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1 INTRODUCTION

Generative Artificial Intelligence (GAI) applications, such as ChatGPT, have attracted significant attention from educators

and researchers worldwide [20]. Although concerns about its misuse persist, there is no doubt that GAI has become
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one of the most transformative technologies in recent years [39]. Scholars have highlighted the potential of using
GAI in education to improve student computational, creative and critical thinking skills [6]. However, research on
how to effectively integrate GAI into different educational contexts and engage middle school students in real-world
problem-solving is still in its early stages [25, 38, 51].

Creative Problem Solving (CPS) is a well-established instructional method that encourages students to develop
creativity by working collaboratively on complex real-world problems [40]. Empirical studies have shown that CPS can
significantly enhance learning engagement, stimulate creativity, and promote active learning among students [37, 40].
However, implementing CPS in educational settings also presents several challenges. Teachers must provide continuous
and tailored guidance to ensure educational coherence and quality, especially when managing diverse interdisciplinary
project topics [11]. These challenges are more pronounced in middle school settings [35]. These challenges drive the
demand for increasing the number of mentors to facilitate the CPS process of students, which, however, is a challenge
for most schools due to the intensive teaching resources needed [31].

GALI presents an opportunity to address the challenges mentioned above in CPS. To this end, in this paper, we
explore GAI acting as a mentor, providing real-time feedback and scaffolding CPS tasks [4, 14, 32]. They can potentially
support the CPS process by guiding students through each stage, thereby reducing the burden on human teachers
and allowing for more scalable implementations. Recent discussions in the human-computer interaction (HCI) and
educational technology communities have focused on exploring how GAI applications can be integrated into learning
designs to facilitate CPS [1, 28, 36]. Our key novelty is that, while previous work has primarily positioned GAI as a tool
for task assistance, we explore GAI as a mentor that guides, supports, and fosters deeper learning and skill development
aligned with students’ real needs in educational settings, particularly for middle school CPS projects. Furthermore,
there is limited research examining the application of GAI in middle school settings from an evidence-based perspective,
highlighting the need for more targeted investigations.

To address these gaps, this study introduces Mentigo, an interactive Al-driven system designed to mentor middle
school students throughout the CPS process. Mentigo combines structured guidance, adaptive feedback, and empathetic
interactions to provide tailored support for students. The system operates through a six-stage CPS process, where it
sets clear task objectives and progression standards at each stage. Mentigo dynamically adapts its mentoring strategies
by monitoring students’ cognitive and emotional states, utilizing a comprehensive database that matches these states
with contextually relevant guidance strategies. This database-driven approach enables Mentigo to deliver personalized,
flexible educational experiences that are responsive to the unique needs of each learner, fostering deeper engagement
and critical thinking during the CPS tasks. We conducted a user study to evaluate Mentigo’s effectiveness compared to
a baseline system. The study showed that Mentigo significantly enhanced student engagement and promoted deeper
cognitive processes, such as analysis and creativity, by providing structured guidance and adaptive feedback. Participants
noted that the system’s ability to offer personalized, reflective guidance improved their understanding and application
of CPS skills.

In summary, the contributions of this study are as follows:

o Development of Mentigo, an interactive system that supports a human-AlI collaborative CPS process, empowering
students at each stage of CPS in middle school;
o Collection of real-world datasets from middle school students engaged in CPS, providing valuable insights into

student-mentor interactions;

Manuscript submitted to ACM



Mentigo: Intelligent Agent for Mentoring Students in the CPS 3

e Implementation of a comparative experiment and an expert review study to evaluate the effectiveness of Mentigo
in fostering CPS skills;
o Design implications derived from the design process and user studies, offering guidelines for supporting student

CPS with generative Al in educational contexts.

Overall, this study provides a valuable exploration of the application of Al mentor agents and offers insights for

future research on their use in educational settings.

2 RELATED WORK
2.1 Students’ Creative Problem-Solving

Creative Problem-Solving (CPS) is a powerful teaching method that can support a pedagogical shift in the classroom
and foster both student engagement and motivation to learn [40]. CPS enables students to tackle everyday problems
using both creative and critical thinking skills, which are essential for developing flexible and adaptive learners [11].
While many current studies focus on creative expression through open-ended activities such as drawing or storytelling,
creativity in education is increasingly associated with problem-solving and finding innovative solutions [37]. Within the
framework of CPS, creativity is defined as a process by which individuals or groups can formulate problems, generate
and evaluate diverse and novel options, and effectively implement new solutions or courses of action [46]. Ali et al.
further emphasized creativity within CPS as involving the generation of fluent, novel, and valuable ideas to solve
problems [2].

