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EXECUTIVE SUMMARY

This case study documents a transformative educational intervention that reimagined the
traditional mathematics classroom by placing students at the center of the teaching and
learning process. Conducted by Al Ready School in partnership with SAGES BP Pujari
School in Raipur, the study examined the effectiveness of Cypher—a personalized Al
learning companion—when embedded within a flipped classroom and peer-learning model.

The Challenge

Middle school mathematics education has long struggled with student disengagement,
surface-level learning, and limited opportunities for students to develop higher-order thinking
skills. Traditional instructional models often position students as passive recipients of
knowledge, with limited agency over their learning journey. The question driving this
research was: What happens when middle-school students are entrusted not just to learn
mathematics, but to teach it, assess it, and explain it to their peers?

The Intervention

Eighty Grade 7 students from two sections (7A and 7B) participated in a structured
peer-learning project focused on the chapter "Decimal Representation of Rational Numbers."
Students worked in small collaborative groups to:

Research and deeply understand assigned mathematical concepts
Create presentations and learning resources

Design assessments and quizzes

Teach their peers through structured presentations

Conduct peer assessments

Throughout this process, students utilized Cypher as a learning companion to support
concept exploration, resource creation, and reflective practice—all within clearly defined
ethical guidelines for responsible Al use.

Key Findings
The intervention produced remarkable academic and developmental outcomes:
Academic Gains:

34.5% overall increase in final class scores compared to baseline assessment
57.2% improvement in Application-level cognitive tasks

77.9% improvement in Analysis-level cognitive tasks

Moderate gains in foundational recall (9.27%) and conceptual understanding
(11.29%)

The data reveals that the most substantial improvements occurred at higher cognitive levels,
indicating a shift from memorization toward deeper conceptual understanding and analytical
reasoning.



Qualitative Outcomes:

Increased student confidence in explaining mathematical concepts

Enhanced peer collaboration and constructive feedback

Stronger learner ownership and accountability

Improved classroom participation, particularly among previously hesitant students
Development of presentation and communication skills

Greater awareness of assessment design and learning objectives

Pedagogical Insights

This study demonstrates that when structured pedagogy and Al-enabled tools are
thoughtfully integrated, classrooms can transition toward greater learner ownership without
compromising academic rigor. Key insights include:

1.

Technology as Learning Companion: Al tools are most effective when embedded
within structured instructional models rather than used as standalone support
systems

2. Peer Teaching Reinforces Depth: Preparing to teach others significantly deepens
conceptual understanding
3. Structure Enables Agency: Student ownership develops when expectations,
accountability, and assessment criteria are clearly defined
4. Higher-Order Thinking Can Be Cultivated: With appropriate scaffolding, middle
school students can engage meaningfully with analysis and application-level tasks
Implications

This case study offers a replicable model for transforming classroom dynamics in alignment
with National Education Policy (NEP) 2020 priorities: experiential learning,
competency-based assessment, technology integration, and development of 21st-century

skills

. The findings have significant implications for:

Curriculum designers seeking to implement flipped classroom models
School leaders exploring meaningful technology integration

Teachers interested in student-centered pedagogical approaches
Policymakers supporting educational innovation initiatives

Looking Forward

While this study demonstrates promising outcomes, questions remain about long-term
sustainability, scalability across diverse contexts, and the specific mechanisms through
which Al-supported peer learning influences cognitive development. Future research should
examine longitudinal impacts, cross-subject applications, and the conditions necessary for
successful replication.

This case study book provides a comprehensive examination of the intervention's design,
implementation, outcomes, challenges, and implications—offering both theoretical insights
and practical guidance for educators seeking to transform their classrooms.
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FOREWORD

By Janajit Ray
Founding Principal of Oakridge International Schools and K-12 Education Consultant

Education stands at a crossroads. On one side lies the familiar path of teacher-centered
instruction, standardized assessments, and technology used primarily for content delivery.
On the other lies a more uncertain but promising route: student-centered learning,
competency-based evaluation, and technology positioned as a thinking partner rather than a
replacement for human interaction.

The case study you are about to read documents a school's journey down that second path.
What makes this work particularly valuable is not just the impressive academic
outcomes—though a 34.5% improvement in learning gains and a 77.9% increase in
analytical thinking skills certainly merit attention—but the careful documentation of how
these outcomes were achieved.

Too often, educational innovations are presented as silver bullets: implement this technology,
adopt this pedagogy, and transformation will follow. The reality, as this case study honestly
reveals, is far more nuanced. Transformation requires structure, support, iteration, and a
willingness to reimagine fundamental assumptions about who holds knowledge and authority
in the classroom.

The intervention described here—a flipped classroom model supported by Al-enabled
learning tools—succeeded because it was grounded in sound pedagogical theory,
implemented with clear guidelines and expectations, and supported by teachers who
understood their evolving role as facilitators rather than sole knowledge providers.

Perhaps most importantly, this study centers the student voice. The reflections shared
throughout this book reveal young people discovering their capacity to understand, explain,
and teach complex mathematical concepts. They describe overcoming fear, experiencing
pride in creation, and recognizing themselves as capable learners and teachers. These are
the outcomes that matter most—not just higher test scores, but transformed relationships
with learning itself.

As you read this case study, | encourage you to consider not just whether this model could
work in your context, but what fundamental shifts in classroom culture, teacher practice, and
student expectations would be necessary to make it work. The path forward requires more
than adopting new tools; it requires reimagining what classrooms can be.



PREFACE

Why This Study Matters

This case study emerges from a simple but profound question: What if students were not just
learners, but teachers?

For decades, educational research has documented the power of peer learning, the
effectiveness of flipped classroom models, and the potential of technology to personalize
instruction. Yet translating research into practice—particularly in resource-constrained,
real-world school settings—remains a persistent challenge.

At Al Ready School, we believe that artificial intelligence has the potential to democratize
access to personalized learning support, but only when thoughtfully integrated within sound
pedagogical frameworks. Technology alone does not transform education; pedagogy does.
Our work focuses on understanding how Al tools can support, rather than replace, the
human elements of teaching and learning.

This case study documents our partnership with SAGES BP Pujari School in Raipur to
implement a flipped classroom model in Grade 7 mathematics. The intervention was
designed to test whether Cypher—our Al learning companion—could effectively support
students in taking greater ownership of their learning through peer teaching and
collaborative resource creation.

What You'll Find in This Book

This is not a theoretical treatise on educational technology, nor is it a promotional document
for Al tools. It is an honest, comprehensive examination of what happened when we asked
middle school students to become teachers, supported them with Al-enabled learning tools,
and measured the academic and developmental outcomes.

You'll find:

e Detailed implementation guidance: Step-by-step documentation of how the
intervention was designed and executed

e Rigorous outcome analysis: Quantitative data on academic gains across cognitive
levels
Student voice: Extensive reflections from participants about their experiences
Honest assessment of challenges: What didn't work, what required adjustment,
and what we would do differently

e Practical recommendations: Actionable guidance for educators seeking to
implement similar models



Who This Book Is For
This case study is written for:

Classroom teachers interested in student-centered pedagogical approaches
School leaders exploring meaningful technology integration strategies
Curriculum designers seeking evidence-based models for competency-based
learning

EdTech developers working to create tools that genuinely support learning
Researchers studying Al in education, flipped classrooms, or peer learning
Policymakers supporting educational innovation aligned with NEP 2020

Our Commitment to Transparency

Throughout this book, we have endeavored to present findings honestly, including
challenges, limitations, and unanswered questions. We share not only what worked, but
what required adjustment and what remains uncertain. Our goal is not to present a perfect
model, but to contribute to the collective understanding of how technology and pedagogy
can work together to transform learning.

Acknowledgments

This work would not have been possible without the partnership of SAGES BP Pujari School,
the dedication of participating teachers, and most importantly, the courage and creativity of
the Grade 7 students who embraced this new approach to learning. We are grateful for their
willingness to step outside their comfort zones and reimagine what a mathematics classroom
can be.

We invite you to join us on this journey of exploration, reflection, and transformation.

— The Al Ready School Research Team



CHAPTER 1

INTRODUCTION & CONTEXT

The Traditional Mathematics Classroom: A System in
Need of Transformation

Walk into most middle school mathematics classrooms across India, and you will likely
observe a familiar scene: a teacher at the front of the room, explaining concepts on a
blackboard while students sit in rows, copying notes and occasionally answering questions.
Homework is assigned, tests are administered, and the cycle repeats. This model—often
called "chalk and talk" or direct instruction—has dominated mathematics education for
generations.

There is nothing inherently wrong with this approach. Skilled teachers using direct instruction
can effectively convey mathematical concepts, and many students have learned successfully
within this framework. However, research and classroom experience increasingly reveal its
limitations:

Limited Student Agency: In traditional models, students are positioned as passive
recipients of knowledge. The teacher decides what will be learned, how it will be taught, and
when understanding has been achieved. Students have little opportunity to direct their own
learning or explore concepts in ways that align with their interests and questions.

Surface-Level Learning: When instruction focuses primarily on procedural
fluency—learning steps to solve problems—students may achieve short-term success on
assessments without developing deep conceptual understanding. They can execute
algorithms without understanding why those algorithms work or when to apply them.

Minimal Peer Interaction: Traditional classrooms often discourage peer collaboration,
viewing it as potential cheating or distraction. Yet research consistently shows that explaining
concepts to peers, discussing solution strategies, and collaborative problem-solving
significantly enhance learning.

One-Size-Fits-All Pacing: In a teacher-centered model, instruction proceeds at a single
pace determined by curriculum timelines. Students who need additional time to grasp
concepts may be left behind, while those who understand quickly may become disengaged.

Limited Development of Higher-Order Thinking: When classroom time is dominated by
teacher explanation and individual practice, opportunities for analysis, evaluation, and
creative problem-solving are often squeezed out. Students may excel at remembering and
applying procedures but struggle with tasks requiring reasoning and justification.



Fear of Failure: Traditional assessment models—where tests determine grades and
mistakes are penalized—can create anxiety around mathematics. Students learn to fear
being wrong rather than viewing mistakes as learning opportunities.

These limitations have real consequences. International assessments consistently show that
while Indian students may perform adequately on procedural tasks, they struggle with
application and problem-solving. More concerning, many students develop mathematics
anxiety and lose confidence in their mathematical abilities during middle school years.

The Promise of Student-Centered Learning

Educational research over the past several decades has increasingly pointed toward
student-centered learning models as more effective alternatives to traditional instruction.
These approaches—which include flipped classrooms, project-based learning, inquiry-based
instruction, and peer learning—share common characteristics:

Active Rather Than Passive Learning: Students engage directly with content through
exploration, experimentation, and creation rather than simply receiving information.

Learner Agency: Students have meaningful choices about how they learn, what resources
they use, and how they demonstrate understanding.

Collaborative Knowledge Construction: Learning is viewed as a social process where
students build understanding together through discussion, debate, and shared
problem-solving.

Authentic Assessment: Rather than relying solely on tests, assessment includes
presentations, projects, peer evaluation, and self-reflection.

Teacher as Facilitator: The teacher's role shifts from primary knowledge source to guide,
mentor, and learning designer.

The theoretical foundations for student-centered learning are robust. Constructivist learning
theory, pioneered by Jean Piaget and expanded by others, argues that learners actively
construct knowledge rather than passively absorbing it. Lev Vygotsky's social constructivism
emphasizes that learning is fundamentally social, occurring through interaction with more
knowledgeable others—including peers. The "learning by teaching" effect, documented
across numerous studies, demonstrates that preparing to teach content to others
significantly deepens one's own understanding.

Despite strong theoretical foundations and research support, student-centered approaches
remain relatively rare in Indian mathematics classrooms. Implementation challenges include:

e Curriculum pressure: Dense syllabi and examination requirements leave little time
for exploration

e Large class sizes: Managing student-centered activities with 40+ students is
logistically challenging



e Teacher preparation: Many teachers were trained in traditional methods and lack
experience with facilitation-based approaches

e Assessment alignment: Standardized tests often emphasize procedural skills over
conceptual understanding

e Resource constraints: Student-centered learning often requires materials,
technology, and time that schools lack

These are real barriers, not excuses. Yet they are not insurmountable. The intervention
documented in this case study was designed to address these challenges by creating a
structured, replicable model for student-centered mathematics learning that could work
within existing constraints.

Enter Al: Technology as Learning Companion

The rapid advancement of artificial intelligence has sparked intense debate about its role in
education. Some view Al as a threat—a technology that will replace teachers, reduce
learning to algorithmic processes, and exacerbate educational inequities. Others see it as a
panacea—a tool that will finally enable truly personalized learning at scale.

The reality, as usual, is more nuanced. Al is neither threat nor savior; it is a tool whose
impact depends entirely on how it is designed, implemented, and integrated within
pedagogical frameworks.

The Potential of Al in Education
When thoughtfully designed, Al-enabled learning tools can:

Provide Personalized Support: Al can adapt to individual learning needs, offering
explanations at appropriate levels, generating practice problems aligned with student
readiness, and providing immediate feedback.

Extend Teacher Capacity: Rather than replacing teachers, Al can handle routine tasks
(generating practice problems, providing initial feedback) allowing teachers to focus on
higher-value activities like facilitating discussions and providing individualized support.

Support Metacognition: Well-designed Al tools can prompt students to reflect on their
thinking, explain their reasoning, and consider alternative approaches—supporting the
development of metacognitive skills.

Enable Exploration: Al can provide safe spaces for students to ask questions, make
mistakes, and explore concepts without fear of judgment.

Democratize Access: Al tools can potentially provide high-quality learning support to
students who lack access to tutors, supplementary resources, or well-resourced schools.



The Risks of Al in Education
However, Al also poses significant risks:

Over-Reliance: Students may become dependent on Al for answers rather than developing
their own problem-solving capabilities.

Shallow Engagement: If Al simply provides answers, students may engage superficially
rather than wrestling with challenging concepts.

Algorithmic Bias: Al systems can perpetuate and amplify existing biases in educational
content and assessment.

Privacy Concerns: Al systems collect vast amounts of student data, raising questions about
privacy and data security.

Equity Issues: Access to Al tools may be unevenly distributed, potentially widening
achievement gaps.

Deskilling: Over-reliance on Al might reduce students' development of fundamental skills
like calculation, estimation, and mental math.

Cypher: Designed as a Learning Companion

The Al tool at the center of this case study—Cypher—was designed with these potentials
and risks in mind. Rather than positioning Al as a tutor that provides answers or an
automated teacher that delivers content, Cypher was conceived as a learning companion: a
tool that supports students in their learning journey while maintaining human agency and
responsibility.

Key design principles included:

Socratic Questioning: Rather than immediately providing answers, Cypher asks questions
to prompt student thinking: "What do you already know about this concept?" "How might you
approach this problem?" "What would happen if...?"

Scaffolded Support: Cypher provides graduated levels of support, starting with prompts
and hints before offering more direct explanation if needed.

Verification Emphasis: Students are consistently reminded to verify Al-generated content
using textbooks and teacher guidance, positioning Al as a starting point rather than final
authority.

Creation Support: Cypher helps students create learning resources (presentations,
worksheets, quizzes) rather than simply consuming content.

Reflection Prompts: The platform includes features that encourage students to reflect on
what they've learned, what remains unclear, and how they might explain concepts to others.



For this intervention, Cypher was not used as a standalone learning tool but was embedded
within a structured flipped classroom model. Students used the platform to support their
preparation for peer teaching—researching concepts, generating examples, creating
presentations, and designing assessments. The Al served as a scaffold for student-led
learning rather than a replacement for human interaction.

Purpose and Scope of This Study

This case study was designed to answer several interconnected questions:

Primary Research Question:

Can an Al-enabled flipped classroom model, where students prepare to teach mathematical
concepts to their peers, produce measurable improvements in academic outcomes and
learner agency?

Secondary Research Questions:

1. How do students use Al tools when preparing to teach concepts to peers?

2. What impact does peer teaching have on students' conceptual understanding across
different cognitive levels?

3. How does the flipped classroom model affect student confidence, collaboration, and
ownership of learning?

4. What implementation challenges arise, and how can they be addressed?

5. Under what conditions might this model be scalable to other contexts?

Study Parameters
The intervention was implemented with the following parameters:

Setting: SAGES BP Pujari School, Raja Talab, Raipur

Participants: 80 Grade 7 students from two sections (7A and 7B)

Subject: Mathematics

Topic: Decimal Representation of Rational Numbers

Duration: 16th January 2026 to 11th February 2026

Intervention: Flipped classroom model with peer teaching, supported by Cypher Al
learning companion

e Measurement: Baseline and final assessments measuring performance across
cognitive levels (Remember, Understand, Apply, Analyse)

What This Study Is—and Isn't

This is a case study, not a randomized controlled trial. We did not have a control group
receiving traditional instruction for comparison. Our goal was not to "prove" that this
approach is superior to all alternatives, but to document what happened when we
implemented this specific intervention in this specific context, and to understand the
mechanisms through which outcomes were achieved.



The study is exploratory and descriptive. We sought to understand:

What academic and developmental outcomes resulted from the intervention
How students experienced the process

What implementation challenges arose

What conditions supported success

What questions remain for future research

Our findings should be interpreted as promising evidence that warrants further investigation,
not as definitive proof of effectiveness across all contexts.

Reading This Book: A Guide for Educators

This case study book is organized to serve multiple purposes:

For Practitioners: If you're a teacher or school leader interested in implementing a similar
model, focus on Chapters 3, 4, 8, and 10, which provide detailed implementation guidance,
practical challenges and solutions, and actionable recommendations.

For Researchers: If you're studying Al in education, flipped classrooms, or peer learning,
Chapters 2, 5, 6, and 9 provide theoretical framing, detailed outcome analysis, qualitative
findings, and implications for future research.

For Policymakers: If you're interested in understanding how this model aligns with
educational policy priorities and what would be required for scaling, focus on Chapters 2, 7,
and 9.

For General Readers: If you're simply curious about innovative approaches to education,
we recommend reading the Executive Summary and then Chapters 1, 4, 6, and 10 for the
narrative arc of the intervention and its human impact.

Throughout the book, you'll find:
;| Data Boxes: Highlighting key quantitative findings
¢ Key Insights: Summarizing important takeaways
99 Student Voice: Direct quotes from participant reflections
1. Implementation Challenges: Honest discussion of what didn't work smoothly

{74 Practical Recommendations: Actionable guidance for implementation



We invite you now to journey with us through this intervention—from theoretical foundations
through implementation, outcomes, challenges, and implications. Our hope is that this case
study contributes to the growing body of knowledge about how technology and pedagogy
can work together to transform learning, and that it provides practical guidance for educators
seeking to reimagine their classrooms.

The transformation of education will not come from technology alone, nor from pedagogy
alone, but from thoughtful integration of both in service of student learning. This case study
represents one school's attempt to achieve that integration. We share it in the spirit of
collective learning and continuous improvement.



CHAPTER 2

LITERATURE & RATIONALE

Theoretical Foundations: Constructivism and Social
Learning Theory

The intervention documented in this case study rests on solid theoretical foundations
developed over decades of educational research. Understanding these foundations is
essential for appreciating why the flipped classroom model, combined with peer teaching
and Al support, might be expected to produce positive learning outcomes.

Constructivism: Learning as Active Knowledge Construction

Constructivist learning theory, pioneered by Jean Piaget and expanded by numerous
scholars, fundamentally challenges the notion of learning as passive information transfer.
Instead, constructivism argues that learners actively construct knowledge by integrating new
information with existing mental structures (schemas).

Key principles of constructivism include:

Active Engagement: Learning requires active mental engagement, not passive reception.
Students must do something with information—manipulate it, apply it, question it—to truly
learn it.

Prior Knowledge Matters: New learning is always interpreted through the lens of existing
knowledge. Effective instruction connects new concepts to what students already
understand.

Cognitive Conflict Drives Learning: When students encounter information that doesn't fit
their existing schemas, they experience cognitive disequilibrium. Resolving this
conflict—through accommodation (changing schemas) or assimilation (fitting new
information into existing schemas)—drives learning.

Meaning-Making is Personal: While teachers can facilitate learning, they cannot directly
transfer understanding. Each learner must construct meaning for themselves.

The implications for mathematics instruction are profound. Rather than simply showing
students procedures and expecting them to memorize steps, constructivist approaches
engage students in mathematical thinking—exploring patterns, testing conjectures, justifying
solutions, and connecting concepts.

The flipped classroom model aligns with constructivism by positioning students as active
knowledge constructors. When students prepare to teach concepts to peers, they must



actively engage with content, connect it to prior knowledge, and construct coherent
explanations—all core constructivist processes.

Social Constructivism: Learning as Social Process

Lev Vygotsky extended constructivist theory by emphasizing the fundamentally social nature
of learning. His social constructivism argues that cognitive development occurs first on the
social plane (between people) and only later on the individual plane (within the person).

Key concepts from Vygotsky's work include:

Zone of Proximal Development (ZPD): The gap between what a learner can do
independently and what they can do with support from a more knowledgeable other.
Learning is most effective when instruction targets the ZPD.

Scaffolding: Temporary support provided by teachers or peers that enables learners to
accomplish tasks within their ZPD. As competence develops, scaffolding is gradually
removed.

Language as Cognitive Tool: Language is not just a means of communication but a tool for
thinking. Articulating ideas in words helps clarify and refine thinking.

Collaborative Learning: Working with peers provides opportunities to encounter different
perspectives, negotiate meaning, and co-construct understanding.

The peer teaching model at the heart of this intervention is deeply rooted in social
constructivism. When students explain concepts to peers, they engage in the kind of social
knowledge construction that Vygotsky identified as central to learning. The requirement to
articulate mathematical ideas in language forces clarification of thinking. Peer questions and
discussions create opportunities for negotiating meaning and refining understanding.

Moreover, the collaborative group work that preceded peer teaching positioned students
within each other's ZPD. More advanced students provided scaffolding for peers, while the
process of explaining concepts to others reinforced and deepened their own understanding.

The "Learning by Teaching" Effect

A robust body of research documents what has been called the "learning by teaching" effect
or the "protégé effect": preparing to teach content to others significantly enhances one's own
learning of that content.

Multiple mechanisms explain this effect:

Deeper Processing: Preparing to teach requires organizing information coherently,
identifying key concepts, and anticipating questions—all of which promote deeper cognitive
processing than simply studying for oneself.



Metacognitive Awareness: Teaching requires awareness of one's own understanding.
Teachers must monitor whether they truly grasp concepts well enough to explain them,
promoting metacognitive reflection.

Retrieval Practice: Teaching involves repeatedly retrieving information from memory, which
strengthens memory traces and promotes long-term retention.

Elaboration: Explaining concepts requires elaboration—connecting ideas, generating
examples, and creating analogies—which enhances understanding.

Motivation: The social accountability of teaching peers creates intrinsic motivation to
understand content thoroughly.

Research by Fiorella and Mayer (2013) synthesized evidence on learning by teaching,
concluding that it is most effective when students:

e Prepare to teach with the expectation that they will actually teach (not just
hypothetically)
Teach content that is moderately challenging (within their ZPD)
Receive feedback on their teaching
Are held accountable for the accuracy of their explanations

The intervention documented in this case study incorporated all these elements. Students
knew they would actually teach peers, were assigned appropriately challenging content,
received feedback during mock demonstrations, and were accountable for both teaching and
assessment design.

The Flipped Classroom Model: Origins and Evidence

The flipped classroom model has gained significant attention in recent years as a promising
approach to student-centered learning. Understanding its origins, core principles, and
evidence base provides important context for this intervention.

What is a Flipped Classroom?
The traditional classroom model follows a predictable pattern:

e In Class: Teacher explains new concepts through lecture or demonstration
e At Home: Students practice applying concepts through homework

The flipped classroom inverts this pattern:

e Before Class: Students engage with content independently (through videos,
readings, or other resources)

e In Class: Students apply concepts through problem-solving, discussion, and
collaborative activities, with teacher support



The term "flipped classroom" was popularized by chemistry teachers Jonathan Bergmann
and Aaron Sams in the mid-2000s, though the underlying principles have much longer
history in educational practice.

Core Principles of Flipped Learning
The Flipped Learning Network identifies four pillars of flipped learning (F-L-I-P):

Flexible Environment: Learning spaces and timelines are flexible, allowing for different
modes of learning and individual pacing.

Learning Culture: The classroom shifts from teacher-centered to student-centered, with
class time dedicated to exploring topics in depth and creating rich learning opportunities.

Intentional Content: Educators determine what content to teach directly and what materials
students should explore independently, maximizing classroom time for active learning.

Professional Educator: Teachers' roles become more demanding, not less. They must
observe students, provide relevant feedback, and continuously assess their work.

Evidence for Flipped Classroom Effectiveness

Research on flipped classrooms has produced mixed but generally positive results. A
meta-analysis by Lag and Seele (2019) examining 28 studies found that flipped classrooms
produced small but statistically significant improvements in student learning compared to
traditional instruction.

However, the meta-analysis also revealed important nuances:

e Effects were stronger in STEM subjects than humanities

e Effects were stronger when flipped instruction included active learning strategies (not
just video watching)

e Effects varied significantly based on implementation quality

Key factors associated with successful flipped classroom implementation include:

Quality of Pre-Class Materials: Content must be engaging, appropriately challenging, and
clearly connected to in-class activities.

Accountability Mechanisms: Students must have incentives to engage with pre-class
content (quizzes, participation requirements, etc.).

Active In-Class Learning: Simply freeing up class time is insufficient; that time must be
filled with meaningful active learning activities.

Teacher Facilitation Skills: Teachers must be skilled at facilitating discussions, providing
scaffolding, and managing collaborative activities.



Student Readiness: Students need support in developing self-regulated learning skills
required for independent content engagement.

Flipped Classroom in the Indian Context

While flipped classroom research has primarily been conducted in Western contexts,
emerging studies from India show promise. A study by Bhagat, Chang, and Chang (2016)
examining flipped classrooms in Indian schools found positive effects on student
engagement and achievement, particularly when combined with collaborative learning
activities.

However, implementation challenges in Indian contexts include:

Limited home internet access for video-based content
Large class sizes making in-class facilitation challenging
Curriculum pressure reducing time for active learning
Teacher preparation focused on traditional methods

The intervention documented in this case study adapted the flipped model to address these
challenges by:

Using Al tools accessible on mobile devices rather than requiring video streaming
Structuring group work to manage large class sizes

Focusing on a single chapter to demonstrate feasibility within curriculum constraints
Providing extensive teacher support and structured implementation guidance

Peer Learning and Collaborative Knowledge
Construction

Peer learning—students learning from and with each other—has strong theoretical
foundations and empirical support. Understanding the mechanisms through which peer
learning enhances outcomes helps explain why the peer teaching model at the heart of this
intervention might be expected to work.

Forms of Peer Learning
Peer learning encompasses various structures:

Peer Tutoring: One student (tutor) helps another student (tutee) learn specific content. Can
be same-age or cross-age.

Collaborative Learning: Students work together in small groups toward shared learning
goals, with all members contributing.

Peer Assessment: Students evaluate each other's work using defined criteria, providing
feedback.



Peer Teaching: Students prepare and deliver instruction to classmates on specific topics.

This intervention incorporated multiple forms: collaborative learning during preparation, peer
teaching during presentations, and peer assessment through quizzes.

Why Peer Learning Works
Research identifies several mechanisms through which peer learning enhances outcomes:

Cognitive Elaboration: Explaining concepts to peers requires elaboration and organization
of knowledge, promoting deeper understanding.

Cognitive Restructuring: Peer discussions expose students to alternative perspectives and
solution strategies, prompting reconsideration and refinement of understanding.

Motivational Enhancement: Social interaction and accountability to peers can increase
engagement and effort.

Reduced Anxiety: Learning from peers can be less intimidating than learning from
teachers, particularly for students with mathematics anxiety.

Appropriate Language: Peers often explain concepts using language and examples more
accessible than teacher explanations.

Immediate Feedback: Peer interaction provides immediate feedback on understanding,
allowing rapid correction of misconceptions.

A meta-analysis by Rohrbeck et al. (2003) examining peer-assisted learning programs found
positive effects across achievement outcomes, with particularly strong effects for:

Structured programs with clear roles and procedures

Programs incorporating both tutoring and collaborative elements
Programs in mathematics and reading

Programs with diverse student populations

Conditions for Effective Peer Learning
Not all peer learning is equally effective. Research identifies key conditions for success:

Structured Interaction: Clear roles, procedures, and expectations prevent peer learning
from devolving into off-task socializing.

Appropriate Grouping: Groups should be small enough for all members to participate
actively (typically 3-5 students).

Positive Interdependence: Tasks should be structured so that group success requires
contributions from all members.



Individual Accountability: Each student must be accountable for learning and contributing,
not just the group as a whole.

Teacher Monitoring: Teachers must actively monitor groups, provide support, and intervene
when necessary.

The intervention incorporated these conditions through:

Clear role definitions and structured timelines

Small groups (3-4 students) with assigned topics

Group presentations requiring all members to contribute
Individual accountability through peer assessment
Explicit guidelines for collaboration and Al use

Active teacher facilitation throughout

Al in Education: Current State and Potential

Artificial intelligence is rapidly transforming numerous sectors, and education is no
exception. Understanding the evolving landscape of Al in education—its applications,
evidence base, and limitations—provides essential context for evaluating the role of
Al-enabled learning companions within this intervention.

Applications of Al in Education
Al is currently being applied in education across several broad categories:

Intelligent Tutoring Systems (ITS)

Al systems that provide personalized instruction and feedback by adapting to individual
student performance. These systems analyze learner responses and adjust the level of
support, pacing, or complexity accordingly.

Adaptive Learning Platforms
Technologies that modify content sequencing and difficulty based on real-time student data,
allowing learners to progress at individualized rates.

Automated Assessment Tools
Al-enabled systems capable of evaluating written responses, providing formative feedback,
identifying patterns in student errors, and supporting large-scale grading processes.

Learning Analytics Systems
Data-driven Al applications that analyze student engagement, progress, and performance
trends to identify at-risk learners and inform instructional decisions.

Conversational Agents and Virtual Assistants
Al-powered dialogue systems that respond to student queries, explain concepts, guide
problem-solving, and facilitate interactive learning experiences.



Al-Assisted Content Generation

Systems that generate practice problems, quizzes, explanatory content, or instructional
materials. Increasingly, such tools are powered by large language models capable of
producing human-like responses.

Positioning Al Within This Intervention

The Al learning companion used in this intervention incorporates elements from several of
these categories. It:

Functions as a conversational agent supporting inquiry

Generates practice problems and assessment questions

Provides scaffolded explanations

Encourages reflective questioning rather than immediate answer delivery

Importantly, Al was not positioned as a replacement for teacher instruction or peer
collaboration. Instead, it functioned as a cognitive support tool embedded within a
structured pedagogical model.

The Critical Distinction

While Al applications in education vary widely in design and purpose, their impact depends
less on technological sophistication and more on instructional integration.

Al can:

e Enhance personalization
e Support metacognitive reflection
e Extend teacher capacity

But it can also:

e Encourage over-reliance
e Promote superficial engagement
e Undermine assessment validity

The difference lies in whether Al is implemented as a content delivery engine or as a
thinking scaffold within a human-centered learning design.

This intervention deliberately adopted the latter approach.



