


Action research on the impact of using Math games for improving problem solving skills of the students

Abstract: 
Mathematics is a fundamental subject that enables learners with logical reasoning, analytical thinking, and decision-making skills vital for real-life scenarios. On the other hand, in the classroom situation, many students are of the belief that mathematics is a difficult, abstract, and dull subject. This negative perception often leads to low motivation, poor participation, and lack of problem-solving abilities, which are indispensable for achieving success in the subject. Traditional teaching methods that depends to a great extent on rote memorization and repetitive practice may further demotivate learners instead of nurturing creativity and clear understanding. To overcome these challenges, there is an emergent prerequisite for innovative and learner-centered approaches that make mathematics more engaging and meaningful. One such approach is the incorporation of math games in teaching of Math’s instruction. Games have the prospective to change the learning environment by making lessons more interactive, enjoyable, and less nerve-racking. Therefore, this study was carried out on the belief that learning mathematics should extend beyond attaining computational skills. It focused on developing critical thinking and problem-solving abilities that students could apply both in academics and daily to day life. The study was carried out to examine the effect of math games on students’ engagement, motivation, and participation in mathematics learning and it also provides insights and recommendations on the use of math games as a tool to enhance mathematics instruction and students’ learning outcomes. On the basis of these objectives some hypotheses had been made and appropriate tools were adopted to fulfill these objectives. After analysis and interpretation of the collected data, it was found that mathematical games had a positive impact in developing the problem solving ability of the students. Math games can be integrated as an indispensable part of the curriculum which can foster the development of the students thus meeting their diverse needs.
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Introduction
 Conceptual Background: Mathematics is an essential subject that develops logical reasoning, analytical thinking, and problem-solving skills among learners. However, many students often perceive mathematics as difficult, abstract, or monotonous, which may lead to low motivation and poor achievement. To address this challenge, educators have increasingly explored innovative strategies, including the use of educational games, to make mathematics more engaging, interactive, and meaningful.
Math games provide students with opportunities to learn mathematical concepts in a playful yet purposeful environment. They promote active participation, collaboration, and creativity, which are essential elements in meaningful learning. According to constructivist theories of learning (Piaget, Vygotsky), students construct knowledge more effectively when they are actively engaged in hands-on, interactive tasks. Games align with this approach by allowing learners to explore problems, test strategies, and receive immediate feedback. 
Problem-solving is at the core of mathematics education. It goes beyond the simple application of formulas; it requires students to analyze situations, identify relationships, and apply logical reasoning to arrive at solutions. When integrated into instruction, math games can enhance these abilities by providing varied contexts for applying mathematical knowledge, encouraging strategic thinking, and fostering perseverance in tackling challenges.
Research has shown that students are more motivated and develop a positive attitude towards mathematics when learning is gamified. Games not only make learning enjoyable but also reduce anxiety associated with failure, since mistakes are viewed as part of the learning process. They further encourage cooperative learning, where students can share strategies and learn from peers, thereby enhancing their social and cognitive development.
Thus, the use of math games as an instructional tool is grounded in the belief that effective learning occurs when students are motivated, engaged, and actively involved in problem-solving activities. This study, therefore, seeks to examine the effectiveness of math games in developing students’ problem-solving ability, with the aim of contributing to improved mathematical learning outcomes.
Rationale Of the Study
Mathematics is a vital subject that equips learners with logical reasoning, analytical thinking, and decision-making skills essential for real-life situations. However, in the classroom context, many students view mathematics as difficult, abstract, and uninteresting. This negative perception often results in low motivation, poor participation, and weak problem-solving abilities, which are crucial for success in the subject. Traditional teaching methods that rely heavily on rote memorization and repetitive drills may further disengage learners instead of fostering creativity and deeper understanding.
In response to these challenges, there is a growing need for innovative and learner-centered approaches that make mathematics more engaging and meaningful. One such approach is the integration of math games in instruction. Games have the potential to transform the learning environment by making lessons interactive, enjoyable, and less intimidating. They encourage students to participate actively, collaborate with peers, and think strategically while solving problems. Through trial and error within a playful setting, students develop resilience, persistence, and confidence in their problem-solving skills. 
This study is therefore anchored on the belief that learning mathematics should go beyond acquiring computational skills. It should focus on nurturing critical thinking and problem-solving abilities that students can apply both in academics and in daily life. By exploring the effectiveness of math games, this research intends to provide insights into how playful learning strategies can enhance students’ mathematical competence, foster positive attitudes towards the subject, and improve overall classroom engagement.
The findings of this study will be beneficial not only for students, who may develop stronger problem-solving abilities and a positive outlook toward mathematics, but also for teachers, who will be provided with practical strategies to enrich their instructional practices. Ultimately, this research hopes to contribute to the improvement of mathematics teaching and learning, thereby supporting the broader goal of producing learners who are confident, creative, and competent problem solvers.


