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 Purpose of the study: The aim of this study is to identify effective intervention 

activities in the physics classroom that enhance student engagement and sustain 

attention toward learning physics by evaluating the impact of diverse strategies 

on student motivation. 

Methodology: The study used Vevox (an engagement platform), group work, 
physics simulations, and educational videos. Data were collected through pre- 

and post-intervention surveys, student rankings, and performance evaluations, 

and analyzed using statistical software for quantitative insights. 

Main Findings: Group work and physics simulations were found to be the most 
effective strategies for boosting student engagement and motivation. Students 

reported increased interest, enjoyment, and improved focus during physics 

lessons as a result of the interventions. 

Novelty/Originality of this study: This study offers a novel approach by 
integrating diverse, data-driven intervention strategies to improve student 

motivation in physics classrooms, providing actionable insights for educators to 

create more engaging and effective learning environments. 
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1. INTRODUCTION 

Motivation is recognized as the ultimate driving force when it comes to goal attainment and personal 

development [1]. Without motivation, individuals may lack the drive to pursue their aspirations and ambitions, 

which can lead to a sense of stagnation and unfulfillment. The ability to set and achieve goals is a key aspect of 

human nature [2], [3]. Additionally, motivation is a crucial component of physical and mental well-being. 

Engaging in activities that one is driven to do can have a positive impact on both. It can also lead to the formation 

of social connections and relationships. Humans are social creatures and tend to gravitate toward others with 

similar interests and goals; therefore, a sense of purpose and connection to others can lead to a sense of happiness 

and fulfillment [2], [3]. 

Student motivation to learn is an important factor that can influence student success and retention at 

university. Research has shown that students who are more ambitious to learn tend to have better academic 

outcomes, such as higher grades and a greater likelihood of graduating. Additionally, student motivation can also 

have an impact on students' well-being, as more determined students tend to report higher levels of satisfaction 

and engagement with their studies. The transition into university can be a challenging time for many students, and 

research has shown that this period can have a significant impact on students’ focus and academic outcomes [1], 
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[4]. Factors such as adjusting to a new academic environmen, feeling a sense of belonging, and developing a sense 

of purpose can all contribute to students' drive during this period. 

Motivation to learn can be categorized into several types. The ‘intrinsic’ kind is driven by a desire to learn 

for the sake of learning and is often seen as the most powerful form of determination, as it comes from within the 

student. On the other hand, the ‘extrinsic’ sort is driven by external factors such as grades, rewards, or the desire 

to please parents or teachers [5]-[7]. Motivation by ‘affiliation’ is propelled by a desire to connect with others and 

be a part of a group, while its ‘power’ counterpart is fueled by a desire for control or influence over others. Lastly, 

‘self-determination’ is the drive to direct one's own life and make choices based on own goals, values, and interests. 

It is important to note that different students can be driven by different factors at different times and that multiple 

types of motivations can coexist in an individual student. Furthermore, different learning contexts or tasks may 

tap into different types of ambitions [1], [4], [7], [8], [9], [10], [11] . 

There are several reasons why motivation is important in a physics class. Primarily, curiosity is a key 

factor in student success, as it determines a student's desire to learn and their willingness to put in the effort required 

to achieve academic goals. Students who are motivated to learn are more likely to participate in class, complete 

assignments, and perform well on exams. Many factors can influence student motivation, including personal 

interests and values, the relevance of the material to the student's life, supportive and engaging learning 

environments. Educators need to understand and foster students’ motivation to help them succeed in school and 

beyond [1], [12].  