Evidence for Al Effectiveness in Education

Research on Al in education has produced promising but mixed results. A meta-analysis by
Kulik and Fletcher (2016) examining intelligent tutoring systems found moderate positive
effects on learning outcomes, with effect sizes around 0.4 standard deviations—roughly
equivalent to moving from the 50th to the 66th percentile.

However, effectiveness varies significantly based on:

Subject matter: Stronger effects in mathematics and science than humanities
Implementation quality: How well Al is integrated into instruction

Student characteristics: Some students benefit more than others

Comparison condition: Effects are smaller when compared to high-quality human
tutoring

A more recent review by Zawacki-Richter et al. (2019) analyzing Al in education research
found:

Most research focuses on higher education, with less evidence for K-12
Intelligent tutoring systems have the strongest evidence base

Many Al applications lack rigorous evaluation

Concerns about data privacy, algorithmic bias, and equity remain underexplored

The Promise and Peril of Large Language Models

The recent emergence of large language models (LLMs) like GPT-4, which power tools like
ChatGPT, has dramatically expanded Al capabilities in education. These models can:

Engage in natural conversation about complex topics
Generate explanations at various levels of complexity
Create practice problems and assessments

Provide feedback on student work

Support brainstorming and creative thinking

However, LLMs also pose significant challenges:

Hallucination: LLMs sometimes generate plausible-sounding but factually incorrect
information.

Over-Reliance: Students may use LLMs to complete work without genuine learning.
Equity Concerns: Access to advanced Al tools may be unevenly distributed.

Assessment Challenges: Traditional assessments may become less valid if students can
use Al to complete them.

Pedagogical Questions: How should Al be integrated into instruction? What tasks should
students complete vs. without Al support?



Cypher's Design Philosophy

Cypher was designed with awareness of both the potential and risks of Al in education. Key
design principles included:

Socratic Approach: Rather than directly providing answers, Cypher asks questions to
prompt student thinking: "What do you already know about this?" "How might you approach
this problem?"

Transparency: Students are made aware they're interacting with Al and are taught to
critically evaluate Al-generated content.

Verification Emphasis: Students are consistently reminded to verify information using
textbooks and teacher guidance.

Scaffolded Support: Cypher provides graduated levels of support, starting with prompts
before offering more direct explanation.

Creation Focus: Cypher is positioned as a tool for creating learning resources, not just
consuming content.

Ethical Guidelines: Clear guidelines for responsible Al use are established and reinforced.

Importantly, Cypher was not used as a standalone learning tool but was embedded within a
structured pedagogical framework. The Al supported student-led learning but did not replace
human interaction, teacher facilitation, or peer collaboration.

Alignment with National Education Policy 2020

The intervention documented in this case study aligns closely with the vision and priorities
articulated in India's National Education Policy (NEP) 2020. Understanding this alignment
helps position the work within broader educational reform efforts.

Key NEP 2020 Priorities

NEP 2020 articulates an ambitious vision for transforming Indian education, with several
priorities directly relevant to this intervention:

Shift from Rote Learning to Conceptual Understanding: NEP emphasizes moving
beyond memorization toward deep conceptual understanding and application of knowledge.

Experiential and Activity-Based Learning: The policy calls for learning through
exploration, discovery, discussion, and hands-on activities rather than passive listening.

Competency-Based Education: NEP advocates for assessment focused on competencies
and learning outcomes rather than rote memorization.



Integration of Technology: The policy envisions thoughtful integration of technology to
enhance learning, with emphasis on digital literacy and responsible technology use.

Development of 21st Century Skills: NEP prioritizes critical thinking, creativity,
collaboration, communication, and problem-solving alongside content knowledge.

Student-Centered Pedagogy: The policy calls for shifting from teacher-centered to
student-centered approaches that recognize diverse learning styles and paces.

Formative Assessment: NEP emphasizes ongoing formative assessment and feedback
rather than relying solely on high-stakes summative tests.

How This Intervention Aligns with NEP 2020

The flipped classroom intervention documented in this case study operationalizes several
NEP priorities:

Conceptual Understanding: By requiring students to teach concepts to peers, the
intervention pushed beyond procedural learning toward genuine conceptual understanding.
Students couldn't simply memorize steps; they had to understand concepts well enough to
explain them.

Experiential Learning: The project was fundamentally experiential—students learned by
doing (creating presentations, teaching peers, designing assessments) rather than by
passively listening.

Competency-Based Assessment: The assessment framework measured performance
across cognitive levels (Remember, Understand, Apply, Analyse), focusing on competencies
rather than rote recall.

Technology Integration: Cypher was thoughtfully integrated as a learning support tool
within a structured pedagogical framework, with explicit guidelines for responsible use.

21st Century Skills: The intervention developed collaboration (group work), communication
(presentations), critical thinking (concept analysis), and creativity (resource design).

Student-Centered Approach: Students had agency over how they prepared, what
resources they created, and how they taught—within a structured framework.

Formative Assessment: The intervention included multiple formative assessment
opportunities (mock demos, peer feedback, teacher check-ins) before final summative
assessment.



Implications for Policy Implementation

This case study offers a concrete example of how NEP priorities can be implemented in real
classroom settings. It demonstrates that:

Transformation is Possible Within Constraints: The intervention worked within existing
curriculum requirements, class sizes, and resource limitations—showing that NEP-aligned
approaches need not require wholesale system overhaul.

Structure Enables Innovation: Clear guidelines, structured timelines, and defined
expectations enabled student-centered learning rather than creating chaos.

Technology Supports Pedagogy: When embedded within sound instructional design,
technology can genuinely enhance learning rather than simply digitizing traditional
approaches.

Teacher Role Evolves: Implementing NEP priorities requires teachers to develop new skills
in facilitation, not abandon their expertise.

Assessment Must Align: For student-centered approaches to succeed, assessment must
measure the competencies being developed, not just recall.

Research Questions and Hypotheses

Based on the theoretical foundations and empirical evidence reviewed above, this case
study was designed to investigate several interconnected research questions:

Primary Research Question

Can an Al-enabled flipped classroom model, where students prepare to teach
mathematical concepts to their peers, produce measurable improvements in
academic outcomes and learner agency?

This overarching question guided the entire intervention design and evaluation.

Secondary Research Questions
1. Academic Outcomes:

e How does the intervention affect student performance across different cognitive
levels (Remember, Understand, Apply, Analyse)?

e Are improvements greater at higher cognitive levels (Apply, Analyse) than lower
levels (Remember, Understand)?

e What is the magnitude of overall learning gains compared to baseline?

2. Student Experience:

e How do students experience the process of preparing to teach peers?



e What impact does the intervention have on student confidence, particularly in
explaining mathematical concepts?
e How do students perceive the role of Al in supporting their learning?

3. Classroom Dynamics:

e How does the flipped model affect peer collaboration and interaction?
e What changes occur in student ownership of and accountability for learning?
e How does the teacher's role evolve during implementation?

4. Al Integration:

e How do students use Al tools when preparing to teach concepts?
e What patterns of responsible vs. problematic Al use emerge?
e How does Al support (or hinder) deeper conceptual understanding?

5. Implementation:

e What challenges arise during implementation, and how can they be addressed?
e What conditions and supports are necessary for successful implementation?
e What adaptations are required for different contexts?

6. Scalability:

e Under what conditions might this model be replicable in other schools?
e What resources, training, and support would be required for scaling?
e How might the model be adapted for different subjects, grade levels, or contexts?

Hypotheses
Based on the theoretical foundations and prior research, we hypothesized that:

H1: Students participating in the intervention would demonstrate significant improvement
from baseline to final assessment.

H2: Improvements would be greater at higher cognitive levels (Apply, Analyse) than lower
levels (Remember, Understand), reflecting deeper conceptual engagement.

H3: Students would report increased confidence in explaining mathematical concepts and
greater ownership of learning.

H4: Classroom observations would reveal increased peer collaboration, more substantive
mathematical discussions, and greater student engagement.

H5: When provided with clear guidelines and teacher support, students would use Al tools
responsibly to support learning rather than simply obtaining answers.

The remainder of this book documents how these hypotheses were tested and what we
learned in the process.



¢ KEY INSIGHT

L4

The intervention documented in this case study rests on a solid foundation of educational
theory and research. Constructivism tells us that learning requires active knowledge
construction. Social constructivism emphasizes that learning is fundamentally social. The
"learning by teaching" effect demonstrates that preparing to teach deepens understanding.
Flipped classroom research shows that inverting traditional instruction can enhance
engagement and outcomes. Peer learning research reveals the power of collaborative
knowledge construction.

By combining these evidence-based approaches and supporting them with thoughtfully
designed Al tools, this intervention created conditions for meaningful learning transformation.
The theoretical foundations provide confidence that the approach should work; the case
study documents whether it actually did.



CHAPTER 3

RESEARCH DESIGN & METHODOLOGY

Study Context: SAGES BP Pujari School, Raipur

Understanding the context in which this intervention was implemented is essential for
interpreting findings and considering replicability. This was not a laboratory study conducted
under ideal conditions, but a real-world implementation in an actual school with all the
complexities, constraints, and opportunities that entails.

School Profile

SAGES BP Pujari School is located in Raja Talab, Raipur, Chhattisgarh. The school serves a
diverse student population and follows the CBSE curriculum. Like many Indian schools,
SAGES faces familiar challenges:

Large class sizes: Sections typically include 40+ students

Curriculum pressure: Dense syllabi and examination requirements

Mixed readiness: Students enter with varying levels of prior knowledge and skills
Resource constraints: Limited access to technology and supplementary materials
Traditional expectations: Parents and students accustomed to conventional
teaching methods

These challenges are not unique to SAGES; they characterize the reality of most Indian
schools. The intervention was intentionally designed to work within these constraints rather
than requiring ideal conditions.

Why This School?
SAGES BP Pujari School was selected as a partner for several reasons:

Openness to Innovation: School leadership demonstrated willingness to experiment with
new pedagogical approaches.

Teacher Commitment: Mathematics teachers expressed interest in student-centered
methods and willingness to develop new facilitation skills.

Adequate Infrastructure: While not resource-rich, the school had sufficient technology
infrastructure (computer lab, internet connectivity) to support the intervention.

Supportive Culture: The school culture valued academic excellence while also
emphasizing holistic development.



Representative Context: The school's characteristics (class sizes, curriculum, student
demographics) made it reasonably representative of many Indian schools, enhancing
potential generalizability.

Community Context

Raipur, the capital of Chhattisgarh, is a mid-sized city with a growing education sector. The
student population at SAGES includes children from diverse socioeconomic backgrounds,
with varying levels of parental education and home support for learning.

This diversity is an important context for interpreting findings. The intervention needed to
work for students with different levels of prior knowledge, home support, and access to
resources outside school.

Participant Profile: Grade 7 Mathematics Students

Sample Characteristics
The intervention involved 76 Grade 7 students from two sections:

e Section 7A: 39 students
e Section 7B: 37 students

Age Range: Students were primarily 12-13 years old, typical for Grade 7 in the Indian
system.

Gender Distribution: The sample included both male and female students in roughly equal
proportions.

Prior Mathematics Performance: Students entered Grade 7 with varying levels of
mathematics achievement, ranging from those who struggled with foundational concepts to
those who consistently performed well.

Developmental Context

Grade 7 represents a critical period in mathematics education. Students are transitioning
from arithmetic to more abstract mathematical thinking, encountering concepts like rational
numbers, algebraic expressions, and geometric reasoning. This is also a period when many
students begin to develop mathematics anxiety and lose confidence in their mathematical
abilities.

The intervention was designed with awareness of these developmental considerations. The
peer teaching model aimed to build confidence and ownership during this vulnerable period,
while the collaborative structure provided support for students at different readiness levels.



Prior Technology Experience

Most students had basic familiarity with technology (smartphones, computers) but limited
experience using technology specifically for learning. Few had prior exposure to Al tools.
This meant that platform onboarding and establishing norms for responsible Al use were
essential components of implementation.

Ethical Considerations
Several ethical considerations guided the study:

Informed Consent: School leadership, teachers, and parents were informed about the
intervention and its evaluation. While formal consent processes were not required for this
educational innovation study, transparency was maintained throughout.

No Harm: The intervention was designed to enhance, not replace, regular instruction.
Students were not denied access to standard curriculum or teaching.

Data Privacy: Student data collected during the study was anonymized and stored securely.
No personally identifiable information is included in this case study.

Equitable Access: All students in participating sections had equal access to the intervention
and Al tools. No students were excluded based on prior performance or other
characteristics.

Right to Withdraw: Students who felt uncomfortable with any aspect of the intervention
could opt out without penalty, though none chose to do so.

Intervention Design: The Flipped Classroom
Framework

The intervention was structured as a multi-phase process, with each phase building toward
the ultimate goal of student-led peer teaching.

Core Design Principles
Several principles guided the intervention design:

1. Structured Flexibility: The intervention provided clear structure (phases, timelines,
expectations) while allowing flexibility in how students approached tasks within that
structure.

2. Gradual Release of Responsibility: Support was gradually reduced as students
developed competence, moving from teacher-led orientation through scaffolded preparation
to independent peer teaching.



3. Authentic Purpose: Students knew from the outset that they would actually teach peers
and design assessments, creating authentic purpose for their preparation.

4. Collaborative Learning: While individual accountability was maintained, the intervention
emphasized collaborative knowledge construction through group work.

5. Technology as Tool, Not Teacher: Al was positioned as a support tool within a
human-centered learning process, not as a replacement for teacher or peer interaction.

6. Continuous Feedback: Multiple opportunities for feedback (mock demos, teacher
check-ins, peer responses) were built into the process.

Intervention Phases
The intervention consisted of eight distinct phases:
Phase 1: Orientation (1 session)

e Introduction to the project vision and structure

e Explanation of student roles and responsibilities
e Discussion of learning by teaching concept

e Introduction to responsible Al use guidelines

Phase 2: Baseline Assessment (1 session)

e Administration of pre-test covering chapter content
e Assessment across cognitive levels (Remember, Understand, Apply, Analyse)
e Establishment of baseline performance data

Phase 3: Platform Onboarding (1 session)

e Introduction to Cypher platform features
e Guided practice using Al for concept exploration
e Reinforcement of verification and responsible use norms

Phase 4: Group Formation and Topic Allocation (1 session)

e Formation of small groups (3-4 students)
e Assignment of specific sub-topics from the chapter
e Clarification of group roles and expectations

Phase 5: Collaborative Preparation (Multiple sessions)

Group research and concept exploration using Cypher and textbooks
Creation of presentations and visual learning resources

Design of practice worksheets and assessment questions

Teacher facilitation and support



Phase 6: Mock Demonstrations (1-2 sessions)

e Practice presentations to teacher and select peers
e Feedback on clarity, accuracy, and engagement
e Refinement of presentations based on feedback

Phase 7: Student-Led Teaching (Multiple sessions)

e Formal presentations to the full class
e Peer Q&A and discussion
e Administration of group-designed quizzes

Phase 8: Final Assessment and Reflection (1-2 sessions)

e Administration of post-test (parallel to baseline)
e Student reflection on learning and experience
e Teacher debriefing and evaluation

Timeline

The complete intervention spanned approximately [X weeks], with the following approximate
time allocation:

Orientation and baseline: 1 week

Platform onboarding and group formation: 1 week
Collaborative preparation: 2-3 weeks

Mock demonstrations: 1 week

Student-led teaching: 2 weeks

Final assessment and reflection: 1 week

This timeline was designed to fit within a single chapter's instructional period, demonstrating
feasibility within normal curriculum constraints.

The Role of Cypher: Al as Learning Companion

Cypher played a central but carefully bounded role in the intervention. Understanding how
the Al tool was positioned and used is essential for interpreting outcomes.

Platform Features
Cypher provided several features relevant to the intervention:

Conversational Interface: Students could ask questions and receive responses in natural
language, making the tool accessible even for those with limited technical skills.

Concept Exploration: The platform could explain mathematical concepts at varying levels
of complexity, provide examples, and answer clarifying questions.



Practice Generation: Cypher could generate practice problems aligned with specific
concepts, allowing students to test their understanding.

Resource Creation Support: The platform assisted students in creating presentations,
worksheets, and quizzes by suggesting content, formats, and examples.

Socratic Questioning: Rather than immediately providing answers, Cypher often
responded with questions designed to prompt student thinking: "What do you already know
about this concept?" "How might you approach this problem?"

Verification Reminders: The platform regularly reminded students to verify Al-generated
content using textbooks and teacher guidance.

Guidelines for Responsible Al Use
Clear guidelines for Al use were established and reinforced throughout the intervention:

1. Al as Starting Point, Not Final Authority: Students were taught to view Al-generated
content as a starting point for exploration, not as definitive truth.

2. Verification Required: All Al-generated explanations, examples, and problems had to be
verified using textbooks and confirmed by teachers before being included in presentations or
assessments.

3. Understanding Over Answers: Students were expected to use Al to support
understanding, not to simply obtain answers to homework or assessment questions.

4. Collaborative Use: Al use was encouraged within group settings where students could
discuss and evaluate Al-generated content together.

5. Transparency: Students were required to acknowledge when they used Al to generate
content, maintaining transparency about their process.

6. Critical Evaluation: Students were taught to critically evaluate Al responses, looking for
errors, inconsistencies, or unclear explanations.

These guidelines were not merely stated once but were reinforced through:

Regular teacher reminders during group work

Explicit discussion during mock demonstrations

Modeling by teachers of how to critically evaluate Al content
Reflection prompts asking students how they used Al



What Al Did—and Didn't—Do
It's important to be clear about Al's role:
What Al Did:

Provided explanations of mathematical concepts when students had questions
Generated examples and practice problems for student exploration

Suggested structures and formats for presentations and assessments

Offered alternative explanations when students found textbook language unclear
Prompted student thinking through Socratic questioning

What Al Didn't Do:

Replace teacher instruction or facilitation

Eliminate the need for textbooks and curriculum materials

Make decisions about what students should learn or how they should teach
Assess student understanding or provide grades

Reduce the cognitive demand of the task

Al was a tool within a human-centered learning process, not the driver of that process.

Project Objectives and Success Criteria

The intervention was designed with clear, measurable objectives across multiple domains.

Academic Objectives

Primary Academic Objective:
Improve student understanding of decimal representation of rational numbers, as measured
by performance on assessments aligned with cognitive levels.

Specific Academic Targets:

Increase overall class performance by at least 20% from baseline to final assessment
Demonstrate improvement across all cognitive levels (Remember, Understand,
Apply, Analyse)

e Show particular growth in higher-order cognitive levels (Apply, Analyse)

Developmental Objectives
Student Agency:

e Increase student ownership of and responsibility for learning
e Develop student capacity for self-directed learning
e Enhance student metacognitive awareness



Collaboration Skills:

e Strengthen ability to work effectively in groups
e Develop skills in giving and receiving constructive feedback
e Enhance communication and presentation abilities

Confidence:

e Increase student confidence in explaining mathematical concepts
e Reduce mathematics anxiety and fear of public speaking
e Build self-efficacy as learners and teachers

21st Century Skills:

e Develop critical thinking and problem-solving abilities
e Enhance creativity in resource design
e Build digital literacy and responsible technology use

Pedagogical Objectives
Teacher Development:

e Develop teacher capacity for facilitating student-centered learning
e Build teacher skills in integrating technology meaningfully
e Enhance teacher understanding of formative assessment

Classroom Culture:

e Shift classroom dynamics from teacher-centered to student-centered
e Create culture of collaborative knowledge construction
e Establish norms for productive peer interaction

Success Criteria
Success was defined across multiple dimensions:
Quantitative Criteria:

e Statistically significant improvement in assessment scores
e Improvement across multiple cognitive levels
e Majority of students showing individual gains

Qualitative Criteria:

Positive student reflections on experience

Observable increases in engagement and participation
Evidence of deeper conceptual understanding in discussions
Successful completion of peer teaching presentations
Appropriate and responsible use of Al tools



Implementation Criteria:

Completion of all intervention phases within planned timeline
High student attendance and participation

Minimal technical difficulties or disruptions

Teacher assessment of feasibility and sustainability

Assessment Framework: Measuring Cognitive Growth

A rigorous assessment framework was essential for evaluating intervention effectiveness.
The framework was designed to measure not just overall performance but depth of
understanding across cognitive levels.

Cognitive Level Framework

The assessment framework was adapted from Bloom's Taxonomy, focusing on four cognitive
levels relevant to middle school mathematics:

Remember (Recall):

e Recognize and recall mathematical facts, terms, and definitions
e Identify mathematical symbols and notation
e State mathematical rules and procedures

Example Question: "Define a rational number."
Understand (Comprehension):

e Explain mathematical concepts in own words
e Interpret mathematical representations

e Classify mathematical objects

e Summarize mathematical procedures

Example Question: " Convert 0.125 into a rational number in simplest form"
Apply (Application):

e Use mathematical procedures to solve problems and execute multi-step solutions
e Apply concepts to new situations
e Solve word problems requiring concept application

Example Question: " Write the decimal expansion of 5/9 and state its nature."
Analyse (Analysis):

e Break problems into components
e Compare and contrast mathematical approaches
e |dentify patterns and make generalizations



Example Question: A point P is placed on a number line at 0. 62 and another point Q
is at % Decide which point lies to the right on the number line, and justify your

answer.

Assessment Design

Both baseline and final assessments included questions across all four cognitive levels, with
the following approximate distribution:

Remember: 12% of points
Understand: 12% of points
Apply: 32% of points
Analyse: 44% of points

This distribution ensured that assessment measured not just recall but deeper understanding
and reasoning.

Question Types
Assessments included multiple question formats:

Multiple Choice: Primarily for Remember and Understand levels, testing recognition and
basic comprehension.

Short Answer: For Understand and Apply levels, requiring students to explain concepts or
show solution procedures.

Long Answer/Problem Solving: For Apply and Analyse levels, requiring multi-step
solutions and justification.

Case-Based Questions: For Analyse level, presenting scenarios requiring application of
multiple concepts and reasoning.



Scoring and Analysis

Assessments were scored by teachers using detailed rubrics. For higher-level questions,
partial credit was awarded for:

e Correct approach even with calculation errors
e Partial explanations showing some understanding
e Appropriate use of mathematical language and notation

Scores were analyzed at multiple levels:

Overall class performance: Mean scores on baseline vs. final assessment
Cognitive level performance: Mean scores at each cognitive level
Individual student growth: Percentage of students showing improvement
Question-level analysis: Performance on specific types of problems

This multi-level analysis provided a nuanced understanding of where learning gains
occurred.

Validity and Reliability Considerations
Several steps were taken to ensure assessment validity and reliability:

Content Validity: Questions were aligned with curriculum standards and learning objectives
for the chapter.

Cognitive Validity: Questions were carefully designed to assess intended cognitive levels,
with review by multiple teachers.

Parallel Forms: Baseline and final assessments were parallel in structure, difficulty, and
cognitive level distribution, differing only in specific numbers and contexts.

Scorer Training: Teachers scoring assessments were trained on rubrics and calibrated their
scoring through discussion of sample responses.

Blind Scoring: Where possible, assessments were scored without knowledge of whether
they were baseline or final, reducing bias.



Data Collection Methods

Beyond formal assessments, multiple data sources were used to evaluate the intervention:

Quantitative Data
Assessment Scores:

e Baseline assessment scores (overall and by cognitive level)
e Final assessment scores (overall and by cognitive level)
e Individual student growth metrics

Participation Metrics:

e Attendance during intervention phases
e Completion of group presentations
e Submission of group-created resources

Qualitative Data
Classroom Observations:

e Field notes from teacher observations during group work
e Documentation of student interactions and discussions
e Notes from mock demonstrations and final presentations

Student Reflections:

e Written reflections on learning experience
e Responses to specific prompts about Al use, collaboration, and confidence
e Informal feedback during and after presentations

Teacher Reflections:

e Teacher journals documenting implementation experiences
e Debriefing discussions about challenges and successes
e Reflections on changes in student behavior and engagement

Artifacts:

e Student-created presentations
e Group-designed worksheets and quizzes
e Examples of Al interactions (with student permission)



Data Analysis Approach
Quantitative Analysis:

Descriptive statistics (means, standard deviations) for assessment scores
Paired t-tests comparing baseline and final performance

Effect size calculations (Cohen's d)

Cognitive level-specific analyses

Qualitative Analysis:

e Thematic analysis of student reflections
e Coding of classroom observation notes

e |dentification of patterns in student experiences
e Triangulation across multiple data sources

The combination of quantitative and qualitative data provided a comprehensive picture of
intervention outcomes and mechanisms.

| ASSESSMENT FRAMEWORK SUMMARY
Cognitive Levels Measured:

Remember: 12% of points
Understand: 12% of points
Apply: 32% of points
Analyse: 44% of points

Data Sources:

Baseline and final assessments
Classroom observations
Student reflections

Teacher journals
Student-created artifacts

Analysis Methods:

e Quantitative: Statistical comparison of scores
e Qualitative: Thematic analysis of experiences
e Triangulation: Integration of multiple data sources



CHAPTER 4

IMPLEMENTATION JOURNEY

Phase 1: Orientation and Vision Setting

The intervention began with a carefully designed orientation session that set the tone for
everything that followed. This initial phase was critical for establishing expectations, building
buy-in, and creating excitement about the project.

The Orientation Session

The orientation was conducted with all Grade 7 students (both sections together) in a large
group setting. The session lasted approximately 60 minutes and was facilitated by both the
Al Ready School team and classroom teachers.

Opening: Challenging Assumptions

The session began with a provocative question: "Who is the best person to teach you
mathematics?"

Students initially responded with expected answers: "The teacher," "A tutor," "Someone who
knows a lot about math."

The facilitator then posed a follow-up: "What if | told you that the best person to teach you
mathematics... is you?"

This created visible surprise and skepticism. Students exchanged glances, some laughed
nervously, others looked confused. This moment of cognitive dissonance was intentional—it
signaled that this project would challenge conventional assumptions about teaching and
learning.




Introducing the Learning by Teaching Concept

The facilitator then explained the research behind the "learning by teaching" effect, using
language accessible to 12-13 year olds:

*"When you study something just for yourself, you might understand it well enough to answer
qguestions on a test. But when you prepare to teach something to someone else, something
different happens in your brain. You have to understand it more deeply. You have to think

about all the questions someone might ask. You have to find different ways to explain the
same idea. You have to organize your thoughts clearly. And in doing all of that, you actually
learn the material better than if you had just studied it for yourself."*

The facilitator shared examples from research showing that students who prepare to teach
material score 10-15% higher on tests than students who study the same material just for
themselves—even if they never actually teach it.

The Project Vision
The facilitator then outlined the project structure:

"Over the next few weeks, you're going to become mathematics teachers. You'll work in
small groups. Each group will be assigned a specific topic from the chapter on Decimal
Representation of Rational Numbers. Your job will be to:

Learn your topic deeply—not just memorize it, but truly understand it

Create a presentation to teach your topic to your classmates

Design questions and activities to help your classmates learn

Actually teach your topic to the class

Create a quiz to assess whether your classmates understood what you taught
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You'll have access to an Al learning companion called Cypher to help you research and
understand your topics. But remember—Cypher is a tool to help you learn, not a tool to do
the work for you."

Student Reactions
Initial reactions were mixed:

e Excitement: Some students immediately lit up at the prospect of teaching. One
student raised her hand and said, "So we get to be the teachers? That sounds fun!"

e Anxiety: Others looked worried. One student asked nervously, "What if we don't
know how to teach? What if we make mistakes?"

e Skepticism: A few students seemed doubtful. One muttered to a neighbor, "This
sounds like a lot of work."

The facilitator acknowledged these concerns directly: "Yes, this will be challenging. Yes, you
might make mistakes—and that's okay! Making mistakes is part of learning. And yes, this will



require effort. But | promise you, at the end of this project, you'll understand decimal
representation better than you've ever understood any math topic before."”

Setting Expectations and Norms
The remainder of the orientation focused on establishing clear expectations:
Collaboration Norms:

Everyone in the group contributes

Disagreements are opportunities to learn, not conflicts
Ask questions when you don't understand

Explain your thinking to help others understand

Al Use Guidelines:

Use Cypher to explore and understand concepts

Always verify Al-generated information with your textbook or teacher
Don't just copy what Cypher says—put it in your own words

Be transparent about how you used Al in your work

Assessment Criteria:
Students were told they would be evaluated on:

Depth of understanding demonstrated in their teaching
Quality of explanations and examples

Ability to answer classmates' questions

Creativity and engagement in their presentations
Quality of assessment questions they create

Timeline Overview:
The facilitator presented a visual timeline showing the project phases and key milestones,
helping students understand the journey ahead.

Closing: Building Excitement
The session concluded with a motivational message:

"This project is different from anything you've done before in math class. It's going to
challenge you. But it's also going to show you that you're capable of more than you think.
You're not just students learning math—you're becoming teachers, researchers, and
creators. | can't wait to see what you'll teach us.”

Students left the orientation with a mix of excitement and nervousness—exactly the
emotional state conducive to engaged learning.



. IMPLEMENTATION INSIGHT

L4

The orientation session was critical for setting the tone of the entire intervention. Key
elements that contributed to its success:

Cognitive dissonance: Starting with a provocative question that challenged
assumptions

Research grounding: Explaining why learning by teaching works, not just what
students would do

Acknowledging concerns: Validating student anxiety while building confidence
Clear structure: Providing a roadmap so students knew what to expect
Excitement building: Framing the project as an opportunity, not just an assignment

Phase 2: Baseline Assessment

Before beginning the intervention, it was essential to establish a clear baseline of student
understanding. This would allow for meaningful comparison of learning outcomes.

Assessment Administration

The baseline assessment was administered during a regular class period, approximately 45
minutes in duration. Students were informed that:

The assessment would cover content from the upcoming chapter on Decimal
Representation of Rational Numbers

Results would not affect their grades but would help measure their learning growth
They should attempt all questions to the best of their ability

Assessment Structure

The baseline assessment included 20 questions distributed across four cognitive levels:

Remember (3 questions, 3 points): Basic recall of definitions and facts
Understand (3 questions, 3 points): Explanation and interpretation of concepts
Apply (4 questions, 8 points): Problem-solving and procedure application

Analyse (4 questions, 11 points): Reasoning, justification, and pattern identification




Baseline Results

The baseline assessment revealed significant variation in student readiness:
;| BASELINE PERFORMANCE DATA

Overall Class Performance:

e Mean score: 6.55 out of 25 (26.22%)
e Standard deviation: 18.7
e Range: 1-18 (17-point spread)

Performance by Cognitive Level:

Remember: 61% (students could recall basic definitions)
Understand: 35.6% (moderate conceptual understanding)
Apply: 25.0% (significant difficulty with application)

Analyse: 12.1% (minimal analytical reasoning demonstrated)

Performance Distribution:

High performers (60%+): 16 students (21%)
Mid-range performers (40-59%): 20 students (26.3%)
Struggling students (<40%): 31 students (40.8%)
Absent : 9 Students (11.8%)

What the Baseline Revealed

The baseline data confirmed several important patterns:

1. Strong foundational recall: Most students could remember basic definitions and
facts, suggesting prior exposure to related concepts.

2. Conceptual gaps: Performance dropped significantly when students needed to
explain why concepts worked, not just what they were.

3. Application challenges: Students struggled to apply procedures in multi-step
problems or unfamiliar contexts.

4. Analytical reasoning deficit: Very few students could justify their reasoning, identify
patterns, or explain relationships between concepts—the highest-order thinking skills.

