© July 2026 | IJIRT | Volume 13 Issue 2 | ISSN: 2349-6002

Challenges of Blended Learning in Secondary School
Education in India: Special Emphasis on Virtual
Laboratory Learning

Prerana Prada Padhan
Research Scholar, Department of Education Guru Ghasidas Vishwavidyalaya, Bilaspur, Chhattisgarh,

India

doi.org/10.64643/1IJIRTV1312-206967-459

Abstract—Blended learning, understood as the
purposeful integration of face-to-face teaching with
digital learning experiences, has emerged as an
important pathway for strengthening secondary
education in India. Its relevance became particularly
visible after the COVID-19 disruption, which exposed
unequal access to devices, connectivity, teacher support,
and learning resources. This review paper examines the
major pedagogical, infrastructural, socio-economic,
institutional, and assessment-related challenges of
blended learning in Indian secondary schools, with
special emphasis on virtual laboratory learning in
Classes IX and X. The review argues that virtual
laboratories can improve conceptual visualization,
procedural familiarity, repeated practice, and access to
experiments where physical laboratory facilities are
limited. However, they cannot independently replace
hands-on experimentation, especially for developing
instrument handling, safety awareness, observation
skills, measurement discipline, and scientific temper.
The paper synthesizes policy documents, Indian studies,
international scholarship, and reports on digital
education. It proposes a context-sensitive blended
laboratory model in which virtual experiments function
as preparation, reinforcement, and reflection tools
alongside actual laboratory work. The study concludes
that equitable infrastructure, teacher professional
development, inclusive design, curriculum integration,
and authentic assessment are essential for effective
blended science learning in India.

Index Terms—Blended Learning, Digital Divide, Science
Education, Secondary Education, Virtual Laboratories

I. INTRODUCTION

Blended learning has become a significant
educational approach in contemporary school
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education because it combines the strengths of
classroom teaching with the flexibility, multimedia
resources, interactivity, and self-paced opportunities
offered by digital platforms. Although the term is
interpreted in different ways, it generally refers to the
deliberate integration of face-to-face instruction and
online or technology-mediated learning in a coherent
pedagogical design (Graham, 2006; Horn & Staker,
2015). It is therefore not merely the use of videos,
smartphones, or online worksheets in a conventional
classroom. Rather, it requires thoughtful alignment
among curriculum, pedagogy, learner support,
assessment, technology, and institutional capacity.

In India, the relevance of blended learning increased
sharply during and after the COVID-19 pandemic.
School closures compelled teachers and learners to
rely on online classes, television programmes,
WhatsApp groups, recorded lessons, digital
worksheets, and learning platforms. However, this
emergency remote teaching also revealed major
inequalities. Many students lacked personal devices,
stable internet connectivity, quiet study spaces,

digital literacy, or parental support. Teachers
frequently had limited preparation for designing
online learning activities, monitoring learner

engagement, conducting formative assessment, and
supporting students with diverse learning needs
(Barik, 2021; Jena, 2020; Pokhrel & Chhetri, 2021).

The National Education Policy 2020 recognizes the
importance of technology in education and
recommends the use of digital platforms, virtual
laboratories, teacher capacity-building, and equitable
access to educational technology (Ministry of
Education, 2020). Similarly, the National Curriculum
Framework for School Education emphasizes
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experiential learning, scientific inquiry, competency-
based assessment, and the meaningful integration of
technology rather than its mechanical use (NCERT,
2023). These policy directions are particularly
relevant at the secondary stage, where learners in
Classes IX and X encounter more formal scientific
concepts in physics, chemistry, biology, and
environmental science.

Science learning at this stage requires more than
memorization of facts and formulas. Students need
opportunities to observe, hypothesize, measure,
manipulate materials, record data, interpret evidence,
discuss errors, and construct explanations. The
laboratory is therefore central to scientific learning.
Yet many Indian secondary schools, especially rural,
tribal,  government-aided, and  economically
disadvantaged schools, face inadequate laboratory
infrastructure, insufficient equipment, lack of
consumables, overcrowded classes, limited laboratory
periods, and shortages of trained science teachers.
Pareek (2017) found that science laboratory facilities
in many secondary schools were inadequate and that
practical work was often not conducted regularly.
Virtual laboratories may offer one response to this
challenge. They can provide simulations, animations,
interactive  experiments,  quizzes,  procedural
demonstrations, and repeated opportunities for
observation. In a virtual laboratory, students may
manipulate variables, observe changes, make
predictions, collect simulated data, and revise their
understanding  without the risks or material
constraints associated with physical laboratories.
Such environments can be particularly useful for
experiments involving electricity, optics, acids and
bases, motion, heredity, human physiology, chemical
reactions, and environmental processes.

