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Abstract: Peer reflection is a crucial process that enhances learning effectiveness and
encourages the review of thoughts and actions. This study introduced peer reflection
into a multi-agent discussion system utilizing Large Language Models (LLMs) and
quantitatively and qualitatively evaluated its effects based on changes in utterance
volume and content. Four agents, each with distinct individual characteristics, engaged
in peer reflection after an initial discussion and then participated in a subsequent
discussion. The results showed variability in the improvement of both utterance quality
and quantity during the latter discussion. These findings suggest that peer reflection
has the potential to vitalize discussions and enhance learning effectiveness in
educational dialogue environments that employ LLMs.
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1. Introduction

In contemporary education, collaborative learning is considered essential for enhancing
learning outcomes. Topping et al. (2007) have demonstrated that collaborative learning offers
diverse perspectives and enhances problem-solving and communication skills. Peer reflection
within groups is also recognized as an important process through which learners integrate
others’ opinions and revise their own thinking, thereby contributing to improved learning
outcomes (Li et al., 2010). Furthermore, Liang et al. (2024) suggest that automated discussion
systems powered by large language models (LLMs) can facilitate more balanced interactions
among agents. Building on these findings, this study incorporated peer reflection into
discussions among LLM agents with distinct conversational characteristics and analyzed
changes in both the volume and content of their utterances. The goal of this study is to
investigate the effects of peer reflection on each agent’s discussion behavior and learning-
related outcomes, and to explore its potential applicability to educational practice.

2. Methods

In this study, we constructed a discussion system consisting of four types of agents using
Autogen (Wu et al., 2023) and conducted a total of 121 discussion sessions. The agents
used in the discussions were of four distinct types: Logical, Emotional, Slacker, and Critic,
each with unique characteristics (Table 1). These four agent profiles were selected based on
the participant role typology proposed by Zhang et al. (2016) in their study on group
discussions. Zhang et al. demonstrated that participants in real discussions typically assume
various roles, such as providing logical proposals (information providers and opinion
contributors), facilitating group atmosphere (followers and gatekeepers), offering critical
perspectives (opponents), and participating passively (low-engagement participants). These
roles have been shown to significantly influence communication skills and the overall quality
of discussions.

The discussions were conducted in a turn-based format, where each agent took turns
speaking, followed by a peer reflection phase (Table 2). The peer reflection framework



combined self-evaluation and peer feedback, and was designed with reference to the
approach of Abraham et al. (2024).

Table 1 Agent prompts
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Figure 1: Flow of Discussion

Table 2 Reflection prompt

Item Prompt

1. Role Declaration Before speaking, please identify your role: the Logical Thinker, the Emotional Thinker, the Slacker, or the Contrarian.

2. Strengths of Self and Others |Describe the strengths in the statements made by yourself and the other debaters. Explain what was particularly good, providing specific examples.

3. Weaknesses of Self and . . . .
Identify areas for improvement in the statements made by yourself and the other debaters. Clearly explain what was lacking or problematic, and in which parts.

Others
4. Suggestions for Improvement|Suggest what each debater should work on in the next debate. Offer advice on how their behavior or statements could be improved to enhance the discussion.
5.Debater Ranking At the end, evaluate the other three debaters and rank them. Consider who made the most compelling arguments and presented the best opinions.

* Amount of Speech You are free to decide how much you want to say. When giving evaluations or feedback, express your thoughts openly and in as much detail as you like.

3. Results
3.1 Changes in the amount of utterances before and after reflection

Farrow et al. have shown that the amount of utterances (e.g., number of words or sentences)
correlates with the depth of thinking and the degree of engagement (Farrow et al., 2020).
Based on this insight, our study also considered changes in the amount of utterances as an
important indicator, and we analyzed the differences in utterance volume before and after the
reflection phase. Specifically, we extracted the number of words spoken before and after
reflection in discussions that included a reflection phase and conducted a paired t-test to
examine changes.