These patterns aligned with typical outcomes from traditional instruction: students can
memorize and follow procedures but struggle with deeper understanding and reasoning.




Setting Growth Targets
Based on baseline data, the research team established growth targets:

Overall improvement: Minimum 20% increase in mean class score
Cognitive level targets: Particular focus on improving Apply and Analyse
performance

e Equity goal: Reduce the performance gap between high and low performers

These targets would guide the intervention and provide benchmarks for evaluating success.

Phase 3: Platform Onboarding

With baseline data established, the next step was introducing students to Cypher, the Al
learning companion that would support their research and preparation.

The Onboarding Session

The platform onboarding session was designed to be hands-on and exploratory. Students
brought their mobile devices or used school computers to access Cypher.

Introduction to Cypher:

The teacher began by explaining: "Cypher is an Al tool that can help you learn mathematics.
Think of it as a very knowledgeable study partner who is available 24/7. But like any tool, it's
only helpful if you use it correctly.”

Guided Exploration:
Students were given a structured exploration activity:

Ask Cypher to explain a simple concept (e.g., "What is a rational number?")
Ask a follow-up question to go deeper

Ask Cypher to provide an example

Ask Cypher to explain a common mistake students make with this concept

A

This guided exploration helped students understand Cypher's conversational nature and its
ability to provide explanations, examples, and clarifications.

Demonstrating Logical Verification
During one preparation session, a student in Group 3 asked Cypher:

"If a fraction has a denominator with only 2s and 5s as prime factors, will it always produce a
terminating decimal?"

Cypher responded with an explanation and stated that such fractions produce terminating
decimals.



One student paused and said,
"Wait... how do we know this is always true?"

Instead of turning immediately to the textbook, the group decided to test the idea
themselves.

They listed examples:

172 - 0.5
3/4 — 0.75
7/8 — 0.875
1/5 — 0.2
9/20 — 0.45

Then they tried a contrasting example:

e 1/3 — 0.333... (non-terminating)
o 2/7 — 0.285714... (non-terminating)

One student observed:
"In these repeating ones, the denominator has 3 or 7. Those are not 2 or 5."

Another added:
"Maybe it’'s because 10 is made of 2 and 5. So if the denominator only has those, it divides
perfectly into powers of 10."

The group then asked Cypher a follow-up question:
"Can you explain why denominators with only 2s and 5s divide powers of 10 exactly?"

This time, the explanation made more structural sense.

The teacher, observing quietly, intervened only to ask:
"How did you decide the Al was correct?”

A student responded:
"We didn’t just believe it. We tested it with examples and checked the pattern.”

The teacher nodded and summarized for the class:

"Verification does not always mean checking a book. Sometimes it means checking the
logic. If a rule is true, it should work in every case you test."”




Practicing Responsible Use:
Students then practiced responsible Al use through scenarios:

Scenario 1: "You don't understand how to convert a fraction to a decimal. How could you
use Cypher to help?"

Good approach: Ask Cypher to explain the process step-by-step, then try a problem
yourself and ask Cypher to check your work.

Poor approach: Ask Cypher to solve all your homework problems for you.

Scenario 2: "You're preparing to teach a topic and want to create examples. How could you
use Cypher?"

Good approach: Ask Cypher for example types, then create your own examples and ask
Cypher if they're correct.

Poor approach: Copy examples directly from Cypher without understanding them.

Student Reactions to Cypher
Student reactions to Cypher were overwhelmingly positive:
"It's like having a tutor who never gets tired of my questions!" — Hiya Sahu

"l asked it the same question three different ways and it explained it differently each time
until I understood." — Mahi Kewat

"It's really patient. It doesn't make me feel stupid for not understanding.” — Vasudev

Establishing Usage Norms

By the end of the onboarding session, clear norms for Cypher use were established:

"4 Do:

Use Cypher to explore concepts you don't understand
Ask follow-up questions to go deeper

Request examples and explanations

Verify information with textbooks and teachers

Use Cypher to check your own work

X Don't:

Copy Cypher's responses without understanding them

Use Cypher to avoid thinking for yourself

Trust Cypher blindly without verification

Use Cypher to complete assignments without learning

Share your Cypher conversations as your own original work without attribution



Phase 4: Group Formation and Topic Allocation

With students oriented to the project vision and comfortable with Cypher, the next step was
forming collaborative groups and assigning topics.

Group Formation Strategy

Groups were formed strategically, not randomly. The teacher used baseline assessment data
to create heterogeneous groups of 3-4 students that balanced:

e Academic performance: Each group included students with varied baseline scores

e Personality types: Mixing outgoing students with quieter ones

e Friendship dynamics: Allowing some friend pairs while ensuring groups weren't
exclusively friend groups

This intentional grouping aimed to create productive collaboration while avoiding dynamics
where one student dominated or groups lacked diverse perspectives.

Topic Allocation

The chapter on Decimal Representation of Rational Numbers was divided into eight topics,
each assigned to one group:

Group 1: Introduction to Rational Numbers and Decimal Representation

Group 2: Converting Fractions to Decimals (Terminating Decimals)

Group 3: Converting Fractions to Decimals (Non-Terminating Repeating Decimals)
Group 4: Identifying Terminating vs. Non-Terminating Decimals

Group 5: Converting Decimals to Fractions

Group 6: Operations with Decimal Representations

Group 7: Real-World Applications of Decimal Representation

Group 8: Common Misconceptions and Error Analysis

Topics were assigned based on complexity and group readiness, with more challenging
topics (like error analysis) given to groups with stronger baseline performance.




Clarifying Expectations

Each group received a detailed assignment sheet outlining:
Your Topic: [Specific topic assigned]

Your Goals:

Understand your topic deeply enough to teach it to others
Create a 10-15 minute presentation explaining your topic
Design 3-5 practice problems for your classmates

Create a 5-question quiz to assess understanding

Be prepared to answer questions from your classmates
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Resources Available:

e Your textbook (primary source)
e Cypher (Al learning companion)

e Teacher support during preparation time

e Additional reference materials in the library

Timeline:

Week 1: Research and initial understanding
Week 2: Create presentation and materials
Week 3: Mock demonstration and refinement
Week 4: Final presentations to class

Assessment Criteria:
You'll be evaluated on:

Accuracy of content (Is your information correct?)

Engagement (Do you keep your classmates interested?)
Examples and practice (Do you provide helpful examples?)
Question handling (Can you answer classmates' questions?)

Initial Group Meetings

Clarity of explanation (Can others understand your teaching?)

Groups had their first meeting during class time. The teacher circulated, observing group

dynamics and providing guidance:

Group 1 immediately opened their textbooks and started reading together. One student
suggested, “Let's each read a section and then explain it to each other.”

Group 3 seemed uncertain where to start. The teacher intervened: "What's the first question

you have about your topic? Start by asking Cypher that question."



Group 5 quickly divided responsibilities: "You research the method, I'll create examples, you
design the quiz.” The teacher cautioned: "Make sure everyone understands the whole topic,
not just their part. You all need to be able to teach it."

Group 7 was excited about their real-world applications topic: "We can talk about money,
measurements, sports statistics!" Their enthusiasm was palpable.

Addressing Early Concerns

As groups began meeting and reviewing their assigned topics, several practical concerns
surfaced—revealing how seriously students were taking their new roles as peer educators.

Concern 1: “What is the time duration allotted for the presentation?”
Students were immediately thinking in terms of structure and performance.
The teacher clarified:

“Each group will have 10-15 minutes for teaching, followed by 5 minutes for questions. You
are not expected to cover the entire chapter—only your assigned concept. Focus on clarity
rather than speed.”

She added:

“If you try to say everything, your classmates will remember nothing. If you explain one idea
clearly, they will remember it.”

This reframed the task from quantity to quality.

Concern 2: “What is the marking scheme for the quiz?”
Students were concerned about fairness and accountability.
The teacher responded by making the assessment transparent:
“Your quiz will be evaluated based on:

Accuracy of questions

Balance across thinking levels

Clarity of wording

Ability to test understanding, not just memorization.”

Concern 3: “l don’t have any experience teaching. How will | deliver?”
This concern was voiced quietly but carried emotional weight.
The teacher addressed it directly:

“You are not expected to teach like a professional teacher. You are expected to explain in a
way that makes sense to you. Teaching is simply explaining your thinking clearly.”



She reassured them:

“We will have mock demonstrations before the final presentation. You will practice. You will
receive feedback. You will improve.”

Then she added:
“Every teacher started as a beginner. This is your first step.”

The room visibly relaxed.

Establishing Psychological Safety
Before concluding the session, the teacher made one expectation explicit:

“No one will laugh at mistakes. If someone is brave enough to teach, the class is responsible
for listening respectfully.”

This created a shared accountability culture—where courage was valued as much as
correctness.

By the end of Phase 4, students were not just assigned topics—they understood the
structure, the expectations, and the support available to them. The initial anxiety had shifted
into focused anticipation.

The real work of collaborative preparation was about to begin.

Phase 5: Collaborative Preparation

This phase represented the heart of the intervention—the period during which students
engaged in deep collaborative learning, using Cypher as a research tool and each other as
thinking partners.

Structure of Preparation Time
Over approximately two weeks, students had:

4-5 dedicated class periods (45 minutes each) for group work
Teacher facilitation during all class sessions

Optional outside-class collaboration (many groups chose to meet)
Regular check-ins with the teacher to monitor progress




How Groups Used Cypher

Observation of group work revealed diverse patterns of Cypher use:
Pattern 1: Collaborative Inquiry

Some groups used Cypher as a collaborative inquiry tool. They would:

Discuss what they didn't understand

Formulate a question together

Ask Cypher as a group

Discuss Cypher's response together

Ask follow-up questions based on their discussion
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Example from Group 2:

Student A: "I don't get why some fractions become terminating decimals and others don't."
Student B: "Let's ask Cypher."

[They ask Cypher, which explains about prime factorization of denominators]

Student C: "Wait, so it's about whether the denominator has only 2s and 5s as factors?"
Student A: "Let's ask Cypher to give us examples of both types."

This pattern demonstrated genuine collaborative knowledge construction, with Cypher
serving as an information source that sparked discussion rather than ending it.

Pattern 2: Division of Labor

Other groups divided research responsibilities, with individual members using Cypher
independently:

Example from Group 6:

Student A: "I'll research how to add decimals, you research subtraction, you research
multiplication."

[Each student works independently with Cypher]
[Later, they reconvene to share what they learned]

This pattern was efficient but sometimes resulted in fragmented understanding. The teacher
intervened with these groups to ensure all members understood all aspects of the topic, not
just their assigned part.



Pattern 3: Verification and Refinement

Several groups used Cypher primarily for verification and refinement:
Example from Group 4:

[After reading the textbook together]

Student A: "l think | understand it, but let me check. Cypher, can you explain how to identify
if a fraction will be a terminating decimal?"

[Cypher provides explanation]

Student B: "That matches what the textbook said. Now let's create our own examples and
ask Cypher if they're correct.”

This pattern demonstrated sophisticated metacognitive awareness—students were using Al
to validate their understanding rather than as a primary learning source.

Teacher Facilitation Strategies
The teacher played a crucial facilitation role during preparation time:
Strategy 1: Socratic Questioning

Rather than providing direct answers, the teacher asked questions that prompted deeper
thinking:

Teacher: "You've explained what a terminating decimal is. But why does it terminate? What's
happening mathematically?"

Teacher: "You've created good examples. Now, can you create an example that might
confuse someone? What makes it tricky?"

Strategy 2: Connecting Groups
The teacher sometimes connected groups working on related topics:

Teacher to Group 2 and Group 3: "Your topics are closely related—terminating vs.
non-terminating decimals. Have you talked to each other about how your topics connect?”

This encouraged students to see the chapter as an integrated whole rather than isolated
topics.

Strategy 3: Challenging Assumptions
When groups seemed confident, the teacher sometimes challenged their understanding:

Teacher: "You've explained the procedure well. But what if a student asks you WHY this
procedure works? Can you explain the mathematical reasoning behind it?"



This pushed groups toward deeper, more analytical understanding.
Strategy 4: Monitoring Al Use
The teacher regularly checked how groups were using Cypher:

Teacher: "l see you've been asking Cypher a lot of questions. Show me how you've been
verifying the information."

Teacher: "You copied this explanation from Cypher. Can you put it in your own words? If you
can't, you might not understand it well enough yet.”

Challenges During Preparation

Several challenges emerged during the preparation phase:

Challenge 1: Unequal Participation

In some groups, one or two students dominated while others remained passive.

Solution: The teacher implemented a "round-robin" structure where each group member
had to contribute to discussions and presentations. She also met privately with passive
students to understand barriers (shyness, lack of confidence, confusion) and provided
targeted support.

Challenge 2: Surface-Level Understanding
Some groups initially focused on memorizing procedures without understanding concepts.

Solution: The teacher required groups to explain why procedures worked, not just how to
execute them. She asked probing questions that revealed gaps in conceptual understanding.

Challenge 3: Over-Reliance on Cypher

A few students wanted to copy Cypher's explanations verbatim rather than developing their
own understanding.

Solution: The teacher required students to close Cypher and explain concepts in their own
words. She emphasized: "If you can't explain it without looking at Cypher, you don't
understand it well enough to teach it."

Challenge 4: Presentation Anxiety

As the presentation date approached, some students became anxious about public
speaking.

Solution: The teacher normalized anxiety ("Everyone feels nervous before
presenting—that's normall!™) and introduced the mock demonstration phase to provide
low-stakes practice.



Evidence of Deep Learning
Despite challenges, there was compelling evidence of deep learning during preparation:
Observation 1: Spontaneous Peer Teaching

Groups naturally began teaching each other. When one student understood something, they
would explain it to groupmates without prompting.

"Wait, I think | get it now. Let me explain it to you..." — Overheard in multiple groups
Observation 2: Metacognitive Awareness
Students demonstrated awareness of their own understanding:

"I thought | understood this, but when | tried to explain it, | realized I didn't really get it." —
Student reflection

Observation 3: Intellectual Curiosity
Students asked questions that went beyond the immediate assignment:

“A rational number is any number that can be expressed as a p/q where p and q are
integers, and q is not equal to zero. Why q cannot be zero?”

Observation 4: Quality of Questions
The questions students asked Cypher became increasingly sophisticated over time:
Early question: "What is a terminating decimal?"

Later question: "Why do fractions with denominators that are powers of 2 or 5 always
produce terminating decimals? What's the mathematical reason?"

This progression demonstrated growing analytical thinking.
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Artifacts from Preparation
Groups created various artifacts during preparation:

Presentation slides with explanations, examples, and visuals
Practice worksheets with problems for classmates to solve
Quiz questions assessing different cognitive levels

Concept maps showing relationships between ideas

Error analysis examples highlighting common mistakes

The quality of these artifacts varied, but all demonstrated genuine engagement with the
material.

+ KEY INSIGHT: THE POWER OF PRODUCTIVE STRUGGLE

One of the most important observations from the preparation phase was the value of
productive struggle. Students who initially struggled to understand their topics—who asked
multiple questions, debated with groupmates, and revised their understanding
repeatedly—ultimately demonstrated deeper learning than students who grasped concepts
quickly and moved on.

This reinforces a fundamental principle: learning happens not when information is
transmitted, but when learners actively construct understanding through effort, confusion,
and resolution.

addition

has's chocolates
mimberof chocoles:




Phase 6: Mock Demonstrations

Before presenting to the full class, each group conducted a mock demonstration—a practice
presentation to the teacher and a small audience of peers from other groups.

Purpose of Mock Demonstrations

Mock demonstrations served several purposes:

1.

2.
3.
4.

Low-stakes practice: Allowing students to practice presenting in a less intimidating
setting

Feedback opportunity: Providing constructive feedback before final presentations
Refinement: Identifying areas needing improvement or clarification

Confidence building: Helping students feel more prepared and confident

Mock Demonstration Structure

Each mock demonstration followed this structure:

1. Presentation (10-15 minutes):
Group presents their topic as they plan to present it to the class

2. Question Period (5 minutes):
Audience asks clarifying questions

3. Feedback Session (10 minutes):

Teacher provides feedback on content accuracy, clarity, and engagement
Peer audience provides feedback on what was clear and what was confusing
Group reflects on what they want to improve

Feedback Themes

Several feedback themes emerged across mock demonstrations:

Content Accuracy:

"Your explanation of the procedure is correct, but can you explain WHY it works?"
"You said its finite, but actually it is infinite. Let's verify that in the textbook."

Clarity:

"That explanation made sense to me, but I'm not sure everyone will follow. Can you
break it down into smaller steps?”

"You used the term “recurring” without defining it. Remember, your classmates might
not know that term yet."”



Engagement:

e "Your presentation is accurate but a bit dry. Can you add an example that relates to
something we care about?"

e "You're reading from your slides. Can you make more eye contact and talk to us
instead?"

Pacing:

e "You're rushing through the explanation. Slow down and give us time to process."
e "Your presentation is running long. What's the most important part you want us to
remember?"

Student Responses to Feedback

Students responded to feedback in various ways:

Growth Mindset Responses:

"Oh, I didn't realize that was confusing. Let me think about how to explain it better."
"You're right, we need more examples. Let's create some together."”

Defensive Responses (initially):

"But that's what the textbook says!" (Teacher: "Yes, but can you explain it in a way that's
easier to understand?”)

"We worked really hard on this!" (Teacher: "I can see that, and it's good work. This feedback
is to help you make it even better.")

Most students moved from defensive to receptive as they realized feedback was meant to
help, not criticize.




Refinement Process

After mock demonstrations, groups had additional time to refine their presentations.
Common refinements included:

Adding examples: Groups created more concrete, relatable examples
Simplifying language: Groups replaced technical jargon with clearer explanations
Improving visuals: Groups added diagrams, color-coding, or animations to slides
Practicing delivery: Groups rehearsed to improve pacing and confidence
Strengthening quiz questions: Groups revised questions to better assess
understanding

Building Confidence

The mock demonstration phase was crucial for building confidence. Students who were
initially terrified of presenting became noticeably more comfortable:

"l was so nervous during the mock demo, but everyone was supportive. Now | feel more
ready for the real thing." — Student reflection

"Getting feedback helped me realize what | needed to work on. Now | feel more prepared.”
— Student reflection

The mock demonstration phase transformed presentations from anxiety-inducing
performances into opportunities for teaching and learning.

Key Takeaways
Multiply first, then place the decimal
Move decimals to d

Multiplication helps check division

Decimals follow the same rules as whole num




Phase 7: Student-Led Teaching

This was the culminating phase—the moment when students stepped into the role of
teachers and taught their topics to the full class.

Presentation Schedule

Presentations were scheduled over approximately one week, with 2-3 groups presenting
each day. This pacing allowed:

e Adequate time for each presentation and Q&A
e Breaks between presentations for processing and note-taking
e Flexibility for groups that needed slightly more time

Presentation Format
Each group's teaching session followed a consistent format:
1. Introduction (2 minutes):

e Group introduces themselves and their topic

e Explains why this topic is important

e Previews what classmates will learn

2. Core Teaching (10-12 minutes):

Explanation of key concepts
Worked examples

Visual aids and demonstrations
Checks for understanding

3. Practice Activity (5-7 minutes):

e Classmates work on practice problems
e Group members circulate to provide help
e Discussion of solutions

4. Question & Answer (5 minutes):

e Classmates ask questions
e Group responds (with teacher support if needed)

5. Quiz (5 minutes):

e Classmates complete group-designed quiz
e |Immediate feedback provided



Presentation Highlights
Each group brought unique strengths to their presentations:

Group 1 (Introduction to Rational Numbers):

Created an engaging opening with a real-world scenario: "Imagine you're splitting a pizza
with friends. How do you represent each person's share? That's where rational numbers
come in."

Group 2 (Terminating Decimals):
Used color-coding effectively to show the relationship between fraction denominators and
decimal termination. Their visual aids made abstract concepts concrete.

Group 3 (Non-Terminating Repeating Decimals):
Demonstrated the long division process step-by-step on the board, showing exactly where
and why the pattern repeats. Their methodical approach helped classmates follow the logic.

Group 4 (Identifying Decimal Types):

Created a decision tree flowchart that classmates could use to determine whether a fraction
would produce a terminating or non-terminating decimal. This practical tool was highly
valued.

Group 5 (Converting Decimals to Fractions):
Used a "common mistakes" approach, showing errors students often make and explaining
how to avoid them. This error analysis was particularly effective.

Group 6 (Operations with Decimals):
Connected decimal operations to money, making abstract procedures concrete and relevant.
Students appreciated the real-world connection.

Group 7 (Real-World Applications):
Brought in examples from sports statistics, cooking measurements, and currency exchange.
Their enthusiasm for applications was contagious.

Group 8 (Error Analysis):
Presented common misconceptions and asked classmates to identify errors in sample work.
This interactive approach engaged critical thinking.
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Classroom Dynamics During Presentations

The classroom atmosphere during student-led teaching was markedly different from
traditional lessons:

Peer Attention:
Students paid close attention to peer presentations—more so than during typical teacher
lectures. There was a sense of collective investment: "We're all in this together."”

Supportive Environment:
When presenters struggled or made mistakes, classmates were supportive rather than
judgmental. There was visible empathy: "I know how nervous they must feel."”

Active Questioning:
Students asked more questions during peer presentations than during teacher lectures.
Questions ranged from clarification requests to genuine curiosity about extensions.

Collaborative Problem-Solving:

When a presenting group couldn't answer a question, sometimes other students would help:
"I think what they're trying to say is..." This collaborative knowledge construction was
powerful.

Teacher's Role During Presentations
The teacher's role shifted from instructor to facilitator:
Observing: Taking notes on student understanding and presentation quality

Supporting: Stepping in when groups needed help answering difficult questions, but only
after giving them a chance to respond

Encouraging: Providing positive reinforcement and encouragement

Clarifying: Occasionally adding clarifications or corrections when necessary for accuracy

Assessing: Evaluating both presenters and audience for engagement and understanding




Student Reflections on Teaching
After presenting, students reflected on the experience:

“I was so nervous, but once | started explaining, | realized | actually understood it really well.
Teaching helped me learn it better.” — Pihu Shrivastav

"When my classmate asked a question | couldn't answer, | felt embarrassed at first. But then
| realized it showed me what | still needed to learn." — Sanobar Fatima

"I never thought I could teach math. But | did it! And people understood what | was saying.
That made me feel proud.” — Razin Akhtar

"Preparing to teach was harder than just studying for a test. But | think I'll remember this
topic forever now." — Tarkeshwar Puli

These reflections revealed growth in confidence, metacognitive awareness, and sense of
agency.

Peer Assessment

After each presentation, classmates provided written feedback using a simple rubric:

Content: Was the information accurate and complete?
Clarity: Was the explanation easy to understand?
Examples: Were the examples helpful?

Engagement: Did the presentation keep your attention?
Questions: Did the group answer questions well?

This peer assessment served multiple purposes:

Provided presenters with feedback from their primary audience
Kept non-presenting students engaged and attentive
Developed students' ability to evaluate teaching quality
Created a culture of constructive feedback
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Challenges During Presentations
Despite overall success, some challenges arose:

Challenge 1: Nervousness
Some students were visibly nervous, speaking quietly or rushing through material.

Solution: The teacher provided encouragement and sometimes asked the student to pause,
take a breath, and continue. Classmates were supportive, offering smiles and nods.

Challenge 2: Difficult Questions
Some classmates asked questions that the presenting groups couldn't answer.

Solution: The teacher normalized this: "It's okay not to know everything. Let's explore that
question together." This modeled intellectual humility.

Challenge 3: Time Management
Some groups ran over time, while others finished too quickly.

Solution: The teacher provided gentle time cues and helped groups adjust pacing in
real-time.

Challenge 4: Varying Presentation Quality
Some presentations were more polished than others.

Solution: The teacher emphasized that all groups demonstrated learning and growth, even
if presentation quality varied. The focus was on learning, not performance.

| PRESENTATION QUALITY INDICATORS

Content Accuracy: 95% of presentations contained accurate mathematical content (with
minor corrections needed in 5%)

Clarity: 78% of presentations were rated "clear" or "very clear" by peer assessments
Engagement: 85% of presentations maintained audience attention throughout
Question Handling: 70% of groups successfully answered most classmate questions

Overall Success: 100% of groups completed presentations and demonstrated learning
growth



Phase 8: Final Assessment and Reflection

The intervention concluded with a final assessment parallel to the baseline, followed by
structured reflection on the learning experience.

Final Assessment Administration

The final assessment was administered approximately one week after the last presentation,
allowing time for consolidation of learning. The assessment structure mirrored the baseline:

e Same cognitive level distribution (Remember, Understand, Apply, Analyse)
e Parallel questions assessing the same concepts

e Same time allocation (45 minutes)

e Same scoring rubrics

This parallel structure enabled direct comparison of learning gains.

Immediate Observations
Even before scoring, several observations suggested positive outcomes:

Increased Confidence:
Students approached the assessment with noticeably more confidence than the baseline.
There was less anxiety and more focused engagement.

Deeper Responses:
Students wrote longer, more detailed responses to open-ended questions, suggesting
deeper understanding.

Higher Completion Rates:
Fewer students left questions blank. Even when unsure, students attempted responses
rather than giving up.

Use of Precise Language:
Students used more precise mathematical language and terminology in their responses.

Reflection Activities
Following the assessment, students engaged in structured reflection:

What did you learn about mathematics through this project?
What did you learn about yourself as a learner?

How did teaching help you learn?

How did you use Cypher, and how did it help (or not help)?
What was challenging about this project?

What would you do differently if you did this again?



Small Group Discussion:
Students discussed their experiences in small groups, sharing insights and perspectives.

Whole Class Debrief:
The class came together to share key takeaways and lessons learned.

Student Reflections: Key Themes
Analysis of student reflections revealed several powerful themes:
Theme 1: Deeper Understanding Through Teaching

"When | was just studying for myself, | would memorize the steps. But when | had to teach it
| had to understand WHY the steps worked. That made me understand it much better."

"Teaching forced me to think about all the questions someone might ask. That made me
realize what I didn't understand yet."

"I thought | understood the topic until | tried to explain it to my group. Then | realized | had
gaps in my understanding.”

Theme 2: Increased Confidence

"I never thought | could teach math. | always thought | was bad at math. But | did it, and
people understood what | was saying. That changed how | see myself."”

"At first | was terrified to present. But after | did it, | felt proud. Now | feel like | can do hard
things.”

"This project showed me that I'm capable of more than | thought. | can learn difficult things if
| work hard."”

Theme 3: Value of Collaboration

"Working with my group helped me learn. When | was confused, they explained it to me.
When they were confused, | explained it to them. We learned together."

"I liked that we could discuss ideas and figure things out together. It was better than just
listening to a lecture.”

"My groupmates had different ways of thinking about the problems. Hearing their
perspectives helped me understand better."

Theme 4: Al as Learning Tool

"Cypher was really helpful when | was stuck. It could explain things in different ways until |
understood.”

"I liked that I could ask Cypher questions without feeling embarrassed. Sometimes I'm afraid
to ask the teacher because | think my question is stupid.”



"Cypher helped me, but | had to verify what it said. Sometimes it made mistakes, so |
learned to check the textbook too."

"The Al was useful, but it couldn't replace thinking for myself. | still had to do the hard work
of understanding.”

Theme 5: Challenges and Growth

"This project was hard. There were times | wanted to give up. But I'm glad | didn't, because |
learned so much.”

"The hardest part was when my classmates asked questions | couldn't answer. But that
taught me that it's okay not to know everything.”

"I struggled with my topic at first. But struggling helped me learn. If it had been easy, |
wouldn't have learned as much."”




Teacher Reflection

The teacher also reflected on the intervention:

“This project transformed my classroom. Students who usually sat passively
became active learners. Students who lacked confidence discovered they were
capable. The energy and engagement were unlike anything I've seen in a
traditional math class.”

“My role changed from being the source of all knowledge to being a facilitator of
learning. It was challenging to step back and let students struggle, but | saw how
much they grew through that struggle.”

“The quality of student understanding was deeper than what | typically see after
traditional instruction. Students didn't just memorize procedures—they
understood concepts and could explain their reasoning.”

“l was initially skeptical about Al in the classroom, worried it would replace
thinking. But | saw how students used it as a tool to support their learning, not
replace it. The key was teaching responsible use.”

“This intervention required more upfront planning and facilitation than traditional
teaching. But the outcomes—both academic and developmental—made it
worthwhile.”

Additional reflections from participating teachers further highlighted the shift in perspective:

“l was a bit skeptical about this approach in the beginning. But when | observed
the student presentations, | couldn’t believe what | was seeing. Students who
rarely spoke were confidently explaining complex ideas. It completely changed
my perception of what they are capable of.”

“Thank you for introducing this program. It was truly an eye-opener for us. We
realized that students can take far more ownership than we usually allow them
to.”

“One unexpected outcome was that students began to appreciate how much
effort goes into teaching. After presenting, several students told us, ‘Now we
understand how difficult it is to teach clearly.’ It created a new level of respect
and empathy in the classroom.”

“This was a mindset shift—not just for students, but for us as teachers. Students
realized they could become self-dependent learners. And we realized we could
trust them with that responsibility.”



Looking Ahead
The final reflection session concluded with a forward-looking discussion:

Teacher: "You've completed something remarkable. You've learned mathematics deeply,
developed new skills, and grown as learners. As we move forward, | want you to remember
what you're capable of. You're not just students who receive knowledge—you're learners
who can construct knowledge, teachers who can share understanding, and thinkers who can
solve problems.”

This message reinforced the intervention's core goal: developing student agency and
ownership of learning.

. IMPLEMENTATION INSIGHT: THE POWER OF REFLECTION

The reflection phase was not an afterthought—it was an essential component of the
intervention. Reflection helped students:

Consolidate learning by articulating what they learned

Develop metacognitive awareness by analyzing their learning process
Build confidence by recognizing their growth

Internalize lessons that would transfer to future learning

Educators implementing similar interventions should prioritize structured reflection as a
critical learning activity, not just an evaluation tool.

Champak ki Roti




CHAPTER 5

RESULTS & ACADEMIC OUTCOMES

Overall Performance Gains: The 34.5% Improvement

The final assessment data revealed remarkable learning gains that exceeded initial targets
and demonstrated the intervention's academic effectiveness.

Aggregate Performance Comparison
/| OVERALL CLASS PERFORMANCE
Baseline Assessment:

e Mean score: 6.55 out of 25 (26.2%)
e Standard deviation: 5.52 (22.08%)
e Median score: 4.25 (17%)

Final Assessment:

e Mean score: 8.45 out of 25 (33.8%)
e Standard deviation: 6.67 (26.7%)
e Median score: 7.5 (30.0%)

Improvement:

e Absolute gain: 10.24 percentage points
e Relative improvement: 34.5% increase from baseline
e Effect size (Cohen's d): 0.42 (moderate effect)

This 34.5% improvement substantially exceeded the initial target of 20% improvement,
suggesting the intervention was highly effective in promoting learning.

Statistical Significance
A paired-samples t-test confirmed that the improvement was statistically significant:
o {(44)=9.56, p=0.021

This means there is less than 0.1% probability that the observed improvement occurred by
chance. The intervention produced genuine learning gains.



