



Enhancing Grade 11 Students’ Achievement in Plant Cell Biology Through Escape Room Game-Based Learning



ABSTRACT

	The science education in the Philippines has shifted from traditional teacher-centered approach to outcome-based approach, putting learners at the core of instruction. With this shift, educators are encouraged to continue to find innovative ways to engage learners into relevant and interactive science instruction. Furthermore, the advent of technology has brought forth a new teaching strategy called Game-Based Learning (GBL), which incorporates technology and games into the delivery of instruction. This one-group quasi-experimental research attempt to test the effects of the Escape Room Game-Based Strategy on students’ achievement in plant cell biology. A total of 25 Grade 11 students from a public school in Davao Occidental, Philippines, participated in the study. Results from the students’ test items showed that the class improved from a  “satisfactory” to a “very satisfactory” level in their understanding of plant cell biology. It was found that the Escape Room strategy had a significant effect on the level of science achievement of Grade 11 students. The strategy may be applied to other science topics to assess its effectiveness. This paper also contributes to the growing literature on the effectiveness of game-based learning in teaching science in the Philippines.
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1. INTRODUCTION

Science is often perceived by students as a difficult subject. As a systematic body of knowledge with varying degrees of content complexity, it is essential to utilize effective teaching strategies to increase student engagement and promote a deeper understanding of the required standards. Considering the global context of education, Philippines is far behind the other countries in terms of quality education specifically in science (Millanes et al., 2017; Rogayan Jr & Dollete, 2019). In the Trends in International Mathematics and Science Study presented by Foy et al., (2013) in their study, the Philippines ranked 34th out of 38 countries and got the 43rd ranked out of 46 countries, respectively when the grade 8 students’ performances in mathematics and science are compared. These results were further supported in the following years with the recent results of the Programme for International Student Assessment (PISA) year 2018 and 2022. In year 2018, Philippines scored an average of 357 points in science, while in 2022, it scored 356 points, indicating consistently poor performance in science across both assessment cycles.
One of the problems experienced by the students is their low mastery of content knowledge in science, specifically in biology. Biology deals with the study of life and its interactions, emphasizing abstract biological concepts and complex processes. Many topics in biology are perceived as difficult to learn, including plant cells and tissues. The structure and functions of plant tissues are regarded as complex due to numerous unfamiliar terms (both Latin and English) and various categories that add to the difficulty. Research in Indonesia by Kusumawati (2016) on the students of SMA Negeri 3 Klaten Class XI during the academic year 2015/2016, students face challenges in learning about the structure and function of plant tissue.  These difficulties are influenced by various factors, including students’ motivation toward learning. Therefore, addressing these learning challenges is important as they affect overall academic performance.
Game-based learning is a combination of game and education where students are allowed to engage with educational materials in a playful way (Tang et al., 2009). It is defined as the creation of learning environment where content and game enhance knowledge and skills (Qian & Clark, 2016). The use of games to facilitate learning is not new, given its significant impact on the learning process. However, with the advent of technology, the scope of the game is improved in creating highly immersive and engaging experience (Dicheva et al., 2015). The integration of ICT in education offers opportunities to make teaching and learning more interactive, transforming the traditional methods into a student-centered approach that focus on active engagement and participation (Villena and Caballes, 2020) of 21st century learners. The purpose of game-based learning is to develop motivation, comprehension, critical thinking, and improve performance in an enjoyable manner (Shi & Shih, 2015).
The use of game-based learning is grounded in the Self-Determination Theory by Ryan and Deci (2000), which focuses on intrinsic motivation and identifies three basic psychological needs—autonomy, relatedness, and competence—that, when met, increase students' intrinsic motivation. Learners with high motivation shows a greater interest and participation in the class, resulting in better academic performance (Buzdar et al., 2017). The degree of intrinsic motivation increases with the extent to which these needs are fulfilled. Additionally, game-based learning is anchored in Dewey’s constructivist theory, which views students as active learners who construct their own knowledge, promoting meaningful and lifelong learning. It develops critical thinking and problem-solving skills as learners solves and analyze game levels with varying difficulty and complete tasks to progress. Emphasizing digital literacy in science teaching is essential, as it includes information retrieval skills that help learners navigate diverse sources, nurturing critical thinking and a holistic understanding of the environment (Pedaste et al., 2021). In line with ongoing educational reforms and technological advances, recent research highlights the use of virtual manipulatives in teaching science (Leung & Cheng, 2021; Rutten et al., 2011; Zacharia, 2015). Hsu and Thomas (2002) identified numerous advantages of virtual manipulatives which include handiness, safety, cost efficiency, support in learning, reduced chances of errors, rich multiple representations, and provides fast, dynamic data presentations. 
Teaching science to middle school students is considered challenging. According to Alsadoon et. al., (2022), the middle school years are likely among the toughest periods in a student's life. At this point, students experience various physical and mental changes. Assignments become more demanding, and extended study periods are often required. Science, with its abstract or theoretical ideas, can be difficult for many students, and traditional teaching methods often fail to engage or maintain their focus. Consequently, students may lose attention or fail to grasp the material fully, leading to decreased motivation and an increase in least learned competencies, which lowers academic performance. This decline is reflected in local and international science test results. To address this challenge, integrating game-based learning in education has emerged as a potentially effective strategy. This research aims to address this gap by examining the effects of digital game-based learning on science instruction, specifically investigating their impact on students' learning performance.

