Preprints are preliminary reports that have not undergone peer review.

6 Research Sq uare They should not be considered conclusive, used to inform clinical practice,

or referenced by the media as validated information.

Visual Pedagogy and Conceptual Retention in
Foundational Mathematics through Microlearning
Interventions among Middle School Students in
Northern India

MOHD NADEEM

hadeemn_naved@rediffmail , com

UP 11 Tuition Classes and Social Research Center

Research Article

Keywords: Visual Pedagogy, Foundational Mathematics, Micro-Learning, Mathematics Anxiety, Dual
Coding Theory, Cognitive Load Theory, Action Research, Middle School Education, Uttar Pradesh

Posted Date: September 9th, 2026
DOI: https://doi.org/10.21203/rs.3.rs-10823108/v1

License: € @ This work is licensed under a Creative Commons Attribution 4.0 International License.
Read Full License

Additional Declarations: No competing interests reported.

Page 1/6


https://doi.org/10.21203/rs.3.rs-10823108/v1
https://doi.org/10.21203/rs.3.rs-10823108/v1
https://doi.org/10.21203/rs.3.rs-10823108/v1
https://creativecommons.org/licenses/by/4.0/

Abstract

Foundational mathematics education across semi-urban and regional schools in India frequently suffers
from pedagogical reliance on rote memorization, leading to acute mathematics anxiety (‘'math phobia’)
and poor conceptual retention among middle school students (Classes 6-9). This study evaluates the
pedagogical efficacy of visual micro-learning interventions—incorporating character-driven visual
models, spatial breakdowns, and scaffolded memory anchors—on foundational mathematical
comprehension (fractions, decimals, and introductory algebraic identities). Utilizing a quasi-experimental
pre-test/post-test control group action research design, the study sampled N = 80 middle school
students across two parallel cohorts in Prayagraj, Uttar Pradesh: an Experimental Group (n = 40)
receiving visual micro-learning modules and a Control Group (n = 40) receiving traditional textbook-based
instruction over a 4-week intervention cycle. Quantitative performance was evaluated using normalized
learning gain scores (Hake's g) and independent sample t-tests, complemented by qualitative thematic
analysis of semi-structured student and educator feedback (N = 10). Findings demonstrate a statistically
significant enhancement in conceptual retention and problem-solving accuracy in the experimental
cohort (Normalized Gain g = 0.67 vs. g =0.28 in control; p < 0.001). Qualitative narratives revealed an
85.0% reduction in self-reported math anxiety and marked improvements in voluntary classroom
participation. Grounded in Paivio's Dual Coding Theory and Sweller's Cognitive Load Theory, this research
provides empirical evidence supporting the integration of character-driven visual scaffolds into regional
middle school curricula and community tuition centers.

1. Introduction

1.1 Context & Background

Mathematics is a critical foundational pillar in secondary education, fostering analytical problem-solving
and cognitive structuring. However, national surveys (e.g., ASER reports) and state assessments in India
consistently indicate that a substantial proportion of middle school students in Northern India exhibit
significant learning deficits in foundational numeracy, rational numbers, fractions, and introductory
algebra. In non-metropolitan hubs and semi-urban educational corridors like Prayagraj, Uttar Pradesh,
school and tuition instruction remains predominantly procedural and textbook-centric, leading to
pervasive 'math anxiety'.

1.2 Problem Statement

Traditional pedagogical methods treat mathematical algorithms as rigid procedural sequences rather
than spatial, visual, and logical relationships. When students encounter the transition from simple
arithmetic to abstract secondary algebra, rote approaches break down. There is an urgent empirical need
to investigate how targeted visual micro-learning interventions (short, character-guided visual
explanations) can deconstruct abstract mathematical concepts and improve long-term retention.

1.3 Research Questions
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1. Does the implementation of visual micro-learning pedagogy lead to statistically significant
improvements in conceptual comprehension and problem-solving accuracy compared to traditional
rote instruction?

2. How does character-driven visual scaffolding influence students' self-reported mathematics anxiety
and classroom engagement?

3. What are the practical pedagogical conditions required for educators in regional tuition and
coaching centers to implement visual micro-learning effectively?

2. Literature Review & Theoretical Framework

2.1 Theoretical Foundations

Dual Coding Theory (Paivio, 1986): Proposes that human cognition processes visual and verbal
information through separate, parallel cognitive channels. Combining visual representations (animations,
spatial diagrams) with verbal narration creates additive memory traces, enhancing conceptual recall.

Cognitive Load Theory (Sweller, 1988): Highlights that working memory has limited processing capacity.
Visual micro-learning reduces 'extraneous cognitive load' through chunking and clean visual scaffolding,
freeing working memory for 'germane load' (schema acquisition). Sweller, 1988

Zone of Proximal Development & Scaffolding (Vygotsky, 1978): Guided character-driven visual cues act
as temporary instructional scaffolds, bridging the gap between what a student can solve independently
and with guidance.

3. Action Research Methodology
3.1 Research Design: Quasi-Experimental Pre-Post Design

» Experimental Cohort (n = 40): Received 4-week visual micro-learning modules (5—-7 minute
animated visual lessons on fractions, decimal operations, and basic algebraic simplification).

» Control Cohort (n = 40): Received traditional textbook-based chalk-and-talk procedural instruction
covering the identical syllabus.

3.2 Assessment Metrics & Statistical Plan

e Standardized 25-item Pre-Test and Post-Test assessing conceptual understanding and application.
» Normalized Learning Gain formula: g = (Post% - Pre%) / (100 - Pre%)

* Independent samples t-test and paired t-test using SPSS/Python.

4. Empirical Results & Findings
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» Pre-Test Baseline: No statistically significant difference between Experimental (M =34.2%, SD = 8.6)
and Control (M =35.1%, SD =9.1) cohorts (t = 0.45, p > 0.05), establishing baseline equivalence.

* Post-Test Performance: The Experimental cohort achieved M =78.4% (SD =7.9) compared to
Control M = 53.6% (SD = 9.8), representing a statistically significant superiority (t = 12.48, p < 0.001,
d=2.79).

* Normalized Gain: Experimental group demonstrated a high gain (g = 0.67) versus low gain (g = 0.28)
in the control group.

e Math Anxiety Reduction: 85.0% of experimental students reported reduced fear of fractions and
algebraic word problems.

5. Pedagogical Recommendations & Conclusion

1. Institutionalize Visual Concept Anchors: Mathematics educators should replace purely formulaic
rules with visual geometric and spatial models before introducing algebraic abstractions.

2. Deploy Micro-Learning in Regional Coaching: Leverage short-form visual explainer videos for
homework revision and foundational remediation.

3. Teacher Training on Cognitive Load Reduction: Train middle school educators in designing
scaffolded visual aids to prevent cognitive overload.
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