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Abstract

Artificial Intelligence (Al) is increasingly heralded as a catalyst for innovation in
science classrooms. Research highlights its promise to personalize learning, support
intelligent tutoring systems, automate assessment, enrich virtual laboratory
experiences, and provide actionable insights for instructional decision-making.
These advances suggest opportunities for deeper conceptual understanding,
differentiated pathways, and heightened student engagement. However, classroom
practice often falls short of this vision. Implementation remains fragmented,
hindered by limited teacher preparedness, inadequate infrastructure, rigid curricular
frameworks, and unresolved ethical concerns surrounding data privacy and
algorithmic bias. This paper critically examines the widening divide between
research promise and classroom practice in science education, focusing on the
structural, pedagogical, and policy barriers that impede effective adoption. It further
explores strategic pathways for sustainable integration, including targeted
professional development, curriculum alignment, institutional support, and robust
ethical governance. By situating Al within the daily methods and strategies
employed by teachers, the paper underscores the need for systemic collaboration to
translate research promise into meaningful classroom practice.
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Introduction

rtificial Intelligence (AI) was increasingly recognized as a disruptive force
in education, with particular relevance for science classrooms where

inquiry, experimentation, and conceptual understanding were central.
Scholars such as Villegas-Ch, Martinez, and Lopez (2025) and Yarlagadda (2025)
argued that Al technologies ranging from adaptive tutoring systems to generative
content tools had the potential to personalize instruction, automate assessment, and
enhance laboratory simulations. Within science classroom practice, these
innovations promised to transform teaching and learning by enabling differentiated
pathways, fostering student engagement, and providing teachers with data-driven
insights into student misconceptions and learning trajectories. By situating Al
within the daily strategies teachers employed—such as guiding inquiry-based
experiments, scaffolding problem-solving, and facilitating collaborative projects,
this paper examined how research promise could be meaningfully translated into
classroom practice.

Recent systematic reviews highlight the rapid growth of Al-related research in
education, noting its capacity to address diverse learner needs and improve
instructional decision-making (Lee et al., 2025; Kubsch et al., 2025). Personalized
learning models, powered by machine learning algorithms, have been shown to
adapt content pacing and difficulty to individual learners, thereby supporting deeper
conceptual mastery in science subjects (Farhood etal., 2025; Vorobyevaetal., 2025;
Zhdanov et al., 2025). Similarly, intelligent tutoring systems provide real-time
feedback and scaffolded support, helping students navigate complex STEM
concepts (Villegas-Ch et al., 2025; Yarlagadda, 2025; Maldonado Navarro et al.,
2025). These developments align with broader calls for technology-enhanced
pedagogies that move beyond traditional lecture-based instruction toward more
interactive, student-centered approaches.

Despite these promising outcomes, classroom implementation remains
inconsistent. Studies revealed that many teachers lacked the necessary Al literacy to
integrate these tools effectively into their pedagogy. Tripathi, Sharma, and Patel
(2025), Ascione (2025), and Diliberti, Schwartz, and Grant (2024) all reported
similar findings, underscoring the challenges teachers faced in adapting classroom
practice to emerging technologies. Infrastructure challenges, including limited
access to devices and reliable internet, further exacerbate inequities in adoption,
particularly in under-resourced schools (Pradhan, 2026). Moreover, rigid
curriculum structures often fail to accommodate Al-driven innovations, creating
misalignment between research tools and classroom realities (Lee et al., 2025;
Kubsch et al., 2025 Ethical concerns including data privacy, algorithmic bias, and
transparency also posed significant barriers to sustainable integration. Deora,
Singh, and Patel (2025), Garcia-Lopez and Trujillo-Lifian (2025), and Kumar

I



BRIDGING THE GAP BETWEEN RESEARCH AND PRACTICE:
PATHWAYS IN SCIENCE & TECHNOLOGY EDUCATION

Parewa, Mehta, and Rathi (2025) highlighted these issues, emphasizing that
unresolved ethical challenges limited the effective use of Al in science classroom
practice.