Educators can identify students' levels of engagement and understanding by utilizing different 

methodologies, such as classroom observations. In these sessions, the focus is on monitoring behavior and 

participation in class discussions and activities; however, this approach might not be as effective at college level 

due to class size, different students’ backgrounds, and the fear of saying something wrong [4], [7], [12], [13], [14] 

. Another effective strategy is to employ surveys and questionnaires to elicit students' interests, goals, and course 

expectations, and feelings about the subject. This can be done at a different time during the semester to monitor 

any change in sentiments towards physics. A third viable method is the use of one-on-one conversations. This is 

an opportunity for instructors to familiarize themselves first hand on what drives and inspires their students. This 

method might require time to build trust between the instructor and students. The fourth method is the evaluation 

of student work and performance; students who are motivated to learn are likely to produce higher-quality work 

and put in more effort [2], [3], [15], [16].  

This study investigated the efficacy of various intervention strategies implemented within a 

comprehensive semester-long educational program. The interventions included using an audience engagement 

platform (Vevox), physics educational videos, group work activities, and the utilization of physics simulations. 

The purpose of these interventions was to assess their impact on enhancing students' motivation and enjoyment in 

physics classes, thereby aiding the physics educator in their teaching endeavors [17], [18]. This study stands out 

by integrating diverse intervention strategies—such as Vevox for audience engagement, educational videos, group 

work, and physics simulations—into a single, semester-long program, providing a comprehensive and data-driven 

approach to understanding their combined impact on student motivation and enjoyment in physics classes, an area 

that has been sparsely explored in previous research. The advantage of using this methodology is that it allows for 

the gathering of quantitative data, which can include Likert scale responses or multiple-choice questions that can 

be easily analyzed using statistical software[11], [13]. 

 

 

2. RESEARCH METHOD 

This study employed a quasi-experimental research design to evaluate the impact of various intervention 

strategies on student motivation and academic engagement in physics courses. The interventions were 

implemented during a semester-long educational program, allowing for the comparison of student engagement 

levels before and after the interventions. Quantitative methods were used to gather data through surveys, activity 

rankings, and classroom assessments, while qualitative insights were obtained through participant feedback and 

observations. 

This study was conducted over the 2023–2024 academic year at HCT and KU in Abu Dhabi, UAE, 

involving 103 first-year university students. Ethical approval was obtained, and participants signed consent forms 

outlining the study's purpose. Students completed a pre-intervention survey to assess baseline motivation and 

engagement. Four interventions—Vevox (interactive platform), group work, educational videos, and physics 

simulations—were implemented during the semester to foster engagement and enhance understanding of physics 

concepts. After each activity, students completed surveys to rank its effectiveness. A final post-intervention survey 

measured changes in motivation, engagement, and academic performance, with data analyzed quantitatively and 

qualitatively. 
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2.1   Participants 

This study was conducted at the Higher Colleges of Technology (HCT) and Khalifa University (KU) in 

Abu Dhabi, United Arab Emirates, during the academic year 2023 and 2024. There were 103 participants in the 

study, drawn from comparable courses: HCT's Physics I (50 students), and KU's Prep Program Science, 

Technology, Engineering, and Mathematics STEM/Physics (53 students). All the students had recently graduated 

from high school and had no experience whatsoever of university-level instruction or courses. 

 

2.2   Ethical Approval 

All participants signed the research consent form used at HCT and KU, with information about the 

purpose of the study and the intention of using the data in a publication. This study went through all the principles 

outlined in both institutions ethical policies and received approval from the respective ethics committee. 

 

2.3   Activities 

In this study, the authors implemented different activities (listed below) during the semester in the 

classroom. All activities have one common element which is changing the class environment compared to the 

traditional teaching method to investigate the engagement of the students with the subject of physics, and 

determining how it improves their course achievements. 

Vevox is an educational platform used for real-time engagement, on which the instructors can generate 

different types of interactive activities such as Q&A sessions, multiple-choice or open-ended questions, and 

surveys. The results can be displayed instantly and employed to generate interactive discussions. The participants 

can also connect with the live polls by using any smart device (smartphones, laptops, tablets) they have, which 

makes this platform a useful tool in modern hybrid classrooms[19], [20]. 

