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Abstract 
Collaborative learning is an effective way for students to actively learn and thereby 

gain a deeper understanding of a specific topic, but it can be difficult for educators to monitor 

these discussions. This study investigates the effectiveness of Clair, an AI-powered 

conversational agent, in facilitating productive discussions during collaborative learning 

tasks. Clair uses the Academically Productive Talk (APT) framework, which includes 

specific "talk moves" designed to encourage students to share their thoughts, listen to each 

other, deepen their reasoning, and engage with others’ ideas on the basis of Michaels and 

O’Connor’s (2015) Four Goals for Productive Discussions (FGPD). In this study, 34 

participants completed two discussion tasks: one without Clair and one with Clair's guidance. 

The results showed that Clair significantly increased deeper reasoning (G3) during 

discussions and helped improve productivity overall. Certain talk moves, like "Expand 

Reasoning" and "Recapping", were especially effective at encouraging deeper engagement 

and balancing contributions between participants. This research identified that Clair has the 

potential to support educators by improving the quality of collaborative discussions by 

guiding students. Future research should investigate how Clair can be implemented in real 

classrooms over time and assess its impact on students' learning outcomes.  
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Introduction 

Collaborative learning is an academic approach in which students achieve a shared 

goal by collaborating (Dillenbourg, 1999). Through sharing their knowledge and listening to 

others’ opinions, students are able to deepen their knowledge (Teasley et al., 2008). 

Collaboration has shown to be more effective for the individual in gaining knowledge and 

understanding it than solely listening to an expert’s opinion or provided materials (Laal & 

Laal, 2012; Gillies, 2019). If the collaboration is effective, students can learn to make sense 

of the knowledge (Michaels & O’Connor, 2015; Gillies, 2019; Araujo et al., 2024). But for 

collaboration to be effective, guidance is needed to ensure the students stay on task, equally 

contribute and discuss productively with one another (Weinberger, 2003; Papadopoulos et al., 

2009). 

 To guide teachers in supporting students’ dialogues to become more productive, 

Michaels and O’Connor (2015) developed the Four Goals for Productive Discussion (FGPD), 

which include “Helping individual students share their own thoughts”, “Helping students 

orient to and listen carefully to one another”, “Helping students deepen their reasoning” and 

“Helping students engage with others' reasoning”. These FGPD can be used to understand the 

degree of productivity of a discussion. However, this depends on the educator’s possibilities 

to monitor the student’s discussions. To help educators monitor these discussions, the 

Academically Productive Talk (APT) framework was developed (Michaels & O'Connor, 

2015). The APT framework provides educators with possible talk moves they can use to 

guide the discussions of students (Michaels & O'Connor, 2015). However, large class sizes 

make it challenging for educators to monitor every student.  

Computer-Supported Collaborative Learning (CSCL) is a technology that can 

minimize the challenge of the teacher to monitor the whole class (Dillenbourg & Fischer, 

2007). CSCL offers environments and tools that can support and monitor collaborative 

learning (Fischer et al., 2013). Furthermore, with recent developments in artificial 

intelligence (AI), conversational agents (CA) show a possible solution to increase the help 

CSCL can offer in the educational domain (Murad et al., 2019). As CA can interact with the 

students in a human-like way, they can take over the guidance of the discussion by prompting 

students with talk moves to keep the students on task and the discussion productive (de 

Araujo et al., 2023).  

An example of such an AI-powered conversational agent is Clair (de Araujo et al., 

2023). To prompt students during collaboration, Clair uses the APT framework, which is also 

the basis for the FGPD by Micheals and O’Connor (2015). Clair hereby takes on the role of 
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the teacher to guide students’ discussion. The purpose of this study is to investigate 

Clair's effectiveness in enhancing productive discussions, with a focus on Michaels and 

O'Connor's (2015) FGPD. The FGPD are critical in guiding student interactions, and 

understanding how Clair influences these goals provides insights into the effectiveness and 

potential areas for improvement. 

Theoretical Background 
Collaborative Learning 

Collaborative learning is a well-known academic approach where students work in 

groups to achieve common learning goals (Dillenbourg, 1999). Through dialogue, problem-

solving, and the exchange of ideas, students deepen their understanding and build critical 

thinking skills (Dillenbourg, 1999; Teasley et al., 2008). However, effective collaboration is 

not achieved by solely placing students in groups (Liu & Tsai, 2008). It is highly dependent 

on the quality of communication and interaction within the group (Griffiths et al., 2021). This 

is also supported by early research conducted by Dillenbourg and Schneider (1995), who 

emphasised that effective collaboration requires more than just group interaction and hence 

needs controlled environments that facilitate goal-directed tasks and clear communication 

(Yildiz Durak & Atman Uslu, 2023). In a collaborative setting, students are socially and 

emotionally challenged as they are confronted with varied viewpoints and must express and 

defend their beliefs (Laal & Laal, 2012). The students are required to actively collaborate in a 

group to attain a common learning goal, rather than working alone on a task and then 

discussing their results with others (Qureshi et al., 2023). With this, the collaboration 

approach aims to avoid having passive students by encouraging each student to work equally 

on the task and share meaningful insights (Gillies, 2019). Productive collaboration hereby 

relies on the ability of students to share their thoughts, listen to their partners, and build upon 

each other’s knowledge and reasoning (Michaels & O’Connor, 2015; Gillies, 2019; Araujo et 

al., 2024). This process encourages students to create their own frameworks, rather than 

relying solely on experts' opinions or preset materials, which can help students engage in 

deeper learning (Laal & Laal, 2012). However, in order for these elements to be incorporated 

and to ensure a productive discussion, students need to be guided in their interactions 

(Weinberger, 2003; Papadopoulos et al., 2009).  

