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Abstract

Generative artificial intelligence (GenAl) has rapidly permeated educational settings,
revolutionizing how university students approach learning and problem-solving. While
its benefit to enhance personalized learning and academic performance is widely
acknowledged, its impact on students’ cognitive presence remains underexplored.

This study attempted to investigate the influence of GenAl integrated six-hat think-

ing technique scaffolded discussions on cognitive presence patterns. In this 14-week
study, 108 pre-service teachers used the six-hat thinking technique for scaffolded
discussions in instructional design tasks. Of these, 54 incorporated GenAl tools for infor-
mation retrieval and problem-solving, while the other 54 did not. Epistemic Network
Analysis (ENA) was applied to examine differences in cognitive presence patterns
between the two groups who used and did not use GenAl. The study further analyzed
cognitive presence pattern differences between high-creativity and low-creativity pre-
service teachers and found that GenAl contributed to enhancing the cognitive pres-
ence of pre-service teachers, with a notable benefit for those with high creativity levels.
However, its influence on cognitive presence of pre-service teachers with low creativity
levels appears to be more limited. The implications suggest that educators should use
GenAl tools to enhance students’ cognitive presence, but it is important to give more
attention to creativity.

Keywords: GenAl, Cognitive presence, Creativity, Six-hat thinking, ENA, Pre-service
teacher

Introduction

Generative artificial intelligence (GenAl), such as ChatGPT, generates new content
based on input and can performs tasks such as text generation, summarization, trans-
lation, question answering, and interactive dialogue (Cooper, 2023). In recent years,
GenAl has had a significant impact on education. It provides students with real-time
feedback, offers personalized learning experiences, and helps them understand complex
concepts while increasing engagement and confidence (Adiguzel et al., 2023; Chaudhry
et al., 2023). However, current research indicates that the impact of GenAl in education
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remains somewhat controversial. Although GenAl facilitates easier information process-
ing and problem-solving, it may lead to overreliance on its responses, potentially depriv-
ing students of higher-order thinking opportunities and hindering their ability to process
information independently (Chan & Hu, 2023; Cooper, 2023). To mitigate these risks,
structured guidance or scaffolding frameworks are necessary to ensure that students use
GenAl to promote learning outcomes rather than hinder their cognitive development.

Six thinking hat is a thinking strategy tool used for effective collaboration across vari-
ous fields (Chien, 2020; De Bono, 2017). It encouraging students to analyze problems
from different perspectives, helping them avoid fixed thinking patterns, promote the
exchange of diverse viewpoints, and structure group discussions (Saariaho et al., 2015).
Research has shown that the six-thinking hats can be applied to other fields and inte-
grated with other tools (Mei et al., 2024). Therefore, it demonstrates potential as a scaf-
fold for GenAl-supported discussions.

Cognitive presence is defined as the process of constructing and confirming meaning
through sustained reflection and discourse (Lee, 2014). It reflects the cognitive levels of
learners in knowledge construction and problem-solving, serving as a core element for
achieving deep learning. As we expect GenAl to have a positive influence on the cogni-
tive aspects of pre-service teachers, it is essential to explore the influence of GenAl on
the cognitive presence of pre-service teachers, as it plays a pivotal role in reflecting cog-
nitive levels and development.

Creativity, a critical component of higher-order thinking skills in Bloom’s Taxonomy
(Anderson & Krathwohl, 2001), significantly influences students’ cognitive engagement
and depth of interaction (Sibo et al., 2023). Previous studies have shown that highly
creative students tend to demonstrate stronger reasoning skills and deeper interac-
tions during knowledge construction, whereas less creative students often quickly reach
a superficial consensus (Sibo et al., 2023). Therefore, in order to gain a comprehensive
understanding of the role of GenAl in education, this study specifically examines differ-
ences in creativity levels among pre-service teachers.

This study integrates the six-thinking hats technique as scaffolding to facilitate struc-
tured discussions and examines the influence of GenAl on cognitive presence patterns
among pre-service teachers. Furthermore, it investigates whether there are differences
in cognitive presence patterns between high-creativity and low-creativity pre-service
teachers who used and did not use GenAl The study aims to provide evidence-based
guidance for effectively integrating GenAl into the curriculum, offering a deeper under-
standing of how GenAl affects student learning and cognitive development.

Literature review

GenAl in Education

GenAl language models, based on the GPT architecture and trained on vast text data-
sets with billions of parameters, can understand, reason, associate, and generate creative
content, while also handling emotions and facilitating human—computer interactions
(Cooper, 2023). The interactive nature of GenAl language models makes them highly
effective in educational settings. For example, feedback is a core feature of learning sup-
port and has proven highly effective in enhancing learning outcomes (Wisniewski et al.,
2020). When students provide well-crafted prompts, GenAl models can offer immediate,
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valuable feedback, acting as learning partners or teaching assistants (Lo, 2023; Sok &
Heng, 2023). Specifically, GenAl models help students deepen their understanding and
enhance critical thinking through dialogue (Essel et al., 2024). College students using
GenAl produced higher-quality, more detailed, and creative problem-solving outcomes
(Urban et al., 2024). Several studies have also shown that GenAl increased learning effi-
ciency and supported personalized learning by providing immediate feedback and rich
information (Stojanov, 2023; Wu et al., 2023).

Despite the potential benefits of GenAl in education, several challenges have emerged.
A major concern is the risk of students becoming overly dependent on these tools,
potentially weakening their critical thinking and problem-solving skills (Cooper, 2023;
Sevnarayan, 2024). The ease of access to GenAl-generated information may reduce
learners’ motivation for deeper cognitive engagement and hinder the development of
independent problem-solving abilities (Chan & Hu, 2023). Such reliance may also limit
the depth and quality of educational experiences. While some studies suggest that GenAl
can enhance student motivation and support higher-order thinking (Essel et al., 2024; H.
Lee et al., 2024; Li, 2023), its deeper impact on cognitive development remains underex-
plored, highlighting the need for further investigation from a cognitive perspective.

