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Abstract

Climate change poses a threat to our modern lives as we know them, especially for the
younger generations, who inevitable have to deal with the long term consequences. For
providing young people with the necessary skills and knowledge to combat climate change,
the concept of climate change education ha been created. Furthermore, the second focus point
next to climate change lays on collaborative work in school settings. For this, the Al chatbot
Clair has been developed, who acts as a mediator for group discussions and thereby improves
the discussion along with the quality of the product. This group work was designed with the
approach of inquiry based learning, which was applied on the Twente Go-Lab online learning
environment. Combined, this study aimed for exploring the effectiveness of the Al chatbot
Clair on collaborative work in the setting of an learning environment, designed based on the
inquiry leaning approach, on the topic of climate change. Furthermore, next to an intervention
lesson conducted at a German high school, a pre- and a post-test have been conducted. After
the data analysis, it showed that the overall scores for the used scales did not yield significant
results, however, there were single items, where a significant effect of Clair in mediating can
be observed. It can be said about the study, that it was not successful in retaining its hypotheses,
however valuable information could be gathered from the questions demonstrating a significant
effect. Furthermore, implications on how to continue research on this topic were given.
Keywords: Climate Change, inquiry-based learning, collaborative learning, Al, Chatbot, Go-

Lab, environment education



Exploring Environmental Education: Evaluating the Impact of Collaborative Learning

Agents in Go-Lab Simulations.

Introduction
The topic of climate change has become ever more important over the last decades. It

has become such an important topic due to the threat it poses and the destruction it has already
brought. The European Union has collected data on the damage’s climate change has done and
what threat it poses for different aspects of life. The most noted phenomenon when it comes to
climate change is the higher occurrence of natural disasters such as droughts, floods or storms,
who all come with high damages to property and human life. Another effect of rapid climate
change is that the ice caps on the poles are melting, and the sea levels are rising, posing threat
especially to people living close to the sea. The facts stated portray a clear picture of climate
change and what danger and threat it poses for humanity, however, there still are a lot of people
who do not want to act. Gifford, 2011 has conducted a study on this topic and concluded
that there are several mental barriers when it comes to people ignoring or even denying climate
change. The mental barriers described by Gifford include e.g. limited cognition or ideology.
Another factor that endangers especially school children is the spread of false information
concerning climate change on social media. Treen et al., 2020 found out that there are networks
on different social media platforms that spread misinformation about climate change, mostly
with the intention of strengthening their political agenda. It is especially children who are
vulnerable to such false information as they are the largest age group using social media on a
daily basis (Bazzola et al., 2022).

Another Problem when it comes to climate change is the education about it, Chang &
Pascua, 2015 found out, that school children often have incomplete knowledge or

misconceptions about climate change. A reason for this can be found in the study conducted



by Rousell & Cutter-Mackenzie-Knowles, 2019, who found out, that the education provided
in schools on this topic does not build up the skills and knowledge necessary to seriously take
on the challenge that climate change poses, same results were found in a study conducted by
Hisu et al., 2022. Furthermore, an analysis by Dawson et al., 2022, who analyzed the curricular
of different countries and how climate change is treated as a topic in school, found that as far
as the school system is concerned, the curricular are not sufficient in educating on the problem
of climate change. This lack of education has led UNESCO to issue a goal towards better
climate change education in schools across the world. A study by Rousell & Cutter-Mackenzie-
Knowles, 2019, who analyzed literature concerning climate change education identified key
areas for further research, what climate change education is completely or in parts lacking. The
key areas they identified include interdisciplinary-, creative or participatory approaches,
approaches like these are in the current state missing from the literature available to teachers
who must educate students on the topic of climate change. Furthermore, a study by Morote &
Hernandez, 2022 conducted with school children from Spain found out that most children
retrieve their information on climate change through the internet, often also social media. As
mentioned earlier in the text, these sources put the children at risk as they are prone to
containing false or misleading information, in the end forming misconceptions concerning the
children’s understanding and attitude towards climate change.

However, the problem goes deeper, in a study by De Jong, 2019 it became clear that it is
not only students who have missing knowledge and misconceptions about climate change but
that the same occurs in teachers. He concluded that teachers often themselves are not educated
enough on the topic of climate change to teach the topic effectively to their students, similar
findings have been concluded by Morote & Hernandez, 2022. With the advance of technology
available for schools to enhance their education, online learning environments were introduced.

