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ABSTRACT

One of the methods in blended learning is case-based learning, which focuses on problem-solving through
analyzing real case studies. This research aims to generate creative scientific ideas through creative scientific
assignments by implementing Case-Based Blended Learning supported by Digital Mind Mapping. This
exploratory research examines how Science Education students engage in tasks designed to generate
scientific creativity with technological support, specifically how they generate ideas in small groups through
applying relevant thinking strategies, communicating socially, and building creative ideas based on digital
mind mapping. Is there a difference between high- and low-performing groups in the idea-generation
process, and if so, what is the difference? Digital Mind Mapping was used to facilitate group thinking.
Participants consisted of 16 3" semester students working in 4 groups on a series of scientific creativity tasks.
All categories emerged in the conversations, although the frequency of occurrence varied. Compared to the
low-performing group, the high-performing group engaged more in divergent thinking, use of digital mind
mapping, and regulative discussion, and associated these activities more closely with the idea development
process. These findings have implications for the design of technology-based educational interventions that
aim to encourage and enhance group creativity in science education.

Keywords: Blended learning, case-based learning, digital mind mapping, scientific creativity, creative idea
generation.

INTRODUCTION

The development of digital technology has driven major changes in education, especially in learning
approaches. Blended learning, which combines traditional teaching methods and digital technology,
is gaining popularity due to its flexibility and ability to enhance student interaction. One of the main
objectives of this educational model is to develop critical and creative thinking skills, especially in scientific
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fields that require innovation. In this context, case-based learning and digital mind mapping offer promising
solutions. Mind mapping, which allows students to organize and visualize ideas, aids the creative thinking
process, while case-based learning encourages problem solving through analytical and practical approaches.
This paper will discuss how the integration of digital mind mapping in case-based learning can be a catalyst
for generating scientific creative ideas.

Mind mapping was first introduced by Tony Buzan as a method to visually map thoughts and ideas.
The technique has been shown to enhance creative and critical thinking skills by helping individuals
understand the relationships between seemingly unrelated concepts (Davies, 2011). At the same time,
case-based learning has long been recognized as an effective method in enhancing problem-solving and
critical analysis skills across multiple disciplines, including science education (Williams, 2018). The use
of digital mind mapping has been recognized as an effective tool in facilitating active learning, allowing
students to better explore and organize information (Chiou, 2012). However, research combining these
two approaches, especially in the context of generating scientific creative ideas, is still limited. A study
by Dini et al. (2022) emphasized that the integration of digital technology in case-based learning can
help students understand complex concepts better. They noted that by using digital mind mapping tools,
students can more easily visualize problems, make new connections and develop innovative creative
solutions. This study shows the great potential for digital mind mapping in stimulating students’ creativity,
especially when used in the context of case-based learning,.

Digital mind mapping is now widely used in various fields of education to enhance learning, especially in
terms of organizing knowledge and visualizing relationships between concepts. In science education, for
example, mind mapping has been used to make it easier for students to understand and visualize complex
scientific processes, such as biological systems or chemical mechanisms (Farrand, 2021). In addition, digital
mind mapping tools enable interactivity and collaboration, so students can work together to solve problems,
share ideas, and build solutions together.

However, although the use of digital mind mapping has improved information retention and concept
understanding, most studies have focused on cognitive aspects and have less explored how this tool can
directly stimulate scientific creativity. For example, Huang et al. (2023) found that the use of mind mapping
assisted students in connecting existing ideas, but the study did not examine how it affected the process
of creative new idea generation. Therefore, more research is needed that explores the relationship between
the use of digital mind mapping and the ability to generate innovative solutions in the context of scientific
learning.

Although digital mind mapping and case-based learning have been shown to improve critical thinking skills
and problem-solving ability, research focusing on the generation of scientific creative ideas through the
integration of these two methods is limited. Previous studies have mostly focused on the cognitive aspects of
learning, such as improved understanding and retention of concepts, without looking at how these digital
tools can foster creativity. For example, research by Yang et al. (2021) showed that mind mapping helps
students remember information better, but did not explore in depth its impact on creativity in finding
new scientific solutions. One gap that needs to be bridged is how digital mind mapping can be utilized to
stimulate creative new ideas, especially in the context of case-based learning that encourages students to deal
directly with real-world problems. Creativity is a skill that is increasingly needed in today’s scientific world,
especially to face complex global challenges such as climate change, health and technology. However, most
current research only addresses ways to improve analytical skills, without giving enough attention to the
development of creativity in scientific education.

Most students have low levels of creative thinking skills. Their thinking is still trial and error, unsystematic,
not detailed, and faces many obstacles in solving problems and compiling problem-solving steps (Hasanah,
2019). According to Zubaidah, et al. (2018), the average score of students’ creative thinking skills is only
23.44 out of 100. Another study showed that the score of students” creative thinking skills in learning only
reached 34 out of 100 (Rahman & Fitriani, 2020). Based on research by Hakim, et al. (2020), students’
scores on creative thinking aspects were 34.22 (fluency), 40.96 (flexibility), 34.33 (elaboration), and 35.45
(originality). Science is a discipline that requires creativity to discover and formulate new problems and
generate diverse ideas and solutions. However, the development of creativity in generating diverse ideas
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or solutions is often neglected in science education (Runco & Acar, 2012). In this study, students were
encouraged to generate scientific creative ideas through the application of a series of divergent thinking
strategies, namely association (linking seemingly unrelated things), decomposition (breaking down details
by decomposing the whole into parts or listing attributes to trigger different perspectives), and combination
with adjustment (combining and/or changing) (Craft, 2011).