Six thinking hat technique

"Six-thinking Hats" is a thinking strategy tool introduced by Dr. Edward de Bono in
1985. It simplifies the thinking process by encouraging thinkers to focus on one perspec-
tive at a time. Each of the six hats is associated with a different color: blue, white, yellow,
green, red, and black, each representing a unique way of thinking on a problem (Fig. 1).

The six-thinking hats method uses different colored hats to represent distinct logical
thinking approaches to problem-solving. This multi-perspective thinking strategy not
only fosters comprehensive analysis and reflection on the problem (De Bono, 2017; Gog-
men & Coskun, 2019), but also provides space for students to develop critical thinking
and creativity (House et al., 2011; Marrapodi, 2003). Furthermore, the method allows
students to seamlessly switch between different thinking roles, including black for criti-
cism, yellow for optimism, and red for emotions (De Bono, 2017; Gégmen & Coskun,
2019). These roles encourage students to think from multiple perspectives, prompting
them to consciously evaluate and adjust their thinking processes and strategies during
role transitions (Wei et al., 2018).

The six-thinking hats tool is widely used in education. Chien (2020) found it enhances
pre-service teachers’ reflective practices, fostering more effective thinking and innova-
tion while solving practical problems. Chen et al. (2023) noted that it provides a struc-
tured framework for student design teams, enabling systematic thinking during design
activities. The research also showed that teams often use the green hat (representing
creativity) to generate numerous design proposals, fostering more options. Additionally,
the tool helped to promote students’ critical thinking skills and new ideas exploration
(Kivunja, 2015; Morsy et al., 2021).

The six-thinking hats technique plays a significant role in providing a structured think-
ing framework and promoting the development of students’ critical thinking. However,
students often become overly reliant on GenAl, which can undermine their critical
thinking abilities. While existing research suggests that the six-thinking hats can be
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Fig. 1 The description of six-thinking hats (De Bono, 2017)

flexibly applied across various domains and combined with other tools (Mei et al., 2024),
studies in this area remain limited. Therefore, when integrated with GenAl, the six-
thinking hats hold significant potential to enhance critical thinking and reduce excessive

reliance on GenAl

Cognitive presence

The Community of Inquiry (Col) framework, as proposed by Garrison et al. (2001),
is a teaching and learning model that describes the key elements of social interac-
tion and cognitive construction in online and blended education (Garrison et al,
2001). The Col framework functions through the interaction of three dynamically
interdependent elements: cognitive presence, social presence, and teaching presence
(Kanuka & Garrison, 2004). Among these, Cognitive presence, situated within online
collaborative learning environments, is defined as the level of cognitive engagement
and critical thinking exhibited by learners during collaborative meaning-making
processes (Garrison et al., 2001). Specifically, it refers to learners’ ability to collabo-
ratively construct and validate meaning through sustained reflection and discourse
within a learning community (Garrison et al., 2001). It is operationalized in the edu-

cational context into four phases: Triggering, Exploration, Integration, and Resolution
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(Garrison et al., 1999). Triggering refers to a learner’s inquiry sparked by an issue,
dilemma, or divergence; this phase initiates curiosity and highlights what needs to be
explored. Exploration entails gathering and discussing relevant information to under-
stand the problem, often through brainstorming, questioning, and exchanging ideas
from multiple sources. Integration is a reflective phase where learners interpret and
synthesize the collected information, constructing meaning and proposing potential
solutions through critical thinking and communication. Finally, resolution requires
evaluating these solutions or hypotheses generated during integration, examining
their feasibility or applying them in practice. If new issues arise during resolution,
the cycle may begin again, thereby fostering deeper understanding through con-
tinuous reflection and discourse. To further support the understanding of cognitive
presence, recent studies have investigated its application across diverse educational
contexts. Research shows a strong link between cognitive presence and learning out-
comes in online learning (Galikyan & Admiraal, 2019; Liu, Kong, Liu, et al., 2023a,
2023b). Galikyan and Admiraal (2019) identified the Integration as a key predictor of
final outcomes. Liu, Kong, Liu and et al., (2023a, 2023b) showed that computer-based
mind mapping promotes reflection, enhances cognitive presence, and improves learn-
ing outcomes.

Creativity, defined as the ability to generate novel and valuable ideas (Amabile, 1996),
represents a higher-order cognitive skill in Bloom’s taxonomy (Anderson & Krathwohl,
2001). According to Runco and Chand (1995), the cognitive components of creativity
include divergent thinking, associative reasoning, and knowledge integration. These
processes are closely associated with the mechanisms described by Garrison et al.
(2001) as essential to cognitive presence, such as sustained critical inquiry and collabo-
rative knowledge construction. Empirical studies further support this connection; For
instance, Sibo et al. (2023) found that creative students use reasoning to build consensus,
enhancing cognitive presence, while less creative students often reach consensus quickly
with minimal engagement. Recent research also suggests that GenAlI can scaffold critical
thinking and reflective inquiry, which are key elements underpinning cognitive presence
(Cooper, 2023; Essel et al., 2024). However, a significant gap remains in understanding
how individual differences in creativity influence the development of cognitive presence,
especially in GenAlI-supported environments.

Existing research has mainly explored GenAI’s impact on learning outcomes, with lim-
ited focus on its effect on cognitive presence. To address this gap, this study uses the
six-thinking hats technique to scaffold structured discussions and examines differences
in cognitive presence patterns between high-creativity and low-creativity pre-service
teachers using GenAl. The aim is to deepen our understanding of how GenAl shapes
students’ cognitive processes and development. The research questions were as follows:

What were the differences on cognitive presence patterns of pre-service teachers
who used and did not use GenAl during a six-hat thinking technique integrated
discussion?

What were the differences on the cognitive presence patterns of high-creativity
and low-creativity pre-service teachers who used or did not use GenAl during a
six-hat thinking technique integrated discussion?
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How did the cognitive presence patterns of high-creativity and low-creativity pre-
service teachers differ on who used GenAl during a six-hat thinking technique inte-
grated discussion?

Methodology

Research context

This study was conducted within the context of a compulsory course Integrating Infor-
mation Technology in Classroom for pre-service teachers at a large research university
in central China. The course lasted for sixteen weeks and focused on teaching and learn-
ing in informationalized environments to develop students’ skills in utilizing emerg-
ing technologies for education. During the course, students were required to engage in
group discussions in project-based learning (PBL).