An online learning environment is a website, where the students are provided with all material



necessary for the course and can then, alone or in a collaborative setting, navigate through the
tasks themselves. Online learning environments are said to have benefits over regular learning
approaches, in their study, Erdemir & Eksi, 2019 reported that participants in their study valued
the increase of digital literacy, working collaborative and control over the individual learning
process as the key benefits of this method. Since this method works completely remotely,
teachers misconceptions about climate change do not hinder the learning of the students as well
as enhancing the students skillset even further as a side effect next to conveying knowledge.
In this study, however, there is a second topic that is explored, namely the topic of group
collaborative learning. Work in smaller groups is essential in most educational systems,
facilitating not only knowledge but also social skills. However, it often occurs, that not all
members of such a group contribute equally to the final product, e.g. there are students who
are dominant in such a group, but also the other way around, where students feel intimidated
and therefore are quieter in a group project. Furthermore, students benefit from collaborative
learning approaches, in a paper by Laal & Ghodsi, 2012, they analyzed existing literature on
this topic and came up with several ways, how collaborative learning enhances students’
skillsets. The first benefit concerns the social ties and social skills of the students, during
collaborative learning, problematic situations can arise that the students as a group have to deal
with, enhancing their social ties through collective effort while also improving social skills,
e.g. conflict solving through arguments that may arise during group work. Also, it was stated
that communication and ties with former group members from collaborative learning settings
often also continued after the project or task was finished. Moreover, it was stated that
collaborative learning improves higher level thinking skills in students. Also, collaborative
learning approaches foster acceptance of differences in others, whether these differences
concern ones religion, culture of origin. Through working together with others from these

religions or cultures, misconceptions or prejudice held against these groups are falsified and



acceptance grows. Additionally, when used in an online setting, through online learning
environments or other methods, this effect can be further fostered by deliberately using this
method with a diverse group, actively enabling a contact between the different cultures or
religions. Lastly, Gillies & Ashman, 2000 discovered in their study, that collaborative learning
especially improves the performance of children who are diagnosed with a learning disability,
especially if the groups are further aided by learning assistance.

Next to the benefits however, there are also risks involved with collaborative learning.
In the Journal of English Teaching, a report containing a list of these risks was published. The
first risk concerns major conflicts that can arise when working together with others on a project
or a task. Conflicts during group work can, if not resolved hinder the learning process,
demotivate students for the group work as well as decrease the quality of the product as a result
of the named effects such an argument among group members can have. Furthermore, it was
stated that when it comes to the grading of work completed in a collaborative setting, the
amount of work the individual put into the project is not observable. As a result, the grade
given to each group may not be fair for each member, considering their real contribution to the
project. Lastly, in school settings, when it comes to group work, students are often eager to
work together with their friends or people they like. This phenomenon can lead to group
members feeling or in the worst case being excluded due to not being part of the social group,
most of the other members are part of (JET, n.d.)

The last theory relevant to this study is the theory of inquiry-based learning. Inquiry
based learning is an approach that emphasizes a learning process comparable to a scientific
research process (Pedaste et al., 2015). The theory is divided into five phases, each having
several more subphases. The main phases of this theory are Orientation, Conceptualization,
Investigation, Discussion and Conclusion. This approach allows flexibility in which phase is

seen as the focus point of the project, if this is done, the cycle needs to be slightly adjusted



accordingly. Lastly, it is stated that this approach can further be enhanced by inquiry based
online learning environments. Inquiry based learning as an approach is effective, which can be
seen when taking a closer look at the benefits of this approach. In their study, Bayram et al.,
2013 found two benefits linked to inquiry-based learning. The first benefit concerns the
motivation of students to engage in the learning process. From their results, it was concluded
that students are more motivated to learn when engaged in inquiry-based learning process. This
phenomenon can be explained by the students receiving more freedom in their choices
concerning the learning process, making the student co-responsible for their fairing.
Furthermore, it was discovered that inquiry-based learning, through its similarity with
scientific working processes, fosters openness and interest towards scientific processes and
higher sciences in general. Additionally, Friesen & Scott, 2013 discovered in their literature
review, that inquiry-based learning also has a positive impact on students’ problem-solving
skills and independent thinking. This is explained by the students needing to come up with a
plan on solving the problem given themselves as well as thinking about possible solutions and
testing them. Lastly, it was found that inquiry-based learning approaches are successful in
connecting educational topics across academic subjects and by this further deepening the
learned material.

To further enhance the effects of inquiry-based leaning as well as of the online learning
environment, there is another important facto present in this study. This factor is an ai chatbot
called Clair, it is an ai chatbot that is based on the ConSent learning algorithm introduced by
De Araujo et al., 2023. The algorithm uses contextual information as well as sentence encoding
to code conversations. In their first study, they found that the algorithm was successful in
coding input from two different languages across different topics. Based on their findings, De
Araujo et al., 2024 developed Clair as an ai chatbot that uses the input from the introduced

coding algorithm to select collaborative conversational agents to enhance a discussion among



students to be more productive. This means that in the Chatroom, Clair analyses the chats and
then uses prompts or agents in the chat to guide the discussion when triggered. These
collaborative conversational agents are based on the academically productive talk framework,
which is a framework for teachers to give qualitative input on student discussions, only this
time this input is given by an ai chatbot. In their study on Clair, it was discovered that Clair is
successful in improving the communication among students, especially on the topic of the
lesson, however there was no evidence found suggesting that also the collaborative part od the
group work was enhanced. Clair will be the focus point of the study and how such an ai can
help improve education on climate change.
Research Questions
e Can collaborative inquiry learning in the Go-Lab simulation environment enhance
students' understanding and attitudes towards climate change?
e What are the differences in the impact on students' knowledge between the two
forms of collaborative learning (with and without Clair intervention)?
e What are the differences in the impact on student’s attitude between the two forms

of collaborative learning (with and without Clair intervention)?
Hypotheses

e Collaborative inquiry learning in the Go-Lab simulation environment enhances
students understanding and attitude towards climate change.