The process of generating creative ideas involves complex dimensions. First, creative idea generation is
primarily a higher-order cognitive process that focuses on divergent thinking (Guilford, 1967). Second, idea
generation often involves social processes, as creativity is a phenomenon that often arises in collaboration
(Sawyer, 2012). Third, cognitive and social thinking processes can be aided by technology, particularly visual
representation tools such as computer-based mind mapping (Buzan, 2006). This multidimensional process
of idea generation is complex yet essential to the performance of creativity.

However, research on how university students perform scientific creativity tasks through creative thinking and
social communication with technological support is limited (Zhou, 2015). In addition to analyzing the idea-
generation process, it is important to improve the process by investigating the characteristics of a productive
idea-generation process, which can result in good performance in scientific creativity tasks (Amabile, 1996).
Creativity, defined as the ability to generate appropriate new ideas or solutions, is considered one of the key
factors in driving the progress of civilization (Runco, 2004). In addition, creativity is recognized as an essential
skill of the 21st century (Trilling & Fadel, 2009). The literature suggests that creativity is a multifaceted
phenomenon involving various aspects, including process (e.g., cognitive processes in generating ideas),
product (e.g., creative objects or solutions), person (e.g., creative personality characteristics), and pressure
(environmental factors that encourage or inhibit creativity) (Rhodes, 1961).

Purpose of the Study

The integration of digital mind mapping into case-based learning in a blended learning environment
offers a potential new approach to encourage scientific creativity. The combination of the visualization and
organization of ideas offered by digital mind mapping, as well as the analytical approach of case-based
learning, provides a space for students to not only develop critical thinking skills but also generate innovative
creative ideas. The novelty of this approach lies in its specific focus on combining these two methods in the
context of generating creative scientific solutions, which has previously been less discussed in the literature.
This study offers a new outlook on how digital technology can be utilized to promote creativity in science
education, which in turn can help produce innovative thinkers in the future.

LITERATURE REVIEW
Case-Based Blended Learning Model Assisted by Digital Mind Mapping

Education today involves traditional, ICT-based, and cognitive perspectives in learning and teaching. Blended
learning is not a strictly defined concept. Some consider blended learning to refer to the combination of
educational program modules, such as lectures, seminars, or tutorials, with access to multimedia learning
resources, tests, learning tools, as well as collaboration and assessment tools that are not tied to a learning
management system (Eko Risdianto, 2022; Yang et al., 2024). However, others tend to include an emphasis
on blended learning as part of their broader definitions (Lin et al., 2024; Tambak & Sukenti, 2024). The
rapid advancement of technology for teaching and learner autonomy is evident, but few possess efhcient
methods to integrate the new with the old, facing numerous challenges in the teaching process. Case-based
blended learning can have positive effects in addressing these issues. This pedagogical approach promotes
contextualised learning and encourages group work. Group work stimulates assessment through various
evaluation techniques, enhances learning and active student participation, and generates new knowledge

(Tran & Herzig, 2023; Yu et al., 2021).

Case-based learning has emerged as a prominent instructional strategy in science education in recent years. In
its basic form, this strategy involves presenting real-world scenarios in the classroom that reflect the operational
characteristics of a specific domain (Pando & Aguirre-Munoz, 2021). Students are typically tasked with
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challenging, problem-solving, offering solutions, and ultimately providing justifications for their solutions
based on the learning acquired in class (Gronski, 2024; Wijnia et al., 2024). This teaching-learning procedure,
oriented towards theoretical understanding through practical application, also supports creative problem-
solving, a high level of inquiry, and self-organization, as well as the development of constructive critical thinking
skills, comparison, usage, conceptual modification, and application (Lee et al., 2023; Tayce et al., 2021). This
strategy is defined as case-based learning and case-based instruction. A case study is a description and analysis
of a real administrative situation (Dong et al., 2022). Some situations are complex and multifaceted, requiring
graphical representations and explanations, as well as solutions in the form of bullet points. Although contextual
analysis of cases with deficiencies allows students to consider whether processes and actions can be altered, the
result of the case study may take the form of a report (Agrawal et al., 2023).

Case-based blended learning is a learning model that combines face-to-face learning with digital technology
and uses case studies as the main tool in the learning process (Duckwitz et al., 2021). This model has
shown various benefits in the context of higher education, especially in improving students’ analytical and
collaborative skills (Zheng and Mavis2023). Blended learning is an approach that combines traditional
learning with online learning, providing flexibility in access and learning methods (Xu et al., 2024; Garrison
& Vaughan, 2008). In a case-based context, this method utilizes real case studies to connect theory with
practice, allowing students to apply their knowledge in real-world situations. According to research published
in the International Journal of Designs for Learning, case-based learning in a blended format can increase
student engagement and deepen their understanding of the material (Chen, 2024; Wilson & Stacey, 2004).
This study shows that the use of real cases in learning helps students develop critical and analytical thinking
skills, as they are required to analyze, synthesize and evaluate complex information.

The integration of technology in case-based learning can improve teaching effectiveness by providing digital
mind mapping that supports interaction between students. Despite its many benefits, case-based blended
learning also faces some challenges. One of the main challenges is ensuring that all students have equal access
to technology and can utilize it effectively (Wu et al., 2023; Means et al., 2013).

To strengthen the research findings, we included the course design process for blended learning that impacts
scientific creativity. The following steps were identified in the document:

1. Selection of Divergent Strategies: The blended course was designed to introduce divergent thinking
strategies such as association, decomposition, and combination with adjustment. These strategies
were explained through direct lectures and supported by illustrative examples.

