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Abstract

Recent trends indicate a decline in student learning outcomes; however, the use of
metacognitive strategies can enhance them. In turn, collaborative learning can increase
metacognitive strategy frequency. This study investigated what metacognitive strategies students
display when collaborating with and without Clair, a conversational agent, and whether learners
were more aware of metacognitive strategies after working with Clair. This study aimed to gain
insights into designing Al to better support students’ metacognitive strategies and ultimately
enhance learning outcomes. The research questions thus were to explore learners’ metacognitive
strategies without Al support, and their metacognitive strategies in interactions with Al. Thirty
participants (N = 30), recruited through a convenience sample, completed the study in the online
Go-Lab environment. Participants were asked to fill in a pre- and post-intervention questionnaire
measuring metacognitive awareness and engaged in two peer discussions, first without and then
with Clair. Qualitative analysis assessed Metacognitive Strategy use across both discussions,
while quantitative analysis measured differences in Metacognitive Awareness. The key findings
were that Monitoring was the most frequently used strategy in both conditions, a slight decrease
in overall strategy frequency was observed with Clair and a significant increase in Planning
awareness post-intervention was found via the Metacognitive Awareness Inventory. This
research did not find sufficient evidence to support Clair’s impact as a teaching support tool, as
Clair did not seem to positively impact metacognitive strategy frequency in learners. Future
research should explore modifying Clair to include more strategic prompts, explore longer
sessions and additional data collection methods (e.g.: think-aloud or retrospective protocols) to

better capture strategy usage.
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Introduction

In recent years, students increasingly showcased unsatisfying learning results. Overall,
the Dutch Program for International Student Assessment (PISA) results from 2022 show that 15-
year-old students in the Netherlands need to improve in natural sciences as well as reading skills,
as 25% of students achieve dissatisfactory results in natural sciences and 33.3% dissatisfactory
results in reading skills (PISA, 2022). Thus, a better understanding of how to help students
regulate their own learning progress and give them tools to do so plays an important role in the
learning progress of students. Research suggests that regulating one’s cognitive processes, by
using metacognitive strategies, improves problem-solving and writing abilities (Moshman and
Schraw, 1995; Balloo et al., 2020). Facilitating the usage of metacognitive strategies is therefore
desirable to achieve better learning outcomes (Bannert et al., 2015; OECD, 2019).

Metacognition is the process of thinking about thinking, so reflecting on, understanding
and controlling one’s learning is called metacognition (Schraw & Dennison, 1994). It is a broad
mental concept that commonly is divided into metacognitive knowledge and metacognitive
strategies, the regulation of cognition (Veenman, 2013, Schraw & Dennison, 1994).

Metacognitive strategies refer to the active regulation of one’s cognitive processes, which
includes planning, monitoring and evaluating (Clarebout et al., 2013; Veenman, 2013). However,
there is controversy on the interchangeability of terms for metacognitive strategies, as no unified
definition seems to be established yet (Azevedo, 2020). Furthermore, there is an ongoing
discussion on how to establish a comprehensive definition of metacognitive strategies if it is
supposed to be inclusive in all aspects, such as different learning environments (e.g., VR, Al)
and incorporating different concepts, for example, conscious versus automatic metacognitive
processes (Azevedo, 2020).

Recent developments in Al have brought forth the use of generative and conversational
Al, the latter focusing on improving human-to-machine interaction by using natural language
processing (NLP) (Nucci, 2025). Clair (Collaborative Learning Agent for Interactive Reasoning)
is a conversational agent that can be used to create prompts to encourage productive
collaborative learning, specifically in group discussions (de Araujo et al., 2024). As a potential
teaching tool possibly facilitating metacognitive strategies, it will be investigated in the current

study.



Conversational Al is becoming a more frequently used tool, especially in higher
education (Venter et al., 2024). Currently, Al is mainly used in research as opposed to in
teaching, though a multitude of advantages can be gained by using Al in research and teaching
(Venter et al., 2024). Teachers are restricted by limited time and availability for each student, so
having conversational Al as a tool to act as a tutor or discussion partner could offer students
support outside of the traditional classroom (Schofield et al., 1994; Holstein et al., 2019).
However, the effect of using conversational Al on learning outcomes differs depending on which
Al is used (Zhang & Pan, 2025). It is therefore important to consider each Al agent individually
for its hypothesised effectiveness in increasing metacognition.

Using conversational Al that is tailored to educational goals such as self-regulation as
seen in metacognitive strategies, Al can be used to monitor and evaluate one’s learning (Chang
et al. 2023). While self-regulation is a different theory, metacognitive strategies are an important
component of the feedback loop of self-regulated learning, which leads to some overlap in
research (Leopold & Leutner, 2015). This feedback loop consists of planning, monitoring and
judging ones working progress, thus good metacognitive strategy skills are crucial for effective
self-regulation. A shared understanding and policy of conversational Al that could be used in
educational settings needs to be developed, so that the benefits of conversational Al as a tool to
enhance metacognition in students and ultimately better learning outcomes can be achieved
(Venter et al., 2024; Chang et al., 2023).

Previous research has investigated how metacognition can be enhanced through
collaborative learning and how different conversational agents can facilitate better discussions
between learners (Azevedo, 2020; Chang et al., 2023; Cini et al., 2023). However, little is known
about the effectiveness of collaborative Al, such as Clair, in the usage of metacognitive strategies
specifically. In light of this, the study aims to investigate the relationship between metacognitive
strategies of learners and their use of conversational Al, by analysing the types of metacognitive
strategies learners display when interacting with conversational Al. Metacognitive strategies,

collaborative learning and the collaborative learning agent Clair will be discussed in more detail.



Theoretical Background
Metacognitive Strategies

Schraw and Dennison (1994) developed a comprehensive questionnaire to measure
metacognitive awareness, called Metacognitive Awareness Inventory (MAI). Metacognitive
awareness describes a student's awareness of their metacognitive knowledge and strategies (Cini
et al., 2023). First, the strategy of Planning involves setting goals, allocating resources such as
time spent on a task prior to starting it and planning the learning process. The second strategy is
Information Management, which includes skills and strategies used to efficiently process
information. It can include strategies such as organizing, elaborating or summarizing. Thirdly,
Monitoring consists of assessing one’s learning and the strategy used. Schraw and Dennison
(1994) added a fourth strategy called Debugging, which includes strategies used to correct
comprehension and performance errors. Lastly, Evaluation as a metacognitive strategy includes
analysing one’s performance and strategy effectiveness after a learning session.

Moshman and Schraw’s (1995) research elaborates on three essential metacognitive
strategies, namely Planning, Monitoring and Evaluation. They defined Planning in the same
manner as when measuring the metacognitive awareness mentioned above. In particular, older,
more experienced learners, specifically regulate their learning before they start a task.
Monitoring is explained as one’s online awareness of comprehension and task performance, so,
for example, periodic self-testing. Finally, Evaluation includes the appraising of the products and
regulatory processes of one’s learning, thus re-evaluating one’s goals and conclusions.

Likely due to the unclear definition of metacognitive strategies mentioned, some
researchers did not divide monitoring and debugging, therefore monitoring sometimes includes
consistently regulating their learning when difficulties occur (Sobocinski et al., 2023). According
to Sobocinski et al. (2023), metacognitive monitoring can be captured via think-aloud protocols,
which require verbalization of one’s thought process from the learner while working on a task.
However, they caution that possibly not all metacognitive monitoring processes are verbalised
and other metacognitive strategies, such as planning might not be captured. While Sobocinski et
al. (2023) worked with VR environments, not Al their findings showed that by integrating
measures such as cognitive load in the learning environment, personalised support for learners’
self-regulated learning needs is possible. According to Zimmerman (2013), students with better

self-regulation use strategies such as goal setting, monitoring their learning, and evaluating their



progress based on personal feedback to faster gain good learning outcomes and stay motivated to
learn. While his focus is self-regulated learning, there is an overlap in the description of terms
with metacognitive strategies. Metacognition itself is not directly observable as it is an internal
process. Nevertheless, it can be measured by analysing the metacognitive strategies that learners
display and through, for example, communication with others (Cini, 2024, p.30). Therefore, it is
important to analyse what metacognitive strategies students use when working with Al and if it
can better facilitate the usage of metacognitive strategies, especially because students can
struggle to recognize the need to use more metacognitive strategies (Azevedo, 2020).

