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Abstract

Artificial Intelligence (AI), particularly in the form of in-
telligent Al agents, is transforming education, industry, and
everyday life. These agents extend the capabilities of Large
Language Models (LLMs) by integrating planning, decision-
making, tool use, and multi-agent collaboration, enabling sys-
tems that can reason, adapt, and act in dynamic environments.
As such systems become integral to modern workplaces and
everyday problem solving, early exposure equips high school
students with systems thinking, practical problem-solving
skills, and ethical awareness, while preparing them to cre-
ate applications that address real-world needs. Yet most high
school Al programs focus on basic model usage and overlook
the skills required to design and deploy agentic systems. Ex-
isting resources are largely aimed at university learners and
assume substantial programming expertise, creating a signif-
icant accessibility gap. To address this need, we present a
structured hackathon-based framework for introducing high
school students to the design and application of Al agents.
The framework combines expert-led lectures on core top-
ics such as agent architectures, prompting strategies, reason-
ing methods, and tool-use protocols with a guided hackathon
in which students collaboratively develop domain-specific
agent-based chatbots. We provide a complete suite of in-
structional materials, step-by-step tutorials, and starter code
to support hands-on learning, enabling participants to build
functional agents capable of reasoning and interacting with
external tools. Our approach bridges the gap between Al lit-
eracy and practical deployment while fostering creativity, col-
laboration, and responsible innovation, and our findings sug-
gest that early engagement with agent-based Al design equips
students with both technical proficiency and the mindset to
shape the Al-driven future.

Supplementary Materials — https://osf.io/vx7gu/

1 Introduction

The rapid advancement of Artificial Intelligence (Al) has re-
shaped nearly every domain, from education and commu-
nication to scientific discovery and automation (Tan, Cheng,
and Ling 2025). As intelligent technologies become increas-
ingly embedded in daily life, equipping students with the

Copyright © 2026, Association for the Advancement of Artificial
Intelligence (www.aaai.org). All rights reserved.

40779

knowledge and skills to understand and engage with Al sys-
tems has emerged as a critical goal of modern education.
The concept of Al literacy, which refers to the ability to un-
derstand, apply, and critically evaluate Al systems, is now
widely recognized as a core competency for the twenty-first
century (Long and Magerko 2020; Nguyen et al. 2025a). In
response, school systems around the world have begun in-
tegrating Al instruction into K—12 curricula, with particular
momentum at the high school level (Alonso 2020; Norouzi,
Chaturvedi, and Rutledge 2020; Grover 2024). At this for-
mative stage, students are not only building academic foun-
dations but also exploring long-term interests and potential
career paths. Preparing them for an Al-driven future requires
moving beyond superficial tool usage and fostering the ca-
pacity to design, analyze, and reason about intelligent sys-
tems (Touretzky et al. 2019).

The emergence of Large Language Models (LLMs) has
significantly expanded access to Al through intuitive natu-
ral language interfaces. From chatbots and content gener-
ators to virtual assistants, LLMs now power a wide range
of applications and serve as accessible entry points to ad-
vanced technologies (Sajja et al. 2024). While this accessi-
bility has sparked broad interest, it also introduces new edu-
cational challenges. Teaching students to prompt pre-trained
models may offer an initial foothold, but it does not pro-
vide the depth needed to understand how intelligent systems
function (Varuvel Dennison et al. 2024). The next frontier in
Al education lies in agentic systems, which combine LLMs
with capabilities such as planning, memory management,
decision-making, and tool use. These agents can retrieve ex-
ternal knowledge, sustain multi-turn dialogues, invoke APIs,
and perform goal-directed tasks. Rather than functioning as
isolated models, they act as orchestrators that coordinate rea-
soning and execution across modular components and dy-
namic environments (Maldonado et al. 2024). Such agen-
tic capabilities now underpin a growing class of real-world
systems, including personal copilots, domain-specific assis-
tants, and retrieval-augmented solvers in education, health-
care, and beyond.

