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Abstract

This article presents a structured and contextualized methodological guide designed to support teachers
in integrating the LabInnov platform—an interactive environment for virtual practical work in Life and Earth
Sciences. The guide addresses the need to offer an alternative to physical lab work, often constrained by material,
logistical, or safety-related limitations.

Based on a qualitative and descriptive approach, the guide was developed through a functional analysis
of the platform, identification of teachers’ pedagogical needs, and a review of actual classroom practices. It is
enriched with supplementary resources (video tutorials, webinars, FAQs) and practical appendices to support
lesson planning, self-assessment, and pedagogical implementation. It also promotes a community of practice to
encourage experience-sharing and continuous professional development.

The results highlight the pedagogical added value of this structured approach, facilitating the
appropriation of Lablnnov by teachers, the integration of virtual practical work into curricular sequences, and
students’ active engagement in experimental learning. However, limitations remain, particularly regarding digital
access and the need for initial training. Broader pilot implementations are recommended to assess the guide’s
impact in diverse educational settings.

This work represents a first step toward the reasoned, supported, and sustainable integration of virtual
practical work into secondary science education.

Keywords: Pedagogical innovation, ICT in education, Virtual practical work, Life and Earth Sciences,
Pedagogical integration

Introduction

The teaching of Life and Earth Sciences has traditionally relied on experimentation and observation,
which are widely recognized as fundamental levers for fostering students’ understanding of scientific phenomena
(Zacharia & Olympiou, 2011). However, the implementation of hands-on laboratory activities in schools often
faces numerous material, logistical, and safety-related constraints. The lack of equipment, the risks associated with
certain experiments, and the limited availability of pedagogical resources all represent significant barriers to
providing students with rich and comprehensive scientific investigations.

In response to these challenges, the emergence of virtual laboratory activities offers an innovative
alternative, enabling interactive, customizable, and reproducible exploration of scientific phenomena. Numerous
studies have shown that the use of virtual simulations in science education enhances student engagement, facilitates
the understanding of abstract concepts, and fosters greater autonomy in experimental approaches (Rutten et al.,
2012; de Jong et al., 2013).

Far from merely substituting physical laboratory activities, these digital environments open new
pedagogical perspectives: simulation of complex experiments, remote access to virtual laboratories, and real-time
analysis of phenomena that are otherwise difficult to observe in the classroom.

It is within this context that LabInnov was developed—an interactive platform for virtual laboratory
activities in Life and Earth Sciences, designed to meet the needs of both teachers and students (Jebara, 2025). Prior
research has already highlighted its positive impact on the acquisition of scientific and experimental knowledge.
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However, despite its promising potential, the effective integration of LabInnov into teaching practices requires a
structured methodological framework.

Indeed, adopting virtual laboratory activities is not limited to providing digital tools. It involves major
challenges, such as adapting pedagogical practices, training teachers, and planning usage in alignment with
learning objectives. This highlights the need to design a clear methodological guide to support the gradual,
effective, and context-sensitive integration of LabInnov into Life and Earth Sciences education.

In this context, the central research question guiding this study is: How can a methodological guide, grounded
in field analysis, be designed to support teachers in the progressive, effective, and contextualized integration of
the LabInnov platform into Life and Earth Sciences teaching?

To explore this issue, several research questions have been formulated to address the various dimensions of
the guide’s design and use :

e  What pedagogical needs do Life and Earth Sciences teachers identify regarding the integration of virtual
laboratory activities?

e How can a progressive approach to adopting the LabInnov platform be structured in a way that aligns
with teachers’ actual classroom practices ?

e What are the most effective strategies for incorporating LabInnov into coherent and contextually relevant
teaching sequences?

e  What practical tools can support the appropriation, planning, and evaluation of virtual laboratory use in
secondary education?

e How can teachers be supported in a continuous improvement process related to their use of Lablnnov ?