Participants

A total of 108 pre-service teachers voluntarily participated in the study. They were jun-
iors majoring in geography (52.78%), English (23.15%), Mathematics (10.19%), Chinese
literature (9.26%), Early childhood education (1.85%), History (1.85%), and Physics
(0.93%). Some had teaching experience through volunteer work and tutoring, but they
were unfamiliar with infornationalized instructional design. None had experience with
the six-thinking hats technique, and only a few had used GenAl for learning tasks prior
to the course. They were randomly divided into groups that used six-thinking hats and
GenAlI (GSG for short, n=>54) and groups that used six-thinking hats only (SG for short,
n=54). There were 11 groups in GSG and 11 other groups in SG.

Procedures

The overall design is summarized in Fig. 2. During the first three weeks, participants
were introduced to the PBL tasks and trained in using the six-thinking hats through
micro-lectures, discussions, and Q&A sessions. Additional instruction on using GenAl
was provided specifically to the GSG. At the end of the third week, a creativity test was
conducted for both the GSG and SG to assess their creativity levels.

The PBL tasks involved creating an instructional design. Each group was required to
create a QQ discussion group, a social media tool used for information sharing, commu-
nication, task planning, and assignment management in online collaborative learning.
Over a thirteen-week period in the fourth and sixteenth weeks, each group discussed
and selected the topic for their instructional design, then collaboratively worked on the
design, including learner analysis, content analysis, selecting instructional strategies,
designing teaching activities, assessment design, and developing multimedia courseware
(such as courseware and micro-lesson).

Both GSG and SG were required to use the six-hat thinking technique for group dis-
cussions, following the sequence: red-white-yellow-black-green-black-green. While the
blue hat is not explicitly included, it controls the process through the fixed sequence
(De Bono, 2017). The sequence guides discussions on intuitive feelings (red hat), the
current situation (white hat), advantages (yellow hat), shortcomings (black hat), and
improvement suggestions (green hat). The group continues to discuss new shortcomings
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Fig. 2 Research procedure

(black hat) and improvement suggestions (green hat) until no new shortcomings arise.
The blue hat’s role is implicitly seen in the group’s adherence to the sequence. Only the
GSG uses the GenAl platform integrated with IFlytek Spark, a Chinese-developed tool
effective for processing information in Chinese (Chen & Ye, 2024), to assist in complet-
ing learning tasks. Specifically, students in the GSG were instructed to consult GenAl
during different “hats” to enhance their discussions. For example, during the white hat
stage, they used GenAl to retrieve objective information and relevant data to support
their instructional design ideas. In the green hat stage, they were encouraged to prompt
GenAl for new perspectives, creative alternatives, or innovative instructional strategies.
As they moved through each hat, the GSG integrated GenAI’s suggestions into their
evolving design plans, aligning the GenAl-generated content with the current focus of
the discussion. Figure 3 illustrates an example of how the six-hat thinking technique was
integrated into the actual discussion process. Each discussion group includes a teaching
assistant who ensures that participants correctly applied the six-hat thinking technique
during discussions without interfering with or interrupting the process, with the inter-
face of Group 7 shown in Fig. 4.

Data collection

In this study, we collected and analyzed the discussion data on QQ from the GSG and
SG groups over 13 weeks. The total number of posts is 15,678, with 9163 posts gener-
ated by GSG, 6515 posts generated by SG. All the participants were asked to complete
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Fig. 3 Integration of the six-hat thinking technique into discussion (example)

adapted versions of the Torrance Tests of Creative Thinking (TTCT) and the Southern
California Creativity Test (SCCT) to assess their creativity levels. The TTCT (Torrance,
1966) is widely recognized for assessing core creative thinking abilities, including diver-
gent thinking, fluency, originality, and elaboration, primarily through structured verbal
and figural tasks. In contrast, the SCCT, developed by Guilford and colleagues within
the framework of the Structure of Intellect model (Guilford, 1967), adopts a different yet
theoretically related approach, emphasizing specific cognitive operations such as idea-
tional fluency and flexibility through a series of divergent production tasks. While both
instruments assess creativity, they emphasize distinct but partially overlapping dimen-
sions, thereby enabling a more comprehensive and differentiated evaluation of partici-
pants’ creative potential. Participants’ creativity levels were derived from aggregated
scores across items adapted from both instruments. Based on these scores, the top 20%
in both GSG and SG were classified as high-creativity groups, and the bottom 20% as
low-creativity groups (Zhang et al., 2022).

Data coding
The online discussion transcripts served as the primary data source for analyzing
cognitive presence (Anderson et al., 2001). In this study, we evaluated the discussion
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data by combining quantitative content analysis with the cognitive presence coding
scheme proposed by Garrison et al. (2001). All posts related to cognitive presence
were coded into four levels: (1) Triggering; (2) Exploration; (3) Integration; and (4)
Resolution. Table 1 shows the details of the coding rules. These stages represent dif-
ferent levels of cognitive presence, ranging from the lowest level of Triggering to the
highest level of Resolution (Garrison et al., 1999).