Empowering students to participate meaningfully in this
paradigm shift requires more than technical exposure. It
calls for cultivating a mindset that reflects the core char-



acteristics of intelligent agents, including modularity, rea-
soning, adaptability, and collaboration. Students must learn
how Al systems are structured, how they make decisions,
and how multiple agents can work together to solve com-
plex tasks. By engaging with concepts from multi-agent
systems, learners begin to appreciate how intelligent be-
havior can emerge from distributed reasoning and interac-
tion among autonomous components. This perspective also
opens the door to discussions of transparency, responsibil-
ity, and ethical alignment, which are critical themes as Al
increasingly shapes societal outcomes (Wiese et al. 2025;
Russell and Norvig 2009). Despite these needs, the agent-
based perspective remains largely absent from current high
school curricula. Educational resources on Al agents are typ-
ically designed for university students and working profes-
sionals, often offered through undergraduate programs or
online platforms such as Coursera' and Udemy?. These of-
ferings generally assume significant prior knowledge in pro-
gramming and engineering, making them less accessible to
younger learners. Most existing high school programs focus
on general Al awareness or introductory machine learning,
with limited attention to modular system design, decision-
making under uncertainty, or goal-oriented behavior (Lim
et al. 2024; Olari, Cvejoski, and Eide 2021; Broll and Grover
2024). In addition, many materials are not tailored to the
unique pedagogical needs of adolescent students.

To address this gap, educators need approaches that
are both pedagogically engaging and technically rigorous
(Wang et al. 2024; Yim and Su 2025; Rizvi, Waite, and Sen-
tance 2023). Active learning strategies, such as collabora-
tive projects, inquiry-based exploration, and hands-on ex-
perimentation, have proven effective in STEM education.
Among these, hackathons offer a particularly promising for-
mat. By immersing students in time-bounded, team-oriented
challenges, hackathons promote deep engagement with tech-
nical content while also fostering essential skills such as
creativity, communication, and critical thinking (Surendran
et al. 2023; Araujo, Kalinowski, and Baldassarre 2024;
Nguyen et al. 2025a). Several prominent initiatives, such as
the Regeneron International Science and Engineering Fair’
(ISEF) and the International Olympiad in Artificial Intelli-
gence4 (IOAI), have introduced high school students to Al
However, these efforts often emphasize algorithmic problem
solving or pre-trained model usage, with limited attention
to the design and deployment of complete agentic systems.
This gap highlights the need for educational experiences that
guide students in building AI systems from an agent-centric
and ethically informed perspective.

In this paper, we present a structured hackathon-based
framework designed to introduce high school students to
the foundations and applications of Al agents. Our frame-
work consists of two core components. First, students par-
ticipate in a series of expert-led, interactive lectures cov-
ering foundational topics such as generative Al, agent ar-

'https://www.coursera.org/
Zhttps://www.udemy.com/
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chitectures, prompting strategies, reasoning techniques, and
tool-use protocols. These lectures are carefully scaffolded
to make complex ideas accessible while preserving techni-
cal depth. Second, students engage in a guided hackathon
in which they collaboratively design and implement agent-
based chatbots tailored to real-world domains such as edu-
cation and healthcare. These systems are expected to reason
over tasks, interact with tools, and respond dynamically to
user goals. Our contributions are summarized as follows.

* We develop a comprehensive suite of educational materi-
als, including lecture slides and instructional videos, for
teaching the foundations of Al agents and their integra-
tion into real-world systems.

We provide detailed tutorials with step-by-step guidance
and starter code, enabling students to build functional
agent-based chatbots capable of reasoning and interact-
ing with tools.

We propose a structured hackathon framework specifi-
cally designed for high school learners, bridging the gap
between Al literacy and practical deployment through
guided, domain-relevant chatbot design.