In contrast to previous studies, which focused either on the impact of LabInnov on student learning or on the
technical development of the platform, this article focuses exclusively on its pedagogical and methodological
integration. It aims to equip teachers with concrete strategies to optimize the use of virtual laboratory activities in
the classroom and to promote effective and sustainable implementation.

Méthodology :

The methodology adopted in this study follows a qualitative, descriptive, and constructivist approach,
grounded in a perspective of instructional design applied to the integration of digital learning environments. The
objective is to design a structured methodological guide to support the progressive, contextualized, and sustainable
use of the LabInnov platform in Life and Earth Sciences education.

This approach is based on both empirical and analytical foundations. On the one hand, it draws upon
findings from previous studies that implemented LabInnov in real-world classroom settings, involving secondary
school teachers and students. These experiments generated a corpus of qualitative data—including exploratory
interviews, field observations, user feedback, and verbatim transcripts—which helped identify priority pedagogical
needs, challenges encountered, and expressed expectations in terms of support, instructional design, and use of
virtual laboratory activities.

On the other hand, a comprehensive functional analysis of the platform was conducted to systematically
examine its techno-pedagogical components : virtual simulator, interactive protocols, results dashboard, quizzes,
pedagogical resources, scheduling tools, and virtual class management features.

This analysis, carried out according to a pedagogical deconstruction approach, examined each feature in
terms of its didactic potential, usability, technological affordances, and usage constraints. It enabled the
identification of key learning levers, possible alignments with national Life and Earth Sciences curricula, and
pedagogical and technical conditions conducive to the progressive integration of virtual laboratory practices.

Based on the findings from both the functional analysis and empirical data, an iterative design process was
implemented to structure the guide. This process was inspired by instructional design principles and led to the
development of three progressive modules corresponding to key stages in the integration process :
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e Module 1 — Platform Familiarization: Focused on discovering the digital environment, acquiring basic
technical skills, and preparing for an initial classroom trial.

e Module 2 — Instructional Planning and Design : Aimed at integrating a virtual laboratory activity into a
coherent didactic sequence by defining appropriate timing (before, during, or after a physical lab session)
and using planning templates and example scenarios.

e Module 3 — Monitoring, Evaluation, and Continuous Adaptation : Provided tools for classroom
observation, collecting student feedback, and adjusting teaching practices through a reflective and
evolving approach.

Each module was accompanied by the development of practical supporting resources, including self-
assessment grids, planning templates, tracking notebooks, FAQs, and pedagogical scenario models. These tools
were tested in simulated or representative teaching contexts to ensure internal coherence, transferability, and
alignment with classroom realities.

Finally, to promote autonomous appropriation of the guide, a set of multimodal resources was developed—
illustrated tutorials, explanatory videos, training webinars, and visual guides. These materials are part of a
continuous professional development framework aimed at enhancing teachers’ competencies, encouraging peer
sharing, and fostering the emergence of a community of practice around the pedagogical integration of virtual
laboratory activities.

Structured in this way, the methodology combines scientific rigor, didactic contextualization, and professional
development engineering to offer a flexible, transferable, and contextually relevant tool for addressing the
contemporary challenges of Life and Earth Sciences education.

Results :

The study led to the development of a structured methodological guide designed to support Life and Earth
Sciences teachers in the progressive, contextualized, and sustainable integration of the LabInnov platform. This
guide constitutes the central outcome of a process that combined functional analysis, techno-pedagogical
modeling, and iterative instructional design. It is composed of three complementary modules, supported by a set
of pedagogical appendices aimed at fostering the effective appropriation of the tool in real teaching contexts.

The first module, entitled Familiarization and Initial Use of Lablnnov, is intended to facilitate teachers’
exploration of the platform’s digital environment. It proposes a gradual approach that enables users to explore the
platform’s core features, create a virtual class, independently test a virtual lab activity, and prepare for an initial
implementation in the classroom. Emphasis is placed on self-experimentation, considered an essential preliminary
step toward a confident and pedagogically sound integration.