2. Utilization of Computer-Based Mind Mapping Tools: A web-based mind mapping tool was provided

to students, enabling them to visualize and organize ideas collaboratively. This tool served as a shared
space for group reflection and discussion management.

3. Integration of Group Communication: Dialogic learning was introduced to encourage open
communication and collaboration. Principles such as active listening, respecting ideas, and building
on others’ contributions were integral to the training.

4. Practice on Scientific Creativity Tasks: Students were given tasks such as generating ideas for scientific
creative solutions, using the mind mapping tool, and applying divergent strategies in small groups.

5. Course Process Arrangement: The course began with an introductory session on the concept of creativity,
followed by training in divergent thinking skills, group interaction, and the use of digital tools.

6. Strengthening Through Reflective Discussion: Students’ regulation and reflection processes were monitored
to ensure optimal understanding and application of creative strategies in a scientific context.

7. Importance of This Process:

a. Enhancing Divergent Thinking Skills: Strategies like association, decomposition, and combination
help students discover new perspectives and generate innovative solutions.

b. Facilitating Collaboration Through lechnology: Mind mapping aids students in retaining ideas,
stimulating further discussions, and effectively managing discussion processes.

c. Building Scientific Creative Thinking: The course creates a learning environment where students can
develop science-based problem-solving skills through collaborative approaches.
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Idea Generation Through Divergent Thinking-Cognitive Processes

Idea generation involves a high-level cognitive process, namely creative thinking or cognition, which can be
characterized by two main stages: (1) divergent thinking, i.e. generating a wide variety of ideas or solutions,
and (2) convergent thinking, i.e. selecting the most creative idea or solution (Sun et al., 2022). The two
stages are not completely separate but integrated. Research reveals that generating ideas through divergent
thinking is more difficult than evaluating and selecting ideas through convergent thinking; the ability to
think divergently is essential for creativity and is considered a reliable predictor of creativity (Dumas et al.,
2021; Saidah & Isnawati, 2020). Therefore, creativity assessment focuses on divergent thinking ability,
which is often measured in terms of fluency (generating many ideas), flexibility (generating a wide variety
of ideas), and originality in generating unusual ideas (Sun et al., 2022). Therefore, this study focuses on
divergent thinking in analyzing the cognitive process of idea generation.

Divergent thinking requires thinking “outside the box” to explore new alternatives. However, the process
remains complex and inaccessible to most people. According to Nijstad and Stroebe (2000), the cognitive
processes underlying divergent thinking involve activating knowledge in long-term memory and then
processing that knowledge to generate ideas. Previous research has proposed various mental operations or
strategies to encourage divergent thinking. For example, drawing from memory and associating seemingly
unrelated concepts or objects can lead to new ideas (Gilhooly, Fioratou, Anthony, & Wynn, 2007). Analogy
can be used as a way to bridge the application of existing knowledge or strategies into new and unrelated
contexts (Hu et al., 2013; Welling, 2007). Random stimuli that are irrelevant to the given problem can
be used to evoke unexpected knowledge connections (Malycha & Maier, 2017). Dividing something into
smaller parts or independent properties can stimulate new directions of thought (Ross, 2006). In addition,
new ideas can be generated when rearranging or reorganizing parts of a problem, replacing objects with other
formats that fulfil the same function, adjusting or distorting attributes of a problem, or using something for
a new purpose (Welling, 2007). Furthermore, brainstorming is recommended to gather different ideas from
a group of people (Sawyer, 2017). These studies have proposed various strategies for divergent thinking,
which is essential for creative thinking. To help college students master the core elements of divergent
thinking, Sun, Wang, & Wegerif (2020) summarised a set of strategies or key elements of divergent thinking,
namely association - associating seemingly unrelated concepts, objects, or situations (COS), decomposition
- decomposing COS into rich details by breaking the whole into parts or by listing the attributes of COS to
stimulate a variety of diverse views and combination with adjustment - combining and/or changing COS.
The approaches proposed in this research have been applied to empirical studies on creativity training and
have shown promising potential to improve idea generation performance (Sun et al., 2020; Meinel, Wagner,
Baccarella, & Voigt, 2019; Ritter & Mostert, 2017). However, how learners apply these strategies to generate
ideas has not been adequately researched.

Idea Generation Through Group Communication-Social Processes

Idea generation also involves social processes as creativity is often considered a social or collaborative
phenomenon ((Sun etal., 2022; Harvey, 2013; Sawyer, 2017). In many cases, great innovations are the result
of group work, and social judgment plays an important role in developing creative products (Gla“veanu,
2018). Research shows that group creativity can be influenced by various factors such as the nature of the
task (e.g., task complexity), group composition (e.g., size, skills, background diversity), group processes (e.g.,
sharing, negotiation), and contextual factors (e.g., social environment) (Paulus, Levine, Brown, Minai, &
Doboli, 2010). Among them, the group process, i.e., the process of group communication and interaction,
is considered to be the determining factor of group creativity.

