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Abstract. Learning by doing, such as when learners give explanations
to peer learners in collaborative learning, is known to be an effective
strategy for gaining knowledge. This study used two types of facilitation
technology in a simple explanation task to experimentally investigate
those influence on the performance of understanding self’s concept dur-
ing collaborative explanation activity. Dyads were given a topic about
cognitive psychology and were required to use two different theoretical
concepts, each of which was provided separately to one or the other of
them, and explain the topic to each other. Two types of facilitation were
examined: (1) use of a pedagogical conversational agent (PCA) and (2)
visual gaze feedback using eye-track sensing. The PCA was expected
to enable greater support of task-based activity (task-work) and visual
gaze feedback to support learner coordination within the dyads (team-
work). Results show that gaze feedback was effective when there was no
PCA, and the PCA was effective when there was no gaze feedback on
explaining self’s concept. This work provides preliminary implications on
designing collaborative learning technologies using tutoring agents and
sensing technology.
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1 Introduction

Inspired by Vygotsky’s socio-cognitive perspective [27], many socio-
constructivism researchers have analyzed group interactions and investigated the
characteristics of successful and unsuccessful learners in such practices. More-
over, with the emergence of technological innovations such as sensing technol-
ogy and the development of automated systems such as conversational agents,
there have been attempts to design new tutoring systems that enable greater
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support of social learning [12]. In such systems, pedagogical agents can play a
role as a social actor, e.g., a teacher. Sensing technology has been used to detect
users’ mental states and as an awareness tool, to support productive interactions
among students in social learning [4]. The present study focused on collaborative
learning dyads who engage in a concept explanation task and investigated the
relative effectiveness of two technologies for supporting learning performance in
such activities. We conducted a factorial analysis to determine the effects of using
(1) pedagogical agents and (2) gaze-sensing technology for facilitating awareness
of collaborative partners.

1.1 Collaborative Learning and Knowledge Integration

Studies in cognitive science have shown that constructive activities such as self-
explanation are a metacognitive strategy effective over a wide range of task
domains [1,6]. Furthermore, studies in learning science have shown that collab-
orative interaction enables learners to develop conceptual understandings [10],
conceptual changes [22], and higher-level representations [25]. It is also known
that the visualization of a problem from different perspectives can be achieved
via explanation activities [26]. Classroom practices based on these notions, called
“jigsaw learning” [2], are a known technique for facilitating such cognitive pro-
cesses by explanation activities conducted in groups. Scenarios in which one is
required to consider different perspectives may create opportunities to integrate
other knowledge and thus develop a higher, more abstract representation of the
content [22].

Although constructive interactions such as explanation activities in collabo-
rative learning between partners having different knowledge are an ideal strategy
for gaining new knowledge, there are certain aspects related to learners’ cogni-
tion and communication that should be considered when designing collaborative
tutoring systems. As self-explanation studies have shown, unsuccessful learners
fail to develop self-monitoring states [6]. It is important to design tutoring sys-
tems that facilitate such metacognitive activity in learners and enable them to
generate explanations that refine and expand content and problems. Intelligent
tutoring systems (ITSs) have proved effective in facilitating such metacogni-
tion in learner—system interactions [9,19]. Recent studies on ITSs have shown
the effects of teaching via tutoring systems [5], developing conversational agents
that have rich detectors for capturing the learner’s state and that generate facil-
itation prompts [8]. Other studies have investigated the relative effectiveness of
various types of facilitation prompts given by agents in self-regulated learning [3].
The present study will define the activity supported by such tutoring systems is
termed “task-work”.

However, most studies have investigated knowledge development and learn-
ers’ cognitive states through one-to-one interaction with the tutoring system; the
number of studies on learning in multiple parties is relatively small. Additionally,
social science studies focusing on psychological outputs in group-based activi-
ties have pointed out the disadvantages of multi-party learning [15], such as the
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difficulty of developing common ground between learners [7]. Because commu-
nication plays an important role in collaborative problem solving, we consider
communication support to be an important factor in ITS design. We define this
as “team-work”.

1.2 Supporting Task-Work and Team-Work in Collaborative
Learning

Pedagogical Conversational Agent. The emerging technology for developing
pedagogical conversational agents (PCAs) as virtual teachers has become recog-
nized as an effective way to support learners. The use of conversational agents
in collaborative problem solving has been shown to be effective in prompting
achievement of goals [16], providing periodic initiation opportunities [20], col-
laboratively setting subgoals together [11] and showing scripted dialogues to
learners [23]. Several studies have investigated the influence of a PCA’s func-
tional design on knowledge explanation tasks such as providing emotional feed-
back [12], using multiple PCAs upon feedback [13], and using gaze gestures dur-
ing learner—learner interactions [14]. However, these studies found evidence that
learners sometimes ignore or misuse the PCA. Other problems include PCAs’
inability to fully support learner coordination during the activity. It is still not
clearly understood what kinds of technology may facilitate the learning process
when using a PCA.