However, virtual laboratories are not automatically
equitable or pedagogically effective. Their value
depends on access, design quality, teacher mediation,
curricular alignment, language accessibility, learner
readiness, and integration with real practical work.
This review paper critically examines these issues
and proposes a blended laboratory framework
appropriate for Classes IX and X in India.

I1. OBJECTIVES

The present review has the following objectives:

IJIRT 206967

1. To examine the meaning, scope, and educational
relevance of blended learning in Indian
secondary schools.

2. To identify major challenges affecting the
implementation of blended learning in Classes
IX and X.

3. To analyse the educational possibilities and
limitations of virtual laboratories in secondary
science education.

4. To review the role of teachers, infrastructure,
curriculum, assessment, and inclusion in blended
laboratory learning.

5. To propose a context-sensitive blended learning
framework for virtual and actual laboratory
experiences in Indian secondary schools.

I11. METHOD AND SCOPE

This paper is a narrative-cum-integrative review. It
draws upon peer-reviewed studies, national policy
documents, curriculum frameworks, reports, and
foundational scholarship on blended learning, virtual
laboratories, science education, digital inequality, and
teacher professional development. The review gives
priority to literature relevant to India while also
drawing upon international studies that clarify the
pedagogical potential and limitations of virtual
laboratory environments.

The review focuses on secondary school education,
especially Classes IX and X, because this stage forms
a bridge between foundational science learning and
higher secondary specialization. It is also the stage at
which learners begin to encounter abstract concepts
requiring visualization, experimentation,
mathematical interpretation, and evidence-based
reasoning.

IV. CONCEPTUAL UNDERSTANDING OF
BLENDED LEARNING

Blended learning should be understood as a
pedagogical arrangement rather than a technological
arrangement. It combines classroom interaction,
teacher explanation, collaborative activity, practical
work, digital resources, online discussion, multimedia
content, formative assessment, and learner reflection.
Graham (2006) explains that blended learning
integrates  face-to-face and computer-mediated
instruction. Horn and Staker (2015) further
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emphasize that students should have some control
over time, place, path, or pace of learning.

In the Indian school context, blended learning may
include classroom teaching supported by DIKSHA
resources, QR-code-enabled textbooks, virtual

laboratories,  educational  television, recorded
demonstrations, learning management systems,
digital assignments, and mobile-based
communication. It can also involve offline digital
resources in schools with limited internet access.

| CURRICULUM AND LEARNING OUTCO?\-EES|

Faceto-Face Learning

Digital Learning

Laboratory Learning

Teacher explanation

Videos and simulations

Actual experiments

Peer discussion

Virtual laboratories

Instruments and materials

Group activities

Online quizzes

Observation and measurement

Problem-solving

Digital feedback

Safety and error analysis

CONCEPTUAL UNDERSTANDING, SCIENTIFIC
INQUIRY, SKILLS. EQUITY. AND ENGAGEMEN

Figure-1 Conceptual Structure of Blended Learning in Secondary Science Education

The effectiveness of blended learning depends on
coherence. If online content is unrelated to classroom
teaching, students may experience it as an additional
burden. If virtual laboratory tasks are used only as
entertainment, they may not develop scientific
understanding. Conversely, when teachers connect
virtual exploration with classroom questioning and
actual experimentation, blended learning can support
deeper learning.

V. CHALLENGES OF BLENDED LEARNING IN
INDIAN SECONDARY EDUCATION

5.1 Digital Divide and Unequal Access

The digital divide is the most visible challenge in
blended learning. It includes unequal access to
devices, internet connectivity, electricity, digital
literacy, and supportive learning environments. In
many households, a single smartphone may be shared
among several family members. Students may
depend on low-cost mobile data plans, unstable
networks, or borrowed devices. Rural and remote
areas often experience inconsistent connectivity and
electricity interruptions.

The pandemic showed that digital learning could
widen existing educational inequalities. Students
from economically privileged households were more
likely to access live classes, laptops, private tutoring,
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and stable internet, while students from
disadvantaged communities often depended on
printed worksheets, television lessons, or irregular
mobile communication (Barik, 2021; UNESCO,
2020). Blended learning must therefore avoid
assuming that every learner has continuous digital
access.

For virtual laboratory learning, this challenge is
especially serious because simulations may require
sufficient bandwidth, updated browsers, audio-visual
capability, and uninterrupted time. A learner who
accesses a virtual experiment only through a shared
smartphone may not receive the same experience as a
learner using a computer in a well-equipped school
laboratory.