e There are observable differences in the impact on students’ knowledge about
climate change between the two forms of collaborative learning (with and without
Clair intervention)

e There are observable differences in the impact on students’ attitude towards
climate change between the two forms of collaborative learning (with and without

Clair intervention)



Methods

Research Design

The design of the study is a quantitative research utilizing a survey instrument as pre—
and post-test as well as the Go-Lab platform at a German school to gather data from a sample

of participants at a specific point in time.

Participants

To recruit participants for this study, several German schools were contacted to inquire
about the possibility of conducting the research at their locations. One school agreed to
participate and facilitated the conduct of this study. The participants were 49, 11th-grade
students from two classes at the participating school. Due to data security regulations imposed
upon the researcher by the participating educational institution, not more details regarding the

students characteristics could be collected in the current study.
Instruments
Domain Knowledge Questionnaire

The variable Knowledge of climate change refers to the pure knowledge, the students
have about the climate change, for measuring this variable, along with the effect of Clair on
the development of the knowledge of the students, a pre- and a post-test will be admitted.
Knowledge of Climate Change refers to students' factual understanding of climate change. To
measure this variable and assess the effect of the chat based agent Clair on students' knowledge
development, a pre- and post-tests assessing knowledge of Climate Change was administered.
Both the pre- and post test consist of 19 multiple-choice questions with one correct answer
each. The scores are represented as the amount of correct answers, an example of items can be

seen in Figure 2. Furthermore, after the pre-test was administered, it was observed that many
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students already scored high on this test, suggesting a ceiling effect to be present. The score for
this test was calculated by counting the right answers given on the test, therefore, the

participants could receive max. 19 as the score for their test.
Figure 2: example items measuring Knowledge about climate change
Question 2: Which human activity could lead to a rise in global temperatures?

Question 14: If the global use of fossil fuels increases, what effect would this have on

the carbon emissions in the atmosphere?
Attitude towards climate change

Participants' perceptions of climate change, including its importance in their personal
lives and the seriousness with which they regard the issue was assessed using a scale that was
is based on (refer to instrument 1) and (refer to instrument 2). Scores on both scales where
combined, to calculate the score for each participant. The items measuring the variable attitude
towards climate change in the two tests stem from the New Ecological Paradigm Scale (NEP)
for children (Manoli et al., 2007). The new ecological Paradigm scale for children is made up
of three different subscales, the first one is Rights of Nature and consists of three items, the
second subscale is Eco-Crisis and consists of four items, the third and last subscale is Human
Exemptionalism and consists of four items. Furthermore, next to looking at the score of the
entire test, the subscales of the NEP are also scored to have insights into whether they behave
similar to each other. Lastly, next to the eleven questions from the NEP, there are five more
items for scoring this variable. These items were developed by Lai & Hwang, 2014, from their
test, the subscale measuring collaboration tendencies was taken to complement the NEP. All

the items for measuring this variable were scored using a five-point Likert scale.
Learning Environment

In the present study, students worked with an Inquiry Learning Space about Climate
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Change, The Inquiry Learning Space was developed using the Twente Go-Lab platform and

covered topics around the overall topic of climate change. Assignments in the inquiry learning
space students were invited to discuss and collaborate. The inquiry learning space
approximately lasts two regular class periods of 45 minutes. In both versions students
collaborate using a dedicated chat tool. In the control condition students do not get additional
support aimed at their collaborative process. However, students in the experimental condition
will be supported by the chat bot Clair. Through the in the introduction mentioned methods, it
is expected that Clair is able to positively impact learning through enhancing students
communication and collaboration through prompts posted in the chats of the student groups

when triggered.
Clair Intervention

The Claire intervention is an agent ai, that is used to enhance the quality of group work
in student groups by giving cues into the chatroom to the students on how to improve their
communication. As a variable, it has a mediating effect on the other two variables. There are
two conditions, in the first condition, students have to complete the tasks in the Go-Lab
environment with the support from Clair, in the second conditions, they have to complete the
tasks without Clair’s support. This variable can be measured in the difference of scoring
between the two tests between the two conditions, if this difference can be labeled as significant
one can conclude that this variable was successful in mediating the effect that the learning

environment has on the students.
Inquiry learning

Inquiry learning is a learning approach that emphasizes the student’s role in the learning
process. Key features of this approach are active exploration, questioning and investigation,
which allows the student to construct their own knowledge through direct experience. In this

study, inquiry learning was applied using the Go-Lab online learning environment. This
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variable acts as a moderator for the two dependent variables knowledge of climate change and
attitude toward climate change. For the assessment, the scores on the pre- and post-test are
compared. If there is a significant improvement that can be observed, one can conclude that

inquiry learning was successful in enhancing the two dependent variables.
Procedure