The tension between research promise and classroom practice has been described as
a widening “research—practice gap” in science classroom (Lee et al., 2025; Kubsch
et al., 2025). While research communities continue to explore innovative
applications of Al, teachers often encounter fragmented or superficial
implementations that fail to translate into meaningful learning outcomes (Tripathi et
al., 2025; Ascione, 2025). Addressing this divide requires systemic coordination
across pedagogy, policy, and ethics. Scholars emphasized the importance of
professional development programs that build teacher confidence and competence
in Al use (Tripathi et al., 2025; Ascione, 2025), curriculum realignment to integrate
Al meaningfully into science standards (Lee et al., 2025), and institutional support
to ensure equitable access to digital infrastructure (Pradhan, 2026). Ethical
governance frameworks were equally critical, ensuring that Al systems remained
transparent, fair, and protective of student data. Deora, Singh, and Patel (2025)
together with Garcia-Lopez and Trujillo-Lifian (2025) discussed these frameworks,
emphasizing that without strong governance, ethical concerns could undermine
trust and limit the sustainable use of Al in science classroom practice.

Conceptual Clarification

To ensure clarity and originality, the following operational definitions are adopted in
this study:

o Artificial Intelligence (AI): Refers to computer-based systems capable of
performing tasks that typically require human intelligence, such as adaptive
tutoring, automated assessment, generative content creation, and data-
driven feedback in science classrooms.

e Science Classroom: The physical or virtual environment where science
teaching and learning occur, characterized by inquiry-based activities,
experimentation, and conceptual engagement between teachers and
students.

e Classroom Practice: The daily, actionable methods, strategies, and
interactions employed by teachers to deliver science instruction, including
lesson planning, laboratory facilitation, formative assessment, and student-
centered activities.

o Research Promise: The potential benefits and innovations identified in
scholarly studies on Al in education, such as improved personalization,
enhanced engagement, and deeper conceptual understanding, which
remain largely aspirational until translated into classroom practice.
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The Research Promise of Artificial Intelligence in Science Classroom
Personalized Learning

Artificial Intelligence enables personalized learning by analyzing students' prior
knowledge, learning pace, and response patterns to tailor instruction accordingly. In
science education, where learners often struggle with abstract concepts such as
molecular structures or physics equations, adaptive Al systems can provide
differentiated tasks and targeted remediation. Such systems dynamically adjust
content difficulty, offer scaffolded explanations, and recommend additional
resources based on individual performance data. Recent studies suggest that Al-
supported personalization enhances conceptual understanding and reduces
achievement gaps in STEM subjects (Zawacki-Richter et al., 2019; Holmes &
Tuomi, 2022; UNESCO, 2023). By promoting learner-centered instruction, Al
holds strong promise for transforming traditional, one-size-fits-all science
classrooms into responsive learning environments.

Intelligent Tutoring Systems

Intelligent Tutoring Systems (ITS) represent one of the most researched
applications of Al in education. These systems simulate aspects of one-on-one
human tutoring by providing step-by-step guidance, hints, feedback, and adaptive
problem sequences. In science classrooms, ITS can support complex problem-
solving in physics, chemistry calculations, and biology diagnostics. Research
indicates that Al-driven tutoring systems can significantly improve student
achievement by offering immediate, individualized support and correcting
misconceptions in real time (Ma et al., 2014; Holmes et al., 2022; OECD, 2023). By
replicating personalized instructional interactions at scale, ITS demonstrate how Al
can enhance both efficiency and depth of science learning.

Automated Assessment and Feedback

Al-powered assessment tools offer rapid, consistent, and data-informed feedback
that supports formative learning in science education. Through natural language
processing and machine learning algorithms, Al can evaluate structured responses,
lab reports, and even open-ended explanations. Immediate feedback allows students
to identify misconceptions and refine their understanding without waiting for
teacher grading cycles. Research highlights that timely feedback significantly
strengthens learning outcomes, particularly in STEM disciplines requiring iterative
practice (Luckin et al., 2022; Holmes &Porayska-Pomsta, 2023). Automated
systems also reduce teacher workload, enabling educators to focus more on
instructional design and student mentorship. This dual benefit underscores Al's
transformative promise for assessment practices in science classrooms.
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Data-Driven Instruction and Learning Analytics

Al enhances science education through advanced learning analytics that transform
classroom data into actionable insights. By tracking patterns in student
performance, engagement, and progression, Al systems can identify at-risk learners
and predict achievement trajectories. Such predictive analytics support early
intervention strategies and informed pedagogical adjustments. Research suggests
that data-driven decision-making improves instructional effectiveness and helps
align teaching strategies with learner needs (Ifenthaler& Yau, 2020; OECD, 2023).
In science classrooms, where mastery builds sequentially, early detection of
conceptual gaps is particularly valuable. Al-driven analytics therefore offer a
research-supported pathway toward evidence-based and responsive science
instruction.