2 Related Works

2.1 Contemporary Approaches to Teaching Al in
High School Education

High school AI education has evolved from abstract the-
ory or basic tool familiarization toward scaffolded, project-
based learning that links conceptual understanding with ar-
tifact creation (Sajja et al. 2024; Wang et al. 2024). At the
framework level, the AI4K12 initiative outlines the Five Big
Ideas® and grade-band progressions for Grades 9—12, while
programs such as Day of AI® and Experience AI’ provide
lesson plans, classroom activities, and ethics modules. Em-
pirical studies show that complex Al topics can be taught
effectively with appropriate scaffolding. Examples include
explainable-AI workshops using Scratch classifiers to high-
light bias and interpretability (Alonso 2020), month-long
Machine Learning (ML) and Natural Language Processing
(NLP) programs introducing Python and curated datasets
(Norouzi, Chaturvedi, and Rutledge 2020), and guided LLM
environments cultivating structured metacognitive prompt-
ing (Varuvel Dennison et al. 2024). Complementary un-
plugged and low-ceiling/high-ceiling activities broaden ac-
cess, from Al-themed board games (Lim et al. 2024) and
block-based robotics curricula (Olari, Cvejoski, and Eide
2021) to interactive exercises on optimization and adver-
sarial examples (Broll and Grover 2024). Hackathon-style
models have also been piloted, combining structured tutori-
als with culminating challenges (Nguyen et al. 2025a), high-
lighting the value of guided, time-bounded learning. Across
these initiatives, three principles recur: explicit scaffolds, au-
thentic tasks with public artifacts, and barrier-lowering tools
that democratize participation. However, most approaches
stop short of agentic systems; few offer end-to-end support

Shitps://ai4k12.org/
Shttps://dayofai.org/
"https://experience-ai.org/



for planning, memory, external tool use, or collaborative
workflows. This gap motivates our hackathon-based frame-
work, extending prior project-based efforts toward func-
tional agentic systems for high school learners.

2.2 Educational Competitions Focused on Al
Agents for High School Students

Competitions and hackathons offer authentic and motivating
opportunities for students to apply Al knowledge in practice
(Surendran et al. 2023; Araujo, Kalinowski, and Baldassarre
2024; Nandi and Mandernach 2016; Zhang, Wu, and Yu
2021). Existing initiatives such as IOAI and Microsoft Imag-
ine Cup Junior® broaden participation but primarily empha-
size general applications (e.g., image recognition, text anal-
ysis, ethical reflection) rather than the design of autonomous
agentic systems. Consequently, students often gain concep-
tual awareness or experience with prebuilt tools without
developing agents capable of planning, decision-making,
and context-sensitive interaction. More recently, industry-
led events such as the Microsoft Al Agents Hackathon®,
the LabLab—MindsDB AI Agents Hack'?, and the NVIDIA
Agent Toolkit Hackathon'! have emphasized agentic capa-
bilities through starter templates, expert-led tutorials, and
evaluation criteria highlighting planning, autonomous exe-
cution, and adaptive interaction. However, these events are
largely oriented toward developers, university students, and
professionals; when high school students are eligible, the ab-
sence of age-appropriate scaffolding and sustained instruc-
tional support creates substantial entry barriers. This under-
scores the need for dedicated frameworks that bring agen-
tic Al—particularly agent-based chatbots—into high school
education. Our framework addresses this gap by integrating
expert-led mini-lectures on agent reasoning, live demonstra-
tions, team-based mentorship, and a structured handbook
with starter code, checklists, and troubleshooting guidance
tailored to high school learners.

3 An AI Agent Hackathon-based
Educational Framework

3.1 Learning Outcomes

Our hackathon-based framework adopts Bloom’s Taxonomy
(Bloom 1956) as the pedagogical backbone for defining
learning outcomes and assessments. Originally introduced
by (Bloom 1956) as a six-level classification of cognitive
objectives, the taxonomy was later revised by (Anderson and
Krathwohl 2001) into processes (Remember — Understand
— Apply — Analyze — Evaluate — Create), which better
align with contemporary educational practices. Guided by
this framework, we designed six learning outcomes (LO1-
LOO6) that collectively span the full cognitive spectrum.

8https://imaginecup.microsoft.com/

“https://microsoft.github.io/ AI_Agents_Hackathon/

"https://lablab.ai/event/ai-agents-hack-with-lablab-and-
mindsdb

"https://developer.nvidia.com/agentig-hackathon
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LO1 - Identify and describe fundamental concepts re-
lated to Al agents.

LO1.1 — Recall definitions of Al agent, prompt, and
multi-agent system.

LO1.2 — Differentiate between traditional software
and agentic Al

LO1.3 — Identify key terminology related to agent
architectures.

