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Abstract: This study designed and developed a multi-agent system for teacher
learning in AIED ethics, grounded in experiential learning theory. The system
structures teachers’ learning as a cyclical process of concrete experience, reflective
observation, abstract conceptualization, and active experimentation through the
collaboration of five agents. This study proposed a contextualized, interactive, and
reflective approach to AIED ethics learning and offers practical implications for the
design and application of multi-agent systems in teacher professional learning.
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1. Introduction

The rapid development of artificial intelligence in education (AIED) is reshaping teaching,
learning, and educational management. On one hand, AI can support personalized learning,
enhance teachers’ efficiency, and automate certain administrative and procedural tasks (Ocak
& Caskurlu, 2026). On the other hand, the growing integration of emerging AI technologies
into educational practice has raised concerns, regarding data privacy, algorithmic bias,
academic integrity, and learner agency (Abuadas & Albikawi, 2026; Dharmapatni et al., 2026).
Given their roles as key decision-makers in AIED practice, teachers’ awareness and
knowledge of AIED ethics have attracted increasing attention. UNESCO's (2024) AI
Competency Framework for Teachers identified AI ethics as an important component of
teachers’ AI competencies, while Ministry of Education of Singapore (2025) highlighted
Agency, Inclusivity, Fairness, and Safety (AIFS) as four key dimensions of ethical AI use in
educational practice. Teachers’ professional preparedness extends beyond technical
competence to encompass the ability to identify, analyze, and address ethical issues arising
from AI in specific educational contexts (Firdian, 2026).

Recent research has focused on the ethical issues associated with teachers’ use of AI
in educational practice. Ho & Lee (2025) found that teachers’ understanding of AI ethics
evolved from an initial focus on functionality and efficiency to recognition of ethical concerns,
followed by reflection, reassessment, and adjustments in practice. Teachers gradually
became aware of the ethical implications of AI use as issues such as student over-reliance,
content bias, and privacy breaches emerged in practice. Similarly, Dharmapatni et al. (2026)
found that although secondary school English teachers reported relatively high self-efficacy in
using AI, they still struggled to identify AI misuse and assess the authenticity of students’
writing. Ocak & Caskurlu (2026) likewise found that teachers with limited foundational
technological knowledge often struggled to understand how human decisions influence AI
systems and their outcomes. These studies suggest that the ethical issues teachers
encounter in AI use are complex and context-dependent, and that their ethical judgments
develop through engagement with specific issues and subsequent reflection.

Existing research on AIED and teacher professional development has provided limited
support for teachers in addressing ethical issues in practice. A systematic review by Mouta et



al. (2024) found that, although some schools had introduced relevant training, ethical
consideration remained insufficiently addressed. Ma et al. (2025) reported that most
secondary school teachers lacked confidence in teaching AI ethics due to insufficient
systematic ethics education and professional training. They also found that one-off,
technology-oriented training was inadequate to address the complex demands of AIED ethics.
Related research (e.g., Mouta et al., 2025) suggests that teachers need more opportunities to
develop their AIED ethical awareness through practical activities, hands-on experience, and
professional dialogue. Therefore, teachers need contextualized, interactive, and reflective
learning opportunities to identify ethical issues, consider multiple perspectives in authentic
educational contexts, and develop ethical judgments that can inform future practice.

AI-based learning environments offer a promising way to provide such support through
scenario generation, and adaptive feedback. A multi-agent system (MAS) consists of multiple
autonomous agents that can collaborate or compete with one another to jointly accomplish
complex tasks (Janbi et al., 2023). Compared with approaches in which a single agent
primarily delivers knowledge or feedback to learners, multi-agent systems can assign different
agents the roles of teachers, peers, mentors, or other stakeholders, thereby simulating
interaction processes that more closely resemble authentic educational environments. In
recent years, advances in large language models have further strengthened the interaction
and reasoning capabilities of MAS, enabling agents to communicate dynamically through
natural language and to perform functions such as contextual understanding, role-playing, and
feedback generation (Jiang et al., 2025). Ethical issues in AIED often involve multiple values,
while also engaging diverse stakeholders such as teachers, students, school leaders, and
developers. As a result, such issues rarely have a single standard answer. By allowing
different agents to represent different stakeholders, MAS can transform abstract ethical
principles into concrete ethical scenarios, enabling teachers to experience conflicting
perspectives, make ethical judgments, and reflect on their decisions.

