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ABSTRACT

Hands-on learning in school science laboratories is widely acclaimed as the most authentic way to help
students construct scientific concepts, develop inquiry skills, and nurture positive attitudes toward
science. Yet, in many government schools—particularly across low-resource contexts—Ilaboratory
work is sporadic, under-resourced, or ritualistic. This manuscript investigates how practical,
experiential engagements in science labs influence cognitive understanding, procedural fluency,
scientific temper, creativity, and socio-emotional outcomes among students in government schools.
Anchored in constructivist, experiential, and sociocultural learning theories, the study triangulates
literature, policy documents, and field data from a mixed-method inquiry involving 240 students, 32
science teachers, and 18 school heads across five Indian states. Quantitative pre-post concept tests,
attitudinal scales, and lab-skill rubrics are complemented with qualitative classroom observations,
artefact analysis, and semi-structured interviews. Results indicate statistically significant gains in
conceptual mastery (p <.01), process skills, and engagement, particularly when lab activities are aligned
with curricular goals, scaffolded, and accompanied by reflective discussion. Conversely, deficiencies in
infrastructure, teacher preparation, safety protocols, and time-tabling emerged as systemic barriers.
The paper concludes with a praxis-oriented framework—“ACCESS” (Availability, Curriculum
alignment, Capacity building, Evaluation, Safety, and Sustainability)—to guide policy and school-level
action. Educational implications include rethinking the role of low-cost apparatus, peer-led tinkering
spaces, mobile labs, and digital simulations as complementary resources. The study underscores that
hands-on science is neither a luxury nor an add-on but a democratic right and pedagogical necessity in

public education, critical for building scientific literacy and future-ready competencies.
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Science education, at its core, is an enterprise of exploration, evidence, and explanation. While textbooks and
classroom lectures can transmit information efficiently, they seldom capture the sensorial richness and
epistemic rigor of doing science. Laboratories, with their glassware, circuits, specimens, and measuring
devices, offer tangible interfaces for students to manipulate variables, observe phenomena, and record data.
In government schools—typically serving socio-economically disadvantaged communities—such
experiential opportunities are often constrained by limited infrastructure, teacher workload, and policy-

practice gaps. The paradox is stark: students who most need rich learning experiences often get the least.
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Fig.1 Hands-On Learning, Source:1

The National Education Policy in India and parallel policy documents across several countries emphasise
experiential and competency-based learning. They urge the strengthening of laboratory infrastructure,
integration of projects, and development of scientific temper. However, the everyday reality in many
government schools reveals several disjunctures: locked labs used only before board exams, demonstrative
rather than participatory experiments, and the prevalence of “cookbook” instructions that supplant inquiry.
This manuscript interrogates these contradictions and explores how hands-on learning can genuinely flourish

in resource-constrained settings.
The study is guided by three overarching questions:

1. How does sustained hands-on laboratory work affect students’ conceptual understanding and scientific

skills in government schools?

2. What institutional, pedagogical, and material conditions enable or obstruct effective lab-based

learning?
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3. What scalable frameworks and strategies can policymakers and practitioners adopt to universalize

meaningful practical science education in public systems?

By addressing these questions through a mixed-method research design, this manuscript aims to contribute

empirically grounded insights and an actionable model for fostering equitable science learning opportunities.
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LITERATURE REVIEW

Theoretical Underpinnings of Hands-On Learning

Constructivism posits that learners actively construct knowledge through interaction with their environment.
Piaget’s cognitive constructivism emphasizes individual sense-making, while Vygotsky’s sociocultural theory
highlights the mediating role of tools, language, and peers. Dewey’s experiential learning paradigm advocates
learning by doing and reflective thinking. Kolb further synthesizes experience, reflection, conceptualization,
and experimentation into a cyclical model. In the context of science laboratories, these theories converge to

argue that physical manipulation of materials coupled with collaborative dialogue enhances deeper learning.
Practical Work and Student Outcomes

Empirical studies suggest that practical work improves conceptual understanding, motivation, and skills such
as measurement, observation, and data interpretation. Hofstein and Lunetta (2004) report that well-designed
lab activities can foster inquiry skills and conceptual change. Abrahams and Millar (2008) caution, however,

that not all practical work is inherently effective—clarity of learning objectives and integration with theory
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are critical. In low-resource contexts, low-cost experiments and improvisation are shown to be effective,

provided they are intellectually challenging and pedagogically scaffolded.
Government School Contexts and Equity Considerations

Government schools often serve students from marginalized communities, making the question of lab access
inherently linked to educational equity. Research from India, Kenya, and Nigeria shows disparity between
private and public school infrastructure. Yet, innovations such as mobile science labs, community science
centers, and maker spaces have been piloted to bridge gaps. The literature also highlights teacher beliefs and
competencies as pivotal determinants—teachers uncomfortable with open-ended inquiry may revert to

demonstration modes.
Safety, Assessment, and Sustainability Issues

Lab safety is integral but frequently neglected in crowded government classrooms. Proper handling of
chemicals, electrical safety, first-aid preparedness, and waste disposal protocols are often absent. Assessment
of practical skills remains largely summative and procedural, with limited emphasis on inquiry processes or
reflective reports. Sustainability—regular replenishment of consumables, maintenance of equipment, and

teacher training—requires systemic planning and budgeting.
Digital and Hybrid Modalities

Recent years have witnessed an expansion of virtual labs and simulation tools. While they cannot fully replace
tactile experiences, they can compensate for equipment shortages, allow repeated trials, and visualise
microscopic or hazardous phenomena. Blended approaches that combine low-cost physical kits with digital

simulations show promise.