LO2 - Explain core processes of Al agents such as
perception, reasoning, and learning.

* LO2.1 - Explain the roles of perception, reasoning,
and learning in Al systems.

* LO2.2 — Provide real-world examples illustrating
these processes.

LO3 - Apply Al tools to accomplish domain-specific
tasks.

* LO3.1 - Implement a basic Al agent pipeline using
provided tools.

* LO3.2 — Apply prompt engineering techniques to
complete assigned tasks.

LO4 - Analyze and propose Al prompts and sys-
tem workflows, identifying strengths, weaknesses, and
trade-offs.

* LO4.1 — Propose and compare alternative prompts
or workflows for a given task.

* LO4.2 — Break down agent roles, architectural
choices, and interactions in multi-agent systems.

* LO4.3 — Assess potential impact and feasibility of
different workflow designs.

LOS — Evaluate Al system outputs and justify design
or tool choices with evidence.

* LOS.1 — Critique the outputs of an Al agent in
terms of accuracy and relevance.

* LOS.2 — Justify model or tool choices in presenta-
tions using evidence.

LO6 — Design and develop innovative Al solutions or
workflows to address real-world challenges.

* LO6.1 - Formulate a project idea addressing an ed-
ucational or social problem.

* L0O6.2 — Design the system architecture and work-
flow aligned with the proposed impact.

* LO6.3 — Develop and present a functional proto-
type with a clear use case.

This framework ensures that students progress system-
atically from foundational knowledge acquisition (LO1-—
LO2), to practical application (LO3), higher-order reasoning
(LO4-LOS5), and ultimately innovation (LO6), in alignment
with principles of outcome-based education (Spady 1995).

To maintain alignment across objectives, instruction, and
assessment, the outcomes were operationalized through tar-
geted learning opportunities embedded in the hackathon,



LO Performance Metrics

Example Learning Opportunities

LO1I - Accuracy on terminology quizzes - Expert-led introductory lectures on Al agents
- Clarity in defining concepts - Reading materials and glossary tasks
LO2 - Quality of explanations in short answers - Live demonstrations with expert Q&A
- Peer feedback on clarity - Guided group discussions
LO3 - Successful completion of assigned tasks - Hands-on coding tutorials with provided tools
- Functionality of implemented outputs - Mentor-supported challenges
LO4 - Ability to compare and refine alternative prompts/workflows - Group activities analyzing and redesigning workflows
- Depth of analysis of agent roles and interactions - Mentor-led design critique sessions
LOS - Justification of design decisions - Structured mentor-guided feedback loops
- Quality of evaluation criteria applied - Peer review of outputs during hackathon
LO6 - Creativity, feasibility, and impact of final project - Team-based hackathon sprints with mentor support

- Integration of multiple system components

- Final public presentation and demonstration

Table 1: Learning Outcome (LO) metrics and associated learning opportunities for the AI Agent Hackathon.

including expert-led lectures, guided exercises, collabora-
tive project work, expert feedback sessions, and mentor-
led sprints. Student progression was measured using par-
allel pre- and post-test instruments, each with six sections
of five questions mapped to Bloom’s cognitive levels. This
structure captured both surface-level knowledge and higher-
order competencies such as problem-solving, evaluative rea-
soning, and creative synthesis. As summarized in Table 1,
each learning outcome corresponds to measurable perfor-
mance indicators and authentic learning activities: expert-
led lectures and demonstrations (LO1-2), mentor-supported
exercises and mini-challenges (LO3), group analysis and ex-
pert feedback (LO4-5), and team-based hackathon projects
culminating in public presentations (LO6). Together, these
outcomes form the pedagogical backbone of our framework,
guiding instructional design and hackathon development.

3.2 Instructional Materials

Overview The instructional materials were carefully de-
signed as a multi-layered pedagogical scaffold support-
ing the hackathon. Rather than functioning as isolated re-
sources, the package integrates expert-led lectures, multi-
media supplements, a structured tutorial handbook, and an
open-source codebase. Together, these components form a
coherent learning pathway that balances conceptual ground-
ing with incremental practice, enabling students to progress
from introductory exposure to the design and deployment of
functional multi-agent systems. To ensure transparency and
reproducibility, the full set of materials is available in our
archive at https://osf.io/vx7gu/.

