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ABSTRACT 

	Aims: The study aims to examine the effectiveness of Game -Based Learning Strategies in Mathematics at Elementary level (Class-VI) learner.
Background: Mathematics is considered as most difficult subject among students. Effective strategies make the concept easier and interesting for the subject like Mathematics. So primary intension of GBL in mathematics to make it fun and increase enthusiasm among learners. Several studies have examined but the integration of GBL in Indian classrooms is limited.
Study design: One group Pre-test post-test design of Pre-Experimental Research. Design used to conduct the study.
Place and Duration of Study: The pace of research was Mission Girls High School from MPL Block of Balasore District., Odisha, India and the duration for the intervention 4 weeks i.e. from 1/9/24 to 30/9/24.
Methodology: A quantative research methodology used to conduct the study. The population of the present study includes all the Government Schools form MPL Block of Balasore district. Multi stage sampling techniques used to choose sample from the population. The sample consists of all the class-VI students of Mission Government Girls High school. The intervention administered among 34 class VI students by Four self-developed lesson plans based on game-based activities. Before and after intervention pre-test and post-test of Mathematics Achievement Test administered respectively. The data also collected through Active participation and interest Questionnaire.
Results: The findings indicate that game-based teaching strategies significantly enhance students’ engagement, interest, and motivation in learning mathematics. The interactive and enjoyable nature of games not only made mathematics more accessible and enjoyable for all students but also fostered active participation, collaboration, and the development of essential problem-solving skills.
Conclusion: The study concluded that game-based learning strategies significantly boost students’ mathematical performance, especially in geometry. The more substantial improvement in understanding geometrical concepts, compared to fractions, suggests that students may respond more strongly to the visual and spatial elements facilitated by games. This study will helpful for curriculum frame workers, researcher, teacher, teacher educators, researcher etc.
Implications: These findings emphasize the potential of game-based approaches to make mathematics instruction more learner-cantered and engaging
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1. INTRODUCTION 

