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Abstract: This study examines the integration of Generative Al, particularly Large Language Models (LLMs), into a
pedagogical framework to foster active learning in K-12 students through a series of interactive activities. Through
design-based research and extensive field testing, we have found that such activities significantly enhance student
motivation and essential 21st-century skills. This highlights the potential of LLMs to transform education from passive
learning to active engagement, with teachers playing a crucial role in guiding and facilitating this transformation.
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Introduction:

The widespread adoption of Large Language Models (LLMs), such as ChatGPT, Claude, Gemini, and Llama, has
raised concerns about their impact on education. These concerns center around the validity of traditional assessment
methods (e.g., essay writing) and the potential obstacle to the development of critical thinking and essential
communication skills. With LLMs providing quick and well-formulated responses, educators have been worrying that
students may become overly reliant on these tools, potentially impeding their ability to improve reading
comprehension and articulate their own ideas effectively.

However, we maintain that the thoughtful integration of LLMs into education holds immense potential for innovation.
Simply banning their use or treating them as 'just another tool' without a well-designed pedagogical strategy would be
frustrating. Their limitations, such as hallucinations and bias, must also be addressed. Moreover, using these models
solely as teaching assistants merely streamlines existing methods without promoting pedagogical change. While
virtual tutors show promise due to their ability to personalize learning and adapt to individual student needs, they may
also perpetuate the traditional, one-way educational model where the 'sage’ (tutor or teacher) transmits knowledge to
the 'learner' (student), as they may limit social and collaborative interactions.

Methodology:

To address these challenges, we have designed instructional strategies that utilize LLMs in student-led activities.
Grounded in proven pedagogical principles that promote meaningful learning and focus on promoting key 21st-century
skillse), such as communication, critical thinking, collaboration, and creativity, these strategies conceptualize learning
as an active process(;34). They are designed around a set of interactive activities that enrich and complement the
existing curriculum.

For these activities to generate meaningful learning experiences, teachers must be recognized as essential mediators
in the interpreting, adapting and putting them into practice. They play a unique role in fostering classroom dialogue
and collaborative learning, while also providing critical context, corrections, and challenges to Al-generated content.

Various authorsse) have proposed diverse roles for LLMs in education, (e.g. simulators, tutors, mentors, etc.).
However, most examples have focused on higher education, leaving a gap in understanding their potential for younger
learners. Our study specifically addresses this gap with activities tailored for students in grades 5 through 12. Although
Mollick et ale) demonstrated ways to adapt LLM prompts for different subjects, we have found that the complexity in
making these adaptations can be overwhelming for many teachers. Therefore, we developed a user-friendly interface
that abstracts away the underlying complexities, making it easier to configure the activities. Additionally, it records
all student interactions, which is crucial for understanding how students engage with the material.

We developed(r) three distinct strategies covering different types of student interaction with LLMs:

1. Character Panel: To interview virtual archetypal characters subjects such as democracy or the environment.
2. Coach: To receive personalized guidance and feedback on topics such as gender perspectives or cybersecurity.
3. Collaborative Writer: To co-write texts or reports on disciplines, such as history or geography.

Each strategy includes a detailed didactic sequence and an assessment rubric to facilitate execution. Teachers receive
thorough training that covers both the technical aspects of Al usage and how to address potential challenges

Main Results:

To assess the impact of the Character Panel strategy in real-world educational settings, we conducted a field study
with 38 teachers across diverse geographic and socioeconomic contexts. We utilized a mixed-methods approach,
analyzing both quantitative (surveys, statistics) and qualitative data (student interactions, teacher interviews).



CRITERIA Highly Effective Effective Ineffective
Topic Comprehension 63% 33% 4%
Appropriateness of Generated Responses 41% 59% 0%
Reading Comprehension and Expression of Ideas (Communication) 52% 48% 0%
Reflection on the Topic (Critical Thinking) 59% 37% 4%
Interaction Dynamics, from the Students' Perspective (Motivation) 74% 26% 0%

Our results show that 96% of teachers have found the activity to be effective or highly effective. They emphasized the
highly motivating nature of the activities, as the use of novel technology sparked students' curiosity and created a
learning environment where they felt more engaged and encouraged to examine the topics in depth. Teachers pointed
out a significant improvement in comprehension and content recall. This was achieved by empowering students to
take ownership of their learning through formulating their own questions. (Similar results were observed in subsequent
evaluations with the Coach and Collaborative Writer strategies).

Beyond providing a new and exciting way to learn, the activity demonstrated substantial improvements in the
development of 21st-century skills:

- Critical Thinking: Instead of asking about data or information that could be easily found on Internet, students
focused on questions that explored the underlying motivations and diverse perspectives of characters. This promoted
a reflective approach, inspiring students to consider subjective aspects rather than limiting to objective facts.

« Communication: Students were encouraged to express themselves clearly and effectively, enhancing their ability
to articulate complex ideas and discuss abstract concepts. The Al's varied use of language, adapting to both the
simulated character and the teacher's configuration, also contributed to improved reading comprehension.

- Collaboration: Students engaged in meaningful exchanges not only with the Al but also with their teachers and
peers, highlighting the importance of collaboration in the learning process. Small group work facilitated the sharing
of diverse perspectives and reinforced the importance of collaborative effort in achieving shared objectives.

- Creativity: The creative and unexpected ways in which students utilized the Al, including summarizing and
expanding information, demonstrated a willingness to pursue new possibilities and a capacity to utilize technology
for deeper learning.

Besides enhancing skills, the experience also shifted educators' perceptions of LLMs. Initially hesitant or resistant
individuals embraced them as valuable tools, recognizing open use benefits.

Conclusion:

This study's results demonstrate that the thoughtful implementation of LLMs in education significantly enhances
learner engagement and motivation. Enabling students to assume an active role in their learning has led to increased
content comprehension, improved information recall, and enhanced critical 21st-century skills. This approach fosters
a shift from 'learning to answer" to 'learning to ask’, transforming students into active learners who explore, question,
and apply knowledge

To further enhance learning experiences, we are now focused on expanding the repertoire of strategies we developed.
In this evolving educational landscape, LLMs transcend their role as mere ‘answer-generators' and become 'intellectual
catalysts’ that enrich the learning experience, effectively bridging technological innovation with pedagogical practice.

Critically, this study underscores the pivotal role of teachers as facilitators who tailor and implement these Al-
integrated strategies to nurture discussion and teamwork among students. They evolve from being a 'primary
knowledge source' to a 'guide and mentor" in a stimulating learning environment.

While these initial findings are promising, larger-scale studies are required to fully understand the long-term impacts
and challenges of integrating these technologies into education. Additionally, addressing ethical considerations, like
Al biases and data privacy is crucial for responsible and equitable implementation.
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