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ABSTRACT: With the rapid development of generative artificial intelligence (GAl), the performance and
usability of related tools, such as ChatGPT, have significantly improved. The advancement has fostered
researchers to increasingly focus on students’ perceptions and application of the roles, functionalities, and
interaction patterns of these tools in higher education. The present study adopted the draw-a-picture technique to
explore the viewpoints and conceptions of undergraduates with different growth mindsets regarding the roles and
functionalities of ChatGPT in learning. It also analyzed their interaction process with ChatGPT, especially their
interaction skills and question types. The results showed that there were significant differences in the
conceptions of “locations,” “learning content,” and “learning activities” of students with different growth
mindsets. In the interaction process between undergraduates and ChatGPT, significant differences existed in the
interaction skills and question types of students with different growth mindsets. Besides, students with different
growth mindsets also had different learning achievements and critical thinking tendencies. The findings revealed
the conceptions of students with different growth mindsets regarding the roles and functionalities of ChatGPT in
learning, and also provided valuable insights for teachers. These findings are beneficial for educators to more
accurately adjust and optimize the application of these tools in teaching activities based on students’ different
growth mindsets.
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1. Introduction

As generative artificial intelligence (GAI) continues to evolve, ChatGPT has had a significant influence on
teaching approaches in higher education. Most educational studies have indicated that ChatGPT has the ability to
promote personalized learning and higher-order thinking (Baidoo-Anu & Owusu Ansah, 2023; Chan, 2023). GAI
plays multiple significant roles in education, such as teacher/tutor, student/tutee, learning peer/partner, domain
expert, administrator, and learning tool (Hwang & Chen, 2023). GAI technologies (e.g., ChatGPT) not only
attract attention in the field of education but also prompt educational practitioners to actively explore their
potential application in teaching and learning (Lim et al., 2023; Strzelecki, 2023). Specifically, researchers have
pointed out that ChatGPT can enhance the flexibility, autonomy and comprehensiveness of the learning
environment, which are believed to bring various benefits to learners (Heimans et al., 2023; Mohamed, 2023;
Rospigliosi, 2023). For instance, Jeon and Lee (2023) specified that chatbots (e.g., ChatGPT) not only served as
content providers, teaching assistants, and evaluators, but also acted as partners for learners to practice
conversation with. However, the influence of ChatGPT goes far beyond this, as it has been applied in various
fields of education, such as medicine, science, engineering, and computing education (Arif et al., 2023;
Berdanier & Alley, 2023; Cooper, 2023; Firat, 2023).

In the field of higher education, the main function of ChatGPT is to generate highly innovative output through
interaction with users, thereby enriching students’ learning experience. This includes serving as a writing
assistant, teaching art and design methods, as well as acting as a research support tool (Chan & Hu, 2023;
Kasneci et al., 2023). Some researchers have disclosed that information literacy plays a crucial role in the
operation of ChatGPT. Especially when seeking and evaluating information, learners need to apply their critical
thinking skills to determine whether the information provided by ChatGPT is accurate and credible (Lund &
Agbaji, 2023; Yan, 2023). Lo (2023) introduced the CLEAR framework as a guiding methodology for prompt
engineering in educational settings. This framework encapsulates five core principles: conciseness, logical
coherence, explicitness, adaptability, and reflectiveness. The application of the CLEAR framework is posited to
facilitate more effective student engagement with Al-generated content, particularly in ChatGPT. The study
argues that this approach fosters the development of critical thinking skills, which are increasingly essential in
this era of advanced conversational agents. Besides, ChatGPT emphasizes question-oriented dialogue and in-
depth exploration of knowledge, combines real-time interaction, adaptability and personalization, and can
enhance student engagement. This has caused ChatGPT to attract increasing attention in the field of higher
education (Chan, 2023; Mohamed, 2023). While ChatGPT-related research mainly focuses on social
implications, technological development and application, how learners in higher education perceive and utilize
ChatGPT in learning contexts has received little attention. Researchers have revealed that in terms of the roles
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and functionalities of ChatGPT in learning, exploring and investigating learners’ perceptions, learning
performance, and communication modes is crucial to assist learners’ effective learning (Hwang & Chen, 2023;
Wu et al., 2023). In addition, researchers have uncovered that learners’ growth mindset may affect their
acceptance or performance in new technological environments (Liu et al., 2022; Yeh et al., 2023). A few studies
have also verified that possessing a growth mindset can not only affect learners’ engagement, motivation and
learning behaviors, but also improve their information literacy and academic achievements (Cheng et al., 2021;
Tewell, 2020). Based on the situations and needs of students in higher education, it is necessary to understand
their expected learning modes, conceptions and communication skills for the roles and functionalities of
ChatGPT in learning (Hsieh & Tsai, 2018; Hwang et al., 2023; Lai, 2021).