Productive Discussion 

Because of the increasing need to think and work collaboratively on critical issues, 

developing effective communication and collaboration skills is regarded as an essential 21st-

century competency due to its ability to improve students' cognitive, social, and emotional 
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development (Araujo et al., 2024; Hu & Chen, 2023; Noroozi et al., 2013). One of the key 

components of collaborative learning is goal-oriented discussion (Laal, 2013). In order to 

have a meaningful discussion there has to be a productive and equally contributed dialogue 

between the parties (Michaels et al., 2010). To understand whether a discussion is productive 

Michaels and O’Connor (2015) developed the Four Goals for Productive Discussions 

(FGPD) for educators, to assess and guide productive dialogue in educational settings. By 

defining these goals, it is possible to determine whether they are met and thus understand the 

dialogue, as well as how students who do not meet some of them can be helped (Michaels & 

O’Connor, 2015). These goals include: 

Goal 1: Helping individual students share their own thoughts. 

Goal 2: Helping students orient to and listen carefully to one another. 

Goal 3: Helping students deepen their reasoning. 

Goal 4: Helping students engage with others' reasoning. 

Furthermore, to ensure productive discussion and active learning, there has to be a 

balanced contribution of the students (Johnson & Johnson, 2018). In order for discussions to 

be productive students have to actively engage with each other, and it has to be assured that 

they contribute an equal amount to the discussion (Strauß & Rummel, 2021). Unequal 

contribution can result in a limited learning process for the less contributing student (Gillies, 

2019). Therefore, it is important for teachers to also ensure that the discussions are balanced 

(Qureshi et al., 2023). Despite the significant benefits of collaborative learning, its successful 

implementation depends largely on the ability of educators to effectively monitor and guide 

students' interactions (Michaels et al., 2010; Roll & Wylie, 2016). This is a big challenge for 

educators as they have to monitor large class sizes, which makes it impossible for them to 

follow the discussions of different groups simultaneously (Mertens, 2019). Because teachers 

struggle to ensure that all students are equally participating, staying on task, and actively 

engaging in productive dialogue (Saleem et al., 2021), this can result in problems or delays in 

students’ learning progress (Michaels et al., 2010; Michaels & O’Connor, 2012). As not all 

students can be monitored at the same time, some students can fall behind (Michaels & 

O’Connor, 2012). Moreover, since online education is widely used, this challenge for 

teachers to monitor everyone has become more relevant (Silalahi & Hutauruk, 2020). Within 

the online environment, the teacher is more limited in monitoring the class because they can 

only visit one group’s breakout room at a time and cannot see at all what the other students 

are doing. However, technology can be a help in minimizing this challenge, especially if it is 

computer-supported.  
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Computer-Supported Collaborative Learning 
Computer-Supported Collaborative Learning (CSCL), is a learning paradigm, which 

uses new environments and tools that can support and monitor collaborative learning, 

including online settings (Dillenbourg & Fischer, 2007; Fischer et al., 2013). To promote 

productive collaboration, these CSCL environments make use of a variety of digital tools, 

such as shared workspaces and communication platforms (O’Malley, 2012). Additionally, 

CSCL systems can record the students’ learning process, which can assist the teacher in 

keeping an overview of each student’s performance for every task (Dillenbourg & Hong, 

2008). Including an artificial intelligence (AI) system like conversational agents (CA) in the 

CSCL environment can enhance its effectiveness in facilitating productive discussions, as the 

CA can be tailored to meet the specific learning needs of the students (Cress & Kimmerle, 

2023). The CA are able to monitor discussions, prompt students, and encourage deeper 

engagement with real-time feedback and support (Murad et al., 2019; Wollny et al., 2021; 

Cress & Kimmerle, 2023), which is necessary for productive discussion and the learning 

process of the students. These tools provide students with more personalised and immediate 

feedback, allowing them to stay engaged and facilitate collaborative learning even when the 

teacher is not present in every discussion (Tegos et al., 2020). With this, the CA show a 

possibility of taking over some of the teacher’s tasks in guiding students during collaborative 

learning (de Araujo et al., 2023). Furthermore, CA offer the opportunity for continuous 

monitoring of discussions across the whole classroom, as they can be present in multiple 

groups simultaneously (Dimitriadou & Lanitis, 2023).  

Conversational Agents in Education  
CA use artificial intelligence, including natural language processing (NLP),	enabling 

them to understand and respond to human language in a way that feels natural (Dimitriadou 

& Lanitis, 2023). Because of this capability, CA have emerged as powerful tools used in the 

educational field, as they can engage with students by simulating human-like interactions 

(Demetriadis et al., 2018). In a variety of subjects, research teams have developed agents, and 

multiple studies have shown that CA can be efficient in educating the user (Tegos et al., 

2020; Wollny et al., 2021). Concerning this, combining these systems and integrating them in 

CSCL can give the students a more personalised and natural learning experience, which can 

enhance their learning outcomes in collaborative tasks, as it can interact with the students 

through natural language (Murad et al., 2019). This makes it more in line with how a teacher 

would interact with a student, facilitates productive dialogue, and interacts with students 

when a teacher’s capacity is limited (Dimitriadou & Lanitis, 2023). 
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ConSent 
In recent years, technological advancements have allowed for more effective 

monitoring and analysis of student interactions during collaborative learning. ConSent, a 

machine learning program designed to automate the content analysis of chat-based talks 

among students, is one such developed model (de Araujo et al., 2023). The ConSent 

algorithm is based on the pre-trained multilingual Universal Sentence Encoder, which enables 

accurate, automated content analysis across several languages and settings (Yang et al. 2019). 