Creativity in groups is more complicated than creativity at the individual level due to the complex dynamic
nature of human communication. Group creativity is rarely achieved by simply bringing individuals together.
Research shows that in a group context, each member can bring unique knowledge, which allows the group
to expand its knowledge base for idea generation (Harvey, 2013). Group communication can also increase
opportunities to discover less accessible knowledge, which in turn can stimulate more ideas or associations
(Brown, Tumeo, Larey, & Paulus, 1998). In addition, exposure to the ideas of others tends to stimulate the
generation of diverse ideas (Nijstad & Stroebe, 2006). Members may be stimulated differently by the same
viewpoint as a result of different individual memory structures, from which diverse ideas tend to emerge.
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On the other hand, some studies report that team collaboration, compared to individual work, may reduce
the quantity and quality of output due to several factors such as production inhibitors, social barriers, and
procedural issues (Mullen, Paulus et al., 2010). For example, group members may be reluctant to express their
ideas for fear of peer evaluation; a situation where group members have to take turns to express ideas may make
them forget their own ideas or decide not to express them; moreover, it may cause a high cognitive load for
individuals to pay attention to others’ perspectives and simultaneously generate their own ideas (Chen, Liu,
Yuan, & Cui, 2019; Oztop, Katsikopoulos, & Gummerum, 2018). When group division is fixated on a few
specific categories of ideas, it can inhibit divergent thinking (Brown et al., 1998). In addition, when there is a
high level of conflict, group members have to spend extra time managing differences, which in turn inhibits
group creativity (Harvey, 2013). With respect to unproductive group processes, researchers have identified
some group communication patterns that can lead to productive teamwork in creativity tasks, such as paying
attention to others’ contributions, building shared understanding, taking a shared perspective, and building
on others’ ideas (Paulus et al., 2010). Paying attention to others’ ideas can increase the opportunity to create
new combinations, help raise questions and disagreements, trigger new ways of looking at a problem, and
bring changes to the current trajectory to avoid fixation of the mind (Mercer & Dawes, 2008). The process of
developing shared understanding or taking a shared perspective, where group members elaborate and appreciate
diverse perspectives and integrate individual knowledge (Lim, Shelley, & Heo, 2019). During the process,
building on ideas from others is essential for group creativity, especially when individuals find it difficult to
identify new search cues by utilizing their own knowledge (Kohn, Paulus, & Choi, 2011). Related research can
also be found in studies of the “exploratory talk” mode, which creates a shared space for reflection where open
questions and conflicting perspectives arise and where creativity is sparked (Mercer & Dawes, 2008).

While there are many frameworks to analyze group discourse in collaborative activities, few studies have
proposed frameworks to analyze group creativity. Tan and colleagues (Tan, Caleon, Jonathan, & Koh, 2014)
proposed a dialogical framework to assess collective creativity in computer-supported collaborative problem-
solving tasks, which involved a set of categories to code convergence data in metacognitive (e.g., regulation),
cognitive (e.g., solution generation), and socio-communicative dimensions (e.g., questions, responses).
Another coding scheme proposed by Hawlina, Gillespie, and Zittoun (2019) focuses on perspective-taking
behaviors, which include seeking perspectives (e.g., idea-related questions), sharing perspectives (e.g.,
thinking aloud, providing explorations), and negotiating perspectives (e.g., agreeing, disagreeing). However,
the schemas do not involve dimensions related to the application of divergent thinking strategies and relevant
technologies. Therefore, they are inadequate for analyzing group processes involving divergent thinking
strategies and computer-based tools used to facilitate idea generation.

Thus, the generation of scientific creative ideas can be done through divergent thinking, social communication,
and the use of computer technology, namely by working on scientific creative tasks that are done in groups
by creating digital mind maps.

Technology to Facilitate the Idea Generation Process

Idea Technological advances have provided new opportunities to support creativity and idea generation.
Research has found that computer-based communication systems can support group brainstorming and idea
generation by enabling the simultaneous and anonymous contribution of ideas and pictorial stimuli (Sun
et al., 2022; Ahmed, McGahan, Indurkhya, Kaneko, & Nakagawa, 2021). Some interactive technologies
are used to encourage group creativity in classrooms. For example, Pifarre (2019) found that interacting
with digital shared spaces can enhance co-creative processes, such as combining ideas, evaluating ideas, and
bringing ideas into reality. These tools focus on group communication and interaction and have shown
promising effects in facilitating group creativity and idea generation.

Moreover, the process of generating ideas through divergent thinking involves complex cognitive processes,
which tend to be silent and inaccessible to many. To facilitate complex cognitive processes, researchers have
explored the application of visual representation tools such as maps, graphs, and diagrams to make thinking
clearer (Sun et al., 2022; Malycha & Maier, 2017). Mind maps that allow people to visually represent ideas
and the relationships between them in diagrams are a widely recommended technique to support idea
generation (Sun et al., 2022; Abi-El-Mona & Adb-El-Khalick, 2008). A mind map is often built around a
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main concept, where the main ideas are directly linked alongside other ideas that branch out from the main
ideas. Mind maps can be created using computer-based tools or paper and pencil (Falloon & Khoo, 2014).

Mind maps can provide rich details of a problem situation to stimulate creative cognition by connecting
different ideas and spreading activation on a freely created map (Sun et al., 2022; Malycha & Maier, 2017).
Such visual representations can reduce cognitive demands on people by utilizing the brain’s capacity to
quickly manipulate visual images (Santanen, Briggs, & De Vreede, 2004). Furthermore, such representations
can facilitate group thinking and social communication of complex ideas (Gla“veanu, 2018). They work
as a shared space that allows group members to communicate ideas, decipher differences, build shared
understanding, construct ideas, reflect on group thinking, identify shortcomings, and reach collective
solutions, thus encouraging intensive discussions for high-quality ideas.