Slides and Videos The lecture series was sequenced to
build conceptual foundations while remaining accessible to
high school learners. Each session combined clear explana-
tions, live demonstrations, and interactive Q&A to foster ac-
tive engagement.

e Lecture 1: From Al to Agentic Al This session traced
the evolution of Al from rule-based systems and ML to
generative models and multi-agent paradigms. It empha-
sized three core capabilities—perception, reasoning, and
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learning—and showed how they extend through agentic
workflows such as task decomposition, memory manage-
ment, and adaptive planning. The lecture concluded with
a case study of our university’s enrollment consultation
chatbot to ground key ideas in a real-world system.

Lecture 2: Agentic AI and Multi-Agent Systems. This
lecture introduced defining characteristics such as auton-
omy, adaptability, and goal-directed behavior. It provided
an overview of architectural modules (perception, mem-
ory, planning, action), organizational structures (central-
ized, decentralized, hybrid), and communication proto-
cols (e.g., MCP, agent-to-agent messaging). Applications
in healthcare, climate action, and smart cities highlighted
both societal relevance and technical depth.

Tutorial Handbook Complementing the lectures, the tu-
torial handbook offered a scaffolded progression from con-
ceptual framing to hands-on implementation. Organized into
sequential chapters, it guided students through environment
setup, building a simple multi-agent system, constructing
small datasets, and deploying modular architectures. The
handbook also introduced the open-source codebase and il-
lustrated how to extend it to domains such as education,
healthcare, and smart cities. Each chapter combined visual
walkthroughs, simplified scripts, and mentor guidance to en-
sure accessibility and reinforce both conceptual understand-
ing and technical proficiency.

Demonstration A live demonstration of the agentic en-
rollment consultation chatbot provided a practical bridge
between theory and implementation. By illustrating work-
flow design, feasibility analysis, and system-level evalua-
tion, the demonstration offered both inspiration and a con-
crete benchmark for student projects.

Codebase The open-source codebase served as the techni-
cal backbone of the hackathon. Its modular design included
ready-to-use tools, agent templates, and orchestration utili-
ties, documented to minimize barriers for beginners. To sup-
port rapid onboarding and deeper exploration, the package
provided a quick-start guide, UI customization notes, and
integration examples for creating new agents, using tools,



and handling complex queries. This structure enabled par-
ticipants to focus on creativity, workflow design, and impact
assessment rather than technical setup.

3.3 Pre-Implementation Preparation

Mentor Teams. Assigning qualified mentors to each stu-
dent team was a central element of our design. We re-
cruited senior undergraduates and graduate students using a
weighted composite score, defined in Equation (1), which
balanced academic foundation, research involvement, and
industry exposure:

S=05F+0.3R+0.21]. €))

Here, F' denotes the average grade in core courses such as
Al Intelligent Systems, and NLP, normalized to a 10-point
scale (At =10,A=9,A =8,Bt =75,B=7,B" =
6.5). R and I represent months of active research engage-
ment and industry experience, respectively, each rescaled to
a maximum of 10. Selected mentors completed a two-week
training program combining conceptual reinforcement with
hands-on agentic Al practice, preparing them to guide par-
ticipants effectively throughout the hackathon.

Invited Speakers. To broaden perspectives and inspire
participants, we invited three distinguished speakers whose
contributions complemented the instructional program. Two
professors with expertise in Al and multi-agent systems
delivered lectures that established conceptual foundations
and introduced deployment strategies. In parallel, the Chief
Technology Officer of a leading technology company pre-
sented a live demonstration of an admission-consulting chat-
bot, illustrating real-world relevance. Together, these ses-
sions connected theory with practice and highlighted the so-
cietal impact of agentic systems.

Awards and Prizes. A structured award system was in-
troduced to recognize excellence and sustain motivation.
Prizes were organized into First, Second, and Third Prize
categories, along with two Honorable Mentions. Depend-
ing on available resources, awards were offered as mone-
tary support or in-kind contributions. Industry partners also
sponsored supplementary recognitions, including individual
achievement awards. This structure celebrated both team
performance and individual talent while reinforcing collab-
oration between academia and industry.