For the subsequent analysis, we used a fine-tuned MOOC-BERT model pro-
posed by Liu et al. (2024) to categorize each post into cognitive presence stages. The
MOOC-BERT model, a specialized adaptation of BERT-Base-Chinese, was developed
by Liu et al., (2023a, 2023b). The proposed model exhibited robust reliability across
evaluation metrics, achieving accuracy=0.881, precision=0.858, recall=0.861, and
F1=0.859 on Dataset-AstrTalk (all values>0.85), while maintaining comparable per-
formance on Dataset-IntroPsy with corresponding scores of 0.782, 0.790, 0.782, and
0.786 (all>0.78). The fine-tuned BERT model used in our study was further trained
on a large-scale, expert-annotated dataset containing approximately 20,000 samples,
achieving high classification reliability with F1 scores between 0.779 and 0.965 across
four cognitive presence categories. These results validate the robustness and appro-
priateness of the model for our cognitive presence analysis (Kong et al., 2024; Liu
et al., 2024). A total of 15,678 discussion texts were encoded, including 2536 Trigger-
ing, 8548 Exploration, 3751 Integration, and 843 Resolution.
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Table 1 Coding scheme cognitive presence

Category  Description Example
Triggering  Recognizing the problem Why do earthquakes typically occur in Turkey rather than in
Russia?
Exploration Divergence of ideas | totally disagree with what he just said
Exchanging ideas | would like to share the study methods | know here
Suggestions for consideration The cost of AR devices is relatively high, and it is difficult to

achieve nationwide widespread adoption

Leaps to conclusions With the continuous advancement of AR technology, AR globes
are likely to be applied in more disciplines

Integration  Convergence within the group | have the same opinion as the previous students on this issue

Convergence in a single message  In the digital age, the integration of AR and VR technologies
highlights the significant applications of globes in education,
research, and other fields, achieving a seamless blend of tech-
nology and application

Connecting ideas, synthesis After checking a lot of information, there is no accurate term for
quasars so far

Creating solutions Therefore, educators need to rethink and make substantive and
innovative changes to teaching evaluation

Resolution  Application and solutions This method uses virtual environments and augmented reality
to help students explore and understand geographical land-
scapes

Data analysis

To address RQI1, RQ2, and RQ3, descriptive statistics and chi-square tests were
employed to analyze differences in the frequency of cognitive presence across various
comparisons: between GSG and SG (RQ1), between GSG and SG within both high-cre-
ativity and low-creativity pre-service teachers (RQ2), and between high-creativity and
low-creativity pre-service teachers within the GSG (RQ3). ENA was then used to visual-
ize and explore their respective cognitive presence patterns.

ENA constructs an epistemic network model by analyzing the co-occurrence of cog-
nitive elements in discussion texts to reveal the interactions of cognitive engagement
across different dimensions. It uses a sliding window mechanism to calculate co-occur-
rences within specific segments, then transforms the data into an adjacency matrix,
which is processed through normalization, dimension reduction, and singular value
decomposition to visualize relationships between cognitive elements in a two-dimen-
sional space (Swiecki et al., 2020). In the cognitive network, nodes represent cognitive
elements, and the thickness of connections indicates the frequency of their co-occur-
rence. ENA has proven effective in analyzing cognitive presence (Liu, Kong, Liu, et al.,
2023a, 2023b). In this study, ENA Webkit (http://app.epistemicnetwork.org) was used to
analyze the coded discussion data (Shaffer et al., 2016). Nodes in the ENA network rep-
resent cognitive presence codes, and edges reflect the frequency of connections between
them.

Results

What were the differences on cognitive presence patterns of pre-service teachers who used
and did not use GenAl during a six-hat thinking technique integrated discussion?

To explore differences in cognitive presence patterns between pre-service teach-
ers using or not using GenAl, we compared the frequency distribution of cognitive


http://app.epistemicnetwork.org

Yu et al. Int J Educ Technol High Educ

(2025) 22:48

Page 11 of 24

Table 2 Frequencies and distributions of cognitive presence levels of in the GSG and SG

Triggering Exploration Integration Resolution Total
SG 1053 (16.16%) 3566 (54.74%) 1577 (24.21%) 319 (4.90%) 6515
GSG 1483 (16.18%) 4982 (54.37%) 2174 (23.73%) 524 (5.72%) 9163
Total 2536 (16.18%) 8548 (54.52%) 3751 (23.93%) 843 (5.38%) 15,678
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Fig. 5 ENA networks of cognitive presence for the GSG (red) and SG (blue)

presence in the GSG and SG (Table 2). A Chi-square test showed no statistically sig-
nificant difference between the two groups (x*=5.282, df=3, p=0.152). As shown in
Table 2, Exploration (n=_8548) was the most common cognitive presence, account-
ing for 54.52%, followed by Integration (n=6808) at 23.93%. Triggering (n=2536)
and Resolution (n=2843) were less frequent. This suggests that pre-service teachers
primarily focused on Exploration and Integration. Notably, Resolution was the least
represented in both groups, indicating that fewer discussions reached the stage of
applying solutions or testing ideas in practice. The proportions of Triggering, Explo-
ration, Integration, and Resolution in the GSG (16.16%, 54.74%, 24.21%, and 4.90%)
were similar to those in the SG (16.18%, 54.37%, 23.73%, and 5.72%). However, the
GSG generated more posts related to cognitive presence, with 9163 posts compared
to 6515 in the SG.

To further compare the differences in cognitive presence patterns between pre-ser-
vice teachers using or not using GenAl, ENA was applied to explore the cognitive
presence patterns of the GSG and SG. Figure 5 displays the overall ENA networks of
cognitive presence. The projected points and their means in the ENA space are shown
on the left side of Fig. 5. Pre-service teachers in the GSG are represented by red dots,
and those in the SG by blue dots. The red square represents the centroid for the GSG,
indicating the mean position of projected points, while the blue square represents the
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Table 3 Results of the U-test for ENA characteristics between the GSG and SG

Dimension Group N Median U P-value Effect Size (r)
ENA 1 (X axis) GSG 54 0.13 1208.00 0.03 0.24

SG 54 —0.06
ENA 2 (Y axis) GSG 54 0.02 1593.50 0.99 0.00

SG 54 0.02

Median values represent the central tendency of ENA scores for each group and provide a robust comparison when data
may not follow a normal distribution

Table 4 Connection coefficients of ENA networks for the GSG and SG

Connection GSG SG

Triggering—exploration 0.40 049
Triggering—integration 0.18 0.24
Triggering—resolution 0.04 0.07
Exploration—integration 0.71 0.70
Exploration—resolution 0.24 0.19
Integration—resolution 0.15 0.12

centroid for the SG. The centroid reflects the weighted connections between cogni-
tive presence nodes and is plotted as a corresponding dot (Bressler et al., 2019). The
centroid positions highlight differences in cognitive presence structures between the
GSG and SG. The horizontal axis (ENA 1) represents cognitive presence, with Resolu-
tion and Exploration codes on the right and Triggering on the left. The vertical axis
(ENA 2) shows Integration at the top and Resolution at the bottom of the ENA space.