As a result, a significant increase in the amount of utterances was observed for all agent
types after reflection (Table 3). This increase was especially notable for the Slacker and Critic
agents, with medium to large effect sizes (Cohen’s d = 0.79 and 0.98, respectively). While the
Logical and Emotional agents also showed increased utterance volume, their effect sizes were
somewhat smaller in comparison.

3.2 Changes in Utterance Content Before and After Reflection

To analyze changes in utterance content, we conducted a qualitative evaluation of
discussion logs before and after reflection. For this evaluation, we used a rubric translated
and adapted by the present authors based on the evaluative framework proposed by Cui et
al. (2024). Cui et al.’s original rubric comprehensively covers five aspects of critical thinking:
analysis, comparison, evaluation, reasoning, and integration. In this study, the rubric was
revised to improve clarity and accessibility for Japanese-speaking students, eliminating
ambiguous terms to enable evaluation closely aligned with utterance content.

To examine the rubric’s validity and feasibility, the authors conducted a pilot evaluation
using several sessions of utterance logs, identifying differences in interpretation and
operational concerns. Based on insights from this pilot, the evaluation items were further
specified and procedures for comment writing were finalized.

Subsequently, six fourth-year undergraduate students from the authors’ faculty
participated in the full evaluation. Prior to scoring, evaluators aligned their understanding by
jointly reviewing and discussing the rubric and its criteria. They then assigned one of three
ratings—Low (1 point), Middle (2 points), or High (3 points)—to each utterance in each of the



five categories (analysis, comparison, evaluation, reasoning, integration), covering a total of
3,872 utterances from all agents. To justify their ratings, evaluators were required to cite
relevant utterance segments and provide explanatory comments.

The collected evaluation data were quantified, and changes in scores before and after
reflection were compared by agent type (Logical, Emotional, Critic, Slacker) and evaluation
category. The Wilcoxon signed-rank test was used to assess whether statistically significant
differences existed between the two paired measurement points. Statistical significance was
set at p < .05. When significant differences were found, the direction of change (i.e.,
improvement or decline) was assessed based on differences in mean scores.

As a result of analyzing changes in utterance content before and after reflection, differing
learning effects were confirmed depending on the agent type (Table 6). The Slacker agent
showed significant changes across four categories—analysis, comparison, evaluation, and
reasoning—with moderate effect sizes (r = .40 to .46). The Critic agent similarly exhibited
significant changes in the same four categories, showing relatively consistent improvement
(r=.2042 to .3014). The Logical agent showed significant changes in three categories—
comparison, evaluation, and reasoning, though with slightly smaller effect sizes compared to
the Slacker agent. The Emotional agent showed a small but significant change only in the
reasoning category (r = .1845). Notably, no significant improvement was observed in the
integration category for any agent.

Table 3: Change in the Amount of Statements Table 4: Results of Wilcoxon
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Inference 121 108.50 4.60** 4.18e-06 042 0.31 Yes
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Critic Evaluation 121 282.00 2.25* 2.46e-02 0.20 017 Yes
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Table 5: Critic Agent's Statements and Evaluation Comments
Statement Under Evaluation Category Code Evaluation Reason

"Listening to the opinions of the other agents, | notice] The Rebuttal Maniac attempts to analyze the negative aspects of an emotional approach stating that "rules, far from

several fundamental misunderstandings and strengthening emotional connections, might conversely generate conflicting values and pressure." They also try to grasp

contradictions as they emphasize the importance of potential problems with the Slacker's opinion, noting that its "lightness might ultimately diminish the dynamic vitality of
rules. The Emotionalist positions rule-making as a the team." Furthermore, they question whether clear guidelines truly foster creativity, suggesting that the strictness of
‘foundation for human relationships,' but if it's merely rules could pose a danger. While these analyses are deeper than superficial understanding, they don't fully delve into
a set of regulations, its influence is highly likely to the root causes or more complex structures behind each problem

backfire. In other words, rules, far from strengthening
emotional connections, might conversely generate