The second module, Pedagogical Planning and Scenario Design for Virtual Lab Activities, offers a structured
framework for integrating virtual lab sessions within teaching sequences aligned with curriculum standards. Three
modes of integration are identified—before, during, or after a physical lab activity—to ensure coherent
complementarity between physical and virtual approaches. This module includes a formalized pedagogical
planning template and draws on concrete scenarios, such as one focused on identifying nutrients, which combines
the use of an interactive simulator, a guided virtual protocol, and a results dashboard.

The third module, titled Monitoring, Evaluation, and Continuous Adaptation, is dedicated to observing
implementation, collecting user feedback, and assessing student learning. It provides several practical tools (self-
evaluation grids, teacher logbooks, observation forms) to evaluate student engagement, conceptual understanding,
and encountered difficulties. The module encourages a reflective stance, which is essential for the ongoing
refinement of teaching practices in a continuous improvement perspective.
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Table 1. Summary of the methodological guide's modules.

Module Main Objective Key Steps Associated Tools
Module 1 — Become familiar with | Exploration, testing, initial Tutorials, dashboard,
Appropriation the platform planning calendar

. Timing choice .
Module 2 — Scenario Integrate LabInnov Scenario templates,

(before/during/after), session

Design into a lesson sheet planning form
Module 3 — Monitoring | Evaluate and improve | Observation, feedback, Self-assessment grid,
& Adaptation teaching practices adjustment teacher's logbook

In addition to the three core modules, the guide includes five practical pedagogical appendices designed to support
classroom implementation:

e A platform onboarding sheet (A1);

e A model instructional scenario (A2);

e A self-assessment grid for a virtual lab activity (A3);

e A lesson planning template (A4);

e A frequently asked questions (FAQ) document (AS).

The entire guide was designed to be functional, evolving, and transferable, in order to adapt to a
variety of teaching contexts, from lower to upper secondary education. It leverages the techno-pedagogical features
embedded in the LabInnov platform and aligns them with a competency-based teaching approach, supported by
reflective practices focused on the teacher’s professional activity.

The guide is further enriched with complementary resources—including video tutorials, training
webinars, and visual aids—intended to facilitate user onboarding and enhance teacher autonomy. It is embedded
within a collaborative dynamic, fostering the creation of a community of practice that promotes experience-
sharing, co-construction of teaching scenarios, and the continuous improvement of pedagogical uses.

Finally, the guide is situated within a broader technopedagogical ecosystem, which brings together
the Lablnnov platform, classroom practices, available digital resources, and professional interactions among

teachers.
Lablnnov Platform
Teachers Students

Tutorials and Classroom activities
training

Educational community

Fig 1 : Ecosystem of the LabInnov platform
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The figure 1 illustrates this ecosystem by highlighting the relationships between the platform, its
pedagogical usage modalities, and the educational community that supports and drives its evolution.

Discussion :

The findings from the design process of the methodological guide underscore that a thoughtful and
structured integration of the Lablnnov platform serves as a meaningful lever for strengthening Life and Earth
Sciences education. The organization of the guide into three progressive modules—familiarization, instructional
design, and monitoring—offers a coherent framework that is adaptable to teachers’ constraints and aligned with
institutional expectations. This structure supports the gradual appropriation of digital tools and their integration
into pedagogical sequences that align with curricular objectives.

A major contribution of this approach lies in its ability to address recurring challenges encountered in
schools: insufficient laboratory equipment, large class sizes, limited access to labs, and safety constraints. In this
context, the virtual lab activities provided by LabInnov offer an accessible, interactive, and safe alternative that
enables autonomous exploration of scientific phenomena while minimizing material barriers. They also facilitate
the implementation of complete experimental procedures, which are often difficult to carry out in traditional
classroom settings.