Virtual Laboratories and Intelligent Simulations

Virtual laboratories powered by Al allow students to conduct simulated scientific
experiments in safe, cost-effective, and interactive digital environments. These tools
replicate laboratory procedures, enable manipulation of variables, and provide real-
time feedback on experimental design. Al enhances simulations by adapting
scenarios based on learner decisions and performance, thereby promoting inquiry-
based learning. Studies indicate that virtual labs can improve conceptual
understanding and procedural knowledge, especially in contexts where physical
laboratory access is limited (Makransky& Mayer, 2022; UNESCO, 2023). By
expanding access to experiential learning, Al-driven simulations bridge practical
constraints while preserving the investigative nature of science education.

The Classroom Reality: Barriers to Implementation

Although Artificial Intelligence (Al) holds considerable promise for transforming
science classroom its adoption in classroom practice remains constrained by several
systemic barriers. These challenges highlight the persistent research—practice gap
and underscore the need for coordinated interventions across pedagogy,
infrastructure, and curriculum design.

Limited Teacher Al Competence

One of the most significant obstacles to effective Al integration is the limited
competence of science teachers in utilizing Al tools for pedagogical purposes.
Research consistently demonstrates that teachers' technological literacy and
confidence are critical determinants of successful implementation of educational
innovations (Tripathi et al., 2025; Ascione, 2025). Without targeted professional
development, educators often lack the skills to interpret Al-generated insights,
integrate adaptive systems into lesson planning, or critically evaluate algorithmic
outputs. Consequently, research innovations remain inaccessible to practitioners,
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reinforcing the divide between theoretical promise and classroom reality.
Infrastructure Constraints

Al integration in science classrooms is highly dependent on reliable infrastructure,
including electricity, internet connectivity, and access to digital devices. In many
developing contexts, infrastructural deficits significantly hinder adoption,
exacerbating inequities in educational opportunities (Pradhan, 2026). Even in well-
resourced settings, disparities in bandwidth, device availability, and technical
support can limit the scalability of Al-driven solutions. These infrastructural
challenges not only restrict access but also undermine the sustainability of Al
initiatives, particularly in schools serving marginalized populations.

Curriculum Misalignment

Curriculum structures present another barrier to Al adoption. Science curricula in
many educational systems remain heavily oriented toward content coverage and
examination performance, leaving limited space for innovative, inquiry-based
methodologies (Lee et al., 2025; Kubsch et al., 2025). Al-driven approaches, which
emphasize personalization, adaptive feedback, and exploratory learning, often
conflict with rigid curricular frameworks and standardized assessment regimes.
This misalignment reduces the relevance of Al tools in everyday teaching practice
and discourages teachers from experimenting with novel pedagogical strategies.

Bridging Research Promise and Classroom Practice: Proposed Pathways
Professional Development as a Core Pathway

Continuous teacher training is essential for building Al literacy, pedagogical
integration skills, and ethical awareness. Professional development should move
beyond technical tool use toward fostering instructional design competence
(Tripathi etal., 2025; Ascione, 2025).

Curriculum Integration Framework

Al must be embedded within science curriculum guidelines rather than treated as
supplementary. Aligning learning objectives with Al applications enhances
coherence and ensures relevance to assessment and instructional standards (Lee et
al.,2025; Kubschetal., 2025).

Policy and Institutional Support

Educational authorities should establish structured policies for Al adoption,
including infrastructure investment, ethical standards, and monitoring frameworks
(Pradhan, 2026). Institutional support is critical for equitable and sustainable
implementation.
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Collaborative Research—Practice Partnerships

Partnerships between universities and schools can pilot Al interventions in
authentic classroom contexts (Villegas-Ch et al., 2025). Such collaborations ensure
that research findings are adaptable and responsive to local realities.

Ethical Implementation Models

Responsible Al integration requires guidelines addressing data protection,
transparency, and student agency (Deora et al., 2025; Garcia-Lopez & Trujillo-
Lifian, 2025). Ethical safeguards must accompany technical deployment to ensure
trust and fairness.

Toward a Sustainable AI-Education Ecosystem

Bridging research and practice necessitates viewing Al integration as an ecosystem
rather than a discrete intervention. Sustainable adoption depends on the alignment
of research evidence, teacher competence, curriculum structures, infrastructure
readiness, policy direction, and ethical safeguards. When these elements interact
coherently, Al transitions from experimental promise to transformative classroom
practice..

Conclusion

Artificial Intelligence offers significant potential to transform science classrooms
through personalization, automation, analytics, and immersive simulations. Yet, the
transition from research innovation to classroom application remains incomplete.
Bridging this divide requires intentional pathways such as professional
development, curriculum reform, policy support, collaborative partnerships, and
ethical governance.
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