However, despite growing attention to AIED ethics, how MAS can be designed to
support teachers in understanding and addressing complex ethical situations, as well as their
actual effects in such learning contexts, remains insufficiently examined (Guo et al., 2024).
Therefore, this study further investigates how experiential learning theory can be integrated
with multi-agent role interaction, contextualized decision-making, feedback, and reflection to
support teachers’ learning of AIED ethics.

2. Design and Implementation of the Multi-Agent System

2.1 design framework

The multi-agent learning design is informed by Kolb's (1984) experiential learning theory
(ELT), which has been widely applied in education. ELT conceptualizes learning as a
continuous four-stage cycle comprising Concrete Experience (CE), Reflective Observation
(RO), Abstract Conceptualization (AC), and Active Experimentation (AE) (Kolb, 1984).
Learners move from concrete experience to reflection, abstract conceptualization, and the
application of newly developed understandings in new situations, forming a continuous
learning cycle. A key emphasis of ELT is the transformation of experience and reflection into
understanding and practice, which aligns well with teachers’ learning about AIED ethics.
Teachers need not only to understand ethical principles but also to identify and reflect on
ethical issues in specific contexts, develop broader ethical understandings, and translate them
into judgments and actions for future educational practice.

Grounded in experiential learning theory, this study developed a
multi-agent-supported learning cycle for teachers’ learning of AIED ethics. The CE stage
emphasizes learning through authentic or realistic situations, enabling teachers to perceive
and form initial judgments about AIED-related ethical issues. The system includes a Scenario
Generation Agent that provides teachers with practice-oriented ethical scenarios to elicit their
initial responses. The RO stage requires learners to revisit prior experiences and examine
relevant issues and implications from multiple perspectives. Accordingly, the study designed



an Ethical Analysis Agent and a Socratic Questioning Agent (Etori & Gini, 2024). The Ethical
Analysis Agent diagnoses teachers’ responses, while the Socratic Questioning Agent uses
reflective questions to deepen their examination of their own judgments. As reflection
deepens, the AC stage requires teachers to move beyond specific cases and develop broader
ethical understandings, criteria for judgment, and principles for action. Accordingly, there is an
Ethical Conceptualization Agent to help teachers synthesize and generalize their
context-specific reflections. Finally, the AE stage emphasizes applying newly developed
understandings to future practice. Accordingly, the system guides teachers to translate their
ethical understanding into transferable rules or action plans. To ensure alignment between the
learning process and its ethical goals, this study designed an Evidence and Consistency
Monitoring Agent to monitor the quality and consistency of outputs throughout the interaction.

2.2 Ethical Scenario Knowledge Base and Design Goals

Guidance on AI ethics in education is spread across many documents issued by international
organizations and national education authorities, which differ in scope, in level of detail, and at
times in the positions they take. When a large language model answers ethical questions
without reference to such documents, it can produce advice that sounds reasonable but
cannot be traced to a source. A knowledge base of ethical scenarios was therefore built for the
agents to draw on. Taking the Singapore Ministry of Education's AIED Ethics Framework and
its four principles as a starting point, official documents were then collected from UNESCO,
the OECD, the European Commission, and the U.S. Department of Education.

Five design goals were drawn from the knowledge base, each linked to a stage of Kolb's
(1984) experiential learning cycle (see Table 1). DG1 to DG3 and DG5 correspond to successive
stages of the cycle. DG4 applies throughout because every entry carries a chapter and page
reference; the agents can be required to name the passage onwhich a claim rests. This reduces the
risk of fabricated content and leaves authority for ethical claimswith the source document rather than
the model, in line with the human-in-the-loop principle that the documents themselves set out.