Scientific Creativity in Science Education

Idea Creativity can be applied to various fields (e.g., art, architecture, science, and technology) and this research
focuses on scientific creativity. Science is a discipline that requires creativity to discover and formulate new
problems, generate various ideas, and seek solutions (Summers et al., 2019). Previous research on stimulating
students’ scientific creativity focused on developing science inquiry and problem-solving skills (Astutik &
Prahani, 2018; Yang, Lee, Hong, & Lin, 2016). Students are encouraged to learn by exploring real-world
problems through collecting data and evidence of the problem, making scientific reasoning with interrelated
variables, and formulating and justifying hypotheses to reach conclusions. In addition, students are encouraged
to work together on inquiry or problem-solving tasks to develop their collaboration and communication skills
which are an essential part of authentic scientific practices (Jeong, Hmelo-Silver, & Jo, 2019). These skills
are essential for developing scientific solutions to real-world problems or authentic tasks, which, however, are
not enough to generate diverse ideas or solutions. For example, Yang et al. (2016) developed an instructional
approach to promote creative thinking among elementary school students in an inquiry-based learning
context. This approach focused on questioning, planning, implementation, inference, and reporting, as well
as the use of strategies to encourage openness. They found that this approach helped students to improve their
performance in science inquiry and convergent thinking but not in divergent thinking.

Previous research shows that divergent thinking significantly contributes to creative performance in science
(Huang, Peng, Chen, Tseng, & Hsu, 2017; Paek, Park, Runco, & Choe, 2016). Creativity through divergent
thinking not only concerns diverse ideas or solutions to solve a problem but more importantly the creation
of a new problem or the development of a new understanding of the problem from multiple perspectives
(Basadur & Basadur, 2011). As mentioned above, science is a discipline that requires creativity to discover
and formulate new problems and generate various ideas, in addition to finding solutions.

PROBLEMS STATEMENT

The problems in this study are, first, how students engage in group discussions to generate ideas in completing
scientific creativity tasks by applying the Case-Based Blended Learning model through divergent thinking
and creating digital mind mapping in small group discussions. Second, is there a difference between high-
and low-performing groups in the idea-generation process, and if so, what is the difference?

Rationale of This Study

Various strategies for divergent thinking, which is essential for creative thinking. To help college students
master the core elements of divergent thinking, Sun, Wang, & Wegerif (2020) summarised a set of strategies
or key elements of divergent thinking, namely association - associating seemingly unrelated concepts, objects,
or situations (COS), decomposition - decomposing COS into rich details by breaking the whole into parts or
by listing the attributes of COS to stimulate a variety of diverse views and combination with adjustment -
combining and/or changing COS. The approach proposed in this research has been applied to empirical
studies on creativity training and has shown promising potential for improving idea generation performance
(Sun et al., 2020; Meinel, Wagner, Baccarella, & Voigt, 2019; Ritter & Mostert, 2017).
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Tan and colleagues (Tan, Caleon, Jonathan, & Koh, 2014) proposed a dialogical framework to assess
collective creativity in computer-supported collaborative problem-solving tasks, involving a set of categories
to code convergence data in metacognitive (e.g., regulation), cognitive (e.g., solution generation), and socio-
communicative dimensions (e.g., questions, responses). Another coding scheme proposed by Hawlina,
Gillespie, and Zittoun (2019) focuses on perspective-taking behaviours, which include seeking perspectives
(e.g., idea-related questions), sharing perspectives (e.g., thinking aloud, providing explorations), and
negotiating perspectives (e.g., agreeing, disagreeing).

Technological advances have provided new opportunities to support creativity and idea generation. The
research found that computer-based communication systems can support group brainstorming and idea
generation by allowing simultaneous and anonymous contribution of ideas and pictorial stimuli (Ahmed,
McGahan, Indurkhya, Kaneko, & Nakagawa, 2021). Some interactive technologies are used to encourage
group creativity in classrooms. For example, Pifarre (2019) found that interacting with digital shared spaces
can enhance co-creative processes, such as combining ideas, evaluating ideas, and bringing ideas into reality

METHOD

This research is an exploratory study that aims to investigate how Science Education students engage in
computer-based lecturer mind-mapping tasks in case-based blended learning. The first issue is how students
use technology to generate scientific creative ideas, specifically how they generate ideas in small groups
through applying relevant thinking strategies, communicating socially, and using digital mind mapping-based
constructs. To answer these two questions, conversations between students, and members of discussion groups
during the assignment in Case-Based Blended Learning assisted by Digital Mind Mapping were recorded and
transcribed to analyze the process of developing scientific creative ideas. The second issue is whether there is a
difference in the generation process between high and low-performing groups, and if so, what is the difference?

Participants

This study was conducted in the Science Education program at Universitas Negeri Surabaya, Indonesia. The
participants were 16 third-semester students (4 males and 12 females) aged 19-20 years from a regular class.
Before participating in this study, the students had acquired basic scientific knowledge relevant to the assigned
tasks (e.g., Pascal’s law, Archimedes principle, and their applications) from their Fundamental Physics course.
However, they had no prior training in creative thinking or mind mapping. The participants were randomly
assigned to four groups, with four members per group. The study was approved by the Human Research Ethics
Committee of the university where the researchers are affiliated. Participation in the study was voluntary, and
all students signed consent forms before the study. The participants were asked to generate ideas in response to
a series of scientific creativity tasks. These tasks were adapted from the Scientific Creativity Test developed by
Hu and Adey (2002), which includes a series of creativity tasks within the science domain.