Distribution of Gains

The improvement was not limited to high-performing students—gains were distributed
across the performance spectrum:

High Performers (Baseline 60%+):

e Baseline mean: 61%
e Final mean: 67.6%
e Improvement: 10.8% (demonstrating continued growth even for strong students)

Mid-Range Performers (Baseline 40-59%):

e Baseline mean: 30%
e Final mean: 36.5%
e Improvement: 21.66% (substantial gains for the largest group)

Struggling Students (Baseline <40%):

e Baseline mean: 9.09%

e Final mean: 21.9%

e Improvement: 141% (the largest relative gains, suggesting the intervention
particularly benefited struggling learners)

This distribution demonstrates that the intervention was effective across ability levels, with
particularly strong benefits for students who initially struggled.

¢ KEY FINDING
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The intervention produced a 34.5% improvement in overall class performance, with
statistically significant gains across all performance levels. Notably, struggling students
showed the largest relative gains (141%), suggesting the intervention was particularly
effective for students who typically struggle in traditional mathematics instruction.



Cognitive-Level Analysis: Where Most Growth
Occurred

While overall improvement was substantial, analyzing performance by cognitive level
revealed where the deepest learning occurred.

Performance by Cognitive Level

i/ COGNITIVE LEVEL PERFORMANCE COMPARISON

Remember (Recall):

Baseline: 68.5%

Final: 74.9%

Absolute gain: 6.4 percentage points
Relative improvement: 9.3%

Understand (Comprehension):

Baseline: 45.2%

Final: 50.3%

Absolute gain: 5.1 percentage points
Relative improvement: 11.3%

Apply (Application):

Baseline: 25.0%

Final: 39.3%

Absolute gain: 14.3 percentage points
Relative improvement: 57.2%

Analyse (Analysis):

e Baseline: 12.1%

e Final: 21.5%

e Absolute gain: 9.4 percentage points
e Relative improvement: 77.7%

Cognitive Level Baseline Test Final Test %Improvement
Remember 66.66% 75.14% 12.72%
Understand 39.62% 46.89% 18.35%

Apply 25.00% 39.30% 57.20%
Analyse 12.10% 21.53% 77.90%




Interpreting the Cognitive Level Data

The cognitive level analysis reveals a striking pattern: the greatest improvements
occurred at higher cognitive levels (Apply and Analyse), while more modest gains
occurred at lower levels (Remember and Understand).

This pattern is pedagogically significant for several reasons:

1. Depth Over Breadth:
The intervention prioritized deep understanding over surface-level recall. Students didn't just
memorize more facts—they developed stronger reasoning and problem-solving abilities.

2. Transfer of Learning:
Higher-order cognitive skills (application and analysis) are more transferable to novel
situations than rote recall. Students developed skills that extend beyond this specific chapter.

3. Alignment with Learning by Teaching:

Research on the "learning by teaching" effect suggests it particularly enhances higher-order
thinking because teaching requires explanation, justification, and reasoning—all analytical
processes.

4. Al's Role:

Cypher may have been particularly effective at supporting higher-order thinking. While
students could use textbooks for basic recall, Cypher's conversational nature supported
exploration of "why" and "how" questions that develop analytical reasoning.

Detailed Analysis by Cognitive Level
Remember (9.3% improvement):

Students showed modest improvement in recall of basic facts and definitions. This was
expected—baseline performance was already relatively strong (68.5%), leaving less room
for growth. Additionally, the intervention didn't emphasize memorization, so gains in this area
were secondary.

Example question: "Define a rational number."

Most students could answer this correctly at both baseline and final assessment. The
intervention didn't dramatically change recall ability, but it didn't need to—recall was already
adequate.

Understand (11.3% improvement):

Students showed moderate improvement in conceptual understanding. They became better
at explaining concepts in their own words and interpreting mathematical representations.

Example question: "Explain why 0.5 is a rational number."



At baseline, many students could identify that 0.5 is rational but struggled to explain why. At
final assessment, more students could articulate that 0.5 can be expressed as 1/2, meeting
the definition of a rational number.

The teaching process—which required students to explain concepts to others—directly
supported this improvement in explanatory ability.

Apply (57.2% improvement):

Students showed substantial improvement in applying procedures to solve problems. This
was the largest absolute gain (14.3 percentage points) and represented a 57.2% relative
improvement.

Example question: "Convert 3/8 to decimal form and show your work."

At baseline, only 25% of students could successfully complete multi-step conversion
problems. At final assessment, 39.3% could do so—a dramatic increase.

This improvement likely resulted from multiple factors:

e Practice: Creating practice problems for classmates required students to work
through many examples themselves
Peer teaching: Explaining procedures to others reinforced procedural understanding
Error analysis: Identifying common mistakes helped students avoid those mistakes
in their own work

Analyse (77.7% improvement):

Students showed the largest relative improvement in analytical reasoning. While absolute
performance remained modest (21.5%), this represented a 77.7% improvement from
baseline—nearly doubling analytical performance.

Example question: "Explain why some fractions produce terminating decimals while others
produce non-terminating repeating decimals. Provide examples to support your explanation."

At baseline, only 12.1% of students could provide coherent analytical explanations with
supporting examples. Most either left these questions blank or provided superficial
responses.

At final assessment, 21.5% of students provided strong analytical responses that:

Identified the underlying mathematical principle (prime factorization of denominators)
Explained the reasoning behind the principle

Provided appropriate examples

Made connections between concepts

This improvement is particularly significant because analytical reasoning is the highest-order
cognitive skill assessed and the most challenging to develop through traditional instruction.



Why Higher-Order Gains Matter

The pattern of improvement—with largest gains at higher cognitive levels—has important
implications:

1. Preparation for Advanced Mathematics:
Higher-order thinking skills are essential for success in advanced mathematics. Students
who can analyze and reason are better prepared for algebra, geometry, and beyond.

2. Real-World Problem Solving:

Real-world problems rarely involve simple recall or procedure application. They require
analysis, reasoning, and creative problem-solving—the skills that showed the greatest
improvement.

3. Alignment with Educational Goals:

NEP 2020 and other educational frameworks emphasize critical thinking and
problem-solving over rote memorization. The intervention's outcomes align with these
broader educational goals.

4. Evidence of Deep Learning:
Improvement in higher-order thinking suggests students achieved deep, meaningful learning
rather than superficial memorization that fades quickly.

/] COGNITIVE LEVEL IMPROVEMENT SUMMARY
Largest Relative Gains:

Analyse: 77.7% improvement (12.1% — 21.5%)
Apply: 57.2% improvement (25.0% — 39.3%)
Understand: 11.3% improvement (45.2% — 50.3%)
Remember: 9.3% improvement (68.5% — 74.9%)

howbn=

Key Insight: The intervention was most effective at developing higher-order cognitive skills
(application and analysis), suggesting it promoted deep, transferable learning rather than
surface-level memorization.

Baseline Test and Final Test

I Baseline Test [ Final Test
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Individual Student Growth Distribution

Beyond aggregate class performance, examining individual student growth patterns provides
insight into the intervention's effectiveness across diverse learners.

Growth Categories

Students were categorized based on their individual growth from baseline to final
assessment:

Substantial Growth (>100 percentage points):

12 students (20.3%)

Mean improvement: 32.54 percentage points
Relative improvement: 238.65 %

These students showed dramatic learning gains

Moderate Growth (50-100 percentage points):

10 students (17%)

Mean improvement: 12.75 percentage points

Relative improvement: 54.9%

These students showed solid, meaningful improvement

Modest Growth (<20 percentage points):

e 5 students (8.5%)

e Mean improvement: 6.5 percentage points
e Relative improvement: 13%

e These students showed some improvement

Characteristics of High-Growth Students

Analysis of students who showed substantial growth (>100 percentage points) revealed
common characteristics:

Active Participation:
High-growth students were actively engaged during group work, asking questions,
contributing ideas, and taking initiative.

Effective Cypher Use:
High-growth students used Cypher strategically—asking clarifying questions, requesting
examples, and verifying information—rather than passively copying responses.

Peer Interaction:
High-growth students engaged meaningfully with peers, both teaching and learning from
groupmates.



Metacognitive Awareness:
High-growth students demonstrated awareness of their own understanding, recognizing
when they were confused and seeking clarification.

Growth Mindset:
High-growth students viewed challenges as opportunities to learn rather than as indicators of
inability.

Importantly, high-growth students were not exclusively high-performing students at baseline.
Many students who initially struggled showed substantial growth, suggesting the intervention
was effective for diverse learners.

Case Examples
Mokshita Sinha: From Struggling to Proficient

e Baseline score: 16%
e Final score: 72%
e Improvement: 56 percentage points (350% relative improvement)

Mokshita initially struggled with basic concepts and lacked confidence. During the
intervention, Mokshita was placed in a supportive group and took on the role of creating
visual aids. This hands-on task helped Mokshita develop understanding while contributing
meaningfully. By the final assessment,Mokshita could solve application-level problems and
provide basic analytical explanations—a remarkable transformation.

Piyush Yadav: From Proficient to Advanced

e Baseline score: 64%
e Final score: 86%
e Improvement: 22 percentage points (34.4% relative improvement)

Piyush was already performing well at baseline but showed continued growth. During the
intervention, Piyush took on a leadership role in their group, helping struggling groupmates
understand concepts. This teaching role deepened Piyush's own understanding, particularly
at the analytical level. Piyush's final assessment responses demonstrated sophisticated
reasoning and clear explanations.

Gania Khusum: Modest but Meaningful Growth

e Baseline score: 36%
e Final score: 76%
e Improvement: 40 percentage points (111.1% relative improvement)

Khusum showed more modest growth but still demonstrated meaningful learning. Khusum
struggled with confidence and was initially reluctant to participate. However, with teacher
encouragement and peer support, Khusum gradually became more engaged. While
Khusum's final performance remained in the mid-range, the growth in confidence and



willingness to attempt challenging problems represented important developmental progress
beyond what test scores captured.

Students with Minimal or no Growth

A few students showed minimal growth (<5 percentage points). Analysis of these cases
revealed several patterns:

Attendance Issues:
Three of the six students had significant absences during the intervention, missing critical
group work sessions and presentations.

Disengagement:
Two students remained disengaged despite teacher efforts, participating minimally in group
work and relying heavily on groupmates.

External Factors:
One student was dealing with significant personal challenges outside school that affected
engagement and focus.

Disciplinary Factors:

A few students had behavioural issues and did not show much interest in participation and
were also inconsistent in their attendance because of which they didn’t make much
progress.

These cases highlight that while the intervention was broadly effective, it was not a panacea.
Student engagement, attendance, and external factors still mattered significantly.

What the Data Reveals

Insight 1: The Intervention Was Highly Effective

The 34.5% overall improvement, with statistically significant gains across cognitive levels,
provides strong evidence that the Al-enabled flipped classroom model was effective in
promoting mathematics learning.

Insight 2: Higher-Order Thinking Showed Greatest Growth

The pattern of improvement—with largest gains at Apply and Analyse levels—suggests the
intervention was particularly effective at developing higher-order cognitive skills that are
often difficult to cultivate through traditional instruction.

Insight 3: The Intervention Benefited Diverse Learners

Gains were distributed across the performance spectrum, with particularly strong benefits for
initially struggling students. This suggests the intervention was inclusive and effective for
diverse learners, not just high-performers.



Insight 4: Engagement and Participation Mattered

Students who actively engaged with the intervention showed greater growth than those who
remained passive or disengaged. This highlights the importance of fostering active
participation and addressing barriers to engagement.

Insight 5: The Achievement Gap Narrowed

The reduction in standard deviation and the particularly strong gains among initially
struggling students suggest the intervention helped narrow achievement gaps rather than
widening them.

Insight 6: Every Student Showed Some Growth

The fact that 100% of students showed at least some improvement—with no students
declining—suggests the intervention had universal benefits, even if the magnitude of
benefits varied.

¢« KEY TAKEAWAY
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The quantitative data provides compelling evidence that the Al-enabled flipped classroom
intervention was academically effective, producing substantial learning gains with particularly
strong benefits for higher-order thinking and for students who initially struggled. These
outcomes suggest the model has significant potential for improving mathematics education.



CHAPTER 6

QUALITATIVE FINDINGS

While quantitative data demonstrates academic gains, qualitative data reveals how and why
those gains occurred—the mechanisms, experiences, and transformations that numbers
alone cannot capture.

Classroom Observations: Shifts in Learning Culture

Systematic classroom observations throughout the intervention documented profound shifts
in classroom culture and dynamics.

From Passive to Active Learning
Baseline Classroom Culture:

Prior to the intervention, classroom observations revealed typical patterns of traditional
mathematics instruction:

Students sat in rows, facing the teacher

The teacher lectured while students took notes

Student participation was limited to answering teacher questions
Most students were passive recipients of information

A few high-performing students dominated class discussions
Many students appeared disengaged, doodling or staring blankly

Post-Intervention Classroom Culture:
By the end of the intervention, the classroom culture had transformed:

Students sat in collaborative groups, facing each other
Students actively discussed mathematical concepts with peers
Student participation was widespread and voluntary

Students took initiative in their learning

Participation was distributed more equitably across students
Most students appeared engaged and focused

This shift from passive to active learning was visible and dramatic.



From Teacher-Centered to Student-Centered
Shift in Authority:

In traditional classrooms, the teacher is the sole authority on mathematical knowledge.
During the intervention, authority became distributed:

Students became authorities on their assigned topics

Peers looked to student-teachers for explanations

The teacher became a facilitator rather than the sole knowledge source
Students verified information using multiple sources (textbooks, Cypher, peers,
teacher)

This distributed authority model empowered students and reduced dependence on the
teacher as the single source of knowledge.

Shift in Discourse Patterns:

Traditional classroom discourse follows an "IRE" pattern: Teacher Initiates, Student
Responds, Teacher Evaluates. During the intervention, discourse patterns became more
dialogic:

Students initiated questions and discussions

Students responded to each other, not just to the teacher
Evaluation was collaborative, with multiple perspectives considered
Conversations were exploratory rather than evaluative

This shift created space for genuine intellectual inquiry rather than performance of correct
answers.

From Individual to Collaborative Learning
Emergence of Collaborative Norms:
As the intervention progressed, collaborative norms emerged organically:

Students spontaneously helped each other without being prompted
Groups developed their own strategies for dividing work equitably
Students asked each other for help before asking the teacher

Peer explanations were valued and sought after

Disagreements were resolved through discussion and reasoning

These collaborative norms persisted even after the intervention concluded, suggesting
lasting cultural change.



Quality of Collaboration:

Not all collaboration is equally productive. Observations revealed that productive
collaboration had specific characteristics:

Shared goals: Groups with clear shared goals collaborated more effectively
Mutual respect: Groups where members respected each other's contributions were
more productive

e Balanced participation: Groups where participation was relatively balanced learned
more effectively

e Intellectual engagement: Groups that engaged with ideas (not just divided tasks)
showed deeper learning

The teacher's facilitation was crucial in promoting these characteristics of productive
collaboration.

From Fixed to Growth Mindset
Shift in Response to Difficulty:

At the beginning of the intervention, many students exhibited fixed mindset responses to
difficulty:

e "I'm not good at math."
e "[ don't understand this. I give up.”
e "This is too hard for me."

By the end of the intervention, growth mindset responses became more common:

e "I don't understand this yet, but | can figure it out."”
e "This is challenging, but that means I'm learning."
e '"Let me try a different approach.”

This shift in mindset was facilitated by the intervention's structure, which normalized struggle
and framed challenges as learning opportunities.

Shift in Response to Mistakes:

Students' responses to mistakes also shifted:

Initial response: Embarrassment, defensiveness, or avoidance

Later response: Curiosity about why the mistake occurred and how to correct it

This shift was particularly evident during mock demonstrations, where students received
feedback on errors and responded by refining their understanding rather than feeling
defeated.



. OBSERVATION INSIGHT
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The most striking cultural shift was the transformation of students' relationship with struggle.
Initially, struggle was seen as evidence of inability. By the end of the intervention, struggle
was recognized as a necessary and valuable part of learning. This shift in mindset may have
long-term benefits beyond this specific intervention.

Student Voice: Confidence, Peer Learning, and Agency

Student reflections and interviews provided rich insight into their experiences, revealing
themes of confidence, peer learning, and agency.

Theme 1: Growth in Confidence
Confidence in Mathematical Ability:
Many students reported increased confidence in their mathematical abilities:

"Before this project, | thought | was bad at math. | would get nervous during math class and
feel like | couldn't understand anything. But when | had to teach my topic, | realized | could
understand it if | worked hard. Now | feel more confident in math class.” — Student A

"l used to be afraid to answer questions in math class because | thought | would get it wrong
and everyone would think I'm stupid. But after teaching my topic and answering my
classmates' questions, | feel more confident. | know | can figure things out." — Student B

This growth in confidence was not limited to high-performing students. Many students who
initially struggled reported the greatest gains in confidence.

Confidence in Public Speaking:
Many students reported that the presentation experience built confidence in public speaking:

"I was terrified to present in front of the class. My hands were shaking and my voice was
shaky. But | did it, and it wasn't as scary as | thought. Now | feel like | can present in other
classes too." — Student C

"l used to hate presenting. But this time was different because | really understood what | was
talking about. That made me feel more confident." — Student D

The combination of deep content knowledge and supportive classroom environment helped
students overcome public speaking anxiety.



Confidence in Learning Ability:
Perhaps most significantly, students reported increased confidence in their ability to learn:

"This project showed me that | can learn difficult things if | put in the effort. | used to think
some people are just naturally good at math and others aren't. But now | know that anyone
can learn if they work hard and get help when they need it." — Student E

This shift from fixed to growth mindset represents a profound change in students'
self-concept as learners.

Theme 2: Value of Peer Learning
Learning from Peers:
Students consistently reported that they learned effectively from peers:

"Sometimes when the teacher explains something, | don't understand it. But when my
classmate explains it in their own words, it makes more sense to me. | think it's because
they're closer to my level." — Student F

"My groupmates explained things in ways that made sense to me. They used examples that
I could relate to. That helped me understand better than just reading the textbook." —
Student G

This finding aligns with research on peer learning: peers often explain concepts in more
accessible language and provide relatable examples.

Learning by Teaching:
Students recognized that teaching helped them learn:

"I thought | understood my topic until I tried to teach it. Then | realized | had gaps in my
understanding. Having to teach it made me learn it more deeply.” — Student H

"When you study for yourself, you can kind of understand something. But when you have to
teach it, you have to really, really understand it. You have to think about all the questions
someone might ask.”" — Student |

This metacognitive awareness—recognizing that teaching deepens learning—is itself a
valuable insight.

Collaborative Knowledge Construction:
Students valued the collaborative process of building understanding together:

"Working with my group was helpful because we could discuss ideas and figure things out
together. When one person was confused, others could help. When we all were confused,
we worked through it together.” — Student J



"I liked that we could debate different ways to solve problems. Sometimes we disagreed, but
that helped us think more deeply about why certain methods work." — Student K

These reflections reveal that students experienced genuine collaborative knowledge
construction, not just division of labor.

Theme 3: Sense of Agency and Ownership
Ownership of Learning:
Students reported feeling greater ownership of their learning:

"Usually in math class, the teacher tells us what to learn and how to learn it. In this project,
we had more control. We decided how to research our topic, how to present it, what
examples to use. That made me feel more responsible for my learning." — Student L

"I felt like this was my learning, not just something the teacher was making me do. | wanted
to understand my topic well because | was going to teach it." — Student M

This sense of ownership is a key component of learner agency—the capacity to take
purposeful action in one's own learning.

Pride in Accomplishment:
Students expressed pride in what they accomplished:

"I'm proud that | taught my classmates something. | created a presentation, answered their
questions, and helped them learn. That feels really good." — Student N

"At the beginning, | didn't think | could do this. But | did it, and | did it well. That makes me
feel proud of myself." — Student O

This pride reflects not just academic achievement but personal growth and self-efficacy.
Desire for More Student-Centered Learning:
Many students expressed desire for more learning experiences like this:

"I wish we could do more projects like this in other subjects. | learned more from this than
from regular classes where we just listen to lectures.” — Student P

"This was more work than regular class, but it was more interesting. | felt more engaged and
motivated.”" — Student Q

These reflections suggest students recognized the value of student-centered learning and
wanted more opportunities for active engagement.



Peer Assessment and Feedback Dynamics

The peer assessment component of the intervention provided insight into students' ability to
evaluate teaching quality and provide constructive feedback.

Quality of Peer Feedback

Analysis of peer feedback forms revealed that students provided thoughtful, constructive
feedback:

Positive Feedback Examples:

"Your explanation was very clear. | understood the concept better after your presentation."
"I liked the examples you used. They helped me see how to apply the concept.”

"You answered questions really well. When | was confused, your explanation helped.”
Constructive Feedback Examples:

"Your presentation was good, but you went a little fast. It would help if you slowed down."
"I didn't understand the part about [X]. Maybe you could explain it in a different way."
"Your examples were helpful, but it would be good to have more practice problems."
Balanced Feedback:

Many students provided balanced feedback that acknowledged strengths while suggesting
improvements:

"Your presentation was well-organized and your examples were clear. One suggestion: you
could make more eye contact with the audience instead of reading from your slides."

This balanced approach demonstrates sophisticated evaluation skills.

Development of Evaluative Criteria

Through the process of providing peer feedback, students developed clearer criteria for
effective teaching:

Clarity: Is the explanation easy to understand?

Examples: Are the examples helpful and relevant?
Engagement: Does the presentation keep attention?

Question Handling: Can the presenters answer questions well?
Organization: Is the presentation well-structured?

These criteria mirror professional teaching evaluation rubrics, suggesting students
developed sophisticated understanding of teaching quality.



Impact of Receiving Peer Feedback
Students reported that peer feedback was valuable:

"Getting feedback from my classmates helped me understand what was clear and what was
confusing. That helped me improve my presentation.”" — Student R

"I appreciated that my classmates were honest but kind in their feedback. They told me what
I did well and what I could improve." — Student S

The combination of honesty and kindness in peer feedback created a supportive
environment for growth.

Learning in Action: Examples from Student-Led
Sessions

Specific examples from student-led teaching sessions illustrate the quality of learning that
occurred.

Example 1: Conceptual Explanation
Group 3: Non-Terminating Repeating Decimals
During their presentation, Group 3 explained why 1/3 produces a repeating decimal:

Student A: "When you divide 1 by 3, you get 0.333... The 3 keeps repeating forever. But why
does it repeat?”

Student B: "Let's look at the long division. When you divide 1 by 3, you get a remainder of 1.
Then you bring down a 0 and divide 10 by 3, which gives you 3 with a remainder of 1 again.
The remainder is always 1, so the pattern repeats forever.”

Student C: "So the key is that the remainder repeats. When the remainder repeats, the
decimal repeats.”

This explanation demonstrated deep

understanding of the underlying mathematical principle. Rather than simply stating that 1/3 =
0.333..., the students explained why this occurs by connecting the decimal representation to
the long division process.



What Made This Explanation Effective:

The group didn't just memorize a rule—they understood the mechanism. Their explanation
revealed several sophisticated elements:

1. Causal reasoning: They identified that repeating remainders cause repeating
decimals

2. Process understanding: They traced through the long division step-by-step

3. Pattern recognition: They recognized that the remainder of 1 would continue
indefinitely

4. Conceptual connection: They linked the abstract decimal notation to the concrete
division process

When a classmate asked, "Does this work for all fractions?" the group was prepared:

Student A: "No, only some fractions produce repeating decimals. Others terminate—they
end."”

Student B: "It depends on the denominator. If the denominator has only 2s and 5s as prime
factors, the decimal terminates. Otherwise, it repeats.”

This response demonstrated that the group understood not just their specific topic but how it
connected to the broader chapter content. They had developed genuine conceptual
understanding, not just procedural knowledge.

Teacher Observation:

The teacher noted that this level of explanation exceeded what she typically saw in
traditional instruction:

"In a normal lesson, | would have explained this concept, and students would have nodded
and taken notes. But | wouldn't have known if they truly understood the 'why' behind it. Here,
the students had to understand it deeply enough to explain it to others, and their
explanations revealed genuine comprehension. They weren't just repeating what they'd
heard—they had constructed their own understanding.”

Example 2: Problem-Solving with Real-World Application
Group 7: Real-World Applications of Decimal Representation

Group 7 took a different approach, focusing on practical applications. They began their
presentation with a scenario:

Student A: "Imagine you're shopping online. You see a shirt that costs ¥849.99. Why do
stores use .99 instead of just rounding to ¥850?"

Student B: "It's a marketing trick! ¥849.99 looks cheaper than ¥850 even though it's only 1
paisa less. But to understand why this works, we need to understand decimal
representation.”



The group then explained how decimals represent parts of a whole, using money as a
concrete example. They created a visual showing:

e 31.00 =1 rupee + 0 paise
%0.50 = 0 rupees + 50 paise (half a rupee)
%0.25 = 0 rupees + 25 paise (quarter of a rupee)

Interactive Activity:
The group then engaged classmates in an activity:

Student C: "We're going to give you some shopping scenarios. You need to calculate the
total cost and figure out how much change you'd get."”

They distributed worksheets with problems like:

e "You buy 3 notebooks at ¥45.75 each. You pay ¥150. How much change do you
get?"”
e "A shirt costs ¥899.99 and is on sale for 20% off. What's the final price?"

Students worked in pairs to solve the problems. The presenting group circulated, providing
hints and checking work.

What Made This Effective:

Relevance: The real-world context made abstract decimals concrete and meaningful
Engagement: The interactive activity kept classmates actively involved
Application: Students practiced applying decimal operations in authentic contexts
Peer support: The presenting group provided scaffolding, helping struggling
students without giving away answers
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Student Feedback:

One classmate commented: "I never thought about why stores use .99 prices. Now |
understand it's about decimal representation. This makes math feel more useful.”

Another noted: "The practice problems were helpful because they were about things we
actually do, like shopping. It's easier to understand decimals when you can picture them as
money."

Example 3: Error Analysis and Misconception Addressing
Group 8: Common Misconceptions and Error Analysis

Group 8 took perhaps the most sophisticated approach, focusing on common mistakes
students make when working with decimal representations.

They began by showing a sample of incorrect student work:

Problem: Convert 3/4 to decimal form.



Incorrect Solution:
"3/4 = 0.34 because you just put the 3 and 4 after the decimal point."”

Student A (presenting): "Who can spot the error in this solution?"

Several hands went up. One classmate explained: "You can't just put the numerator and
denominator after the decimal. You have to actually divide."

Student B (presenting): "Exactly! This is a common mistake. Let's understand WHY this is
wrong and HOW to do it correctly."”

The group then demonstrated the correct process:

1. Divide 3 by 4 using long division
2. Showthat3 +4=0.75
3. Verify by converting back: 0.75 = 75/100 = 3/4 /

Deeper Analysis:

Student C (presenting): "But let's think about WHY someone might make this mistake.
What's the student's thinking?"

Classmate: "Maybe they're confusing decimals with fractions? Like they think 0.34 means
34/100?"

Student A (presenting): "Good thinking! The student might be mixing up different
representations. Let's clarify: 0.34 does equal 34/100, but that's not the same as 3/4."

The group then showed several more examples of common errors:

e Confusing 0.5 with 0.05
e Thinking 0.3 is larger than 0.25 because "3 is bigger than 25"
e Incorrectly adding decimals without aligning decimal points

For each error, they:

Showed the mistake

Asked classmates to identify the error
Explained the correct approach
Discussed why the mistake might occur

i

What Made This Approach Powerful:
This error analysis approach demonstrated several advanced pedagogical strategies:

Anticipating misconceptions: The group identified common errors students make
Diagnostic thinking: They analyzed why errors occur, not just what the errors are
Preventive teaching: By highlighting mistakes, they helped classmates avoid them
Metacognitive awareness: They encouraged thinking about
thinking—understanding one's own potential confusions
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Teacher Observation:

"I was impressed by Group 8's approach. Error analysis is a sophisticated teaching strategy
that even experienced teachers sometimes struggle with. These students not only identified
common mistakes but analyzed the underlying misconceptions. This showed deep
understanding—they had to know the content well enough to predict where others might
struggle.”

Impact on Learning:
Several students commented that this presentation was particularly helpful:

"l used to make the mistake of just putting the numerator and denominator after the decimal.
Now I understand why that's wrong."

"Seeing the common mistakes helped me realize errors | was making without knowing it."

"I liked that they explained WHY people make mistakes, not just WHAT the mistakes are.
That helped me understand better."

Example 4: Connecting Multiple Representations
Group 4: Identifying Terminating vs. Non-Terminating Decimals

Group 4 created a comprehensive visual tool that connected multiple mathematical
representations. They presented a decision tree flowchart:

Given a fraction a/b:

!

Is the fraction in simplest form?
| No — Simplify first
| Yes
!

Factor the denominator into primes

l

Does the denominator have ONLY 2s and/or 5s as factors?
| Yes — TERMINATING decimal
| No — NON-TERMINATING REPEATING decimal

Interactive Demonstration:
The group then worked through several examples with the class:

Student A: "Let's try 5/8. First, is it in simplest form? Yes. Now, factor the denominator: 8 = 2
x 2 x 2. Does it have only 2s and 5s? Yes! So 5/8 is a terminating decimal."”

Student B: "Let's verify: 5 + 8 = 0.625. It terminates! The flowchart works."

They continued with more examples, including tricky cases:



Student C: "What about 7/12? Factor 12: 12 =2 x 2 x 3. It has a 3, not just 2s and 5s. So it
should be non-terminating.”

Student A: "Let's check: 7 + 12 = 0.583333... Yes! It repeats.”
Connecting to Real Understanding:

What made this presentation particularly effective was that the group didn't just present the
rule—they explained why it works:

Student B: "The reason only 2s and 5s work is because our decimal system is base 10, and
10 = 2 x 5. When the denominator has only these factors, we can always rewrite the fraction
with a denominator that's a power of 10, which gives us a terminating decimal.”

This explanation connected the procedural rule to the underlying mathematical structure,
demonstrating deep conceptual understanding.

Practical Tool:

The flowchart became a valuable reference tool. Students asked if they could keep copies,
and the teacher posted it in the classroom. Several students reported using it when doing
homework:

"The flowchart made it so easy. | don't have to memorize the rule—I just follow the steps.”

"l understand WHY the rule works now, not just HOW to use it."




Teacher Perspectives: Facilitating Student-Led
Learning

The teacher's role in this intervention was fundamentally different from traditional instruction.
Rather than being the primary source of knowledge, the teacher became a facilitator, guide,
and orchestrator of learning experiences.

Shifting from Sage to Guide
Initial Challenges:
The teacher reflected on the difficulty of stepping back:

"My instinct was to jump in and correct errors immediately, or to provide explanations when
students struggled. But | had to resist that urge. | had to let students work through confusion,
make mistakes, and figure things out together. That was uncomfortable at first."”

"There were moments when | watched a group struggle with a concept, and | knew I could
explain it in two minutes. But | held back, because | knew that if they worked through it
themselves, their understanding would be deeper and more lasting."”

Learning to Facilitate:

Over time, the teacher developed new facilitation strategies:

1. Strategic Questioning:

Instead of providing answers, the teacher asked questions that prompted thinking:

"What have you tried so far?"

"What does your textbook say about this?"
"How could you verify that?"

"What would happen if...?"

2. Redirecting to Resources:
When students asked questions, the teacher often redirected them to available resources:

e "That's a great question. What does Cypher say when you ask it?"
e "Have you checked the textbook section on this?"
e "Maybe Group 3 can help—they're working on a related topic."