Many studies have demonstrated that creativity can be enhanced through cognitive and computational approaches
in design-based problem-solving scenarios [12]. CPS has also been explored extensively within the HCI community.
Most of research focuses on providing digital aids to assist users in accomplishing creative tasks [13]. The CPS process
typically involves several key stages, including problem understanding, idea generation, and action planning [46].
Gizzi et al. proposed a CPS framework comprising four main components: 1) problem formulation, 2) knowledge
representation, 3) method of knowledge manipulation, and 4) method of evaluation [14]. Treffinger et al. introduced a
contemporary CPS framework (CPS Version 6.1TM) that includes stages such as understanding the challenge, generating
ideas, preparing for action, and planning approaches. The "understanding the challenge" stage involves constructing
opportunities, exploring data, and framing problems [48]. In this study, we adopt a six-stage CPS process: "Problem
Discovery," "Information Collection," "Problem Definition," "Solution Ideation," "Solution Evaluation," and "Solution
Implementation.”

Despite its potential, implementing CPS projects in classrooms presents several challenges. CPS requires students to
develop engagement, innovation, and critical reasoning abilities as they collaboratively investigate and solve problems,
acquiring necessary knowledge and skills along the way [40]. Moreover, teachers face the challenge of guiding
students in group work, planning, problem-solving, idea testing, and peer presentations, often within constrained
timeframes [31]. Various roles support CPS tasks, including tutors, mentors, and teaching assistants (TAs), each with
distinct approaches. Tutors focus on helping students master specific academic content or skills and facilitate an
effective learning environment within small groups [21]. TAs assist with planning, preparing, and supporting teaching
activities, such as grading and classroom management [23]. In contrast, this study adopts the concept of mentoring,
which provides comprehensive support through learner-centered relationships often involving counseling, friendship,

and socialization [8, 16, 26]. Researchers advocate for mentoring in teaching to empower students to engage more
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deeply in CPS tasks, allowing both mentor and mentee to develop CPS skills together [24, 53]. Mentoring has also been
widely recognized for enhancing both teacher development and student learning [18].

Providing adequate human mentorship in classroom settings can be challenging due to resource constraints. Al
offers a promising alternative for filling this gap [14]. Intelligent Tutoring Systems (ITSs) have demonstrated consistent
learning gains over decades. Recent studies are exploring the role of mentor agents in learning environments [4, 32].
However, there is still a lack of research on the application of generative Al specifically in the context of CPS. Our study
seeks to address this gap by designing a mentor agent to guide students through the CPS process. Through user studies,

we aim to explore how an Al agent can aid students in solving real-world problems and developing their CPS skills.

2.2 Generative Al for Student’s Learning

The adoption of generative Al in education is progressing cautiously, with methodologies for their effective use still
emerging. Recent studies highlight the need for more structured strategies and guidelines for integrating generative Al
into educational settings [25, 38, 39]. This reflects a broader trend where the deployment of generative Al in education
remains a work in progress.

Researchers’ views on incorporating generative Al into educational settings vary widely. Some advocate for their
potential to transform learning environments, citing tools like ChatGPT as instrumental in enriching education,
supporting educators, and redefining objectives and practices [1, 3, 28, 36]. For instance, researchers highlighted
generative Al could empower students’ learning by providing personalized information, resources, and step-by-step
solutions based on students’ unique learning needs and interests [22]. On the other hand, there are growing concerns
regarding the potential misuse of generative Al in educational settings. Susnjak et al. revealed that essays generated
by ChatGPT display advanced critical thinking and textual discourse, sparking debates about the risks of cheating in
online assessments [43]. These findings all underscore the implications and the need for careful oversight when using
generative Al Despite differing opinions, generative Al is still recognized as a vital support in educational instruction,
indicating a significant role for these technologies in future learning[33, 50].

Besides, many researchers proposed that generative Al can effectively assist in curriculum exercises to empower
students’ CPS [5, 44]. Recent studies are highlighting LLMs, particularly GPT-4, showing that they can be powerful tools
to support CPS [9, 15]. Noy et al. found that ChatGPT can enhance the quality of creative solutions [34]. Hwang, A. H. C,,
& Won, A. S. investigated how human subjects collaborate with a computer-mediated chatbot in creative idea-generation
tasks [19]. Douglas et al.’s research points out that LLMs can do even better than traditional brainstorming methods
and average human performance in specific tasks when given the right prompts and paradigms [42, 52]. Therefore,
researchers recommended designing Al-involved learning tasks that engage students in real-world problem-solving to
meet learning objectives effectively [51].

In conclusion, generative Al has demonstrated the potential to improve students’ CPS. However, their actual use,
especially involving generative Al in the CPS process, remains relatively rare. Our study aims to design an agent for
mentoring students in the CPS process, with a focus on middle school students. Our goal is to offer insights into how
generative Al can be effectively incorporated into educational settings, empowering students in each stage of CPS in
middle school.

3 FORMATIVE INTERVIEW & DESIGN GOALS

To better understand the challenges faced by educators and students in CPS tasks, we conducted a formative study

consisting of in-depth interviews with experienced teachers and mentors. The goal of this study was to identify key
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areas where support is needed, thereby informing the design of an Al-based mentoring agent to assist in CPS process.
The interviews provided valuable insights into the need for timely feedback, diversified guidance strategies, personalized

support, and sustained motivation mechanisms in educational settings.