To identify key moments in a conversation when intervention or support may be needed, the 

algorithm uses Contextual information and Sentence encoding as a core mechanism to 

identify moments where a conversational agent should interact in the discussion (de Araujo et 

al., 2023). This technology helps to facilitate effective talks by establishing the framework for 

intelligent conversational agents to intervene at the appropriate times, enabling students to 

stay on track and interact on a deeper level with their peers. 

Clair 
On the basis of the ConSent model, the Collaborative Learning Agent for Interactive 

Reasoning (Clair) was developed. Clair is an interactive CA that focuses on providing 

guiding questions to students during a collaborative exercise with the use of the APT 

framework (de Araujo et al., 2023). The APT framework is based on research on classroom 

discussion patterns and includes a set of "talk moves" that can encourage learning during 

classroom discussions (Michaels & O'Connor, 2015). Grounded on the APT principles 

(Michaels et al., 2015), eight talk moves were created for Clair (de Araujo et al., 2024). The 

eight talk moves are “Recapping”, “Add-on”, “Rephrasing”, “Agree/Disagree”, “Linking 

contributions”, “Build on prior knowledge”, “Example”, and “Expand reasoning” and are 

centred around Clair’s aim to assist students in achieving the FGPD depending on what 

happens in the dialogue (de Araujo et al., 2024). The talk moves are created in line, with how 

a teacher would use them. For example, to prompt a student to recap what was discussed so 

far, a teacher would ask “Can someone summarise what we have discussed so far?” 

(Michaels et al., 2015; de Araujo et al., 2024). Additionally, to make it sound more natural 

Clair can use three different prompts for each talk move (de Araujo et al., 2024). Example 

prompts for the different talk moves Clair uses are displayed in the materials section in Table 

1.   

Current study  
With an emphasis on Michaels and O'Connor's (2015) Four Goals for Productive 

Discussions (FGPD), this study will examine to what extent Clair can improve the 
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productivity of students’ discussions. Understanding how Clair affects these goals offers 

insights into the effectiveness and possible areas for improvement of Clair to enhance student 

collaborative discussions. To test this, it will be focused on investigating how frequently and 

in which sequence the FGPD occur in an unguided collaborative learning task to understand 

the nature of the goal occurrences and sequences in a dialogue. This will be then compared to 

a discussion, that is guided by Clair. Next, this study will investigate the types of talk moves 

that are most effective at triggering various goals, as well as how these moves alter the 

dynamics of the discussion because discourse in collaborative learning is dynamic and 

evolves over time. Consequently, understanding how certain talk moves affect the 

achievement of specific goals is essential. This will be beneficial in determining which 

components of Clair's intervention are most helpful in facilitating productive discussions and 

triggering specific goals of the FGPD. Lastly, it will be focused on how the balance of 

achieved goals differs between the discussion without Clair and with Clair. This will be done 

to see if Clair is able to improve the user’s goal achievements and balance the discussion 

contribution of both participants.  

Therefore, this research will focus on answering the following research questions:  

Research Question 1: How frequently and in what sequence do different FGPD occur during 

dialogues (without Clair)? 

Research Question 2: How do Clair's talk moves affect the frequency and occurrence of 

specific goals in dialogues? 

Research Question 3: What types of Clair’s talk-moves trigger which FGPD?  

Research Question 4: To what extent did Clair improve the discussion balance?  

Method 

Participants                                                                                                                                  
The data collection of this study had a total of 34 participants of which 12 were male, 

and 22 were female. The participants were recruited by convenience sampling, by advertising 

the study through flyers, and by an online subject pool system from a university. The 

participants’ age ranged from 19 - 28 years old (Mage = 22.7, SDage = 2.11). The majority of 

participants were German (n = 31), two were Dutch and one was Greek. The educational 

backgrounds varied from participants holding a high school diploma (n = 7), an 

Undergraduate/Bachelor's degree (n = 26), to a Master’s degree (n = 1). The experiment was 

carried out online in October 2024, using Microsoft Teams Meetings and the Twente Go-Lab 

system (de Jong et al., 2021). The study's tasks were completed by participants in dyads (n = 

17), each of whom was randomly assigned an anonymous username and randomly paired. 
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The criteria for participants to take part in the study were that they had to be fluent in English 

and have access to a computer. Participants were motivated to join the study by the 

possibility to earn participation credits, required for their graduation. 

Materials 
Go-Lab 

The research was conducted in Go-Lab (de Jong et al., 2021), an online learning 

system, where teachers are able to create their own environment. The participants needed a 

laptop or computer to join the online Teams Meeting and open the Go-Lab environment. The 

created environment in Go-Lab included a collaboration tool, a chat box, a consent form, and 

a questionnaire about the participant’s demographics and their opinion about the discussion 

with Clair. 

Preparation Materials. Based on this, two different preparation materials, one for 

each discussant of a dyad, were created for the study. Within the Go-Lab environment, both 

preparations are linked to their impact on climate change; the first focuses on food production 

and eating habits, while the second focuses on renewable energy. The preparation material 

included a short paragraph and a video (approximately 4 minutes) to give the participants 

background knowledge about their topic.  