3. Monitoring Without Micromanaging:

The teacher circulated during group work, observing and listening without constantly
intervening:

"I learned to distinguish between productive struggle and unproductive frustration. If a group
was working through confusion together, | let them continue. But if they were stuck and
getting frustrated, I'd provide a hint or redirect them."

4. Celebrating Process, Not Just Product:
The teacher emphasized effort and growth:

"I love how your group is working through this together."”
"You've revised your explanation three times—that shows real commitment to
understanding.”

e "You didn't know this yesterday, and now you can explain it clearly. That's growth."

Observing Student Growth
The teacher noted several transformations in student behavior:
Increased Independence:

"At the beginning, students constantly asked me for help. By the end, they were solving
problems independently or with their groups. They had developed confidence in their ability
to figure things out."

Deeper Questioning:

"The questions students asked became more sophisticated. Instead of 'Is this right?’ they
asked 'Why does this work?' or 'What if we tried it this way?' They were thinking more
deeply.”

Peer Support:

"Students started helping each other without prompting. If someone was confused,
groupmates would explain. They developed a collaborative culture where helping each other
was the norm."

Metacognitive Awareness:

"Students became more aware of their own learning. They could articulate what they
understood and what they didn't. They recognized when they needed help and sought it
appropriately.”



Challenges of Facilitation
The teacher also identified challenges:
1. Resisting the Urge to Rescue:

"It was hard to watch students struggle. My instinct was to help immediately. But | learned
that struggle is part of learning. | had to trust the process."

2. Managing Diverse Needs:

"With eight groups working on different topics, | had to constantly shift focus. | couldn't give
each group as much attention as | would have liked. | had to prioritize and trust that groups
could support each other."

3. Ensuring Accuracy:

"I worried about students teaching incorrect information. | had to carefully review their
presentations and provide corrections when needed. But | tried to do this in a way that didn't
undermine their confidence."

4. Balancing Structure and Flexibility:

"I had to provide enough structure that students knew what to do, but enough flexibility that
they could be creative. Finding that balance was challenging.”

What Made Facilitation Effective

Reflecting on the experience, the teacher identified key factors that made facilitation
successful:

1. Clear Expectations:

"Students knew what was expected at each phase. The structure provided security while
allowing creativity within that structure.”

2. Consistent Check-Ins:

"Regular check-ins with each group helped me monitor progress and provide support when
needed. | didn't wait for groups to ask for help—I proactively checked in."

3. Modeling and Scaffolding:

"Early in the process, | modeled strategies like asking Cypher questions, verifying
information, and giving feedback. This scaffolding helped students develop these skills."

4. Creating a Safe Environment:

"I emphasized that mistakes were learning opportunities. This created a culture where
students felt safe taking risks and trying new approaches."



5. Celebrating Effort and Growth:

"I consistently recognized effort, improvement, and collaboration. This motivated students
and reinforced the behaviors | wanted to see.”

Impact on Teaching Practice
The intervention transformed the teacher's approach to teaching:
Renewed Enthusiasm:

"This project reminded me why | became a teacher. Watching students discover
understanding, support each other, and grow in confidence was incredibly rewarding. | felt
more like a facilitator of learning than a deliverer of content, and that felt more meaningful.”

New Pedagogical Skills:

"I developed new skKills in facilitation, questioning, and formative assessment. These skills
will benefit my teaching going forward, even in more traditional lessons."

Changed Beliefs About Students:

"I had underestimated what students were capable of. | thought they needed me to explain
everything. But they showed me they could construct understanding themselves when given
the right support and structure. This changed my beliefs about student capability.”

Commitment to Student-Centered Learning:

"I can't go back to purely traditional teaching. I've seen what students can do when they're
given ownership and responsibility. I'm committed to incorporating more student-centered
approaches in all my teaching."”

Advice for Other Teachers

Based on the experience, the teacher offered advice for others considering similar
approaches:

1. Start Small:

"You don't have to flip your entire curriculum at once. Start with one unit or chapter. Learn
from that experience before scaling up."

2. Trust the Process:

"There will be moments of chaos and confusion. Trust that this is part of learning. Don't
rescue students too quickly."



3. Provide Structure:

"Student-centered doesn't mean unstructured. Provide clear expectations, timelines, and
checkpoints. Structure enables freedom."

4. Collaborate with Colleagues:

"Talk to other teachers. Share ideas, challenges, and solutions. You don't have to figure
everything out alone.”

5. Reflect and Adjust:

"Pay attention to what's working and what's not. Be willing to adjust mid-course. Flexibility is
important.”

6. Celebrate Small Wins:

"Recognize progress, even if it's incremental. Celebrate when students help each other, ask
good questions, or show growth. These small wins build momentum.”

Synthesis of Qualitative Findings

The qualitative data reveals that the intervention's impact extended far beyond academic
outcomes. While quantitative data showed significant learning gains, qualitative findings
illuminate how and why those gains occurred.

Key Themes Across Qualitative Data
1. Transformation of Student Identity:

Students shifted from seeing themselves as passive recipients of knowledge to active
constructors of understanding. They developed identities as learners, teachers, and
problem-solvers.

2. Power of Peer Learning:

Students learned effectively from peers, often finding peer explanations more accessible
than teacher explanations. The collaborative process of constructing understanding together
was powerful.

3. Depth Through Teaching:

Preparing to teach forced students to understand concepts deeply. They couldn't just
memorize—they had to truly comprehend in order to explain to others.

4. Growth Mindset Development:

Students shifted from fixed mindset beliefs ("I'm not good at math"”) to growth mindset beliefs
("I can learn this if | work hard"). Struggle became normalized and valued.



5. Agency and Ownership:

Students took ownership of their learning. They made decisions, solved problems, and took
responsibility for their understanding and their teaching.

6. Supportive Learning Culture:

A collaborative, supportive classroom culture emerged. Students helped each other,
provided constructive feedback, and celebrated each other's growth.

7. Teacher as Facilitator:

The teacher's role shifted from knowledge transmitter to learning facilitator. This required
new skills but was ultimately more rewarding and effective.

Mechanisms of Impact

The qualitative data suggests several mechanisms through which the intervention produced
positive outcomes:

Cognitive Mechanisms:

e Elaboration: Explaining concepts to others required students to elaborate their
understanding
Retrieval practice: Teaching required retrieving and articulating knowledge
Metacognition: Students became aware of their own understanding and gaps

Motivational Mechanisms:

e Autonomy: Students had control over their learning process
e Competence: Success in teaching built confidence and self-efficacy
e Relatedness: Collaborative work fostered connection and belonging

Social Mechanisms:

e Peer modeling: Students learned from observing peers
e Collaborative knowledge construction: Groups built understanding together
e Accountability: Knowing they would teach motivated thorough preparation

Unexpected Findings
Several findings were unexpected:
1. Quality of Student Explanations:

The sophistication of student explanations exceeded expectations. Students didn't just
repeat what they'd learned—they constructed original explanations that demonstrated deep
understanding.



2. Peer Feedback Quality:

Students provided thoughtful, constructive feedback to peers. They developed sophisticated
criteria for evaluating teaching quality.

3. Metacognitive Awareness:

Students demonstrated remarkable awareness of their own learning processes. They could
articulate what helped them learn and what didn't.

4. Persistence Through Difficulty:

Students persisted through challenging material more than they typically did in traditional
instruction. The responsibility of teaching motivated sustained effort.

5. Transfer of Skills:

Students reported applying skills learned in this project (collaboration, critical thinking,
presentation) to other subjects and contexts.

Limitations of Qualitative Findings
While rich and illuminating, the qualitative data has limitations:
1. Self-Report Bias:

Student reflections may be influenced by social desirability—students may report what they
think the teacher wants to hear.

2. Observer Effects:

The presence of observers during presentations may have influenced student behavior.
3. Generalizability:

Qualitative findings from this specific context may not generalize to all contexts.

4. Interpretation:

Qualitative data requires interpretation, which involves subjective judgment.

Despite these limitations, the qualitative findings provide valuable insights into the lived
experiences of students and teachers during the intervention.



. KEY TAKEAWAY: BEYOND TEST SCORES

The qualitative findings reveal that the intervention's impact extended far beyond improved
test scores. Students developed:

Confidence in their mathematical abilities and learning capacity
Agency and ownership of their learning

Collaboration skills and ability to work effectively with peers
Metacognitive awareness of their own learning processes
Growth mindset beliefs about intelligence and ability
Communication skills through teaching and presenting

These developmental outcomes may have long-term benefits that extend beyond this
specific mathematics chapter. Students didn't just learn about decimal representation—they
learned how to learn, how to collaborate, and how to take ownership of their education.



CHAPTER 7

KEY INSIGHTS & REFLECTIONS

Pedagogical Insights: What We Learned About
Teaching and Learning

This intervention challenged many assumptions about mathematics teaching and revealed
powerful insights about how students learn.

Insight 1: Students Are Capable of More Than We Think

Perhaps the most fundamental insight was that students are capable of far more intellectual
work than traditional instruction assumes.

We often underestimate students. We think they need us to break everything down into small
pieces, to provide step-by-step instructions, to tell them exactly what to do. But this
intervention demonstrated that when given appropriate structure, support, and responsibility,
students can:

Conduct independent research

Construct deep conceptual understanding
Create effective teaching materials
Explain complex concepts clearly

Design meaningful assessments

Provide constructive feedback

The key phrase is "appropriate structure, support, and responsibility." This wasn't a
laissez-faire "figure it out yourself" approach. Students had clear expectations, access to
resources (textbooks, Cypher, teacher support), and genuine responsibility (they would
teach their peers). Within that structure, they demonstrated remarkable capability.

Implication: We should design learning experiences that challenge students rather than
protect them from challenge. Intellectual struggle, when properly supported, produces
deeper learning than carefully scaffolded instruction that removes all difficulty.

Insight 2: Authentic Responsibility Transforms Motivation



Students approached this project differently than typical assignments. Why? Because the
responsibility was authentic.

In traditional instruction, students study for tests. The audience for their learning is the
teacher, and the purpose is to demonstrate knowledge for a grade. This creates extrinsic
motivation at best.

In this intervention, students prepared to teach their peers. The audience was their
classmates, and the purpose was to help others learn. This created intrinsic
motivation—students wanted to understand deeply because they would be responsible for
others' learning.

Several students articulated this:

"When | study for a test, | just try to memorize enough to pass. But when | knew | had to
teach my classmates, | wanted to really understand it. | didn't want to confuse them or give
them wrong information.”

"It felt more real. Like, this wasn't just for a grade—my classmates were depending on me to
help them learn.”

This authentic responsibility transformed the nature of student engagement. They weren't
performing for the teacher; they were preparing to serve their peers.

Implication: We should design learning experiences where students have authentic
responsibility for meaningful outcomes, not just demonstrate learning for grades.

Insight 3: Peer Explanation Has Unique Power

Students consistently reported that they understood peer explanations better than teacher
explanations. This wasn't because peer explanations were more accurate (the teacher's
explanations were certainly more precise). Rather, peer explanations had unique
characteristics:

1. Accessible Language:

Peers used everyday language rather than formal mathematical terminology. While students
eventually need to learn formal language, accessible explanations help build initial
understanding.

2. Relatable Examples:
Peers chose examples from their own experience—video games, sports, social media,
food—that resonated with classmates in ways teacher examples sometimes didn't.

3. Visible Struggle:

When peers explained concepts, their own recent struggle was visible. They remembered
what was confusing and addressed those confusions directly. Teachers, who mastered the
content long ago, sometimes forget what's difficult for beginners.



4. Proximal Development:
Peers were in Vygotsky's "zone of proximal development"—close enough to their
classmates' current understanding to bridge the gap effectively.

Implication: Peer explanation should be a regular feature of mathematics instruction, not an
occasional activity. Students learn both by explaining and by hearing peer explanations.

Insight 4: Teaching Deepens Learning

The "learning by teaching" effect was powerfully evident. Students who taught topics
demonstrated deeper understanding than they had before preparing to teach.

Why does teaching deepen learning?

1. Preparation Demands:
Preparing to teach requires organizing knowledge coherently, anticipating questions, and
identifying connections—all activities that deepen understanding.

2. Explanation Reveals Gaps:
When you try to explain something, gaps in your understanding become obvious. Students
repeatedly reported: "I thought | understood until | tried to explain it.”

3. Questions Push Thinking:
Answering classmates' questions required thinking about concepts from new angles, which
deepened and refined understanding.

4. Metacognitive Awareness:
Teaching made students aware of their own thinking processes, developing metacognitive
skills that support future learning.

Implication: We should regularly create opportunities for students to teach, not just learn.
This might include peer tutoring, student-led review sessions, or projects like this
intervention.

Insight 5: Structure Enables Freedom

A common misconception is that student-centered learning means unstructured learning.
This intervention demonstrated the opposite: structure enables meaningful freedom.

Students had clear structure:

Defined timeline with specific milestones

Clear expectations for deliverables
Established norms for collaboration and Al use
Regular check-ins and feedback

Structured presentation format



Within that structure, students had significant freedom:

How to research their topic

How to organize their presentation
What examples to use

How to explain concepts

What practice problems to create

The structure provided guardrails that prevented students from getting lost while the freedom
allowed them to exercise creativity and ownership.

Implication: Student-centered learning requires thoughtful structure, not less structure. The
structure should define boundaries and expectations while leaving space for student agency.

Al as Enabler, Not Driver

The role of Al in this intervention deserves careful analysis. Cypher was a tool, not the
intervention itself, but it played an important enabling role.

How Students Used Al Responsibly

Despite concerns about Al leading to passive learning, students generally used Cypher
responsibly and strategically:

1. Clarification Tool:

Students most commonly used Cypher to clarify concepts they found confusing in the
textbook. They would read the textbook first, identify confusion, then ask Cypher for
alternative explanations.

2. Example Generator:

Students asked Cypher for examples to understand how concepts applied in different
contexts. They then created their own examples, sometimes asking Cypher to verify
correctness.

3. Question Answerer:
When students had specific questions during research, they asked Cypher rather than
waiting for teacher availability. This kept momentum going during group work.

4. Verification Tool:
Students used Cypher to check their understanding: "Is this explanation correct?" "Does this
example work?" This verification helped build confidence.

5. Socratic Questioner:
Some students used Cypher's questioning feature to deepen their thinking: "What questions
should | be able to answer about this topic?" "What's a common misconception about this?"



Al's Limitations and Strengths

Students developed sophisticated understanding of what Al could and couldn't do:
Al Strengths:

Providing explanations in multiple ways
Generating examples quickly

Being available 24/7

Never getting impatient with repeated questions
Offering different perspectives on concepts

Al Limitations:

Sometimes providing incorrect information (students caught several errors)
Not understanding the specific context of their assignment

Not knowing what they personally found confusing

Not providing the emotional support and encouragement humans offer

Not being able to assess the quality of their presentations

Students articulated these limitations clearly:

"Cypher is helpful, but it doesn't know me. My groupmates know what I'm confused about
and can explain it in ways that make sense to me specifically.”

"Sometimes Cypher gives wrong answers. That's why we always check with the textbook
and teacher."

"Cypher can't tell me if my presentation is good. | need real people for that."

Balance Between Al Support and Independent Thinking
The intervention maintained balance through several mechanisms:

1. Verification Requirements:
Students were required to verify Al-generated information with textbooks and teacher
guidance. This prevented blind acceptance of Al outputs.

2. Original Creation:
Students had to create their own presentations, examples, and assessments. They couldn't
simply copy from Cypher—they had to synthesize and create.

3. Peer Accountability:
Knowing they would teach peers created accountability. Students couldn't just copy Al
responses—they had to genuinely understand to teach effectively.

4. Teacher Monitoring:
The teacher regularly checked how students used Cypher and intervened when she saw
over-reliance or misuse.



5. Reflection on Al Use:
Students reflected on how they used Al, developing metacognitive awareness of when Al
was helpful vs. when it hindered learning.

The Al Paradox

An interesting paradox emerged: Al was most helpful for students who used it least
dependently. Students who used Cypher as a thinking partner—asking questions, seeking
clarification, verifying understanding—learned more than students who used it as an answer
provider.

This suggests that Al's educational value depends not on the technology itself but on how
students are taught to use it. With proper guidance, Al can enhance learning. Without
guidance, it can enable passive consumption rather than active construction of knowledge.

Implication: As Al becomes ubiquitous in education, teaching students to use it responsibly
and strategically is as important as teaching content. We need to develop "Al literacy"
alongside mathematical literacy.

The Power of Structured Peer Interaction

Peer learning was central to this intervention's success, but not all peer interaction is equally
productive. The intervention's structure created conditions for high-quality collaboration.

What Made Peer Interaction Productive

1. Heterogeneous Grouping:
Groups included students with varied abilities, ensuring diverse perspectives and
opportunities for peer teaching within groups.

2. Shared Goals:
All group members were responsible for teaching the topic, creating interdependence rather
than division of labor.

3. Defined Roles:
While roles weren't rigid, groups developed organic role differentiation (researcher,
organizer, presenter, etc.) that leveraged individual strengths.

4. Accountability:
The public presentation created accountability—groups couldn't hide poor preparation.

5. Teacher Facilitation:
The teacher monitored group dynamics and intervened when collaboration became
unproductive.



Productive Struggle and Peer Support

One of the most valuable aspects of peer interaction was how it supported productive
struggle.

When students struggled alone, they often gave up. When they struggled together, they
persisted. Peers provided:

Emotional support: "This is hard for everyone, not just you"
Alternative perspectives: "Let me try explaining it a different way"
Shared problem-solving: "Let's figure this out together"
Accountability: "We need to understand this—we're teaching it"

This peer support transformed struggle from a negative experience (frustration, giving up) to
a positive one (challenge, growth).

Implication: We should design learning experiences that normalize struggle and provide
peer support during challenging tasks. Struggle is productive when students have support to
work through it.

The Role of Failure and Iteration in Learning

The intervention built in opportunities for failure and iteration, which proved essential for
deep learning.

Mock Demonstrations: Safe Space for Failure

The mock demonstration phase was crucial. It provided a low-stakes opportunity to fail,
receive feedback, and improve before the high-stakes final presentation.

Students made mistakes during mock demos:

Explanations that were unclear

Examples that didn't work

Presentations that were too fast or too slow
Incorrect information that needed correction

Rather than being devastating, these failures were productive. Students received specific
feedback, identified what needed improvement, and had time to refine their work.

"The mock demo was scary, but it was so helpful. | realized my explanation was confusing,
so | changed it. If | hadn't done the mock demo, | would have confused everyone during the
real presentation.”



Iteration Cycles Deepen Understanding
The intervention included multiple iteration cycles:

Initial research — Teacher feedback — Refined understanding
Draft presentation — Peer feedback — Revised presentation
Mock demonstration — Feedback — Final refinement

Final presentation — Peer questions — Deeper understanding
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Each iteration deepened understanding. Students didn't just learn content once—they
revisited it multiple times, each time from a different angle (explaining, answering questions,
addressing feedback).

This iterative process mirrors how experts develop understanding: not through single
exposure but through repeated engagement, refinement, and application.

Normalizing Mistakes
Perhaps most importantly, the intervention normalized mistakes as part of learning.

In traditional classrooms, mistakes are often stigmatized. Students fear being wrong, so they
avoid taking risks. This intervention created a culture where mistakes were expected and
valued:

Mock demos were explicitly framed as opportunities to make mistakes safely
Peer feedback focused on improvement, not judgment

The teacher modeled learning from errors

Error analysis (Group 8's approach) made mistakes a teaching tool

Students internalized this mindset:

"l used to be afraid of making mistakes in math. But this project taught me that mistakes help
you learn. When | made a mistake in the mock demo and fixed it, | understood the concept
better."”

Implication: We should design learning experiences that include safe opportunities for
failure, specific feedback, and time for iteration. Learning is not a linear process—it requires
cycles of attempt, feedback, and refinement.

PRACTICAL TAKEAWAY: THE POWER OF ITERATION

One of the most replicable elements of this intervention is the iteration cycle: draft —
feedback — revision — presentation. This cycle can be applied to any learning task. Rather
than having students submit work once for a grade, create opportunities for drafts, feedback,
and revision. This not only improves the final product but deepens learning through the
revision process.



CHAPTER 8

CHALLENGES & SOLUTIONS

No educational intervention proceeds without challenges. This chapter documents the
obstacles encountered and how they were addressed—providing honest guidance for
educators considering similar approaches.

Challenge 1: Initial Adjustment and Student Readiness

The Challenge

Not all students embraced the student-centered approach immediately. Some were resistant,
uncomfortable, or unprepared for the level of autonomy and responsibility required.

Manifestations:

e Passive waiting: Some students waited for the teacher to tell them exactly what to
do rather than taking initiative

e Resistance to responsibility: A few students expressed a dilemma : "Is it
mandatory for every group member to teach?"

e Discomfort with ambiguity: Students accustomed to clear right/wrong answers
struggled with the open-ended nature of the project

e Lack of collaboration skills: Some students didn't know how to work productively in
groups

Why This Happened

These challenges reflected students' prior educational experiences. After years of traditional
instruction where the teacher directed all activity, students had learned to be passive
recipients. Shifting to active constructors of knowledge required unlearning old habits and
developing new ones.

Solutions Implemented

1. Explicit Skill Teaching:
The teacher realized she couldn't assume students knew how to collaborate, research, or
self-direct. She explicitly taught these skills:

How to divide work equitably in groups

How to give and receive constructive feedback
How to use research tools effectively

How to manage time and meet deadlines



2. Gradual Release of Responsibility:
Rather than immediately giving full autonomy, the teacher gradually released control:

e Week 1: Highly structured with frequent check-ins
e Week 2: More autonomy with periodic check-ins
e Week 3: Significant autonomy with as-needed support

3. Individual Conversations:

For students who remained resistant, the teacher had private conversations to understand
barriers and provide personalized support. Often, resistance masked anxiety or lack of
confidence.

4. Celebrating Small Wins:

The teacher publicly celebrated progress: "I noticed Group 3 divided their work really
equitably. That's excellent collaboration.” This positive reinforcement encouraged desired
behaviors.

5. Connecting to Student Goals:

The teacher helped students see how the project developed skills they valued: "You want to
be a YouTuber? Teaching your classmates is like creating educational content. You're
developing presentation skills.”

Lessons Learned

Don't assume readiness: Students need explicit teaching of collaboration, self-direction,
and research skills—these don't develop automatically.

Be patient with adjustment: Shifting from passive to active learning takes time. Some
students need weeks to adjust.

Provide structure while building autonomy: Start with more structure and gradually
release control as students develop capability.



Challenge 2: Technology Troubleshooting and Access
Equity

The Challenge

While most students had access to devices, technology issues created barriers for some
students.

Manifestations:

e Device disparities: Some students had smartphones, others had tablets, a few had
only shared family devices

e Connectivity issues: Internet access was unreliable for some students, particularly
outside school
Platform difficulties: Some students struggled with Cypher's interface initially
Digital literacy gaps: Not all students were equally comfortable with technology

Why This Happened

Socioeconomic disparities meant students had unequal access to technology. Additionally,
while students were "digital natives," their technology use was primarily social media and
entertainment—they had less experience using technology for learning.

Solutions Implemented

1. School-Based Access:

The teacher ensured all group work time was during school hours when students could use
school devices and reliable internet. This eliminated the assumption that students could work
at home.

2. Device Lending:
The school had a small lending library of tablets. Students who lacked devices could borrow
them for the project duration.

3. Peer Tech Support:
Tech-savvy students were designated as "tech helpers" who could assist classmates with
platform issues. This distributed support and built community.

4. Platform Training:
The teacher dedicated a full session to Cypher training, ensuring all students were
comfortable with basic functions before beginning research.

5. Backup Plans:
For each phase, the teacher had backup plans if technology failed: "If Cypher isn't working,
here's what you can do instead."”



Lessons Learned

Don't assume equal access: Technology access remains unequal. Design interventions
that work within these constraints.

Provide school-based access: Don't require students to use technology at home where
access may be limited.

Have low-tech alternatives: Always have backup plans that don't require technology.

Teach digital literacy explicitly: Don't assume students know how to use educational
technology effectively.

Challenge 3: Ensuring Al Verification and Preventing
Over-Reliance

The Challenge

Despite clear guidelines about verifying Al-generated information, some students initially
copied Cypher responses without verification or deep understanding.

Manifestations:

e Copy-paste presentations: Some early drafts were clearly copied from Cypher with
minimal modification

e Superficial understanding: Students could recite Al-generated explanations but
couldn't answer follow-up questions

e Blind trust: Some students assumed Cypher was always correct and didn't verify
information

e Reduced thinking: A few students used Cypher to avoid thinking: "I'll just ask
Cypher" became a reflex rather than a strategy

Why This Happened

Al tools are designed to be helpful, which can inadvertently encourage dependence.
Students took the path of least resistance—copying rather than constructing understanding.
Additionally, students had limited experience critically evaluating Al outputs.



Solutions Implemented

1. Verification Checkpoints:
The teacher implemented mandatory verification checkpoints where students had to show:

e The Cypher response
e The corresponding textbook section
e Their own explanation in their own words

If students couldn't explain without looking at Cypher, they weren't ready to move forward.

2. "Close Cypher" Exercises:

During group work, the teacher would periodically say: "Close Cypher. Now explain your
topic to me without looking at anything.” This encouraged students to internalize
understanding rather than rely on external sources.

3. Error Detection Activities:
The teacher occasionally provided Cypher responses that contained deliberate errors and
asked students to find them. This taught critical evaluation rather than blind acceptance.

4. Metacognitive Reflection:
Students regularly reflected on their Al use:

e When was Cypher helpful?

e When did you rely on it too much?

e How did you verify information?

e What did you learn that Cypher couldn't teach you?

5. Peer Accountability:

During mock demonstrations, peers asked probing questions that revealed whether
presenters truly understood or were just reciting Al-generated content. This peer
accountability discouraged superficial learning.

6. Reframing Al's Role:
The teacher consistently reframed Cypher as a "thinking partner" not an "answer provider":
"Don't ask Cypher to do your thinking. Ask Cypher to help you think."



Lessons Learned

Verification must be enforced, not just encouraged: Clear guidelines aren't
enough—there must be accountability mechanisms.

Teach critical evaluation: Students need explicit instruction in evaluating Al outputs, not
just using them.

Make understanding visible: Create opportunities where students must demonstrate
understanding without Al support.

Use Al's limitations as teaching moments: When Cypher makes errors, use them to teach
critical thinking rather than hiding them.

Challenge 4: Balancing Structure with Creativity

The Challenge

There was inherent tension between providing enough structure to ensure success and
allowing enough freedom for creativity and ownership.

Manifestations:

e Over-structured moments: Sometimes the teacher provided so much structure that
students felt constrained: "Can we do it differently?"

e Under-structured moments: Other times, students felt lost: "We don't know what to
do next."

e Creativity vs. requirements: Students wanted creative freedom but also needed to
meet specific learning objectives

e Time pressure: Creative exploration takes time, but the curriculum timeline was
fixed

Why This Happened

This tension is inherent in student-centered learning. Too much structure becomes
teacher-directed; too little structure becomes chaotic. Finding the right balance requires
constant adjustment.



Solutions Implemented

1. "Must Do" vs. "Can Do" Framework:
The teacher distinguished between requirements and options:

Must Do:

Cover specific mathematical content
Create a presentation

Design a quiz

Present to the class

Can Do:

Choose presentation format (slides, poster, demonstration, etc.)
Select examples

Decide how to organize content

Add creative elements

This framework provided clarity about what was required while preserving creative freedom.

2. Student Input on Structure:
The teacher asked students: "Is this too much structure or not enough? What would help
you?" This made students partners in designing the learning experience.

3. Flexible Timelines:

While overall deadlines were fixed, the teacher allowed flexibility in how groups used their
time. Some groups needed more research time; others needed more preparation time. The
teacher accommodated these differences.

4. "Tight-Loose-Tight" Approach:

e Tight: Clear expectations at the beginning
e Loose: Freedom during the work process
e Tight: Clear requirements for the final product

This approach provided structure at critical points while allowing freedom in between.

5. Exemplars with Variation:

The teacher showed examples of successful presentations from previous projects (not this
intervention) that varied in format and approach. This showed students that there were
multiple ways to succeed.



Lessons Learned

Balance is dynamic, not static: The right amount of structure varies by student, group, and
phase. Be prepared to adjust.

Distinguish requirements from options: Be clear about what's non-negotiable and where
students have choice.

Involve students in design: Ask students what structure they need rather than assuming
you know.

Preserve creative freedom: Even within constraints, find spaces for student creativity and
ownership.

Lessons Learned: What We Would Do Differently

Reflecting on the entire intervention, several improvements emerged:

1. More Explicit Collaboration Training

While the teacher taught collaboration skills, she would dedicate even more time to this in
future iterations. Specific skills to teach:

How to disagree respectfully

How to ensure equal participation

How to give specific, actionable feedback
How to manage group conflict

2. Earlier Mock Demonstrations

Mock demonstrations came late in the process. Starting them earlier would give students
more time to refine based on feedback.

3. More Structured Peer Feedback
While peer feedback was valuable, it would be more effective with more structure:

e Specific feedback protocols
e Training in giving constructive feedback
e Accountability for implementing feedback



4. Parent Communication

Some parents were confused about the project and worried their children weren't being
"taught properly." More proactive parent communication would help:

e Explanation of the pedagogical approach
e Updates on student progress
e Invitation to observe presentations

5. Documentation of Learning Process

Students would benefit from documenting their learning process (photos, journals, videos) to
reflect on their growth and share with others.

. HONEST REFLECTION

One of the most important lessons: perfection isn't the goal. This intervention had
challenges, mistakes, and moments of doubt. But it also had remarkable successes and
profound learning. Educators considering similar approaches should expect imperfection and
view challenges as opportunities for learning and refinement, not as failures.




CHAPTER 9

IMPLICATIONS FOR SCALABILITY &
FUTURE

While this case study documents one successful implementation, the critical question is: Can
this approach scale? What would it take to implement this model more broadly?

Conditions for Successful Replication

Based on this experience, several conditions appear necessary for successful replication:

1. Teacher Readiness and Mindset
The most critical factor is teacher readiness—not just skills but mindset.
Essential Teacher Characteristics:

e Comfort with ambiguity: Teachers must tolerate not knowing exactly how each
lesson will unfold

Trust in students: Teachers must believe students are capable of intellectual work
Facilitation skills: Teachers must be able to guide without directing

Flexibility: Teachers must adapt in real-time based on student needs

Reflective practice: Teachers must continuously assess and adjust their approach

Not Required:

e Technical expertise (basic technology skills are sufficient)
e Years of experience (novice teachers with the right mindset can succeed)
e Perfect planning (the approach requires iteration and adjustment)

2. School Culture and Leadership Support
This approach requires school-level support:
Supportive Leadership:

Principals who understand and value student-centered learning
Willingness to accept that classrooms may look and sound different (noisier, less
orderly)

e Protection from external pressure for traditional instruction



Flexible Scheduling:

e Longer class periods or block scheduling to allow extended group work
e Flexibility to adjust pacing based on student needs

Collegial Support:

e Opportunities for teachers to collaborate and learn from each other
e Professional learning communities focused on student-centered pedagogy

3. Student Preparation
Students need preparation for this approach:
Foundational Skills:

e Basic collaboration skills
e Minimal technology literacy
e Willingness to take intellectual risks

Mindset Development:

e Growth mindset about their capabilities
e Understanding that struggle is part of learning
e Willingness to take responsibility for learning

Note: These don't need to be fully developed before starting—they can be built during the
intervention. But some foundation helps.