The distribution of projection points between the GSG and the SG in the ENA space
was compared using a Mann—Whitney U test (Swiecki et al., 2020). Table 3 displays the
results of the U-test. A statistically significant difference was shown at the alpha=0.05
level on the horizontal axis (ENA 1) of the ENA space.

The right side of Fig. 5 shows the mean networks of the GSG and the SG, respectively.
The connection coefficients of these ENA networks are detailed in Table 4. Firstly, we
compared the cognitive presence patterns of the GSG and SG to detail the differences,
as illustrated in Fig. 5. The red and blue lines represent the connections between cogni-
tive nodes in the GSG and SG, respectively, with line thickness indicatin g connection
strength. From Fig. 5, we found that pre-service teachers in the GSG exhibited slightly
stronger associations in the Exploration-Resolution and Integration-Resolution connec-
tions. In contrast, those in the SG demonstrated stronger connections in the Triggering-
Exploration, Triggering-Integration, and Triggering-Resolution aspects.

What were the differences on the cognitive presence patterns of high-creativity

and low-creativity pre-service teachers who used or did not use GenAl during a six-hat
thinking technique integrated discussion?

To explore the differences in the cognitive presence patterns of high-creativity and
low-creativity pre-service teachers who used or did not use GenAl. we presented the
frequency distribution of cognitive presence between the high-creativity pre-service
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teachers in both the GSG and SG, and between the low-creativity pre-service teachers in
both the GSG and SG (Table 5). As can be seen from Table 5, the chi-square test reveals
significant differences in the distribution of cognitive presence levels between the GSG
and SG of high-creativity and low-creativity pre-service teachers (High-creativity group:
X*=49.510, df=3, p <0.05; Low-creativity group: x*>=28.654, df=3, p <0.05).

Significant differences in cognitive presence levels are observed between the GSG and
SG in high-creativity groups. Compared to the SG, pre-service teachers with high crea-
tivity in the GSG devoted a larger proportion of discourse to Exploration (GSG: n=1061,
63.42%; SG: n=554, 51.58%) and a significantly smaller proportion to Triggering (GSG:
n=118, 7.05%; SG: n=144, 13.41%). Integration remained the second most frequent
phase in both groups, although its proportion was slightly lower in the GSG. Resolu-
tion was rare in both groups, with similar proportions of around 6%. A similar pattern
was observed among pre-service teachers with low creativity, with the proportion of
Exploration again higher in the GSG (GSG: n=370, 62.71%; SG: n=383, 51.69%) and
the proportion of Triggering nearly halved (GSG: n=70, 11.86%; SG: n=165, 22.27%).
Differences between groups in Integration and Resolution were marginal. Additionally,
although Resolution is the least frequent phase overall, it occurs more frequently among
high-creativity teachers compared to their low-creativity counterparts. These findings
suggest that GenAl support shifts discourse from Triggering toward Exploration in both
high-creativity and low-creativity groups, indicating that pre-service teachers using
GenAl generate more ideas, while those not using GenAl pose more questions on social
platforms. GenAlI use has minimal impact on Integration and slightly increases engage-
ment in Resolution among high-creativity teachers. Moreover, high-creativity pre-ser-
vice teachers participate more frequently in discussions (n=2747) than low-creativity
pre-service teachers (n=1331), indicating greater involvement.

To further elaborate on the differences in the cognitive presence patterns, ENA net-
works were analyzed for high-creativity and low-creativity pre-service teachers in both
the GSG and SG. Figure 6 shows the overall ENA networks of cognitive presence for
high-creativity pre-service teachers in both the GSG and SG. The dots in Fig. 6 repre-
sent the centroids of high-creativity pre-service teachers in the GSG (red) and SG (blue).
The horizontal axis of the ENA space (ENA 1) depicted the cognitive presence as the
right side with Exploration and Resolution codes, and the left side with Triggering code.
The vertical axis (ENA 2) depicted the cognitive presence with Integration codes at the
upside of the ENA space, and Exploration code at the downside of the ENA space.

Table 5 Frequencies and distributions of cognitive presence levels between pre-service teachers
with high-creativity and low-creativity

Group Triggering Exploration Integration Resolution Total
High-creativity SG 144 (13.41%) 554 (51.58%) 306 (28.49%) 0(6.52%) 1074
pre-service teachers  coc 118 (7.05%) 1061 (63.42%) 400 (23.91%) 94 (5.62%) 1673
H_Total 262 (9.54%) 1615 (58.79%) 706 (25.70%) 164 (5.97%) 2747
Low-creativity SG 165 (22.27%) 383(51.69%) 165 (22.27%) 28 (3.78%) 741
pre-service teachers  coq 70 (11.86%) 370 (62.71%) 121 (20.51%) 29 (4.92%) 590
L_Total 235 (17.67%) 753 (5657%) 286 (21.49%) 7(4.28%) 1331
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Fig. 6 ENA networks of cognitive presence for high-creativity pre-service teachers in the GSG (red) and SG
(blue)

The distribution of projection points in the ENA space for high-creativity pre-service
teachers between the GSG and SG was compared using a U-test. Table 6 displays the
results of the U-test. A statistically significant difference was shown at the alpha=0.05
level on the horizontal axis (ENA 1) of the ENA space.