For university students, the importance of using metacognitive strategies only increases
and it is expected that they seek help on their own (Schworm & Gruber, 2011). However,
according to Schworm and Gruber (2011), many students fail to seek help independently. They
found that a simple tool such as giving prompts can encourage the students to seek help and thus
learn more efficiently and ultimately receive better learning outcomes. When help-seeking was
achieved, more active discussions, critical reflection and other learning strategies could be
observed. On the other hand, help-seeking alone is not enough to achieve desirable learning
outcomes (Azevedo et al., 2004). Students who use a multitude of metacognitive strategies
achieved better learning results than students who mainly asked for help but did not actively
monitor their learning progress. Examples of effective learning strategies could be planning
one’s learning by creating sub-goals, planning time and effort put into tasks, activating prior
knowledge and monitoring one’s understanding (Azevedo et al., 2004). As the number of
university students increased by 75.900 students from 2016 to 2022, there is arguably also a
growing need for students to effectively use metacognitive strategies in order to develop their
independent learning (Statista, 2023).

Benefits of Collaborative Learning

In collaborative learning, students work together towards a common goal, however, they
largely need to plan and structure their work progress themselves (Major, 2020). In other words,
collaborative learning requires more metacognitive awareness than other less flexibly structured
group environments. According to Major (2020), there are three essential features of
collaborative learning. First, discussions need to be structured to some extent, like a clear end

goal by the end of the discussion or prompts while discussing. Second, active participation from



each student throughout the discussion is expected. Third, an effect on the learning outcome
must be recognizable.

Metacognitive awareness can exist on different levels, namely at an individual level, at a
social level and at an environmental level (Cini et al., 2023). The individual level consists of the
already discussed metacognitive awareness one needs for successful self-regulated learning. At
the social level, learners interact with each other through written and spoken language or facial
expressions. Lastly, the environmental level describes the interaction with a learning
environment, such as feedback or prompts. Successful collaboration depends on learners'
individual metacognitive awareness and if they’re able to transfer metacognitive strategies to
working with the group (Jarveld et al., 2013). In other words, learners with better self-regulation
could better support other group members and thus work more efficiently in collaborative
learning.

However, at a social level, a group is considered one agent, thus the metacognitive
awareness of the whole group as one is measured (Cini et al., 2023). Groups regulate their
collaboration by using metacognitive strategies like planning, monitoring and evaluating their
learning progress together (Ndykki et al. 2017). Collaboration seems to facilitate metacognitive
awareness, as students working in collaboration have a better understanding of how they should
work on a task (Cini et al., 2023). Collaborative learning thus seems to be twofold: the
individual’s metacognitive awareness impacts the successful group work and collaborating
facilitates the use of metacognitive strategies in turn.

Collaborative learning enhances the knowledge-gaining process and understanding of the
learning material by learners discussing current understanding and developing new ideas (Cini et
al., 2023). Feedback is a common form of interaction within a learning environment and enables
the learners to evaluate their learning progress (Cini et al., 2023). Additionally, receiving
feedback on one’s learning progress can increase one’s accuracy of self-judgement on
performance (Papadopoulos et al., 2021). Students have that exchange when working in groups,
but a long-term goal in the development of conversational Al is to create a learning environment
that encourages students to access metacognitive skills effectively by acting as an additional
team member or tutor, that prompts students to use metacognitive strategies but more insight into

the effectiveness of specific Al is needed (de Araujo et al., 2024; Edwards et al., 2024).



Conversational Agents in Collaborative Learning (Clair)

Clair (collaborative learning agent for interactive reasoning) is a conversational Al that
can be used to create prompts to encourage productive collaborative learning, specifically in
group discussions (de Araujo et al., 2024). The prompts used by Clair were developed using the
Academic Productive Talk framework (APT) and are based on Michaels and O’Conners’s (2015)
Four Goals of Productive Discussion (FGPD) (Michaels & O’Conners, 2015; de Araujo et al.,
2024). The FGPD are designed to guide discussions efficiently in a learning environment and
consists of:

(1) Helping individual students share their own thoughts

(2) Helping students orient to and listen carefully to one another
(3) Helping students deepen their reasoning

(4) Helping students engage with others’ reasoning

The eight APT talk moves Clair uses were developed to help students achieve the FGPD
goals (de Araujo et al., 2024). Namely, Clair’s talk moves are “Recapping”, “Add-on”,
“Rephrasing”, “Agree/Disagree”, “Linking contributions”, “Building on prior knowledge”,
“Example”, and “Expand reasoning”. According to de Araujo et al. (2024), Clair can facilitate
the use of some FGPD goals, such as elaboration and engaging with each other's reasoning.
Additionally, the presence of Clair led to more active group discussions (de Araujo et al., 2024).
Clair can therefore be considered an effective conversational Al in collaborative learning and can
act as a tutor in giving prompts. It is important to note that the APT framework is specifically
designed to enhance productive dialogue, not to elicit metacognitive strategies (de Araujo et al.,
2024). Therefore, while there is evidence for the positive impact Clair has on facilitating FGPD
goals, which metacognitive strategies as defined by Schraw & Moshman’s (1995) metacognitive
regulation components students use due to Clair’s presence are less researched. A better
understanding of whether Clair, with its current design using the APT framework, is a useful tool
for enhancing students’ metacognitive strategy usage is needed. This can be gained by
researching which metacognitive strategies learners use in a collaborative learning environment
while being prompted by an Al
Current Study

There seems to be little available research on what specific metacognitive strategies

student learners display when interacting with conversational Al. While previous studies show a



positive effect of collaborative learning on metacognitive awareness, the impact of feedback on
self-judgment, and the effectiveness of Clair on productive group discussions, what
metacognitive strategies are used is less clear. This study therefore aims to research what
metacognitive strategies students display when collaborating with and without Clair.
Additionally, as the literature suggests using multiple metacognitive strategies facilitates better
learning outcomes, and effective group discussions prompt using metacognitive strategies, this
study will research if learners are indeed more aware of metacognitive strategies they can use
after working with Clair. By doing so, this study aims at gaining insight into designing Al to
better support student’s metacognitive strategies and ultimately enhance learning outcomes. The

following research questions were addressed:

RQ 1: What metacognitive strategies do learners employ in peer discussions without
conversational Al to regulate their learning progress?
RQ 2: What metacognitive strategies do learners employ when interacting with conversational

agents to regulate their learning progress?

