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Abstract: Mathematics anxiety and fear among children pose significant educational challenges worldwide. This study 
examines the efficacy of a hybrid learning approach that combines digital game-based learning with hands-on activities to 
enhance mathematics engagement, reduce anxiety, and improve numeracy skills while fostering algebraic and mathematical 
thinking. The research was conducted at Government School, Ramagondanahalli, Bengaluru (RGHL), involving over 400 
children aged 6-10 years from grades 1-5. Participants were primarily first-generation learners from economically 
disadvantaged backgrounds with limited access to educational resources. The intervention comprised weekly 70-minute 
sessions over six months, featuring the digital game "Magic Math Spell Caster" alongside modified traditional board games 
such as Snakes & Ladders, Bingo with Place Value Cards, and a custom Memory Card Game. The curriculum also incorporated 
activity worksheets with math manipulatives and practice sheets. The didactical approach underpinning the intervention was 
based on six key principles: Treating mathematics as a language to be spoken, promoting algebraic thinking; Structuring 
games into levels with well-defined learning objectives to scaffold mathematical thinking; Connecting concrete and abstract 
concepts to deepen understanding; Employing a hands-on approach to reinforce learning; Providing resources to every child 
to ensure equal access; Integrating assessments as digital interactive worksheets within gameplay. This approach allowed 
children to explore, make connections, and construct knowledge independently, fostering both algebraic and broader 
mathematical thinking skills. The program encouraged peer-to-peer learning by grouping children with different math 
proficiencies. Students progressed through game levels at their own pace, often exceeding curriculum expectations. This 
study contributes to the growing body of evidence supporting hybrid learning approaches in mathematics education for all 
children, emphasizing the development of robust mathematical and algebraic thinking skills. 

Keywords: Hybrid Mathematics Pedagogy, Game-Based Algebraic Thinking, Mathematical Anxiety Reduction, Numeracy 
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1. Introduction 

In Bangalore, India, an innovative approach to mathematics education is unfolding at the Government School 
Ramagondanahalli, Bengaluru (RGHL). Operating under a Public-Private Partnership (PPP) model, The 
Government of Karnataka collaborates with Inventure Academy (an International School) and Whitefield Ready 
(an NGO) to offer English-medium instruction to some of the city's most underprivileged children (Kumar & Naik, 
2020). 

Many RGHL students are children of migrant laborers, enter the school without prior formal education, lacking 
foundational literacy and numeracy skills. This diversity in the student body presents a significant challenge: 
effectively teaching mathematics to a class with widely varying proficiency levels and interest (Banerjee & Duflo, 
2011). 

While RGHL's dedicated teachers work tirelessly to bridge learning gaps, they've identified a critical barrier: math 
anxiety. This phenomenon, characterized by feelings of tension and anxiety that interfere with the manipulation 
of numbers and solving mathematical problems, is not unique to RGHL but is a global issue impacting students' 
performance and long-term relationship with mathematics (Ashcraft & Moore, 2009). 

The COVID-19 pandemic has exacerbated existing educational disparities, particularly affecting disadvantaged 
students (UNESCO, 2021). In India, even before the pandemic, only 28% of fifth-graders could perform simple 
division (ASER Centre, 2019). The prolonged school closures have likely worsened this situation (Azim Premji 
Foundation, 2021). 

To address these challenges, Inteligen Games & Robotic Private Limited (Inteligen) designed an intervention for 
RGHL that combines digital games, physical activities and hands-on learning. This approach is grounded in 
research supporting the efficacy of game-based learning in mathematics education (Ke, 2008; Habgood & 
Ainsworth, 2011). 

This study explores the impact of this hybrid learning approach on math anxiety and numeracy skills among 
RGHL's primary school children. The insights gained could inform strategies to improve mathematics education 
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and promote educational equity in India and beyond, particularly in the post-pandemic context (Bose et al., 
2022). 

2. Understanding the Challenge 

2.1 Math Anxiety: A Complex Problem 

To appreciate the impact of RGHL's new approach, we first need to understand math anxiety and why it has 
affected so many children (Ashcraft & Moore, 2009). 

2.1.1 Why Math Anxiety Happens? 

For many RGHL students, math feels like learning a foreign language. They're already struggling with reading and 
comprehension in English (their second or third language), and now they're expected to grasp mathematical 
vocabulary, syntax and complex concepts. It's no wonder stress levels rise (Beilock & Maloney, 2015)! Teachers 
at RGHL have found it challenging to build even basic numeracy skills, let alone guide students towards solving 
word problems, tackling application questions or developing higher-order thinking skills in math. The confidence 
of children in the math class was worrying and all the stakeholders were keen on implementing an alternate 
approach to make children open to learning math (Ramirez et al., 2018). 