In sum, the literature advocates for intentional, scaffolded, and equitable practical work, but underscores

systemic barriers that must be addressed through policy and practice.
Educational Implications
Hands-on science in government schools has multifaceted implications:

1. Curriculum and Pedagogy: Practical activities must be integrated with curricular competencies
rather than treated as appendices. Teachers should design lab tasks that ask students to hypothesize,

plan, execute, record, and interpret—mirroring the scientific method.

2. Teacher Professional Development: Continuous in-service training focused on inquiry pedagogy,

safety, and low-cost material improvisation can enhance teacher confidence and creativity.
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3. Equity and Inclusion: Ensuring that girls, students with disabilities, and first-generation learners
participate meaningfully requires attention to lab layout (accessible benches/equipment), grouping

strategies, and culturally responsive examples.

4. Assessment Reform: Rubrics that evaluate process skills (planning, measurement, data analysis,

collaboration) must complement traditional viva voce or practical write-ups.

5. Infrastructure and Resource Management: Budget allocations should include consumables,
maintenance, and replenishment cycles. Innovative low-cost apparatus, community-donated materials,

and shared resource pools can extend reach.

6. Safety Protocols: Establishing clear standard operating procedures (SOPs), displaying safety charts,

and conducting periodic drills is essential.

7. Integration with STEM/STEAM Initiatives: Linking lab work to robotics clubs, tinkering labs (e.g.,

Atal Tinkering Labs), and local problem-solving projects can contextualize learning.

8. Policy and Governance: State and district education authorities must monitor practical work

implementation, not just infrastructure provision, through supportive supervision and mentoring.

9. Community Engagement: Local industries, NGOs, and higher education institutions can collaborate

to provide mentorship, equipment donations, or mobile lab services.

10. Digital Complementarity: Virtual labs and open-source simulations should be curated and translated

into local languages to support continuity during disruptions.
METHODOLOGY

Research Design

A concurrent mixed-method design was adopted to capture both breadth and depth of the phenomenon.
Quantitative measures assessed learning gains and attitudes, while qualitative explorations illuminated

classroom dynamics and contextual factors.
Sample and Context

e Geographical Spread: Five Indian states representing diverse regions (North, South, East, West, and

Central) were purposively selected to ensure heterogeneity.

o Participants: 240 students from Grades 8-10, 32 science teachers, and 18 school heads from 16

government schools participated.
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Sampling Strategy: Schools were chosen based on having functional labs but varied in resource
levels. Within schools, intact class groups were included (cluster sampling). Teachers and heads

participated through voluntary consent.

Instruments

Conceptual Understanding Test (CUT): A 30-item multiple-choice and short-answer test aligned

with concepts taught during the term (force and pressure, chemical reactions, electricity).

2. Science Attitude Scale (SAS): A 20-item Likert instrument measuring interest, perceived relevance,
and self-efficacy in science.

3. Laboratory Skill Rubric (LSR): An observational tool rating students on planning, measurement
accuracy, safety adherence, data recording, and teamwork (5-point scale).

4. Observation Protocol for Practical Sessions (OPPS): Field notes on teacher scaffolding, student
engagement, and group interactions.

5. Interview Schedules: Semi-structured guides for teachers and heads, focusing on barriers, strategies,
and policy awareness.

6. Document Analysis: Lab registers, timetables, safety charts, and maintenance records.

Procedure

The study unfolded in three phases over six months:

Phase 1 (Baseline): Administer CUT and SAS to all student participants before the intervention.

Conduct initial interviews with teachers and heads.

Phase 2 (Intervention & Observation): Over 12 weeks, each class executed a minimum of six
structured lab activities aligned with current lessons. Researchers co-planned with teachers to ensure
inquiry-oriented tasks. Observations and LSR ratings were conducted during three of these sessions

per class.

Phase 3 (Post-test & Reflection): Re-administer CUT and SAS. Conduct focus-group discussions

with students and follow-up interviews with teachers. Collect artefacts (lab reports, project posters).