Method

Participants

Participants (N = 30; M_age = 23.23, SD = 2.02) were recruited through convenience
sampling, using the University of Twente’s online subject pool (Sona) and direct outreach via
WhatsApp and in-person invitations. The data collection of this study consisted of 17 Males and
13 Females. (Highest level of education = High school = 11, MBO/Abitur = 3, HBO/Applied
Sciences = 2, Bachelor = 11, Master = 3, PhD/Doctorate = 0). Participants came from diverse
national backgrounds, including Dutch (n = 18), German (n = 4), and others (e.g., Norwegian,
Chinese, Japanese). The experiment was carried out online in March and April 2025, using
Microsoft Teams Meetings and the Twente Go-Lab system (de Jong et al., 2021). Informed
consent was asked for at the beginning of the Go-Lab environment. Informed consent was
acquired from all participants. The discussion tasks were completed in dyads (n = 15), to which
participants with anonymous usernames were randomly assigned. The eligibility criteria to
participate in the study were that they had to be at least 18 years old, have access to a working

laptop or computer, be proficient in written English and be a student at the University of Twente.
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While two students misreported their current occupation as pupil and part-time worker, their
occupation was verified to meet inclusion criteria. The study was approved by the ethics
committee of the University of Twente (nr. 250328).
Design

This study employed a within-subject mixed-methods design. Each dyad worked on two
tasks: one without the Al agent Clair and one with Clair. The primary dependent variable was
students’ metacognitive strategy awareness, measured before and after the interaction with Clair.
Quantitative changes were analysed using pre- and post-MAI scores, and qualitative analysis
focused on strategy usage observed in chat interactions.
Materials
Go-Lab

This research was conducted in Go-Lab (de Jong et al., 2021), an online learning system
where teachers can create their own inquiry-based learning environment (ILS). The participants
could sign up for a timeslot in the Sona System or were manually scheduled by the researcher.
They needed a laptop or computer to join the Teams Meeting, where they received the link to the
Go-Lab environment. The Go-Lab environment included a collaboration tool, a chat box, a
consent form, a pre- and post-study questionnaire, preparation material, and a demographic
questionnaire.

Metacognitive Awareness Inventory (MAI). The Metacognitive Awareness Inventory
(MALI; Schraw & Dennison, 1994) consists of two parts. To measure students’ metacognitive
awareness of metacognitive strategies, only the part regarding the regulation of cognition was
used. The questionnaire had a total of 35 items, to which participants responded positively or
negatively. The questions included 5 subcategories: Planning, Information Management
Strategies, Monitoring, Debugging Strategies, and Evaluation. An example of an item in
Planning is: “I think about what I really need to learn before I begin a task”. An example of an
item in Information Management Strategy is: “l slow down when I encounter important
information”. An example of an item in Monitoring is: “l ask myself periodically if [ am meeting
my goals”. An example of an item in Debugging Strategies is: “l ask others for help when I don’t
understand something”. An example of an item in Evaluation is: “I know how well I did once |
finish a task”. The construct validity was assessed with a factor analysis and was found to be

good, with a variance of 78%. The coefficient alphas for items loading on each factor reached
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.91, indicating a high degree of internal consistency. The coefficient alpha for the regulation of
cognition reached .88 (Schraw & Dennison, 1994).

Preparation Material. All students were presented with the same preparation material
created for this study, which was related to the topic of climate change. It consisted of
background information about climate change, a short text about waste management, ocean
pollution and its environmental impact, an approximately 3-minute video about ocean pollution,
and a knowledge quiz containing 4 multiple choice questions regarding information from the text
and video.

Discussion Topics. The Go-Lab environment included two collaborative discussion
phases. Phase 1 (see Figure 1 for Discussion 1) without Clair and Phase 2 (see Figure 2 for
Discussion 2) with Clair. Each Discussion Topic was created based on the Preparation Material
created for this study and examples of pre-existing ILS (Pauli, 2025). One ILS was selected and
used as an example to create Discussion Topics, which were built based on the ARCS model of
motivation, focused on attention, relevance, confidence, and satisfaction (Keller, 2010). The
resulting Cases included realistic examples and clearly defined tasks and goals, achievable

within the time given.

Figure 1

Case Task for Discussion Topic 1

Now that you have gained some insight into how waste management and ocean pollution are connected to the climate crisis, you will engage in

Infornied Congent discussion with your partner about two case studies. Each of you has studied the same learning material highlighting problematic issues and possible

solutions regarding waste management and ocean pollution. Use the knowledge from the text and video and feel free to incorporate arguments based

z . on you and your partners own experiences.

MAI Questionnaire 1 ¥ o P
You will first discuss Case 1 together. Your goal is to collaborate, share ideas and come up with a well-rounded solution to the problem. The

Preparation Leam'ng Material conversation will take place in the chat box at the right side.

Discussion Topic 1

Discussion Topic 2 - -
Problem

MAI Questionnaire 2 A mid-sized country is facing increased climate-related challenges, such as mud slides and heavy storms, which are impacting its infrastructure and
overall sustainability. A rapidly growing city within the country is facing serious waste management challenges as its population increases. Landfills are

Demographic Background filling up quickly, and recycling rates remain low due to inadequate infrastructure and lack of public awareness. Meanwhile, air pollution from waste
incineration is worsening the city's air quality, posing health risks to residents.

The city government wants to develop a long-term waste management plan that minimizes environmental harm while accommodating the needs of a
growing population.

Task

Please discuss the problem above with your partner. Share your ideas on what steps the city should take to improve its waste management system and
reduce environmental harm. Justify your thoughts by presenting arguments based on your own experiences and knowledge, as well as the information
from the preparation material. Try to identify at least three concrete actions the city can implement to create a more sustainable waste management
system. You may have different opinions, but be sure to consider multiple perspectives.

After discussing, summarize your final recommendations on how the city should address its waste management challenges. Write your final answer on
which steps the country should take in the chat (e.g.: “FINAL ANSWER...").

The discussion will last for 15 minutes.
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Figure 2
Case Task for Discussion Topic 2

4 4
Informed Consent After discussing Case 1, you will now move on to Case 2. This time, a conversational agent called Clair will join the discussion, to help guide your
conversation. Clair does not answer questions but will intervene by asking questions or providing prompts to foster a productive dialogue. Please start
MAI Questionnaire 1 the chat by writing "Hello". Both discussion partners need to write hello. Clair will then introduce herself.
Preparation Learning Material Your task remains the same: Work together with your discussion partner to come up with a solution.

Discussion Topic 1
Case 2: Protecting Marine Ecosystems from Pollution

Discussion Topic 2

Problem
MAI Questionnaire 2 A coastal nation is experiencing increasing extreme weather phenomena, like strong rain, droughts and heatwaves. Their economy is heavily
dependent on agriculture and fishing practices, but they experience threats to the marine ecosystems due to pollution. Plastic waste is accumulating in

Demographic Background the ocean, while agricultural runoff is creating dead zones. Additionally, ocean acidification is weakening coral reefs and disrupting fish populations,

which are a vital food source for many coastal communities.

The government is looking for ways to protect marine biodiversity and ensure the long-term sustainability of the agriculture and fishing industry.

Task

Discuss the problem above with your partner. Explore possible solutions to protect the nation’s marine ecosystems while ensuring that fishing
communities can continue to rely on the ocean for their livelihood. Use your own experiences and knowledge, as well as the information from the
preparation matenal, to support your arguments. Try to come up with at least three policy recommendations that could help reduce ocean pollution

and support marine life recovery. Consider different viewpoints and discuss potential trade-offs.

After your discussion, summarize your final recommendations on how the nation should address its marine pollution crisis. Write your final answer on
which steps the country should take in the chat (e.g.: "FINAL ANSWER...").

The discussion will last for 15 minutes.

Clair. In this study, the conversational agent Clair was used (de Araujo et al., 2024).
Clair was included in Phase 2. Clair interacted with participants depending on relevant keywords
(see Figure 3) or for example discussion balance. Keywords were selected based on relevant
terms included in the preparation material or task formulation. Clair’s prompts to facilitate

discussions were based on the already mentioned APT Framework (see Table 1).

Figure 3
Relevant Keywords Used by Clair

Keywords

EEE
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Table 1
APT Base Talk Moves of Clair

Talk Moves Description Example
Build on prior [<speaker>, how does this expand what <discussant> has said so far?]
knowledge

Expand Reasoning [<speaker>, could you please elaborate more on this?]

