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Abstract- Marble slurry waste generated from marble
processing industries poses severe environmental threats,
including soil infertility, water contamination, and air
pollution. While engineering research has examined its
reuse in construction materials, limited studies explore
educational strategies to promote sustainable utilization.
This study develops and empirically validates an
educational intervention model aimed at enhancing
environmental awareness, attitude, skill development,
and behavioural intention toward marble slurry waste
reuse. A quasi-experimental pre-test—post-test control
group design was implemented among 320 teacher
education students. Structural Equation Modelling
(SEM) was employed to test the hypothesized cognitive
affective behavioural framework. Results indicate that
the educational intervention significantly improved
awareness (p = .62, p <.001), which positively influenced
attitude and skill development. Behavioural intention
strongly predicted sustainable utilization practice (f =
.71, p <.001). Mediation analysis confirmed a sequential
pathway. The findings extend sustainability education
literature by integrating industrial waste management
into a validated behavioural model.
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I. INTRODUCTION

Industrialization has intensified environmental
degradation, particularly in regions with marble
processing industries. Marble slurry waste, produced
during cutting and polishing operations, is typically
dumped in open landfills, leading to ecological
damage.

Global sustainability frameworks promoted by United
Nations Educational, Scientific and Cultural

Organization emphasize Education for Sustainable
Development (ESD) as a transformative strategy.
Similarly, sustainability priorities highlighted by
United Nations Environment Programme stress the
importance of awareness and behavioural change.

In India, the National Education Policy 2020
underscores experiential and environmental learning.
However, integration of industrial waste management
within formal education remains limited.

This study addresses this gap by designing and
validating an educational intervention model that
promotes sustainable utilization of marble slurry
waste.

II. THEORETICAL FRAMEWORK

The model is grounded in the Theory of Planned
Behaviour developed by Icek Ajzen, which proposes
that behavioural intention predicts actual behaviour
and is influenced by attitude and perceived control.

The present framework extends TPB into
sustainability education through a sequential model:

Educational Intervention — Awareness — Attitude —
Skill Development — Behavioural Intention —
Sustainable Practice

This integrates cognitive (awareness), affective
(attitude), and behavioural (skills and intention)
components.

III. METHODOLOGY
Research Design

Quasi-experimental pre-test and post-test control
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group design.
Sample

320 B.Ed. students selected through stratified random
sampling.

Instruments

e Environmental Awareness Scale (25 items)

e  Attitude toward Sustainability Scale (20 items)
e  Skill Competency Rubric (Performance-based)

e Behavioural Intention Scale (15 items)
Cronbach’s alpha values ranged from 0.74 to 0.88.
Data Analysis

e  SPSS (descriptive statistics, t-tests)

e AMOS (CFA and SEM)
e  Bootstrapping (5000 samples)
IV. RESULTS

Experimental Effectiveness

Post-test scores of the experimental group were
significantly higher (p < .001) than control group
scores.

Measurement Model

e  Factor loadings > .60

e AVE>.50

o Composite Reliability > .70
e Model fit: CFI =.93, RMSEA = .06
Structural Model

Path B p-value
.62 <.001

EI — Awareness

Awareness — Attitude .58 <.001

Attitude — Skills 49 <.001
Skills — Intention .67 <.001
Intention — Practice .71 <.001

Sequential mediation was statistically significant (p <
.01). R? for behavioural Intention = 0.63.

V. DISCUSSION

The findings confirm that structured sustainability
interventions significantly enhance environmental
awareness and behavioural intention. Awareness
influenced attitude, consistent with behavioural
theory. Skill development strengthened perceived
competence, increasing sustainable intention.

The results contribute to sustainability education by:

e Introducing industrial waste utilization into
curriculum-based intervention research.

e Empirically wvalidating a cognitive affective
behavioural pathway.

e  Demonstrating mediation effects through SEM.
VI. IMPLICATIONS

Educational

e  Curriculum integration of industrial waste topics.

e Adoption of experiential and project-based
learning.

Policy

e Alignment with national sustainability education
reforms.

o Industry education collaboration models.

Environmental

o Increased sustainable reuse practices.

e Reduced ecological burden of marble slurry
dumping.

VII.  CONCLUSION

This study demonstrates that educational
interventions significantly influence sustainable
utilization behaviour through awareness, attitude, and
skill development. The validated SEM model offers a
scalable framework for sustainability education.
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