Objectives Of the Study
· Assess the current level of students’ problem-solving ability in mathematics before the use of math games.
· Implement math games as an instructional strategy in teaching selected mathematical concepts.
· Evaluate the improvement, if any, in students’ problem-solving ability after exposure to math games.
· Provide insights and recommendations on the use of math games as a tool to enhance mathematics instruction and students’ learning outcomes.
Action Hypothesis
It is hypothesized that:
· If math games are integrated into classroom instruction, then students’ problem-solving ability in mathematics will significantly improve.
· If students are engaged in interactive and enjoyable math games, then their participation, and confidence in solving mathematical problems will increase.
· If math games are consistently used as a supplementary instructional strategy, then students will develop more positive attitudes towards mathematics and demonstrate better learning outcomes.
Definition Of Key Terms Used
For clarity and better understanding, the following key terms are defined as they are used in this study:
Math Games – Refers to structured play activities, puzzles, or interactive exercises designed to teach or reinforce mathematical concepts in an enjoyable and engaging manner. These may include board games, card games, digital games, or classroom-based activities that encourage problem-solving and logical thinking.
Problem-Solving Ability – The capacity of students to analyse mathematical problems, apply appropriate strategies, and arrive at logical solutions. In this study, it specifically refers to the skills demonstrated by students in solving mathematical tasks before and after the use of math games.
Effectiveness – The degree to which the use of math games brings about improvement in students’ problem-solving ability, engagement, and motivation in mathematics. 
Engagement – The level of attention, participation, and active involvement of students in classroom activities while using math games as a learning tool.
Action Research – A reflective process of systematic inquiry conducted by teachers to improve their instructional practices, address classroom problems, and enhance student learning outcomes.
Methodology
Research methodology is a systematic process detailing the "how" of a research study, encompassing the research design, data collection methods, and data analysis techniques to ensure valid and reliable findings that address the research questions.
Action research methodology involves a cyclical process of identifying a problem, planning an intervention, taking action, observing the outcomes, and reflecting on the results to achieve practical improvements and generate knowledge within a specific context, often in social or educational settings. Coined by Kurt Lewin, it is a collaborative, participatory approach that bridges the gap between theory and practice, fostering professional development and transformative change by breaking down the barriers between researchers and participants.  
Population And Sample
The population of the study refers to the group of learners who will participate in the action research. For the purpose of this study, the population consists of 45 students enrolled in Grade 8 studying in CBSE affiliated   school of Kamrup Metro District of Assam. These students were chosen because they are at a developmental stage where strengthening mathematical problem-solving skills is essential.
The selected group represents a manageable class size that allows for direct observation, implementation of math games, and assessment of progress within the duration of the action research. The focus on this population is intended to provide a clear picture of how the use of math games influences students’ problem-solving ability, engagement, and motivation in learning mathematics.



Sample Of the Study
The sample of the study refers to the specific group of students selected from the larger population who will directly participate in the research. For this study, the sample consists of       10 students from grade 8.
The sample was chosen through purposive sampling, as these students were readily accessible to the researcher and exhibited the learning needs that the intervention seeks to address, particularly the development of problem-solving ability in mathematics.
Chart 1. Action Plan
	Phase
	Activities
	Time frame
	Persons involved
	Expected outcome

	


1.Planning





	· Identify the problem (low problem-solving ability of the students in Mathematics)
· Review related literature on math games and problem solving.
· Design pre-test and post-test instruments
	


Week 1
	


Researcher
/Teacher
	


Prepared assessment tools

	



2. Baseline data gathering
	· Administer pre-test on problem solving
· Conduct initial observation of student’s participation and engagement. 
· A questionnaire was administered to assess students’ engagement, and perceptions before the use of math games
	




Week 2
	




Researcher
/teacher/ Students
	


Baseline data on students’ problem-solving ability.