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

Linking [<discussant>, how do your ideas align with what <speaker> just said?]
Contributions
Recapping [This conversation is interesting. 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?]
Procedure

To ensure that the dyads completed each phase of the experiment synchronously, they
were asked to join a Microsoft Teams Meeting. They exclusively used the chat there to
communicate technical questions and the completion of tasks. To start the experiment,
participants were asked to log in with their assigned username (e.g. Participant A). Furthermore,
participants read the information sheet and provided informed consent (see Appendix A for
informed consent), completed the MAI questionnaire 1 (see Appendix B for MAI questionnaire),
and studied the preparation material (see Appendix C for preparation material). All three sections
were completed individually, within 15 to 20 minutes. Within that time, participants were
grouped in dyads. The grouping was done alphabetically; thus, participant A was grouped with
participant B. After completing the first individual section, Discussion Topic 1 (Phase 1) was
made available to the participants (see Appendix D for Discussion Topic 1). They were asked to
read the problem statement and task of Case 1 and discuss their ideas in the chat box on the right
side. Discussions took place synchronously, and participants could solely communicate through

the chat. They had 15 minutes for Phase 1 and were reminded shortly before the end to finish
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their discussion. Simultaneously, Phase 2 was prepared by enabling Clair. After completing
Phase 1, Discussion Topic 2 (Phase 2), was made available to the participants, where they had to
discuss Case 2 and come to a joint answer to the task in the chat box (see Appendix E for
Discussion Topic 2). This time, Clair was present in the chat box and prompted them with talk
moves, to help facilitate productive discussions. They again had 15 minutes for Phase 2 and were
reminded shortly before the end to finish their discussion. Lastly, they were asked to proceed
with the second individual part and fill in the MAI Questionnaire 2 and the demographic
questionnaire (see Appendix F for the demographic questionnaire).
Data analysis

After the data collection was completed, the data was exported from Go-Lab and
prepared for analysis. For the qualitative analysis, the chats of Phase 1 and Phase 2 were
imported into Atlas.ti and coded based on Schraw and Moshman’s metacognitive regulation
components (see Table 3 for the Codebook). Due to time constraints in the set-up of the study,
coding consistency was ensured through intra-rater reliability, which can be described as inter-
replicate reliability done by the same researcher coding each chat twice (Gwet, 2001).

Afterwards, the qualitative and quantitative data was imported into RStudio (Version
2024.12.1). For the quantitative analysis, MAI scores were calculated as the sum of affirmative
responses per participant, after the parametric assumptions were checked. Subscale analyses
were also conducted. Due to non-normality in MAI score distribution, a paired-sample Wilcoxon

test assessed pre- and post-intervention differences.

Table 3
Codebook of Metacognitive Strategies

Metacognitive ~ Metacognitive  Code Description  Coding Indicators Example
Strategies Strategy Quotation

Definition
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Planning Students select
the appropriate
strategies and
allocate
resources that
affect

performance

Monitoring Students
monitor their
comprehension
and task

performance

Evaluation Students
evaluate their
learning
process and

results

NCP
WCP

NCM
WCM

NCE
WCE

Students set
goals, plan
their strategy
to accomplish
the task,
allocate time
and resources
prior to the

task

Student self-
test their
comprehen-
sion during
the task and
self-test their
performance
during the
task

Students
evaluate their
performance,
goals and

conclusions

- Goal Setting

- Strategy
planning

- Allocating time

prior to the task

- Statements of
their current
comprehension
- Dis-/agreeing
with statements
- Questions to
further their

comprehension

- Monitoring their

resources (time)
- Monitor their

performance

- Evaluating their
performance

- Evaluating their
goals

- Evaluating their

conclusions

“We need
three
concrete
actions for
waste

management”

“We are also
still missing a

third idea”

“I think that 1
and 3 are
quite similar
but think that
that is oke”

Note. NC = No Clair; WC = With Clair. Example Quotations are taken from the collected data.
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Results

Table 4 gives an overview of the frequencies of metacognitive strategies displayed by
participants in all discussions of Phase 1 (without Clair). In these discussions, Monitoring is
notably the most frequently displayed metacognitive strategy (M = 6.3, SD = 2.98). In total, the
participants displayed 225 metacognitive strategies (M =2.51, SD = 3.25). Table 5 gives an
overview of the frequencies of metacognitive strategies displayed by participants in all
discussions of Phase 2 (with Clair). Monitoring was the most frequently occurring metacognitive
strategy again (M = 6.56, SD = 2.41). In total, the participants displayed 222 metacognitive
strategies across all discussions of Phase 2. Clair contributed 62 times within the 15 Chats of

Phase 2 (M =4.13,SD = 1.72).

Table 4

Frequency of Metacognitive Strategies in Phase 1

No Clair

M SD N
Planning 0.33 0.47 10
Monitoring 6.3 2.98 188
Evaluation 0.9 0.92 27
Total 2.51 3.25 225

Table 5

Frequency of Metacognitive Strategies and Clair Interventions in Phase 2

With Clair

M SD N
Planning 0.2 0.48 6
Monitoring 6.56 2.41 196
Evaluation 0.66 0.71 20
Clair 4.13 1.72 62

Total 2.47 3.26 222
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To provide further qualitative evidence, chat transcript excerpts were included. In Figure

4, example chat transcript excerpts of Planning, Monitoring and Evaluation without Clair can be

seen in that respective order. Figure 5 showcases chat transcript excerpts of prompted

Monitoring and Evaluation. While Planning did occur with Clair present, Clair did not seem to

prompt Planning directly, as can be seen in Figure 6.

Figure 4

Chat Transcript Excerpts of Planning, Monitoring and Evaluation in Phase 1

You

heya, we have to discuss
how to manage waste in a
mid size city, right?

t

yes 19:28

You

Lets see, what are good
ideas to improve waste
management?

so i was thinking, since the
city also has inadequate
infrastructure and lack of
public awareness about the
landfills maybe we could
also do something with
that?

4

44—

Type your message here...

NCM

We should wrap up btw
So | see 4 things:

1. financial incentive to
recycle

2. disposal sites closer to
people's homes

3. better city budget
allocation

4. Public awareness
campaigns

participant q

Cool

You

That about right?

1

12:31

‘ Type your message here...

NCM

NCM

NCE



Figure 5

Chat Transcript Excerpts of prompted Monitoring and Evaluation in Phase 2

Participant s, could
you give an example?

You

Yes. An example of runoff is
when farmers use too much
(artificial) "mest" or growth

formulas on their soil, which

seeps into the ground water ¢
and increases the nitrogen
concentration. This then
flows into the sea, which is
the runoff
t
So use less artifcial "mest"
as an option? ¢
You
yes!

Type your message here... ’

wCM

wCM

18

Clair

Participant v, how
does this expand what
U have said so far?

participant v
we could change it to build
more sustainable

You

yeah i kinda agree

T

hmmm yeah i think the
original one isnt bad either

up to you
build more sustainable or

building to last extreme
weather are both good

WCE

wCM

WCE

‘ Type your message here...
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Figure 6
Chat Transcript Excerpt of Planning in Phase 2

Hi everyone, my name
is Clair. To facilitate
discussion with your
partner, I'll
occasionally pose
questions.

Okay | think this one might
be a little more difficult

You

So here we're apparently not
looking for ways to replace <4— | wcr
the region's income source
but to protect it insteaad

[)

So protect marine
biodiversity AND
sustainability of farming and
farming

wcCP

Type your message here...