5.2 Inadequate Digital Infrastructure in Schools
Many schools have computer rooms, smart
classrooms, or ICT facilities on paper but face
difficulties in regular use. Devices may be outdated,
software may not be maintained, internet
subscriptions may lapse, and technical support may
be unavailable. In some schools, teachers hesitate to
use digital facilities because they fear equipment
damage or lack confidence in troubleshooting
technical problems.

The problem is more complex in science education
because virtual laboratory learning requires not only
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hardware but also structured scheduling, digital
content, teacher preparation, and integration with
practical periods. A school may have computers but
no timetable for science teachers to use them.
Similarly, a school may have a physical laboratory
but lack adequate chemicals, measuring instruments,
safety equipment, or laboratory assistants.

5.3 Teacher Readiness and Pedagogical Capacity
Teacher competence is central to successful blended
learning. Technology cannot improve learning if
teachers are not supported in designing meaningful
activities. Many teachers received emergency training
during the pandemic, but short-term orientation
programmes do not necessarily develop sustained
digital pedagogical competence.

The Technological Pedagogical Content Knowledge
framework explains that teachers need more than
technical skills; they need to understand how
technology, subject content, and pedagogy interact
(Mishra & Koehler, 2006). In science education,
teachers must know when a simulation is appropriate,
how to frame questions, how to connect virtual
observations with scientific concepts, and how to
prevent misconceptions.

For example, a Class IX teacher may use a virtual
experiment on acceleration. If the teacher merely asks
students to click through the simulation, learning may
remain superficial. If the teacher asks learners to
predict the effect of changing mass or force, record
observations, compare graphical patterns, and explain
discrepancies, the simulation can support conceptual
development. Teacher mediation is therefore
essential.

5.4  Curriculum Overload and Examination
Orientation

Indian secondary education is often shaped by
examination pressure. Teachers may prioritize
syllabus completion, textbook questions, board
examination preparation, and numerical problem-
solving. Practical work may be reduced to
demonstration or procedural rehearsal, particularly
when time is limited.

Virtual laboratories can be marginalized if they are
not clearly connected to curricular competencies and
assessment  practices. Students may perceive
simulations as optional if examinations reward only
recall-based responses. The National Education
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Policy 2020 and NCFSE 2023 advocate competency-
based learning, but implementation requires changes
in classroom practice, teacher education, and
assessment culture (Ministry of Education, 2020;
NCERT, 2023).

5.5 Learner Engagement, Self-Regulation, and Screen
Fatigue

Blended learning assumes that students can manage
time, follow instructions, sustain attention, and
complete tasks independently. Yet many adolescents
require structured support. Long online sessions may
produce fatigue, distraction, passive participation,
and reduced interaction. Students may keep cameras
or microphones off, remain silent, or multitask during
online classes.

Self-regulated learning is particularly important in
virtual laboratory environments. Learners need to
read instructions, make predictions, manipulate
variables, record results, and reflect on outcomes.
Without teacher guidance, some students may rush
through simulations simply to complete an activity.
Zimmerman (2002) argues that self-regulation
involves planning, monitoring, strategic action, and
self-reflection. These skills need to be taught
explicitly.

5.6 Language, Accessibility, and Inclusion

India’s linguistic diversity presents a major
challenge. Many digital resources are available
primarily in English, while learners may study
science through regional languages or have varying
levels of English proficiency. Complex technical
vocabulary, dense instructions, and unfamiliar
interfaces can limit participation.

Students with visual impairment, hearing impairment,
learning disabilities, or limited digital literacy may
face additional barriers. Accessible design should
include captions, audio descriptions, adjustable text
size, keyboard navigation, multilingual instructions,
downloadable worksheets, and alternative formats.
Blended learning cannot be considered inclusive if it
assumes one language, one device type, or one mode
of participation.

5.7 Data Privacy, Cyber Safety, and Ethical Concerns
The expansion of digital learning raises concerns
about data privacy, cyber safety, screen exposure,
online harassment, and commercial exploitation of
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student data. Schools need clear protocols regarding
platform  selection, parental consent, secure
communication, recording of classes, and responsible
use of digital tools. Teachers also require guidance on
maintaining professional boundaries in online
communication.

VI. VIRTUAL LABORATORIES IN CLASSES IX
AND X

Virtual laboratories are computer-based environments
that simulate scientific experiments, processes,
instruments, or phenomena. They may include
animations, interactive models, virtual apparatus,
guided procedures, quizzes, data tables, and
feedback. In some cases, remote laboratories allow
learners to control real equipment through the
internet;  however, most school-level virtual
laboratories are simulation-based.

