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Abstract: We are developing a learning environment where communication robots play 

critical roles to support pre-service teachers’ active engagement in collaborative learning. 

Robovie-W, a communication robot, was employed as a learning partner in a jigsaw activity. 

Four students in a group with one Robovie-W collaboratively explained their ideas from 

different articles about learning environments, and discussed how to integrate these ideas. Our 

analysis suggests that the effectiveness of robots is influenced by the humans’ expertise in 

collaboration. On the basis of these results, we discuss hypothetical design principles for 

collaborative learning with robots. 

Theoretical Background and Purpose of Research  
 Studies on intelligent agents in learning environments have been gradually making it clear that artificial 

agents can facilitate learners’ active engagement in learning. Following from previous theoretical studies related 

to learning by teaching, Schwartz et al. (2009) discuss how higher levels of metacognitive agency are achieved 

through teaching activities than that through ordinary learning. In the social interaction of teaching others, 

learners are expected to gain a deeper conceptual understanding of study topics as well as metacognition of how 

to learn. Betty’s Brain is a teachable agent-based learning environment for learners to engage in learning by 

teaching an intelligent agent in collaboration with another intelligent agent that acts as a mentor (Biswas, 

Katzlberger, Bransford, & Schwartz, 2001; Biswas, Leelawong, Schwartz, & Vye, 2005; Blair, Schwartz, 

Biswas, & Leelawong, in press; Chin et al., in press). Four core design principles have been identified for 

effectively facilitating learners’ interactions with agents in the environment: (1) an explicit and well-structured 

visual representation in agents’ minds is needed, (2) agents should be enabled to take independent actions, (3) 

productive learner behaviors should be modeled, and (4) environments that support teaching interaction should 

be created. Based on these four core design principles of teachable agent-based environments, further studies 

have been conducted to answer several research questions such as how learners manage feedback from agents 

and how learners’ responsiveness is related to their learning and task performance. 

 The study reported here takes a new perspective on learners’ social interaction with artificial and 

intelligent agents. We examine the effectiveness of communication robots—artificial but physical agents—in 

collaborative learning (Miyake, Ishiguro, Kanda, & Shirouzu, 2011). Collaborative learning has been practiced 

widely in the community of learning scientists, producing relatively small to profound changes in the quality of 

learning achievements (Bransford, Brown, & Cocking, 1999; Sawyer, 2006). To improve the design of such 

practices within a wider variety of cultural settings, stronger scientific evidence is needed for such success, as 

well as a more precise explanation of the mechanisms of how and why it works (c.f., Miyake, 2008). One 

motivation for proceeding in this direction is the need to obtain a stronger set of evidence for the power of a 

collaborative, learner-centered orientation in education, in order to work effectively with policy makers.  

 Human–robot interaction research has been actively conducted for years in robotics engineering (e.g., 

Goodrich & Schultz, 2007), and androids have been developed to communicate with humans in a variety of 

everyday settings. In our view, robots can play two roles that allow us to conduct more powerful research on 

collaborative learning: assisting collaborative learning and assessing the processes involved in such learning. As 

a learning partner, robots can present prepared explanations to their human partners, comment on others’ ideas, 

and exchange questions and answers, at least to the extent that those exchanges could be either prepared prior to 

the classes or provided by human operators. As a research partner, robots can run a controlled experiment 

during a collaborative learning process in a classroom setting. One example of such an experiment is to have a 

robot in each discussion group and to have it deliver the same information to different groups, so that we can 

explore the effects of a particular discourse in collaboration. 

 Funded by the Ministry of Education, Culture, Sports, Science and Technology (MEXT), Japan, this 

study was conducted as a part of a collaborative research project in which robotics engineering researchers, 

cognitive scientists, and learning scientists work toward the goal of articulating core design principles for 

effective collaborative learning supported by artificial agents. 
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Research Design 

Context 
We implemented communication robots as learning partners in a summer intensive course “curriculum 

and instruction” in the teacher certificate program at a Japanese public university. In the year of the study, 

twelve students from engineering and informatics department took the course. They were required to participate 

in the course as groups in which they discussed their ideas related to the course content and constructed their 

shared understanding of the learning environment (Bransford et al., 1999) and its application to classroom 

practices. This study was conducted in the first module of the course (the first one and a half day). In the first 

module, students were involved in collaborative reading comprehension activities in which they were expected 

to construct their conceptual understanding through explaining their responsible articles to one another and 

integrating ideas from different articles. 