Discussion Topics. Furthermore, the Go-Lab environment included Phase 1 

(discussion topic 1, see Figure 1) and Phase 2 (discussion topic 2, see Figure 2) with the 

interaction of Clair. The two discussion topics were created on the basis of the ARCS model 

of motivation to create an engaging activity for the participants (Keller & Keller, 2010). The 

ARCS model focuses on the components “attention”, “relevance”, “confidence”, and 

“satisfaction” (Keller & Keller, 2010). To include all of the mentioned components of the 

ARCS model, the cases for the discussion topics included engaging questions, real-world 

scenarios, and clearly defined and achievable goals. The cases for discussion topic 1 and 

discussion topic 2 are displayed in Figure 1.  
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Figure 1 
Case Tasks for Discussion Topic 1. 

 
 
 
Figure 2 
Case Tasks for Discussion Topic 2. 
 

 
 
Clair. For this research, a conversational agent, Clair was used (de Araujo et al., 

2023, 2024). Hereby, Clair was included in Phase 2 of the study. Clair interacts with the 

participants depending on, for example, the discussion balance, the time that has passed and 

the relevant keywords already mentioned. While interacting with the participants, Clair can 

prompt the discussants with eight talk moves which are in line with the APT Framework 

(Table 1).  
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Table 1 
APT Base Talk Moves of Clair. 

Talk Moves Description Example 
Expand Reasoning ["<speaker>, could you please elaborate more on this?"] 

Agree/Disagree ["<discussant>, do you agree or disagree with your partner?"] 

Linking 
Contributions 

["<discussant>, how does your ideas align with what <speaker> just 
said?"] 

Recapping  ["This is a fascinating conversation. Would any of you be able to give a 
brief summary of what you've covered so far?"] 

Example ["<speaker>, could you give an example?"] 

Rephrasing ["<discussant>, could you put in other words what your partner just said?"] 

Add-on ["<discussant>, would you like to add something to what your partner just 
said?"] 

Build on prior 
knowledge 

["<speaker>, how does this add to what <discussant> already said?"] 

 
Procedure 

At the start of the experiment, each participant logged into the system using their 

assigned username. After logging in, the participants were asked to read and fill out the 

informed consent (Appendix A). Next, participants had a preparation phase, in which 

background information with a short video (approximately 4 minutes), was given. 

Participants with an odd username (e.g. user001, user003) did “Preparation Student 1”, which 

focused on how food consumption habits can influence climate change (Appendix B). 

Simultaneously, participants with an even username (e.g. user002, user004) did “Preparation 

Student 2”, which provided them with information about how renewable energy can 

influence climate change (Appendix C). For this preparation, participants had 10 minutes. 

Afterwards, Phase 1 with discussion topic 1 began. The participants were presented with a 

case that they had to discuss and arrive at a joint answer in the chat tool (Appendix D). The 

participants were given 15 minutes, and after, they were asked to wrap up the discussion and 

were granted access to Phase 2, with discussion topic 2. In Phase 2 the participants had to 

discuss again and arrive at a joint answer to a different case. Clair was present in the chat tool 

and prompted them with the talk-moves, to help them reach the FGPD (Appendix E). This 

lasted again 15 minutes. Lastly, the participants were asked to fill out questions about their 

demographical background and their opinions about Clair’s interventions during Discussion 

Topic 2 (Appendix F, Appendix G).    
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Data Analysis  
After the data-collecting procedure was completed, the acquired data was exported 

from Go-Lab and prepared for analysis. The chats were imported into the Atlas.ti software 

and the occurrences of the FGPD were coded. To code and analyse the FGPD in the 

discussions, a codebook, which is based on the APT principles, was used (Table 2). Thus, the 

participants speaking turns were deductively coded. To ensure inter-rater reliability, the chats 

were coded by two independent raters and Cohen's kappa was calculated across all chats 

(κ = .85).  After that, the dataset was prepared for statistical analysis and imported into 

RStudio (Version 1.4.1717). The demographical data of the participants was examined, and a 

paired-samples t-tests was performed, to analyse the difference in FGPD occurrence in both 

phases (without and with Clair). For this, all test assumptions were checked, and a 

significance level of α = .05 was used. A frequency analysis of the goals that were reached in 

Phase 1 and Phase 2 was made. Next, to analyze sequences of the goal occurrences, a Markov 

transition matrix was conducted and a Markov chain diagram was developed. Afterwards, a 

qualitative analysis of the goal sequences after specific interventions of Clair was executed. 

Lastly, to analyse the change in discussion balance between Phase 1 and Phase 2, the 

difference in goal contributions of the participants was calculated.  

Table 2  
Codebook of FGPD 

FGPD Goal 
Definition 

Code Description Coding Indicators Example Quotation 

Goal 1 Individual 
students 
share their 
own 
thoughts 

G1 examining 
task-related 
informative 
and 
argumentative 
statements 

- Information 
- Opinions 

“One idea could be 
building more solar 
systems on the buildings 
roofs' within that city” 

Goal 2 Students 
orient to 
and listen 
carefully 
to one 
another 

G2 orienting and 
listening 
carefully to 
one another 
(message 
related to 
statement of 
other student 
before) 

- Reacting to 
statement of 
the other 

- Agreeing/dis
agreeing 

- Orienting 
towards 
discussion 
partner 

“I agree with your 
ideas.” 
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Goal 3 Students 
deepen 
their 
reasoning 

G3 extending 
their own 
task-related 
contributions 

- Deepening 
own 
thoughts/opi
nions that 
were 
mentioned 
by them 
before 

“In terms of food 
security, a carnivore diet 
might still be necessary. 
By improving the feeds 
and feeding techniques, 
the animals could 
produce less carbon 
emission by still 
ensuring food security, 
especially in rural 
areas.” 