Previous research mainly adopted questionnaires to understand learners’ attitudes towards the use of ChatGPT,
with limited focus on exploring undergraduates’ perceptions and conceptions of the roles and functionalities of
ChatGPT in learning based on their experiences. Moreover, mixed methods have attracted increasing attention
from researchers in educational research (Chang et al., 2022a). For instance, Gal (2023) used multiple analysis
methods (including drawing analysis, reflection analysis, and analysis of course summary work) to evaluate the
impact of pedagogy in university education. The use of the draw-a-picture technique allows participants to
express their viewpoints through a combination of visual and textual elements. It also provides researchers with a
comprehensive and in-depth way to understand learners’ perceptions and interpretations of specific concepts
(Chang & Tsai, 2023; Hsieh & Tsai, 2017; Hsieh & Tsai, 2018). Above all, this study employed the draw-a-
picture technigue to explore the viewpoints and conceptions of students with different growth mindsets regarding
the roles and functionalities of ChatGPT in learning. This study also analyzed the interaction between students
with different growth mindsets and ChatGPT, with a focus on interaction skills and question types. Additionally,
it further examined the influences of different growth mindsets on students’ learning achievement and critical
thinking tendency. These research findings not only provide researchers with new insights into the application of
ChatGPT in educational contexts, but also serve as valuable guidance for educational practitioners on how to
more effectively integrate ChatGPT into higher education learning environments.

2. Literature review
2.1. Students’ conceptions of roles and functionalities of ChatGPT in learning

ChatGPT, a GAl-based chatbot, has achieved widespread recognition and significant influences in the field of
higher education (Chan & Hu, 2023; Farazouli et al., 2023; Fauzi et al., 2023). It not only provides an innovative
learning environment, but, more importantly, creates a way for students to deeply engage with and explore
various types of information (Baidoo-Anu & Owusu Ansah, 2023). Engaging in personalized and in-depth
conversations with ChatGPT not only helps students to understand various academic conceptions from more
diverse perspectives, but also effectively stimulates their thinking ability and creativity (Rospigliosi, 2023). In
terms of language teaching, particularly in English writing, Yan (2023) specified that ChatGPT played an
auxiliary role in grammar checking and feedback. Furthermore, it stated that due to academic integrity and
plagiarism during the training stage, most scholars still had reservations about the application of ChatGPT in this
field. Therefore, integrating ChatGPT into the teaching process is not only a technological innovation, but also
an important means to enhance education quality and Al literacy (Chan, 2023; Farrokhnia et al., 2023).