2.1.2 The Cascading Effect of Math Anxiety 

When students feel anxious about math, it creates a vicious cycle. Their worry takes up mental energy, making 
it harder to concentrate and solve problems. This leads to poor performance, which in turn increases anxiety 
about future math tasks (Foley et al., 2017). Over time, students might start avoiding math altogether, limiting 
their academic and career options. For RGHL's students, many of whom are already facing significant life 
challenges, math anxiety could become yet another obstacle to overcome in their pursuit of a better future 
(Maloney & Beilock, 2012). 

2.2 The Power of Play in Learning 

While the challenges were clear, the solution came from the world of games. Research has shown that game-
based learning can be a powerful tool in education, especially in subjects like math. Games can make learning 
fun and reduce anxiety (Ke, 2008). Games provide immediate feedback, helping students learn from mistakes 
(Habgood & Ainsworth, 2011) and adapt to different skill levels, ensuring each student is appropriately 
challenged (Plass et al., 2015). Game based learning encourages problem-solving and strategic thinking (Kim & 
Chang, 2010) which fosters collaboration and peer learning (Castellar et al., 2015). With these benefits in mind, 
Inteligen worked with RGHL to bring game-based learning into their math classrooms. 

3. Methodology 

3.1 Digital Game: Magic Math Spell Caster 

At the heart of the intervention is an innovative digital game called "Magic Math Spell Caster". This game 
transforms math learning into an exciting magical adventure for kids from kindergarten to third grade. Here's 
what makes it special: 

The Magical World: 

• Students become young magicians in a fantastical world with 600 levels across four difficulty tiers 
• Math skills are used to cast spells, defend magical towers, and defeat boss creatures 
• The game aligns with standard elementary math curricula, complementing classroom instruction 

Learning Objectives: 

• Develop strong number sense and mental math fluency 
• Master basic arithmetic operations 
• Introduce algebraic thinking concepts 
• Enhance understanding of place value 
• Reduce math anxiety and increase engagement with mathematics 



Vidya Jayaraman, Nirmala Sundar and Uma Balaji Shankar 
 

 

The Digital Abacus: A Revolutionary Learning Tool 

• At the core of the game is a unique digital abacus that makes math visible and tangible: 
• Color-coded, numbered beads that students move on screen 
• Clear layout showing place values (ones, tens, hundreds, thousands) 
• Students perform math operations by physically manipulating beads 
• Provides immediate feedback and adapts in complexity as students’ progress 
• Bridges concrete and abstract mathematical thinking 

How It Promotes Learning: 

• Hands-on interaction engages multiple senses, enhancing understanding and retention 
• Visual representation makes abstract concepts more accessible 
• Supports various learning styles through its multi-modal approach 
• Scaffolds the development of mental math skills 
• Allows for easy identification and correction of errors 

Adaptive Learning: 

• Difficulty levels adjust based on each student's performance 
• Ensures students are consistently challenged at an appropriate level 
• Supports differentiated instruction in diverse classrooms 

Progress Tracking: 

• Comprehensive summary of the students' performance in the game. 
• Allows monitoring of progress and identification of areas needing improvement 

By combining engaging gameplay with innovative learning tools like the digital abacus, Magic Math Spell Caster 
doesn't just teach math—it transforms students' relationship with the subject. It builds confidence, fosters a 
love for learning, and makes math an exciting adventure rather than a dreaded chore. 

Teachers at RGHL have observed remarkable changes. As one educator noted, "Students who once feared math 
now eagerly ask for more problems. They're not just learning math; they're enjoying it. The game has made the 
abstract world of numbers real and exciting for them." 

3.2 Hands-On Fun: Physical Games and Activities 

While the digital game is a key component, the approach also emphasizes hands-on, physical activities to 
reinforce learning and provide a multi-sensory experience. These activities include: 

Math-Focused Snakes & Ladders: 

• Traditional dice replaced with specially designed cards  
• Cards pose math questions with answers always 6 or less 
• Questions build number sense and mathematical vocabulary 
• Players read questions aloud and give oral answers 
• Creates an immersive environment for hearing, speaking, and learning math language 
• Helps children associate math with fun and social interaction 

Bingo with Place Value Cards: 

• Combines the excitement of Bingo with place value learning 
• Cards show numbers in different forms (e.g., "43" and "4 tens and 3 ones") 
• Children match numeric representations with place value descriptions 
• Reinforces understanding of tens and ones visually and kinesthetically 
• Example: For "43", child sees both the number and a place value card showing 4 tens and 3 ones 

Memory Card Games: 

• Designed to build mental math skills 
• Includes pairs of cards with equivalent mathematical expressions 
• Enhances recall and promotes quick mental calculations 