3.1 Participants and Procedure

Five experienced educators participated in this formative study, including three secondary school teachers who are
in charge of CPS projects at their schools and two university mentors with backgrounds in education and extensive
experience in mentoring middle school students. The three teachers have rich experience in designing and implementing
CPS in their respective schools, while the two mentors have participated in various CPS projects for middle school
students and have gained insights into student guidance.

The interviews were conducted via Tencent Meeting. The process began by collecting basic background information
from participants, including their teaching or mentoring experience, years of practice, and current roles. During the
interviews, the teachers were asked about their experiences in different phases of CPS implementation, including
the specific strategies they employed, challenges encountered, and their use of Al tools to assist in teaching. We also
explored their perspectives on how an Al agent could potentially support these projects in the future. Mentors were
further asked about their experiences in guiding students, focusing on the types of questions commonly posed by
students, the feedback they provide, and the challenges they observe in student performance. Additionally, they offered

suggestions for improving guided strategies to better support students in CPS tasks.

3.2 Findings

The findings below summarize the key areas where support and improvements are needed to enhance the teaching and
learning experience in the CPS process.

Need for Structured Guidance: Teachers emphasized the importance of providing structured guidance to help
students navigate complex CPS tasks with a clear sense of direction and understanding of each stage’s specific objectives.
They noted that students need explicit instructions that clearly outline the tasks and expectations for each phase to
ensure focused progress. Teachers also pointed out that it is challenging for them to constantly check in with each
student to monitor their understanding and task alignment, making a structured and well-defined guidance system
crucial for effective learning.

Importance for Diverse Strategies: The study emphasized the need for a variety of guidance strategies to
accommodate different learning styles and needs. They suggested incorporating multiple approaches, such as task
planning, creative stimulation, and in-depth analysis, to effectively engage students and enhance their CPS skills. The
interviewed mentors highlighted the effectiveness of scaffolding techniques and open-ended questions to encourage
independent thinking and learning. Since CPS involves both divergent and convergent thinking stages, it is crucial for
teachers to provide different types of guidance tailored to each phase to help students progressively acquire CPS-related
knowledge and skills. Additionally, mentors pointed out the importance of specific feedback mechanisms and continuous
evaluation to better support students’ growth and development throughout the process.

Value of Personalized Feedback: The study highlighted the importance of providing personalized feedback based
on real-time student performance, as feedback tailored to a student’s specific progress and needs is more effective in
promoting learning and sustaining engagement. Teachers noted that students often require timely and detailed feedback
throughout each stage of their CPS tasks, relying on precise, process-oriented guidance to navigate complex challenges.

However, due to limitations in time and resources, it is difficult for teachers to deliver one-on-one personalized feedback
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to every student, particularly on professional and procedural aspects. This challenge is even more pronounced for
novice teachers, who may struggle to provide effective guidance. In this context, educators suggested introducing a
supportive role, such as a mentor, to offer timely and personalized feedback at various stages of project implementation.

Encouraging Deep Cognitive Engagement: Teachers emphasized the importance of encouraging students to
engage in deeper cognitive processes and critical thinking. They suggested that the educational agent should prompt
students to explore problems thoroughly, consider various perspectives, and reflect on their reasoning to develop
comprehensive solutions. Teachers face significant difficulties in prompting students to engage in deeper thinking,
especially in helping them evaluate and justify the value and significance of their proposed solutions. Teachers widely
believe that a mentor, providing one-on-one feedback, guidance, and direction, would greatly improve the teaching
effectiveness in CPS tasks.

Need for Emotional Support: Teachers emphasized the necessity of providing emotional support to students
throughout CPS tasks. They highlighted that empathetic interactions, encouragement, and an understanding of students’
emotional states are vital for maintaining motivation and fostering a positive learning environment. Educators pointed
out that students often face frustration and anxiety during complex problem-solving activities, which can hinder their
learning progress. Therefore, incorporating emotional support through a mentor who can recognize emotional cues
and respond with empathy could help sustain students’ engagement and confidence, ultimately contributing to a more
supportive and effective educational experience.

These findings outline the various needs of students in CPS tasks and emphasize the importance of mentors in

providing effective support to address these needs in the design of agents.

3.3 Design Goals

Based on the findings from our formative study (as detailed in subsection 3.2), we establish five design goals (DGs)
essential for developing an educational agent that mentors students in CPS tasks.

DG1: Ensure Structured Task Management for Clarity and Compliance In CPS, middle school students need
structured task management and phased guidance to understand the specific requirements and expected outcomes at
each stage [29]. Our findings emphasize the need for clear and explicit task guidance to help students stay focused and
aligned with learning objectives. Therefore, the educational agent must incorporate rigorous task management features
that clearly define and reinforce the objectives and requirements for each CPS phase [10]. This structured approach
will help students adhere to their learning goals and improve overall CPS performance by reducing ambiguity and
enhancing task clarity.