Nonetheless, the conceptions of roles and functionalities of ChatGPT in learning are multifaceted and complex.
In the field of language education, it can not only serve as an interlocutor and content provider, but also as a
teaching assistant and evaluator. Educators need to use professional teaching knowledge to integrate various
resources, inspiring students to become more proactive researchers and enhancing students’ Al ethics awareness
when using Al tools (Cotton et al., 2023; Jeon & Lee, 2023). Farrokhnia et al. (2023) examined the application
of ChatGPT in the field of education by using the SWOT (i.e., Strengths, Weaknesses, Opportunities, and
Threats) framework. They highlighted that ChatGPT could provide personalized learning and alleviate teachers’
burden. Yet, it might also result in a deficiency in students’ in-depth understanding and critical thinking, which
potentially increased the risk of academic dishonesty. Several researchers have clearly defined ChatGPT in
learning, illustrated how it can be applied in education (e.g., Farrokhnia et al., 2023; Hwang & Chen, 2023; Lim
et al., 2023), proposed the CLEAR framework (Lo, 2023), and adopted a survey to investigate the influencing
factors of using ChatGPT (Liu & Ma, 2023; Strzelecki, 2023). For example, Chan and Hu (2023) revealed that
understanding students’ attitudes and concerns about using GAI tools was particularly critical for educational
practitioners, which could help promote students’ learning motivation and learning outcomes. Liu and Ma (2023)
pinpointed that attitudes played an extremely important role in predicting learners’ behavioral intentions of using
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ChatGPT. This finding implied that if EFL learners had a positive attitude towards ChatGPT, they were more
likely to use this tool for learning in informal or leisure activities.

However, in the field of higher education, there has been a lack of exploration into how students perceive and
utilize the roles and functionalities of ChatGPT in learning from various perspectives, particularly concerning
students with different growth mindsets. Understanding these conceptions and perspectives is of crucial
importance for the design and integration of this tool in educational practices. To fill this research gap, this study
mainly adopted the draw-a-picture technique as a research method and focused on students with different growth
mindsets. Moreover, to provide a good reference for designing and developing ChatGPT -integrated learning and
training activities, this study also analyzed students’ interaction processes with ChatGPT, as well as their
learning achievement, and the critical thinking tendency of students with different growth mindsets in the
ChatGPT-integrated learning activities. These research results can serve as guidance and a reference for the
integration of ChatGPT or similar tools in future teaching and training activities.

2.2. Drawing as a research approach

Drawing is not only a means of visual expression, but it has various other functions, including perception,
communication, invention, and action (Adams, 2017; Tu et al., 2021). With regard to educational evaluation,
drawing has been verified as an effective formative assessment tool, which is particularly valuable for capturing
and assessing learners’ conceptual understanding in specific domains (Chang & Tsai, 2023; Chang et al., 2020;
Hsieh & Tsai, 2017; Selwyn et al., 2009). Additionally, scholars such as Lai (2021) and Zhang et al. (2023) have
indicated that the draw-a-picture technique serves as a research tool for gaining a deeper understanding of
participants’ thought processes and personal experiences. This technique is particularly useful in situations where
language or writing skills are limited. It serves as an alternative based on emotional and economic
considerations, and can reveal nuances that other research methods cannot capture (Haney et al., 2004; Hsieh &
Tsai, 2017). Besides, the draw-a-picture technique can guide learners to express their opinions freely and to
demonstrate their cognitive structure through free drawings, texts, symbols and visual expressions, so that
researchers can understand their perceptions (Chang & Tsai, 2023; Liou, 2017; Yeh et al., 2019). For example,
Zhang et al. (2023) used the draw-a-picture technique to analyze elementary school students’ stereotypes about
robots. Barak et al. (2023) employed multiple dimensions to explore teachers’ understanding of nature of
science, which included focus — the central image/s (i.e., the central element or main message of the image),
details — the particulars in each image (i.e., each single element in the image or specific details in the image),
interactions — the links between images (i.e., relationships or connections between the images), context — the
drawing setting (i.e., the broader situation or context of the image, including time, place, or other elements
relevant to the topic), and written explanation.