Group Task Performance

Two domain experts evaluated student responses to four creativity tasks, the first author and a science
education lecturer with nine years of teaching experience. Both were trained to assess responses based on
three dimensions: fluency (the number of relevant ideas generated), flexibility (the number of different
categories represented in the responses), and originality (the uniqueness of responses based on statistical
rarity, i.e., the probability of each idea in the total response pool). The scientific creativity score of a group
was calculated by summing the scores across these three dimensions. Based on the overall scores, high-
performing (HPGs) and low-performing groups (LPGs) were identified. Regarding originality assessment,
Reiter-Palmon et al. (2019) noted that frequency-based methods could be less accurate with small sample
sizes due to the difficulty of identifying equivalent responses. In this study, the two raters first reviewed all
group responses to reach a consensus on adequate and non-redundant responses. These responses were then
integrated into a larger dataset from prior research to estimate frequency. To assess flexibility, the raters also
referred to a comprehensive response pool encompassing all possible categories. The assessment process
achieved a very high level of inter-rater reliability, as evidenced by intraclass correlation coeflicient (ICC)
analysis using a two-way random effects model with single measures (ICC = 0.998, p < 0.001).
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Data Collection

The data collection and categorization stage include several activities, namely: a) Collecting data through
group discussion history in the Basic Physics course, b) Filtering sentences and words from the conversation
history, and ¢) Categorizing the data. There is a proportion of contributions that reflect the strengths
and weaknesses (based on sentiment: positive or negative) of each student in the group, according to the
‘contribution category’ set by the lecturer in the assessment rubric, for example in this scientific creativity
task scenario. Group organization can be flexible depending on mutual agreement. Therefore, a model that
represents the grouping is needed. At this stage, the categorization of each group member’s utterances is
obtained, where each sentence can be categorized as divergent thinking behaviour, social communication,
development of new ideas, use of instructional technology mind mapping, and metacognition.

The Procedures

This study took place over two days (Sun et al., 2022). On the first day, the researcher provided feedback on
introductory materials on the basic concepts of scientific creativity, creative thinking, creative mindset, and
completing creativity tasks using digital mind mapping to students for 50 minutes. One week earlier, this
basic concept material was also uploaded to the Learning Management System (LMS), so that students could
study online anytime and anywhere based on the lecturer’s direction. After that, students did four real cases
as scientific creativity tasks related to static fluid material individually for 30 minutes as an initial exercise.
On the next day, students attended a 100-minute face-to-face training on divergent thinking, Canva app-
based digital mind map creation and group interaction. First, they received a 40-minute lecture using real
cases on various divergent thinking strategies, namely association, decomposition, and combination with
customization. Second, they were taught how to use digital mind mapping (Canva app) to create mind maps
for 20 minutes, with the trainer demonstrating the basic use of the app.

In addition, the trainer provided guidance and examples of the application of divergent thinking strategies
in making mind maps. After the training, students were given 20 minutes to familiarize themselves with
the digital mind map tool. Third, students received a 20-minute lecture on group communication and
interaction based on dialogical theory (e.g., equal participation, openness, listening carefully, valuing every
idea, encouraging and interacting with others’ ideas, suspending judgment, and avoiding personal criticism).
During the training, the trainer asked students to complete 4 creative scientific tasks on real cases within 50
minutes through group discussions. Fourth, is the evaluation stage, where the lecturer gives feedback and
evaluation on the results of the training.

Data Analysis
Coding of Group Conversations

Group conversations were recorded, transcribed, and analyzed in Indonesian. For the purposes of
presentation in this article, selected examples of group conversations or episodes were translated into English.
All conversations were then segmented into smaller units for more detailed analysis. Since existing coding
schemes from previous literature did not fully capture the characteristics of student conversations during
idea generation in response to creativity tasks, a new approach was required. We developed a coding scheme
based on grounded theory, which allows codes to emerge inductively through systematic data analysis
(Charmaz, 2006), while also referencing other relevant frameworks (e.g., Tan et al., 2014).

In the initial coding phase, four conversations were randomly selected, each representing a different task.
This process involved multiple rounds of open coding to identify and refine emerging code concepts across
various categories or themes. Student utterances were then classified into several dimensions, including
cognition, metacognition (e.g., group discourse management), social communication (e.g., questions, direct
responses, elaborations, agreements, disagreements, and arguments), and technology use (e.g., utilizing
computer-based mind maps). The cognition dimension focused on two key aspects: (a) divergent thinking,
which involved strategies such as association, decomposition, combination, and adjustment; and (b) idea
generation, which included creating new ideas or building upon existing ones. The discourse analysis in

23



student group discussions is a valuable tool for educators aiming to enhance learning outcomes, foster
essential communication skills, and promote a collaborative learning environment. Analyzing discourse
among students in group discussions is essential for several reasons:

1. Enhancing Critical Thinking and Deepening Understanding: Engaging in collaborative discourse
allows students to articulate their ideas, challenge assumptions, and consider multiple perspectives,
leading to a deeper understanding of the subject matter. This process promotes critical thinking and
helps students internalize knowledge more effectively (McKinley, J. (2015).

2. Assessing and Improving Student Engagement: Discourse analysis provides insights into how
students interact during group activities, revealing patterns of participation and engagement.
By examining these interactions, educators can identify areas where students may need
additional support or encouragement to participate actively (Nennig, H.T. et al., 2023).

The coding scheme was reviewed and thoroughly discussed within the research team to ensure its
appropriateness and consistency. After reaching a consensus, the first author, along with an independently
trained doctoral researcher, coded 20% of the overall dataset using this scheme. The inter-rater agreement
reached a Cohen’s kappa value of 0.87, indicating high reliability. Following a discussion and resolution of
coding discrepancies, the first author completed the coding for the remaining data.

Scientific Creativity Task

Students from the four groups were tasked with generating ideas in response to a series of scientific creativity
tasks for static fluid. These tasks were based on the Scientific Creativity Test developed by (Hu & Adey,
2002), which involves various creativity tasks in the field of science, specifically static fluid material, such as
listing potential uses for common objects, asking questions for scientific inquiry, generating ideas to improve
products, and creative imagination (Sun et al., 2022). Three science education lecturers from the Science
Education program and the Educational Technology study program of Universitas Negeri Surabaya (Unesa),
Indonesia, were selected to review these tasks and ensure their suitability for science education students. The
students in this study were tasked to generate ideas in response to the following tasks:

Task 1: Write down as many scientific uses of static fluid as you can!