Visual Gaze and Real-Time Feedback. As mentioned, one of the prob-
lems in collaborative learning on a concept explanation task is the hurdle
of establishing common ground between the learners. Cooperative tasks such
as the speaker’s language expression and the listener’s understanding process
require mutual awareness, prompting the development of awareness tools to sup-
port interaction among students in computer-supported collaborative learning
(CSCL). Recent studies have shown that providing feedback on the visual gaze
of collaborative partners using eye-trackers [17], affording an indication of where
the other learner may be looking in the same computer screen, can facilitate the
achievement of joint attention.

Previous studies in communication [21] suggest that the degree of gaze
recurrence in speaker—listener dyads is correlated with collaborative perfor-
mance such as understanding and establishing common ground, showing that
common knowledge grounding positively influences the coordination of visual
attention. Several studies have investigated the use of visibly showing a part-
ner’s gaze during a distance computer learning task [17]. Dyads collaborated
remotely on a learning task. In one condition, participants were given infor-
mation about the partner’s eye gaze on the screen; in a control group, they
were not. Results showed that real-time mutual gaze perception intervention
helped students achieve a higher quality of collaboration. However, these stud-
ies only investigated effects on the success of group coordination. It is not fully
understood how such technologies can facilitate learning during collaborations
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in which PCAs are guiding the learners. With this in mind, in this study we
took a broader view, focusing on both task-work and team-work simultaneously
to see how the two factors may influence collaborative learning performance.

1.3 Aim of This Study

The aim of this study was to investigate the effect of two technologies on tutoring
systems in peer collaborative learning. It focused on the effects of (1) prompting
metacognitive suggestions using PCAs and (2) enhancing peer learners’ aware-
ness by providing their gaze information. This paper documents the effects on
the learning performance, especially focusing on the learner’s ability to construct
a deeper understanding of self’s knowledge.

2 Method

Eighty Japanese students, all freshman-year psychology majors, participated in
the experiment in exchange for course credit. They are called “learners” and par-
ticipated in dyads. When participants arrived at the experiment room, the exper-
imenter thanked them for their participation. The experimenter gave instructions
for the task, explaining that they would participate in a scientific explanation
task in which they would use technical concepts to explain human mental pro-
cessing. Before the main task, they were given a free-recall test about the con-
cepts in order to ensure that they did not already know the concepts that would
be used in the task. Next, they performed the main explanation task for 10 min.
Then, they took the post-test, which was another free-recall test. Finally, they
were debriefed.

The dyad’s goal was to explain a topic in cognitive science (e.g., human infor-
mation processing in language perception) by using two technical concepts (e.g.,
“top-down processing,” “bottom-up processing”). As in the “jigsaw” method
studied in learning science and popularly used in classrooms for knowledge build-
ing, we set up a scenario in which the learners did not know each other’s concepts.
The experimenter separately provided each of the learners with one of the two
concepts. Thus, to be able to explain the topic using the two concepts, they
needed to exchange their knowledge via explanations.

The first step was for each learner to explain his/her assigned concept to
his/her partner. The concept was provided to the learner before the task began,
and a brief description of the concept was also shown to him/her throughout
the task. On starting the task, the learners were requested to first read the
description and then explain its meaning to their partner. Learners were free to
ask questions and discuss the assigned concept with their partners. After one
learner finished his/her explanation of his/her assigned concept, they switched
roles, and the other learner explained his/her concept. Each learner was also
instructed that he/she would need to explain his/her partner’s concept so they
would both be able to explain the topic using the two technical concepts.
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2.1 Experimental System

The present study used a redeveloped version of a system designed for previ-
ous studies [12-14], which was developed in Java for a server—client network
platform. For this study’s purposes, the system featured (1) a PCA that pro-
vides metacognitive suggestions to facilitate the explanation activities and (2)
real-time feedback on the partner’s visual gaze (gaze feedback). Each learner sat
before a computer display. They were not able to see each other but were able
to communicate with each other orally, and they were instructed to look at the
display while conversing with each other.

Participants’ Screens and Gaze Feedback. To start, the screens simulta-
neously changed to the displays shown in Fig.1. The brief explanation of the
assigned concept was presented on the monitor of the corresponding learner,
and the explanation of the other learner’s concept was covered so they could not
simply read and proceed as individuals.

Partner’s gaze

Brief explanation of concept A Brief explanation of concept B

PCA and
suggestions

Display of learner A Display of learner B

Fig. 1. Example of participants’ screens.

The study used two eye-trackers (Tobii X2-30) for gaze feedback; a program
was developed to show the visual gaze of the partner during the task as a red
square in real time. Since the participants were instructed to begin by reading the
text on their screens, it was expected that while one partner (learner B) explained
his/her concept by looking at the area with the explanation of the concept, the
listener (learner A) would also look at the same area as they proceeded.

PCA. In the center of the screen was an embodied PCA, which included physical
movement upon speech, and a text box underneath for displaying messages. The
experimenter sat to one side in the experiment room and manually signaled
the PCA when to provide the metacognitive suggestions. A signal was issued
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whenever there was a momentary gap during the dyad’s conversation, but no
more than one signal was issued within one minute. A rule-based generator
determined the type of metacognitive suggestion to offer from among five types
based on [12-14].