In addition, questionnaires, interviews, and experiments are the most commonly used methods in the field of
educational research to understand learners’ learning perceptions, attitudes, and experiences (Chang et al.,
2022b; Liu et al., 2022). Nevertheless, even though these research methods have their own advantages, they also
have certain limitations. For example, while questionnaires have the advantage of being structured and
quantifiable, they may have difficulty capturing certain implicit or less quantifiable information. On the other
hand, interviews can provide more layers and depth of data, but the implementation involves higher costs and
time investment. The quality of the data may also be affected by the language ability of interviewees (Hsieh &
Tsai, 2018; Tu et al., 2021). Some researchers have corroborated that understanding learners’ multiple
perspectives and conceptions of specific learning contexts can not only promote teachers to adjust their teaching
strategies to better meet the needs of students, but can also enhance students’ learning motivation and
engagement (Chang et al., 2022b; Hwang et al., 2017; Vermunt & Vermetten, 2004). In addition, some scholars
have employed the draw-a-picture technique to explore learners’ perceptions of the use of emerging technologies
(i.e., Al, smart technology, and the metaverse) in education, such as Al-assisted learning (Lai, 2021), smart
healthcare technology contexts (Chang et al., 2022b), and the metaverse in higher education (Hwang et al.,
2023).

Regarding students’ conceptions of the roles and functionalities of ChatGPT in learning, it involves their
inherent perceptions through exploration and actual experience of the ChatGPT-assisted learning process
(Hwang & Chen, 2023; Tu et al., 2021). In order to gain a deeper understanding of participants’ perceptions of
and perspectives on the roles and functionalities of ChatGPT in learning, this study used the draw-a-picture
technique. This allowed the participants to express their perspectives and opinions using images within the
constraints of time and vocabulary, enabling the investigation of information that was difficult to measure
(Chang & Tsai, 2023; Haney et al., 2004; Hsieh & Tsai, 2018).
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3. Research questions

The research questions are listed as follows:

e What is the overall conceptual framework of undergraduates regarding the roles and functionalities of
ChatGPT in learning? Are there differences in the conceptions (including roles, participants involved,
locations, learning content, learning activities, objects, and emotions and attitudes) of the roles and
functionalities of ChatGPT in learning of students with different growth mindsets?

o During the interaction between undergraduates and ChatGPT, are there differences in the interaction skills
and question types of students with different growth mindsets?

e What are the information literacy and critical thinking tendencies of students with different growth
mindsets?

4. Method
4.1. Participants

A total of 67 students from a university in northern Taiwan voluntarily joined the information literacy project
which included search tools and retrieval techniques, Internet resource evaluation and utilization, and
information quality assessment. Referring to the suggestions of previous research (Lo, 2023), this study
incorporated the CLEAR framework for prompt engineering into information literacy learning activities as a
guiding structure for students to interact with ChatGPT. As four of the students did not fully participate in the
project, only 63 valid data were collected from 29 male and 34 female students, with an average age of 20.3
years. Each participating student had previous experience using ChatGPT. The Research Ethics Committee from
the institution with which the study is affiliated granted ethical approval. Participants were also advised that they
were free to discontinue their involvement in the study at any time without any negative consequences.

4.2. Data collection and instruments

In order to deeply understand the differences in the learning effectiveness of learners with different growth
mindsets, a growth mindset questionnaire was administered before the learning activities. Afterwards, the
students were required to complete four tasks, that is, taking an information literacy test (ILT), filling out a
critical thinking tendency questionnaire, drawing their perceptions of ChatGPT-supported learning activities, as
well as completing a learning sheet with the assistance of ChatGPT.

The questionnaire assessing growth mindset was adapted from the original instrument developed by Bai et al.
(2019). This modified version incorporated three items, that is, “I learned a lot of knowledge and skills when
using ChatGPT from this project,” “I hope to learn how to use ChatGPT to challenge my information literacy in
this project,” and “I believe that putting in more effort can improve my information literacy.” The questionnaire
adopted a 5-point Likert scale (5 = strongly agree; 1 = strongly disagree). The Cronbach’s alpha value of the
original scale was .75.