Group work The participants, who share similar attributes such as age, background, and experiences, 

were purposefully divided into smaller groups to foster meaningful discussions surrounding a set of problems 

relevant to the subject matter. The intention was to harness the collective wisdom and diverse perspectives of the 

students to collaboratively address these challenges. Within their respective groups, students were encouraged to 

openly share their thoughts, insights, and knowledge, working together to devise effective solutions [21], [22]. 

To facilitate a comprehensive understanding of the topic and encourage active engagement, each group 

was tasked with nominating a representative who would articulate their group's answer to a specific question before 

the entire class. This approach allowed for the exchange of ideas, insights, and solutions among the various groups, 

promoting a dynamic and interactive learning environment [3], [22]. 

Educational physics video, these instructive videos are crafted by a physicist with extensive teaching 

experience in the field. Leveraging their expertise and pedagogical insights, the physicist ensured that the videos 

were meticulously designed to address common challenges faced by learners and provide clear explanations that 

fostered comprehension [17], [23], [24]. Students were given several questions related to the recorded material 

and asked to solve these problems using the video’s guidance. 

Physics simulation In this activity, online computer-based simulations, aligning with the curriculum 

objectives, were used to enhance the teaching, and learning of the principles and concepts of the subject. Having 

the simulation benefitted students in their efforts to test, visualize, and explore the various physics phenomena 

related to the subject. In many cases, the simulation gave students the opportunity to create different scenarios by 

manipulating the variables and the parameters to enhance their understanding of the subject [18], [21]. In this 

activity, students were asked to do some calculations to match/confirm or predict the simulation results. At the end 

of each activity, the participants were asked to rank the activity (see Appendix 1) by answering a few questions 

related to the intervention activity.  

 

 

3. RESULTS AND DISCUSSION 

The feedback from HCT and KU students demonstrates a strong consensus on the enjoyment and 

engagement facilitated by the Vevox platform and collaborative activities. Despite mixed reactions to educational 

physics videos, where some students expressed a preference for face-to-face guidance, the simulations were 

generally well-received, albeit challenging due to their learning curve. Overall, these tools were effective in 

enhancing student learning and engagement. 

 

3.1.   Vevox 

As evidenced by Figure 1 and Figure 2, there was notable agreement between HCT and KU students 

regarding the evaluation of Vevox. The majority of students ‘strongly agreed’ that they enjoyed using the platform 

and that they felt engaged, challenged, and motivated. 
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     Figure 1. KU Student Feedback on Vevox 

 

\ 

Figure 2. HCT Student Feedback on Vevox 

 

3.2.  Group Work 

The survey data feedback shown in Figures 3 and 4 appears to indicate that students enjoyed working 

collaboratively. They felt engaged by the experience and believed it facilitated both reviewing and testing physics 

knowledge. 
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Figure 3. KU Student Feedback on Peer Work 

 

 
Figure 4. HCT Student Feedback on Peer Work 

 

3.3.  Educational Physics Videos 

In Figure 5 and Figure 6, students exhibited a range of opinions regarding the use of educational physics 

videos. While some enjoyed this use of media, others did not find it challenging. This could be related to the skills 

they have in accessing and learning from videos on social media. However, there were a few students who voted 

for ‘disagree’ and ‘strongly disagree’ for reviewing and understanding the subject. This could be based on their 

perceived need for face-to-face guidance in solving problems. Notably, this was not the case in the previous two 

activities. 



Sch. Jo. Phs. Ed ISSN: 2716-1587  

Enhancing Classroom Engagement: Investigating Student Motivation towards Learning … (Mohammad Zeidan) 

155 

 
Figure 5. KU Student Feedback on Educational Physics Videos 

 

 
Figure 6. HCT Student Feedback on Educational Physics Videos 

 

3.4.  Physics Simulation 

Students found the simulation activity engaging, enjoyable, and useful, as evidenced in Figure 7 and 8. 