DG2: Diversify Guided Strategies for Enhanced CPS SKkills Effective CPS requires students to engage in
deep, creative, and critical thinking, which is best supported through diverse guided strategies [27, 47]. Our findings
suggest that employing a variety of pedagogical approaches, such as scaffolding techniques, open-ended questioning,
and problem-based learning, can help students develop robust knowledge frameworks and tackle complex problems.
Therefore, the educational agent should be designed to utilize a wide range of guided strategies that are adaptable and
tailored to different problem-solving contexts, ensuring that guidance is dynamic and responsive to students’ evolving
needs.

DG3: Provide Personalize Feedback through Dynamic Student State Students require timely and personalized
feedback throughout their CPS tasks, where they heavily depend on specific, process-oriented guidance [7, 45]. However,
teachers often struggle to provide one-on-one personalized feedback due to time and resource constraints. To address

this need, the educational agent should develop mechanisms that continuously assess and interpret the student’s states,
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enabling the delivery of contextually appropriate and individualized feedback. This approach would enhance the student
learning experience and support their continuous development.

DG4: Encourage Deep Cognitive Engagement and Conceptual Mastery Maintaining student motivation during
challenging creative tasks is essential for fostering deep cognitive engagement and achieving conceptual mastery [40, 41].
Research indicates that students benefit from consistent encouragement to engage in critical thinking and reflective
practices. Therefore, the educational agent should be designed to actively promote deep cognitive engagement by
encouraging continuous reflection and critical analysis, guiding students to internalize and effectively apply CPS
methodologies. This would help sustain interest, foster deeper understanding, and enhance long-term retention of
concepts.

DGS5: Integrate Empathetic Interactions to Foster Emotional Engagement Maintaining student motivation and
emotional well-being is crucial, particularly during prolonged creative tasks where frustration and disengagement can
occur [30]. Studies show that students benefit from empathetic support that addresses both their emotional and academic
needs. To create a supportive learning environment, the educational agent should incorporate emotionally intelligent
responses that simulate human-like empathy, helping to nurture both the student’s emotional resilience and academic
success. These design goals, grounded in research findings, provide a comprehensive framework for developing an
educational agent that effectively supports students in CPS tasks through dynamic, adaptive, and empathetic learning

interventions.

4 THE MENTIGO AGENT SYSTEM

In this section, we present the design of Mentigo, an LLM-based agent framework developed to act as a personalized
mentor for students working on CPS tasks. The system framework (see Fig. 1) comprises three main components: a
database, a controller agent, and a mentor agent. To achieve the first three design goals (DG1-DG3), we collected and
structured data from human mentors, which forms the foundation of the database in three parts: stages, states, and
strategies. This mentor data allows the system to understand different CPS stages, recognize student states, and select
appropriate guidance strategies, ensuring the agent delivers contextually relevant and effective mentoring aligned with
authentic educational practices.

To accomplish the fourth and fifth design goals (DG4-DG5), we designed an agent workflow that integrates both a
controller agent and a mentor agent. The controller agent is responsible for logical decision-making, including matching
CPS stages, student states, and suitable guidance strategies, while the mentor agent focuses on generating empathetic
interactions and controlling emotional expressions to enhance the mentoring experience. By combining the LLM’s
advanced language capabilities with a curated database of human mentoring examples, Mentigo provides structured
guidance, personalized feedback, diverse strategies, and empathetic support, enabling middle school students to navigate
CPS tasks effectively. Finally, we outline the system implementation, including the dataset construction derived from
authentic student-mentor interactions and the technical details that integrate these elements into a cohesive educational

agent framework.

4.1 Mentigo Dataset Construction

This study focuses on extracting student states and mentor guidance strategies from authentic CPS scenarios to inform
the design of our agent system. We conducted two CPS workshops involving 57 middle school students, divided into six
groups per workshop, each guided by one of 12 mentors with backgrounds in education, technological development, or

engineering. These workshops replicated classroom dynamics to capture interactions across the six stages of CPS. A
Manuscript submitted to ACM



8 Zha, et al.

Controller Agent Prompt I I ’ Output

Mentor Agent Prompt

Chat History

[Stage Decision Prompt]

IR (7 oo ﬁl

[Character Prompt]

Proceeding Conditions for each stage

Mentor Agent

[Stage0 Additional Prompt]
LLM

" [Stage1 Additional Prompt]
¢§;

[Stage2 Additional Prompt]

Stage Decision

O B e 3 State Determine
" [Stage3 Additional Prompt]
Get Informations
Strategy Selection get prompt [Stage4 Additional Prompt]

[ update ic Variables get [Stage5 Additional Prompt]
update data

update Stage | | State ||Strategy [Stage6 Additional Prompt]

[State Determine Prompt]

[Strategy Selection Prompt];