The progression of 21st century demands radical transformation in the concurrent education system through pedagogical innovation. This pedagogical innovation must promote critical thinking, creativity, problem solving skills among the learners. This requirement can be fulfilled while more emphasis is led on experiential learning through innovative approaches. In this context, Game-based learning (GBL) can be recognized as one of the potent innovative strategy which promotes experiential learning through engagement, reflection, and application. Game based learning incorporates learning through gameplay, provides a large scope for reflection, abstraction, and experimentation. It uses games as techniques to promote and improve practice, learning, and evaluation(Pesare et al., 2016; Plass et al., 2015; Spires, 2015).
Mathematics is widely recognized as the backbone of science and technological progress. Mathematics at the elementary stage is not merely about numbers, operations, and formulas; it serves as the foundation for logical reasoning, problem-solving, and creative thinking (National Research Council, 2001). In this context, game-based learning (GBL) emerges as a powerful pedagogical strategy to transform the mathematics classroom into a space of joy, curiosity, and active participation. By integrating games into teaching, learning becomes an engaging process where concepts are not imposed but discovered through play, exploration, and collaboration (Plass et al., 2015).
Game-based learning in mathematics nurtures children’s natural enthusiasm for play and channels it towards meaningful understanding. Whether in the form of board games, puzzles, digital platforms, or classroom activities, these playful methods encourage learners to experiment, take risks, and learn from mistakes without the fear of failure. Research has shown that games stimulate multiple skills simultaneously—critical thinking, logical reasoning, spatial understanding, and teamwork—while reinforcing core mathematical concepts in an enjoyable manner (Vankúš, 2021; Yang, 2023). In the meanwhile, games increase motivation, reduce mathematics anxiety, and promote active participation. They also enhance conceptual understanding, foster collaboration, and accommodate diverse learning styles, making mathematics more inclusive (Shukla & Kumar, 2020; Tokac et al., 2019; Setambah et al., 2023; Ergul & Dogan, 2022). 
Despite these encouraging outcomes, the researcher had found that use of game-based strategies in Indian classroom context is relatively limited. In many regions mathematics instruction continues to rely heavily on traditional, teacher-centred methods, leaving little scope for pedagogical innovation (Godse & Laxman, 2017; Athipen & C, 2006). The researcher had done an experimental research on Game based learning approach in Mathematics subject at elementary level to know its impact in Indian classroom context.
1.1 Rationale of the study
Mathematics is central to developing logical reasoning, problem-solving skills, and intellectual growth. Despite its importance, it remains one of the least liked and most challenging subjects at the elementary stage. Traditional instructional methods, which prioritize rote memorization and computational speed, often fail to engage learners or foster conceptual understanding (Akinsola, 2007; Hung et al., 2014). As a result, many students develop negative attitudes and anxiety toward mathematics, leading to low motivation and poor academic outcomes (Naidu, 2012; Cheriyan & K, 2014).
Game-based strategies address these issues by making learning interactive, enjoyable, and student-centred. Research shows that they enhance achievement, motivation, creativity, and classroom participation compared to conventional teaching (Shukla & Kumar, 2020; Tokac et al., 2019; Setambah et al., 2023; Ergul & Dogan, 2022).Despite growing evidence of its benefits, the integration of game-based strategies in Indian classrooms remains limited. In regions like Odisha, mathematics instruction is still dominated by teacher-centred and traditional methods, leaving little space for interactive or student-centred innovations (Godse & Laxman, 2017; Athipen & C, 2006). Moreover, empirical studies examining the effectiveness of game-based learning in this specific socio-cultural and academic context are scarce.
This study explores the impact of game-based teaching strategies on elementary students’ achievement and interest in mathematics in Balasore district, offering both theoretical contributions and practical guidance for improving mathematics education through student-centred approaches.
1.2 Objectives of the study
 1. To compare the mean achievement score of pre-test and post-test level through game-based learning in mathematics among class vi learners. 
2. To study the perception of the learner towards active participation and interest in Mathematics after intervention
1.3 Research Question
What are the perceptions of learners towards active participation and interest in mathematics after intervention
1.4 Hypothesis
There exists no significant difference in mean achievement score of pre-test and post-test level through game-based learning in mathematics among class vi learners

2. methodology 
A quantative method used to investigate the effectiveness of GBL in mathematics.

2.1 Research design
 The investigator followed one group pre-test post-test design of Pre-Experimental Research design.
2.2 Variables of the study
The variables used in the present study 
· Independent Variable: Game-based teaching
· Dependent Variable: Achievement in Mathematics
2.3 Population, sample and sampling techniques
Population-The population of the present study includes all the Government Secondary Schools form one Block (MPL Block) of Balasore district.
Sample- The sample consists of all the 6th class students (34) of Mission Government Girls High school.
Sampling Techniques-Multi stage sampling techniques followed by the researcher to choose sample from the population. MPL Block of Balasore District consists of 4 cluster. Out of the clusters Public Nodal Ups cluster chosen randomly, which consists of 36 schools from which one school chosen purposively I.e. Mission Girls High School as sample for the investigation.
2.4 Tools and Techniques of Data Collection
1. Instructional Tool: Self Made lesson plans (Four) based on Game-based activity prepared by referring to BSE Odisha class VI text book fraction and geometrical figures (triangle & quadrilateral) use for Intervention
2. Measuring Tool: Self Made and Statistically validated Mathematics Achievement Test , Active participation and interest Questionnaire 
Steps for the preparation of Instructional Tool and measuring tool
Preparation of Instructional tool 
1. Preparation of instructional material based on Game-Based Teaching in mathematics from the class VI BSE Odisha mathematics book.
2. Review of lesson plans by subject experts of Mathematics.
3. Modification of lesson plans based on Game-Based Mathematics as per experts’ opinion.
4. Preparation of final lesson plans.
1) Construction of Lesson Plan on 6th class Mathematics: 
The researcher prepares four lesson plans based on game-based strategy from the VIth class Mathematics book. Firstly researcher prepared two blueprints (one on the topic fraction which consists of 35 marks and other one on the topic geometrical figures consists of 25 marks) for the achievement test I and II. Achievement tests were based on three domains i.e., knowledge, understanding and application. Refer to the appendix section.
2) Lesson Plan on Fraction: 
The researcher prepares two lesson plans on fraction. Two plans cover contents such as: Concept of fraction, fractions on the number line, Proper fraction, Improper fraction, Mixed fraction. Each lesson plan consists of some creative activities. The first activities are meant to teach the students about the topic in an innovative way and the last activity of each lesson plan has some assignment in order to assess the students’ understanding on the taught content through playing. 
3) Lesson Plan on Geometrical Figures:
The researcher prepares two lesson plans on geometrical figures. Two plans cover contents such as: Concept of triangle, Interior and exterior of triangle, median and altitude of a triangle, Concept of quadrilateral, its exterior and interior, some special type of quadrilateral. Each lesson plan consists of some creative activities. The first activities are meant to teach the students about the topic in an innovative way and the last activity of each lesson plan has some assignment in order to assess the students’ understanding on the taught content through playing. 