Virtual laboratories are particularly useful for Class
IX and X science because many concepts are abstract,
dynamic, risky, expensive, or difficult to observe
directly. Examples include electric circuits, laws of
motion, refraction, chemical reactions, separation
techniques, pH changes, human physiology, heredity,
ecological relationships, and environmental pollution.
Research suggests that simulations can support
conceptual understanding when they are integrated
with inquiry-oriented pedagogy. Finkelstein et al.
(2005) found that computer simulations can improve
learning in physics when students actively engage
with representations. de Jong et al. (2013) also argue
that virtual laboratories can support inquiry learning
by allowing learners to manipulate variables and
observe consequences. However, virtual experiences
should not be treated as complete substitutes for
physical experimentation.

Table-1 Potential Contributions and Limitations of Virtual Laboratories

Dimension Potential Contribution Limitation if Used Alone
Conceptual Makes invisible processes visible, such as electric May create oversimplified or
visualization current, molecular motion, and ray paths unrealistic mental models
. . . . Repetition may become mechanical
Repetition Allows repeated practice without material cost P . y .
without reflection
Safet Enables exploration of hazardous or complex Does not fully develop real laboratory
y processes safely safety habits
e Can reach schools with limited physical laborator Requires devices, electricity, and
Accessibility e pry y q L y
facilities connectivity
Provides immediate hints, quizzes, and error Feedback may be generic and not
Feedback

messages

responsive to local misconceptions

Data interpretation

Helps students read graphs, tables, and patterns

Simulated data may appear too
perfect compared with real data

Procedural Introduces sequence of steps before actual practical Does not develop fine motor skills or
learning work instrument handling
. - L May become game-like rather than
Engagement Uses interactivity, animation, and learner control

inquiry-oriented

Virtual laboratories are most educationally valuable
when used in combination with actual laboratory
work. Zacharia and Olympiou (2011) found that
virtual and physical experimentation can complement
each other, particularly when each is used for the
learning outcomes it serves best. Virtual experiments
may be effective for conceptual visualization and
procedural preparation, whereas physical laboratories
are indispensable  for  handling  apparatus,
experiencing measurement uncertainty, observing
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unexpected results, and developing practical
confidence.

VII. CHALLENGES SPECIFIC TO VIRTUAL
LABORATORY LEARNING

7.1 Lack of Alignment with School Textbooks and
Practical Manuals

A virtual laboratory may be scientifically accurate but
still difficult to use if it does not align with the
prescribed curriculum, textbook sequence, learning
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outcomes, or practical examination requirements.
Teachers need experiments that correspond directly
with Class IX and X topics. They also need
accompanying worksheets, lesson plans, assessment
questions, and multilingual support.

7.2 Simulation-Reality Gap

A major concern is the difference between simulated
and actual experiments. In a virtual environment,
apparatus may work perfectly, measurements may be
precise, and outcomes may be predictable. In actual
laboratories, students encounter loose connections,
parallax error, faulty readings, impurities, broken
glassware, calibration issues, and procedural
uncertainty. These difficulties are not merely
obstacles; they are part of learning science.

Elawady and Tolba (2009) argue that different
laboratory types serve different educational
objectives. Simulated laboratories may strengthen
conceptual  understanding, whereas  hands-on
laboratories  contribute  strongly to  design,
manipulation, and practical skills. Therefore, virtual
laboratories should prepare students for actual work
rather than replace it.

7.3 Limited Teacher Mediation

Students may misunderstand a simulation if they do
not receive guidance. For example, a simulation of
electric current may show moving particles, but
learners may incorrectly infer that current is “used
up” in a circuit. Similarly, a virtual chemical reaction
may lead students to focus on colour change without
understanding conservation of mass or particle-level
explanation.

Teachers should use pre-lab questions, guided
observation sheets, peer discussion, and post-lab
reflection. Such mediation transforms virtual activity
from passive clicking into scientific inquiry.

7.4 Assessment Difficulties

Assessment in blended laboratory learning should
evaluate conceptual understanding, procedural
reasoning, observation, interpretation, and reflection.
If assessment is limited to multiple-choice quizzes,
students may not develop practical competence.
Conversely, if only physical practical examination is
valued, students may not take virtual preparation
seriously.
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A balanced assessment system should include
prediction tasks, digital lab records, concept maps,
observation sheets, oral explanation, collaborative
discussion, practical performance, and reflective
writing.

VIII. ABLENDED VIRTUAL-ACTUAL
LABORATORY FRAMEWORK

The following framework is proposed for Classes 1X
and X.