Database
® Stage © State @ Strategy
[ Name ] | Description \ [ Example ] | Name ] [ Description ] I Example ] [ Name ] [ Description ] [ Example

g ngn g Srategy Mapping g {

“Name": "Information Collection" "Name": "Misunderstanding of Task", “"name": "Case Guidance and Examples",

"Description: "In this phase, students will collect "Description”: "The student misunderstands the core "description": "Through real-world cases and examples,
relevant background information and data to..." objective..’, help students understand...",

"Example": "Students can measure the amount of "Example": "Student: 'l thought...! TA: 'What do you think..." "example": ["You can refer to environmental...", "Have
unused water in discarded water bottles..." } "strategy": [2,6] } you heard of any successful...", "You can consider similar

methods...", "try to adopt its key steps..."] }

Fig. 1. Framework of Mentigo Agent.The Controller Agent manages the flow of student interactions through three functions: Stage
Decision, State Determine, and Strategy Selection. The Mentor Agent provides tailored feedback and guidance prompts based on
students’ progress. The Database stores information on different Stages, States, and Strategies to support adaptive decision-making,
with all interactions facilitated by an LLM.

total of 80 hours of classroom sessions were recorded, transcribed, and coded, resulting in 1,615 dialogue entries and 747
instances of guidance strategies and student responses. Using established frameworks, we systematically categorized
the student states (e.g., confusion, confidence) and mentor strategies (e.g., probing, encouragement). This coding process
produced a comprehensive dataset that captures the subtleties of real classroom interactions. This dataset serves as
a foundational element for developing our agent system, enabling it to understand various student states and apply

appropriate mentoring strategies. Based on this dataset, we achieve the first three design goals (DG1-DG3) as follows:

4.1.1 [DG1]Ensure Structured Task Management for Clarity and Compliance. To mentor students through
CPS tasks clearly and effectively, the Mentigo system employs a structured task management approach using dynamic
learning phases. The system divides the learning process into six distinct phases: "Problem Discovery," "Information
Collection,’” "Problem Definition," "Solution Ideation," "Solution Evaluation," and "Solution Implementation." Each stage
has clearly defined tasks, descriptions, and expected outcomes managed through a predefined "Stage".

This structure is part of the underlying dataset that supports the controller agent’s logical decision-making. Table 1
provides a comprehensive overview of each phase and its definitions, which serves as the foundation for the system
to manage task progression and ensure that students are guided step-by-step. Grounded in educational theories that
emphasize phased learning for complex tasks, this structured approach helps minimize cognitive overload and ensures
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Table 1. Stages of Creative Problem Solving (CPS)

CPS Stages Definition

Problem Discovery In this stage, students identify potential problems or challenges related to the project theme. Through
observing the campus environment, discussions, or guidance, students can find practical issues worth
attention. The goal of this stage is to help students discover opportunities for improvement related to the
project theme around them.

Information Collection In this stage, students gather relevant background information and data to better understand the problems
they have discovered. They may conduct surveys, collect data, or talk to relevant individuals to obtain
information related to the project theme.

Problem Definition Based on the data and information collected, students define the core problem. This stage helps students
clarify what needs to be solved and ensures they focus on the truly significant challenges.
Solution Ideation Students generate multiple potential solutions through brainstorming and creative thinking. They are

encouraged to propose a variety of innovative ideas, regardless of their initial practicality.

Solution Evaluation In this stage, students evaluate the solutions they have generated and select the most effective and feasible
one. They will consider factors such as feasibility, cost, potential impact, and how to gain more support
and participation for the solution.

Solution Implementation | In this stage, students complete a final implementation plan report, which should include an introduction
to the background of the chosen solution, the conception of the solution, a specific implementation plan,
and potential challenges that may arise during the implementation process.

students gain a thorough understanding of each phase’s objectives. Maintaining focus on learning goals enhances task

compliance and overall student performance.

4.1.2 [DG2]|Diversify Guided Strategies for Enhanced CPS Skills. The system incorporates a range of guided
strategies to provide adaptive learning support and enhance CPS skills. This approach is informed by pedagogical
frameworks such as scaffolding and cognitive tools, which are known to promote deeper engagement and critical
thinking in learners. Using a predefined "Stage," the system dynamically selects appropriate guided strategies based on
students’ cognitive and emotional states, ensuring that the guidance provided is contextually relevant and effective.

To systematically develop a robust set of guided strategies for CPS tasks, we employed a structured coding process
based on authentic classroom interactions. We began by identifying a broad range of potential strategies from recorded
dialogues between mentors and students during various CPS stages. Three researchers independently coded these
dialogues to extract specific mentoring strategies, resulting in 20 distinct guided strategies that reflect the diverse
techniques used by mentors to support student learning. Each strategy was then clearly defined to capture its unique
characteristics and application.