2.2 Experimental Design

To investigate the effects of the two facilitation methods employed in this study,
we implemented a 2 x 2 experimental design (Table 1), each factor representing
the absence or presence of the corresponding method (PCA or gaze feedback).

Table 1. Experimental conditions and number of participants assigned to each.

Without PCA | With PCA
Without gaze feedback | 20 20
With gaze feedback 20 20

It was expected that the PCA would be effective for task-work and gaze
feedback for awareness of others, thus relating to team-work.

2.3 Data and Analysis

The results to be reported were the effect of the two factors on the dependent
variable, which was the gain score derived from the pre- and post-test scores.
We coded the data collected by the free-recall pre- and post-tests on explain-
ing the topic of the leaner’s self concept. The coding was performed for the
explanation of the concept assigned to the learner himself/herself. The following
points were given for evaluating the performance on understanding self’s con-
cept. (1) 0 points: incorrect, (2) 1 point: naive explanation, but correct, (3) 2
points: concrete explanation based on materials presented, (4) 3 points: concrete
explanation based on materials presented and using examples and metacogni-
tive interpretations. The gain scores used for factorial analysis were calculated
by subtracting the pre-test scores from the post-test scores.

3 Results

A 2x2 between-subject ANOVA was conducted on the gain score. Figure 2 shows
the average gain score for each condition according to the concept explained.
There was a significant interaction between the two factors (F(1,76) =
4.3563,p < .05,7712, = .0542). Further analysis conducted for the simple main
effects shows that the score for the with-gaze-feedback condition was higher
than that for the without-gaze-feedback condition when no PCA was used
(F(1,76) = 7.5622,p < .01,77 = .0905). Additionally, the score for with-PCA
was higher than for without-PCA when learners did not receive visible feedback
about their partners’ gaze (F'(1,76) = 9.4563,p < .01,775 =.1107).
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Fig. 2. Results of the free-recall analysis according to the self’s concept explained. The
error bars represent the SDs.

4 Discussion

The results for the explanation of the self’s concept show an interaction between
the two factors. The results reveal that the visible gaze feedback was effective
when no PCA was presented to the learners. This finding is consistent with
those of previous studies [17,24] even though they used other types of tasks
and other dependent variables. Although gaze feedback is effective for gaining
knowledge through explanation activities, no effect was found for gaze feedback
when the PCA was present. The advantage of using the PCA only appeared
when there was no gaze feedback on this dependent variable. These results are
interesting given the fact that there was no synergistic effect between the two,
but there is also no negative influence. Some participants in the with-PCA /with-
gaze-feedback condition may have paid attention only to the PCA or to the
gaze feedback cues because of their limited attention capability and thus paid
less attention to the other system function. Further investigation of how they
attended to the PCA and the partner’s gaze can provide more details about this
point and remains as a future task. Moreover, performance on explanation of the
learner can be reanalyzed by using coding methods which focus on coordination
and knowledge integration. These are the challenges for the future.

One interesting observation is that the post-test scores were relatively low.
The average post-test scores by condition were without-PCA /without-gaze-
feedback, 1.12; without-PCA /with-gaze-feedback, 1.68; with-PCA /without-
gaze-feedback, 1.92; with-PCA /with-gaze feedback, 1.79. The average score, less
than 2, indicates that many learners used naive explanation strategies. This is
particularly interesting in light of the fact that such tendency was rapidly to
occur when they were giving explanations of their own assigned concept. Such



Gaze Feedback and Pedagogical Suggestions in Collaborative Learning 85

egocentric bias is also seen in collaborative problem-solving tasks in studies in
the field of cognitive science, and they are considered to arise during communi-
cation [18].

5 Conclusion

In collaborative learning, explaining is known to be an effective strategy for
reflecting and gaining knowledge. Incorporating this concept, this study was an
experimental investigation using a simple explanation task in which two learners
having different knowledge were asked to explain a particular topic in cognitive
science. The purpose was to investigate the kinds of technology that might facil-
itate the learners’ gaining of knowledge about learner’s own concept. The study
focused on two types of technology, each designed to facilitate a different aspect
of learning important in collaborative learning, task-work and team-work. The
first was the use of a PCA that provided metacognitive suggestion prompts;
this was expected to facilitate their task-work of explanation activities. The
second was the use of sensing technology showing the partner’s gaze location;
it was expected that such a visual aid would provide a better opportunity to
coordinate and establish common ground. Used together, these two technologies
were expected to facilitate learning performance, which was measured by the
dependent variable, the level of understanding of self’s concepts. The results on
performance of explanation about self’s concept show that gaze feedback was
effective when there was no PCA, and the PCA was effective when there was no
gaze feedback. Analysis based on interaction process related to coordination and
looking at the performance based on knowledge integration should be challenges
for the future work. This work provides preliminary results and contributes to
the development and design of collaborative learning technologies using tutoring
agents and sensing technology.
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