Goal 4 Students 
engage 
with 
others’ 
reasoning 

G4 Students 
engage with 
each other’s 
arguments 

- Engaging 
with 
statement 
from the 
other 

 

Student 1:“ or as you 
said the biggest problem 
is beef, so for beef 
alternatives”; Student 2: 
“For the meat 
alternatives, we could 
also make them cheaper 
by goverment fund, so 
the goverment/ taxes 
pay for it. Becuase it 
will be a good change 
for the enviroment in the 
long run” 

Note. Example Quotations are taken from the collected data.  

Results 

Table 3 gives an overview of the frequencies of the reached goals by the participants 

across all discussions of Phase 1 (without Clair). In these discussions, G1 (sharing 

understanding) is the most frequently occurring goal (M = 4.65), followed by G2 (orient to 

one another) (M = 3.59). In total, the participants reached 238 goals in the first discussion.   

The frequencies of the reached goals by the participants and Clair’s interventions across all 

discussions in Phase 2 are summarized in Table 4. Clair contributed 70 times throughout the 

discussions of Phase 2 (M = 4.12, SD = 2.49), while the overall mean frequency of the FGPD 

across groups was 16.35 (SD = 7.41). G4 (engage with others reasoning) is the least common 

goal in Phase 2 (M = 3.53, SD = 1.97), whereas G3 (deepening reasoning) is the most 

common (M = 4.71, SD = 2.24). In comparison to Phase 1 (Table 3), the total amount of goal 

occurrences increased by 40 (N = 278) in Phase 2 (Table 4). 
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Table 3  
Frequency of FGPD in Phase 1. 
 Without Clair 
 G1 G2 G3 G4 Total 
M 4.65 3.59 2.71 3.06 14.00 
SD 2.61 2.47 1.93 2.10 6.53 
N 79 61 46 52 238 

 
Table 4  
Frequency of FGPD and Clair’s Interventions in Phase 2. 
  With Clair   
  G1 G2 G3 G4 Total  Clair 
M  4.18 3.94 4.71 3.53 16.35  4.12 

SD  1.76 3.44 2.24 1.97 7.41  2.49 
N  71 67 80 60 278  70 

 
Table 5 shows the frequency of sequence occurrences of the FGPD during the 

discussions in Phase 1 (without Clair). The statistics show that G2 has a high occurrence in 

proceeding to G1 (53.70%). Moreover, G1 transitions most often to G3 (40%). In Table 6, the 

frequency of sequence occurrences of the FGPD in Phase 2 and the frequency of the goals 

occurring after Clair’s intervention are shown. After Clair’s intervention, G3 was found to 

have the highest occurrence (55.71%), followed by G4 (22.86%). G1 (8.57%) and G2 

(12.86%) appeared less frequently following Clair's intervention (e.g., Clair à G1, Clair 

à G2). Across all FGPD, G2 has the highest frequency of transferring to G1 (32.26%), 

whereas G3 most commonly progressed to G4 (23.08%). In comparison, G4 had fewer 

transitions to other goals. For a comprehensive overview, of the sequence occurences in 

Phase 1 and Phase 2, see Figure 3.  

Table 5  
Markov Transition Matrix of the FGPD Sequence Occurrences in Phase 1. 
 Without Clair 
 à G1 à G2 à G3 à G4  
G1 22.67 25.33 40.00 12.00  

G2 53.70 11.11 14.81 20.37  

G3 20.93 39.53 9.30 30.23  

G4 18.18 38.64 9.09 34.09  
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Table 6 
Markov Transition Matrix of the FGPD Sequence Occurrences in Phase 2. 
 With Clair 
 à G1 à G2 à G3 à G4 à Clair 
G1 18.84 21.74 26.09 8.70 24.64 

G2 32.26 16.13 24.19 17.74 9.68 
G3 17.95 21.79 7.69 23.08 29.49 

G4 8.51 27.66 4.26 14.89 44.68 

Clair 8.57 12.86 55.71 22.86 0.00 
 
Figure 3  
Markov Chain Diagrams for the First (without/left) and Second (with/right) Discussion 
Tasks. 

 
To determine whether there were significant differences between the "Without Clair" 

and "With Clair" conditions across different goals, paired-samples t-tests were performed for 

each goal (Table 7). Only G3 showed a significant difference (t[16] = -2.768, p = .014, 

d = 1.08), indicating that the frequency of G3 increased significantly in the discussion in 

which Clair was present. 
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Table 7 
Results of Paired-samples t-tests Comparing "Without Clair" and "With Clair" Conditions 
Across Goals. 
 Paired-samples t-test 
 t df p 95% CI  

G1 0.714 16 .486 [-0.927, 1.868]  
G2 0.560 16 .583 [-1.688, 0.982]  
G3 2.768 16 .014* [-3.532, -0.468]  

G4 0.733 16 .474 [-1.832, 0.891]  

* p < .05 
 

To gain more insights into the FGPD sequence occurrences following Clair’s 

intervention, the chats were analysed qualitatively. As previously stated, Clair intervened in 

total 70 times, in Table 8 the frequency of the specific talk moves are displayed.  