These 20 strategies were subsequently organized into five overarching categories: "Task Planning and Execution,’'
"Creative Thinking Stimulation,’ "In-depth Thinking and Systematic Analysis," "Information Integration and Resource
Support,” and "Emotional Support and Motivation" This categorization provides a comprehensive framework for
understanding how different strategies can be applied effectively in CPS contexts. Each strategy was also aligned with
specific student states identified earlier, enabling targeted interventions. The strategy vocabulary was further refined
through feedback from experienced mentors and educational experts to ensure it is practically relevant. The final set of
20 strategies, grouped into five major categories, is detailed in Table 2 and serves as the foundation for developing our
system, allowing it to simulate effective mentoring by dynamically applying strategies based on student states and
learning needs.
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Table 2. Taxonomy of teachers’ strategies for guiding students in CPS

ID Guidance Category Specific Strategy
% Task Planning and Execution Support iiz]]z ;lel;‘;:rl:li ::tnd Allocation
3 Brainstorming Guidance
|4 | Random Association and Creative Stimulation
| 5 | Creative Thinking Stimulation Creative Filtering and Focusing
|6 | Case Guidance and Examples
|7 Challenge Guidance
8 Probing Guidance
BN System Thinking Training
| 10 | Deep Thinking and Systematic Analysis Critical Thinking Practice
|11 | Deep Thinking and Reflection
|12 | Rebuttal and Debate
13 Resource Guidance
| 14 | Content Review
| 15 | Information Integration and Resource Support | Information Collection and Classification
| 16 | Information Integration Guidance
|17 | Scenario Simulation and Feedback
18 Encouragement and Motivation
| 19 | Emotional Support and Motivation Stimulation | Emotional Counseling
| 20 | Immediate Feedback

4.1.3 [DG3]Provide Personalize Feedback through Dynamic Student State. Mentigo continuously monitors
students’ progress to deliver personalized feedback by interpreting real-time inputs related to engagement, performance,
and emotional states. Drawing from our real-world dataset analysis, we identified common student states in CPS
tasks and matched them with appropriate guidance strategies. For instance, if a student is "stuck,’ the system provides
"case-based guidance," whereas for a student "lacking confidence," it offers encouraging feedback.

We developed a comprehensive set of student state codes to analyze learning states in CPS scenarios. The process
began with an initial screening of classroom recordings to identify relevant student states associated with CPS activities.
Three researchers independently coded the dialogues, resulting in 23 specific student states that represent a range of
behaviors and emotional responses during CPS tasks. These states were refined into eight broader categories, such as
"Time Management Challenges" and "Emotional Support Needs," providing a clearer framework for understanding
student engagement.

Each student state is linked to corresponding guidance strategies to address specific needs, making the dataset both
descriptive and actionable. For example, the state "Confused Goals" is associated with strategies like task clarification.
The vocabulary was further refined with input from mentors and educational experts to ensure it captures the full
spectrum of student behaviors. The final dataset, comprising 23 student states categorized into eight major categories
with definitions and associated strategies (see Table 3 for details), serves as a foundation for the agent system to identify

student states and apply the appropriate guidance strategies during CPS activities.

4.2 Mentor Agent Workflow

4.2.1 [DG4]Encourage Deep Cognitive Engagement and Conceptual Mastery. To better manage the CPS process
and counteract the potential instability of large language models, we developed a controller agent that uses structured
outputs to strictly manage three dynamic parameters: stage, state, and strategy. The controller agent operates solely in
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Table 3. Students’ states in CPS and potential teacher guidance strategies