The guide is distinctive in its grounding in the operational reality of the LabInnov platform. The tools,
scenarios, and pedagogical proposals were developed through direct analysis of the platform’s core features
(simulator, interactive protocol, results dashboard, scheduling tools, and virtual classes), lending the guide strong
practical relevance. This approach, based on observation and pedagogical deconstruction, enhances the guide’s
transferability to other similar educational contexts and facilitates appropriation by teachers with varying levels of
experience with educational technologies.

However, certain limitations must be acknowledged. The effective implementation of the guide remains
dependent on access to digital infrastructure (internet connectivity, computers, tablets) and on teachers’ availability
and willingness to engage in an initial training phase. Furthermore, despite its user-friendly interface, the LabInnov
platform still requires certain enhancements—such as the development of an offline mode, expansion of available
resources, and differentiation of learning pathways based on grade level. Incorporating these improvements in the
future would increase the guide’s impact and usability.

In addition, while the guide is based on authentic scenarios and needs identified during preliminary field
experiments, broader validation is needed to evaluate its long-term effectiveness, flexibility, and adaptability
across diverse pedagogical environments.

The guide fits into a broader dynamic of professional development. It is complemented by various digital
resources—such as illustrated tutorials, webinars, and training materials—which provide a solid foundation for
the emergence of a community of practice around the use of virtual lab activities. Networking among teachers is
essential for fostering experience-sharing, collaborative scenario development, and the continuous improvement
of pedagogical practices.

Finally, this study highlights the need to develop methodological resources that go beyond simply
describing a digital tool. Rather, such resources should support its appropriation, progressive integration into
teaching practices, and long-term evolution. In this regard, the methodological guide does not represent a
theoretical projection but is grounded in empirical evidence from real-life classroom experiments conducted with
teachers and students. These trials revealed strong support for the use of LabInnov, particularly for enhancing
concept comprehension, boosting student motivation, and compensating for material limitations in school
laboratories. These findings informed the development of concrete, realistic tools aligned with observed practices
and identified needs.
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Conclusion :

The integration of virtual laboratory activities represents a strategic challenge for science education,
particularly in educational contexts constrained by material, logistical, or organizational limitations. Through this
study, we developed a structured methodological guide designed to support Life and Earth Sciences teachers in
the progressive adoption of the LabInnov platform. This guide, organized into three modules—familiarization,
instructional design, and monitoring—offers a realistic, gradual, and context-sensitive framework, grounded in a
rigorous techno-pedagogical analysis and informed by instructional design principles.

By aligning LabInnov’s features with concrete pedagogical tools—such as planning sheets, self-
assessment grids, and model scenarios—the guide enables a structured integration of digital resources into teaching
sequences. It facilitates the implementation of experimental approaches that are often difficult to carry out in
traditional classroom settings. The proposed approach is firmly rooted in classroom realities and responds to needs
identified among both teachers and students, thereby enhancing the guide’s relevance and practical applicability.

However, the success of this integration depends on several key conditions: sustained institutional
support, equitable access to digital equipment, and ongoing professional development tailored to teachers’ needs.
The emergence and nurturing of communities of practice among educators also appear essential for promoting the
sharing of resources, feedback, and the collective evolution of pedagogical uses.

Looking ahead, broader field trials of the guide, combined with comparative evaluations against other
digital solutions, would help to strengthen its demonstrated effectiveness, transferability, and flexibility.
Furthermore, anticipated developments of the LabInnov platform—such as the integration of artificial intelligence,
enhanced usability, and mobile compatibility—offer promising avenues for increasing interactivity, supporting
differentiated instruction, and fostering student engagement.

In this sense, the methodological guide represents an important first step toward a broader and more
coherent integration of virtual laboratory practices in Life and Earth Sciences education. It is part of a wider
movement to transform pedagogical practices, in which digital tools do not replace hands-on experimentation but
become a strategic, accessible, and evolving complement—one that is deeply aligned with the demands and
challenges of 21st-century science education.
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