PEE-LAB PREPARATION

Prior knowledge check
Short video or simulation
Prediction questions
Safety orentation

I

VIETUAL EXPLORATION

Manipulate variables
Observe patterns

Record simulated data
Discuss expected outcomes

.
ACTUAL LABORATORY WORE

Handle apparatus

Follow procedures

Measure and record data
Identify errors and safety 1ssues

!

| COMPABRTISON AND EEFLECTION

Compare virtual and actual results
Explain differences

Analyse error and uncertainty
Construct scientific explanation

¥

| FOEMATIVE ASSESSEMENT

Quiz, viva, lab record,
Group presentation, feedback

Figure-2 Blended Virtual-Actual Laboratory Cycle
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This model treats the virtual laboratory as a
preparatory and reflective environment. Before
entering the actual laboratory, students can become
familiar with the aim, apparatus, procedure, variables,
and expected observations. During physical

experimentation, they can focus more confidently on
handling instruments and making observations. After
the experiment, they can revisit the simulation to
compare idealized and actual results.

Table- 2 Suggested Virtual Laboratory Activities for Classes IX and X

Science . . .
Class Area Ilustrative Topic Blended Learning Use
. . Simulate motion graphs before conducting trolley or pendulum
IX Physics Motion and force grap o g yorp
activities
. Visualize vibration, frequency, and amplitude before tuning-fork
IX Physics Sound q y . P g
demonstrations
. . Use simulations for separation techniques before filtration and
IX Chemistry | Matter and mixtures P . q
evaporation
. Atoms and . .
IX Chemistry Model particle arrangements and chemical formulae
molecules
IX Biology Cell structure Explore virtual microscopy before observing prepared slides
X Physics Electricity Build virtual circuits before assembling real circuits
X Physics Light Simulate reflection and refraction before ray-box experiments
. Acids, bases, and - .
X Chemistry salts Explore pH changes before indicator-based practical work
X Chemistry | Carbon compounds Use molecular models before discussing bonding and reactions
. . Visualize respiration, circulation, and digestion before classroom
X Biology Life processes .
demonstrations
. Heredity and . . . _ . .
X Biology evolution Use interactive inheritance models for prediction and discussion

IX. RECOMMENDATIONS FOR EFFECTIVE
IMPLEMENTATION

First, schools should adopt an equity-first approach.
Digital resources must be available through school
computer laboratories, shared devices, offline
packages, downloadable content, and printed learning
guides. Virtual laboratory access should not depend
entirely on personal smartphones or home internet.
Second, teacher professional development should
move beyond basic technical training. Teachers need
support in lesson design, inquiry pedagogy, formative
assessment, inclusive  practices,  multilingual
facilitation, and troubleshooting.  School-based
communities of practice can help teachers share
lesson plans and reflect on implementation.

Third, virtual laboratories should be mapped to the
NCERT and state-board curriculum. Each experiment
should include learning outcomes, prerequisite
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concepts, guided questions, worksheets, assessment
tasks, and suggestions for actual laboratory extension.
Fourth, schools should preserve and strengthen actual
laboratories. Virtual laboratories are especially
valuable where physical resources are limited, but
they should not become a justification for reducing
investment in science infrastructure. Students need
authentic engagement with materials, apparatus,
safety procedures, and measurement practices.

Fifth, assessment should recognize both virtual and
physical learning. Students should be evaluated
through conceptual questions, practical tasks, digital
lab records, oral explanation, collaborative inquiry,
and reflective comparison of ideal and real results.

Finally, educational technology should be inclusive
by design. Resources should be available in Indian
languages, compatible with low-bandwidth devices,
accessible to learners with disabilities, and usable in
offline or semi-offline settings.
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X. CONCLUSION

Blended learning has considerable potential to
strengthen secondary education in India, but its
success cannot be measured merely by the presence
of digital platforms or online classes. It requires
equitable infrastructure, capable teachers, inclusive
content, meaningful curriculum integration, and
authentic assessment. The challenges of digital
inequality, weak connectivity, limited teacher
preparation, examination pressure, language barriers,
and inadequate school laboratories remain significant.
Virtual laboratories can make science learning more
accessible, interactive, and conceptually rich for
students in Classes IX and X. They can help learners
visualize abstract processes, repeat experiments,
explore variables, prepare for practical work, and
receive immediate feedback. Yet they cannot fully
replace physical laboratories because science
education also requires apparatus handling, safety
awareness, measurement skill, observation of
uncertainty, and engagement with real materials.

The most appropriate approach is therefore a
complementary model in which virtual laboratories
function before, during, and after actual practical
work. Such a model can support scientific
understanding while retaining the authenticity of
laboratory experience. For India, the future of
blended science education lies not in choosing
between digital and physical learning, but in
designing equitable and pedagogically meaningful
relationships between them.
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