Table 6 gives an overview of the descriptive statistics of the Metacognitive Awareness
Inventory (MAI) scores before the intervention, namely the discussions. Considering the
difference in the number of items per subscale, participants scored highest in Debugging
Strategies (M = 4.26). Participants scored lowest in Evaluation (M = 2.73). Table 7 gives an
overview of the descriptive statistics of MALI after the intervention. Accounting for the difference
in the number of items per subscale, participants again scored highest in Debugging Strategies

(M = 4.43) and lowest in Evaluation (M = 2.93).
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Table 6

Descriptive Statistics of MAI Pre-Intervention

M SD N
Planning 3.96 1.77 30
IMS 7.93 1.46 30
CM 4.9 1.39 30
DS 4.26 0.73 30
Evaluation 2.73 1.17 30
Total 23.8 4.03 150

Note. IMS = Information Management Strategies; CM = Comprehension Monitoring; DS =
Debugging Strategies.

Table 7

Descriptive Statistics of MAI Post-Intervention

M SD N
Planning 4.43 2.01 30
IMS 8.2 1.37 30
CM 5.3 1.48 30
DS 4.43 0.89 30
Evaluation 2.93 1.46 30
Total 25.3 5.27 150

Note. IMS = Information Management Strategies; CM = Comprehension Monitoring; DS =
Debugging Strategies.

As the parametric assumptions were violated, a paired-samples Wilcoxon-test was
performed, to determine whether there was a significant difference pre- and post-intervention
(see Table 8 for Wilcoxon-test). Of the subscales, only Planning showed a significant difference
with a moderate effect size (V =15, p =0.03, r = 0.37). In general, a significant increase with a
large effect size could be observed regarding the awareness of metacognitive strategies as a

whole after using Clair (V =53, p =0.005, r = 0.52).
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Table 8

Results of Paired-samples Wilcoxon-test Comparing Pre- and Post-Intervention MAI Scores

Paired-samples Wilcoxon-test

\ p
Planning 15 0.03?
IMS 35 0.13
CM 47 0.08
DS 15 0.18
Evaluation 36 0.29
MAL total 53 0.005°

Note. IMS = Information Management Strategies; CM = Comprehension Monitoring, DS =
Debugging Strategies.

ar=0.37

br=0.52

Discussion

The overall goal of this study was to explore what metacognitive strategies students
display when collaborating with and without Clair and to gain insight into designing Al to better
support students’ metacognitive strategies and ultimately enhance learning outcomes.

To address the first research question — exploring learners’ metacognitive strategies
without Al support in peer discussions — a qualitative analysis of the chats in Phase 1 was
conducted. The key finding was that monitoring was the most frequently used metacognitive
strategy without Clair in collaborative discussions. Monitoring is possibly the most intuitive
strategy and thus might have been so dominant due to time pressure in a very goal-directed task,
as literature suggests certain strategies such as planning and evaluation are more time-consuming
(Wolters & Brady, 2020). It seems therefore possible that Planning and Evaluation remained low
in occurrence because they would appear in the beginning and end of discussions and 15 minutes
may not be enough time for students to not feel pressured to complete the task quickly.

Not only time pressure but also the task structure itself might be an explanation for the
frequent occurrence of monitoring. The discussions were set up to include a clear problem

definition and task, making them quite structured. Especially in such tasks, Monitoring might
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have been the dominant strategy because it is reactive and context-dependent (Naykki et al.,
2017). The discussions were conducted in dyads, meaning an element of shared regulation was
added to the inherent self-regulation (Cini, 2024). When working in dyads, students might thus
prioritise monitoring the group progress over their individual planning or evaluation (Cini,
2024). Additionally, these findings may reflect the inherent dynamics of shared regulation in
dyads, which included collaborative metacognition, where the immediacy of responding to a
peer's idea or reaching a consensus promotes Monitoring over individual Planning or Evaluation
(Naykki et al., 2017).

To explore the second research question concerning learners’ metacognitive strategies in
interactions with conversational agents, a qualitative analysis of the chats of Phase 2, as well as a
quantitative analysis to research whether awareness of metacognitive strategies changed after
interacting with Clair, was conducted. There were three key findings. Firstly, metacognitive
monitoring was the most frequently used strategy with Clair in collaborative discussions. This
result is in line with research by Azevedo et al. (2004), showing that help-seeking alone is not
enough to achieve desirable learning outcomes. In other words, solely relying on prompts does
not seem to relieve students’ need to actively plan, monitor and evaluate. From a metacognitive
development perspective, it is plausible that conversational agents such as Clair are better
equipped to scaffold ‘in-the-moment’ monitoring rather than strategic foresight (Planning) or
reflective judgment (Evaluation), which may require more complex modelling of student
learning progress (Cini, 2024).

Furthermore, it is possible that participants did not perceive Clair as a collaborative
partner capable of facilitating strategic planning or evaluation. This aligns with Edwards et al.
(2024), who found that the perceived social presence of an Al agent affects learner
responsiveness. A possible explanation why participants might have perceived Clair’s prompts as
not useful might have been the lack of trust in the Al agent (Nazaretsky et al., 2025). Participants
might not have trusted Clair to guide the discussion efficiently, thus leading to them behaving
similarly regarding Planning and Evaluation compared to the discussions in Phase 1, without
Clair.

Secondly, a slight decrease in overall strategy frequency with Clair could be found in the
qualitative analysis. De Araujo et al. (2024) found that Clair boosted reasoning and elaboration,

which are elements of effective discussions. Research suggests that effective discussions increase
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metacognitive strategy frequency, which is contradictory to the current study’s results of overall
decreased metacognitive strategy frequency. This could possibly be explained by factors such as
the time restriction of 15 minutes per discussion or limited keyword triggering. Another
explanation might be a possible sequence effect, in that the study was set up to have interaction
with Clair consistently in Phase 2 and the slight decrease in overall strategy frequency might be
due to it being the second task (Yang et al., 2021). Sequence effects can occur when a previous
task might affect the current task, in this case, the second discussions with Clair (Soetens et al.,
2004). Tiredness or question fatigue might have been a factor, as a sequence effect could be
modulated by the similarity of problem statements (Yang et al., 2021).

Despite the technically existing slight decrease in overall strategy frequency with Clair, it
is important to consider that the difference between strategy frequency in Phase 1 and Phase 2 is
indeed quite small and could arguably be considered no difference at all. It could just be a
random variation in strategy frequency — meaning the variation could have gone in the opposite
direction too. The implication is that the positive effect of Clair is not observable in the data,
which could be due to the mentioned time restrictions or the possible sequence effect. It may also
be that the effect of Clair in supporting metacognitive strategy use is not immediately observable
and needs time to develop, i.e.: Clair is modelling these strategies rather than immediately
facilitating them in participants. If Clair is indeed modelling questions learners should ask
themselves, time would be a major factor in the observability of strategy frequency. Even if Clair
is modelling reflective questions, modelling has been shown to promote the use of metacognitive
strategies as well, thus the decisive factor still appears to be time (Volet, 1991).

Nevertheless, there was an observable effect in the quantitative data: Significant overall
metacognitive strategy awareness endorsement and an increase in endorsement of planning
strategies awareness. This means that participants might have been developing awareness of
metacognition as a result of taking part in the study, but it is unknown whether this was due to
Clair or simply through collaborative working on tasks, or possibly both.