The ILT was modified from Boh Podgornik’s et al. (2015) ILT for higher education. The test design and content
included information sources and databases, search strategies, intellectual property and ethics, and heuristics and
critical evaluation. It consisted of 40 multiple-choice items, with a perfect score of 100. The reliability of the ILT
in Sorgo’s et al. (2017) study was .71, calculated with a Cronbach’s alpha value. The ILT test paper was
reviewed and modified by two library and information science professors with more than 5 years of teaching
experience.

The critical thinking tendency questionnaire was modified from Chai et al. (2015). It consisted of six items, for
example, “I will reflect on whether the knowledge I have learned through ChatGPT is accurate,” “I will judge the
value of new information or evidence provided by ChatGPT in the learning activities,” and “In the learning
activities, I will try to understand the information provided by ChatGPT from different perspectives.” The
questionnaire adopted a 5-point Likert scale (5 = strongly agree; 1 = strongly disagree). The Cronbach’s alpha
value was .80, showing adequate reliability.

Finally, the students were mandated to complete two principal activities: drawing a picture and completing a
learning sheet with the assistance of ChatGPT. They were made to create a painting on A4 paper to demonstrate
their conceptions of the roles and functionalities of ChatGPT in learning (Haney et al., 2004; Lai, 2021). In order
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to deeply understand how the students perceived the ChatGPT-facilitated learning context, a specific prompt was
provided, “According to your comprehension and experience of using ChatGPT, please draw a picture to
describe your perspectives regarding the roles and functionalities of ChatGPT in learning.” The students were
encouraged to express their conceptions in any way (including symbols, text, concept maps, and other creative
forms). Moreover, they were asked to write down three to five short sentences to describe their drawings. As for
the learning sheet, the students were required to submit their communication/interaction content with ChatGPT,
so as to understand how they utilized this tool to support learning. Among 67 students, the data of four students
were invalid because they did not complete the drawing and related learning activities. Thus, a total of 63 valid
questionnaires, drawings, and learning sheets were collected as the data to understand students’ conceptions and
situations of using ChatGPT for learning from different perspectives.

4.3. Coding scheme

This study employed the draw-a-picture technique to explore undergraduates’ conceptions of the roles and
functionalities of ChatGPT in learning. Referring to previous scholars, such as Haney et al. (2004) and Hsieh and
Tsai (2018), a coding scheme for drawings was developed, consisting of the seven categories of roles,
participants involved, locations, learning content, learning activities, objects, and emotions and attitudes (see
Table 1). It’s important to highlight that each drawing wasn’t confined to a single category; that is to say, an
individual drawing could display various characteristics. However, recurring instances of the same subcategory
within a single drawing were tallied only once for analysis. Figure 1 shows the coding of a HGM student’s
drawing. It demonstrated that through the personal computer and mobile phone, a learner happily
consulted/discussed some information and completed assignments with ChatGPT, and used it for translation and
English learning.

Table 1. The coding scheme developed from students’ drawings

Categories Subcategories
1. Roles 1.1 Tutee 1.3 Tools
1.2 Tutor
2. Participants involved 2.1 Teachers 2.3 Robot
2.2 Learners 2.4 No human drawn
3. Locations 3.1 Home 3.3 Unspecified
3.2 In-class activities
4. Learning content 4.1 Specific learning content 4.2 Non-specified
5. Learning activities 5.1 Search information 5.3 Discussions and consultations
5.2 Reports/assignments 5.4 Translation
6. Objects 6.1 Personal computer (PC) / 6.5 Tables and chairs
Notebook (NB) 6.6 Traditional classroom
6.2 Tablet equipment
6.3 Mobile phone 6.7 Others
6.4 Books
7. Emotions and attitudes 7.1 Positive 7.3 No use of affective words or
7.2 Negative symbols

In order to obtain a comprehensive understanding of the different communication ways when the undergraduates
were using ChatGPT, including interaction skills (e.g., role-play, styles, polite responses, be specific, and output
formatting) and question types, this study referred to previous studies (i.e., Hwang & Chen, 2023; Lo, 2023) to
develop a coding scheme to analyze their interaction with ChatGPT. The same subcategory that appeared in the
same conversation was counted only once. Table 2 shows the detailed coding scheme.