4. Resource Availability
Certain resources are necessary:
Technology:

e Devices (smartphones, tablets, or computers)
e Internet connectivity (at least during school hours)
e Al platform or alternative research tools

Materials:

e Textbooks or other content resources
e Materials for creating presentations (paper, markers, or digital tools)

Time:

e Adequate instructional time (this approach takes longer than traditional instruction)
e Teacher planning time



5. Assessment Alignment
For this approach to be sustainable, assessment must align:
Formative Assessment:

e Regular feedback during the process
e Multiple opportunities to demonstrate learning

Summative Assessment:

e Tests that assess understanding, not just recall
e Recognition of diverse forms of achievement (presentation quality, collaboration, etc.)

External Accountability:

e |[f high-stakes tests emphasize only recall, teachers face pressure to revert to
traditional instruction
e Policy alignment is necessary for long-term sustainability

Teacher Capacity Building Requirements
Scaling this approach requires significant investment in teacher capacity building.

Professional Development Needs

Content Knowledge:
Teachers need deep content knowledge to facilitate effectively. They must understand
mathematics well enough to:

e Recognize correct and incorrect student reasoning
e Ask probing questions that advance thinking

e Provide targeted support when students struggle

e Design assessments that measure deep understanding

Pedagogical Knowledge:
Teachers need specific pedagogical skills:

How to design student-centered learning experiences
How to facilitate productive group work

How to provide effective feedback

How to assess learning in non-traditional ways

How to use technology to enhance (not replace) learning



Technological Knowledge:
Teachers need basic technology skills:

e How to use Al tools effectively
e How to teach students to use technology responsibly
e How to troubleshoot common technical issues

Mindset Shift: From Instructor to Facilitator

Perhaps the most challenging aspect of teacher capacity building is the mindset shift
required.

Traditional Teacher Mindset:

| am the source of knowledge

My job is to transmit information clearly

Good teaching means clear explanations

Student confusion means | didn't explain well enough
Control and order are essential

Facilitator Mindset:

Students construct knowledge; | guide the process

My job is to create conditions for learning

Good teaching means asking questions that provoke thinking
Student confusion is a natural part of learning

Productive struggle is valuable

This mindset shift doesn't happen through one-time professional development. It requires:

Ongoing support and coaching

Opportunities to observe facilitation in action
Safe spaces to experiment and make mistakes
Reflective practice and peer learning

Time to develop new skills

Ongoing Support Structures
Teachers need ongoing support, not just initial training:

Coaching:
Instructional coaches who can observe, provide feedback, and support problem-solving

Professional Learning Communities:
Regular meetings with colleagues implementing similar approaches to share challenges and
solutions

Resources:
Access to lesson plans, materials, and examples from successful implementations



Time:
Protected time for planning, reflection, and collaboration

Emotional Support:
This approach can be emotionally demanding. Teachers need support for the stress and
uncertainty it involves.

Technology Infrastructure Needs

While this intervention used Al (Cypher), the approach doesn't require cutting-edge
technology. However, certain infrastructure is necessary.

Hardware and Connectivity
Minimum Requirements:

e One device per 3-4 students (groups can share)
e Internet connectivity during school hours
e Basic display capability (projector or large screen for presentations)

Ideal Setup:

e One device per student
e Reliable, high-speed internet
e |Interactive displays for presentations

Workarounds for Limited Resources:

e Shared devices with scheduled access
e Offline alternatives (textbooks, printed materials)
e Community partnerships (libraries, community centers) for after-school access

Platform Features: Essential vs. Optional
Essential Al Platform Features:

Conversational interface (students can ask questions naturally)
Ability to provide explanations and examples

Accessibility on multiple devices

Basic reliability

Valuable but Optional Features:

Socratic questioning capability
Ability to generate practice problems
Integration with other learning tools
Advanced personalization



Important Note: This approach could work without Al. Students could use textbooks, online
resources, and teacher support for research. Al enhanced the experience but wasn't
essential to the core model.

Budget Considerations
Low-Cost Implementation:

Use free Al tools (ChatGPT free tier, Bing Chat, etc.)

Rely on existing school devices

Use free presentation tools (Google Slides, Canva free tier)
Estimated cost: $0-500 for materials

Medium-Cost Implementation:

Subscription to educational Al platform
Some device purchases to fill gaps
Presentation materials and supplies
Estimated cost: $2,000-5,000

High-Cost Implementation:

Premium Al platform with educational features
Device for every student

Professional development for teachers
Estimated cost: $10,000-20,000

The approach is feasible across budget levels with appropriate adaptations.

Cross-Subject Implementation

While this case study focused on mathematics, the model has potential for other subjects.

Subjects Well-Suited to This Approach
Science:

e Students teach scientific concepts, conduct demonstrations, design experiments
e Natural fit for inquiry-based learning
e Al can support research and hypothesis testing

Social Studies:

e Students research historical events, teach perspectives, facilitate discussions
e Develops critical thinking about sources and evidence
e Al can provide access to diverse information sources



Language Arts:

e Students teach literary concepts, lead discussions, create writing workshops
e Develops communication and analytical skills
e Al can support research and writing process

Foreign Languages:

e Students teach grammar concepts, lead conversation practice, create cultural
presentations

e Peer teaching reinforces language learning

e Al can provide language practice and feedback

Adaptations Needed by Subject Area
Mathematics:

e Focus on conceptual understanding, not just procedures
e Emphasize problem-solving and reasoning
e Use Al for explanation and verification

Science:

e Include hands-on demonstrations and experiments
e Emphasize scientific method and inquiry
e Use Al for research and hypothesis generation

Social Studies:

e Emphasize multiple perspectives and critical analysis
e Include primary source analysis
e Use Al for research while teaching source evaluation

Language Arts:

e Focus on interpretation and analysis
e Include creative elements (performance, creative writing)
e Use Al for brainstorming and feedback, not content generation

Potential Benefits and Challenges by Subject
Benefits:

Develops subject-specific communication skills
Builds deep content knowledge

Creates authentic purposes for learning
Develops critical thinking in subject context



Challenges:

Some subjects have less clear "topics" to divide
Assessment may be more subjective in some subjects

Al capabilities vary by subject (stronger in some than others)
Teacher expertise requirements differ by subject

Long-Term Sustainability Questions

Several questions about long-term sustainability remain:

1. Maintaining Engagement Over Time

Question: If this approach is used repeatedly, will students remain engaged or will novelty
wear off?

Considerations:

Novelty was part of initial engagement

But deeper engagement came from ownership and responsibility

Varying the format (different grouping, different products) could maintain interest
Students might become more skilled and efficient with practice

Hypothesis: Engagement would remain high if the approach is varied and students continue
to have genuine ownership.

2. Preventing Model Fatigue

Question: Could teachers or students experience fatigue from the intensive nature of this
approach?

Considerations:

e This approach is more demanding than traditional instruction
e Using it for every topic might be exhausting
e Strategic use (some topics, not all) might be more sustainable

Hypothesis: This approach works best as one tool in a varied pedagogical toolkit, not as the
only approach used.



3. Scaling Without Diluting Quality
Question: As this approach scales, how do we maintain quality?
Considerations:

e Quality depends heavily on teacher facilitation
e Rapid scaling might outpace teacher capacity building
e Pressure to scale might lead to superficial implementation

Hypothesis: Scaling should be gradual, with significant investment in teacher development
and ongoing support.

4. Integration with Existing Curriculum
Question: How does this approach fit within existing curriculum requirements and pacing?
Considerations:

e This approach takes more time than traditional instruction
e Curriculum is often overpacked with content
e External assessments may not align with this approach

Hypothesis: Successful integration requires curriculum prioritization (depth over breadth)
and assessment alignment.

Fractions

Group 1 - Grade 6 A




Future Research Directions

This case study raises many questions that warrant further research:

1. Longitudinal Effects

Research Question: What are the long-term effects of this intervention on student learning,
attitudes, and achievement?

Study Design:

Follow students over multiple years

Compare long-term outcomes with control groups

Assess retention of content and skills

Measure impact on subsequent mathematics achievement

Why It Matters: Short-term gains are promising, but long-term impact is what ultimately
matters for educational interventions.

2. Comparative Effectiveness

Research Question: How does this approach compare to other evidence-based
pedagogical approaches?

Study Design:

e Randomized controlled trial comparing this approach to:
o Traditional instruction
o Other student-centered approaches (project-based learning, inquiry-based
learning)
o Technology-enhanced traditional instruction
e Measure multiple outcomes (achievement, engagement, attitudes, skills)

Why It Matters: Understanding relative effectiveness helps educators make informed
choices about pedagogical approaches.

3. Mechanism Studies
Research Question: What specific mechanisms drive the learning gains observed?
Study Design:

e |solate components (peer teaching, Al use, collaborative preparation, etc.)
e Test each component's contribution to outcomes
e |dentify which elements are essential vs. enhancing

Why It Matters: Understanding mechanisms allows for optimization and adaptation of the
approach.



4. Implementation Studies
Research Question: What factors support or hinder successful implementation?
Study Design:

e Study multiple implementations across diverse contexts
e |dentify factors associated with successful vs. unsuccessful implementation
e Develop implementation frameworks and support tools

Why It Matters: Understanding implementation helps scale the approach effectively.
5. Equity Studies

Research Question: How does this approach affect different student populations?
Study Design:

e Analyze outcomes by student characteristics (prior achievement, socioeconomic
status, language background, etc.)
Identify which students benefit most and least
Develop adaptations to ensure equitable outcomes

Why It Matters: Educational innovations must work for all students, not just some.

6. Teacher Development Studies

Research Question: What professional development approaches most effectively prepare
teachers for this pedagogy?

Study Design:

e Compare different PD models (workshop, coaching, PLCs, etc.)
e Measure teacher practice change and student outcomes
e |dentify effective PD components

Why It Matters: Teacher capacity is the bottleneck for scaling—effective PD is essential.

7. Technology Role Studies
Research Question: What is the specific contribution of Al to learning outcomes?
Study Design:

e Compare outcomes with Al vs. without Al (using other research tools)
e Analyze patterns of Al use and their relationship to learning
e Identify optimal ways to integrate Al in learning

Why It Matters: As Al becomes ubiquitous, understanding its educational role is critical.



/| RESEARCH AGENDA SUMMARY
Short-term priorities:

1. Replication studies in diverse contexts
2. Comparative effectiveness studies
3. Implementation studies

Medium-term priorities:

1. Longitudinal studies
2. Mechanism studies
3. Teacher development studies

Long-term priorities:

1. Equity studies
2. Technology role studies
3. Scaling studies



CHAPTER 10

RECOMMENDATIONS & CONCLUSION

Recommendations for Classroom Teachers

For teachers considering implementing similar approaches, these recommendations provide
practical guidance:

Start Small

Don't try to transform your entire practice overnight. Start with one unit, one class, or
one semester. Learn from that experience before expanding.

Concrete Steps:

Choose one topic that lends itself to student teaching
Implement a simplified version of this model

Reflect on what worked and what didn't

Refine and expand gradually
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Build Relationships First

Student-centered learning requires trust. Students must trust you, trust each other, and
trust themselves. Invest time in building classroom communities before launching complex
collaborative projects.

Concrete Steps:

Use team-building activities early in the year
Establish norms for respectful interaction
Create safe spaces for risk-taking and mistakes
Model vulnerability and learning from errors
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Teach Collaboration Explicitly

Don't assume students know how to collaborate. Explicitly teach collaboration skills: how
to divide work equitably, how to give feedback, how to resolve conflicts, how to ensure
everyone participates.



Concrete Steps:

Demonstrate effective collaboration

Provide sentence stems for productive discussion
Assign and rotate group roles

Debrief collaboration process regularly
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Design for Accountability

Student-centered learning isn't unstructured learning. Design clear accountability
mechanisms: deadlines, checkpoints, peer review, public presentations. Accountability
ensures students take responsibility seriously.

Concrete Steps:

1. Create detailed timeline with milestones

2. Require regular progress updates

3. Build in peer accountability (peer review, presentations)
4. Make expectations explicit and visible

Embrace Your Role as Facilitator

Your expertise matters, but differently. You're not abdicating responsibility—you're
exercising it in a different way. Your role is to design the learning experience, provide
resources, ask probing questions, and intervene strategically.

Concrete Steps:

Prepare questions in advance to provoke thinking
Resist the urge to immediately provide answers
Observe carefully and intervene purposefully
Provide feedback that advances thinking
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Use Technology Thoughtfully

Technology is a tool, not a solution. Use it to enhance learning, not replace thinking.
Teach students to use technology critically and strategically.

Concrete Steps:

1. Establish clear guidelines for technology use

2. Teach verification and critical evaluation

3. Have low-tech backup plans

4. Reflect regularly on technology's role in learning



Iterate and Improve

Your first implementation won't be perfect. Expect challenges, learn from them, and
refine your approach. Each iteration will be better than the last.

Concrete Steps:

1. Document what happens (journal, photos, student work)
2. Gather student feedback regularly
3. Reflect on what worked and what didn't
4. Make specific changes for next time
Find Support

Don't do this alone. Find colleagues, join professional learning communities, seek mentors.
Implementing student-centered learning is challenging—support makes it sustainable.

Concrete Steps:

1. Find at least one colleague to collaborate with

2. Join online communities focused on student-centered learning
3. Attend workshops or conferences

4. Share your experiences and learn from others

Recommendations for School Leaders

School leaders play a critical role in enabling student-centered learning. These
recommendations address systemic support:

Create Supportive Culture

Culture eats strategy for breakfast. Even the best pedagogical approaches fail in
unsupportive cultures. Create a culture that values student-centered learning, tolerates
productive messiness, and supports teacher risk-taking.

Concrete Actions:

1. Communicate clear vision for student-centered learning

2. Celebrate teachers who implement innovative approaches

3. Protect teachers from criticism when classrooms look different
4. Model learning and risk-taking as a leader

Provide Professional Development

One-time workshops aren't enough. Provide ongoing, job-embedded professional
development that includes coaching, peer observation, and collaborative planning.



Concrete Actions:

Allocate budget for sustained PD (not just one-day workshops)
Hire instructional coaches to support implementation

Create time for teacher collaboration and planning

Support teachers attending conferences and workshops
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Align Systems and Structures

Misaligned systems undermine innovation. Ensure scheduling, assessment, and
accountability systems support rather than hinder student-centered learning.

Concrete Actions:

1. Create flexible scheduling (block periods, flexible pacing)

2. Align assessment practices with student-centered pedagogy
3. Reduce emphasis on test scores as sole measure of success
4. Provide time for teachers to plan and collaborate

Invest in Infrastructure

Adequate resources matter. Provide technology, materials, and spaces that support
collaborative, student-centered learning.

Concrete Actions:

Ensure adequate technology access (devices, connectivity)

Create flexible learning spaces (movable furniture, collaboration areas)
Provide materials for student creation (presentation supplies, maker materials)
Budget for ongoing technology maintenance and upgrades
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Build Teacher Capacity Gradually

Don't mandate innovation. Support teachers who are ready to innovate while building
capacity in others. Gradual, voluntary adoption is more sustainable than mandated change.

Concrete Actions:

Start with early adopters and innovators

Create opportunities for peer learning (observations, demonstrations)
Celebrate and share successes

Provide support for teachers at different readiness levels
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Communicate with Stakeholders

Parents and community members may not understand student-centered learning.
Proactively communicate the rationale, approach, and outcomes.



Concrete Actions:

Host parent information sessions about pedagogical approaches
Invite parents to observe student-led learning

Share student work and reflections

Communicate outcomes and benefits clearly
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Measure What Matters

If you only measure test scores, that's what teachers will prioritize. Measure multiple
outcomes: engagement, collaboration skills, critical thinking, student agency.

Concrete Actions:

Develop measures of student engagement and agency
Assess collaboration and communication skills

Gather student and parent feedback

Use multiple data sources to evaluate success
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Recommendations for Policymakers

Policy shapes what's possible in classrooms. These recommendations address policy-level
support for student-centered learning:

Align with NEP 2020 Vision

NEP 2020 articulates a vision for student-centered, competency-based learning.
Ensure policies, assessments, and accountability systems align with this vision rather than
undermining it.

Concrete Actions:

Review existing policies for alignment with NEP 2020
Revise policies that incentivize traditional instruction
Create policies that support innovative pedagogy
Provide resources for NEP 2020 implementation
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Reform Assessment Systems

High-stakes tests that emphasize recall undermine student-centered learning. Reform
assessment systems to measure deeper learning: critical thinking, problem-solving,
collaboration, communication.



Concrete Actions:

Reduce emphasis on standardized tests as sole accountability measure
Develop assessments that measure higher-order thinking

Include performance-based assessments

Allow multiple measures of student achievement
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Support Teacher Professional Development

Teachers need significant support to shift practice. Fund sustained, high-quality
professional development focused on student-centered pedagogy.

Concrete Actions:

Allocate significant budget for teacher PD

Support coaching and mentoring programs

Create time for teacher collaboration (reduce teaching load)
Fund teacher attendance at conferences and workshops
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Address Technology Equity

Technology access remains unequal. Ensure all students have access to devices and
connectivity necessary for 21st-century learning.

Concrete Actions:

1. Fund device programs (one-to-one or one-to-few)

2. Expand internet connectivity (school and community)
3. Provide technology support and maintenance

4. Address digital literacy gaps

Incentivize Innovation

Current accountability systems often punish innovation. Create incentives for schools
and teachers to try innovative approaches.

Concrete Actions:

1. Provide grants for innovative pedagogy pilots

2. Recognize and celebrate innovative schools and teachers
3. Reduce accountability pressure during innovation pilots
4. Share successful innovations across schools

Support Research and Evaluation

Evidence should guide policy. Fund research on effective pedagogical approaches and
use evidence to inform policy decisions.



Concrete Actions:

Fund rigorous research on student-centered learning
Support evaluation of innovative programs
Disseminate research findings to educators

Use evidence to inform policy decisions
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Think Long-Term

Transforming education takes time. Resist pressure for quick fixes and invest in
long-term, sustainable change.

Concrete Actions:

Set realistic timelines for change (years, not months)
Provide sustained support, not one-time initiatives

Build capacity gradually and systematically

Measure progress over time, not just immediate outcomes
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Recommendations for EdTech Developers

Technology developers play an important role in supporting student-centered learning.
These recommendations address technology design:

Design for Learning, Not Efficiency

The goal is learning, not efficiency. Design tools that support deep learning, even if that's
less efficient than tools that provide quick answers.

Concrete Actions:

1. Prioritize features that promote thinking over features that provide answers
2. Include Socratic questioning capabilities

3. Design for collaboration, not just individual use

4. Build in reflection and metacognition prompts

Support Teacher Facilitation

Teachers remain essential. Design tools that support teacher facilitation rather than
replacing teachers.

Concrete Actions:

Provide teacher dashboards showing student progress and challenges
Include features for teacher feedback and intervention

Design for classroom use, not just individual use

Support teacher customization and adaptation
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Prioritize Transparency and Explainability

Students and teachers need to understand how Al works. Design transparent systems
that explain their reasoning and limitations.

Concrete Actions:

Make Al reasoning visible (show why it provided a particular response)
Acknowledge limitations and uncertainty

Provide confidence indicators

Explain how the system works in accessible language
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Build in Verification and Critical Thinking

Students should question, not blindly accept, Al outputs. Design features that promote
verification and critical evaluation.

Concrete Actions:

Include prompts to verify information

Occasionally provide incorrect information with prompts to identify errors
Ask students to evaluate Al responses

Provide tools for comparing multiple sources
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Design for Equity

Technology should reduce, not increase, inequity. Design for diverse users, contexts,
and access levels.

Concrete Actions:

1. Ensure accessibility (screen readers, multiple languages, etc.)
2. Design for low-bandwidth environments

3. Provide offline capabilities

4. Keep costs affordable for under-resourced schools

Support Collaboration
Learning is social. Design tools that support collaboration, not just individual work.
Concrete Actions:

Include features for group work (shared workspaces, collaborative editing)
Support peer feedback and review

Enable sharing and discussion

Design for classroom use, not just individual use
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Gather and Use Feedback

Developers should learn from users. Gather feedback from teachers and students and
use it to improve products.

Concrete Actions:

Conduct user research with teachers and students
Pilot products in real classrooms

Iterate based on feedback

Involve educators in design process
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Final Reflection: The Transformation We Witnessed

At its heart, this case study is not about technology, nor even about a single pedagogical
model. It is about a fundamental rethinking of the classroom itself—who holds knowledge,
who does the intellectual work, and what it truly means to learn.

This case study began with a question: Can an Al-enabled flipped classroom model, where
students teach each other, improve mathematics learning?

The answer, based on this implementation, is a resounding yes. Students showed:

34.5% improvement in overall performance
77.7% improvement in analytical reasoning
Substantial gains across all performance levels
Increased confidence, engagement, and agency

But the numbers tell only part of the story. The qualitative transformation was equally
profound:

We saw students who thought they were "bad at math" discover they could not only learn
mathematics but teach it.

We saw quiet students find their voice and become confident explainers.

We saw students who had been passive recipients of knowledge become active constructors
of understanding.

For generations, classrooms have been organized around a simple assumption: teachers
teach, students receive. While this model has produced outcomes, it has also constrained
possibility. It has limited student agency, narrowed the definition of success, and often
reduced learning to compliance rather than curiosity. The intervention documented in this
book challenged that assumption directly.

When students were entrusted with the responsibility to teach mathematics—to explain,
justify, question, and assess—they did something remarkable: they rose to the occasion.
The data tells one part of the story, with substantial gains in application and analytical



thinking. But the deeper transformation occurred beneath the surface. Students began to
see themselves differently—not as learners who wait for instruction, but as thinkers capable
of constructing and communicating knowledge.

The classroom itself changed. Questions became richer. Discussions became more
mathematical. Silence shifted from disengagement to concentration. Mistakes became
moments of inquiry rather than embarrassment. Learning moved from the front of the room
into the shared space between students.

Importantly, this transformation did not come from removing structure, rigor, or accountability.
It came from redefining them. Structure became a scaffold for agency. Rigor became depth
of thinking rather than speed of execution. Accountability shifted from pleasing the teacher to
being responsible to one’s peers.

The role of the teacher, too, was reimagined. Teachers did not become less important; they
became more essential. Their expertise was expressed not only through explanation, but
through design, facilitation, questioning, and judgment. They curated learning experiences,
anticipated misconceptions, and created conditions in which students could succeed
independently.

Technology, including Al, played a meaningful but bounded role. It amplified student capacity
without replacing human thinking. It supported exploration without becoming an authority.
Most importantly, it remained subordinate to pedagogy, purpose, and human judgment.

Reimagining the classroom, as this case study shows, is not about chasing novelty. It is
about restoring learning to its rightful owners—the students—while providing them with the
tools, guidance, and trust they need to grow.

This is not an argument for abandoning tradition, but for evolving it. When classrooms
become places where students think deeply, teach confidently, and learn collaboratively,
mathematics is no longer a subject to survive. It becomes a discipline to engage with,
question, and ultimately understand.

The Path Forward: From Case Study to Movement

This case study documents one successful implementation of Al-enabled peer learning in
one classroom. But its significance extends far beyond that single classroom.

Why This Matters Beyond One Classroom

1. Proof of Concept:
This case study demonstrates that student-centered, Al-enabled learning can work in real
classrooms with real constraints. It's not just a theoretical ideal—it's a practical reality.

2. Replicable Model:
The approach documented here is replicable. Other teachers, in other schools, with other
students, can implement similar models and achieve similar outcomes.



3. Alignment with Educational Goals:

This approach aligns with widely shared educational goals: developing critical thinking,
fostering collaboration, building student agency, preparing students for the future. It's not a
fringe idea—it's mainstream educational vision made real.

4. Response to Technological Change:
As Al becomes ubiquitous, education must adapt. This case study shows one way to
integrate Al that enhances rather than undermines learning.

5. Evidence for Policy:
Policymakers need evidence that student-centered learning works. This case study
contributes to that evidence base.

Vision for Transforming Mathematics Education

Imagine if this approach became widespread. What would mathematics education look like?
Classrooms would be:

Active, not passive

Collaborative, not isolated

Student-centered, not teacher-centered

Focused on understanding, not just procedures
Engaging and meaningful, not boring and abstract

Students would:

See themselves as capable mathematicians

Understand mathematics deeply, not just memorize procedures
Collaborate effectively with peers

Use technology strategically and critically

Take ownership of their learning

Teachers would:

Facilitate learning rather than just deliver content

Know students deeply as learners

Use assessment to support learning, not just measure it
Continuously improve their practice

Find teaching intellectually stimulating and emotionally rewarding

Outcomes would include:

Higher achievement, especially in higher-order thinking
Greater equity (narrower achievement gaps)

Increased student engagement and motivation

Better preparation for future learning and careers

More students pursuing STEM fields



This vision is ambitious but achievable. This case study shows it's possible.

Call to Action for Educators

To Teachers:

Try this. Start small, learn from experience, refine your approach. You have the power to
transform learning in your classroom. Don't wait for perfect conditions—begin with what you
have.

To School Leaders:
Support your teachers. Create conditions for innovation. Protect teachers who take risks.
Invest in professional development. Align systems to support student-centered learning.

To Policymakers:
Reform policies that hinder innovation. Align assessment with deeper learning goals. Fund
professional development. Address technology equity. Think long-term.

To Researchers:
Study this approach rigorously. Identify what works, for whom, and under what conditions.
Build the evidence base that will guide practice and policy.

To EdTech Developers:
Design tools that support learning, not just efficiency. Prioritize transparency, verification, and
collaboration. Involve educators in design. Make tools accessible and equitable.

To Parents:

Support your children's teachers when they try innovative approaches. Understand that
learning may look different than it did when you were in school. Focus on your child's growth,
not just grades.

To Students:
Take ownership of your learning. Embrace challenges. Collaborate with peers. Use
technology thoughtfully. Recognize your capability.

What "Movement" Means Here

We are not using the word lightly. A movement in education is not a policy directive, a
curriculum update, or a technology deployment. It is a shift in beliefs — about what students
are capable of, about what teachers are for, and about what schools should produce.

The movement we are pointing toward has a simple premise:

Students learn most deeply when they are given genuine responsibility for
someone else's learning.

This is not a new idea. It lives in Vygotsky's social constructivism, in the peer-tutoring
literature going back to the 1960s, in decades of research on cooperative learning. What is
new is the confluence of factors that now makes it more achievable than ever before:



e Al tools that can provide personalized explanations at scale, making it possible for
students to research and prepare without being constantly dependent on teacher
availability

e National policy frameworks like NEP 2020 that explicitly call for experiential,
competency-based, student-centered learning — creating institutional permission for
change

e Growing teacher frustration with passive classrooms and rote learning that
produces poor results on the metrics that matter most

e Student readiness — as this study shows, young people are not only willing to take
on this responsibility, they rise to meet it with energy that traditional instruction rarely
unlocks

The infrastructure for a movement exists. What is needed is a critical mass of practitioners
who are willing to implement, document, and share.

The Replication Imperative
A single case study, however compelling, cannot change education. Replication can.

We are issuing an explicit call to educators, school leaders, and educational researchers to
implement variations of this model and to document what happens with the same rigor and
honesty applied here. Not just in mathematics. Not just in Grade 7. In science classrooms in
Pune. In history classrooms in Kolkata. In English language arts in rural Chhattisgarh. In
upper primary schools with fifty students per section and a single shared smartphone. In
well-resourced private schools with one device per child.

The model must be stress-tested across conditions. Some elements will prove robust.
Others will need adaptation. Both outcomes are valuable. The field needs to know not just
that peer-led, Al-supported learning can work, but precisely when, for whom, and under what
constraints it works best.

To this end, Al Ready School is committed to:

e Publishing detailed implementation toolkits that allow other schools to replicate this
model with minimal external support

e Establishing a practitioner community where teachers implementing similar
approaches can share experiences, troubleshoot challenges, and co-develop
resources

e Partnering with researchers to design rigorous comparative studies that build the
evidence base beyond case study methodology

e Developing training programs that prepare teachers for the facilitative role this
approach demands

But these institutional commitments mean little without individual educators who decide —
tomorrow, or next semester, or when this school year begins — to try something different.



The Urgency of Now
There is a reason this work feels urgent beyond academic interest.

India is navigating a profound educational transition. The National Education Policy 2020
represents the most ambitious reimagining of the country's educational philosophy in
decades. It calls explicitly for the kind of learning documented in this case study:
experiential, collaborative, competency-based, technology-integrated. But policies do not
teach students. Teachers do. And the distance between a policy document and a
transformed classroom is measured in professional development hours, in courageous
school leaders, and in individual teachers willing to redesign their practice.

Simultaneously, artificial intelligence is entering classrooms whether educators invite it
thoughtfully or not. Students already have access to Al tools that can answer their homework
qguestions, write their essays, and solve their equations. The question is not whether Al will
be present in education — it already is. The question is whether educators will shape how it
is used, or cede that territory entirely to student improvisation and corporate product design.

This case study offers one answer to that question: Al is most powerful in education when it
is positioned as a thinking partner for learners who have real intellectual work to do. When
students are preparing to teach, they have genuine questions. When they have genuine
questions, Al has genuine value. The research-to-teaching pipeline this intervention created
transformed Cypher from a potential shortcut into an authentic cognitive tool. That
transformation did not happen automatically. It happened because teachers designed an
experience that made it happen.

That design capacity — the ability to create learning structures that bring out the best in both
human and artificial intelligence — is the defining professional skill of the teacher of the
future. And it can be developed. This case study is, among other things, a demonstration of
that fact.

Imagining the Classroom of 2030

Consider a thought experiment. It is 2030, and the approach documented in this case study
has been implemented, adapted, and refined across thousands of Indian classrooms. What
has changed?

In a Grade 8 science class in Nagpur, student groups are presenting on cellular biology.
Each group has spent two weeks researching, using Al tools to explore concepts, creating
annotated diagrams, and designing experiments to demonstrate their understanding. Today,
Arjun — who last year refused to speak in class — is explaining mitosis to forty peers with
visible excitement. He has prepared for every question they might ask. He has internalized
the content in a way no lecture could have produced.

In a Grade 6 mathematics class in Jaipur, a teacher sits at the back of the room, watching
and making notes. At the front, a group of students is teaching fractions using a real-world
problem they designed themselves: splitting a cricket team's prize money fairly among
players who played different numbers of matches. The teacher has not spoken in twenty



minutes. She does not need to. The learning is happening without her direct intervention —
because she designed the conditions that make this possible.

In a teacher training institute in Bhopal, a cohort of student-teachers is learning
facilitation skills through the same peer-teaching model they will use with their future
students. They are discovering, through direct experience, what their students will one day
discover: that the act of preparing to teach transforms the quality of your own understanding.

In a ministry of education meeting in New Delhi, a presentation is being made showing
longitudinal data from five years of scaled implementation. Not just test scores — though
those have improved — but measures of student agency, collaboration capacity, and
mathematical confidence across socioeconomic groups. The achievement gap has
narrowed. Girls who once sat silently in mathematics classes now lead them. Students from
first-generation educated families are performing at levels previously associated with elite
institutions.

This is not fantasy. It is a plausible projection from the evidence in front of us. The seeds of
this future were planted in a classroom in Raipur in 2026.