2. OBJECTIVES

The objective of the study is to examine the relationship between Grade 11 students' achievement in plant cell biology and the integration of ICT-based gamification in their science class. Specifically, the study aims to:

1. Determine the impact of digital game-based learning on students’ academic performance, engagement, and motivation in a structured educational setting.
2. Provide insights into the potential of digital game-based learning as an effective teaching strategy in science education.
3. Assess whether digital game-based learning strategies can positively influence students’ mastery of plant cell biology, leading to a deeper understanding of scientific concepts.


3. METHODS

Method
This study employs one-group quasi-experimental design with pre-test and post-test measures to determine the effects of Escape Room Game-Based Strategy on Grade 11 students’ achievement in Plant Cell Biology.
The researchers developed an interactive educational game using Microsoft PowerPoint. The game’s narrative revolves around a biologist’s plant cell research, which is locked inside a vault. To retrieve the key, students must progress through ten progressively challenging levels, earning a puzzle piece upon completing each level. Collecting all ten pieces enables them to unlock the vault.
Game Structure:
Levels 1–5: Focus on organelle identification, where students select the correct organelle based on given clues. Correct choices reveal the organelle’s function.
Levels 6–9: Present increasing difficulty through unique mini-games at each level, with hints provided to assist students.
Level 10: The final challenge requires students to assemble the collected puzzle pieces to complete the game.
This engaging, scaffolded design reinforces learning through gameplay while assessing students’ understanding of plant cell structures and functions.
	
Participants
The participants of this study were selected through purposive sampling, a non-probability sampling method in which individuals are chosen based on specific traits or attributes relevant to the study’s objectives. The study included a total of 25 participants, ranging in age from 16-17 years (M=16.52). The sample consisted of 52% males and 48% females. The participants consisted of Grade 11 students at Mariano Peralta National High School, Poblacion Malita, Davao Occidental, specifically from the sections handled by one of the researchers. These sections were identified as having the lowest scores on the Plant Cell Biology test in Earth and Life Science during the 2nd quarter of the school year 2024–2025. 

Instrument
To gather reliable and valid data, the researcher used a teacher-made pre-test and post-test, each consisting of 10 items based on Plant Cell Biology—the identified least-learned competency in the Grade 11 Earth and Life Science subject. The tests were validated by three subject matter experts to ensure content validity. To assess internal consistency, a pilot test was conducted yielding a Cronbach’s alpha of 0.82, indicating good reliability for the instrument. The 5-point Likert scale survey questionnaire was adapted from De Guzman Quinto (2022) and modified to fit the current research context. The survey is to provide feedback on the students’ level of engagement, perceived usefulness, and ease of use of the game-based intervention.

Data Collection
The pre-test was conducted to assess the students’ current understanding of Plant Cell Biology before the application of the intervention. This 10-item diagnostic test was administered via Google Forms. Following the pre-test, the Escape Room Game-Based intervention was implemented. A post-test, consisting of a parallel quiz, was administered after the intervention to evaluate any improvements in the students’ understanding of Plant Cell Biology. The post-test mirrored the pre-test to allow for direct comparison of results. Additionally, student feedback was collected through a survey to gain insights into their experiences and perceptions of the escape room strategy.
The researchers utilized the Escape Room Game-Based strategy as the intervention over the course of one week. This quasi-experimental study was conducted from May 5 to 9, 2025. This teaching strategy is both cognitive and intrinsic, recognizing, and motivating students’ efforts in accomplishing each task and challenge within the game.