In addition, to ensure the accuracy and appropriateness of the coding schemes in Table 1 and Table 2, two senior
experts from the field of technology-assisted learning were invited to assess and revise the coding scheme, which
included all elements of the student drawings. Two independent coders coded the drawings according to the
coding scheme with a Cohen’s kappa value of .83 (Lavrakas, 2008), showing a high level of agreement on the
coding results. Besides, inconsistent coding was discussed by the experts to reach a consensus.
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Figure 1. An example of the coding of a participant’s drawing
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Table 2. The coding scheme developed from students’ interaction skills and question types with ChatGPT
Categories Subcategories Description
Interaction skills Role-play When interacting with ChatGPT, students may play a specific

role to better simulate specific situations or emotional
reactions, such as asking ChatGPT to act as a digital learning

expert.

Styles The language style or writing style used in the communication
process, such as formal, informal, colloquial, etc.

Polite responses Polite responses to ChatGPT, such as expressing gratitude after
obtaining the necessary information or completing a task.

Be specific When using ChatGPT to perform a certain task, the task is

clearly and specifically defined and described for students to
achieve the goal more accurately.

Output formatting The format of information output requested by students to
ChatGPT, such as specific document types, formatting
requirements, etc.

Question types

Test questions There is one or one set of correct answers. The answers to the
questions (e.g., What is information literacy?) can often be
found in relevant books or textbooks.

Authentic questions  Uptake questions: Uptake means that a person’s question is
related to a previous conversation. Uptake questions should be
relevant to the ongoing conversation and can be directed
towards an individual or the entire group, for example, “Based
on your previous response, could you please explain the
second point in more detail?”

Higher-level thinking questions include speculation questions,
generalization questions, and analysis guestions, for instance,
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“Given what we’ve just said about a and b, what’s your
viewpoint?”’

Exploratory talk Exploratory talk takes place when learners share, evaluate and
build knowledge. Learners reason, challenge, and respond to
challenge with reasons and evidence, for example, “Based on
your answer, | disagree with the first point. Could you please
explain why you think so?”

4.4. Data analysis

This study adopted a mixed methods approach, incorporating quantitative and qualitative research methods. First
of all, referring to Hwang et al. (2023), this study used the mean score of the growth mindset questionnaire to
determine the high growth mindset group (HGM group) and the low growth mindset group (LGM group). On
this basis, the independent t test was used to analyze the data of learning achievement (i.e., ILT) and critical
thinking tendency, so as to explore the differences between students with different growth mindsets.

Furthermore, to explore the perceptions of students with different growth mindsets regarding the roles and
functionalities of ChatGPT in learning, this study systematically coded students’ drawing and performed a Chi-
square test to report the differences in each category. This revealed students’ diverse and complex conceptions
and attitudes towards the roles and functionalities of ChatGPT in learning. Also, this study coded and analyzed
the interaction content between students and ChatGPT, with a particular emphasis on interaction skills and
question types. Through this series of in-depth analysis, this study expected to achieve a more comprehensive
and in-depth understanding of students’ conceptions and practices regarding the roles and functionalities of
ChatGPT in learning.

5. Results

5.1. Undergraduates’ conceptions of roles and functionalities of ChatGPT in learning

As delineated in Table 1, the drawings submitted by 63 undergraduates were subjected to analysis. The coding
process yielded a cumulative total of 714 codes. Of these, 386 codes were attributed to students categorized in
the HGM and 328 group to those in the LGM group. Table 3 shows the results of the item frequency and
percentage of students’ drawings. Overall, in terms of their conceptions of the roles and functionalities of
ChatGPT in learning, the most to least drawn categories were learning activities (29.13%), objects (18.07%),
roles of ChatGPT (16.53%), participants involved (9.80%), locations (8.82%), learning content (8.82%), and
emotions and attitudes (8.82%). This implied that, for the majority of students, the roles and functionalities of
ChatGPT in learning involved learning activities (i.e., reports/assignments, search information, and discussions
and consultations), objects (i.e., PC/NB, mobile phone, and tablet), roles of ChatGPT (i.e., tools and tutor), and
participants involved (i.e., learners, no human drawn, teachers, or robots).