They felt the activity facilitated their learning, which could be due to the in-built freedom to change the parameters 

of the question (scenarios) and receive instant results. The facility of changing the parameters of the question is 

one of advantages the simulation has. However, almost 50% of the students found it challenging because of the 

need for more time to learn how to use the simulator or the anxiety of being not sure how to manipulate the 

simulator parameters. 
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Figure 7. KU Student Feedback on Physics Simulation 

 

 
Figure 8. HCT Student Feedback on Physics Simulation 

 

Engaging and interactive teaching methods, such as hands-on activities, simulations, educational videos, 

group work, can help students stay interested and motivated in any discipline [2], [14]. These methods help to 

make the material more concrete, understandable, and can also break up the monotony of traditional lectures. 

Hands-on activities and simulations allow students to apply the concepts they are learning in a more tangible way 

and can foster a sense of curiosity and engagement [3], [10], [16]. Educational videos and animations can also be 

effective in illustrating complex concepts, while group work and discussions tend to encourage a sense of 

collaboration and community in the classroom [17], [24], [25]. Furthermore, teachers can create opportunities for 

students to actively participate in the class, for example through interactive/formative quizzes or class debates [1], 

[11], [13]. All these methods typically make the class more dynamic, which maintains student engagement and 

motivation in their learning. 

Using Vevox in the physics classroom is clearly one of the favorite intervention tools, according to the 

survey data. It offers quizzes, and generates discussions by creating an engaging environment where students have 

the chance to express their opinions and collaborate with their peers. By using this platform, every student has the 
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facility to contribute and thus have their voice heard, which enhances inclusivity and engagement [19], [26]. 

Students can instantly gauge their comprehension of the material through the platform's real-time feedback and 

assessment features. The live polling feature, for instance, allows the instructor to pose questions related to the 

topic at hand and obtain immediate responses from the entire class. This provides valuable feedback to the 

instructor and enables students to assess their understanding and identify areas that require further clarification 

[26]. Consequently, students are empowered to actively address their knowledge gaps and enhance their 

understanding of physics concepts. 

Students have expressed strong satisfaction in having their peers’ work as one of the interventions in the 

classroom. By engaging in collaborative activities with their peers, students have found that they can grasp 

challenging concepts more effectively. Peer work allows them to benefit from diverse perspectives, exchange 

ideas, and clarify misunderstandings, ultimately leading to a deeper comprehension of physics principles [21], 

[22]. The other impact on student motivation through this activity is to ignite a sense of enthusiasm and curiosity 

among students. Students feel the responsibility towards their classmates and feel ownership for their learning. It 

is important to note that student motivation naturally fluctuates during semesters; therefore, ongoing monitoring, 

updating, adapting, and coaching are needed throughout the learning journey [2], [9], [13], [14], [15]. 

The novelty of this study lies in the integrated approach that combines various intervention strategies, 

such as the use of the Vevox interactive platform, group work, physics simulations, and physics educational videos, 

which are systematically implemented in one semester-long learning program. This approach provides a more 

comprehensive view than previous studies, by assessing the effectiveness of a combination of strategies in 

increasing student motivation and engagement in physics classes. The results provide strong empirical evidence 

to support the importance of diverse, technology-based, and collaborative teaching methods in creating a more 

dynamic and effective learning experience.  

In the short term, these findings can be used by educators to immediately adopt innovative teaching tools 

and methods, such as Vevox and physics simulations, to increase student engagement during learning. This can 

directly improve student learning outcomes, especially in understanding complex physics concepts. In the long 

term, this study has the potential to influence the design of more inclusive and technology-based curricula in 

various educational institutions [27]-[29]. Sustained implementation of these strategies can contribute to 

improving the quality of physics education globally, encouraging innovation in cross-disciplinary teaching, and 

producing graduates who are better prepared for academic and professional challenges [30]-[32].  

This study has several limitations, including the limited population coverage of first-year students from 

two institutions in the UAE, which may not be generalizable to other cultural or educational contexts. In addition, 

the study duration of only one semester may not be sufficient to evaluate the long-term impact of the intervention. 