Steps for the preparation of Measuring Tool
I. Mathematics Achievement Test
1) Pre-test and Post-test: 
The researcher prepares two question papers which consist of total 60 marks (fraction,35; geometrical figure,25) for both the topics. These questions are prepared in order to check and assess the student’s knowledge on the taught content. The pre-test and post-test questions were different, but they were similar in terms of content understanding and level of difficulty.
2) Pre-test and Post-test for Fraction:
The researcher prepares a question paper of 35 marks in order to conduct pre-test and post-test for the students. The question paper contains 35 objective type questions. 
3) Pre-test and Post-test for Geometrical Figures:  
The researcher prepares a question paper of 25 marks in order to conduct pre-test and post-test for the students. The question paper contains 25 objective type questions. 
II. Active participation and interest Questionnaire
The Active participation and interest Questionnaire were made based on 8 key dimensions including prior experience, skills and conceptual understanding, instructional design, time management, collaboration, teaching effectiveness, engagement and motivation, and perception of teaching methods. At first draft questionnaire prepared which consisted of 40 items. Based on above dimensions. Then it goes for expert validation one subject expert one language expert and one Educationalist. After expert validation pilot testing done among 16 students. The reliability of the items was calculated using Cronbach Alpha i.e. 0.81. After finding the reliability the final test items reduced to 25 items, So the final questionnaire consists of 25 items. 
Procedure of Data Collection
Investigator took permission letter from the Head of P.G. Department of Education & visited to the concerned school, met the principal of the school and conveyed regards and explained the purpose of the study. After receiving the permission from the headmaster of the school, the researcher administers pre-tests among 34 students of class VI. After pre-test the researcher taught the group in game-based learning strategies though conducting various game activities prepared for intervention. The researcher delivered 6 lessons to teach both the topics through game. After delivering the lessons, the researcher conducts post-tests on both the topics for the group. Then administers the Active participation and interest Questionnaire prepared and standardized by the investigator. 
2.5 Statistical Techniques 
The collected data was analyzed systematically using SPSS version-22. Concerning descriptive Statistics Mean, Standard Deviation, Standard Error of Mean (S.M.E.), Percentage analysis were computed. For Inferential Statistics t-test  was used to test the Hypothesis.
2.6 Limitation
The limitation for the study such as Sample size was 34, one group-Pre-test post-test design of Experimental design.

3. DATA ANALYSIS AND INTERPRETATION 
Table 1 The mean achievement score of pre-test and post-test of class VI students
	Single group
	Number of students
	Mean (M)
	 (SD)
	 (SEM)
	df
	t- value
	Remarks

	PRE-TEST
	34
	24.32
	7.95
	1.36
	32
	4.9440
	Significant at 0.05 level

	POST-TEST
	34
	34.15
	8.43
	1.45
	
	
	



From the table-1 it can be observed that the ‘t’-value 4.9440 is greater than the table value at 0.05 level with degree of freedom (df) 32. Further the mean score of the post-test is 34.15 and the mean score of pre-test is 24.32. Here we can conclude that the mean score of post-test is greater than that of pre-test. It indicates that the difference is significant. So the hypothesis is rejected. The learners score better in the post-test than in the pre-test. So, it may be said that teaching mathematics through game-based learning has significant influence in the achievement of students of elementary level.
Hence, the formulated null hypothesis (H01) namely “There exists no significant difference in mean achievement score of pretest and posttest level of class VI learners in Mathematics” is rejected.