	3. Implementation of intervention
	· Integrate selected math games into mathematics lessons.
· Facilitate group and individual activities using games.
· Provide feedback and guide students in applying strategies.
	

Week 3-6
	

Researcher
/teacher/ Students
	Improved engagement and participation in math lesson.

	


4. Monitoring and observation
	· Observe students’ behavior, and engagement during math games.
· Record progress using observation checklists.
· Administer post-test to measure improvement in problem solving ability.
· Administer post questionnaire on the students.
	
Week 3-6 (concurrent with intervention)
	



Researcher/ teacher/Students

	


Documented evidence of changes in learning behavior.

	




5.Evaluation
	· Compare pre-test and post- test results.
· Analyse qualitative data from observations.
· Interpret findings based on qualitative and quantitative results.
· Identify strengths and challenges of using math games.
	



Week 7
	



Researcher/teacher
	

Data on effectiveness of math games in improving problem solving.

	
6.Reflection and reporting
	· Formulate conclusions and recommendations for classroom practice.

	

Week 8
	

Researcher/teacher
	Completed action research report with findings and conclusions.



Tools To Be Used
Pre-test: 
· To find out the baseline performance of the students before the introduction of the math games.
· An Achievement test of 20 marks was used before the intervention
· [bookmark: _Hlk209177788]A Questionnaire was also used before the intervention in order to find out the attitude of the students towards the subject Mathematics  
Intervention: An observation checklist will be used to monitor students’ participation, engagement, cooperation, and motivation during math game activities. This tool will help in identifying changes in students’ classroom behavior and learning attitudes.
Post–test: 
· To the measure the extent of improvement in the problem-solving ability of the students after the intervention.
· The same Questionnaire was also used after the intervention in order to find out the attitude of the students towards the subject Mathematics  

Procedure of Data Collection
The following steps were undertaken to gather data for the study:
· Preparation Stage
The researcher designed the research instruments: a teacher-made achievement test (pre-test and post-test), an observation checklist and a questionnaire.
The instruments were validated by subject experts and colleagues to ensure clarity, content validity, and alignment with the research objectives.
· Administration of Pre-Test
Before implementing the intervention, a pre-test was given to the students to determine their baseline problem-solving ability in mathematics. This established the starting point for comparison with post-test results.
· Pre-Intervention Questionnaire
A questionnaire was administered to assess students’ engagement, and perceptions before the use of math games.
· Implementation of Intervention (Math Games)
Over a period of several weeks, math games were integrated into classroom instruction. During these sessions, the researcher acted as facilitator, guiding students while allowing them to actively engage with the games.
· Observation
While the intervention was ongoing, the researcher used an observation checklist to record students’ participation, cooperation, and problem-solving behavior.
· Administration of Post-Test
After the intervention, the post-test was conducted using the same teacher-made achievement test to assess improvement in problem-solving ability. The results were compared with pre-test scores to measure the effectiveness of math games.
· Post-Intervention questionnaire
[bookmark: _Hlk209178430]The same questionnaire was used with selected students to gather reflections on their experiences with math games.
Data Organization and Analysis
Quantitative data (pre-test, post-test, questionnaire, checklist ratings) were tabulated, averaged, and interpreted using descriptive statistics using Mean and Percentage and with the help of bar Diagram.
Qualitative data (observations, reflections) were coded and analysed thematically to support the findings.
Table 1: Scores of the students in problem solving ability in Mathematics
	Sl No
	Pre- test Score (20)
	Percentage (%)
	Post- test Score (20)
	Percentage (%)

	1
	12
	60
	18
	90

	2
	11
	55
	15
	75

	3
	14
	70
	16
	80

	4
	9
	45
	13
	65

	5
	10
	50
	16
	80

	6
	8
	40
	13
	65

	7
	11
	55
	17
	85

	8
	7
	35
	14
	70

	9
	13
	65
	17
	85

	10
	14
	70
	15
	75

	Mean
	10.9
	54.5
	15.4
	77




Figure1: Scores of students’ problem-solving ability in Mathematics 
The objective of this analysis is to evaluate the effectiveness of an intervention aimed at improving students' problem-solving ability in Mathematics, by comparing their pre-test and post-test scores. The table provides both raw scores and the corresponding percentages of 10 students, and highlights the changes in performance before and after the intervention.