3.4 Implementation Plan

The hackathon was implemented over two consecutive days,
with a structured agenda that balanced instruction, practice,
and project-based learning. Table 2 presents the detailed
timeline of activities, aligned with the intended learning out-
comes (LO1-LO6).

3.5 Hackathon Details

Building on the defined learning outcomes and instructional
resources, the hackathon tasked each team with developing
a chatbot-based question-answering system using either a
single-agent or multi-agent architecture. The system was re-
quired to (i) interact naturally with users, (ii) handle realis-
tic situations flexibly, and (iii) deliver accurate and efficient
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solutions. Each prototype needed to demonstrate potential
impact in education or healthcare.

Support Materials. Teams were supported by the tuto-
rial handbook and open-source codebase, enabling them to
translate conceptual knowledge into a functional chatbot,
with mentors providing technical guidance as needed.

Deliverables. Final submissions required: (i) a functional
prototype, (ii) presentation slides (7 minutes), (iii) a demo
video (under 3 minutes), and (iv) supplementary datasets,
images, or documentation for any custom-built tools.

Assessment. Team projects were assessed by an expert
panel (three invited speakers and an industry representative)
based on functionality, design, evaluation, innovation, and
presentation quality. Mentors additionally monitored indi-
vidual contributions. The detailed scoring rubric is provided
in the supplementary material.

4 Results and Evaluation

4.1 Learning Materials Evaluation

To evaluate the effectiveness of our teaching resources,
we adopt Tomlinson’s framework (Tomlinson 2003), which
emphasizes multi-dimensional rather than single-dimension
evaluation. Adapted for AI agent education at the high
school level, it comprises five dimensions: Adaptability (A),
flexibility across teaching approaches; Localization (L), ap-
plicability in diverse contexts; Visualization and Practice
(V), integration of visual aids and hands-on activities; Clar-
ity and Coverage (C), precision and comprehensiveness of
content; and Age-Suitability (S), appropriateness for sec-
ondary learners (Nunan 1991; Ellis 1997). The complete
rubric is provided in the supplementary material. Using
this rubric, we compared three representative online courses
and three real-world hackathons, as summarized in Table 3.
Coursera and Udemy score strongly in Clarity but fall short
in Age-Suitability and Visualization, though Udemy’s Al
Agents For All! offers a no-code, beginner-friendly design
that lowers entry barriers. Hackathons offer authentic prac-
tice but lack Adaptability and remain largely inaccessible to
most high school students. In contrast, our hackathon shows
balanced performance across all five dimensions, particu-
larly in Localization and Age-Suitability, while maintain-
ing strong Clarity, thereby bridging the gap between theory-
focused courses and professional-level competitions.

4.2 Competition Analysis

Table 4 compares our hackathon with a range of selected in-
ternational competitions. High-school contests such as ISEF,
IOAI, and WAICY'3 are broad in scope and span longer pe-
riods, providing substantial preparation time but limited ex-
posure to agentic Al. University and industry hackathons,

https://www.coursera.org/projects/building-agentic-rag- with-
Ilamaindex
Bhttps://www.udemy.com/course/ai-automation-build-1lm-
apps-ai-agents-with-n8n-apis/
Yhttps://www.udemy.com/course/no-code-ai-agents/
Shitps://www.waicy.org/