(Fig.1 Shows The mean difference of the achievement score of pre-test and post-test scores of class-VI students.)
Table 2: Perception of the learner towards active participation and interest in Mathematics

	SL NO.
	QUESTIONS
	Agree
	Neutral
	Disagree

	1 
	Did you find games interesting and make fun?
	34
	0
	0

	2 
	
	100%
	0%
	0%

	3 
	Have you ever played any kind of game in your mathematics classroom before this lesson?
	34
	0
	0

	4 
	
	100%
	0%
	0%

	5 
	Did you enjoy the game-based activities conducted in your classroom to teach mathematics?
	34
	0
	0

	6 
	
	100%
	0%
	0%

	7 
	Did you feel motivated to participate in the games?

	34
	0
	0

	8 
	
	100%
	0%
	0%

	9 
	Do you think the games improved your problem-solving skill?
	31
	0
	3

	10 
	
	91.11%
	0%
	9.08%

	11 
	Were the instructions for the games clear and easy to follow?
	31
	0
	3

	12 
	
	91.11%
	0%
	9.08%

	13 
	Did the games help you understand fractions (e.g., adding, subtracting, comparing fractions)?
	33
	0
	1

	14 
	
	97.05%
	0%
	2.97%

	15 
	Were you able to solve fraction problems better after playing the game?
	28
	3
	3

	16 
	
	82.35%
	8.82%
	8.82%

	17 
	Did the game help you understand the practical use of fractions in everyday life?
	28
	2
	4

	18 
	
	82.35%
	5.88%
	11.76%

	19 
	Did you enjoy learning geometry through the games?

	30
	2
	2

	20 
	
	88.23%
	5.88%
	5.88%

	21 
	Did you find the game-based activities helpful for visualizing geometry concepts (e.g., shapes, angles)?
	28
	2
	4

	22 
	
	82.35%
	5.88%
	11.76%

	23 
	Do you find any difficulty in understanding geometry through games?
	4
	2
	28

	24 
	
	11.76%
	5.88%
	82.35%

	25 
	Were you able to solve geometry problems better after playing the game?
	28
	2
	4

	26 
	
	82.35%
	5.88%
	11.76%

	27 
	Were the games too simple and not challenging enough for your learning level?
	3
	1
	30

	28 
	
	8.82%
	2.94%
	88.23%

	29 
	Did the games take too much time away from other important math learning activities?
	3
	3
	28

	30 
	
	8.82%
	8.82%
	82.35%

	31 
	Did you struggle to understand new concepts when learning through games instead of traditional methods?
	3
	1
	30

	32 
	
	8.82%
	2.94%
	88.23%

	33 
	Did the teacher provide enough guidance during the game to help you understand the concepts?
	34
	0
	0

	34 
	
	100%
	0%
	0%

	35 
	Did you actively participate in the game-based learning activities?
	34
	0
	0

	36 
	
	100%
	0%
	0%

	37 
	Did the game-based activities keep you focused throughout the lesson?
	31
	0
	3

	38 
	
	91.11%
	0%
	9.08%

	39 
	Did you work with your classmates during the games?

	31
	0
	3

	40 
	
	91.11%
	0%
	9.08%

	41 
	Did the games encourage teamwork or collaboration?

	34
	0
	0

	42 
	
	100%
	0%
	0%

	43 
	Did you feel that some classmates dominated the games, making it hard for you to participate?
	1
	3
	30

	44 
	
	2.94%
	8.82%
	88.23%

	45 
	Were the game rules suitable for your level of understanding?
	31
	0
	3

	46 
	
	91.11%
	0%
	9.08%

	47 
	Would you like to play more math games to learn other topics in mathematics?
	34
	0
	0

	48 
	
	100%
	0%
	0%

	49 
	Do you feel the game-based learning method is better than the traditional methods of teaching?
	34
	0
	0

	50 
	
	100%
	0%
	0%