Before starting the data gathering process, an ethical approval had to be requested from
the ethical board of the University of Twente, the ethical approval was given on the 30" May
(Appendix A). Codes were created for the students participating in the study to ensure
anonymity. Together with the school and the teachers about a time-slot for a 90 minute session,
was organized to conduct the study. In order to allow students to work on the ILS for the full
90-minutes the pre- and post-test were administered in the lesson before and after the
experimental session. Both the pre- and post-test and the questionnaire. were administered
digitally. The main part of the study was conducted using the Go-Lab Twente platform where
an environment was created on the topic of climate change with half of the student groups
assigned to the condition where Claire is assisting in enhancing the group discussion in the chat
and the other half were given the task without Claire in the same environment with the same
conditions as the first group. After the lesson was conducted, all chats were anonymized before
the analysis can take place. All survey data was stored securely on a password-protected

computer only accessible by the research team.
Data Analysis

The goal of the study was to find out whether Inquiry based learning in a Go-Lab
simulation environment can enhance students understanding and attitude towards climate
change. Another goal of the study was to whether Clair has an influence on the students
knowledge and attitude of the students on climate change. Before these questions can be

answered, firstly the dataset needs to be cleaned of any error data and the data has to be
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accounted for any students that wished for their data to not be used in the study. The main data

that is collected in this study is derived from the pre- and post-tests.

Before being able to answer the research questions the parametric assumptions have to
be checked to make sure the dataset meets all necessary criteria for performing parametric tests.
The first assumption, normality, is tested using the Shapiro-Wilk Test in R, the assumption tests
whether the data are distributed normally. Furthermore, the second assumption,
Homoscedasticity, means that different groups have similar variances and there are no clusters
somewhere in the dataset. It is tested using the Bartlett’s Test in R. The third assumption,
linearity, is tested by creating a scatter plot and checking whether the residuals in the plot are
linear or not. The fourth and last assumption, independence, is tested in R with the Durbin-
Watson test. These steps are used for the two datasets of the pre- and post-test. If any

assumptions are not met, non-parametric tests have to be used for the data analysis.

For answering the first research question, the scores of all participants on the two tests
are reviewed and assessed if there are any significant differences that can be found between
the two tests. The same goes for the subscales of the variable attitude towards climate change,
Rights of Nature, Eco-Crisis, Human Exemptionalism from the NEP, as well as collaboration

tendencies.

For answering the second research question, What are the differences in the impact on
students' knowledge between the two forms of collaborative learning (with and without Clair
intervention), first the dataset is divided between the control- and the experimental group. The
relevant variables for this analysis are the dependent variable knowledge of climate change as

well as the mediating variable Clair intervention.

In the next step the overall performance of the two groups is compared to see if there
are any significant differences present between the groups. Furthermore, a paired t-test will be

used to account for the individual improvement and to be able to see how much the individual
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students improved in their condition and if the students in the experimental group showed
higher improvement rates that the students in the control group as a result of being helped by

Clair during the intervention.

The analysis of the data relevant for the third research question is pretty similar to the
analysis conducted for answering the second research question. The variables important to this
question are attitude towards climate change as well as Clair intervention as the mediator. The

steps of the analysis are the same as for the second research question.
Results

The participants in this study mainly originate from Germany as the study took part at
a German Highschool. However, no particular demographic data has been gathered as the
participants were underage and therefore extra care had to be taken while gathering data. In
total there were 47 responses on the pre-test ad 36 responses to the post-test, after clearing the
data of missing pairs and accounting for participants who did not wish for their data to be

collected, it came to 29 pairs of responses were left to be included in the analysis.

Table 1
Pre-Test (mean)  Post-Test P
(mean)
Attitude 3.42 3.49 .5842
Subscales:
Collaboration 3.73 3.81 7037
Rights of Nature 3.18 3.23 7666

Eco-Crisis 4.30 4.21 .5972
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Human 2.33 2.56 2854