Vidya Jayaraman, Nirmala Sundar and Uma Balaji Shankar 
 

 

Manipulative-Based Worksheets: 

• Special worksheets accompanied by math manipulatives 
• Objects children can touch and move to understand math concepts 
• Bridges concrete and abstract thinking 
• Allows for hands-on exploration of mathematical ideas 

These physical games and activities serve multiple purposes: 

• Reinforce Concepts: They provide additional practice of skills learned in the digital game 
• Multi-Sensory Learning: Engage multiple senses, catering to different learning styles 
• Social Interaction: Encourage peer learning and communication about math 
• Vocabulary Building: Create opportunities to use mathematical language in context 
• Confidence Building: Offer a low-pressure environment to practice math skills 

Teachers at RGHL have noted the complementary nature of these activities. One teacher shared, "The 
combination of digital and physical games keeps the students engaged. They're learning the same concepts in 
different ways, which really helps the ideas stick. Plus, it's wonderful to hear them using math vocabulary 
naturally as they play." 

By integrating these hands-on activities with the digital game, the approach ensures a well-rounded, engaging 
math learning experience. Students not only learn math concepts but also develop communication skills, social 
skills, and a positive attitude towards mathematics. 

3.3 Putting It All Together: The Hybrid Approach in Action 

RGHL implemented this new approach over an 8-month period. Students played the digital game for about 70 
minutes each week. The physical games and activities were woven into regular math lessons throughout the 
week. 

This hybrid approach—combining digital and physical learning—offered several advantages: 

• It catered to different learning styles. Some kids learn better on computers, others through physical 
activities. 

• It kept things interesting. The variety prevented boredom and maintained engagement. 
• It reinforced concepts in multiple ways, helping ideas "stick" better. 
• It made math feel less like a dreaded subject and more like a fun challenge. 

4. Results 
The intervention at RGHL demonstrated significant positive outcomes. Let's break down the results: 

4.1 Dramatic Change in School Exam Results 

The school's internal exams revealed a striking transformation. Prior to the intervention, 20% (24 out of 120) of 
students across grades 1-5 scored above 60% in mathematics examinations. Following the implementation of 
the game-based approach, this percentage increased to 83.3% (100 out of 120 students), representing a 63.3% 
point improvement.  This remarkable improvement shows the program's effectiveness on students of all ages. 

4.2 Beyond Grade-Level Performance 

One of the most exciting outcomes was seeing students, even those in lower grades, mastering concepts beyond 
their current grade level. Many grade 1 students were solving problems typically seen in Grade 2. Older students 
were exploring advanced topics out of sheer curiosity and enjoyment. This self-driven learning was 
unprecedented in the school's history. 

4.3 Qualitative Changes in the Classroom and Long-term Impact 

Teachers reported significant changes in student behavior and attitudes. Students who once dreaded math class 
were now eagerly participating. There was a noticeable decrease in math anxiety across all grade levels. Students 
appeared more confident, more willing to tackle challenging problems, and less stressed during math lessons.  
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The confidence gained in math began to positively influence performance in other subjects. Teachers believe 
this new approach to learning could lead to higher retention rates and better academic outcomes in the years 
to come. 

The results at RGHL indicate the efficacy of innovative and engaging teaching methodologies in mathematics 
education. The implementation of enjoyable and accessible mathematics instruction has not only improved test 
scores but may have altered the educational trajectory of the students. 

4.4 Beyond the Numbers: Transformative Impacts 

The success of the intervention at RGHL goes far beyond improved test scores. The most striking outcomes were 
in how students approached learning itself. 

4.4.1 Fostering Self-Directed Learning 

The most remarkable outcome was the way the students took charge of their own learning. The engaging nature 
of the games encouraged children to practice math voluntarily, even outside of class time. This self-motivation 
is a crucial life skill that extends beyond mathematics. One teacher noted, "I'm amazed to see students asking 
for more math problems or wanting to play the game during free periods. They're driving their own learning 
now." 

4.4.2 Building True Proficiency, Not Just Memorization 

Unlike traditional rote learning methods, this approach helped students understand mathematical concepts 
deeply. They weren't just memorizing procedures, but grasping why those procedures work. "Before, students 
could recite multiplication tables but struggled with word problems. Now, they understand what multiplication 
really means and can apply it in various situations," explained a Grade 4 teacher. This growth in handling tough 
math concepts is setting students up for success in higher grades and beyond. They're not just learning math—
they're learning how to learn, a skill that will help them throughout their lives. 

5. Discussions 
The success of the RGHL intervention offers valuable insights for other schools facing similar challenges. 