The right side of Fig. 6 shows the mean networks for pre-service teachers in the
GSG and SG, respectively. The connection coefficients of these ENA networks are
detailed in Table 7. Firstly, we compared the cognitive presence patterns of high-cre-
ativity pre-service teachers in both groups to reveal the details of the differences, as
illustrated in Fig. 6. The red and blue lines depict the connections between cognitive
nodes in the GSG and SG, respectively, with the line thickness indicating connection

Table 6 Results of the U-test for ENA characteristics for high-creativity pre-service teachers between
the GSG and SG

Dimension Group N Median U P-value Effect Size (r)
ENA 1 (X axis) GSG 10 0.13 4.00 0.00 092

SG 10 —0.07
ENA 2 (Y axis) GSG 10 —0.01 47.00 0.85 0.06

SG 10 0.01

Table 7 Results of the U-test for ENA characteristics for low-creativity pre-service teachers between
the GSG and SG

Dimension Group N Median V] P-value Effect Size (r)
ENA 1 (X axis) GSG 10 0.08 4.00 0.00 0.92

SG 10 —-0.10
ENA 2 (Y axis) GSG 10 0.03 52.00 0.91 —0.04

SG 10 0.02
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strength. From Fig. 6, we found that pre-service teachers in the GSG showed stronger
associations in the Exploration-Integration and Exploration-Resolution connections,
particularly in the Exploration-Integration connection. In contrast, those in the SG
displayed stronger connections in the Triggering-Exploration and Triggering-Integra-
tion aspects.

Figure 7 shows the overall ENA networks of cognitive presence for low-creativity
pre-service teachers in both the GSG and SG. The dots in Fig. 7 represent the cen-
troids of low-creativity pre-service teachers in the GSG (red) and SG (blue). The hori-
zontal axis of the ENA space (ENA 1) depicted the cognitive presence as the right
side with Exploration code, and the left side with Resolution code. The vertical axis of
the ENA space (ENA 2) depicted the cognitive presence with Triggering code at the
upside of the ENA space, and Integration code at the downside of the ENA space.

The distribution of projection points in the ENA space for low-creativity pre-ser-
vice teachers between the GSG and SG was compared using a U-test. Table 7 dis-
plays the results of the U-test. A statistically significant difference was shown at the
alpha=0.05 level on the horizontal axis (ENA 1) of the ENA space.

The right side of Fig. 7 shows the mean networks for pre-service teachers in the GSG
and SG, respectively. The connection coefficients of these ENA networks are detailed
in Table 8. Next, we compared the cognitive presence patterns of low-creativity pre-
service teachers in both groups to reveal the details of the differences, as illustrated
in Fig. 7. The red and blue lines depict the connections between cognitive nodes in
the GSG and SG, respectively, with the line thickness indicating connection strength.
From Fig. 7, we found that pre-service teachers in the SG showed stronger associa-
tions in the Exploration-Resolution and Integration-Resolution. However, those in
the GSG displayed stronger connections in the Exploration-Integration aspects.
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Fig. 7 ENA networks of cognitive presence for low-creativity pre-service teachers in the GSG (red) and SG
(blue)
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Table 8 Connection coefficients of ENA networks for high-creativity and low-creativity pre-service
teachers in the GSG and SG

Connection High-creativity pre-service teachers Low-creativity pre-
service teachers
GSG SG GSG SG

Triggering—Exploration 0.35 048 0.57 0.56
Triggering—Integration 0.16 0.32 0.19 0.35
Triggering—Resolution 0.06 0.10 0.04 0.13
Exploration—Integration 0.81 0.71 0.70 0.63
Exploration—Resolution 0.36 0.27 0.21 0.30
Integration—Resolution 0.18 0.20 0.09 0.17

How did the cognitive presence patterns of high-creativity and low-creativity pre-service
teachers differ on who used GenAl during a six-hat thinking technique integrated
discussion?

To explore the differences in cognitive presence patterns of high-creativity and low-cre-
ativity pre-service teachers who used GenAl, we analyzed the frequency distribution of
cognitive presence between the high-creativity and low-creativity pre-service teachers in
the GSG (Table 5). The chi-square tests revealed significant differences in the distribu-
tion of cognitive presence levels between the two groups (x>=14.776, df=3, p<0.05).
Exploration was the most common cognitive presence (high-creativity pre-service teach-
ers: 63.42%; low-creativity pre-service teachers: 62.71%), followed by Integration (high-
creativity pre-service teachers: 23.91%; low-creativity pre-service teachers: 20.51%). The
high-creativity pre-service teachers had significantly higher proportions of Integration
and Resolution. This suggests both groups focus on Exploration and Integration, with
high-creativity teachers engaging more in Integration and Resolution.

To further elaborate on the differences in the cognitive presence patterns of high-
creativity and low-creativity pre-service teachers, we conducted an analysis of the ENA
networks for both groups in the GSG. Figure 8 presents the overall ENA networks of
cognitive presence for high-creativity and low-creativity pre-service teachers in the
GSG. The dots represent the centroids of high-creativity (red) and low-creativity (blue)
pre-service teachers. The horizontal axis of the ENA space (ENA 1) depicted the cogni-
tive presence as the right side with Triggering code, and the left side with Integration
and Resolution codes. The vertical axis (ENA 2) depicted the cognitive presence with
Resolution code at the upside of the ENA space, and Integration code at the downside of
the ENA space.

The distribution of projection points in the ENA space for high-creativity and low-cre-
ativity pre-service teachers in the GSG was analyzed using a U-test. Table 9 displays the
results of the U-test. A statistically significant difference was shown at the alpha=0.05
level on the horizontal axis (ENA 1) of the ENA space.

The right side of Fig. 8 shows the mean networks for both groups, while the con-
nection coefficients for these ENA networks are detailed in Table 10. Firstly, we ana-
lyzed the cognitive presence patterns of the high-creativity and low-creativity groups
in the GSG, as depicted in Fig. 8. The red and blue lines represent the connections

between cognitive nodes in each group, with line thickness indicating connection
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Table 9 Results of the U-test on ENA characteristics between the high-creativity and low-creativity

pre-service teachers in the GSG

Dimension Group N Median U P-value Effect Size (r)

ENA 1T (Xaxis)  High-creativity pre-service teachers 10 - 024 1800  0.01 0.64
Low-creativity pre-service teachers 10 0.20

ENA 2 (Y axis) High-creativity pre-service teachers 10 —0.04 44.00 0.68 0.12
Low-creativitypre-service teachers 10 —0.05

Table 10 Connection coefficients of ENA networks for high-creativity and low-creativity pre-service

teachers in the GSG

Connection High-creativity pre-service teachers Low-creativity
pre-service
teachers

Triggering—exploration 031 0.60

Triggering—integration 0.15 017

Triggering—resolution 0.06 0.03

Exploration—integration 0.84 0.61

Exploration—resolution 0.33 0.18

Integration—resolution 0.16 0.07

strength of the connections. From Fig. 8, we found that the high-creativity group

showed stronger associations in Exploration-Integration, Exploration-Resolution, and

Integration-Resolution, especially in Exploration-Integration and Exploration-Reso-

lution. In contrast, the low-creativity group had stronger associations in the Trigger-

ing-Exploration connection.