Exemptionalism

Knowledge 16.20 16.17 9719

In Table 1, one can observe that the means on both tests did not change much from the pre- to
the post-test, for the knowledge variable, the score even went slightly down. The same
phenomenon can be observer by the subscales of the NEP as well as the first test measuring the
variable Attitude focusing on collaboration tendency. The next test that was conducted was an
ANOVA for testing the differences between the control and the experimental group from the
pre- to the post-test. The ANOVA indicated that Clair did not have a significant impact on the
attitude towards climate change (F(1,27) =.084, p =.775) and knowledge about climate change
(F(1,27) =.744, p = .396). A post hoc analysis was not conducted as the ANOVA did not yield
significant results. Lastly a paired t-test was conducted to account for individual development
and differences among the participants from the pre- to the post-test. On the overall scores on
the two tests, there were no significant differences visible. Furthermore, the paired t-test was
also conducted for the individual questions on the pre- and post-test to see differences between
the intervention- and the control group. On here, there were some Items, where there was a
trend of improvement visible of the intervention group as opposed to the control group.
Meaning, that on the item itself, there was a significant improvement, however as these are just
single items, no clear assumption can be made. These items were from the scale measuring
attitude on the subscale of collaboration tendency A4 (F(1,27) =.102, p =.033) and from the
scale measuring knowledge K6 (F(1,27) = 64.353, p =.019) and K13 (F (1,27) = 25.236, p =
.034). Lastly, it was counted how many times Clair interacted with the participants in the study
to make implications on the activeness of Clair throughout the intervention. Here, it could be
observed, that Clair was active one to nine times, during the intervention with a mean activity

of 4.18 contributions per student group in the experimental group during the intervention.
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Discussion and Conclusion

The research questions for this paper were “Can collaborative inquiry learning in the
Go-Lab simulation environment enhance students' understanding and attitudes towards climate
change?”, “What are the differences in the impact on students' knowledge between the two
forms of collaborative learning (with and without Clair intervention)?”” and “What are the
differences in the impact on students' knowledge between the two forms of collaborative
learning (with and without Clair intervention)?”. In the introduction, the hypotheses were
stated, the first one is, that inquiry based learning in the Go-Lab simulation environment had a
significantly positive effect on the test scores of the participants for attitude and knowledge
about climate change. The second hypotheses that was stated was that there is a significant
difference between the control- and intervention group using Clair on the variable knowledge
about climate change between the pre- and post-test. Lastly, the third hypotheses is that there
is a significant difference between the control- and intervention group on the variable attitude

towards climate change between the pre- and post- test.

The first hypothesis, “that inquiry based learning in the Go-Lab simulation environment
had a significantly positive effect on the test scores of the participants for attitude and
knowledge about climate change”, could not be accepted. The first research question can
therefore be answered with no, in this situation, inquiry based learning could not significantly
enhance students’ knowledge and attitude towards climate change. This can be explained by
the findings summarized in Table 1, there was no significant improvement visible when
comparing the scores for the two variables, knowledge and attitude on the pre- and post-test
with each other. The same effects could be observed wen looking at the subscales of the
variable attitude towards climate change, where also on no of the four subscales, significant
improvement was visible. The second hypothesis, “that was stated was that there is a significant

difference between the control- and intervention group using Clair on the variable knowledge
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about climate change between the pre- and post-test”, can be partly accepted. While there was
no significant difference visible between the overall scores of the intervention -and control
group, there was a significant increase visible in two items of the scale measuring knowledge
about climate change in the intervention group using Clair compared to the control group. A
similar effect can be observed when comparing the scores relevant for the third hypothesis,
“that there is a significant difference between the control- and intervention group on the
variable attitude towards climate change between the pre- and post- test”. When comparing the
scores of the control- and intervention group for one item on the scale measuring attitude
towards climate change, there is a significant increase visible in the intervention group when
compared to the control group. The second and third research questions can therefore be
answered by, there is no significant difference between the overall scores on the pre- and post-
test between the control- and intervention group, but there were some items in the tests, where
Clair was successful in improving the intervention group significantly when compared to the

control group.

When analyzing the total scores of the two tests, it was observed that none of the results
yielded significant values to support the hypotheses presented in the introduction. Since the
overall results were not supportive of the hypotheses, the question for possible reasons to
explain this phenomenon has to be asked. Firstly, when comparing the overall scores of the
pre-test with the scores from the post-test, a ceiling effect becomes visible. A ceiling effect
describes such high results on a pre-test, that there is only a low ceiling, meaning that there is
low space for improvement. On the pre-test, participants already scored 85% of the test
correctly, for the post test, this value stays stable with only very minor changes concerning the
denominator. Thus, there was no or only little room to observe significantly improved values
from the pre- to the post test, suggesting the questions were too easy for the students to

complete with their existing knowledge about climate change, limiting the space for