Table 8 
Clair’s Interventions. 
Talk Moves Frequency Percentage 
Expand Reasoning 21 30.0 % 
Agree/Disagree 11 16.0 % 
Linking Contributions 3 4.5 % 
Recapping 15 21.0 % 
Example 12 17.0 % 
Rephrasing 3 4.5 % 
Add-on 5 7.0 % 
Build on prior knowledge 0 0.0 % 

 

Firstly, the talk move with the highest occurrence across the chats is “Expand 

reasoning” (30%), which resulted in most of the cases in a G3 response, (Figure 4, left). The 

“Expand reasoning” intervention of Clair did not only influence the response directly after 

the intervention but also a longer sequence of goals (Figure 4, right). 
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Figure 4 
Expand Reasoning 

 
 The talk move with the second highest frequency is “Recapping” (21%), these 

interventions of Clair resulted most of the time in participants reaching G4 (Figure 5, left). 

The “Recapping” talk move also resulted in the participation of both discussants (Figure 5, 

right). 

 

Figure 5 
Recapping  
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Thirdly, Clair’s talk move “Example” occurred most frequently (17%), which resulted 

in almost all of the chats in the discussant responding in reaching G3. For example, in the 

discussion between user005 and user006, Clair transferred user006s contribution from G2 to 

G3 (Figure 6).  

Figure 6       
Example   

 
 

Following that, Clair's talk move "Agree/Disagree" was the fourth most common 

(16%). The response to this talk move resulted in every discussion G2. An example of a 

participant’s reaction towards Clair’s intervention “Agree/Disagree” is shown in Figure 7.  
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Figure 7 
Agree/Disagree    

 
 

Table 9 shows the summary of the overall contribution balance among all participants 

between Phase 1 and Phase 2. The mean was lower in Phase 2 with Clair (M = 40.28). 

Overall, the contribution balance increased for G2 (Diff = 44.85) and G4 (Diff = 35.84) with 

the presence of Clair.    

 
Table 9 
Summary of Individual Contribution Balance between Phase 1 and Phase 2. 
 G1 Diff  

(%) 
G2 Diff 
(%) 

G3 Diff 
(%) 

G4 Diff 
(%) 

 M SD 

Without Clair 30.24 52.30 36.67 46.76  41.49 9.91 

With Clair 36.92 44.85 43.50 35.84  40.28 4.56 

Note. G1 Diff = Goal 1 Difference; G2 Diff = Goal 2 Difference; G3 Diff = Goal 3 
Difference; G4 Diff = Goal 4 Difference. 

 
To gain better insights into how Clair was able to balance the individual contributions 

in the discussions, specific examples of different chats will be displayed in the following. 

Table 10 and Table 11 display Chat 1, the first example chat, whereby Clair’s interventions 

raised the individuals’ total contribution (12 - 15) and slightly improved the balance 

(11.11% à 10.00%).  
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Table 10 
Chat 1 without Clair. 
 Without Clair 
 G1 G2 G3 G4 Total 
Frequency 7 10 2 8 27 
Individual 
Contribution 

2 - 5 4 - 6  1 - 1 5 - 3 12 - 15 

Diff% 42.86% 20.00% 0.00% 25.00% 11.11% 

M 3.5 5.0 1.0 4.0 3.4 
SD 2.12 1.41 0.00 1.41 1.92 

 
Table 11 
Chat 1 with Clair. 
 With Clair  
 G1 G2 G3 G4 Total Clair 
Frequency 8 16 8 8 40 5 
Individual 
Contribution 

4 - 4 7 - 9  4 - 4 3 - 5 18 - 22 2 - 3 

Diff% 0.00% 12.50% 0.00% 25.00% 10.00% 20.00% 
M 4.0 8.0 4.0 4.0 5.0 2.5 
SD 0.00 1.41 0.00 1.41 2.00 0.71 

 
 The next example chat, Chat 12, is displayed in Table 12 and Table 13 and shows an 

overall decrease in contribution balance from the chat without Clair (14.29%) to with Clair 

(20.00%), while Clair improved the overall contribution (10 - 8).  

Table 12 
Chat 12 without Clair. 
 Without Clair 
 G1 G2 G3 G4 Total 
Frequency 2 2 1 4 9 
Individual 
Contribution 

1 - 1 1 - 1  0 - 1 2 - 2 4 - 5 

Diff% 0.00% 100.00% 100.00% 33.33% 14.29% 
M 1.0 1.0 0.5 2.0 1.1 
SD 0.00 0.00 0.71 0.00 0.64 
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Table 13 
Chat 12 with Clair. 
 With Clair  
 G1 G2 G3 G4 Total Clair 
Frequency 4 2 7 5 18 6 
Individual 
Contribution 

1 - 3 2 - 0  3 - 4 4 - 1 10 - 8 4 - 2 

Diff% 50.00% 100.00% 14.29% 60.00% 20.00% 33.33% 
M 2.0 1.0 3.5 2.5 2.4 2.3 
SD 1.41 1.41 0.71 0.00 2.12 1.49 

 
 The last example chat, Chat 3, had a completely balanced contribution from both 

participants (0.00%) for the discussion without Clair (Table 14). This contribution balance 

increased in the chat Clair interacted (12.50%), while both individual contributions raised 

(7 - 9)  (Table 15).   