The above table-2 shows that the findings related to the effectiveness of the Game-Based technique in mathematics. Among 34 students, 100% agreed that games were interesting and create fun among themselves. Similarly, 100% students agreed that they have played games previously in mathematics classroom, enjoy the game-based activities conducted in their classroom and they felt motivated in participating the games. The games improve problem solving skills was agreed and disagreed by 91.11% and 9.08% respectively. Additionally, 91.11% agreed while 9.08% disagreed that the game instructions were clear and easy to follow respectively. Similarly, 97.05% of the total students agreed that the games help in understanding the concepts of fractions while 2.97% disagreed in that. Additionally, 82.35% students agreed with the statement that after playing the games they are able to solve the problems of fractions in a better way while 8.82% disagreed with it and other 8.82% students remain neutral. The game helps the students to understand the practical use of fractions in everyday life agreed by 82.35% of the total students while 11.76% disagreed. Similarly, 88.23% agreed that they enjoy learning geometry through the games while 5.88% disagreed with it. The game-based activities were helpful for visualizing geometry concepts like shapes and angles agreed by 82.35%, disagreed by 11.76% and 5.88% became neutral. Additionally, 11.76% agreed that they face difficulty in understanding geometry through games, 82.35% disagreed in it and 5.88% remain neutral. 82.35% of the students agreed that they are able to solve geometry problems better after playing the game while 11.76% disagreed with it and 5.88% remain neutral. Similarly, 8.82% agreed that the games were too simple and not challenging enough for their learning level while 88.23% disagreed with it and 8.82% becomes neutral. The games take too much time away from other important math learning activities disagreed by 82.35% while 8.82% remain neutral on this point. 8.82% of the students agreed that they struggle to understand new concepts when learning through games instead of traditional methods while 88.23% disagreed with this and 12.94% remain neutral. Among all students, 100% agreed that the teacher provide enough guidance during the game to help them understand the concepts. Similarly, 100% students agreed that they actively participate in the game-based learning activities. The game-based activities keep them focused throughout the lesson was agreed by 91.11% students while 9.08% disagreed in this. 91.11% of the total students agreed that they work with their classmates during the games while 9.08% remain neutral. The games encourage them to develop the teamwork or collaboration agreed by 100% students. Similarly, 2.94% of the students agreed with that they feel that some classmates dominated the games, making it hard for them to participate while 88.23% students disagreed with it and 8.82% remain neutral. The game rules were suitable for their level of understanding was agreed by 91.11% and disagreed by 9.08%. Out of the total students 100% students agreed to play more math games to learn other topics in mathematics. The game-based learning method is better than the traditional methods of teaching was agreed by 100% students. 
4. MAJOR FINDINGS OF THE STUDY
The findings of the study provide insights into the effectiveness of GBL on Elementary level Mathematics Education.
Objective-1 To compare the mean achievement score of pre-test and post-test level through game-based learning in mathematics among class vi learners. 

The findings shows that the mean score of the pre-test is 24.32 and the mean score of post-test is 34.15 Here we can conclude that the mean score of post-tests is greater than that of pre-test. It indicates that the difference is significant. So. The learners score better in the mathematics after the GBL intervention.so it can be concluded from the finding that there is a positive significant effect of GBL on the achievement of mathematics students at elementary level.