Collaborative Reading Comprehension in a Jigsaw Activity 
 Collaborative reading comprehension is an activity structure based on Jigsaw method for learners to 

deeply engage in their collaborative knowledge building based on their understanding of multiple document 

resources (Oshima & Oshima, 2011). In this study, students were first placed in expert groups. In each expert 

group, three students collaboratively read and constructed their understanding of a different article that they 

would explain to others afterward in jigsaw groups. We implemented the reciprocal teaching approach (Brown 

& Palincsar, 1989; Miyake & Shirouzu, 2006) for their collaborative reading such that each student took 

different roles and was in charge of different sections of the article. Through their collaboration, each student 

produced a summary in our prepared Microsoft Word template that was used as a handout for the explanation in 

jigsaw groups.  

 

 
 

Figure 1. Participatory Structure of the Jigsaw Activity for Collaborative Reading Comprehension (left) and  

Jigsaw Group Activity with Robovie-W (right). 

 

 Three jigsaw groups were then formed consisting of one student from each expert group and one 

communication robot. Students in the jigsaw groups worked to integrate ideas from five different articles 

explained by the responsible students and a robot (see Figure 1). Communication robots were in charge of 

explaining article #3. After discussing the five articles, the students reported how ideas from the articles were 

related to one another and interpreted them with reference to the basic framework of learning environments in a 

CSCL system. 

Communication Robots as Learning Partners 
 Robovie-W, a communication robot, was developed at ATR, Japan. Robovie-W was placed on the desk 

and remotely operated by teaching assistants. Robovie-W could communicate with students in the following 

ways. First, it could speak a pre-set script to explain the article for which it was responsible (#3). The script was 

written by the first author and Robovie-W spoke the script by dividing it into three segments. Second, it could 

speak what the operators typed on their laptop computers at the time. After speaking each segment of the script, 

Robovie-W asked students whether they had questions about its explanation. Several scripts for answering 

predictable questions such as the meaning of specific terms in the explanation were prepared beforehand. 

However, when students asked questions for which we had not prepared answering scripts, operators who had 

taken the course before gave their opinion or prompted students to ask the instructor (e.g., “That’s a good but 

difficult question. Why don’t we ask Prof. O about it?”). Third, Robovie-W could move his head and arms to 

provide nonverbal signs to students, such as moving its face toward students who were speaking (see Figure 1). 
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 We explored human–robot interaction in the setting of collaborative reading comprehension based on 

video-recordings of students’ collaborative activities, their note-taking activities on handouts, and written 

discourse on the CSCL environment. By examining each student’s expertise in collaboration (explaining and 

listening), we attempted to characterize each group activity and identify the effectiveness of Robovie-W as a 

learning partner. 

Results and Discussion 
 For examining how the implemented communication robots influence students’ collaboration in the 

collaborative reading comprehension, we conducted two exploratory analyses: (1) the comparison of students’ 

use of understanding from explanations by humans and a robot; and (2) dynamics of collaboration based on 

individual differences in learners’ expertise as explainer and listener. 

Collaboration with a Human vs. Collaboration with a Communication Robot 
 For evaluating the effectiveness of learners’ collaboration with communication robots, the quality of 

written discourse in students’ reports on the CSCL system was analyzed. In their reports, students cited multiple 

articles including article #3 by Robovie-W to explain ideas related to the framework of learning environments 

that they had learned in the brief lecture. The quality of citations was evaluated as being at one of the two 

following levels: (1) citation only, and (2) citation with reasoning. When students cited some segments from the 

article summary but did not add any reasoning of why they thought the cited segments were related to the 

framework of learning environments, their discourse was categorized as “citation only.” If they added some 

reasoning to their citation segments, the discourse was categorized as “citation with reasoning.” A Chi-square 

analysis of the frequencies of citations with different qualities across five articles showed no significant 

differences (
2
 = 0.098, df = 4, p > 0.05), suggesting that students in this study had learned from their 

collaboration with communication robots in the same way as they had from collaborating with their human 

partners (see Table 1). 

 

Table 1: Frequencies of different types of citations in students’ written discourse on a CSCL environment.  

 

 Article #1 Article #2 Article #3 Article #4 Article #5 

Citation Only 16 10 15 22 17 

Citation with 

Reasoning 
14 19 6 14 16 

Dynamics of Collaboration with Communication Robots 
 We attempted to characterize each student’s expertise as explainer or listener in collaborative reading 

comprehension based on her/his behavior during group work. For the purpose of characterization, we referred to 

the theoretical framework of adaptive expertise (Hatano & Inagaki, 1986; Schwartz, Bransford, & Sears, 2005). 

In collaborative reading comprehension, students needed to contribute to constructing their shared 

understanding of ideas from the five articles and further develop their own perspectives on designing learning 

environments. The context required students with adaptive expertise for collaborating with others as an 

explainer and as a listener. 