Another limitation is the reliance on quantitative data through surveys, which may not fully capture the emotional 

and qualitative dimensions of students’ learning experiences. Future research is recommended to expand the 

participant pool, extend the study period, and use mixed methods to gain deeper insights. 

 

 

4. CONCLUSION 

Motivation plays a fundamental role in the successful learning experience, by prompting individuals to 

seek out new experiences and challenges, and promoting personal growth and development, and thus providing a 

sense of direction, and purpose. Without it, we would lack the impetus to improve ourselves and the world around 

us. Early identification of students at risk during the transition to university is critical for enhancing their academic 

success and well-being. This can be achieved by implementing tools such as surveys, interviews, and focus groups 

to assess students’ motivation, expectations, and adjustment to university life. Additionally, targeted classroom 

interventions—such as audience engagement platforms, collaborative activities, educational videos, and physics 

simulations—can enhance students' motivation and learning outcomes. Future applications of these findings could 

include integrating similar intervention strategies into other disciplines or tailoring these activities to diverse 

cultural and institutional contexts to explore their broader impact. Moreover, longitudinal studies could examine 

how sustained motivational support influences students' academic achievements and career readiness over time. 

These strategies can empower educators to design more inclusive, engaging, and effective learning environments, 

not only in physics education but across various fields of study. 

 

 

ACKNOWLEDGEMENTS 

The authors would like to express their deepest gratitude to the Higher Colleges of Technology (HCT) 

and Khalifa University (KU) in Abu Dhabi, United Arab Emirates, for their support and cooperation during the 

implementation of this research. We also express our deepest appreciation to the students who participated and 

provided valuable inputs that made this research possible. 

 

 



                ISSN: 2716-1587 

Sch. Jo. Phs. Ed, Vol. 5, No. 4, December 2024:  150 - 159 

158 

REFERENCES 
[1] R. Steinmayr, A. F. Weidinger, M. Schwinger, and B. Spinath, “The importance of students’ motivation for their academic 

achievement-replicating and extending previous findings,” Front Psychol, vol. 10, no. JULY, 2019, Doi: 

10.3389/fpsyg.2019.01730. 

[2] M. London, V. I. Sessa, and L. A. Shelley, “Annual Review of Organizational Psychology and Organizational Behavior 

Developing Self-Awareness: Learning Processes for Self-and Interpersonal Growth,” 2022, Doi: 10.1146/annurev-
orgpsych-120920. 

[3] S. Edgar, S. E. Carr, J. Connaughton, and A. Celenza, “Student motivation to learn: Is self-belief the key to transition and 

first year performance in an undergraduate health professions program?” BMC Med Educ, vol. 19, no. 1, Apr. 2019, Doi: 

10.1186/s12909-019-1539-5. 
[4] D. M. McInerney, “Motivation,” Educational Psychology, vol. 39, no. 4. Routledge, pp. 427–429, Apr. 21, 2019. Doi: 

10.1080/01443410.2019.1600774. 

[5] R. Holubova, “How to Motivate our Students to Study Physics?” Universal Journal of Educational Research, vol. 3, no. 

10, pp. 727–734, Oct. 2015, Doi: 10.13189/ujer.2015.031011. 
[6] R. D. Manuel Guido, “Attitude and Motivation towards Learning Physics,” 2013. [Online]. Available: www.ijert.org 

[7] D. Kwarikunda, U. Schiefele, J. Ssenyonga, and C. M. Muwonge, “Secondary School Students’ Motivation Profiles for 

Physics Learning: Relations with Cognitive Learning Strategies, Gender, Attitudes and Individual Interest,” African 

Journal of Research in Mathematics, Science and Technology Education, vol. 25, no. 2, pp. 197–210, 2021, Doi: 
10.1080/18117295.2021.1956720. 