Results and interpretation
· Improvement in Overall Scores: A clear improvement in both pre-test and post-test scores is observed across the sample. The mean pre-test score was 10.9 (54.5%), and the mean post-test score was 15.4 (77%). This represents a mean improvement of 4.5 points (or 22.5%), suggesting that the intervention was largely successful in improving the students' problem-solving abilities.
· Range of Improvements: Pre-test scores ranged from 7 to 14, while post-test scores ranged from 13 to 18. This indicates that, even though all students started at different levels, all experienced some level of improvement after the intervention.
· Individual Progress: Student 8 showed the largest improvement of 35%, from a pre-test score of 7 (35%) to a post-test score of 14 (70%). This indicates that students with initially lower performance were able to catch up more significantly, perhaps due to the effectiveness of the intervention. Student 10, on the other hand, demonstrated the smallest improvement of just 5%, increasing from a pre-test score of 14 (70%) to a post-test score of 15 (75%). This minimal change could indicate that students who initially performed at a higher level had fewer gaps in their problem-solving abilities to address, and hence had less room for improvement.
· Consistency of Improvement: Most students (6 out of 10) showed an improvement of 20% or more, which suggests that the intervention was largely effective for the majority of students. Specifically: Students 1, 5, 6, 7, and 9 showed improvements of 25% or more. This consistency suggests that the intervention method might have been more impactful for students at or below the average performance level.
· Distribution of Scores: The distribution of pre-test scores (with scores mainly clustered between 7 and 14) indicates a moderate level of initial ability. This is supported by the post-test scores, where the majority of students scored between 15 and 18. This positive shift in scores demonstrates a significant gain in problem-solving ability for students across various performance levels.
Table 2: Number of students in the level of problem-solving ability 
	Range
	Percentage (Pre-test)
	Percentage (Post-test)

	High
	10%
	50 %

	Medium
	30 %
	40 %

	Low
	60 %
	10%




Figure 2: Students’ problem-solving ability in Mathematics 
This table categorizes students into three performance levels — High, Medium, and Low — based on their percentage scores in pre-test and post-test. The purpose is to observe shifts in the distribution of student performance after an educational intervention.
· Major Reduction in Low Performers: Before the intervention, 60% of students were in the low problem-solving ability group. After the intervention, only 10% remained in this group. This shows a dramatic improvement in performance among struggling students. Most of them advanced to higher levels after support or instruction.
·  Significant Growth in High Performers: Students in the high ability category rose from 10% to 50%. The number of students demonstrating strong problem-solving ability quintupled. This suggests the intervention wasn't just effective for low achievers — it also helped students reach higher proficiency.
· Moderate Increase in Medium Level: The medium group grew modestly from 30% to 40%. Some students moved from low to medium ability, while others possibly moved from medium to high.
The shift in student distribution across performance levels reveals significant gains in problem-solving ability. Prior to the intervention, a majority (60%) were in the low-performing group. Post-test results show this group was reduced to just 10%, while the high-performing group increased from 10% to 50%. These changes suggest that the instructional strategy was not only effective in elevating overall performance but also equitable, enabling students at all levels to improve.