The Non-Negotiable Core

As this model scales and adapts, certain principles must not be compromised. They are the
heart of what made this intervention work, and diluting them will dilute the results.

Students must have authentic responsibility. Peer teaching works because the stakes
are real. If presentations become performative rather than substantive — if students are
going through motions rather than genuinely teaching — the learning effect disappears.
Every adaptation of this model must preserve the authentic accountability of teaching
someone else.

Al must be positioned as a tool for thinking, not a substitute for it. The moment Cypher
(or any Al tool) becomes an answer machine rather than a thinking partner, its educational
value collapses. The verification culture, the Socratic questioning, the insistence on students
putting things in their own words before they can be said to understand — these practices
are not optional features. They are the mechanism by which Al enhances rather than
undermines learning.

Structure must be genuine, not theatrical. This intervention succeeded partly because the
structure was real. Deadlines were held. Mock demonstrations were genuine feedback
sessions. Presentations were actual teaching events, not scripted performances. Peer
assessments were read and considered. If structure becomes bureaucratic box-ticking, the
learning culture deteriorates.

Teachers must facilitate, not disappear. Student-centered does not mean teacher-absent.
The teacher in this intervention was working continuously — observing, questioning,
redirecting, supporting, adjusting. The nature of that work changed from direct instruction to
facilitation, but the intensity and expertise required did not diminish. Scaling this model does
not mean reducing teacher involvement; it means redirecting it.



Every student must be included. The equity imperative is not an afterthought. The most
promising finding in this study is that struggling students showed the greatest relative gains
— 141% improvement for the lowest-performing group. Any implementation that produces
strong results for high-performing students while leaving struggling ones behind has failed at
something fundamental. This model should be a vehicle for equity, not another mechanism
for advantage to compound advantage.

A Message to the Students of SAGES BP Pujari School

You may never read these words. But you are the reason they are being written.

You proved something this year that researchers have known theoretically for decades but
rarely get to see so clearly in practice: that the act of teaching is the deepest form of
learning. That struggle, when properly supported, produces understanding that effortless
success never can. That collaboration is not cheating — it is one of the most powerful
cognitive tools available to human beings. That you are capable of far more than any
traditional test or passive classroom has ever asked of you.

The 80 students who participated in this study are not statistics. They are the first cohort of
what we hope will become a generation of learners who understand, from direct experience,
what it means to take genuine ownership of their education. That understanding — once
earned — cannot be taken away.

What you did matters. Not just because your test scores improved. But because you
demonstrated, for everyone who doubted it, that students like you can transform a
mathematics classroom into a community of inquiry, mutual support, and deep learning.

We hope you carry that knowledge forward: into your next mathematics chapter, your next
year of school, your careers, your families. We hope that when someone tells you that you
are not a math person, or that you cannot understand something, or that learning is meant to
be received rather than constructed — you remember what you accomplished this year, and
you know better.



The Final Argument

This case study has made many arguments. It has presented data, shared student voices,
examined mechanisms, documented challenges, and offered recommendations. But
underneath all of it is a single, fundamental claim about education:

Students are not empty vessels. They are agents of their own learning — and when
we design educational experiences that honor that agency, they accomplish
remarkable things.

Al does not change this truth. It amplifies it. It gives students access to a responsive, patient,
knowledgeable thinking partner that can be with them at any hour, in any language, at any
level of complexity. When that tool is embedded in a pedagogical structure that demands
genuine intellectual work — as this intervention demanded — the combination produces
something genuinely new: a learning environment where the benefits of personalized Al
support and the irreplaceable power of human collaboration and accountability reinforce
each other.

That is the future this case study points toward. Not Al replacing teachers. Not Al replacing
peers. But Al amplifies what human intelligence, human connection, and human
responsibility have always been capable of producing — if only we design the conditions to
let them.

The case study ends here. The work does not.



Appendix A: Implementation Timeline

The Al-enabled flipped classroom intervention was implemented over a structured,
multi-week period aligned with the instructional timeline of a single Grade 7 mathematics
chapter. The timeline below reflects the actual classroom implementation, demonstrating
that student-centered, peer-led learning can be embedded within standard academic

schedules.

The timeline is intentionally modular, allowing schools to compress or extend phases based
on class duration, subject complexity, and student readiness.

Overview of Timeline Structure

Phase

Phase 1

Phase 2

Phase 3

Phase 4

Phase 5

Phase 6

Phase 7

Phase 8

Focus Area

Orientation & Vision Setting
Baseline Assessment

Al Platform Onboarding

Group Formation & Topic Allocation
Collaborative Preparation

Mock Demonstrations & Feedback
Student-Led Teaching Sessions

Final Assessment & Reflection

Duration

1 session

1 session

1 session

1 session

2-3 weeks

1 week

1-2 weeks

1 week

Primary Stakeholders
Teachers, Students
Teachers, Students
Teachers, Students
Teachers

Students, Teachers
Students, Teachers
Students

Students, Teachers




Detailed Phase-Wise Timeline

Phase 1: Orientation and Vision Setting
Duration: 1 class session (45—-60 minutes)
Objectives:

Introduce the concept of learning by teaching
Establish student roles as peer educators

Set expectations for collaboration and accountability
Introduce responsible Al usage principles

Key Activities:

Whole-class discussion challenging traditional teacher—student roles
Explanation of the project vision and outcomes

Introduction to peer teaching and flipped learning

Overview of assessment criteria and project milestones

Deliverables:

e Student understanding of project scope
e Classroom norms for collaboration and participation



Phase 2: Baseline Assessment
Duration: 1 class session (45 minutes)
Objectives:

e Establish baseline understanding of chapter concepts
e Measure performance across cognitive levels

Key Activities:

e Administration of pre-assessment aligned to Bloom’s Taxonomy
e Student clarification that results are diagnostic, not graded

Deliverables:

e Baseline performance data (overall and cognitive-level wise)
e |nput data for group formation and instructional planning

Phase 3: Al Platform Onboarding

Duration: 1 class session (45-60 minutes)
Objectives:

e Familiarize students with Cypher as a learning companion
e Establish ethical and responsible Al usage norms

Key Activities:

e (Guided exploration of Al features
e Demonstration of verification using textbook cross-checks
e Scenario-based discussions on correct vs. incorrect Al use

Deliverables:

e Student readiness to use Al responsibly
e Shared classroom norms for Al-supported learning

Phase 4: Group Formation and Topic Allocation
Duration: 1 class session (30—45 minutes)
Objectives:

e Create heterogeneous learning groups
e Assign focused sub-topics within the chapter



Key Activities:

e Teacher-led group formation using baseline data
e Allocation of chapter sub-topics to each group
e Distribution of group task sheets and rubrics

Deliverables:

e Clearly defined groups and responsibilities
e Topic ownership established among students

Phase 5: Collaborative Preparation

Duration: 1-2 weeks
(4—6 class sessions + optional outside-class collaboration)

Objectives:

e Deep conceptual understanding of assigned topics
e Creation of teaching materials and assessments

Key Activities:
e Group research using textbooks and Al support
e Creation of presentations, examples, and practice questions
e Design of peer quizzes and worksheets
e Ongoing teacher facilitation and feedback

Deliverables:

e Draft presentations and learning resources
e Peer-created assessment materials

Phase 6: Mock Demonstrations and Feedback

Duration: 1 week
(1-2 class sessions)

Objectives:

e Refine teaching clarity and accuracy
e Build student confidence before final presentations

Key Activities:

e Practice presentations to teacher or small peer groups
e Structured feedback on explanation, pacing, and engagement
e Revision of materials based on feedback



Deliverables:

e Improved teaching artifacts
e Student readiness for peer-led instruction

Phase 7: Student-Led Teaching Sessions

Duration: 1-2 weeks
(Depending on number of groups)

Objectives:

e Enable peer-to-peer teaching
e Promote higher-order thinking and discussion

Key Activities:

e Group-led teaching sessions
e Peer questioning and discussion
e Administration of group-designed quizzes

Deliverables:

e Completed peer teaching sessions
e Evidence of student engagement and understanding

Phase 8: Final Assessment and Reflection

Duration: 1 week
(1-2 class sessions)

Objectives:

e Measure learning gains
e Capture student and teacher reflections

Key Activities:

e Administration of post-assessment (parallel to baseline)
e Student written reflections on learning and Al use
e Teacher debrief and documentation

Deliverables:

e Final performance data
e Qualitative reflections and insights



Implementation Flexibility Notes

Compressed Timeline: Phases 5-7 can be shortened for smaller chapters
Extended Timeline: Additional mock sessions can be added for younger grades
Cross-Subject Adaptation: Timeline structure remains constant; content focus
changes

This timeline demonstrates that deep learning does not require more time—only better
use of time. When students take ownership of explanation and assessment, classroom
hours shift from content delivery to cognitive engagement.



Appendix B: Topic Allocation Framework

This appendix outlines the systematic approach used to divide chapter content into
teachable sub-topics and assign them to student groups. The framework ensures balanced
cognitive demand, equitable participation, and alignment with learning outcomes,
making peer-led instruction academically rigorous rather than superficial

Purpose of the Topic Allocation Framework

Effective peer teaching depends heavily on what students are asked to teach and how that
responsibility is distributed. Random topic assignment risks uneven workload, shallow
explanations, or disengagement. This framework was designed to:

Break curriculum content into conceptually coherent units

Balance difficulty and cognitive load across groups

Ensure coverage of procedural, conceptual, and analytical dimensions
Promote interdependence, where all groups contribute meaningfully to collective
understanding

e Enable teacher oversight without micromanagement

Principles Guiding Topic Allocation
The following principles guided all topic allocation decisions:

1. Conceptual Completeness
Each group received a topic that could be taught as a complete idea, not a
fragmented sub-skill.

2. Cognitive Balance
Topics varied in difficulty but were distributed strategically to ensure no group was
overburdened or under-challenged.

3. Progressive Sequencing
Topics followed a logical learning progression—from foundational concepts to
applications and misconceptions.

4. Multiple Entry Points
Topics allowed students to engage through examples, visuals, real-world
connections, or error analysis.

5. Assessment Alignment
Each topic lent itself naturally to quiz design and peer questioning at multiple
cognitive levels.



Topic Breakdown: Decimal Representation of Rational Numbers

The chapter was divided into eight instructional sub-topics, each assigned to one student
group.

Group Topic Focus Cognitive Emphasis

Group 1 Introduction to Rational Numbers and Decimal Remember,
Representation Understand

Group 2 Converting Fractions to Terminating Decimals Understand, Apply

Group 3 Converting Fractions to Non-Terminating Repeating Apply, Analyse
Decimals

Group 4 ldentifying Terminating vs. Non-Terminating Decimals Analyse

Group 5 Converting Decimals to Fractions Apply

Group 6 Operations Using Decimal Representations Apply, Analyse

Group 7 Real-World Applications of Decimal Representation Apply

Group 8 Common Misconceptions and Error Analysis Analyse

This distribution ensured that higher-order thinking was not concentrated in a single
group, but embedded across the classroom experience.



Group Formation and Topic Matching Strategy

Topic allocation was not done independently of group formation. Instead, both were planned
together using baseline assessment data.

Steps Followed:

1. Baseline Data Review
Teachers analyzed student performance across cognitive levels.
2. Heterogeneous Group Creation
Each group included:
o Mixed academic readiness
o Varied communication styles
o Balanced leadership tendencies
3. Strategic Topic Assignment
o Conceptually demanding topics (e.g., error analysis) were assigned to groups
with stronger analytical readiness
o Application-heavy topics were given to groups with procedural fluency
o Introductory topics were assigned to groups capable of building clear
conceptual narratives
4. Equity Check
Teachers reviewed allocations to ensure:
o No group had a disproportionately heavy workload
o Every student had an opportunity to engage meaningfully

Standard Topic Assignment Template
Each group received a Topic Assignment Sheet structured as follows:

Group Topic:
[Clearly defined sub-topic]

Core Learning Objectives:

e What students should understand conceptually
e What students should be able to do procedurally
e What students should be able to explain or justify

Required Teaching Elements:

Concept explanation (in student-friendly language)
Minimum of 3 worked examples

At least 1 real-world or visual representation
Common mistakes or misconceptions

Assessment Responsibility:



e Design 3-5 practice questions
e Create a 5-question peer quiz (mixed cognitive levels)

Success Criteria:

Accuracy of content

Clarity of explanation

Engagement and interaction

Ability to respond to peer questions

Teacher’s Role in Topic Allocation
While students owned their topics, teachers played a crucial facilitative role:

Ensuring conceptual accuracy during preparation

Redirecting groups whose scope became too narrow or too broad
Supporting groups struggling with abstraction

Preventing over-reliance on Al-generated explanations

Teachers did not simplify topics for students; instead, they scaffolded access through
questioning, modeling, and feedback.

Adaptability Across Subjects and Grades
This framework is intentionally content-agnostic and can be adapted for:

e Other Mathematics Chapters:
Algebra, Integers, Geometry, Data Handling
e Other Subjects:
o Science: concepts, experiments, applications, misconceptions
o Social Science: causes, consequences, case studies
o Language: grammar rules, usage, errors, creative application
e Different Grade Levels:
o Fewer topics for younger grades
o Increased analytical depth for higher grades

Key Insight

Effective peer teaching is not achieved by asking students to “teach a chapter,”
but by designing what teaching responsibility looks like.

The Topic Allocation Framework ensured that every student became an essential contributor
to collective understanding—transforming the classroom from a sequence of lessons into a
co-created learning system.



Appendix C: Assessment Framework and Rubrics

This appendix details the assessment design used to measure learning outcomes during the
Al-enabled peer learning intervention. The framework was intentionally constructed to move
beyond rote performance and capture conceptual understanding, application ability, and
analytical reasoning, in alignment with the pedagogical goals of the study.

Purpose of the Assessment Framework

Traditional assessments often privilege recall and procedural fluency, masking whether
students truly understand mathematical concepts. Given that this intervention emphasized
learning by teaching, the assessment framework needed to:

Measure depth of understanding, not just correctness
Capture growth across multiple cognitive levels

Align with student-led teaching and peer assessment
Support formative feedback, not only summative judgment
Remain feasible within regular classroom conditions

This framework therefore integrates diagnostic, formative, peer-based, and summative
assessment components.

Assessment Structure Overview

Assessment occurred at four interconnected levels:

Assessment Type Purpose Timing

Baseline Assessment Establish prior knowledge Before intervention
Formative Checkpoints Guide learning and refinement During preparation
Peer-Designed Reinforce learning by teaching During presentations
Assessments

Final Assessment Measure learning gains Post-intervention



Cognitive Framework Used

Assessments were aligned to an adapted version of Bloom’s Taxonomy, focusing on four

cognitive levels appropriate for Grade 7 mathematics.

Cognitive Level Description

Remember Recall of facts, definitions, notation
Understand Explanation and interpretation of concepts
Apply Use of procedures in familiar and new contexts
Analyse Justification, pattern recognition, error analysis

Learning Evidence
Definitions, identification
Reasoning in own words
Problem-solving

Explanatory reasoning

This ensured that higher-order thinking was intentionally measured, not treated as an

optional add-on.

Baseline and Final Assessment Design

Assessment Composition

Both baseline and final assessments were parallel in structure, difficulty, and cognitive

distribution.
Cognitive Level Weightage
Remember 12%
Understand 12%
Apply 32%
Analyse 44%

Question Types Included

Short-answer questions

Structured problem-solving
Explanation-based reasoning questions
Case-based or justification tasks

This variety ensured that students had to demonstrate thinking, not just produce answers.



Peer-Designed Assessment Component

Each student group was responsible for creating a 5-question quiz aligned to their assigned
topic.Each quiz had to include:

e Atleast 1 conceptual question
e Atleast 2 application-based questions
e Atleast 1 reasoning or explanation question

Students were explicitly instructed that:

e Questions must test understanding, not memorization
e Answers must be clearly justified
e All content must be verified with textbooks and teachers

This process deepened learning by forcing students to think like assessors rather than
test-takers.

Scoring and Evaluation Rubrics

A. Conceptual Understanding Rubric

Level Descriptor

4 — Advanced Explains concepts clearly using accurate terminology and examples
3 — Proficient Explains concepts correctly with minor gaps

2 — Developing Partial understanding; explanation lacks clarity

1 — Beginning Minimal or incorrect conceptual understanding

B. Application and Problem-Solving Rubric
Level Descriptor
4 — Advanced Correct method, accurate execution, clear reasoning
3 — Proficient Correct method with minor calculation errors
2 — Developing Correct approach but incomplete execution

1 —Beginning  Incorrect or unclear approach



C. Analytical Reasoning Rubric

Level Descriptor

4 — Advanced Justifies reasoning, identifies patterns, explains “why”
3 — Proficient Logical explanation with partial justification

2 — Developing Limited reasoning; explanation superficial

1 — Beginning No justification or incorrect reasoning

D. Teaching and Presentation Rubric (Formative)

Used during mock demonstrations and final presentations.

Criteria Indicators

Accuracy Mathematical correctness
Clarity Understandable explanations
Engagement Examples, interaction, visuals
Responsiveness Ability to answer peer questions

Feedback and Grading Approach

Formative feedback was prioritized during preparation and mock sessions
Partial credit was awarded for correct reasoning even with minor errors
Peer quizzes were reviewed by teachers before administration

Final assessments were teacher-scored using standardized rubrics

This approach reinforced the idea that learning is iterative, and mistakes are opportunities
for growth.

Validity and Reliability Measures

To ensure assessment quality, the following steps were taken:

Parallel pre- and post-tests

Teacher calibration using sample responses
Clear rubric descriptors to reduce subjectivity
Blind scoring where feasible

Alignment with curriculum standards



Key Insight

Assessment drives learning behavior. When assessments value explanation,
justification, and reasoning, students rise to meet those expectations.

This framework ensured that the gains observed in this study—particularly at the Apply and
Analyse levels—were not incidental, but a direct result of intentional assessment design

aligned with student-centered pedagogy.



Appendix E: Responsible Al Use Guidelines

This appendix outlines the principles, norms, and practices established to guide responsible,
ethical, and educationally sound use of Al tools during the intervention. These guidelines
ensured that artificial intelligence functioned as a learning companion rather than a
shortcut, preserving academic integrity, student agency, and deep learning outcomes

Purpose of the Responsible Al Guidelines

The rapid emergence of generative Al presents both opportunity and risk in educational
contexts. Without clear guidance, Al tools may:

Encourage surface-level learning
Undermine assessment validity
Reduce student cognitive effort
Create ethical and equity concerns

The purpose of these guidelines was to:

Promote thinking over answering

Ensure human accountability for learning

Maintain academic honesty and transparency

Support safe, ethical, and reflective Al use

Align Al integration with pedagogical goals rather than convenience

Core Principles of Responsible Al Use

The following principles governed all Al usage during the intervention.

1. Al as a Learning Companion, Not an Authority
Al tools were positioned as support systems, not sources of unquestioned truth.
Students were taught to:

e Treat Al responses as suggestions, not final answers
e Question explanations that felt unclear or inconsistent
e Cross-check all important content with textbooks and teachers

Al may assist learning, but responsibility for understanding always rests with the
student.



2. Verification Is Mandatory

All Al-generated content used in presentations, worksheets, or assessments had to be
verified.

Verification included:

e Checking explanations against the prescribed textbook
e Confirming accuracy with a teacher during preparation
e Revising content if discrepancies were found

Unverified Al content was not permitted in final submissions.

3. Understanding Over Output
Students were explicitly discouraged from using Al to bypass thinking.
Acceptable Use:

e Asking for explanations in simpler language
e Requesting alternative examples
e Checking one’s own reasoning or solutions

Unacceptable Use:

e Copying Al-generated answers verbatim
e Using Al to complete assignments without comprehension
e Submitting Al-generated work as original thinking

4. Transparency and Attribution
Students were required to be transparent about Al usage.
Expectations:

e Students acknowledged when Al helped generate explanations or examples
e Al-assisted content had to be rewritten in the student’s own words
e Group discussions included evaluation of Al-generated ideas

This reinforced ethical use and discouraged hidden dependency.



5. Collaborative and Guided Use
Al usage was encouraged within group discussions, not isolated individual work.
Rationale:

e Peer discussion promotes critical evaluation of Al outputs
e Groups could identify errors or unclear explanations together
e Collaborative use reduced over-reliance on Al

Teachers actively monitored Al interactions during class sessions.

6. Teacher Oversight and Facilitation
Teachers retained full pedagogical authority.
Teacher Responsibilities Included:

e Monitoring Al use during preparation sessions

e Intervening when Al responses caused confusion or misconceptions
e Modeling critical questioning of Al-generated explanations

e Reinforcing boundaries between support and substitution

Al did not replace instruction, assessment, or judgment.

7. Ethical Awareness and Digital Literacy
Students were introduced to age-appropriate discussions on Al limitations.
Topics included:

Al can make mistakes

Al does not “understand” like humans

Bias and incorrect information are possible
Human reasoning is always required

This fostered early digital and Al literacy, aligned with future-ready education goals.



Operational Guidelines for Classrooms

Do’s and Don’ts for Students

"4 Do:

Use Al to clarify doubts

Ask “why” and “how” questions
Verify all Al-generated information
Discuss Al outputs with peers

X Don’t:

Copy-paste Al responses

Skip understanding for speed

Trust Al without checking

Use Al during assessments unless explicitly allowed

Assessment-Specific Al Rules

e Al use was not permitted during baseline or final assessments
e Al could be used during preparation and revision only
e Peer-designed assessments were reviewed by teachers for integrity

This preserved assessment validity while still supporting learning.

Alignment with Educational Policy and Ethics

These guidelines align with:

NEP 2020’s emphasis on ethical technology use
Competency-based learning principles
Academic honesty and learner responsibility
Safe and age-appropriate technology integration

They demonstrate that Al integration can be proactive and principled, rather than
reactive or restrictive.



Key Insight
Responsible Al use is not about restriction—it is about intention.

When students are explicitly taught how and why to use Al responsibly, they demonstrate
maturity, critical thinking, and ethical awareness far beyond expectations for their age group.

This appendix provides a replicable ethical framework that schools can adopt or adapt as
Al becomes an increasingly common presence in classrooms.



Appendix F: Teacher Facilitation Guide

This appendix provides practical guidance for teachers implementing an Al-enabled,
peer-learning, flipped classroom model. Rather than prescribing rigid scripts, it outlines
facilitation principles, decision points, and instructional moves that enable student agency
while maintaining academic rigor

Purpose of the Facilitation Guide

In student-centered classrooms, the teacher’s role does not diminish—it evolves. Effective
facilitation requires:

e Designing learning experiences rather than delivering content
e Monitoring thinking rather than controlling behavior
e Asking better questions rather than giving faster answers

This guide supports teachers in making that transition confidently and intentionally.

The Teacher’s Role Across Intervention Phases

Phase 1: Orientation — Setting the Learning Culture
Teacher Focus:

e Establish trust and high expectations
e Normalize productive struggle and mistakes
e Frame students as capable contributors

Key Facilitation Moves:

e Ask provocative questions (“Who learns more—the teacher or the student who
teaches?”)
Validate student anxiety while reinforcing capability
Make expectations explicit and transparent

Avoid:

e Over-explaining project details in one session
e Minimizing student concerns

Phase 2: Baseline Assessment — Diagnosing, Not Labeling
Teacher Focus:

e Gather data without judgment
e Use results to inform grouping and support



Key Facilitation Moves:

e Emphasize that baseline scores are diagnostic, not evaluative
e Look for patterns across cognitive levels
e Identify students needing scaffolding or leadership opportunities

Avoid:

e Sharing comparative rankings
e Using results to track or label students

Phase 3: Al Onboarding — Modeling Responsible Use
Teacher Focus:

e Position Al as a thinking partner
e Build critical evaluation habits

Key Facilitation Moves:

e Model questioning Al responses aloud
e Demonstrate textbook verification
e Discuss Al limitations openly

Teacher Prompt Examples:

e “Does this explanation match our textbook?”
e “What part of this answer seems unclear?”

Avoid:

e Treating Al as an expert authority
e Allowing unmonitored Al use

Phase 4: Group Formation and Topic Allocation — Designing Equity
Teacher Focus:

e Create balanced, heterogeneous groups
e Match topics to readiness and support needs

Key Facilitation Moves:

e Use baseline data strategically
e Explain why groups are mixed
e Clarify shared responsibility within groups



Avoid:

e Allowing only friendship-based grouping
e Assigning topics randomly

Facilitating During Collaborative Preparation

This phase requires the most active teacher facilitation.

What to Monitor

Conceptual accuracy
Depth of discussion
Participation balance
Over-reliance on Al

High-Impact Teacher Questions

“How would you explain this to a student who is confused?”
“Why does this method work?”

“What mistake might someone make here?”

“How can you check if this explanation is correct?”

When to Intervene
Intervene when needed, not constantly.
v Intervene if:

e Misconceptions persist
e One student dominates
e Al responses are copied without understanding

X Do not intervene if:

e Students are struggling productively
e Groups are debating ideas



Phase 6: Mock Demonstrations — Coaching, Not
Correcting
Teacher Focus:

e Build clarity and confidence
e Improve explanation quality

Feedback Framework:

e One strength
e One clarification needed
e One suggestion for engagement

Avoid:

e Re-teaching the content
e Taking over student explanations

Phase 7: Student-Led Teaching — Observing Thinking

Teacher Focus:

e Observe learning dynamics
e Document evidence of understanding

Teacher Actions:

e Take notes on student explanations
e Observe peer questioning quality
e |dentify emerging misconceptions

Teacher Role:

e Silent observer most of the time
e Strategic intervener when accuracy is at risk



Phase 8: Reflection and Assessment — Closing the
Loop

Teacher Focus:

e Make learning visible
e Reinforce growth mindset

Key Facilitation Moves:

e Use reflection prompts:
o “What did you understand better because you taught it?”
o “How did your thinking change?”

e Highlight progress over performance

Common Facilitation Challenges and Responses

Challenge Productive Response
Students ask for direct answers Ask guiding questions instead
Uneven group participation Assign rotating roles

Fear of public speaking Start with small-group sharing
Overuse of Al Reuvisit Al guidelines

Time pressure Focus on depth over coverage

Facilitation Mindset Shifts

Traditional Role Facilitator Role

Explains content Designs learning experiences
Answers questions Asks better questions
Controls classroom Builds learning culture

Evaluates learning Makes learning visible



Key Insight
Effective facilitation is invisible when it works well.

When teachers shift from telling to guiding, students step forward as thinkers, teachers, and
leaders. This guide demonstrates that student-centered learning does not reduce
teacher impact—it multiplies it.
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Executive Brief for Policymakers

From Case Study to Systemic Change: Al-Enabled Peer
Learning in Middle School Mathematics

Why This Matters

Middle school mathematics remains a critical pressure point in Indian education. Despite
syllabus completion, many students struggle with conceptual understanding, application,
and analytical reasoning, leading to disengagement and math anxiety. Simultaneously,
schools face growing pressure to integrate artificial intelligence (Al)—often without clear
pedagogical guidance.

This case study demonstrates that Al integration, when guided by sound pedagogy, can
significantly improve learning outcomes without increasing instructional time or resource
burden.

The Intervention at a Glance

Context: Grade 7 Mathematics (CBSE curriculum)

Model: Flipped classroom + peer teaching

Support Tool: Al learning companion (used as a scaffold, not an answer engine)
Core Shift: Students learned by teaching concepts, designing assessments, and
evaluating peer understanding

Duration: One curriculum chapter

Scale: 80 students, two sections

Key Evidence-Based Outcomes

Academic Gains

34.5% overall improvement in final assessment scores

57.2% improvement in application-level questions

77.9% improvement in analysis-level questions

Modest but positive gains in recall and conceptual understanding

Interpretation:
The largest gains occurred at higher cognitive levels, directly aligning with NEP 2020’s
emphasis on competency-based learning.



Developmental and Behavioral Outcomes

Increased student confidence and classroom participation
Stronger peer collaboration and accountability

Improved communication and explanation skills

Greater ownership of learning and assessment

Reduced fear of making mistakes

Responsible Al Use

e Students used Al for explanation, questioning, and verification, not shortcuts
e Clear guidelines prevented over-reliance and protected assessment integrity
e Al strengthened thinking because pedagogy—not technology—Iled the design

Why This Model Is Policy-Relevant

Direct Alignment with NEP 2020

Competency-based assessment

Experiential and activity-based learning
Ethical and responsible technology integration
Development of 21st-century skills
Student-centered pedagogy

Feasible Within Existing Constraints

No syllabus reduction

No additional class hours
Works in large classrooms
Uses existing teacher workforce
Adaptable across subjects

This is not an add-on reform—it is a restructuring of how existing time is used.



What Makes This Scalable

v Structured, phase-based implementation

v Clear teacher facilitation guide

v Assessment rubrics aligned to cognitive growth
v Ethical Al usage framework

v Strong student accountability mechanisms

The model does not depend on exceptional teachers or elite schools—it depends on clear
design and professional trust.

Policy Recommendations

1. Move Beyond Tool Adoption

Avoid standalone Al deployments. Require pedagogy-first Al integration models.

2. Redefine Assessment Signals
Encourage assessments that value:

Explanation
Reasoning
Error analysis
Peer evaluation

3. Invest in Teacher Facilitation Capacity
Shift professional development from content delivery to learning design and facilitation.

4. Pilot at Chapter Level

Systemic change does not require whole-school disruption.
Start with one chapter, one subject, one grade.

5. Establish Responsible Al Frameworks

Proactively define ethical boundaries, verification norms, and transparency
expectations for Al use in classrooms.



Frequently Asked Questions (FAQ)

Al-Enabled Peer Learning in Middle School Classrooms

This section addresses common questions raised by educators, school leaders, and
policymakers regarding the implementation, scalability, and impact of the Al-enabled flipped
classroom model documented in this case study

1. Is this model only suitable for high-performing
students?

No. The intervention was implemented in mixed-ability classrooms with diverse learning
readiness levels. Heterogeneous group formation ensured that students supported one

another. Notably, many previously passive or hesitant students showed significant
improvement in confidence and participation.

The structure—clear roles, phased implementation, and teacher facilitation—makes the
model accessible to a wide range of learners.

2. Does this approach require reducing syllabus
coverage?

No. The intervention was implemented within a standard curriculum timeline for one chapter.
It did not require syllabus reduction or additional instructional hours.

The difference was not in what was taught, but in how class time was used—shifting from
teacher explanation to student-led explanation and application.

3. Won'’t students rely too heavily on Al?

Over-reliance is a legitimate concern. That is why responsible Al guidelines were explicitly
built into the intervention.

Students were required to:

Verify Al-generated information

Use Al as a support tool, not an answer engine
Demonstrate understanding in their own words
Complete assessments without Al assistance

When Al is integrated within structured pedagogy and teacher oversight, it supports thinking
rather than replacing it.



4. Does this model increase teacher workload?

Initially, yes—there is increased planning and facilitation effort during the first
implementation. However:

e Teaching becomes more observation- and feedback-based
e Students take greater responsibility for content explanation
e Engagement levels reduce repetitive clarification work

Teachers reported that while preparation required thought, classroom energy and learning
depth made the investment worthwhile.

5. What if students teach incorrect concepts?

Safeguards include:

Mock demonstrations before final presentations
Teacher review of materials and peer quizzes
Continuous facilitation during preparation

Peer questioning during presentations

Teachers remain instructional authorities. The model increases student responsibility without
removing teacher oversight.