[8] J. M. Changeiywo, P. W. Wambugu, and S. W. Wachanga, “Investigations Of Students’ Motivation Towards Learning 

Secondary School Physics Through Mastery Learning Approach.” 

[9] R. Holubova, “How to Motivate our Students to Study Physics?” Universal Journal of Educational Research, vol. 3, no. 
10, pp. 727–734, Oct. 2015, Doi: 10.13189/ujer.2015.031011. 

[10] R. Steinmayr, A. F. Weidinger, M. Schwinger, and B. Spinath, “The importance of students’ motivation for their academic 

achievement-replicating and extending previous findings,” Front Psychol, vol. 10, no. JULY, 2019, Doi: 

10.3389/fpsyg.2019.01730. 
[11] K. B. Capunitan, J. D. Lirado, and C. F. Gregana, “Motivational Factors in Science Learning, Learner’s Satisfaction and 

Learning Outcomes of Pre-Service Teachers,” International Journal of Scientific and Management Research, vol. 06, no. 

05, pp. 72–115, 2023, Doi: 10.37502/ijsmr.2023.6504. 

[12] S. Edgar, S. E. Carr, J. Connaughton, and A. Celenza, “Student motivation to learn: Is self-belief the key to transition and 
first year performance in an undergraduate health professions program?” BMC Med Educ, vol. 19, no. 1, Apr. 2019, Doi: 

10.1186/s12909-019-1539-5. 

[13] M. P. Silverman, “Motivating Students to Learn Science: A Physicist’s Perspective,” Creat Educ, vol. 06, no. 18, pp. 

1892–1992, 2015, Doi: 10.4236/ce.2015.618203. 
[14] R. Setiawan, A. Aprillia, and N. Magdalena, “Analysis of antecedent factors in academic achievement and student 

retention,” Asian Association of Open Universities Journal, vol. 15, no. 1, pp. 37–47, Jul. 2020, Doi: 10.1108/AAOUJ-

09-2019-0043.[15] A. Jafri, “An Examination Of Student’s Motivation To Learn In Higher Education: A Study Of 

Contributing Factors To Undergraduate Students” Ph.D dissertation, Education and Psychology Department, Pepperdine 
University, Malibu, California, 2023, https://digitalcommons.pepperdine.edu/etd 

[16] E. Yilmaz, M. Şahin, and M. Turgut, “Journal of Education and Practice www.iiste.org ISSN,” Online, 2017. [Online]. 

Available: www.iiste.org[17] M. Zeidan, X. Huang, L. Xiao, R. Holloway, and R. Zhao, Improving student 

engagement using video-enabled activity-based learning: an exploratory study of STEM preparatory education in the 
United Arab Emirates (UAE), Journal of Learning Development in Higher Education, Issue 24,  2022, 

DOI: https://doi.org/10.47408/jldhe.vi24.888. 

[18] H. J. Banda and J. Nzabahimana, “The Impact of Physics Education Technology (PhET) Interactive Simulation-Based 

Learning on Motivation and Academic Achievement Among Malawian Physics Students,” J Sci Educ Technol, vol. 32, 
no. 1, pp. 127–141, Feb. 2023, Doi: 10.1007/s10956-022-10010-3. 

[19] A. Khoudri, I. Khoudri, and A. Khoudri, “Examining the Influence of Gamification on the Enjoyment, Engagement, and 

Motivation of Secondary School Students: A Case Study of Vevox Examining the Influence of Gamification on the 

Enjoyment, Engagement, and Motivation of Secondary School Students: A Case Study of Vevox Article History,” 
International Journal of Current Educational Studies, vol. 2023, no. 2, pp. 1–15, 2023, Doi: 10.5281/zenodo.8422727. 

[20] J. Greenwood, “Journal of Learning Development in Higher Educations) (CC-BY 4.0) Ready player one: using Vevox to 

elicit student participation in lectures.” 