18

improvement. Another reason for the lack of significant results can be found in the layout of
the study, more detailed in the planning of the intervention. While conducting the intervention,
it became clear that the participants needed more time than was planned for the intervention.
Since this study was conducted in a school setting, there was also no room to elongate the
duration of the intervention. For the participants this meant that they had to quickly maneuver
through the tasks, missing the time to go into specific details and explore the learning
environment thoroughly into depth. This could result in students not being able to take in all
the information provided as well as the participants experiencing stress and thereby decreasing
their ability to take in information and process it accordingly (Lin & Yusoff, 2013). Continuing,
another factor that could play a role in the observed circumstances is test-fatigue or test-anxiety.
According to a by McDonald, 2001, test anxiety is widespread among secondary school
students, resulting in their test scores being lower than what they could have achieved under
normal circumstances as well as lowering the students’ motivation, which can be impaired due
to the anxiety from the beginning, already falsifying the results from the beginning. Lastly,
Clair functions in a way that the prompts need to be triggered by the students in the discussion
in order for Clair to go into action and have an effect on the learning of the participants. The
fact, that on the overall scores, there was no significant difference visible could suggest that
Clair did not have an effect on the learning in this scenario as it was simply not present enough
to have a lasting impact, meaning that Clair was not triggered in the discussion. Doing a
complete in depth analysis of the chat logs is out of the scope for this study, however the activity
levels were calculated in the results. It could be therefore argued that Clair was not active
enough to make a significant difference in the scores with a mean activity of 4.18 contributions

per student group in the experimental condition.

Contrary to these findings, in the second analysis, a paired t-test, it was discovered that

Clair was able to significantly increase the scores of the intervention group of three items on
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the post-test as to compared to the pre-test, which can, as they are only single items, not be
seen as significant improvement but as a trend and indication. The first item is the fourth item
from the scale measuring the variable attitude towards climate change, “When collaborating
with peers, I generally communicate well with them”. The second and third item, where this
phenomenon occurred were items from the scale measuring the variable knowledge about
climate change. The second item is “What are the possible impacts of climate change on
agriculture?”, and the third one is “Which of the following activities is crucial for combatting
climate change?”. Before going into details, it is important to mention that there is emphasize
on these questions as they indicate that Clair was able to positively effect the learning outcome
of the experimental group, therefore also serving as focus points for a possible continuation or
replication of the study. The first of these three questions concerns the communication of the
students during collaborative work. Having this question yielding significant results can be
seen as a positive sign for the effectiveness of the Clair intervention since the improvement of
communication among students during collaborative work was the focus point of Clair, for
which she was developed. It can therefore be inquired that Clair helps to improve the attitude
towards communication during collaborative work based on the results on one item from the
two tests. The second question of interest concerns agriculture and the consequences of climate
change on it. This question being significantly influenced by Clair can be explained with the
help of the video, which served as the main source of information on the Go-Lab learning
environment. In this video, the emissions produced by agriculture as well as what consequences
climate change has on it were explained. In the tasks following this video, students were asked
to summarize the information of the video and name the most important point, since Clair’s
main role resolves around fostering communication, there are a lot of prompts connected to re-
summarizing something, adding information to a point or to explain a topic differently.

Through this, students could have repeatedly been asked to re-explain the topic surrounding
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climate change and agriculture and thereby deepening the understanding of this particular
topic. Lastly, the third question of interest is about what actions we as humans can take to
combat climate change. As with the first two questions, this question also is of special interest,
fostering knowledge and skills important for combatting climate change is one of he main goals
of climate change education. Hence, one could argue that with Clair, knowledge concerning
this topic was leaned more effectively and more sustainable than when working without the
assistance of Clair. The three discussed question were mediated by Clair in the difference in
scores on the post-test when compared to the pre-test, however, on the whole test, there were a
lot more questions, where such a result was not observed. Hence, it is positive to see, that the
questions, which were successfully mediated concern highly important concepts of Clair as

well as those of climate change education, also indicating that these two work well together.

Overall, there were some items, where an improvement trend could be observed when
comparing the experimental and the control group on the pre- and post test, however the overall
scores did not yield significant results. Possible explanations for these findings can be found
in the limitations of this study. The first weak point of the study was the high dropout rate of
the participants. In total, there were 49 participants planned for the experiment, however out of
these 49, only 29 were eligible for analysis. Participants dropped out due to e.g. not filling out
the post test. The result of this phenomenon is that the reliability , as well as the generalizability
of the results of the study decreasing. Furthermore, the second weak point concerns the time
the participants were given to go through the Go-Lab environment and complete the tasks
provided for them. During the lesson, where the study was conducted, some of the participants
experienced trouble finishing the intervention in time and completing all the tasks in the
different steps. Kelly & Lovings, 2004, concluded in their study that in a group work setting,
time pressure can have effects like narrowed attention or restricted processing of information

of the individuals. Continuing, the third limitation of the study concerns the previous
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knowledge of the participants on the topic of climate change. This lead to the pre-test already
yielding really good results, leaving not much room for improvement to be observed on the
post-test. This is problematic for the study as, especially for the knowledge part, significant
improvement was next to impossible to observe. This phenomenon could be observed in both,
the control, as well as the experimental group. Lastly, Clair’s appearance in the chat of the
participants can be seen as the fourth limitation to this study. Clair was not as active as hoped
during the study, which decreases the mediating effect on the dependent variables tested in the
study. However, next to limitations, there are also some strengths worth noting in this study.
The most important strength is the replicability of the study, which makes it on the one hand
easy to validate the findings from this study through replication but also on the other hand
qualifies for international comparison as the approach of this study is not central to only one

cultural environment but concerns and also should work within other cultural settings.