Page 17 of 24
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Discussion

This study collected online discourse data from pre-service teachers and revealed dif-
ferences in cognitive presence patterns between the GSG and SG through ENA and sta-
tistical analysis. Additionally, the study explored the differences in cognitive presence
patterns among pre-service teachers based on their creativity levels (high or low) during
a six-hat thinking technique integrated discussion.

GenAl shaped cognitive presence patterns and idea generation

This study revealed the cognitive presence patterns and idea generation of the pre-
service teachers that no matter used GenAl or not, they primarily engaged in Explo-
ration and Integration. However, the GSG generated more posts, reflecting heightened
engagement due to GenAl’s interactive and real-time feedback capabilities. This finding
supports prior research demonstrating that GenAl enhanced idea generation and dis-
cussion engagement (Adiguzel et al., 2023; Chaudhry et al., 2023). Additionally, the GSG
exhibited stronger connections in Exploration-Resolution and Integration-Resolution,
whereas the SG group demonstrated stronger connections between Triggering-Explo-
ration and Triggering-Integration. These results highlighting GenAI’s role in fostering
complex, iterative cognitive processes. These findings align with Essel et al. (2024) and
Ahmad Al Yakin et al. (2023), who observed that using GenAl inspires students, improv-
ing creativity, critical thinking, and reflection.

This study revealed that high-creativity pre-service teachers who used GenAl gener-
ated more posts and exhibited stronger Exploration-Integration and Exploration-Res-
olution connections, while those without GenAl had stronger Triggering-Exploration
and Triggering-Integration connections. This supports findings that GenAl enhances
idea generation, discussion engagement, and learning confidence (Adiguzel et al., 2023;
Chaudhry et al., 2023). GenAlI helped high-creativity teachers generate more ideas and
solutions, and had reached higher cognitive presence levels.

The minimal differences between low-creativity pre-service teachers in GSG and SG
suggest that GenAl may have led to limited differences in their cognitive presence pat-
terns. This could result from their low level of engagment with GenAT’s interactive and
feedback features. Stronger associations in the Exploration-Resolution and Integration-
Resolution in SG reflected a linear, task-focused approach, where the pre-service teach-
ers relied on surface-level connections to move quickly from identifying problems to
solutions. In contrast, GSG’s stronger connections in Exploration-Integration indicated
that GenAl supports iterative thinking and refining ideas, though it fails to close the cre-
ativity gap for low-creativity learners. This aligns with Kumar et al. (2024)’s finding that
heavy reliance on GenAl reduced creativity by fostering intellectual passivity and limit-
ing independent problem-solving. For low-creativity individuals, such dependency may
worsen difficulties in generating ideas or complex reasoning, as GenAlI might reinforce
routine thinking rather than challenge it.

Furthermore, the findings indicate that regardless of creativity levels or the use of
GenAl, pre-service teachers still exhibit relatively weak connections in Exploration-
Resolution and Integration-Resolution, echoing prior research suggesting that learn-
ers often struggle to move beyond generating and organizing ideas toward applying
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solutions in practice (Vaughan & Garrison, 2005). While the six-hat thinking tech-
nique and GenAlI appeared beneficial for promoting idea generation, our instructional
design did not explicitly or robustly facilitate the higher-order cognitive processes inte-
gral to Resolution, such as synthesis, practical application, and real-world testing (Gar-
rison et al., 2001). Specifically, although participants followed a structured discussion
sequence using the six-hat thinking technique, the “blue hat” role, which directs group
processes and promotes reflection on actionable outcomes, was implicitly managed
rather than clearly emphasized. This may have limited learners’ ability to define and
achieve concrete resolutions (De Bono, 2017). This aligns with Garrison et al. (2001),
who emphasize that effective integration and resolution require a strong teaching pres-
ence to diagnose misconceptions, scaffold deeper exploration, and guide learners toward
actionable knowledge. Meyer (2003) also notes that resolution demands more targeted
guidance than earlier cognitive phases. Consequently, one plausible explanation for the
limited Resolution phase is insufficiently explicit and structured teaching presence.

GenAl amplified the creativity gap in pre-service teachers’ cognitive presence
This study found that high-creativity pre-service teachers exhibited higher levels of cog-
nitive presence than low-creativity pre-service teachers when using GenAl. Specifically,
high-creativity pre-service teachers who used GenAl showed higher frequencies in the
Exploration, Integration, and Resolution, while exhibiting lower frequencies in Trigger-
ing, compared to their low-creativity counterparts. This suggests that high-creativity
pre-service teachers generated more ideas and had stronger connections in the Explora-
tion-Integration, Exploration-Resolution, and Integration-Resolution, thereby reaching
higher cognitive presence levels. These findings indicate that high-creativity pre-service
teachers experienced fewer challenges in transitioning between these levels, reflecting a
more seamless cognitive process. This can be attributed to creativity as a higher-order
cognitive skill, involving divergent thinking, associative processes, and complex knowl-
edge structures (L. W. Anderson & Krathwohl, 2001; Serban et al., 2023). Such cogni-
tive flexibility allows high-creative pre-service teachers to generate diverse solutions
during Exploration and refine them more effectively in Integration and Resolution. This
results in fewer cognitive disruptions, facilitates smoother transitions between cognitive
levels, and promotes sustained engagement. Furthermore, GenAl’s real-time feedback
enhances their ability to engage deeply, reflect iteratively, and develop complex ideas.
This observation aligns with prior research showing that more creative students tend
to outperform their less creative peers in cognitive abilities and depth of interaction. For
instance, Supena et al. (2021) found that high creativity enhanced the development of
critical thinking, collaboration, and self-regulation capabilities, while low creativity con-
strained the development of these skills. Similarly, Sibo et al. (2023) observed that highly
creative students engage in deeper reasoning and debate, whereas less creative students
often settle for quick consensus. As a result, the gap on cognition between high-creativ-
ity and low-creativity pre-service teachers is further increased, suggesting that GenAl
may amplify the influence of creativity on cognitive presence. The limited improve-
ment among low-creativity learners underscores the need for tailored interventions

that align GenAl’s capabilities with their learning needs. Such approaches can promote
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independent thinking, reduce over-reliance on GenAl, and ensure equitable benefits for
learners of varying creativity levels.