5.1 What Made it Work  

5.1.1 Personalized Learning 

The adaptive nature of the digital game allowed each student to progress at their own pace. This personalized 
approach meant that both struggling students and high achievers were appropriately challenged. 

5.1.2 Low-Stakes Practice 

The game environment provided a safe space for students to make mistakes and learn from them without fear 
of embarrassment or negative consequences. 

5.1.3 Immediate Feedback and Peer Learning 

The approach fostered an environment rich in immediate feedback and peer-to-peer learning: 

• Digital Instant Feedback: The game provided immediate responses to students' actions, allowing for 
quick identification and correction of mistakes. 

• Physical Game Interactions: Board games and activities encouraged students to help and learn from 
each other. 

• Collaborative Learning: Students naturally took on teaching roles, explaining concepts to their peers. 
• Multifaceted Feedback: Students received instant feedback from both the digital game and their 

classmates. 

Teachers at RGHL provided a powerful observation that encapsulates the impact of this approach: "Teachers 
observed students explaining concepts to each other during the board games. The students were not just 
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learning math; they're learning how to communicate and support one another. The immediate feedback, 
whether from the game or a classmate, keeps them motivated and helps concepts stick." 

5.2 The Future of Math Education 

The success of the RGHL intervention opens up exciting possibilities for the future of mathematics education, 
particularly in challenging and resource-constrained environments. This section explores potential avenues for 
expansion and further research. 

5.2.1  Scaling Up 

The positive outcomes at RGHL suggest that this hybrid learning approach could be beneficial if implemented 
on a larger scale. Considerations for scaling include: 

• Investigating how the program can be tailored to different cultural and educational settings across India 
and globally (Banerjee & Duflo, 2011). 

• Cost-effectiveness analysis: Evaluating the economic feasibility of widespread implementation, 
particularly in low-resource areas (Kumar & Naik, 2020). 

• Partnership models: Exploring collaborations between educational institutions, NGOs, and technology 
providers to facilitate broader implementation (Bose et al., 2022). 

5.2.2 Teacher Resources and Professional Development 

The RGHL experience underscores the crucial role of teachers in the successful implementation of innovative 
educational approaches. Future initiatives should focus on: 

• Comprehensive teacher training programs: Developing modules that equip teachers with the skills to 
effectively use game-based and hybrid learning approaches (Boaler, 2016). 

• Ongoing support systems: Creating networks for continuous professional development and peer 
learning among teachers. 

• Teacher-led innovation: Encouraging and supporting teachers to adapt and create their own 
educational games and activities (Blikstein, 2013). 

5.2.3 Technology Integration 

As access to technology improves, even in underprivileged areas, there's potential for more sophisticated and 
personalized learning experiences: 

• Adaptive learning systems: Developing more advanced algorithms that can provide highly personalized 
learning paths for each student (Verkijika & De Wet, 2015). 

• Data-driven insights: Leveraging learning analytics to provide teachers with real-time insights into 
student performance and areas needing attention (OECD, 2018). 

6. Conclusion 
The case study of RGHL demonstrates the transformative potential of innovative pedagogical approaches in 
addressing complex educational challenges, particularly in resource-constrained environments. By reimagining 
mathematics education through game-based learning, Inteligen and RGHL have not only improved academic 
outcomes but also fundamentally altered students' relationships with mathematics. 

This approach aligns with research by Boaler (2016), who emphasizes the importance of fostering a positive 
mindset towards mathematics. The success of the game-based learning program in reducing math anxiety and 
increasing engagement correlates with findings from Verkijika and De Wet (2015), who observed similar positive 
outcomes using game-based interventions to address math anxiety. 

The significance of mathematical literacy in the 21st century cannot be overstated (OECD, 2018). The RGHL 
intervention offers a promising model for enhancing mathematical competencies across diverse student 
populations, resonating with UNESCO's (2019) call for more inclusive and equitable quality education. The power 
of this approach lies not just in its engaging design, but in its ability to transform students' emotional responses 
to mathematics – from fear to confidence, confusion to understanding, and dread to excitement. This emotional 
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shift is crucial for long-term mathematical engagement and success, as highlighted by Ashcraft and Moore (2009) 
in their work on affective factors in mathematics education. 

Looking ahead, the RGHL study provides valuable insights for educational interventions in underserved 
communities globally. It underscores the potential of creative, technology-enhanced, joy-centric learning 
approaches in mathematics education. As argued by Blikstein (2013), such innovative methods can democratize 
access to quality education and help every child discover their potential in mathematics. 

In conclusion, this case study contributes to the growing body of evidence supporting the efficacy of game-based 
and hybrid learning approaches in mathematics education. It offers a promising roadmap for educators and 
researchers seeking to address educational inequities and improve mathematical literacy in challenging 
contexts. 
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