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Abstract: This article explores the integration of artificial intelligence (Al) tools in
phenomenon-based learning (PhenoBL) projects, focusing on inquiry-based approaches and
simulation technologies. It highlights how Al can support data analysis, model complex
phenomena, enhance student engagement, and provide personalized learning experiences. The
study examines contemporary pedagogical practices, addresses classroom implementation
challenges, and offers recommendations for effectively combining Al-supported inquiry and
simulation in interdisciplinary learning projects.
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Introduction

Phenomenon-based learning (PhenoBL) emphasizes real-world, interdisciplinary inquiry,
encouraging students to explore complex phenomena that cross traditional subject boundaries. As
digital technologies evolve, artificial intelligence (Al) has emerged as a powerful tool for
enhancing PhenoBL, offering new opportunities for data-driven exploration, personalized
feedback, and immersive simulations. Al-supported inquiry allows students to interact with data,
test hypotheses, and receive real-time guidance, while simulations model complex systems that
may be difficult to observe directly in the classroom.

Integrating Al in PhenoBL projects requires careful pedagogical planning, ensuring that Al
tools complement inquiry processes rather than replacing critical thinking. Teachers must develop
competencies in selecting appropriate Al tools, designing simulations, scaffolding student inquiry,
and interpreting results. This article investigates how Al-supported inquiry and simulation can be
integrated into PhenoBL projects, the skills teachers need, and the potential classroom outcomes
of these innovations.

Integrating Al-supported inquiry in PhenoBL projects enables students to explore

phenomena in a more interactive and personalized manner. Al tools can assist in analyzing large
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datasets, identifying patterns, and generating predictive models, allowing students to engage in
authentic research experiences. For example, in a project investigating urban air quality, students
can use Al-driven data analytics platforms to examine pollution patterns, simulate the effects of
interventions, and visualize environmental trends over time.

These tools not only deepen conceptual understanding but also promote computational
thinking and problem-solving skills. Simulation technologies complement Al by providing
dynamic representations of complex systems. Students can manipulate variables, observe system
responses, and test hypotheses in a safe, controlled environment. In biology, for instance, Al-
supported simulations of ecological interactions allow learners to study predator-prey dynamics or
the impact of climate change on ecosystems without needing direct field experiments. Such
simulations promote active experimentation and critical reasoning, aligning closely with the
principles of inquiry-based learning. Integrating Al-supported inquiry and simulation into
phenomenon-based learning projects offers students unprecedented opportunities to engage deeply
with real-world phenomena while developing essential 21st-century skills. Al tools allow students
to access, analyze, and interpret large datasets, helping them identify patterns and relationships
that would be difficult to discern manually. For instance, in environmental studies, students can
use Al-powered analytics platforms to explore climate data, predict changes in ecosystems, and
model the consequences of human activity.

These activities encourage learners to formulate hypotheses, test predictions, and refine their
understanding iteratively, reinforcing the principles of inquiry-based learning. Simulation
technologies further enhance this process by providing dynamic, interactive models that represent
complex systems. Students can manipulate variables, observe outcomes, and explore “what-if”
scenarios, such as testing the impact of urban planning decisions on traffic flow or energy
consumption. By linking Al-supported data analysis with simulations, students are able to
visualize abstract concepts and connect theoretical knowledge with tangible phenomena, bridging
the gap between classroom learning and real-world applications.

Teachers play a central role in guiding Al-supported PhenoBL projects, scaffolding student
inquiry and ensuring that technology complements rather than replaces critical thinking. Educators
help students design meaningful research questions, interpret Al outputs accurately, and
contextualize simulation results within interdisciplinary frameworks. Professional development
programs for teachers emphasize Al literacy, curriculum design, and classroom management

strategies specific to Al and simulation integration. Through mentorship, collaborative planning,
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and reflective practice, teachers develop the ability to create learning experiences that are both
technologically rich and pedagogically sound.

Equity and accessibility are critical considerations in the implementation of Al-supported
PhenoBL. Schools must provide adequate access to Al tools, simulation software, and high-speed
internet while ensuring that all students, regardless of prior experience or background, can
participate fully in inquiry projects. Differentiated instruction and adaptive Al tools can help
accommodate diverse learning needs, providing personalized guidance and feedback that aligns
with each student’s pace and prior knowledge. Classroom management in Al-supported projects
involves structuring collaborative group work, setting clear objectives, and monitoring both
individual and team contributions, while maintaining flexibility for exploratory learning.

Assessment in Al-integrated PhenoBL is multifaceted and emphasizes both the learning
process and the final outcomes. Teachers can use Al analytics to track student engagement,
monitor progress, and provide immediate feedback. Traditional assessment methods, such as
presentations, portfolios, and reflective journals, are complemented by Al-generated insights into
problem-solving strategies, decision-making processes, and conceptual understanding. This
combination allows for a holistic evaluation of student learning, promoting metacognition and self-
directed improvement.

The integration of Al and simulations also encourages students to engage in interdisciplinary
collaboration, combining knowledge from science, technology, engineering, mathematics, and
social sciences. Community-based projects, field data collection, and real-world problem-solving
tasks further enhance the relevance of learning experiences, enabling students to see the practical
applications of their work. By actively exploring phenomena through Al-supported inquiry and
simulation, students develop critical thinking, creativity, collaboration, and computational literacy,
preparing them for the complex challenges of modern society and fostering lifelong learning skills.