Interestingly, while Planning was underrepresented in chat-based behaviour, the MAI
indicated a significant post-intervention increase in Planning awareness. This divergence
between observed and self-reported data highlights the complexity of assessing metacognition
and the need for triangulated methods (Cini, 2024). Previous research suggests a difference in

awareness and observable behaviour due to the method used (Cini, 2024). While off-line
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methods such as the MAI questionnaire are considered a generally reliable method, learners’
answers might not always align with their actual performance, as they might remember their
performance differently or state intended behaviour. On-line methods, such as think-aloud
protocols might capture metacognitive strategies better during a task but are currently not
feasible in a classroom environment due to their disruptive nature there. It is thus possible that
the post-intervention measurement of MAI captured intended strategy use or heightened
awareness of its importance even if it could not be captured in the actual behaviour of
participants.
Synthesis of Findings

Overall, the findings suggest that Monitoring dominates student regulation both with and
without Al support, while Planning and Evaluation remain underutilized in real-time
collaborative contexts. Clair’s impact appears limited to discussion facilitation rather than
metacognitive enhancement. Nevertheless, post-task self-reports suggest a shift in awareness,
pointing to Clair’s potential role in triggering reflective thinking that is not immediately
observable.
Implications

Overall, this study contributes to the growing body of research examining the integration
of Al into self-regulated learning and may inform future design and policy decisions. Regarding
design implications, while Clair has not been shown to improve metacognitive strategy
frequency and can in the current study’s findings not be endorsed without further design
improvements, Clair might still be a valuable Al-facilitated teaching tool in collaborative
environments, particularly where teacher presence is limited. This is because of the findings of
previous research suggesting that Clair improves the participation of learners in discussions and
might thus be particularly helpful when teachers cannot give the same attention to students’
discussion progress as Clair. However, Clair’s prompts are open to reprogramming, thus in the
context of facilitating metacognitive strategies, Clair might benefit from incorporating explicit
metacognitive prompts, not only reasoning-focused prompts. This might contribute to increasing
metacognitive strategy usage across all subscales.

Incorporating explicit metacognitive prompts might require the expansion of the existing
framework or the use of a different one, such as the Socially Shared Regulation of Learning

(SSRL) framework (Zheng et al., 2024). Compared to the APT framework, which focuses on
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facilitating productive discussions, the SSRL framework’s four core stages consist of
understanding, planning, monitoring and evaluation (de Araujo et al., 2024; Zheng et al., 2024).
While literature suggests successful enhancement of learners’ collaborative learning through
SSRL, the effect when integrated with a conversational agent like Clair is still underexplored.

As this study’s findings suggest a difference in awareness of metacognitive strategies and
observable metacognitive strategies, it should be considered to embed strategy-reflection
questions before and after discussions to boost a transfer of intended strategy usage to actual
behaviour. This educational implication could potentially be valuable to enhance metacognitive
strategy frequency and therefore ultimately improve learning outcomes. Additionally, teachers
should guide students to reflect on Al-generated prompts, which is an important factor in human-
Al-trust and might potentially lead to learners’ accepting the modelled prompts into their own
reflective processes and thus ultimately enhance their metacognitive strategy frequency.
Especially if specific metacognitive strategy prompts are included in the framework Clair will
use.

All implications should be considered when further improving Clair’s design in particular
to make Clair more valuable as a tool in real-world classrooms.

Limitations and Strengths

One of the study’s limitations was the small sample size of 30 participants, as the
parametric assumption of normality was violated and the generalizability of this experiment is
limited due to it. Time constraints resulted in two limitations. First, Dyslexia, as verbally noted
by three participants, and the reading load could reduce the engagement with Al prompts.
Secondly, time constraints limited the strategy visibility, especially for Planning and Evaluation.
Due to time-constraints in the set-up of the study, only intra-rater reliability was used and no
inter-rater reliability was reported in qualitative coding.

Nevertheless, the study also had some significant strengths. The preparation and learning
material were constructed to fit the discussion topics, ensuring participants had a similar starting
base for their discussions and enough theoretical background to make informed decisions. The
topics themselves were based on realistic scenarios regarding climate change, and generated
ideas of the discussions can thus be taken into consideration for overarching projects like
Learning to be Green (L2BG), adding social relevance in the current time. While participants

were recruited using a convenience sample, a diverse cultural background of participants was
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found, adding to the possible applicability in other countries. Lastly, participants were assigned
in dyads randomly and anonymously, limiting the influence of possible pre-existing relationships
in the discussions.

Conclusion and Future Research

In conclusion, Monitoring is the most frequently used metacognitive strategy with and
without Clair. This study found limited evidence of Clair’s impact on metacognitive strategy
frequency in learners. However, intended metacognitive strategy usage could be measured,
particularly Planning awareness increased. Further research is required to make a decision on
how Clair could be designed and implemented in classrooms as a teaching tool, and thus possibly
support learning outcomes through collaborative learning.

Before Clair can be considered for implementation in classrooms, future research should
focus on exploring the modification of Clair to include strategic prompts, like “What is your
plan?”, “How will you check your answer?”. Scaffolded and un-scaffolded Al interaction should
then be tested, to verify results regarding a possible sequence effect and the effectiveness of
Clair’s prompts once modified. As modifying Clair’s prompts might require using a different
framework, for example, the SSRL framework, further research into the effectiveness of this
framework in facilitating metacognitive strategies through Clair is required. Additionally, longer
sessions or multiple sessions should be conducted, to capture delayed strategy use and to provide
enough time for both the reading load, as well as discussion time to offer space for Planning and
Evaluation. To enhance observability, log analysis, think-aloud or retrospective protocols should
be considered to triangulate with chat data. Due to the complexity of capturing metacognitive
strategies in intended and observable behaviour, a mixed-method approach is recommended for

future research.
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Appendix A

Go-Lab Environment — Informed Consent

gg‘%ﬁféﬂg Twente Go-Lab player Learning Environment Katharina

testera [

4 >
Informed Consent

5 This is the beginning of
. % . 4 the chat. Ty
MAI Questionnaire 1 =9 Dear participant, s et
ZE below and press ENTER
. " : to send it to the others.
Preparation Learning Material %E Welcome and thank you for participating in my study about the relationship of s
S8 metacognitive strategies learners employ with conversational agents (Al). This study will
require about 75 minutes of your time to complete. There are no correct or incorrect 27/3/2025
responses since the research solely relies on your ideas and experiences. Therefore, |
kindly ask you to honestly answer all questions to get valuable information for further You

conclusions. The advantages of taking part in this study are that the conversational agent

Hit
can aid users in collaborative communication and can provide guidance and assistance,
which can improve your communication skills. You will also learn more about selected Hard problem | guess...
topics related to climate change and might be able to apply some ideas you will discuss
to your own behavior. Lastly, you might il your of it Sahit b
strategies, which will help you in all future learning environments. I'd like to warn you that
the selected climate change topics (waste management and ocean clean-up) might hit
evoke negative thoughts or feelings. Your participation is entirely voluntary, and you have )
the right to withdraw from the study at any time without repercussions. In this study, you'll yesitis
have to fill out questionnaires, study some learning material and perform two online
discussions. Your personal data will be collected and managed in an anonymous manner. You
The information gathered will only be applied to my research. Your participation in this
study will be kept private, and no information about you will be kept in our data. After Okay 8o first step should be,

being analyzed, the data will be deleted. | have read and comprehended the informed
consent and agree to participate in this study.

& | consent to the terms stated above

Collaboration Tool

Your collaboration group:

UNIVERSITY
OF TWENTE



UNIVERSITY
OF TWENTE.

Twente Go-Lab player

Appendix B

Go-Lab Environment — MAI Questionnaire 1
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MAI Questionnaire 1

Preparation Learning Material
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Questionnaire

1. Think of yourself as a learner. Read each statement carefully. Consider if the statement is true
or false as it generally applies to you when you are in the role of a leamer (student, attending

=ui

-1 classes, university etc.) Check

E‘E (v) True or False as appropriate.