As shown in Table 3, when the undergraduates were asked to describe their conceptions and experience
regarding the roles and functionalities of ChatGPT in learning, most of them viewed ChatGPT as learning
“tools” or media. To be more specific, students in both the HGM group and the LGM group believed that
ChatGPT could play the role of a tool in the learning process. Besides, in comparison with those in the LGM
group, students in the HGM group were significantly more inclined to regard ChatGPT as a “tutor” (y* = 16.91, p
< .001). This implied that both groups shared a common understanding of viewing ChatGPT as a learning tool or
medium. However, there was a significant difference between the two groups in terms of ChatGPT as a tutor. In
particular, the LGM group did not think of ChatGPT as a “tutee” when using ChatGPT for learning.

Concerning the “participants involved” category, students most frequently drew “learners,” followed by “no
human drawn,” “teachers,” and “robots.” There was no significant Chi-square difference in this category
between the drawings of students in both groups (3> = 6.02, p > .05). This indicated that they shared common
conceptions; that is, the conceptions of students in both the HGM group and the LGM group involved learners.

As shown in Table 3, in the “locations” category, students from the HGM group most frequently drew
“unspecified,” followed by “in-class activities.” On the other hand, students from the LGM group most
frequently drew “unspecified,” followed by “in-class activities” and “home.” There was a significant Chi-square
difference in this category between the two groups (y* = 8.92, p < .05). In comparison with the LGM group, the
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HGM group was significantly more inclined to draw “unspecified” locations when describing the roles and
functionalities of ChatGPT in learning (y? = 18.79, p < .001). In contrast, in comparison with those in the HGM
group, more students in the LGM group focused on “home” (x? = 9.46, p < .01) and “in-class activities” (32 =
6.61, p < .05) when describing the role and functionalities of ChatGPT in learning.

Table 3. Distribution of perceptions of undergraduates regarding the roles and functionalities of ChatGPT in
learning by the categories and subcategories

Categories and subcategories

HGM students
N (% = N/32)

LGM students
N (% = N/31)

Roles
Tutor
Tutee
Tools
Participants involved
Teachers
Learners
Robots
No human drawn
Locations
Home
In-class activities
Unspecified
Learning content
Specific learning content
Non-specified
Learning activities
Search information
Reports/assignments
Discussions and consultations
Translation
Obijects
PC/NB
Tablet
Mobile phone
Books

32 (100%6)*
5 (15.63%)>
32 (100%)*

1 (3.13%)?
29 (90.63%)*
3 (9.38%)?
3 (9.38%)?

0 (0%)
1 (3.13%)?
31 (96.88%)*

21 (65.63%)"
11 (34.38%)?

32 (10096)*
32 (100%6)*
30 (93.75%)?
25 (78.13%)°

32 (100%6)*
11 (34.38%)°
12 (37.50%)2

7 (21.88%)

18 (58.06%)?
0 (0%)
31 (100%)*

3 (9.68%)°
24 (77.42%)*
0 (0%)

7 (22.58%)?

8 (25.81%)2
8 (25.81%)2
15 (48.3996)!

8 (25.81%)’
23 (74.19%)"

29 (93.55%)?
31 (100%)!
24 (77.42%)°
5 (16.13%)

24 (77.42%)!
8 (25.81%)°

11 (35.48%)2
7 (22.58%)

Tables and chairs 1(3.13%) 6 (19.35%)

Traditional classroom equipment 1 (3.13%) 7 (22.58%)

Others 2 (6.25%) 0 (0%)
Emotions and attitudes

Positive 22 (68.75%0)* 23 (74.19%)*

Negative 0 (0%) 0 (0%)

No use of affective words or symbols 10 (31.25%)2 8 (25.81%)?