Data Analysis
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e Quantitative: Paired-sample t-tests were used to examine pre-post gains on CUT and SAS. Effect
sizes (Cohen’s d) were calculated. Descriptive statistics summarized LSR scores. ANOVA explored

differences across states and gender groups.

e Qualitative: Thematic analysis was conducted on observation notes and interview transcripts using
open and axial coding. Categories were triangulated with quantitative patterns to develop the ACCESS

framework.
Ethical Considerations

Parental consent and student assent were obtained. Identities were anonymized. Researchers followed school

safety norms and minimized disruption to regular classes.
RESULTS

Quantitative Findings

Conceptual Gains: Mean CUT scores improved from 42.3% (SD = 11.7) at baseline to 66.5% (SD = 13.9)
post-intervention, a gain of 24.2 percentage points (t(239) = 18.74, p < .001, Cohen’s d = 1.21), indicating a
large effect.

Attitude Improvements: SAS mean scores increased from 3.02 to 3.68 on a 5-point scale (t(239) =9.31,p <
.001, d = 0.60). Students reported greater confidence in handling equipment and higher interest in science-

related careers.

Laboratory Skills: LSR averages indicated highest gains in “planning” (M = 3.9/5) and “data recording” (M
= 3.7/5), while “safety adherence” (M = 3.1/5) and “measurement accuracy” (M = 3.0/5) remained moderate,

pointing to areas needing further emphasis.

Group Differences: ANOVA showed no significant gender differences in conceptual gains (p > .05),
suggesting hands-on approaches are equally empowering for girls. However, schools with better baseline

infrastructure showed slightly higher skill scores (F(2, 237) =4.56, p <.05).
Qualitative Themes

1. Engagement through Ownership: Students expressed excitement when allowed to design steps or

modify variables. Teachers noticed quieter students taking leadership roles in small groups.

2. Scaffolding Matters: Where teachers provided guiding questions instead of step-by-step recipes,

students demonstrated better reasoning and collaboration.
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3. Resourcefulness and Improvisation: Teachers used everyday materials—bicycle pumps, syringes,

LED torches—to demonstrate principles, reducing dependence on expensive Kkits.

4. Safety and Time Constraints: Overcrowded labs and tight periods led to rushed clean-ups, with

limited time for reflective discussion and error analysis.

5. Assessment Anxiety: Students often prioritized “finishing the write-up” over understanding,

reflecting assessment practices that reward neat records rather than inquiry depth.

6. Policy-Practice Gap: Many teachers were unaware of recent policy directives on experiential learning

or lacked autonomy to timetable additional lab sessions.
Integrative Model: The ACCESS Framework
Based on triangulated findings, the ACCESS framework is proposed:
e A — Availability: Ensure functional labs or mobile/mini labs; maintain an updated inventory.

e C — Curriculum Alignment: Map each practical to specific learning outcomes; integrate with

classroom theory and assessments.

e C — Capacity Building: Provide continuous professional development & peer communities of

practice.
e E — Evaluation: Use formative rubrics for process skills; include reflective journals.
o S —Safety: Institutionalize SOPs, safety briefings, and first-aid readiness.

e S —Sustainability: Budget for consumables; cultivate partnerships; promote student-led maintenance

clubs.
CONCLUSION

Hands-on learning in science laboratories is a powerful agent of conceptual change, skill development, and
attitudinal transformation—particularly in government schools where students often lack exposure to
experiential learning outside the classroom. This study demonstrates that when lab work is deliberately
planned, aligned with curricular outcomes, and supported by teacher capacity building, students exhibit
substantial gains in understanding and enthusiasm for science. However, unlocking the full potential of
practical science requires overcoming systemic challenges: inadequate infrastructure, safety oversights, rigid

timetables, and assessment models that undervalue process skills.
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The proposed ACCESS framework offers a pragmatic roadmap: ensure availability of functional labs (or their
mobile/mini variants), align practicals with learning outcomes, build teacher capacity, evaluate process skills
formatively, institutionalize safety, and plan for sustainability. Policies must move beyond equipment
provision to fostering cultures of inquiry, reflection, and student agency. Digital simulations and low-cost

improvisations can complement—but not replace—the tactile, collaborative experiences that labs enable.

Ultimately, hands-on science in government schools is a matter of educational justice. By democratizing
access to authentic scientific practice, we cultivate not only future scientists but informed citizens capable of
evidence-based reasoning. The findings urge educators, administrators, and policymakers to invest in labs as

living pedagogical spaces—dynamic, inclusive, and central to the mission of public education.
Scope for Further Research
Future studies could:

o Examine longitudinal impacts of sustained lab exposure through secondary and higher-secondary years

on career trajectories.

o Explore the role of student-led science clubs and maker spaces in sustaining inquiry beyond formal

lab sessions.

o Investigate accessibility adaptations for students with disabilities, including tactile models and

assistive technologies.

o Compare efficacy of hybrid models combining low-cost physical kits and virtual simulations in ultra-

low-resource schools.

Analyze cost-benefit ratios of mobile lab interventions versus permanent lab upgrades.
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