==

B True False
1.1ask myself periodically if | am o 5
meeting my goals.
2. | consider several alternatives to a ® o
problem before | answer.
3. 1 pace myself while learning in ® o
order to have enough time.
4. | think about what | really need to ® o
learn before | begin a task
:::tl‘mnw how well | did once I finish a ® o
6. | set specific goals before | begin a o ®
task.
7.1 slow down when | encounter ® o
important information.
8. 1 ask myself if | have considered all ® o
options when solving a problem.
9.1 i focus my on
important information. © o
10. | ask myself if there was an easier o ®

way to do things after | finish a task.

Learning Environment Katharina
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This is the beginning of
the group chat. Type
'something in the box

below and press ENTER

to send it to the others.

27/3/2025

You

Hil

Hard problem | guess...

tester b
hil
yesitis

You

Okay so first step should be,

ype your message here.

Collaboration Tool

Your collaboration group:

testera [

Informed Consent

MAI Questionnaire 1

Preparation Learning Material

11. | periodically review to help me

important © o
12. | ask myself questions about the o ®
material before | begin.
13. | think of several ways to solve a ) o
problem and choose the best one.
14. | summarize what I've learned after o ®
I finish.
15. | ask others for help when | don't o) o
understand something.
16. | find myself analyzing the o ®
usefulness of strategies while | study.
17. | focus on the meaning and ® o
significance of new information.
18. | create my own examples to make o ®
information more meaningful.
19. | find myself pausing regularly to ® o
check my comprehension.
20. | ask myself how well | accomplish ® o
my goals once I'm finished.
21. | draw pictures or diagrams to help o ®
me understand while learning.
22. | ask myself if | have considered o ®
all options after | solve a problem.
23. | try to translate new information ® o
into my own words.
24. | change strategies when | fail to 1o ®

understand.
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This is the beginning of
the group chat. Type
something in the box

below and press ENTER

to send it to the others.

27/3/2025

You

Hit

Hard problem | guess...

tester b

hil
yesitis

You

Okay so first step should be,
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Your collaboration group:
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Hide phase list

Learning Environment Katharina

23. | try to translate new information
into my own words.

24. 1 change strategies when | fail to
understand.

25. | use the organizational structure
of the text to help me learn.

26. | read instructions carefully before
1 begin a task.

27. | ask myself if what I'm reading is
related to what | already know.

28. | reevaluate my assumptions when
| get confused.

29. | organize my time to best
accomplish my goals.

30. | try to break studying down into
smaller steps.

31. | focus on overall meaning rather
than specifics.

32. | ask myself questions about how
well | am doing while | am learning
something new.

33. | ask myself if | learned as much
as | could have once | finish a task.

34. | stop and go back over new
information that is not clear.

35. | stop and reread when | get
confused.

34

testera [

This is the beginning of
the group chat. Type
something in the box

below and press ENTER

to send it to the others.

27/3/2025

You

Hil
Hard problem | guess...

tester b

hit
yesitis

You

£Otay;0 fiststep shod be)

Collaboration Tool

Your collaboration group:

UNIVERSITY
OF TWENTE



UNIVERSITY
OF TWENTE.

Twente Go-Lab player

Appendix C
Preparation Material

Learning Environment Kath

35

testera [

Informed Consent

MAI Questionnaire 1
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Background information

Climate Change refers to long-t shifts in weather and er
conditions across the planet, largely driven by human activities. The burning of fossil fuels,
deforestation and industrial practices have signi y ir the ion of g Ise

gases in the atmosphere, trapping heat and altering the global climate.

These changes are already having profound impacts, such as rising global temperatures, melting ice
caps, ocean acidification and more frequent extreme weather events, like floods, droughts, and storms.
Climate Change affects not only the it, but also
social stability.

agriculture, human health, and

To address these challenges, many countries are exploring strategies to reduce carbon emissions and
mitigate climate impacts. range from waste manag and changing
consumption patterns to create preservation policies and transforming industries.

Waste Management, Ocean Pollution and its Environmental Impact

The Climate Crisis has an impact on the functioning of society, but and individi
and policies have a significant impact on the Climate Crisis as well. Effective waste management plays
a signif role in g ct ges and climate change. Landfills are the most
common method of waste di but they ibute heavily to h (CH,) emissi a
greenhouse gas 25 times more potent than carbon dioxide (CO;) in trapping heat. Additionally,
decomposing waste produces leachate, a toxic liquid that can seep into the soil and contaminate
groundwater, posing serious health risks to nearby communities. Another major concern is air
pollution from waste incineration, which releases harmful substances like dioxins and fine
particulate matter (PM2.5) that can cause respiratory issues and environmental harm.

Learning Environment Katharina

This is the beginning of
the group chat. Type
something in the box

below and press ENTER

to send it to the others.
27/3/2025

You

Hit

Hard problem | guess...
tester b

hi!

yesitis
You

ikny so first step should be,

Collaboration Tool

Your collaboration group:
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MAI Questionnaire 1

Preparation Learning Material

< Recycling is often seen as an alternative to landfill disposal, as it reduces the need for extracting new )

raw materials and lowers overall waste accumulation. However, only about 9% of plastic waste has
ever been successfully recycled, with much of it ending up in landfills or the environment. To
effectively recycle, glass, metal, paper and plastic needs to be sorted and plastic in its different kinds
(e.g.: PET). If the plastic isn't clean or pure enough, it can be used as different products, like yarn
(Polyester) or handbags, which is called downgrading. Meanwhile, industries

continue to produce virgin plastic due to its low cost compared to recycled materials, perpetuating the
cycle of waste ¢ 1. Many countries export their waste to other countries, where the waste is

managed according to those countries regulations, which often is not environmental friendly.

Plastic waste not only impacts land environment, but also accounts for 80% of all marine debris,
endangering marine species that ingest or become entangled in it. These plastics also break down into
microplastics, which are ingested by marine organisms and enter the food chain, potentially impacting
global food security. The decline of marine life is especially concerning because over

3 billion people worldwide rely on seafood as a primary food source. The United Nations Food and
Agricultural Organization estimates that 85% of marine fish stocks are either fully exploited or
overfished. Another growing concern is ocean acidification, which occurs when seawater absorbs

excess carbon dioxide (CO;), lowering its pH. This process weakens coral reefs and affects shell-
forming organisms, which play a crucial role in marine ecosystems. Additionally, nutrient runoff from
industrial farming contributes to the formation of dead zones—areas where oxygen levels are too
low to support marine life. Subsidies by the US and European governments encourage farmers lo
overproduce and cut corners environmentally.

69% of the planet’s fresh water is used in agriculture, and this excessive consumption of
freshwater in farming is degrading water quality afterwards.

For more information on ecean pollution, please watch the video below.

This is the beginning of
the group chat. Type
something in the box

below and press ENTER

to send it to the others.

27/3/2025
You
Hi!

Hard problem | guess...

tester b

hil
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Okay so first step should be,
Type your message here.
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This is the beginning of
the group chat. Type
something in the box

below and press ENTER

. . . i h hers.
Proparstion Leaming Material LSV | 1o end 10 the oiher,

MAI Questionnaire 1

1. What is the most common method of waste disposal? 2152008
v O Recycling Waste
9
O Waste Incineration ou
Zu QO Composling Waste lp.!
o @ Landfills
;E Hard problem | guess...
5% 2. What percentage of plastic was has ever been successfully recycled? toster b
O 64% hit
® 9%
O 39% yes itis
O 5% v
'ou
3. How much of the planet's freshwater is used in agriculture? Okay so first step should be,
® 69%
O 80%
Q 25%
O 38%

Collaboration Tool

4. What is not a consequence of ocean acidification?
Your collaboration group:

O Coral reef decline EE
O Reduction of marine life §¥ m m
@® Increase of plastic waste gg

QO Threat on shell-forming organisms
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Discussion Topic 1
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Now that you have gained some insight into how waste management and ocean pollution are
connected to the climate crisis, you will engage in discussion with your partner about two case studies.
Each of you has studied the same learning material highlighting problematic issues and possible
solutions regarding waste management and ocean pollution. Use the knowledge from the text and
video and feel free to incorporate arguments based on you and your partners own experiences.