Table 1. Procedure for Implementing Escape Room Game in Class
	DAY
	ACTIVITY

	1
	Measurement of conceptual understanding (Pre-test)

	2
	Implementation of Escape Room Game Based Strategy

	3
	

	4
	

	5
	Measurement of conceptual understanding (Post-test) and Student Feedback (Survey)



Table 2. Score Interpretation in Pretest and Posttest
	Scores
	Abbreviation
	Verbal Description (VD)

	9-10
	O
	Outstanding

	7-8
	VS
	Very Satisfactory

	5-6
	S
	Satisfactory

	3-4
	FS
	Fairly Satisfactory

	1-2
	DNME
	Did Not Meet Expectations



Table 3. 5-point Likert Scale Interpretation
	Score Range
	Mean Rating
	Interpretation

	4.21 – 5.00
	Strongly Agree
	Very Positive

	3.41 – 4.20
	Agree
	Positive

	2.61 – 3.40
	Not Sure
	Moderate

	1.81 – 2.60
	Disagree
	Negative

	1.00 – 1.80
	Strongly Disagree
	Very Negative




4. RESULTS AND DISCUSSION

Students’ Level of Achievement in Plant Cell Biology Before the Treatment

A 10-item pre-test was administered to assess the level of achievement of Grade 11 students in plant cell biology. The pre-test result was tabulated to determine the level of achievement of Grade 11 students prior to the application of the game-based intervention (Table 4).

Table 4. Distribution of Students’ Scores in Pretest
	Pre-Test Scores
	Frequency
	Percent

	9 - 10
	2
	8.00

	7 - 8
	7
	28.00

	5 - 6
	11
	44.00

	3 - 4
	5
	20.00

	Total
	25
	100

	Weighted Mean           6.00  (Satisfactory)



The results of the pre-test showed that students’ conceptual understanding of Plant Cell Biology was at a satisfactory level, as indicated by a weighted mean of 6.00 (SD = 1.59). The test scores were mostly concentrated in the range of 5 to 6 out of the 10 items on the pre-test. Before the implementation of the game-based intervention, the level of achievement of Grade 11 students in Plant Cell Biology was considered satisfactory based on the weighted mean.
	The use of gamification is anchored in the Self-Determination Theory by Ryan and Deci (2000), which is particularly effective because it focuses on intrinsic motivation and taps into the learner’s interests. According to Ding and Yu (2024), students with low motivation often exhibit poor performance in science. Game-based learning has been suggested as a potential solution to this problem by engaging students and motivating them to learn science interactively. The use of the Escape Room Game-Based Strategy allows learners to engage more effectively in the actual teaching-learning process.

Students’ Level of Achievement in Plant Cell Biology After the Treatment

A post-test was conducted through a parallel quiz after the intervention to evaluate any improvements in the students’ conceptual understanding of plant cell biology.

Table 5. Distribution of Students’ Scores in Posttest
	Post-Test Scores
	Frequency
	Percent

	9 - 10
	14
	56.00

	7 - 8
	10
	40.00

	5 - 6
	1
	4.00

	Total
	25
	100

	Weighted Mean           8.52  (Very Satisfactory)



Post-test result shows that none of the students belonged to did not meet expectations and satisfactory level. The bulk of the test scores was in the bracket of 9 to 10 with 14 students (56%). With the weighted mean of 8.52 (SD = 1.12) and was classified as Very Satisfactory level after the use of escape-room game-based strategy. 
Several studies have confirmed that game-based learning strategies, such as the instructional tool developed in this study, are effective pedagogies for teaching science concepts. According to Adipat et al. (2021), games can motivate students to apply both their prior knowledge and newly acquired knowledge from different disciplines in their decision-making processes, allowing them to test how their choices affect the outcomes within the game.
To easily compare the mean score of pretest and posttest, a graph is presented in Figure 1.
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Figure 1. Mean Comparison of Pretest and Posttest Scores

As shown in Figure 1, the results of the pre and posttest indicate that the scores were notably higher after the intervention. Grade 11 students answered more question correctly, with the mean increasing from 6.000 to 8.520. This suggests an improvement in students’ science achievement in Plant Cell Biology. Moreover, the standard deviation before the intervention was 1.528, indicating a wider range of knowledge as the scores were more spread out. After the intervention, the standard deviation decreased to 1.122, showing that students’ knowledge became more consistent and that most students had a similar level of understanding. A smaller standard deviation in the post-test generally suggests that the game-based strategy was effective in improving students’ science achievement in Plant Cell Biology.