Analysis AM

conflicting values and pressure. The Rebuttal Maniac presents a contrast between an emotionfocused approach and rules as mere regulations, stating,
Regarding the Slacker's opinion, while their "The Emotionalist positions rule-making as a ‘foundation for human relationships,' but if it's merely a set of regulations,
‘easygoing approach' might seem reasonable at first | Compariso cM its influence is highly likely to backfire." They also contrast strict rules with flexible approaches, arguing, "Instead of
glance, its 'lightness' could ultimately diminish the n establishing rigid rules, creating an environment where opinions can be freely exchanged, and where naturally formed
dynamic vitality of the team. A team needs to unite common ideals can truly invigorate the team." While these comparisons attempt to identify similarities and differences
and move forward toward a single goal, and they lack depth, often overlooking subtle nuances or fully exploring the implications of these parallels and divergences.

neglecting rules too much can cause individual

members to lose their sense of responsibility, The Rebuttal Maniac questions the effectiveness of an emotional approach stating, "its influence is highly likely to
uItlmater Ie‘adlng‘to decrelased PrOdUC"V"Y: backfire." They also make a negative judgment on the value of the Slacker's opinion, suggesting that its "lightness might
The LOQ'?a“Sf claims that 'rules do not restrict Evaluation Em Ultimately diminish the dynamic vitality of the team." Regarding the Logicalist's assertion, they point out its limitations
freedom,’ but a question remains: can creativity truly and evaluate its effectiveness, posing the question, "does merely setting clear guidelines truly promote creativity?"

be promoted simply by setting clear guidelines? However, these evaluations are somewhat biased towards a critical perspective and don't sufficiently consider the

While some structural guidelines may be necessary, potential strengths of each opinion or alternative interpretations
if they become too rigid, members might find

themselves adhering to 'the rules themselves' as the
sole objective. This could ultimately lead to a loss of
individual leadership and uniqueness, reducing them
to a standardized existence. Inference ™M
Overall, it can be said that rules themselves are not
the complete answer. In creating rules, it is
necessary to strike a balance that respects individual
creativity and freedom while also focusing on
emotions and communication throughout the process|
To achieve this, a flexible approach that goes

beyond conventional frameworks is required. That is
to say, instead of establishing rigid rules, | believe
that building an environment where opinions can be
freely exchanged, and where naturally formed
common ideals can truly invigorate the team.”

The statement, "rules, far from strengthening emotional connections, might conversely generate conflicting values and
pressure," infers the possibility of negative effects from emotion-focused rules. Additionally, the remark, "overly
downplaying rules could lead to individual members losing their sense of responsibility and consequently, a decrease in
productivity," logically deduces the outcomes of neglecting rules. These inferences demonstrate a deeper level of
reasoning than basic levels, but they may contain minor logical flaws (e.g., rules don't always create pressure), rely on
implicit assumptions, or lack a complete connection to all relevant evidence.

The Rebuttal Maniac acknowledges the need to integrate diverse opinions stating, "While acknowledging the
importance of each opinion, it's crucial to focus more on their balance. Without an integrated approach that combines
these perspectives, the discussion risks becoming one-sided, potentially hindering the creation of better rules." However,

Integration SL their specific direction for integration remains a repetition of existing concepts such as "a flexible approach beyond
conventional frameworks" or "an environment for free opinion exchange." While effort is shown to connect diverse
information and ideas, it largely remains a mere aggregation of elements, lacking true integration or novelty and failing
to clearly generate "new, consistent opinions or ideas" as concrete solutions.




4. Discussion

The results of this study demonstrate that peer reflection had differential effects depending
on the characteristics of each agent and contributed to both an increase in the amount of
utterances and qualitative improvements in the content of the discussions. In particular, the
most notable improvements were observed in the Slacker agent, which initially exhibited low
engagement, and the Critic agent, which was specialized in providing critical perspectives.

In terms of the amount of utterances, a significant increase was observed across all agent
types. This suggests that peer reflection prompted agents to reflect on their roles and
speaking behaviors, thereby encouraging more active participation in the discussions. For
the Slacker agent, which had previously shown a tendency toward passivity, peer reflection
appears to have led to a reconsideration of "how to contribute to the discussion," resulting in
the identification of new opportunities for participation. In the Critic agent, reflection likely
facilitated a shift from merely offering criticism to making more constructive contributions,
thus enhancing the overall momentum of the discussion.