ID Student Status Specific Status Corresponding Guidance Strategies
1 Silent Task Assignment, Restate Task
2 Task/ Goal Goal Unclear Task Assignment, Restate Task, Probing Guidance
3 Definition Unclear Task Misunderstanding Restate Task, Case Guidance and Examples
4 Goal Prioritization Confusion Task Assignment, Restate Task
Poor Ti
5 Time Management oor me Task Assignment, Resource Guidance
Management
and Task - - -
¢ | Breakdown Difficulties No Ideas/Task Brainstorming Guidance, Encouragement
Breakdown Difficulties and Motivation, Immediate Feedback
Creative Flow Selection and Focus,
dom Associati d Creati
7 Lack of Creative Limited Thinking Rz%n om Assoclation and Lreative
and Stimulation, Scenario Simulation
Divergent Thinkin and Scene Feedback, Case Guidance and Examples
verg g Random Association and Creative Stimulation,
8 Insufficient Ideas Encouragement and Motivation,
Deep Thinking and Reflection
Creative Flow Selection and Focus
9 ly Di Thinki ’
Overly Divergent Thinking Refutation and Debate, Systematic Thinking Training
Chall Guid; Systemati
10 Insufficient Shallow Thinking 1 CNBE uldance, Systematc
Thinking Training, Probing Guidance
In-depth — — - -
. . L Critical Thinking Exercises, Refutation and Debate,
11 Thinking and Lack of Critical Thinking s .
Systematic Scenario Simulation and Scene Feedback
. . L Systematic Thinking Training, Deep Thinking
12 Anal Lack of Systematic Think
alysis ack ob vystematic Zhinking and Reflection, Critical Thinking Exercises
. Inadequate Information Information Gathering and Classification,
13 Insufficient . . .
A Collection Resource Guidance, Content Review
Information - - - -
14 Collection Inadequate Information Information Integration Guidance,
. Analysis Skills Refutation and Debate, Case Guidance and Examples
and Integration - - - - -
K Inadequate Information Information Integration Guidance, Systematic
15 Skills . . A . . .
Integration Skills Thinking Training, Probing Guidance
i E 1 itical Thinki
16 Evaluation and Lack of Evaluation Criteria Case 9u1dance and' TP €5, Cr1t1ca. king
.. . Exercises, Deep Thinking and Reflection
Decision-Making - -
. . .. . Resource Guidance, Task Assignment,
17 Difficulties Decision Uncertainty . o .
Systematic Thinking Training
18 Lack of Insufficient Intrinsic Motivation | Encouragement and Motivation, Immediate Feedback
19 Motivation Lack of Confidence Encouragement apd Motivation, Emotional
and Confidence Support, Case Guidance and Examples
20 Learning Fatigue Encouragement and Motivation, Emotional Support
21 Fatigue/ Burnout/ Low Mood Encouragement and Motivation, Emotional Support
Negative Emotions . . Intergroup Encouragement,
22 fl A
Conflicts Arising Role Guidance, Immediate Feedback
N 1P
23 or'ma rog'ress:/ Encouragement and Motivation, Immediate Feedback
Active Questioning

11

a decision-making capacity without direct interaction with users, ensuring consistency and clarity in guiding students

through each phase of the CPS process.

The system begins by prompting the large model for a "stage decision" after each dialogue round. Each stage has

strict criteria that must be met (see Fig. 2, Stage Decision Prompt), and only when all requirements are fulfilled can

the process advance to the next stage (stage +1). Otherwise, the process remains in the current stage, and the "stage"
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parameter is updated accordingly. This method ensures that students fully comprehend each phase’s requirements
before moving forward.

Simultaneously, the system determines the "student state" by analyzing real-time inputs. If the stage advances, the
state is updated to “stage start” If not, the system provides the model with possible student states, their definitions, and
the chat history to assess the student’s current state(s), excluding “stage start” and “quiet” states. The "quiet" state is
a special condition triggered by inactivity (e.g., no user input for one minute) to encourage proactive guidance. The
updated "state" parameter list is then used to identify which strategies are most suitable for the student’s current
situation.

Once the stage and state parameters are updated based on the current dialogue, the system maps each state to
corresponding guidance strategies. The model autonomously determines which student state requires immediate
attention and selects the most appropriate strategy for that state. This process results in a dynamically chosen "strategy"
that promotes deep cognitive engagement and supports students in mastering CPS concepts. This adaptive approach,
grounded in real-time assessment and structured prompts, ensures that the agent remains responsive to individual

student needs and provides targeted, context-aware guidance.

Controller Agent Prompts

[Stage Decision Prompt] Controller Agent Pipeline
"Stage 0" "Stage 1" "Stage 2" "Stage 3" "Stage 4" "Stage 5" "Stage 6" User Input
Once you've In the "Problem Discovery"  In the "Information In the "Problem In the "Solution In the "Solution In the "Solution c LSt
collected the  Phase, the student cannot  Collection” phase, the  Definition” phase, the  Ideation” phase, the  Evaluation” phase, the Implementation” phase,
student's proceed if: student proceed if: student proceed if: student proceedif:  studentproceedif:  the student proceed if:
information... (1) Fewer than 3-5relevant (1) Completed relevant (1) Submitted one (1) Proposed three (1) Evaluated the (1) Complete Next Stage
problems are submitted.  information search....  problem statement...  feasible .. three solutions ... implementation plan ... Informations
(2) Problem statements lack  (2) Written a status (2The statement (2) Each solution (2) The reportmust  (2) The reportincludes
scenario, subject, or ... report on the... includes scenario... includes ... include at least .. background on the ...

Stage Decision
Currently in phase:| Stage.Name |The current phase is defined as| Stage.D b are| Stage.Example proceed?
The next phase is| (Stage+1).Name |, defined as| (Stage+1).Description |, are [ (Stage+1).Example |

Based on the dialogue information, determine whether to proceed to the next phase. If staying in the current phase, set the output parameter to {stage};

otherwise, set the output parameter to {stage+1}.

[State Determine Prompt]

If not moving to the next phase, the student's status may be:
The student's previous status list is | State |. Remove all ‘0" and 1, and based on the new dialogue record, update and output the student's status list state. —
If moving to the next phase, the student's status will be "start," and update and output the student's status list as state=[0].