[21] A. L. Stephens and J. J. Clement, “Use of physics simulations in whole class and small group settings: Comparative case 
studies,” Comput Educ, vol. 86, pp. 137–156, Aug. 2015, Doi: 10.1016/j.compedu.2015.02.014. 

[22] P. Zhang, L. Ding, and E. Mazur, “Peer Instruction in introductory physics: A method to bring about positive changes in 

students’ attitudes and beliefs,” Phys Rev Phys Educ Res, vol. 13, no. 1, 2017, Doi: 
10.1103/PhysRevPhysEducRes.113.010104. 

[23] T. Greczyło, “Video clips in physics education,” in Journal of Physics: Conference Series, Institute of Physics, 2024. Doi: 

10.1088/1742-6596/2727/1/012024. 

[24] O. Ketsman, T. Daher, and J. A. Colon Santana, “An investigation of effects of instructional videos in an undergraduate 
physics course,” E-Learning and Digital Media, vol. 15, no. 6, pp. 267–289, Nov. 2018, Doi: 

10.1177/2042753018805594. 

[25] J. Lee and N. Didiş Körhasan, “Effect of group type on group performance in peer-collaborated two-round physics 

problem solving,” Phys Rev Phys Educ Res, vol. 18, no. 2, Jul. 2022, Doi: 10.1103/PhysRevPhysEducRes.18.020112. 
[26] T. J. Price, “Real-time polling to help corral university-learners’ wandering minds,” Journal of Research in Innovative 

Teaching & Learning, vol. 15, no. 1, pp. 98–109, Apr. 2022, Doi: 10.1108/jrit-03-2020-0017. 

https://digitalcommons.pepperdine.edu/etd
https://doi.org/10.47408/jldhe.vi24.888


Sch. Jo. Phs. Ed ISSN: 2716-1587  

Enhancing Classroom Engagement: Investigating Student Motivation towards Learning … (Mohammad Zeidan) 

159 

[27] H. J. Banda and J. Nzabahimana, “Effect of integrating physics education technology simulations on students’ conceptual 

understanding in physics: A review of literature,” Phys. Rev. Phys. Educ. Res., vol. 17, no. 2, p. 23108, 2021, doi: 

10.1103/PhysRevPhysEducRes.17.023108. 
[28] H. J. Banda and J. Nzabahimana, “The Impact of Physics Education Technology (PhET) Interactive Simulation-Based 

Learning on Motivation and Academic Achievement Among Malawian Physics Students,” J. Sci. Educ. Technol., vol. 32, 

no. 1, pp. 127–141, 2023, doi: 10.1007/s10956-022-10010-3. 

[29] T. Makkonen, K. Tirri, and J. Lavonen, “Engagement in Learning Physics Through Project-Based Learning: A Case Study 
of Gifted Finnish Upper-Secondary-Level Students,” J. Adv. Acad., vol. 32, no. 4, pp. 501–532, 2021, doi: 

10.1177/1932202X211018644. 

[30] M. A. M. AlGerafi, Y. Zhou, M. Oubibi, and T. T. Wijaya, “Unlocking the Potential: A Comprehensive Evaluation of 

Augmented Reality and Virtual Reality in Education,” Electron., vol. 12, no. 18, 2023, doi: 10.3390/electronics12183953. 
[31] R. Rianti, G. Gunawan, N. N. S. P. Verawati, and M. Taufik, “The Effect of Problem Based Learning Model Assisted by 

PhET Simulation on Understanding Physics Concepts,” Lensa J. Kependidikan Fis., vol. 12, no. 1, p. 28, 2024, doi: 

10.33394/j-lkf.v12i1.8783. 

[32] F. Molin, C. Haelermans, S. Cabus, and W. Groot, “Do feedback strategies improve students’ learning gain?-Results of a 
randomized experiment using polling technology in physics classrooms,” Comput. Educ., vol. 175, no. July, p. 104339, 

2021, doi: 10.1016/j.compedu.2021.104339. 

 

 