The role of the six-thinking hats as a discussion scaffold

This study supported the previous research which suggested combination of the six-hat
thinking technique and GenAlI tools holds significant potential for enhancing cognitive
development and collaborative learning (Chien, 2020; Mei et al., 2024). The integrat-
ing GenAlI with the six-hat thinking technique amplified their benefits. GenAl pro-
vided real-time feedback and adaptive scaffolding tailored to specific thinking modes,
enriching reflective and analytical processes (Essel et al., 2024; Yakin et al., 2023). The
six-thinking hats promoted structured collaboration by encouraging diverse perspec-
tives and thorough exploration of problems, which fosters innovative ideas (De Bono,
2017; Gégmen & Coskun, 2019). Team creativity was boosted with a clear framework
for ideation and problem-solving, enabling smooth transitions between critical analysis
and creative brainstorming (Chen et al., 2023).Therefore, the six-hat thinking technique
worked as a scaffold for the use of GenAl tools, developing higher-order cognitive skills
while aligning with GenAlT’s personalized learning features.

In conclusion, while our study demonstrates that integrating GenAl within a six-think-
ing hats framework can enhance cognitive presence and idea generation, it is essential to
consider its ethical implications. Overreliance on GenAl may impede the development
of independent critical thinking and problem-solving skills (Chan & Hu, 2023; Cooper,
2023). Additionally, GenAl tools can generate hallucinations, which are confident yet
factually inaccurate responses, significantly increasing the risk of spreading unverified or
misleading information (Ji et al., 2023). Therefore, ensuring that GenAlI serves as a com-
plementary tool rather than a substitute for human cognition will require robust digital
literacy initiatives and clearly defined ethical guidelines in educational settings.

Limitations and future research

Several limitations existed in this study. First, we did not collect qualitative data on stu-
dents’ perceptions of GenAl or their experiences using it, which means the learners’ per-
sonal viewpoints and reflections remain unexamined in our analysis. Second, although
we aligned GenAI use with the intended focus of each thinking hat, such as using the
white hat for information retrieval and the green hat for idea generation, we did not
further distinguish between specific types of GenAl interactions. Types of interactions
like summarization, synthesis, and critique were not analyzed separately, nor was their
potential influence on different phases of cognitive presence. Third, the cognitive pres-
ence patterns observed in this study revealed an underrepresentation of Resolution. Very
few contributions reached this highest cognitive presence phase, suggesting that the
course design might not have adequately supported students in progressing toward Res-
olution. Fourth, this study focused exclusively on pre-service teachers in China, which
may limit the applicability of these findings to other cultural or institutional contexts.
Different educational systems, cultural values, and curricular structures could influ-
ence how GenAl-based interventions are perceived, adopted, and integrated. Finally, the
small sample size posed challenges. Only the top and bottom 20% of students in each
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condition were classified as high-creativity or low-creativity, resulting in four small
groups, which might have overlooked key patterns.

These limitations point to several directions for future research. Qualitative methods
such as interviews, focus groups, and reflective journals should be employed to capture
students’ perceptions, challenges, and satisfaction with GenAl, thereby complement-
ing quantitative data and clarifying underlying mechanisms. Future studies should also
examine the effects of different types of GenAl support on learning processes and out-
comes in collaborative learning environments. For instance, comparative studies could
investigate whether using GenAl for summarizing course content versus providing feed-
back or critical evaluation leads to distinct patterns of cognitive presence. To address
the scarcity of Resolution, future interventions should strengthen teaching presence and
provide more explicit scaffolding that helps learners apply and test newly constructed
knowledge. Researchers should also explore how GenAl-supported instruction is imple-
mented and adapted across diverse cultures, educational levels, and subject domains,
using larger and more balanced samples that capture the full spectrum of creativity.
Studies that include in-service teachers and learners from different national contexts
and that span STEM, humanities, and social-science disciplines will help distinguish
universal from context-specific mechanisms of GenAl integration in education.

Implications

Based on these empirical findings, First, educators should utilize GenAl tools to stimu-
late students’ higher-order cognitive potential, offering enhanced support and guidance
to facilitate knowledge integration and effective problem-solving. Second, educators
should leverage GenAl as an adaptive learning scaffold, especially when integrated with
structured thinking tools like the six-thinking hats. This integration can serve as a pow-
erful mechanism to enhance cognitive engagement by providing learners with dynamic,
personalized support that evolves with their thinking processes. Finally, it is essential
to recognize the limitations of GenAl. While these tools effectively support learning,
they cannot replace higher-order cognitive abilities such as creativity. To fully realize the
potential of GenAl in education, instructional design should focus on cultivating these
advanced cognitive skills.

Conclusions

This study examined the cognitive presence patterns of pre-service teachers who used
and did not use GenAl during a six-hat thinking technique discussion. It also explored
how these patterns varied based on creativity levels (high or low). Results showed that
students who used GenAI demonstrated stronger connections at higher levels of cog-
nitive presence, reached a high level of cognitive presence. Notably, GenAl especially
benefits highly creative individuals. It helps high-creativity teachers generate more ideas
and solutions, leading to a higher level of cognitive presence. In contrast, low-creativ-
ity pre-service teachers, whether they used GenAl or not, showed minimal differences
in cognitive presence patterns. This suggests that GenAl has a limited impact on low-
creativity individuals and may amplify the influence of creativity on cognitive presence.
High-creativity teachers consistently demonstrated higher cognitive presence than their
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low-creativity peers, highlighting that GenAl cannot replace advanced cognitive skills
like creativity.
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