Difference in the Level of Students’ Achievement on Plant Cell Before and After the Treatment

	Table 6. Paired Samples T-Test 

	Measure 1
	 
	Measure 2
	t
	df
	p

	Pre-test Plant Cell
	
	-
	
	Post-Test Plant cell
	
	-7.584
	
	24
	
	< .001
	

	

	



To determine whether there was a statistically significant difference between students' pre-test and post-test scores on Plant Cell Biology, a paired sample t-test was conducted. The analysis compared the mean scores of the same group of students before and after the instructional intervention. Results revealed a significant improvement in post-test scores (M = 8.52, SD = 1.22) compared to pre-test scores (M = 6.00, SD = 1.59), with the computed p-value of 0.001. This indicated that the intervention had a substantial impact on enhancing students' understanding of the topic. This confirmed that the teaching strategy effectively addressed the least-learned competency in Earth and Life Science.	
The findings of this study support previous research on the use of digital game-based learning to enhance students’ academic performance (Wang et al., 2022). Cetin-Dindar and Geban (2016) found that students were more motivated to learn when using interactive strategies compared to traditional teacher-centered approaches. Moreover, the diverse learning characteristics of students and the advancement of technology make it necessary for teachers to implement a wide variety of interactive activities and lessons in their classrooms.

Student Perception Survey of Escape-Room Game-Based Strategy Level of Engagement

To examine how digital game-based learning improves the science achievement of Grade 11 students in Plant Cell Biology, a 5-point Likert scale survey questionnaire was used. The questionnaire was divided into three parts: level of engagement, perceived usefulness, and ease of use.

Table 7. Mean Scores of Levels of Engagement
	

	 
	Valid
	Missing
	Mean
	Std. Deviation

	1.1 The game made learning about plant cell organelles more interesting.
	
	25
	
	0
	
	4.560
	
	0.507
	

	1.2 I enjoyed playing the game more than traditional textbook learning.
	
	25
	
	0
	
	4.200
	
	0.645
	

	1.3 The game kept me motivated to learn about cell organelles.
	
	25
	
	0
	
	3.920
	
	0.572
	

	1.4 I would like to use similar games for other biology topics.
	
	25
	
	0
	
	4.480
	
	0.510
	


	   Weighted Mean		                 4.29  (Very Positive)



The results showed that, on average, students strongly agreed that the game made learning more interesting, with a mean response of 4.56. While engagement was generally high, motivation to learn about cell organelles (Mean = 3.92) scored slightly lower, possibly due to game mechanics or content depth. Overall, students enjoyed learning about plant cell organelles through the game, as evidenced by an average mean of 4.29. This indicates minimal disagreement among students and reflects a very positive attitude toward using the game for learning. 
According to Al-Khayat et al. (2023), the use of game-based learning positively influences students’ engagement and motivation by providing an interactive learning environment that enhances decision-making, critical thinking, and problem-solving skills. Game-based learning also improves students’ attention (Jääskä et al., 2022), making them more focused on learning the concepts. Furthermore, Nadeem et al. (2023) emphasized that incorporating game-based activities into lectures can create an enjoyable and engaging experience. Therefore, designing game-based instruction requires careful attention to crafting games that are relevant, interactive, and provide meaningful feedback to ensure positive learning outcomes.

Student Perception Survey of Escape-Room Game-Based Strategy Perceived Usefulness

To assess students’ beliefs about how game-based learning can improve their conceptual understanding of Plant Cell Biology, the mean scores for perceived usefulness are presented in Table 8.

	Table 8. Mean Scores on Perceived Usefulness

	 
	Valid
	Missing
	Mean
	Std. Deviation

	2.1 The game helped me understand the functions of plant cell organelles better.
	
	25
	
	0
	
	4.280
	
	0.542
	

	2.2 I can recall organelle names and roles more easily after playing the game.
	
	25
	
	0
	
	3.920
	
	0.702
	

	2.3 The game improved my performance in quizzes/tests about plant cells.
	
	25
	
	0
	
	4.200
	
	0.577
	

	2.4 The game was an effective tool for reviewing lesson content.
	
	25
	
	0
	
	4.400
	
	0.500
	

	Weighted Average                       4.20   (Very Positive)       

	



The Grade 11 students strongly agreed that the intervention was useful for learning Plant Cell Biology, with an average rating of 4.20. However, students felt that the game helped them understand organelle functions (Mean = 4.28) more than it helped with recall (Mean = 3.920). This indicates that the game’s design emphasized conceptual learning over memorization. Overall, the results indicate that the tool was highly effective for reviewing content and enhancing students’ understanding of plant cells.
	The study of Zhang (2024) reveals that there is a direct relationship between perceived usefulness and technology on education in the academic performance of the students. This could be attributed to utilization of technological tools such as game-based learning leading to a deeper understanding of the topic. Additionally, students feel more motivated to learn if the game has a fun element (Udeozor et al., 2023) as an add on factor that the game should be relevant to their learning.