You will first discuss Case 1 together. Your goal is to collaborate, share ideas and come up with a well-
rounded solution to the problem. The conversation will take place in the chat box at the right side.

Case 1: Managing Waste in a Growing City.

Problem
A mid-sized country is facing increased climate-related challenges, such as mud slides and heavy

storms, which are impacting its infi ture and overall s ility. A rapidly growing city within the
country is facing serious waste management challenges as its population increases. Landfills are filling
up quickly, and recycling rates remain low due to inadequate infrastructure and lack of public
awareness. Meanwhile, air pollution from waste incineration is worsening the city's air quality, posing

health risks to residents.

The city government wants to develop a long-term waste management plan that minimizes
environmental harm while accommodating the needs of a growing population.

Task

Please discuss the problem above with your partner. Share your ideas on what steps the city should
take to improve its waste management system and reduce environmental harm. Justify your thoughts
by presenting arguments based on your own experiences and knowledge, as well as the information
from the preparation material. Try to identify at least three concrete actions the city can implement to
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Hard problem | guess...

tester b

hil
yesitis

You

Okay so first step should be,
1 think, to create awareness.
among the population? This
is quite easy to implement
(thru campaigns for
example), and does not
require the building of huge
infrastructure

tester b
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Preparation Learning Material

Discussion Topic 1

‘ou will first discuss Case 1 together. Your goal is to collaborate, share ideas and come up with a well-

4 rounded solution to the problem. The conversation will take place in the chat box at the right side.

Problem

A mid-sized country is facing increased climate-related challenges, such as mud slides and heavy
storms, which are impacting its infrastructure and overall sustainability. A rapidly growing city within the
country is facing serious waste management challenges as its population increases. Landfills are filling
up quickly, and recycling rates remain low due to inadequate infrastructure and lack of public
awareness. Meanwhile, air pollution from waste incineration is worsening the city's air quality, posing
health risks to residents.

The city government wants to develop a long-term waste management plan that minimizes
environmental harm while accommodating the needs of a growing population.

Task

Please discuss the problem above with your partner. Share your ideas on what steps the city should
take to improve its waste management system and reduce environmental harm. Justify your thoughts
by presenting arguments based on your own experiences and knowledge, as well as the information
from the preparation material. Try to identify at least three concrete actions the city can implement to
create a more sustainable waste management system. You may have different opinions, but be sure to
consider multiple perspectives.

After discussing, summarize your final recommendations on how the city should address its waste
management challenges. Write your final answer on which steps the country should take in the chat
(e.g.: “FINAL ANSWER...").

The discussion will last for 15 minutes.
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(thru campaigns for
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Informed Consent After discussing Case 1, you will now move on to Case 2. This time, a conversational agent called
Clair will join the discussion, to help guide your conversation. Clair does not answer questions but will
MAI Questionnaire 1 intervene by asking questions or providing prompts to foster a productive dialogue. Please start the
chat by writing "Hello". Both discussion partners need to write hello. Clair will then introduce herself.
Preparation Learning Material

Your task remains the same: Work together with your discussion partner to come up with a solution.

Discussion Topic 1

Discussion Topic 2

MAI Questionnaire 2

Case 2: Protecling Marine Ecosystems from Pollution

Problem

A coastal nation is experiencing increasing extreme weather phenomena, like strong rain, droughts and
heatwaves. Their economy is heavily dependent on agriculture and fishing practices, but they
experience threats to the marine ecosystems due to pollution. Plastic waste is accumulating in the
ocean, while agricultural runoff is creating dead zones. Additionally, ocean acidification is weakening
coral reefs and disrupting fish populations, which are a vital food source for many coastal communities.

Demographic Background

The government is looking for ways to protect marine biodiversity and ensure the long-term
sustainability of the agriculture and fishing industry.

Task

Discuss the problem above with your partner. Explore possible solutions to protect the nation's marine
ecosystems while ensuring that fishing communities can continue to rely on the ocean for their
livelihood. Use your own experiences and kr ge, as well as the infc from the prep
material, to support your arguments. Try to come up with at least three policy recommendations that
could help reduce ocean pollution and support marine life recovery. Consider different viewpoints and

discuss potential trade-offs.

Learning Environment Katharina

l}"ﬁgﬁqg Twente Go-Lab player

< chat by writing "Hello". Both discussion partners need to write hello. Clair will then introduce herself. >

Informed Consent Your task remains the same: Work together with your discussion partner to come up with a solution.

MAI Questionnaire 1
Case 2: Protecting Marine Ecosystems from Pollution

Preparation Learning Material
Problem

Discussion Topic 1 A coastal nation is experiencing increasing extreme weather phenomena, like strong rain, droughts and

Discussion Topic 2

MAI Questionnaire 2

heatwaves. Their economy is heavily dependent on agriculture and fishing practices, but they
experience threats to the marine ecosystems due to pollution. Plastic waste is accumulating in the
ocean, while agricultural runoff is creating dead zones. Additionally, ocean acidification is weakening
coral reefs and disrupting fish populations, which are a vital food source for many coastal communities.

The government is looking for ways to protect marine biodiversity and ensure the long-term
sustainability of the agriculture and fishing industry.

Demographic Background

Task

Discuss the problem above with your partner. Explore possible solutions to protect the nation's marine
ecosystems while ensuring that fishing communities can continue to rely on the ocean for their
livelihood. Use your own experiences and knowledge, as well as the information from the preparation
material, to support your arguments. Try to come up with at least three policy recommendations that
could help reduce ocean pollution and support marine life recovery. Consider different viewpoints and
discuss potential trade-offs.

After your discussion, summarize your final recommendations on how the nation should address its
marine pollution crisis. Write your final answer on which steps the country should take in the chat (e.g.:
“FINAL ANSWER...").

The discussion will last for 15 minutes.
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Clair

Hi everyone, my name
is Clair. To facilitate

Amazing Clair
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i know that they where
making a fish kind of thing to
caputure plastic waste
meaby that could work. But
that is something that
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Type your message here.
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Demographic Questionnaire

g?'}‘ﬁgfgg Twente Go-Lab player Learning Environment Katharina testera [
| »
Informed Conesnt testerb
1. What is your gender? hello

MAI Questionnaire 1

i O Female
=]

gs & Male Clair
Preparation Learning Material %E O Other Hi everyone, my name

O Prefer not to say is Clair, To facilitate

Di: ion Topic 1 discussion with your
ISCUSsIOn lopic partner, I'll
2. How old are you? accasionally pose
. . . 20 questions.
Discussion Topic 2
3. What is your nationality? You
MAI Questionnaire 2 Dutch Amazing Clair

Demograp Background 4. What is your highest completed level of education? tester b
©@ High School

i know that they where
O MBO/ Abitur making a fish kind of thing to
. N caputure plastic waste
O HBO/ Applied Sciences S e
QO Bachelor that is something that
O Master already exitst but is

O PhD / Doctorate

5. What is your current occupation?
O Pupll
© Full-time work
Q Part-time work
O Retired
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Appendix G
Al Statement
During the preparation of this work, I used Grammarly to check for grammar and spelling
mistakes. Additionally, I used ChatGPT to gather ideas and sentence formulations solely for the
preparation material and problem statement. ChatGPT received an example and subject matters it
was supposed to include and was asked to create a text and problem statement. Further software
used was Word and Teams Meetings. After using those tools/services, I thoroughly reviewed and

edited the content as needed, taking full responsibility for the final outcome.



