engagement
and teacher interventions during gameplay.

Student Engagement and Participation

o Maintaining consistent participation is critical, as irregular engagement can skew
data on learning behaviors (Zeng, 2023; Gao, 2021).

o Challenge: Motivating students to remain active in serious games over time,
particularly for longitudinal studies.

Technological Barriers

o Serious games require digital platforms and stable technical infrastructure (Xiu,
2025; Yang, 2023).

o Challenge: Ensuring all participants have equal access to devices, software, and
network resources to prevent disparities in learning opportunities.

. Data Collection and Privacy

o Monitoring in-game behavior generates large amounts of sensitive student data.

o Challenge: Collecting, storing, and analyzing data ethically while maintaining
student privacy and compliance with regulations.

. Resource and Time Constraints

o Implementing serious games, collecting behavioral data, and analyzing results
requires considerable time, personnel, and expertise (Wu, 2024).

o Challenge: Balancing study depth and sample size with available resources,
particularly for experimental or longitudinal designs.

. Integration of Predictive Analytics

o Advanced techniques like clustering, regression, and learning analytics are
essential to interpret complex behavior patterns (Xiu, 2025; Yang, 2023).

o Challenge: Applying predictive models accurately and ensuring they provide
actionable insights for both teaching and learning interventions.

Generalizability Across Contexts

o Many studies focus on single courses, universities, or subjects (Zeng, 2023; Wu,
2024).
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o Challenge: Designing research and serious games that are scalable and adaptable
across diverse learning contexts and student populations.

Summary:

Conducting research on serious games in education is multifaceted, combining pedagogical
design, behavioral measurement, technical infrastructure, data analytics, and ethical
considerations. Overcoming these challenges is essential for producing rigorous, generalizable,
and actionable findings that inform both teaching strategies and student learning behaviors.

6. References:

[ Gao, L. (2021). Research on Online Learning Behavior in China: Stages, Models and
Hotspots. 16th ICCSE, IEEE. https://doi.org/10.1109/ICCSE51940.2021.9569402

[ Zeng, R. (2023). Research on Online Learning Behavior and Learning Effectiveness
of College English by Data Mining and Regression Analysis Based on SPOC. ICKIA
2023, IEEE. https://www.researchgate.net/publication/376220906

0 Wu, R, Luo, X., Ma, Y., & Nie, Y. (2024). Research on Online Learning Behavior of
College Students Based on Learning Analytics Technology. ICCSE 2024, IEEE.
https://www.researchgate.net/publication/382385186

[J Yang, J. (2023). Effective Learning Behavior of Students' Internet Based on Data
Mining. ETCS 2023, IEEE. https://www.researchgate.net/publication/350596232

[ Xiu, L. (2025). Analyses of Online Learning Behaviour Based on Linear Regression
Algorithm. ICEESPE 2025, IEEE. https://www.researchgate.net/publication/391716008

AVAILABLE AT


https://doi.org/10.1109/ICCSE51940.2021.9569402
https://www.researchgate.net/publication/376220906
https://www.researchgate.net/publication/382385186
https://www.researchgate.net/publication/350596232
https://www.researchgate.net/publication/391716008
http://www.onebyzeroedu.com