Task 2:  If you could board a plane to travel to a planet, what scientific questions about static fluids
would you ask to research? Write down as many as you can!

Task 3:  Write down as many improvements as you can make to make ordinary static fluid more
interesting, more useful and more beautiful!

Task 4:  If there was no static fluid, imagine what the world would be like!

FINDINGS
Kategori Dalam Percakapan Grup: Categories in Group Conversations

Table 1 provides an overview of the categories that emerged, illustrative examples of each category, and the
frequency of each category’s occurrence in student conversations. The illustrative examples are translations
of the original verbatim Indonesian excerpts from the students’ dialogues. In analyzing the conversations of
students engaged in creative science tasks, several important patterns emerged that highlight the emergence
of new ideas, the role of technology, group dynamics, and divergent thinking strategies in promoting
scientific creativity. The use of audio recordings during four creative science tasks, totalling 1,685 utterances,
provided valuable insights into how students engaged in the processes of idea generation, roles, technology,
collaboration, and problem-solving. Data from Table 1, which details the frequency of major categories
in students’ conversations, shows that while all communication categories appeared, the frequency of
occurrence varied. The category related to “New Ideas” ranks first with the highest frequency, at 22.3%,
followed by “Use of Technology” at 12.3%, which includes interactions during the creation of digital mind
maps using the Canva app. This is in line with the finding that technology facilitates both the generation and
organization of scientific creative ideas.
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From the discourse analysis of group conversations, it is clear that ggstudents often rely on association strategies
for divergent thinking, especially in the high-performance group (HPGs). This group was more likely to use
mind maps effectively to retain and develop ideas, which then led to further discussion and organization of
group thinking. In contrast, the low-performing group (LPGs) was more often engaged in a direct exchange of
questions and answers, and less inclined to challenge each other’s perspectives. This lack of divergent thinking
limited their ability to generate innovative ideas collaboratively. These findings support the idea that divergent
thinking, supported by tools such as digital mind maps, is essential for scientific creativity.

In addition, HPGs showed better self-regulation and planning in their idea development process, evident
from their more frequent discussions about organizing and selecting strategies. This is supported by the
literature, where successful groups often show greater metacognitive awareness in their collaborative tasks,
allowing them to evaluate ideas more effectively (Fischer, 2020). In contrast, LPGs spent more time in task-
irrelevant conversations, which reduced their overall performance.

The use of digital mind maps also plays an important role in facilitating social communication in groups.
HPGs, for example, show disagreement more often in their discussions, which is an important factor in
creative problem-solving, as it encourages the group to evaluate multiple perspectives before reaching a
solution (Sawyer, 2012). On the other hand, conversations in LPGs tend to revolve around immediate
responses, showing a lack of deeper engagement with their peers’ ideas, which hinders the development of
innovative solutions. The implications of these findings are significant for educators who want to promote
scientific creativity in a university setting. The integration of digital tools such as mind maps into case-based
blended learning models can provide structure and flexibility, encouraging students to explore and elaborate
on their ideas. As digital tools become more integrated into educational practice, their potential to enhance
group scientific creativity and divergent thinking becomes clearer. This research not only contributes to the
understanding of how technological tools such as digital mind maps can support idea development but also
provides a basis for future research to explore the nuances of group dynamics and individual differences in
creative performance. Future research could focus on exploring individual characteristics that contribute to
group performance and how socio-emotional expressions during group tasks influence the creative process.

Steps of creation Categorization in Table 1 and Table 2: Data Collection of Group Conversations:
1. Students’ conversations during scientific creativity tasks were recorded and transcribed.
2. Each conversation was segmented into speaking turns for analysis.
3. Development of Coding Scheme:

a. Adopted a grounded theory approach that allows category concepts to emerge through systematic
data review.

b. Categories included cognitive dimensions (e.g., divergent thinking, new ideas), metacognitive
dimensions (e.g., group process regulation), social communication (e.g., questions, direct
responses, agreement, disagreement), and technology use (e.g., mind map creation).

4. Initial Coding:
a. Conducted open coding on randomly selected conversations.
b. Categories were refined through multiple rounds of analysis.

5. Inter-Rater Reliability Testing: The coding scheme was reviewed by the research team and tested on
10% of the dataset to ensure reliability with a Cohen’s kappa value of 0.87.

6. Full Data Analysis: The remaining data were coded using the agreed-upon scheme.
7. Reasons for Categorization:

a. Identifying Thinking and Interaction Patterns: To understand how students apply divergent
thinking strategies and communicate during creativity tasks.

b. Facilitating In-Depth Analysis: Enables the analysis of complex interactions across multi-dimensional
contexts, such as cognition, metacognition, social communication, and technology use.

c. Developing Educational Interventions: Categorization outcomes help design technology-based
interventions to enhance group creativity in science education.
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Table 1. Categorization of in-group interactions.

Category

Description

Illustration example

Frequency =N
1,685 K (%)

Divergent thinking
(cognition):

Association Relate concepts, objects or Task 1: Looks like a manometer. 85 (5.0%)
situations
Decomposition Decompose COS into details Task 2: Physical and chemical 59 (3.5%)
properties of Fluids
Combination with Merge and/or customise COS Task 3: Combining fluid with interactive 57 (3.3%)
adjustment digital technology.
Idea generation
(cognition):
New idea (NI) Generate ideas from new Task 2: Molecular structure of static 376 (22.3%)
perspectives that have not been fluids
mentioned before
Building idea (Bol) Modify, refine or extend previous  Task 4: Difficulty in storing liquid materials 85 (5.0%)

ideas to develop new ones

Metacognition:

Regulation

Manage and reflect on the process

We quickly completed the digital mid-map
because wewere pressed for time.