All State
Informations

Prompt
State Determine

Update

mapping

Strategy Selection

Update

[Strategy Selection Prompt]

Prompt

The current student statuses and corresponding strategies are as follows: | State.Name | | stat ing | [ Strategy.name | [strategy.D
Based on the dialogue information, output the most urgent problem ID as urge_state and the corresponding best strategy ID as strategy

Fig. 2. Prompts for Controller Agent

4.2.2 [DG5]Integrate Empathetic Interactions to Foster Emotional Engagement. To enhance emotional engage-
ment and create a more supportive learning environment, we designed a mentor agent specifically to guide students
empathetically through their CPS tasks, as shown in Fig. 3. The mentor agent is structured around two key components:
the "character prompt" and the "additional prompt for each step." The "character prompt" defines the mentor agent’s

overall persona, tone, and communication style, providing a consistent framework for interaction that is input into the
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system at every dialogue round. This persona is designed to be approachable, supportive, and motivational, creating a
positive emotional connection with the student.

The "additional prompt for each step” serves as a supplementary guide tailored to each phase of the CPS process,
offering more specific instructions and examples that align with the current stage’s objectives. These prompts help the
mentor agent provide relevant and context-aware guidance that encourages students to stay engaged, reflect deeply,
and think critically about their tasks. By adjusting the prompts according to the requirements of each phase, the system
ensures that the mentoring is both effective and aligned with pedagogical goals.

Moreover, we aim for Mentigo to dynamically adjust its guidance strategies based on the student’s evolving states,
as determined by the Controller Agent. Using the parameters provided by the Controller Agent—such as the current
stage, student state, and chosen strategy—the system accesses the database to retrieve appropriate strategies and
example dialogues. These examples are crafted to make the mentor agent’s responses more precise, concise, and natural,
mirroring how a human mentor would communicate. All relevant information is then input into the mentor agent,
which synthesizes this data to generate the final output, ensuring that each interaction is empathetic and tailored to the
student’s immediate needs. This design allows the mentor agent to not only guide students effectively but also to build

an emotional rapport that fosters deeper engagement and motivation throughout the learning process.

Mentor Agent Prompts

[Character Prompt] [Additional Prompt for each stage]
[Stage 0] [Stage 1] [Stage 2] [Stage 3] [Stage 4] [Stage 5] [Stage 6]

YYou are Mentigo, a In the "Problem In the "Information In the "Problem In the "Solution In the "Solution In the "Solution

professional, patient, Discovery" phase, Collection" phase, Definition" phase, Ideation" phase, jon" phase, ion" phase,
and creative mentor. Askif >tog

Your role involves the student has any g identify 3-5 :students skgoal: students need || (1) the task [{] thetask || (1) the task
il e e el [ L o e il P
students through knowledge or project || g, o1y isqie must be their proposed solve based on the ECHENTECIENE || CrEreni=iEs Sompletig the e
problem-solving...... | €xperience. clearly statedinone.... || questions and write questions and..... SRR solutions....... e

[Providing Informations Prompt]

Please resolve the student's state problem: . Use the strategy: I Strategy.Name I l Strategy.Description l . The language style example is as follows: | Strategy.Example

Fig. 3. Prompts for Mentor Agent

4.3 System Implementation

4.3.1 Dataset Construction. From the 80 hours of classroom recordings involving 57 middle school students and
12 mentors across two workshops, we constructed a comprehensive dataset of 2,362 interaction sequences between
students and mentors. These interactions were carefully coded into 23 specific student states, grouped under eight
categories, and 20 mentor strategies, categorized under five guidance categories.

The dataset captures the dynamic nature of real-world classroom interactions, reflecting the diverse states of students
and the adaptive strategies used by mentors. For instance, when a student shows confusion about a task’s goals, a
mentor might respond by restating the task and providing role guidance. Such examples demonstrate the variability
and contextual nuances in student-mentor dialogues, providing valuable data for simulating effective CPS guidance.

To train a robust classification model for the Mentigo agent, we expanded our dataset by involving additional
educational experts to annotate the data. This process ensured consistency and reliability, with each dialogue segment—be
it a student query, response, or mentor guidance—being carefully reviewed and annotated for accuracy. Each of the
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23 student states and 20 mentor strategies was validated multiple times across various scenarios to capture a broad
spectrum of classroom interactions. This extensive annotation process enhances the dataset’s diversity and adaptability,
enabling the Mentigo system to effectively handle different classroom situations and provide tailored guidance in
real-time.

In summary, the constructed dataset of 2,362 interaction sequences, with detailed annotations for student states and
mentor strategies, forms the foundation for developing a data-driven agent. This dataset equips the agent to dynamically

recognize and respond to different learning states and instructional needs in CPS environments.

4.3.2  Technical Implementation Details. Our system utilizes the Streamlit framework, enabling rapid development of
interactive web applications directly from Python scripts. We chose Streamlit for its ability to integrate frontend and
backend development, simplifying our workflow.

Data management is handled through Google Sheets, serving as a serverless backend for storing user information,
conversation logs, and other crit