Table 3: Pre-test questioner for checking their attitude towards Mathematics 
	Sl No
	Statement
	Yes
	No

	1
	I enjoy solving maths problem
	70 %
	30%

	2
	I feel confident when doing maths 
	65%
	35%

	3
	I feel nervous when I see a difficult maths problem 
	75%
	25%

	4
	I liked to be challenged by tricky maths problem 
	40%
	60%

	5
	I find maths boring 
	20%
	80%

	6
	I give up if I do not get the answer 
	50%
	50%

	7
	I try different ways to solve a problem 
	30 %
	70%

	8
	I check my answers to see if they make sense 
	40%
	60%




Figure 3: Students’ attitude towards Mathematics
The data highlights a mix of positive and negative attitudes among students toward mathematics. A majority (70%) reported that they enjoy solving mathematical problems, and 65% felt confident when working with mathematics. However, a large proportion (75%) admitted to feeling nervous when faced with difficult problems, indicating that anxiety is still a significant barrier despite positive engagement.
When it comes to motivation, only 40% expressed enjoyment in tackling challenging problems, while 60% preferred to avoid them. Similarly, 20% found mathematics boring, suggesting that most students (80%) maintain interest in the subject. Persistence appeared evenly divided: 50% of students admitted to giving up when they could not find the answer, while the other half persisted.
In terms of problem-solving strategies, only 30% reported attempting different approaches to reach a solution, while 70% did not vary their methods. Furthermore, just 40% checked their answers for accuracy, whereas 60% did not engage in self-monitoring practices.
Overall, the findings suggest that while students show enjoyment and confidence in mathematics, many struggle with problem-solving perseverance, flexibility, and self-checking habits. This indicates a need for pedagogical strategies that strengthen resilience, reduce anxiety, and promote metacognitive practices in mathematics learning.
Table 4: Observation Check list used during the intervention 
	Sl No
	Criteria/ Indicators
	Yes
	No

	1
	Students show interest and enthusiasm while playing the Math Game 
	[image: Checkmark]
	

	2
	Students actively participate in the activity 
	[image: Checkmark]
	

	3
	Students collaborate and cooperate with peers during the Game 
	[image: Checkmark]
	

	4
	Students attempt to apply Mathematical concepts during the activity 
	[image: Checkmark]
	

	5
	Students demonstrate the problem-solving strategies and logical thinking
	[image: Checkmark]
	


Based on the observation checklist, the intervention focused on a math game to engage students in learning. The criteria included student interest, participation, collaboration, application of mathematical concepts, and demonstration of problem-solving strategies. The intervention was likely effective in promoting student engagement, active participation, and cognitive involvement. Students showing enthusiasm and collaboration would indicate a positive classroom atmosphere and the suitability of the game format. Moreover, if learners attempted to apply mathematical concepts and used logical thinking during the activity, it would demonstrate the game's success in reinforcing curriculum objectives and enhancing higher-order thinking skills. Conversely, if several items were marked "No", it might imply that the intervention needs modification to better align with learning goals or student needs. Overall, this checklist serves as a useful tool to reflect on the impact of instructional strategies in real-time classroom settings.