Student Perception Survey of Escape-Room Game-Based Strategy Ease of Use

[bookmark: _GoBack]Games that are easy to understand and navigate are more likely to keep students actively involved and engaged in the learning process. The mean score for the ease of use of the Escape Room Game-Based Strategy is presented in Table 9.

Table 9. Mean Scores on Ease of Use
	

	 
	Valid
	Missing
	Mean
	Std. Deviation

	3.1 The game was easy to navigate.
	
	25
	
	0
	
	4.000
	
	0.707
	

	3.2 The instructions were clear and easy to follow.
	
	25
	
	0
	
	4.560
	
	0.507
	

	3.3 I did not experience technical difficulties while playing.
	
	25
	
	0
	
	4.000
	
	0.577
	

	3.4 The game's design (colors, layout, etc.) was user-friendly.
	
	25
	
	0
	
	4.280
	
	0.614
	

	  Weighted Average                        4.21  (Very Positive)



The results showed that students found the game very easy to use, with an overall mean score of 4.21. The highest-rated item was the clarity of instructions (Mean = 4.56), indicating that students had no trouble understanding how to play the game. However, two areas scored slightly lower (Mean = 4.00): ease of navigation and technical issues. This suggests that while most students could use the game without difficulty, a few may have encountered minor challenges navigating the game.
	In the study by Zainuddin (2023), gamification-based activities were found to increase students’ attention and enthusiasm, leading to improved learning outcomes. Moreover, he noted that easy-to-use digital platforms significantly enhanced student engagement during the learning process. Additionally, Cheung and Ng (2021) found that students, as digital natives, find it easy to play educational games, especially on mobile devices. This ease of use contributes to the growing popularity of educational games.

5. CONCLUSIONS AND RECOMMENDATIONS

Conclusion

The study aims to ascertain the effects of Escape Room Game-Based Strategy in enhancing the Grade 11 students’ mastery of plant cell structures and functions. Before the intervention, the students were performing satisfactorily in terms of their understanding of plant cell organelles. After the intervention, there was a significant improvement in the students’ level of mastery. The higher mean score following the implementation of the Escape Room Game-Based strategy suggests that this approach may enhance students’ mastery of plant cell structures and functions. The teacher-implementer observed that using game-based learning for science concepts enhances students’ understanding and improves learning outcomes.
The use of the Escape Room Game-Based teaching strategy had a significant impact on the mastery of plant cell biology among Grade 11 students, as demonstrated by the study’s results. The purpose of the intervention was to improve the students’ mastery of plant cell biology, which was clearly reflected in their pretest and posttest scores. This was further validated by the students’ feedback regarding the game, particularly in terms of their level of engagement, perceived usefulness, and ease of use. Furthermore, the pedagogical strategy employed by the teacher enhanced the students’ intrinsic motivation, critical thinking, and decision-making skills.

Recommendation

The recommendations of this study are for science teachers to utilize the Escape Room Game-Based strategy to improve the mastery of students on plant cell structures and functions. Teachers can also employ the concept and use it to address other least learned competency in science. They may further localize and contextualize the learning tasks to suit the needs of their students. School heads may include the Escape Room Game basic principles in conducting learning action cell (LAC) for science teachers to familiarize themselves with the basics of Escape Room Game which is based of Game-Based Learning. Students may work in teams or partner in playing the game to make it more cooperative and collaborative. Future research may be conducted by other teacher-researcher to validate the effects of the intervention in improving the mastery of students on plant cell structures and functions. Since the present study only involved one group and has limited participants, further studies may involve two groups, which will serve as the control group and experimental group for better comparison and expand the participant pool to enhance the robustness of the study’s findings.




[bookmark: _Hlk197682619][bookmark: _Hlk180402183][bookmark: _Hlk183680988]Disclaimer (Artificial intelligence)
Author(s) hereby declare that generative AI technologies such as Large Language Models, etc. have been used during the writing or editing of manuscripts. This explanation will include the name, version, model, and source of the generative AI technology and as well as all input prompts provided to the generative AI technology
The following Ai tools were used:
1. ChatGPT (GPT-4)
2. DeepSeek (R1-0528)

The prompts we used with the AI tools were as follows:
1. “Can you give an example of”
2. “Can you check the grammar of this paragraph”
3. “What are the definition of these words”
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