198 (11.8%)

Social
Communication

Elaboration

Question

Direct response

Agreement

Disagreements

Argument

Use examples, analogies,
reasoning, or provide details to
explain an idea or thought

Ask questions to seek further
information or elaboration

Directly respond to questions
without elaboration

A positive evaluation of an idea or
thought (e.g. approval, acceptance,
endorsement)

Negative evaluation of an idea or
thought (e.g. disapproval, non-
acceptance, non-support)

Debate the appropriateness or
value of the perspective with clear
reasoning

Task 3: Adding colour-changing
substances

Task 2: How do the properties of static
fluids change in environments with
different gravity levels?

There was carbon dioxide only.

That's right

Not true. the main component of
the atmosphere is carbon dioxide
only.

Task 2: The main component of Mars’
atmosphere is carbon dioxide

59 (3,5%)

88 (5.2%)

54 (3.2%)

93 (5.5%)

89 (5.3%)

187 (11.1%)

Use of technology:

Mind map (Mapping) Interacting with mind maps The circle can be red in colour 208 (12.3%)
Other (off-duty)
Off-duty Dialogue is irrelevant to the There was a noise outside the 47 (2.8%)

assigned task

classroom

N = total number of utterances. K = number of utterances of each category. % = percentage of utterances
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Students’ responses to the creativity tasks were assessed in terms of High-performing groups (HPGs) and
Low-performance groups (LPGs). The results show that two groups (H1, and H2; N = 14) achieved higher
scores in all aspects of the performance while the other two groups (L1, and L2; N =12) got lower scores on
the performance. The frequency of categories featured in HPGs and LPGs conversations is described in Table
2. The results show that HPGs used divergent thinking strategies more frequently through the application of
the Association and Deconstruction strategies, whereas HPGs and LPGs had similar frequency in the use of
the Combination strategy with adjustments. In addition, HPGs had more statements related to digital mind
mapping than LPGs. In terms of social communication, HPGs expressed more disagreement and fewer
direct responses than LPGs. HPGs also generated ideas (such as New Ideas and Idea Development) more
often than LPGs. In addition, HPGs talked more about regulations and engaged in less off-task talk than
LPGs. On the other hand, the frequency of statements related to questions and arguments between HPGs
and LPGs was relatively similar. The results of this study are consistent and relevant with previous research
conducted by Sun et al. (2022).

Table 2. Group interaction of HPGs and LPGs.

Frequency
Category HPGs LPGs

H1 H2 Mean L1 L2 Mean
Association 22 18 20.00 16 19 17.50
Decomposition 14 20 17.00 12 9 10.50
Combination with Adjustment 9 16 12.50 1 5 8.00
Mapping 55 73 64.00 39 67 53.00
Elaboration 14 28 21.00 13 22 17.50
Question 32 24 29.00 25 29 27.00
Direct Response 18 16 17.00 19 16 17.50
Agreement 19 37 28.00 18 34 26.00
Disagreement 26 37 31.50 19 23 21.00
Argument 37 31 34.00 21 33 27.00
New Idea 71 63 67.00 35 34 34.50
Building on Idea 19 29 24.00 15 13 14.00
Regulation 39 66 52.50 31 36 33.50
Off-task 10 5 7.50 13 37 20.00

DISCUSSIONS AND CONCLUSION

This study has several limitations. First, this study did not explore the characteristics of individuals in the
group and their influence on group process and performance. Second, this study did not consider social-
emotional expression. Third, this study did not collect students’ perceptions of the digital mind-mapping tool
and group task experience, which could provide a broader explanation of the findings. Future research needs
to consider these aspects. This study examined how 3rd-semester science education students generate ideas
in a scientific creativity task, particularly in the context of small group work by applying relevant thinking
strategies and constructing digital mind maps to support group thinking. Through discourse analysis of
group conversations during the task, it was found that students tended to use association strategies for
divergent thinking more often than other strategies; the creation of mind maps helped them retain ideas for
development and evaluation, trigger new discussions, and organize conversations.
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Differences in Categories within Group Conversations

Table 2 summarizes the frequency of categories observed in the conversations of high-performing groups
(HPGs) and low-performing groups (LPGs). The analysis revealed that HPGs more frequently employed
strategies such as Association and Decomposition in divergent thinking. In nearly all categories, HPGs
exhibited higher frequencies compared to LPGs, except in the Off-task category, where LPGs surpassed
HPGs. Both groups showed nearly identical frequencies in the Direct Response category. Additionally, HPGs
were more active in mind mapping compared to LPGs. These findings highlight distinct communication
patterns and thinking strategies between groups with different performance levels, indicating that HPGs
tend to be more focused and creative in completing their tasks.

Technological advances, especially the integration of digital mind mapping for mind map creation, have
created new pathways to support scientific creativity in the context of science education. Several studies
found that technology-enhanced environments support scientific creativity by enabling simultaneous
contributions, reducing hierarchical barriers, and supporting more meaningful participation (Pifarre, 2019).
Digital mind maps, in particular, serve as scaffolding for students to organize and develop their ideas.
Research shows that digital mind maps not only enhance individual idea generation but also help groups to
collectively build knowledge, and combine and refine ideas (Sun et al., 2022).
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