Regarding the qualitative changes in utterance content, both the Slacker and Critic agents
showed significant improvements across all four categories: analysis, comparison,
evaluation, and reasoning. This suggests that reflection expanded their cognitive frameworks
and encouraged the adoption of more diverse perspectives and logical structures. For the
Slacker agent, peer reflection seemed to function as a “guide to participation,” supporting the
development of fundamental discussion skills. Similarly, for the Critic agent, reflection
appeared to encourage a shift from simply presenting opposing views to providing more
analytical and evaluative contributions.

In contrast, the Logical agent exhibited moderate improvements in comparison,
evaluation, and reasoning categories; however, the effect sizes were relatively small. This is
likely since the Logical agent already demonstrated a high level of logical discourse, leaving
limited room for further improvement through reflection. The Emotional agent showed only
slight improvement in the reasoning category, which can be attributed to its conversational
style that focuses on emotional support and relationship maintenance, rather than logical
reasoning — an intentional design choice in the prompt used for this agent.

5. Conclusion

In this study, we examined how peer reflection influences the quality of discussions among
four types of agents with different characteristics (Logical, Emotional, Critic, Slacker) within a
multi-agent discussion system built using Autogen. The results showed that peer reflection
contributed to an overall increase in the volume of utterances and improvements in the
quality of content; however, the degree of these effects varied depending on the
characteristics of each agent. Notably, significant improvements were observed in the
Slacker agents, who had previously shown low participation, and the Critic agents, who had
contributed primarily through critical perspectives. These findings suggest that peer
reflection supported agents’ awareness of their roles and fostered behavioral changes.

Furthermore, this multi-agent simulation was intentionally designed to reflect human
collaborative learning environments. Specifically, the agent characteristics used in this
study—such as varying levels of participation (active/passive) and communicative stance
(critical/lemotional)—were modeled after actual learner behavior patterns as described by
Zhang et al. (2016). The dynamics of the simulated discussions therefore have parallels to
real-world collaborative learning interactions. Based on this, we believe that the insights
gained from this LLM-based simulation—particularly the positive effects of peer reflection on
utterance behavior and participation style—may also prove beneficial in human collaborative
learning contexts.

Additionally, multi-agent simulations using LLMs offer methodological advantages by
allowing detailed visualization and manipulation of collaborative learning processes and role-
based interactions. As such, this approach shows promise as a new tool for supporting the
understanding and design of effective collaborative learning environments. The results of
this study provide some degree of support for the methodological validity of this simulation-
based approach. However, because the findings are based solely on discussions among
LLM agents, they may not be directly generalizable to human learners. Therefore, future



work should empirically validate these insights and their educational impact in hybrid
discussion settings involving both human learners and LLM agents.

Through such empirical investigations, we aim to contribute to the design of new
collaborative learning environments where LLM agents and human learners mutually
enhance each other’s learning.

6. Limitations and Future Work

First, the findings are based solely on simulations involving LLM agents, which limit their
generalizability to human learners. Although the agent roles were modeled after real learner
behaviors, actual human interactions involve more complex and unpredictable dynamics.

Second, the reflection prompts may not have been sufficiently tailored to stimulate higher-
order thinking. As noted earlier, no significant improvement was observed in the “integration”
category, possibly due to the lack of explicit prompts encouraging metacognitive reflection or
synthesis of diverse perspectives.

Third, while the rubric-based evaluation provided structured insights into utterance quality,
it relied on subjective judgments by student raters. Although training was conducted to
ensure consistency, some variation in interpretation may have affected scoring reliability.

Finally, the discussion format was strictly turn-based, which does not fully capture the
spontaneous, overlapping, and context-sensitive nature of real-time collaborative dialogue.
This structural constraint may have influenced the expression of certain communicative
behaviors.
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