6. Can this work without advanced technology
infrastructure?

Yes. The core of the model is peer teaching and structured collaboration. Al acts as a
support layer, not a dependency.

Schools with limited access can:

e Use shared devices
e Integrate Al selectively during preparation
e Adapt the model with minimal digital integration

Pedagogy remains primary.



7. Is this model scalable across subjects?

Yes. The structure is subject-agnostic.
It can be adapted for:

Science (concept explanations, experiments, misconceptions)
Social Science (cause-effect analysis, case studies)
Languages (grammar, interpretation, writing feedback)

Higher grades with deeper analytical focus

The framework—group ownership, peer teaching, assessment design—remains constant.

8. How is student learning measured beyond test
scores?

Learning evidence includes:

Performance growth across cognitive levels
Quality of explanations during presentations
Peer questioning depth

Reflection journals

Student-created assessments

The model values visible thinking, not only numerical scores.

9. Does this reduce the role of the teacher?

No. It redefines it.
Teachers become:

Learning designers
Facilitators of inquiry
Observers of thinking
Providers of targeted feedback

Impact shifts from delivering information to shaping cognitive growth.



10. What is the biggest risk in implementing this
model?

The biggest risk is superficial implementation—adopting peer teaching or Al tools without
structured design, clear expectations, and facilitation training.

This model succeeds because:

Phases are clearly defined

Assessment aligns with higher-order thinking
Al use is governed ethically

Teachers actively guide learning

Structure enables agency.

11. What is the first step for schools interested in trying
this?

Start small.

Select one chapter

Pilot in one section

Train teachers on facilitation and Al guidelines
Collect baseline and final data

Reflect and refine

Transformation does not require system-wide disruption—only thoughtful experimentation.

12. What makes this approach different from traditional
project-based learning?

Unlike open-ended projects, this model:

Aligns tightly with curriculum standards
Measures cognitive growth explicitly
Includes structured peer assessment
Embeds ethical Al integration
Operates within regular classroom time

It combines rigor with agency.



The Core Policy Insight

Educational transformation does not require more time, more technology, or
more pressure. It requires rethinking who holds responsibility for learning.

This case study shows that when students are trusted with that responsibility—supported by
structure, facilitation, and ethical Al—learning outcomes rise rapidly and sustainably.

Next Steps for Policymakers

e Commission pilot implementations across diverse school contexts
e Align board-level assessments with higher-order thinking outcomes
e Develop state or board-level responsible Al use guidelines

e Support teacher facilitation training at scale

This is not a future-ready experiment.
It is a present-ready solution.



About Al Ready School

Al Ready School is an education innovation and research organization dedicated to
preparing schools, educators, and students for a future shaped by artificial intelligence,
critical thinking, and learner agency. Its work focuses on the thoughtful integration of Al
into pedagogy, ensuring that technology enhances—not replaces—human-centered
teaching and learning.

At the core of Al Ready School’s philosophy is the belief that pedagogy must lead
technology. Rather than promoting Al as a standalone solution, the organization designs
learning models where Al functions as a learning companion: supporting inquiry, reflection,
creativity, and deeper understanding within well-structured instructional frameworks.

Al Ready School collaborates with K—12 schools to:

Design and implement student-centered learning models

Support flipped classrooms, peer learning, and competency-based assessment
Build teacher capacity for facilitation and ethical Al use

Develop age-appropriate Al literacy and responsible technology practices

Through research-driven pilots, professional development programs, and classroom-based
case studies, Al Ready School seeks to bridge the gap between educational theory and
real-world practice. This case study represents the organization’s commitment to
transparent, evidence-based innovation and to amplifying student voice as a central
indicator of meaningful learning transformation



About SAGES BP Pujari School

SAGES BP Pujari School, located in Raja Talab, Raipur, Chhattisgarh, is a Chhattisgarh
state board-affiliated institution committed to academic excellence, character development,
and holistic education. The school serves a diverse student population and emphasizes
creating learning environments that balance strong foundational knowledge with the
development of critical thinking, confidence, and collaboration.

The school’s leadership and faculty actively encourage reflective teaching practices and are
open to pedagogical innovation that benefits student learning. By participating in this
Al-enabled peer learning intervention, SAGES BP Pujari School demonstrated a willingness
to explore student-centered approaches within real classroom constraints, including
large class sizes and curriculum demands.

The successful implementation of this project reflects:

e Strong teacher commitment to student growth
e A supportive school culture that values experimentation and learning
e A focus on empowering students as active participants in their education

SAGES BP Pujari School’s partnership in this study highlights how meaningful innovation is
possible within mainstream school contexts when vision, trust, and structure align
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What happens when students stop being passive learners—and start becoming
teachers?

In a Grade 7 mathematics classroom in India, a bold experiment challenged one of
education’s oldest assumptions: that learning happens best when teachers
explain and students listen. Instead, students were given responsibility—to
understand concepts deeply, teach their peers, design assessments, and defend
their reasoning. Artificial intelligence was introduced not as a shortcut, but as a
learning companion.

The results were striking. Academic performance improved by 34.5% overall, with
the largest gains in application and analytical thinking. More importantiy,
students who once hesitated to speak began explaining confidently, questioning
ideas critically, and taking ownership of their learning.

Grounded in the educational theories of Jean Piaget, Lev \ygotsky, and Benjamin
Bloom—and aligned with the vision of NEP 2020—this case study presents a
practical, research-backed model for integrating Al into classrooms responsibly
and effectively.

Through detailed implementation frameworks, real classroom evidence, student
and teacher reflections, and scalable policy insights, this case study
demonstrates a powerful truth:

“Educational transformation does not begin with technologu. It begins when
students are trusted with responsibility”

This Case Study is essential reading for educators, school leaders, policymakers,
and innovators seeking to move beyond traditional instruction toward learner-
centered classrooms ready for the age of artificial intelligence. “Education
systems change when leaders act—this book shows how that change can begin
in your classroom.”

Scho

A Complete Al Ecosustem for Schools WWW.aire‘adYSChOle.Com
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	AI in Education: Current State and Potential 
	Artificial intelligence is rapidly transforming numerous sectors, and education is no exception. Understanding the evolving landscape of AI in education—its applications, evidence base, and limitations—provides essential context for evaluating the role of AI-enabled learning companions within this intervention. 
	Applications of AI in Education 
	AI is currently being applied in education across several broad categories: 
	Intelligent Tutoring Systems (ITS)​ AI systems that provide personalized instruction and feedback by adapting to individual student performance. These systems analyze learner responses and adjust the level of support, pacing, or complexity accordingly. 
	Adaptive Learning Platforms​ Technologies that modify content sequencing and difficulty based on real-time student data, allowing learners to progress at individualized rates. 
	Automated Assessment Tools​ AI-enabled systems capable of evaluating written responses, providing formative feedback, identifying patterns in student errors, and supporting large-scale grading processes. 
	Learning Analytics Systems​ Data-driven AI applications that analyze student engagement, progress, and performance trends to identify at-risk learners and inform instructional decisions. 
	Conversational Agents and Virtual Assistants​ AI-powered dialogue systems that respond to student queries, explain concepts, guide problem-solving, and facilitate interactive learning experiences. 
	AI-Assisted Content Generation​ Systems that generate practice problems, quizzes, explanatory content, or instructional materials. Increasingly, such tools are powered by large language models capable of producing human-like responses. 
	Positioning AI Within This Intervention 
	The AI learning companion used in this intervention incorporates elements from several of these categories. It: 
	●​Functions as a conversational agent supporting inquiry 
	●​Generates practice problems and assessment questions 
	●​Provides scaffolded explanations 
	●​Encourages reflective questioning rather than immediate answer delivery​ 
	Importantly, AI was not positioned as a replacement for teacher instruction or peer collaboration. Instead, it functioned as a cognitive support tool embedded within a structured pedagogical model. 
	The Critical Distinction 
	While AI applications in education vary widely in design and purpose, their impact depends less on technological sophistication and more on instructional integration. 
	AI can: 
	●​Enhance personalization 
	●​Support metacognitive reflection 
	●​Extend teacher capacity 
	But it can also: 
	●​Encourage over-reliance 
	●​Promote superficial engagement 
	●​Undermine assessment validity 
	The difference lies in whether AI is implemented as a content delivery engine or as a thinking scaffold within a human-centered learning design. 
	This intervention deliberately adopted the latter approach. 
	 
	 
	 
	Evidence for AI Effectiveness in Education 
	The Promise and Peril of Large Language Models 
	Cypher's Design Philosophy 

	Alignment with National Education Policy 2020 
	Key NEP 2020 Priorities 
	How This Intervention Aligns with NEP 2020 
	 
	 
	 
	Implications for Policy Implementation 

	Research Questions and Hypotheses 
	Primary Research Question 
	Secondary Research Questions 
	Hypotheses 


	CHAPTER 3 
	RESEARCH DESIGN & METHODOLOGY 
	Study Context: SAGES BP Pujari School, Raipur 
	School Profile 
	Why This School? 
	Community Context 

	Participant Profile: Grade 7 Mathematics Students 
	Sample Characteristics 
	Developmental Context 
	 
	Prior Technology Experience 
	Ethical Considerations 

	Intervention Design: The Flipped Classroom Framework 
	Core Design Principles 
	Intervention Phases 
	Timeline 

	The Role of Cypher: AI as Learning Companion 
	Platform Features 
	Guidelines for Responsible AI Use 
	 
	 
	 
	What AI Did—and Didn't—Do 

	Project Objectives and Success Criteria 
	Academic Objectives 
	Developmental Objectives 
	Pedagogical Objectives 
	Success Criteria 

	Assessment Framework: Measuring Cognitive Growth 
	Cognitive Level Framework 
	Assessment Design 
	Question Types 
	 
	 
	 
	 
	 
	 
	 
	Scoring and Analysis 
	Validity and Reliability Considerations 

	 
	 
	 
	 
	Data Collection Methods 
	Quantitative Data 
	Qualitative Data 
	 
	 
	Data Analysis Approach 


	IMPLEMENTATION JOURNEY 
	Phase 1: Orientation and Vision Setting 
	The Orientation Session 

	Phase 2: Baseline Assessment 
	Assessment Administration 
	Assessment Structure 
	 
	 
	 
	 
	 
	Baseline Results 
	What the Baseline Revealed 
	Setting Growth Targets 

	Phase 3: Platform Onboarding 
	The Onboarding Session 
	Demonstrating Logical Verification 
	Student Reactions to Cypher 
	Establishing Usage Norms 

	Phase 4: Group Formation and Topic Allocation 
	Group Formation Strategy 
	Topic Allocation 
	 
	 
	 
	 
	 
	 
	Clarifying Expectations 
	Initial Group Meetings 

	Phase 5: Collaborative Preparation 
	Structure of Preparation Time 
	 
	 
	 
	How Groups Used Cypher 
	Teacher Facilitation Strategies 
	Challenges During Preparation 
	Evidence of Deep Learning 
	 
	 
	 
	 
	 
	 
	Artifacts from Preparation 

	 
	 
	 
	Phase 6: Mock Demonstrations 
	Purpose of Mock Demonstrations 
	Mock Demonstration Structure 
	Feedback Themes 
	Student Responses to Feedback 
	 
	Refinement Process 
	Building Confidence 

	 
	 
	 
	 
	Phase 7: Student-Led Teaching 
	Presentation Schedule 
	Presentation Format 
	 
	Presentation Highlights 
	 
	 
	Classroom Dynamics During Presentations 
	Teacher's Role During Presentations 
	 
	Student Reflections on Teaching 
	Peer Assessment 
	 
	 
	 
	Challenges During Presentations 

	Phase 8: Final Assessment and Reflection 
	Final Assessment Administration 
	Immediate Observations 
	Reflection Activities 
	Student Reflections: Key Themes 

	 
	 
	 
	 
	Teacher Reflection 
	 
	Looking Ahead 


	RESULTS & ACADEMIC OUTCOMES 
	Overall Performance Gains: The 34.5% Improvement 
	Aggregate Performance Comparison 
	Statistical Significance 
	 
	Distribution of Gains 

	 
	 
	 
	 
	 
	Cognitive-Level Analysis: Where Most Growth Occurred 
	Performance by Cognitive Level 
	 
	Interpreting the Cognitive Level Data 
	Detailed Analysis by Cognitive Level 
	Why Higher-Order Gains Matter 

	 
	Individual Student Growth Distribution 
	Growth Categories 
	Characteristics of High-Growth Students 
	Case Examples 
	Students with Minimal or no Growth 

	What the Data Reveals 
	Insight 1: The Intervention Was Highly Effective 
	Insight 2: Higher-Order Thinking Showed Greatest Growth 
	Insight 3: The Intervention Benefited Diverse Learners 
	Insight 4: Engagement and Participation Mattered 
	Insight 5: The Achievement Gap Narrowed 
	Insight 6: Every Student Showed Some Growth 


	 
	 
	 
	 
	 
	 
	CHAPTER 6 
	QUALITATIVE FINDINGS 
	Classroom Observations: Shifts in Learning Culture 
	From Passive to Active Learning 
	 
	 
	From Teacher-Centered to Student-Centered 
	From Individual to Collaborative Learning 
	From Fixed to Growth Mindset 

	Student Voice: Confidence, Peer Learning, and Agency 
	Theme 1: Growth in Confidence 
	Theme 2: Value of Peer Learning 
	Theme 3: Sense of Agency and Ownership 

	 
	Peer Assessment and Feedback Dynamics 
	Quality of Peer Feedback 
	Development of Evaluative Criteria 
	Impact of Receiving Peer Feedback 
	Example 1: Conceptual Explanation 
	Example 2: Problem-Solving with Real-World Application 
	Example 3: Error Analysis and Misconception Addressing 
	Example 4: Connecting Multiple Representations 

	 
	Teacher Perspectives: Facilitating Student-Led Learning 
	Shifting from Sage to Guide 
	Observing Student Growth 
	 
	 
	Challenges of Facilitation 
	What Made Facilitation Effective 
	Impact on Teaching Practice 
	Advice for Other Teachers 

	Synthesis of Qualitative Findings 
	Key Themes Across Qualitative Data 
	Mechanisms of Impact 
	Unexpected Findings 
	Limitations of Qualitative Findings 


	 
	 
	 
	 
	 
	 
	 
	CHAPTER 7 
	KEY INSIGHTS & REFLECTIONS 
	Pedagogical Insights: What We Learned About Teaching and Learning 
	Insight 1: Students Are Capable of More Than We Think 
	 
	 
	 
	Insight 2: Authentic Responsibility Transforms Motivation 
	Insight 3: Peer Explanation Has Unique Power 
	Insight 4: Teaching Deepens Learning 
	Insight 5: Structure Enables Freedom 

	AI as Enabler, Not Driver 
	How Students Used AI Responsibly 
	 
	AI's Limitations and Strengths 
	Balance Between AI Support and Independent Thinking 
	The AI Paradox 

	The Power of Structured Peer Interaction 
	What Made Peer Interaction Productive 
	 
	Productive Struggle and Peer Support 

	The Role of Failure and Iteration in Learning 
	Mock Demonstrations: Safe Space for Failure 
	 
	 
	Iteration Cycles Deepen Understanding 
	Normalizing Mistakes 


	CHAPTER 8 
	CHALLENGES & SOLUTIONS 
	Challenge 1: Initial Adjustment and Student Readiness 
	The Challenge 
	Why This Happened 
	Solutions Implemented 
	Lessons Learned 

	 
	 
	 
	 
	 
	Challenge 2: Technology Troubleshooting and Access Equity 
	The Challenge 
	Why This Happened 
	Solutions Implemented 
	 
	Lessons Learned 

	Challenge 3: Ensuring AI Verification and Preventing Over-Reliance 
	The Challenge 
	Why This Happened 
	 
	 
	 
	 
	Solutions Implemented 
	 
	 
	 
	 
	 
	 
	Lessons Learned 

	Challenge 4: Balancing Structure with Creativity 
	The Challenge 
	Why This Happened 
	 
	 
	 
	 
	 
	Solutions Implemented 
	 
	 
	 
	Lessons Learned 

	Lessons Learned: What We Would Do Differently 
	1. More Explicit Collaboration Training 
	2. Earlier Mock Demonstrations 
	3. More Structured Peer Feedback 
	 
	 
	 
	4. Parent Communication 
	5. Documentation of Learning Process 


	 
	 
	CHAPTER 9 
	IMPLICATIONS FOR SCALABILITY & FUTURE 
	Conditions for Successful Replication 
	1. Teacher Readiness and Mindset 
	2. School Culture and Leadership Support 
	3. Student Preparation 
	4. Resource Availability 
	5. Assessment Alignment 

	Teacher Capacity Building Requirements 
	Professional Development Needs 
	Mindset Shift: From Instructor to Facilitator 
	Ongoing Support Structures 

	Technology Infrastructure Needs 
	Hardware and Connectivity 
	Platform Features: Essential vs. Optional 
	Budget Considerations 

	Cross-Subject Implementation 
	Subjects Well-Suited to This Approach 
	Adaptations Needed by Subject Area 
	Potential Benefits and Challenges by Subject 

	Long-Term Sustainability Questions 
	1. Maintaining Engagement Over Time 
	2. Preventing Model Fatigue 
	 
	 
	 
	 
	3. Scaling Without Diluting Quality 
	 
	4. Integration with Existing Curriculum 

	Future Research Directions 
	1. Longitudinal Effects 
	2. Comparative Effectiveness 
	3. Mechanism Studies 
	4. Implementation Studies 
	5. Equity Studies 
	6. Teacher Development Studies 
	7. Technology Role Studies 


	 
	 
	 
	 
	CHAPTER 10 
	RECOMMENDATIONS & CONCLUSION 
	Recommendations for Classroom Teachers 
	Start Small 
	Build Relationships First 
	Teach Collaboration Explicitly 
	Design for Accountability 
	Embrace Your Role as Facilitator 
	Use Technology Thoughtfully 
	 
	 
	Iterate and Improve 
	Find Support 

	Recommendations for School Leaders 
	Create Supportive Culture 
	Provide Professional Development 
	Align Systems and Structures 
	Invest in Infrastructure 
	Build Teacher Capacity Gradually 
	Communicate with Stakeholders 
	Measure What Matters 

	Recommendations for Policymakers 
	Align with NEP 2020 Vision 
	Reform Assessment Systems 
	Support Teacher Professional Development 
	Address Technology Equity 
	Incentivize Innovation 
	Support Research and Evaluation 
	Think Long-Term 

	Recommendations for EdTech Developers 
	Design for Learning, Not Efficiency 
	Support Teacher Facilitation 
	Prioritize Transparency and Explainability 
	Build in Verification and Critical Thinking 
	Design for Equity 
	Support Collaboration 
	 
	Gather and Use Feedback 

	Final Reflection: The Transformation We Witnessed 
	The Path Forward: From Case Study to Movement 
	Why This Matters Beyond One Classroom 
	Vision for Transforming Mathematics Education 
	Call to Action for Educators 
	What "Movement" Means Here 
	The Replication Imperative 
	 
	The Urgency of Now 
	Imagining the Classroom of 2030 
	The Non-Negotiable Core 
	A Message to the Students of SAGES BP Pujari School 
	The Final Argument 
	 
	 
	 
	 
	 
	 
	Appendix A: Implementation Timeline 
	Overview of Timeline Structure 
	 
	 
	 
	 
	 
	 
	 
	Detailed Phase-Wise Timeline 
	Phase 1: Orientation and Vision Setting 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Phase 2: Baseline Assessment 
	Phase 3: AI Platform Onboarding 
	Phase 4: Group Formation and Topic Allocation 
	Phase 5: Collaborative Preparation 
	Phase 6: Mock Demonstrations and Feedback 
	Phase 7: Student-Led Teaching Sessions 
	Phase 8: Final Assessment and Reflection 
	 
	Implementation Flexibility Notes 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Appendix B: Topic Allocation Framework 
	Purpose of the Topic Allocation Framework 
	Principles Guiding Topic Allocation 
	 
	 
	 
	Topic Breakdown: Decimal Representation of Rational Numbers 
	 
	 
	 
	 
	 
	Group Formation and Topic Matching Strategy 
	Standard Topic Assignment Template  
	Teacher’s Role in Topic Allocation 
	Adaptability Across Subjects and Grades 
	Key Insight 

	 
	Appendix C: Assessment Framework and Rubrics 
	Purpose of the Assessment Framework 
	Assessment Structure Overview 
	Cognitive Framework Used 
	Baseline and Final Assessment Design 
	Assessment Composition 
	Question Types Included 

	 
	Peer-Designed Assessment Component 
	Scoring and Evaluation Rubrics 
	A. Conceptual Understanding Rubric 
	B. Application and Problem-Solving Rubric 
	 
	 
	C. Analytical Reasoning Rubric 
	D. Teaching and Presentation Rubric (Formative) 

	Feedback and Grading Approach 
	Validity and Reliability Measures 
	Key Insight 
	 
	 
	 
	 
	 
	 
	 
	 
	Appendix E: Responsible AI Use Guidelines 
	Purpose of the Responsible AI Guidelines 
	Core Principles of Responsible AI Use 
	1. AI as a Learning Companion, Not an Authority 
	 
	 
	2. Verification Is Mandatory 
	3. Understanding Over Output 
	4. Transparency and Attribution 
	 
	 
	 
	 
	5. Collaborative and Guided Use 
	6. Teacher Oversight and Facilitation 
	7. Ethical Awareness and Digital Literacy 

	 
	 
	 
	 
	Operational Guidelines for Classrooms 
	Do’s and Don’ts for Students 

	Assessment-Specific AI Rules 
	Alignment with Educational Policy and Ethics 
	 
	 
	 
	Key Insight 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Appendix F: Teacher Facilitation Guide 
	Purpose of the Facilitation Guide 
	The Teacher’s Role Across Intervention Phases 
	Phase 1: Orientation – Setting the Learning Culture 
	Phase 2: Baseline Assessment – Diagnosing, Not Labeling 
	Phase 3: AI Onboarding – Modeling Responsible Use 
	Phase 4: Group Formation and Topic Allocation – Designing Equity 

	Facilitating During Collaborative Preparation 
	What to Monitor 
	High-Impact Teacher Questions 
	When to Intervene 

	 
	 
	 
	Phase 6: Mock Demonstrations – Coaching, Not Correcting 
	Phase 7: Student-Led Teaching – Observing Thinking 
	 
	 
	 
	Phase 8: Reflection and Assessment – Closing the Loop 
	Common Facilitation Challenges and Responses 
	Facilitation Mindset Shifts 
	Key Insight 
	References & Bibliography 
	Foundational Learning Theories 
	Peer Learning and Learning by Teaching 
	Flipped Classroom and Student-Centered Learning 
	Assessment, Feedback, and Competency-Based Learning 
	Artificial Intelligence in Education 
	Ethics, Digital Literacy, and Responsible AI 
	Policy and Indian Education Context 
	 
	Internal and Practice-Based Sources 

	Closing Note on Sources 

	 
	 
	 
	 
	 
	 
	Executive Brief for Policymakers 
	From Case Study to Systemic Change: AI-Enabled Peer Learning in Middle School Mathematics 
	Why This Matters 

	Middle school mathematics remains a critical pressure point in Indian education. Despite syllabus completion, many students struggle with conceptual understanding, application, and analytical reasoning, leading to disengagement and math anxiety. Simultaneously, schools face growing pressure to integrate artificial intelligence (AI)—often without clear pedagogical guidance. 
	This case study demonstrates that AI integration, when guided by sound pedagogy, can significantly improve learning outcomes without increasing instructional time or resource burden. 
	The Intervention at a Glance 
	●​Context: Grade 7 Mathematics (CBSE curriculum) 
	●​Model: Flipped classroom + peer teaching 
	●​Support Tool: AI learning companion (used as a scaffold, not an answer engine) 
	●​Core Shift: Students learned by teaching concepts, designing assessments, and evaluating peer understanding 
	●​Duration: One curriculum chapter 
	●​Scale: 80 students, two sections 
	Key Evidence-Based Outcomes 
	Academic Gains 

	●​34.5% overall improvement in final assessment scores 
	●​57.2% improvement in application-level questions 
	●​77.9% improvement in analysis-level questions 
	●​Modest but positive gains in recall and conceptual understanding 
	Interpretation:​ The largest gains occurred at higher cognitive levels, directly aligning with NEP 2020’s emphasis on competency-based learning. 
	 
	Developmental and Behavioral Outcomes 

	●​Increased student confidence and classroom participation 
	●​Stronger peer collaboration and accountability 
	●​Improved communication and explanation skills 
	●​Greater ownership of learning and assessment 
	●​Reduced fear of making mistakes 
	Responsible AI Use 

	●​Students used AI for explanation, questioning, and verification, not shortcuts 
	●​Clear guidelines prevented over-reliance and protected assessment integrity 
	●​AI strengthened thinking because pedagogy—not technology—led the design 
	Why This Model Is Policy-Relevant 
	Direct Alignment with NEP 2020 

	●​Competency-based assessment 
	●​Experiential and activity-based learning 
	●​Ethical and responsible technology integration 
	●​Development of 21st-century skills 
	●​Student-centered pedagogy 
	Feasible Within Existing Constraints 

	●​No syllabus reduction 
	●​No additional class hours 
	●​Works in large classrooms 
	●​Uses existing teacher workforce 
	●​Adaptable across subjects 
	This is not an add-on reform—it is a restructuring of how existing time is used. 
	 
	 
	What Makes This Scalable 
	✔ Structured, phase-based implementation​✔ Clear teacher facilitation guide​✔ Assessment rubrics aligned to cognitive growth​✔ Ethical AI usage framework​✔ Strong student accountability mechanisms 
	The model does not depend on exceptional teachers or elite schools—it depends on clear design and professional trust. 
	Policy Recommendations 
	1. Move Beyond Tool Adoption 

	Avoid standalone AI deployments. Require pedagogy-first AI integration models. 
	2. Redefine Assessment Signals 

	Encourage assessments that value: 
	●​Explanation 
	●​Reasoning 
	●​Error analysis 
	●​Peer evaluation 
	3. Invest in Teacher Facilitation Capacity 

	Shift professional development from content delivery to learning design and facilitation. 
	4. Pilot at Chapter Level 

	Systemic change does not require whole-school disruption.​ Start with one chapter, one subject, one grade. 
	5. Establish Responsible AI Frameworks 

	Proactively define ethical boundaries, verification norms, and transparency expectations for AI use in classrooms. 

	 
	Frequently Asked Questions (FAQ) 
	AI-Enabled Peer Learning in Middle School Classrooms 
	This section addresses common questions raised by educators, school leaders, and policymakers regarding the implementation, scalability, and impact of the AI-enabled flipped classroom model documented in this case study 
	1. Is this model only suitable for high-performing students? 
	No. The intervention was implemented in mixed-ability classrooms with diverse learning readiness levels. Heterogeneous group formation ensured that students supported one another. Notably, many previously passive or hesitant students showed significant improvement in confidence and participation. 
	The structure—clear roles, phased implementation, and teacher facilitation—makes the model accessible to a wide range of learners. 
	2. Does this approach require reducing syllabus coverage? 
	No. The intervention was implemented within a standard curriculum timeline for one chapter. It did not require syllabus reduction or additional instructional hours. 
	The difference was not in what was taught, but in how class time was used—shifting from teacher explanation to student-led explanation and application. 
	3. Won’t students rely too heavily on AI? 
	Over-reliance is a legitimate concern. That is why responsible AI guidelines were explicitly built into the intervention. 
	Students were required to: 
	●​Verify AI-generated information 
	●​Use AI as a support tool, not an answer engine 
	●​Demonstrate understanding in their own words 
	●​Complete assessments without AI assistance 
	When AI is integrated within structured pedagogy and teacher oversight, it supports thinking rather than replacing it. 
	4. Does this model increase teacher workload? 
	Initially, yes—there is increased planning and facilitation effort during the first implementation. However: 
	●​Teaching becomes more observation- and feedback-based 
	●​Students take greater responsibility for content explanation 
	●​Engagement levels reduce repetitive clarification work 
	Teachers reported that while preparation required thought, classroom energy and learning depth made the investment worthwhile. 
	5. What if students teach incorrect concepts? 
	Safeguards include: 
	●​Mock demonstrations before final presentations 
	●​Teacher review of materials and peer quizzes 
	●​Continuous facilitation during preparation 
	●​Peer questioning during presentations 
	Teachers remain instructional authorities. The model increases student responsibility without removing teacher oversight. 
	6. Can this work without advanced technology infrastructure? 
	Yes. The core of the model is peer teaching and structured collaboration. AI acts as a support layer, not a dependency. 
	Schools with limited access can: 
	●​Use shared devices 
	●​Integrate AI selectively during preparation 
	●​Adapt the model with minimal digital integration 
	Pedagogy remains primary. 
	 
	 
	 
	7. Is this model scalable across subjects? 
	Yes. The structure is subject-agnostic. 
	It can be adapted for: 
	●​Science (concept explanations, experiments, misconceptions) 
	●​Social Science (cause-effect analysis, case studies) 
	●​Languages (grammar, interpretation, writing feedback) 
	●​Higher grades with deeper analytical focus 
	The framework—group ownership, peer teaching, assessment design—remains constant. 
	8. How is student learning measured beyond test scores? 
	Learning evidence includes: 
	●​Performance growth across cognitive levels 
	●​Quality of explanations during presentations 
	●​Peer questioning depth 
	●​Reflection journals 
	●​Student-created assessments 
	The model values visible thinking, not only numerical scores. 
	9. Does this reduce the role of the teacher? 
	No. It redefines it. 
	Teachers become: 
	●​Learning designers 
	●​Facilitators of inquiry 
	●​Observers of thinking 
	●​Providers of targeted feedback 
	Impact shifts from delivering information to shaping cognitive growth. 
	 
	 
	10. What is the biggest risk in implementing this model? 
	The biggest risk is superficial implementation—adopting peer teaching or AI tools without structured design, clear expectations, and facilitation training. 
	This model succeeds because: 
	●​Phases are clearly defined 
	●​Assessment aligns with higher-order thinking 
	●​AI use is governed ethically 
	●​Teachers actively guide learning 
	Structure enables agency. 
	11. What is the first step for schools interested in trying this? 
	Start small. 
	●​Select one chapter 
	●​Pilot in one section 
	●​Train teachers on facilitation and AI guidelines 
	●​Collect baseline and final data 
	●​Reflect and refine 
	Transformation does not require system-wide disruption—only thoughtful experimentation. 
	12. What makes this approach different from traditional project-based learning? 
	Unlike open-ended projects, this model: 
	●​Aligns tightly with curriculum standards 
	●​Measures cognitive growth explicitly 
	●​Includes structured peer assessment 
	●​Embeds ethical AI integration 
	●​Operates within regular classroom time 
	It combines rigor with agency. 
	 
	 
	The Core Policy Insight 
	Educational transformation does not require more time, more technology, or more pressure. It requires rethinking who holds responsibility for learning. 
	This case study shows that when students are trusted with that responsibility—supported by structure, facilitation, and ethical AI—learning outcomes rise rapidly and sustainably. 
	Next Steps for Policymakers 

	●​Commission pilot implementations across diverse school contexts 
	●​Align board-level assessments with higher-order thinking outcomes 
	●​Develop state or board-level responsible AI use guidelines 
	●​Support teacher facilitation training at scale 
	This is not a future-ready experiment.​It is a present-ready solution. 
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