Table 14 
Chat 3 without Clair. 
 Without Clair 
 G1 G2 G3 G4 Total 
Frequency 4 0 0 2 6 
Individual 
Contribution 

2 - 2 0 - 0  0 - 0 1 - 1 3 - 3 

Diff% 0.00% 0.00% 0.00% 0.00% 0.00% 
M 2.0 0.0 0.0 1.0 0.75 
SD 0.00 0.00 0.00 0.00 0.89 

 

Table 15 
Chat 3 with Clair. 
 With Clair  
 G1 G2 G3 G4 Total Clair 
Frequency 5 5 3 3 16 3 

Individual 
Contribution 

3 - 2 2 - 3  0 - 3 2 - 1 7 - 9 1 - 2 

Diff% 20.00% 20.00% 100.00% 33.33% 12.50% 33.33% 

M 2.5 2.5 1.5 1.5 2.0 1.5 
SD 0.71 0.71 2.12 0.71 1.07 0.71 
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Discussion 
Main findings 

The results of this study revealed distinct patterns in the frequency and sequence of 

the occurrence of the FGPD, in both conditions. Research Question 1: “How frequently and 

in what sequence do different FGPD occur during dialogues (without Clair)?” was answered 

by analysing the frequency and sequence of the goal occurrences. In the absence of Clair 

(Phase 1), G1 and G2 emerged as the most frequently achieved goals. In the discussion 

without Clair, G2àG1 and G1àG3 were the most frequently occurring transitions, 

indicating that the discussions remained on surface levels, making it difficult for the 

discussants to reach higher levels like G4. These findings suggest that discussions in Phase 1 

were foundational and stayed on the surface level of productive discussion, reflecting 

challenges in achieving deeper engagement without guidance (Weinberger, 2003; Michaels & 

O'Connor, 2015). 

In Phase 2, Clair’s interventions led to an increased overall frequency of the FGPD, 

with the total number of goals achieved rising by 40. The most notable change was the 

significant increase in the occurrence of G3, which became the dominant goal in discussions 

with Clair. This finding is particularly relevant, as G3 frequently occurred directly after 

Clair’s interventions, showing Clair’s influence towards directing dialogues to a deeper, more 

exploratory and elaborative level. These results are also in line with prior research by 

Michaels et al. (2010), who emphasized that reaching G3 in a discussion is an important part 

of having an academically productive discussion. To answer Research Question 2: “How do 

Clair's talk moves affect the frequency and occurrence of specific goals in dialogues?” it can 

be said that the G3 occurrence in the phase with Clair increased significantly compared to the 

phase without Clair. Even though the other goals did not increase significantly, the frequency 

of G2 and G4 increased in the phase with Clair. Only G1 decreased, which can be explained 

by students already sharing their basic understanding in the first discussion, hence did not 

repeat it in Phase 2. This shows that Clair is able to facilitate the discussion to reach a deeper 

level of academic productive discussion (e.g. G3 & G4). This also aligns with previous 

research that students need guidance in a discussion (Papadopoulos et al., 2009; Weinberger, 

2003).   

With the focus on Research Question 3, “What types of Clair’s talk-moves trigger 

which FGPD?”, the talk moves that mostly occurred in the discussions were „Expand 

reasoning“, „Recapping“, „Expand“, and „Agree/Disagree“. Each of these talk moves 

triggered different goals and goal sequences in the responses of the participants. The talk 
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move with the highest frequency, „Expand reasoning“ followed in almost all of the cases in 

G3. This is also in line with the previous findings of research question 2, as G3 was also the 

goal found most frequently in the discussion with Clair. Furthermore, the sequence of 

reached goals after this talk move (e.g., Clair à G3 à G3 à G4), showed that also 

following a longer sequence after Clair’s intervention, the participants’ discussion reached a 

deeper level. These findings are also in line with previous research on CA possibilities to 

guide discussions to a deeper and more productive level (Tegos et al., 2020). The following 

talk move „Recapping“ resulted in most of the cases in G4 or a longer sequence of G4, 

whereby both participants discussed an argument together. With this talk move, Clair 

prompted one discussant to argue on a deeper level about what was discussed before, which 

also in most cases led the other discussant to join in. By that Clair took over the guidance 

role, which in return shows the possibility to use Clair instead of needing an educator to 

facilitate the discussion (Dimitriadou & Lanitis, 2023). The talk move „Example“, similar to 

„Expand Reasoning“, prompted participants to deepen their reasoning and thereby reaching 

G3. Lastly, Clairs talk move „Agree/Disagree“ resulted in G2 across all chats, which can be 

supported by previous research indicating that Clair can aid in guiding students to listen to 

each other’s arguments (de Araujo et al., 2024). 

In regards to Research Question 4, “To what extent did Clair improve the discussion 

balance?” an overall improvement across all chats and for all goals could not be found. In the 

summary, it was only found that Clair increased the contribution balance for G2 and G4, 

while G1 and G3 decreased. As these differences only focus on the general contribution 

balance per goal across all discussions, the individual contributions per chat were included. 