Regarding the strong and weak points of the study, inferences need to be made about
the importance of the study and the continuation of research on this topic. There are
recommendations to be made for future research on the same or similar topics. Firstly, the
findings show that there are some items, on which Clair had a significant effect, this indicates
that there is an impact that Clair is having on the students, making this phenomenon interesting
for further investigation. The first weak points concern the design of the experiment conducted,
for future research in form of a replication, these points can be improved by e.g. planning more
time for the intervention or create incentives so that participants are more motivated to fill out
the study until the end. Furthermore, for a possible everyday use of Clair in the future, it is
important to explore how Clair fairs with different other variables, e.g. which age groups
benefit most from learning with Clair and for which age groups it may have little to no benefits,
not only for optimization of the intervention itself but also for designing programs as profitable

as possible. Another recommendation for an improvement in the design of the study in a
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replication is to, if possible, conduct a longitudinal study with more use of Clair in the
classroom than one lesson to be able to make inferences about Clair in a scenario close to
implementation of the intervention in everyday teaching. Furthermore, as Clair was not as
active as hoped for in this study, an interesting topic for research continuation could be to
analyze the chat logs in depth to find possible reasons for Clair not being triggered in the
discussion by the participants, which was out of the scope for this study but could gain valuable
insights into how Clair matches the varying needs of the students in the collaborative dialogue.
Lastly, there is one more implication for future research that can be made concerning the
questionnaire used, it was found that the questionnaire was too easy for the participants,
implying that students already have a good conception of climate change. In a replication, the
questionnaire needs to be better tailored to the target audience and go more in-depth on the

topic of climate change to decrease the ceiling effect.

All in all, it can be concluded that Clair was not successful in enhancing students
knowledge and attitude towards climate change based on the overall scoring of the
questionnaire and the test. However there were significant improvements to be found for single
items, which cannot be validated as full results but can be seen as trends and indications for
follow-up research. Therefore, the first research question can be answered by no, the collected
data does not support the hypothesis that collaborative inquiry learning in the Go-Lab
simulation environment enhances student’s understanding and attitude towards climate change.
The second and third research questions can be answered with that there are minor differences
in the impact on students’ knowledge and attitude towards climate change between the two
forms of collaborative learning. Furthermore, recommendations were given for future research
to improve the design of the study and thereby improving the quality of the results along with

its chances for a possible intervention implemented in everyday life.
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UNIVERSITY
OF TWENTE. Informed Consent Form

Dear Parent,

| hope this message finds you well. Your child’s class is scheduled to participate in an
online educational research activity during their class. The research is designed by a
psychology student named Boder, S.H.W. (Simon) from Twente University, under the guidance
of Dr. Hannie Gijlers and Dr. Lily Chen. This letter serves to inform you of the purpose of the

research and how data will be collected and used.

The study links citizenship with sustainable development literacy and awareness of
climate change. The primary objective is to explore how different collaborative inquiry learning
strategies affect secondary students' understanding and development of key concepts and
attitudes related to climate change. We hope to identify effective methods that can enhance

students’ learning and subsequently increase their engagement with climate change issues.

In this study, your child will participate in an independent inquiry-based learning session
within an online learning environment called Go-Lab. The topic for their self-directed inquiry
is "The Impact of Human Activities on Climate Change." In this learning setting, your child will
explore factors that cause climate change, understand how human activities affect our
environment, investigate methods to reduce carbon emissions, and learn how to address
environmental challenges. Before and after the learning session, students will take quizzes to
assess their knowledge. The research will be conducted during regular class hours, lasting
approximately 1.5 hours. All data collected during the activity will be used solely for research

purposes and will be anonymized.

Research and experience show that students enjoy participating in these types of learning
activities. Not only do they acquire knowledge about the subject through online learning, but

they also experience the joy of learning through hands-on experiments.

For more detailed supplementary information about this study, please refer to Appendix

1 of this informed consent form.

If you agree to your child’s participation in this study, please sign on the line below.

Student Name:

Parent Signature:

If you have any questions, please feel free to contact Boder, S.H.W. (Simon) at

s.h.w.boder@student.utwente.nl .

Appendix 1: Supplementary Information on the

Online Climate Change Course
UNIVERSITY OF TWENTE.
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1. Research Steps and Student Activities:

This study aims to assess the impact of simulation-based collaborative learning on

seventh-grade students' understanding of climate change. The study will proceed as follows:

1.1 Introduction and Grouping: Initially, participants will be introduced to the study's goals
and given fundamental knowledge about climate change. Students will be divided into
two groups; one group will use a virtual chatbot named "Clair" for learning, while the
other will not, to compare learning outcomes between the groups.