Table 1. Design Goals, Their Grounding in the Knowledge Base, and Learning Stages

Design goal Grounding in the knowledge base Stage supported
DG1. Authenticity
of experience

16 workflow-indexed cases documenting
real practice and its attendant risks

Concrete experience

DG2. Structured
interrogation

Guiding questions and the “possible risks”
columns of the use-case tables

Reflective observation

DG3.
Multi-perspectivity

11 principles from four issuing bodies, with
inter-source tensions preserved

Abstract
conceptualization

DG4. Traceability
and oversight

Verbatim excerpts with chapter- and
page-level provenance

Cross-cutting

DG5. Calibrated
progression

Acquire-Deepen-Create levels; 22 AI
literacy competencies

Active experimentation

2.3Multi-Agent Architecture and Workflow

As shown in Fig. 1, the system workflow consists of two main phases. First, during the
Scenario Setup phase, teachers select or enter an educational context and an ethical issue
they wish to explore. Based on this input, the Scenario Generation Agent generates a specific
AIED ethics scenario together with an open-ended question, after which the teacher provides
an initial judgment on the case. Second, during the Interactive Rounds phase, the Ethical
Analysis Agent examines the ethical dimensions already addressed in the teacher’s response
as well as those that may have been overlooked and identifies the focus for subsequent
interaction. Based on this analysis, the Socratic Questioning Agent generates adaptive,
reflective questions that prompt teachers to consider additional stakeholders, potential risks,
value conflicts, and ethical issues that have not yet been sufficiently examined.



After the teacher responds, the Ethical Conceptualization Agent provides a
stage-based summary of the teacher’s reasoning and further supports the transformation of
case-specific judgments into more general ethical principles or transferable guidelines for
action. If important ethical dimensions remain insufficiently explored, the system proceeds to
another round of interaction. Once the teacher has developed a relatively comprehensive
ethical judgment, the system generates a summary and concludes the current learning
process. Meanwhile, the Evidence and Consistency Monitoring Agent check key outputs for
deviations from the scenario, logical inconsistencies, or premature disclosure of answers, but
does not interact directly with the teacher. In this way, the multi-agent coordination mechanism
illustrated in Fig. 1 supports teachers in progressing through a learning process of “concrete
situation–reflection–conceptualization–transfer to action,” rather than having AI directly
provide predetermined ethical conclusions.

Figure 1. Multi-agent Architecture and Workflow for AIED Ethics Learning.

2.4 System Implementation

The multi-agent system was implemented in the Leadership in Artificial Intelligence for
Education course at the National Institute of Education (NIE), Nanyang Technological
University, and was integrated as part of the course activities on AIED ethics. The course is
designed for educational leaders and aims to help learners understand both the potential and
limitations of AI in education, while developing their capacity to select, implement, and lead AI
applications in school contexts. Its content explicitly addresses ethical issues in AIED,
including privacy, bias, transparency, and explainability, as well as trade-offs between system
functionality and ethical use. This provided an instructional context that is closely aligned with
the design goals of the proposed system.

During the course activity, teachers first accessed the system and selected or entered
an educational context and an ethical issue they wished to explore. The system then
generated a corresponding AIED ethics scenario, and teachers were asked to make an initial
judgment about the issue presented in the case and respond to reflective questions over
multiple rounds of dialogue. As the interaction progressed, the system dynamically adjusted
subsequent questions based on teachers’ responses and, at the end of the learning process,
summarized the major ethical concepts and key insights developed during the discussion. The
course implementation was approved by the relevant institutional ethics review process. The
data analysis of the system evaluation is still ongoing.

3 Conclusion

This study designed and implemented a multi-agent system for AIED ethics learning based on
experiential learning theory. Through scenario generation, Socratic questioning, and ethical



conceptualization, the system guides teachers to reflect on concrete cases and gradually
develop transferable ethical understanding. Unlike conversational systems that directly
provide ethical knowledge or predetermined answers, the proposed system positions AI as a
cognitive scaffold for teachers’ ethical learning while retaining active experimentation as a
teacher-driven process, thereby emphasizing teachers’ agency in ethical judgment and
action-oriented decision-making. Future research will combine pre- and post-tests, ethical
scenario tasks, system interaction logs, and interviews to further examine the system’s effects
on teachers’ identification of ethical issues, ethical reasoning, and action-oriented
decision-making, as well as the roles of different agent-based scaffolds in the learning process.
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