Time Activity Description Linked LOs
Day 1
07:30-08:30  Ice-breaking and team formation Participants meet teammates, set expectations, and engage in LO6
warm-up activities.
08:30-09:15 Lecture 1: From Al to Agentic Al Expert-led introduction covering core concepts and glossary. ~ LO1-LO2
09:15-09:30 Q&A session Interactive clarification with experts. LO2
09:30-10:15 Case study + live demo Walkthrough and demonstration of an operational enrollment 1.O2
consultation chatbot.
10:15-10:30  Q&A session Expert responses and clarifications. LO2
10:30-11:30  Breakout discussion Mentor-guided small-group consolidation of lecture and demo  LO2
takeaways.
11:30-13:30  Lunch break — —
13:30-14:15  Lecture 2: Multi-Agent Systems Architectures, workflows, protocols, and design trade-offs. LO2
14:15-14:30  Q&A session Interactive clarification with experts. LO2
14:30-15:15  Guided tutorial + mini challenges Hands-on practice with mentor support; implement basic LO3
agentic pipelines.
15:15-15:30  Break — —
15:30-17:00 Hackathon challenge announcement + Problem statement released; teams generate draft solutions. LO3-LO4
team brainstorming
17:00-18:00 Expert feedback on draft ideas Experts provide critique and improvement suggestions. LO4-LOs
Open Initial implementation kickoff Teams start coding/designing solutions with mentor check-ins. LO3-LOS5
Day 2
07:30-12:00  Hackathon sprint (team work) Teams continue building and refining their agentic solutions. LO3-LO0O6
12:00-13:00 Lunch break — —
13:00-13:30  Peer review exchange Teams review each other’s partial solutions and give construc- LOS5
tive feedback.
13:30-15:30  Hackathon sprint (continued) Final implementation and preparation of presentations. LO3-LO6
15:30-17:00  Project presentations Teams present prototypes to expert and industry panel. LO5-LO6
17:00-17:30  Expert evaluation and award ceremony  Panel deliberation, scoring, announcement of winners. LO5-LO6
Table 2: Two-day agenda of the Al Agent Hackathon with mapped LOs.
Material / Event A L VvV C S approachability, offering high school students a rare oppor-
Building Agentic RAG with Llamalndex> 5 3 2 4 1 tunity to engage with state-of-the-art agentic Al challenges.
Al Automation with n8n & APIs" 5 3 2 4 2
Al Agents For All!" 4 4 5 3 3 4.3 Student Learning Outcomes and Evaluation
%fi;i%ﬁ;ﬁaﬁfgﬁfbgzskfﬁ?ﬁ dsDB) ; g ; § % To contextualize learning gaips and.agsess program impact,
NVIDIA Agent Toolkit Hackathon s 3 2 3 2 we compared three groups: (i) participants who completed
all instructional and hackathon activities, (ii) controls from
Our Hackathon 5 5 5 4 4

Table 3: Comparison of Al agent learning materials and
hackathon events based on the proposed evaluation rubric.

including HackNYU'6, NASA Space Apps'’, and the Mi-
crosoft Al Agents Hackathon'®, deliver high-intensity, tech-
nically demanding experiences yet remain largely inaccessi-
ble to high school learners. Academic competitions such as
the XAl Challenge target advanced participants and further
widen this gap. In contrast, our hackathon adopts the 36-
hour format of major events while centering on Al agent ap-
plications, supported by trained undergraduate mentors and
an accessible curriculum. This design balances rigor with

"Shttps://hacknyu.org/
https://www.spaceappschallenge.org/
"8https://microsoft.github.io/Al_Agents_Hackathon/
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the same schools who did not join, and (iii) non-participants
from other schools who completed only the pretest. Full de-
mographics are provided in the supplementary material.

Table 5 shows broadly comparable pretest performance
across groups, with only minor variation among LOs. Non-
participants scored slightly higher in LO3 and LOS, sug-
gesting modestly stronger prior exposure, while participants
and controls exhibited nearly identical profiles, validating
the use of controls as a baseline.

Table 6 reports post-program performance for partici-
pants, disaggregated by grade and school type. Students
showed clear improvement across most LOs, with the largest
gains in LO2 (+1.02) and LO6 (+0.60). Specialized-school
(Spec.) students scored higher than Regular-school (Reg.)
students overall, reflecting stronger academic preparation,
yet both groups displayed similar improvement patterns. Al-
though LO4 and LOS5 show slight declines, the overall trend
still indicates meaningful gains in conceptual understanding,
practical skills, and creative application across the cohort.