Discussion of Findings 
The study investigated the impact of math games on students’ problem-solving ability, engagement, and attitudes toward mathematics. The results revealed a positive influence of the intervention, with clear improvements supported by both quantitative and qualitative evidence.
Quantitative Findings showed that the mean pre-test score of the sample was 10.9 (54.5%), which increased to 15.4 (77%) in the post-test, reflecting a 22.5% improvement in problem-solving ability. Student distribution across performance levels also shifted significantly: the proportion of low performers decreased from 60% to 10%, while the high-performing group increased from 10% to 50%. This suggests that math games were particularly effective in helping weaker students’ progress, while also supporting stronger students to reach higher levels of proficiency (Bragg, 2012; Ke, 2008).
The pre-intervention questionnaire revealed mixed attitudes toward mathematics. While 70% enjoyed solving problems and 65% felt confident, 75% admitted to feeling nervous when faced with difficult problems, and 50% reported giving up when solutions were not easily found. Only 30% of students attempted different strategies, and just 40% checked their answers for accuracy. This reflects a need for approaches that build persistence, strategy use, and self-monitoring (Sweller, 1988; Mullis et al., 2016).
Qualitative Findings from classroom observations indicated that students demonstrated enthusiasm, cooperation, and logical thinking while engaging in math games. The game-based approach reduced anxiety, encouraged teamwork, and created a supportive, playful environment where mistakes were seen as opportunities to learn. Teachers acted as facilitators, guiding exploration and reinforcing critical thinking, which aligned with constructivist approaches to learning. (Piaget, 1972; Vygotsky, 1978; Clements & Sarama, 2011).
Strengths: The integration of math games led to:
· Significant gains in problem-solving ability across performance levels.
· Greater equity in learning outcomes, particularly benefitting weaker students.
· Increased motivation, engagement, and enjoyment of mathematics.
· Promotion of collaboration and teamwork, enhancing both social and cognitive skills.
· Reduction of math anxiety by creating a less stressful environment.
· Alignment with constructivist principles of active, student-centered learning.
Challenges: Despite these strengths, several limitations were identified:
· Persistence issues, as many students still tended to give up when solutions were not immediate.
· Limited use of alternative strategies and weak self-monitoring skills.
· Requirement of teacher preparation, careful selection of games, and classroom time management.
· Smaller gains for high achievers, suggesting diminishing returns for students already performing well.
Conclusions
The findings demonstrate that math games are an effective pedagogical tool for improving students’ problem-solving ability and motivation in mathematics. They provide an engaging, interactive environment that reduces anxiety and supports equity by enabling low achievers to progress significantly while also benefiting stronger students. (Ke, 2008; Bragg, 2012).
However, the study also concludes that for the full potential of math games to be realized, additional pedagogical supports are necessary. In particular, efforts should focus on fostering persistence, flexible problem-solving strategies, and metacognitive practices such as self-checking (Sweller, 1988; Mullis et al., 2016). Implementation also requires careful planning to ensure sustainability within exam-oriented contexts (NCTM, 2000).
Recommendations
 Curriculum Integration. Math games should be systematically incorporated as supplementary tools to reinforce problem-solving skills alongside traditional instruction (Clements & Sarama, 2011).
 Teacher Training. Professional development should focus on equipping teachers with the skills to select, design, and facilitate math games effectively while ensuring curricular alignment (Prensky, 2001).
 Metacognitive Development. Game-based activities should be followed by reflection tasks that encourage students to check answers, explore alternative strategies, and evaluate their problem-solving processes (Malone & Lepper, 1987).
 Support for Struggling Learners. Games should gradually increase in complexity to build confidence among weaker students and provide differentiated opportunities for growth (Yelland, 1999).
 Sustainable Implementation. Teachers should balance playful learning with syllabus coverage and exam requirements to ensure that math games remain a viable instructional strategy (Van Eck, 2006).
 Future Research. Further studies with larger, more diverse samples should examine the long-term impact of math games, their application in digital learning contexts, and their effectiveness across varied mathematical domains (Squire, 2011).
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Problem Solving Ability in Mathematics

Pre- test Percentage (%)	
1	2	3	4	5	6	7	8	9	10	Mean	60	55	70	45	50	40	55	35	65	70	54.5	Post- test Percentage (%)	
1	2	3	4	5	6	7	8	9	10	Mean	90	75	80	65	80	65	85	70	85	75	77	Pre- test Score (20)	
1	2	3	4	5	6	7	8	9	10	Mean	12	11	14	9	10	8	11	7	13	14	10.9	Post- test Score (20)	
1	2	3	4	5	6	7	8	9	10	Mean	18	15	16	13	16	13	17	14	17	15	15.4	Students


Percentage




Students level of problem solving ability

Percentage (Pre-test)	
High	Medium	Low	0.1	0.3	0.6	Percentage (Post-test)	
High	Medium	Low	0.5	0.4	0.1	



Students attitude towards Mathematics 

Yes	
I enjoy solving maths problem	I feel confident when doing maths 	I feel nervous when I see a difficult maths problem 	I liked to be challenged by tricky maths problem 	I find maths boring 	I give up if I do not get the answer 	I try different ways to solve a problem 	I check my answers to see if they make sense 	0.7	0.65	0.75	0.4	0.2	0.5	0.3	0.4	No	
I enjoy solving maths problem	I feel confident when doing maths 	I feel nervous when I see a difficult maths problem 	I liked to be challenged by tricky maths problem 	I find maths boring 	I give up if I do not get the answer 	I try different ways to solve a problem 	I check my answers to see if they make sense 	0.3	0.35	0.25	0.6	0.8	0.5	0.7	0.6	Statements 
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