Integrating Al-supported inquiry and simulation into phenomenon-based learning projects
transforms the classroom into an interactive, student-centered environment where real-world
phenomena can be explored in depth. Al tools enable students to work with large, complex
datasets, automate analysis, and uncover patterns that may not be immediately visible. For
example, in a project investigating climate change, students can use Al-driven platforms to analyze
temperature trends, carbon emissions, and ecological impacts over decades. By generating
predictive models, students can test hypotheses about the effects of specific interventions, such as

reforestation or renewable energy adoption, and observe potential outcomes through simulation
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software. These activities not only enhance students’ understanding of scientific principles but also
foster critical thinking, problem-solving, and computational literacy.

Simulations complement Al-supported inquiry by providing dynamic, interactive
representations of phenomena. Students can manipulate variables, experiment with scenarios, and
visualize results in real time. For instance, in urban studies, learners might simulate traffic flow,
public transport efficiency, or resource allocation to understand the consequences of planning
decisions. In biology or ecology, Al-integrated simulations allow students to explore population
dynamics, predator-prey relationships, or the spread of invasive species without the need for
complex field experiments. By combining Al analytics and simulations, students develop a
systems-thinking approach, understanding how multiple factors interact within complex
phenomena.

Teachers play a crucial role in guiding Al-supported PhenoBL projects. They scaffold
inquiry by helping students formulate research questions, select appropriate datasets, and interpret
simulation results critically. Teachers also model interdisciplinary thinking, demonstrating how
concepts from science, mathematics, social studies, and technology intersect in real-world
problems. Effective professional development programs focus on building Al literacy,
instructional design skills, and strategies for facilitating collaborative learning in technologically
rich environments. Mentorship, peer collaboration, and reflective practice are essential
components of teacher training, ensuring educators are prepared to manage both the technical and
pedagogical aspects of Al-integrated PhenoBL.

Practical classroom implementation requires careful planning and attention to equity.
Schools must provide access to Al platforms, simulation software, and reliable internet, while
ensuring all students can engage meaningfully regardless of prior experience. Teachers must
design differentiated instruction and provide scaffolding for students who may need additional
support with technology or interdisciplinary problem-solving. Collaborative group work is central,
with students sharing responsibilities such as data analysis, simulation manipulation, and
presentation of findings. The teacher’s role includes monitoring group dynamics, facilitating
discussion, and encouraging critical reflection on both process and results.

Assessment in Al-supported PhenoBL is multifaceted, emphasizing both the process of
learning and the final product. Teachers can use Al tools to track engagement, identify
misconceptions, and provide immediate feedback. Traditional methods, such as presentations,
portfolios, reflective journals, and project reports, are complemented by Al-generated analytics

that reveal problem-solving strategies, reasoning patterns, and collaborative contributions. This
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integrated assessment approach promotes metacognition, self-directed learning, and continuous
improvement.

Real-world integration enhances the relevance of Al-supported PhenoBL projects. Students
can collect field data, engage with community stakeholders, or simulate real societal challenges,
connecting classroom learning with authentic contexts. For example, students exploring urban
water management might collaborate with local authorities to model water distribution, optimize
usage, and predict outcomes under different climate scenarios. Such experiences develop students’
problem-solving skills, ethical reasoning, and interdisciplinary understanding.

By combining Al-supported inquiry, simulations, and real-world applications, students
acquire not only knowledge but also essential competencies such as critical thinking, collaboration,
creativity, computational literacy, and adaptability. Teachers, supported by structured training and
professional development, become facilitators of rich, interactive learning environments where
students actively construct understanding, engage in meaningful exploration, and develop skills
required for success in the modern, technology-driven world. The integration of Al and simulation
in PhenoBL thus represents a paradigm shift in education, empowering both teachers and students
to engage deeply with complex phenomena in innovative, authentic, and transformative ways.

Classroom implementation of Al-supported PhenoBL projects requires balancing
technological resources with pedagogical goals. Schools must ensure access to Al platforms,
simulation software, and reliable internet connectivity while maintaining equity among students.
Effective integration involves iterative project cycles where students propose hypotheses, run
simulations, analyze results, and refine their understanding. Reflection and collaborative
discussion enhance metacognitive skills, helping students connect digital experiences to
interdisciplinary content knowledge.

Despite its benefits, integrating Al in PhenoBL also presents challenges. Teachers must
address potential technical difficulties, student over-reliance on Al-generated insights, and the
need for meaningful assessment strategies. Formative assessment methods, including project
portfolios, reflective journals, and Al-generated progress reports, can help monitor learning
outcomes and provide actionable feedback. By combining inquiry, simulation, and Al support,
educators can create learning environments that are interactive, personalized, and closely aligned
with real-world problem-solving contexts, fostering critical thinking, creativity, and lifelong
learning.

Conclusion
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Integrating Al-supported inquiry and simulation in phenomenon-based learning projects
enhances the learning experience by providing interactive, data-driven, and immersive
opportunities for students. Al tools facilitate analysis, modeling, and visualization of complex
phenomena, while simulations allow safe exploration and experimentation. Successful integration
depends on teacher competencies in Al literacy, instructional scaffolding, and assessment, as well
as on equitable access to digital resources. When implemented effectively, Al-supported PhenoBL
projects promote interdisciplinary understanding, computational thinking, collaboration, and real-
world problem-solving skills, preparing students for the challenges of a rapidly evolving
technological society.
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