1.2 Pre-test: Before the study begins, participants will take a pre-test lasting about 15-20
minutes to assess their initial understanding of climate change.

1.3 Climate Change Course: During the official course, students will watch videos about
climate change, engage in group discussions, and complete interactive tasks in a
simulated environment. These activities are designed to deepen students' understanding
of climate change issues.

1.4 Post-test: After the course, students will take a post-test lasting about 15-20 minutes to

evaluate their understanding of climate change following the learning activities.

2. Specific  Steps of the Study and Student
Participation Activities

2.1 Non-participation and Its Implications:

If parents or students choose not to participate in this study, we guarantee that this
decision will not negatively affect the student's educational progress or rights and treatment
at school. All students, whether they participate in the research or not, will receive the same
educational resources and support and will have equal learning opportunities. Students who
opt out will not be required to participate in any specific activities related to the study, such
as watching certain educational videos, participating in group discussions, or completing pre-
and post-tests. This means that students who choose not to participate will not be included in
the data collection and analysis process, and their learning data or responses will not be used
for research purposes. We respect each parent and student's choice and commit to
maintaining all students' educational rights and personal privacy throughout the research

process.

2.2 Photography and Recording Policies:

In this study, no audio recordings will be made. As for photography, while some photos
may be taken during activities to document the progress of the learning activities and student

participation, we will take the following measures to protect students' privacy:

+ Avoid Direct Shots: When taking photos, we will avoid capturing students' faces directly.

The camera will primarily focus on the activity scenes rather than specific students.

UNIVERSITY OF TWENTE.
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+ Privacy Measures: If students' faces are inadvertently captured, we will obscure their

faces with smiley symbols or other visual elements before using these photos to ensure

UNIVERSITY OF TWENTE.
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their identities are not recognized.

+ Use Solely for Research Purposes: All photos taken will be used solely for research
documentation and analysis purposes and will not be used for public display or other uses
without permission.

We commit to respecting each participating student's privacy and taking all necessary

measures to ensure their personal data is secure.

3. Data Anonymization and Confidentiality Measures

In this study, we place a high priority on the privacy and confidentiality of student data.
To ensure that all collected data is handled anonymously and stored securely, we will take the

following measures:

+ Data Anonymization: All participating students will be assigned a unique identifier that
replaces their name and other personally identifiable information. Throughout all stages of
the research, including data collection, analysis, and report writing, these identifiers will be
used to represent students.

+ Access Restrictions to Data: Access to all collected data will be strictly limited. Only
members of the research team will have access to this data, and it will only be used for
research purposes. All electronic files involving student data will be encrypted and stored
on password-protected computer systems.

+ Data Use and Sharing Restrictions: The collected data will only be used for the purposes of
this research and will not be shared with third parties or used for any other research
without consent. When publishing research findings, all data will be presented in an
anonymized form to ensure individuals cannot be identified.

+ Data Retention and Destruction: After the conclusion of the study, all data will be securely
retained for a specified period according to relevant regulations and standards. Once this
period has expired, all data will be permanently deleted or destroyed.

Through these measures, we commit to protecting the privacy of participating students

and ensuring the security and confidentiality of all research data.

a. Right to Withdraw and Impact on Participants:

We fully understand that parents and students have complete autonomy to participate
in research and respect their right to withdraw from the study at any time. Should parents or
students choose to withdraw at any point during the study, here are the related impacts and

assurances:

+ Right to Withdraw at Any Time: Parents or students can decide to no longer participate at
any stage of the research without providing any reason. This includes before the start of
the research, during its progress, or even just before its conclusion.

+ No Negative Impact: Withdrawing from the study will not have any negative impact on the
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student's educational evaluation, school life, or future learning opportunities. The student
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will continue to receive the same education and support as their peers.

+ Data Handling: If a student chooses to withdraw, all their data in the study will be removed from
the research data and handled appropriately according to privacy protection measures. Any data
collected will not be used in research analysis or reporting.

¢ Support Available at Any Time: If parents or students have any questions or concerns about
withdrawing from the research, our team is ready to provide relevant information and support
at any time.

We commit to maintaining the autonomy of each participant and respecting their decisions,
ensuring that the conduct of the research does not adversely affect any student.

If you have any questions about this study or the supplementary information, please feel free
to contact us. We look forward to your valuable feedback and are willing to provide the necessary

support and information.

Kontaktinformationen fur Fragen Uber ihre Rechte als
Teilhabender einer Studie.

Sollten noch irgendwelche Fragen Uber ihre rechte als Teilnehmer bei dieser Studie offen sein
oder sollten sie noch Fragen, Informations- oder Redebedarf mit jemand anderem als dem
durchfihrenden Studenten haben, konnen Sie sich an das Secretary of Ethics Committee/ domain
Humanitoes & Social Sciences oft he faculty of Behavioural,

Management and Social Sciences der Universitdat Twente under folgender Email melden:

ethicscommittee-hss@utwente.nl
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