By looking into specific chats, it became clear that the difference in the contribution balance 

did not become lower in the discussions in which Clair intervened, as the talk moves of Clair 

made some discussants interact more than they did in the prior discussion. For the first 

example chat, it was found that even though the contribution balance slightly increased, the 

individual contribution of each participant was raised through Clair. Similar results were also 

observed for the second chat example, whereby the total contribution balance decreased, but 

Clair raised the first participant’s contribution by over 50%, while also raising the second 

participant’s contribution. The last chat example shows why it was necessary to look into 

specific examples, as the summary difference in contribution balance was not able to display 

these findings. Even though the first discussion without Clair was balanced for this chat, the 

overall individual contribution of the participants was lower. With Clair’s interaction, the 

discussion got more productive as the talk moves of Clair raised the individual contribution.  
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Implications 
 Overall, the findings of this study bring significant contributions to implementing CA 

in the educational domain. In regards to practical implications, it was found, that Clair 

provides a structured way to improve collaborative learning, especially in online 

environments where teachers face more challenges in monitoring multiple groups at the same 

time. According to the findings of this study, Clair was able to assist students in achieving 

deeper discussions (e.g., G3) and improving the contribution balance of both discussants. For 

example, if one student is not actively participating in the discussion, Clair is able to increase 

the participation while also maintaining the participation level of the other among all goals. 

Moreover, the use of the APT framework and Clair talk moves can be implemented by 

instructional designers to develop adaptable systems for guiding productive discussions. 

Especially, the talk moves “Expand Reasoning” and “Recapping” demonstrated the ability to 

guide the discussions of students to a deeper and more productive level, providing valuable 

insights for designing future conversational agents for collaborative learning.  

All of the aforementioned practical implications demonstrate Clair's ability to 

effectively guide discussions, implying the possibility of integrating Clair into real-world 

settings. Furthermore, the integration of Clair into platforms like Go-Lab demonstrates the 

potential to use Clair in classrooms with minimal adjustment. This makes it possible to 

implement Clair on a wider range, for example, in multiple classrooms. Which can help the 

teachers in monitoring their students and allow students to receive more guidance in order to 

stay on task and have productive discussions.   

Concerning the theoretical implications, this study supports the APT framework and 

its connection with the FGPD (Michaels & O'Connor, 2015), as it demonstrates that specific 

talk moves (e.g. “Expand Reasoning”, “Recapping”) effectively lead to deeper discussions, 

particularly achieving G3 and G4. Furthermore, distinct patterns in the frequency (e.g. G3 

being more frequent with Clair) and sequences (e.g., Clair à G3 à G4) of the FGPD were 

identified. These provide insights into how discussions can evolve with AI guidance. Adding 

on to this, it was found that Clair enables discussions to move from the surface levels of 

productive discussions (G1, G2) into deeper reasoning and engagement (G3, G4). These 

results build on earlier research by demonstrating that by using the APT framework, 

conversational agents such as Clair can facilitate academically productive discussions (de 

Araujo et al., 2024).  
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Limitations  
One of the study's limitations is the small sample size of 34 participants, which limits 

the generalizability of this experiment. To recruit participants, the researcher employed 

convenience sampling, which can cause selection bias and a reduction of the 

representativeness of the sample. Lastly, the experiment did not include a control group, 

which would be important to incorporate to ensure the reliability of the findings. Having no 

control group included in the study, there is a chance that in Phase 1 students implicitly 

practised having a discussion and gained knowledge about the climate change topic, which 

could have led to a learning effect in Phase 2.  

This study did, however, also have strengths. To begin with, participants received 

structured preparation materials that were tailored to the discussion topics, ensuring a basis of 

shared knowledge. Furthermore, the set-up of the experiment is connected to how the CA 

would be employed in a real-life setting, a classroom. Additionally, the discussion topics 

focused on climate change, adding social relevance to the study and a possibility to use it 

across different cultural and educational backgrounds. Lastly, the participants were paired up 

randomly, which decreases the possibility that the discussions were influenced by pre-

existing relationships or dynamics between participants.     

Conclusion and future research 

In conclusion, Clair’s impact showed a possibility to guide student discussions into 

reaching a deeper and more productive level, which gives the opportunity to implement Clair 

in the classroom to support educators and increase students learning outcomes through 

collaborative learning.  

Before this can be done future research should focus on implementing Clair in a real 

classroom and test the outcomes of Clair’s possibility to facilitate productive discussions after 

a longer period. For this research, it should also be considered to test the knowledge of the 

students prior to the implementation of Clair and after it has been deployed for longer. This 

should be done to test whether students’ knowledge will be expanded through the 

combination of collaborative learning and the guidance of a CA.  
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Appendix A 

Go-Lab Environment – Informed Consent 
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Appendix B 

Go-Lab Environment – Preparation Student 1 
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Video Link – Preparation Student 1  

https://www.youtube.com/watch?v=nUnJQWO4YJY 

https://www.youtube.com/watch?v=nUnJQWO4YJY
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Appendix C 

Go-Lab Environment – Preparation Student 2 
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Video Link – Preparation Student 2 

https://www.youtube.com/watch?v=H1jVz5uxQ8o 

https://www.youtube.com/watch?v=H1jVz5uxQ8o
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Appendix D 

Go-Lab Environment – Discussion Topic 1 (without Clair) 
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Appendix E 

Go-Lab Environment – Discussion Topic 2 (with Clair) 
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Appendix F 

Go-Lab Environment – Demograhical Background 
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Appendix G 

Go-Lab Environment – Questionnaire 
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Appendix H 

AI Statement 
 

 During the preparation of this work, the author used Grammarly, Quillbot and 

ChatGPT-4o in order to structure information, get feedback, use the correct grammar and 

reformulate phrases to sound more fluent. After using this service, the author reviewed and 

edited the content as needed and takes full responsibility for the content of the work.  

 