 We thought that adaptive explainers might engage in cognitive activities to construct their 

understanding from reading their articles (e.g., Pressley & Afflerbach, 1995). In their explanation, they do not 

only discussed the content of their created summary, but also modified their explanations by monitoring 

listeners’ responses and restructuring their scripts. For instance, adaptive explainers repeatedly paraphrase what 

they speak to help listeners understand, elaborate their ideas by monitoring listeners’ understanding, and give 

metacognitive comments to encourage listeners to engage actively in constructing their shared understanding 

with explainers, e.g., instructing listeners to read specific parts in their summary before giving an explanation. 

Routine explainers, on the other hand, only tell their summary. They do not frequently monitor how listeners 

respond to their explanations but instead look at their handouts. 

 We also thought that adaptive listeners might actively participate in construction of shared 

understanding by supporting adaptive explainers’ cognitive activities. They respond to explanations by making 

eye contact with the explainer, nodding or raising their eyebrows in doubt to signal their understanding, and 

taking notes on the handouts being discussed. They further pose questions seeking clarification to their 

explainers, and raise issues for all members to share in constructing their understanding. Thus, adaptive 

listeners make an effort to support their explainers by engaging in collaborative discourse rather than merely 

listening to explainers’ solo discourse. Routine listeners do not frequently express their understanding in a 

manner enabling their explainers to monitor whether their explanations are comprehensible, and are more likely 

to look at their handouts during the explainers’ solo discourse.  
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Based on transcription of video recordings, we coded students’ discourse related cognitive activities 

when explaining their responsible articles: (1) elaboration, (2) paraphrase, and (3) metacognitive comment, and 

evaluated each student’s adaptive expertise of explanation on a continuum from routine to adaptive explainer. 

We also evaluated each student’s expertise of listening by examining her/his behavior to respond to explainer’s 

cognitive activity and identifying use of six different note-taking strategies (i.e., memo, emphasis, drawing, 

underline, box, and arrow). Before coding procedure, we selected one student as the benchmark student. This 

student was deemed to have an ordinary level of collaboration expertise. Then, after coding, we decided the 

other students’ positions on the collaboration expertise matrix in relation to the benchmark student. Our coding 

agreement between the first and the second authors was 90%, and the disagreement was resolved through their 

discussion. We also identified the position of Robovie-W as seen in Figure 2 for the following reasons. First, 

regarding its expertise in explaining, we evaluated it as not adaptive but better than typical routine explainers 

because it provided an appropriate explanation script and asked if human listeners had questions after speaking 

every segment. Second, regarding its expertise in listening, we also evaluated it as not adaptive but slightly 

better than typical routine listeners because it attempted to move its head toward human explainers and make 

eye contact with them. 

 

                                    Group A                                                                           Group B 

 

                                    Group C 

Figure 2. Characterization of Jigsaw Groups Based on Students’ Expertise in Collaboration. 

 

 Our exploratory analysis of students’ expertise in collaboration and their interaction with Robovie-W 

produced the following results. First, as expected, there were a large variety of differences in group 

characterization of collaboration expertise. In Group A the majority of students (three) were identified as 

adaptive explainers and listeners. Group C had the completely opposite characterization. Group B exhibited 

large individual differences. The group differences in characterization gave us an opportunity to examine how 

human collaboration expertise influenced the interaction with artificial agents as learning partners. The style of 

students’ interactions with Robovie-W was quite similar to that shown in their interactions with human 

collaborators. Adaptive listeners attempted to actively communicate with Robovie-W during its explanation, 

engaging in collaborative discourse as if communicating with a human explainer. While giving an explanation, 

adaptive explainers were likely to monitor the response (movement) of Robovie-W, although it simply moved 

its head to face them. Thus, interaction with Robovie-W was more productive when human collaborators were 

adaptive collaborators.  

 Our results suggest that we need to consider designing further supports, particularly for less adaptive 

collaborators, so that students can productively communicate with robots as learning partners. There are a 
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couple of hints for the design found in adaptive explainers’ and listeners’ behaviors. First, we could identify 

several strategies used by the adaptive explainers. They were more engaged in metadiscourse or metacognitive 

comments for welcoming listeners to collaborative discourse. The adaptive explainers also attempted to regulate 

group learning activities by asking listeners to read their prepared summary, telling them what to read and when 

and how to read it. Use of these types of instructional scripts should be considered depending on the levels of 

learners’ collaboration expertise. Second, we think that adaptive listening behaviors could be improved in 

Robovie-W. In the present study, it just moved its head toward speakers. To augment this behavior, we could 

further prepare question scripts for articles based on our analysis of how students understood the ideas contained 

in them. Robovie-W might help human listeners comprehend explanations more deeply by asking appropriate 

questions to explainers as well as listeners. 
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