Competition Content Time Mentors Place
ISEF STEM Over months  Professionals Hybrid
I0AI Al Several days Al Experts In-person
WAICY Al Several days - Hybrid
HackNYU Beyond STEM 48 hours Professionals In-person
NASA Space Apps STEM 48 hours Professionals In-person
XAI Challenge (IICNN 2025) (Nguyen et al. 2025b)  LLMs 3 months - Online
Riding on the Back of a Whale (Nguyen et al. 2025a) LLMs only 36 hours Undergraduates Hybrid
Microsoft AI Agents Hackathon Al Agents 3 weeks Microsoft engineers Hybrid
Al Agents Hack (LabLab + MindsDB) Al Agents 48 hours Volunteers & Startup mentors Hybrid
NVIDIA Agent Toolkit Hackathon Al Agents 48 hours NVIDIA professionals Hybrid
Ours AT Agent Application 36 hours Well-selected undergraduates In-person
Table 4: Comparison between our hackathon and international Al-related competitions and hackathons.
Group LO1 LO2 LO3 LO4 LOS LO6
Participants 267/1.83 3.12/1.60 393/147 297/1.35 3.00/155 2.02/1.45
Controls 293/183 3.01/1.65 3.84/156 274/136 3.09/1.60 220/1.50
Non-participants 2.58/1.88 2.96/1.70 4.18/1.31 3.19/1.24 3.57/135 238/1.43
Table 5: Pretest performance (mean / standard deviation) across groups on all LOs.
LO | Mean | Grade | School Type | Change RQS: W!uch background and process fa}ctors are asso-
| | 10 1 12 | Spec. Reg. | ciated with hackathon performance? Prize-winning and
non-winning teams showed no significant differences in mo-
1 291 264 269 3.08) 393 283 +0.24 tivation, prior Al knowledge, or teamwork, suggesting that
2 415 | 404 397 433 | 447 412 +1.02 . . . .
scaffolding helped equalize starting points. However, stu-
3 410 | 3.76 391 441 | 440 4.07 +0.16 . . .
4 276 | 2.60 2.64 289 | 333 272 2021 dents who interacted more with mentors reported higher
5 2:87 3:04 2:73 2:96 3:80 2:80 _0:12 project confidence, highlighting mentoring’s role.
6 | 261 |28 231 273| 3.00 259 +0.60 RQ4: How do social support and peer collaboration re-

Table 6: Post-program scores for each LO, disaggregated by
grade and school type, with pre—post score change.

4.4 Discussion

To understand how background and process factors influ-
enced students’ learning and hackathon outcomes, we ex-
amined five Research Questions (RQs) using Welch’s t-test
(Welch 1947) for group comparisons and Spearman’s rank-
order correlation (Spearman 1904) for non-parametric re-
lationships. Full survey items and statistical details are re-
ported in the supplementary material.

RQ1: Does grade level affect students’ confidence and
programming knowledge? Across Grades 10-12, no sig-
nificant differences were found in confidence or self-rated
programming skills. This indicates broadly comparable
baseline readiness and supports using a unified framework
for all high-school levels.

RQ2: Are there systematic confidence differences be-
tween male and female students? Male students reported
significantly higher confidence and self-rated programming
skills, although performance gaps were small. This mirrors
known STEM self-efficacy disparities and highlights the im-
portance of providing additional support for female learners.
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late to students’ motivation and learning gains? Family-
and-friend encouragement correlated positively with stu-
dents’ interest in continuing Al learning, and students who
helped classmates more often achieved higher post-test
scores. Social support and peer explanation therefore appear
to reinforce both motivation and conceptual understanding.

RQS5: How are Al-tool usage patterns related to con-
ceptual understanding, and does the program change
these patterns? Everyday Al use showed only a weak, non-
significant link to conceptual knowledge, suggesting that
frequent tool use alone does not ensure deeper understand-
ing. Nonetheless, Al-tool usage increased significantly after
the program, indicating that structured exposure promotes
more confident and purposeful use.

5 Conclusion

This paper introduced a hackathon-based framework that en-
ables high school students to explore agentic Al through
scaffolded lectures, tutorials, and mentor-guided projects.
The approach strengthened students’ conceptual under-
standing, practical skills, creativity, and ethical awareness,
while offering a more accessible pathway than university
courses or industry hackathons. Future work will involve
high school teachers more directly, adapt the framework to
varied school contexts, and study longer-term effects on stu-
dents’ learning, ethical reasoning, and career trajectories.
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