Objective-2 To study the perception of the learner towards active participation and interest in Mathematics after intervention.
The result shows that students enjoy mathematics through game-based learning strategies. Also it indicates they feel motivated through GBL It has been found to make learning more engaging and interesting. Also it develops collaboration among learners.
The findings clearly indicate that game-based teaching strategies significantly enhance students’ engagement, interest, and motivation in learning mathematics. The interactive and enjoyable nature of games not only made mathematics more accessible and enjoyable for all students but also fostered active participation, collaboration, and the development of essential problem-solving skills.
5. Conclusion
The study concluded that game-based learning strategies significantly boost students’ mathematical performance, especially in geometry. The more substantial improvement in understanding geometrical concepts, compared to fractions, suggests that students may respond more strongly to the visual and spatial elements facilitated by games.
The study indicate that game-based teaching strategies significantly enhance students’ engagement, interest, and motivation in learning mathematics. The interactive and enjoyable nature of games not only made mathematics more accessible and enjoyable for all students but also fostered active participation, collaboration, and the development of essential problem-solving skills. 
5.1 Suggestions for Future Research 
· Comparative studies with other pedagogies like inquiry-based or toy-integrated learning can identify the most effective strategies.
· Further research can be done to explore the effectiveness of game-based methods across broader mathematical topics beyond fractions and geometry.
· Studies can be conducted to examine the impact of digital or mobile-based games on student engagement and mathematics achievement.
· Research into teacher perceptions and classroom implementation challenges can inform better training and support systems.
· Future work can assess the impact of game-based strategies on students with learning difficulties for inclusive education. 
· Future studies should adopt true experimental or quasi-experimental research designs to establish stronger causal links and improve the overall validity of the findings.
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APPENDIX - 1
BLUE PPRINT FOR FRACTION

SUBJECT :-MATHEMATICS                                                                                                                                                                           
F.M. :-35                                                                                                                                                
CLASS:-VI                                                                                                                                                                                                       
	
           DOMAINS

TOPICS
	
Knowledge
	
Understanding
	
Application
	

Total

	
	
MC
	
FB
	
T/F
	
ST
	
MC
	
FB
	
T/F
	
ST
	
MC
	
FB
	
T/F
	
ST
	

	Proper fraction
	
2(1)
	
0
	
1(1)
	
0
	
2(1)
	
1(1)
	
0
	
2(1)
	
0
	
0
	
0
	
12(1)
	
20

	Improper fraction
	
0
	
0
	
1(1)
	
2(1)
	
1(1)
	
2(1)
	
2(1)
	
1(1)
	
0
	
0
	
0
	
1(1)
	
10

	Mixed fraction
	
0
	
1(1)
	
0
	
0
	
0
	
1(1)
	
1(1)
	
1(1)
	
0
	
0
	
0
	
1(1)
	
5

	
Total


	
7
	
14
	
14
	
35


TIME:- 45Min



N.B :
· MC:- Multiple Choice Answer Type question each carrying one mark.
· FB:- Fill in the Blanks Answer  Type question each carrying  one mark.
· T/F:- True False Answer Type Question each carrying  one mark.
· ST:- Short Answer Type Question each carrying  one mark.



APPENDIX - 2

BLUE PPRINT FOR GEOMETRICAL FIGURES

SUBJECT :-MATHEMATICS                                                                                                                                                                           
F.M. :-25                                                                                                                                              
CLASS:-VI
	DOMAINS
	Knowledge
	Understanding
	Application
	Skill
	
Total

	TOPICS
	MC
	T/F
	VS
	ST
	MC
	T/F
	VS
	ST
	MC
	T/F
	VS
	ST
	MC
	T/F
	VS
	ST
	

	Triangle
	1(1)
	1(1)
	0
	0
	1(1)
	1(1)
	1(1)
	0
	0
	0
	1(1)
	2(1)
	0
	0
	0
	2(1)
	10

	Quadrilateral
	1(1)
	1(1)
	1(1)
	0
	1(2)
	1(2)
	1(3)
	0
	0
	0
	0
	2(1)
	1(1)
	0
	0
	2(1)
	15

	Total
	5
	10
	5
	5
	25





N.B :
· MC:- Multiple Choice Answer Type question each carrying one mark.
· T/F:- True False Answer Type Question each carrying  one mark.
· VS:- Very Short Answer  Type question each carrying  one mark.
· ST:- Short Answer Type Question each carrying  one mark.

pre- test	post-test	24.32	35.119999999999997	