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Abstract: This paper presents collaborative concept-mapping tutor (CoCot ver.2), a
collaborative learning support system that integrates concept maps with a
conversational agent. CoCot ver.2 features two agents: a teacher agent and a student
agent. The teacher agent acts as a human instructor, engaging in conversations with
learners, aiding their metacognition, and summarizing the discussion content. The
student agent learns from the learners' concept map creation and generates their own
concept map knowledge. These agents are developed using (1) a cognitive
architecture (ACT-R) for knowledge generation for the agents’ concept map and (2)
GPT 3.5 for part of the language processing for agent-based feedback.
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1. Introduction

Information and artificial intelligence (Al) technologies can be regarded as promising
technology to provide learning support to learners engaged in group work. In addition,
providing learning support based on domain-specific expertise and knowledge processing
similar to that provided by human teachers is expected to enable individualized support for
learners.

The development of learning support systems has been researched extensively,
primarily in the fields of Al and educational engineering (Anderson, et al., 1995; Graesser, et
al., 2005; Azevedo, et al.,2017). For example, Cognitive Tutor (Anderson, et al., 1995) is an
intelligent learning support system that implements the cognitive Adaptive Control of
Thought—Rational (ACT-R) architecture in a learning support system focusing on algebra.
The practical research using this system has been conducted in numerous schools, and its
effectiveness has been demonstrated.

On the other hand, learning support systems that utilize conversational agents for
collaborative learning have also been studies in the past decade. In such studies, there have
been studies that investigate the effectiveness of methods for presenting metacognitive
suggestions using conversational agents whose responses are based on conversation
analysis of collaborative learning activities between humans (Graesser, et al., 2005; Azevedo,
et al.,2017). One attempt to use conversational agents in collaborative learning is to provide
support by intervening as a third party to the learners. Foe example, in our previous study, we
investigated how conversational agents that play different roles impact on explanation
activities (Hayashi, 2019), and utilizing real time gaze feedback with combination of
conversational agents facilitate learning process(Hayashi, 2020). Further, we demonstrated
the usefulness of multimodal data such as gaze facial expression and language can be used
for detecting learner’s interaction process during the use of pedagogical conversational
agent(Hayashi, in press).



However, certain concerns have been raised regarding these support methods. In these
activities, the learners are at the center of the explanatory activity, and the Al tutor intervenes
as a third party. Therefore, if learners ignore the Al tutor's instructions, it results in inadequate
facilitation. This is because most studies on this topic rely on "vertical" facilitation methods
(Hatano & Inagaki, 1991), in which Al systems provides advice unilaterally to the learner.
Therefore, "horizontal" learning support method should be investigated, in which Al systems
participate in the learners' explanatory activities as a member of their group, rather than offer
unidirectional knowledge teaching to learners as a third party.

Then what kind of learning activities can play the role of vertical facilitation? Studies in
learning science has conducted research on learning-by-teaching. This method is designed
where learner plays the role of a teacher at a certain time in the classroom (Hanke, 2012).
The learner in the teacher’s role can present new topics to other learners, lead discussions,
and help them solve their learning tasks. A tutoring system based on leaning by teaching
methods has being developed in the fields in artificial intelligence and intelligent tutoring
systems (Biswas, et al., 2005; Matsuda, et al.,2015). Furthermore, a system has been
proposed that allows learners to teach what they have learned to a knowledge-teaching agent
called Betty in the form of a concept map that mimics a semantic network(Biswas, et al., 2005).
The learner presents a problem to Betty, who solves the problem using reasoning based on
the concept map created by the learner. In turn, the learner gains a deeper understanding of
the concept by reflecting on the concept map created by Betty and modifying the ideas
appropriately. This approach can be interpreted as the "horizontal" mutual learning methods,
because they agent will play the role of human students.

In this paper, we present collaborative concept-mapping tutor (CoCot ver.2) which is
currently under development in our laboratory. This is a learning support system for
collaborative learning incorporating learning support functions that includes both pedagogical
facilitation and teaching knowledge to a virtual student.

2. System: CoCot(Collaborative Concept mapping Tutor)

This section presents the new collaborative learning support system that incorporates both
"vertical" facilitation and "horizontal" mutual learning in collaborative learning situations.

In this system, learners understand concepts through explanatory activities about
psychological concepts with a human partner using concept maps (Shimojo & Hayashi,
2021).In this learning task, pairs of university students engage in mutual explanatory activities
about a specific field's concepts. While conducting these explanations, they can collaboratively
create a concept map to aid in their explanations. Two types of conversational agents with
distinct roles are included in the system for teaching in this task. The first aids metacognitive
facilitation, serving as a teacher agent, and provides vertical support, while the other serves
as a student agent, which learns the contents of the learner's concept map and generates a
new concept map. In other words, the student agent teaches the learner how to create a
concept map by example, and the learner learns by observing and referring to the generated
examples (horizontal support).

CoCot ver.2, the learning method proposed in this study, is an intelligent learning support
system in which an agent provides support in the form of reflections, while a pair of learners
proactively perform explanation activities using concept maps. In this system, learners create
concept maps with their collaborators while conversing with them via text chat. The
conversational agent monitors the learners' concept maps and the contents of their
conversation and provides advice and examples of concept maps to the learners based on (1)
knowledge inference using cognitive architecture and (2) language analysis and sentence
generation using large language models (LLMs). Learner in pairs is then presented with advice
and concept map examples, and reflection on these facilitates their learning activities. The
system communicates with a server, a client, and two agents and includes the following six
main modules:

(1) a server that manages data for map drawing and logging,
(2) a client module that operates on the user side,



(3) a module for drawing concept maps,

(4) an agent that generates prompts,

(5) an agent that cooperates with the LLM (GPT 3.5), and

(6) an agent that cooperates with the cognitive architecture (ACT-R).

The system was developed using C# and linked to ACT-R, which is written in LISP
language, using socket communication. Declarative knowledge implemented in the ACT-R
was based on our previous study by Hayashi and Shimojo(2022).

As the next step, we plan to conduct empirical experiments using this system to evaluate
its effectiveness.
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