Note. The top three subcategories are marked in bold face, and the superscript denotes ranking within each
category.

In addition, a significant difference existed in the “learning content” of the drawings between the HGM group
and the LGM group according to the Chi-square analysis (x* = 10.05, p < .01). In comparison with those of the
LGM group, “specific learning content” appeared more frequently in the drawings of the HGM group (32 =
10.05, p < .01, see Figure 1). On the other hand, in comparison with those in the HGM group, more students in
the LGM group focused on “non-specified” learning content (x? = 10.05, p < .01, see Figure 2).

Figure 2 illustrates sample drawings of students in the LGM group and the HGM group. As for the “learning
activities” category, students mostly drew “reports/assignments,” followed by “search information,” “discussions
and consultations,” and “translation.” The Chi-square test uncovered a significant difference in this category
between the HGM group and the LGM group (x? = 10.05, p < .01). In comparison with those of the LGM group,
“translation” appeared more frequently in the drawings of the HGM group (x? = 24.26, p < .05). Nonetheless,
there were significant differences between the two groups in the subcategories of “reports/assignments,” “search
information” and “discussions and consultations.” This implied that among the conceptions of the roles and
functionalities of ChatGPT in learning of the two groups, “reports/assignments,” “search information” and
“discussions and consultations” were the most frequently drawn learning activities; yet, a significant difference
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was observed in the subcategory of “translation.” In the drawing of the LGM student, ChatGPT was described as
a tool used to search for information and to assist with assignments (see Figure 2).

Figure 2. Examples of the “reports/assignments” and “search for information” subcategories in the “learning
activities” category
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As shown in Table 3, in the “objects” category, the most common object drawn by students was “PC/NB,”
followed by “mobile phone,” “tablet,” “books,” “traditional classroom equipment,” “tables and chairs,” and
“others.” There was no significant difference in this category between the two groups according to the Chi-
square test (x> = 11.67, p > .05). This implied that the HGM group and the LGM group shared common
conceptions of the roles and functionalities of ChatGPT in learning in terms of “object.”

tR)

As for the “emotions and attitudes” category, students often mostly drew “positive,” followed by “unspecified.”
It is worth noting that the students did not display any negative emotions or attitudes in their drawings. There
was no statistically significant disparity in this category among the drawings produced by students with different
growth mindsets (y* = 0.22, p > .05). This specified that the undergraduates held similar emotions and attitudes
regarding the roles and functionalities of ChatGPT in learning; they mainly expressed positive emotions and

attitudes in their drawings.

5.2. Undergraduates’ interaction skills and question types with ChatGPT

Utilizing the coding scheme shown in Table 2, the interaction skills and question types of 63 undergraduates
with ChatGPT were analyzed. Table 4 displays the occurrence and percentage distribution of the item in the
students’ drawings. In terms of interaction skills, the most to least applied skills were “role-play,” “be specific,”
“styles,” “output formatting,” and “polite responses.” In comparison with the LGM group, the HGM group
adopted “role-play,” “be specific,” “output formatting,” “styles,” and “polite responses” more frequently, and the
results showed significant Chi-square differences in these subcategories (¥?= 16.28, p < .01). This implied that
the HGM group demonstrated more diverse and professional skills when interacting with ChatGPT.

2

EEINT3

As for question types, both groups of students most frequently employed “test questions,” followed by “authentic
questions” and “exploratory talk.” A significant Chi-square difference existed in this category between the two
groups ()% = 14.64, p < .01). Also, there was a significant Chi-square difference in the subcategory of “authentic
questions” between the HGM group and the LGM group (y? = 14.64, p < .01). This revealed that the HGM group
demonstrated question-posing and higher-level abilities when interacting with ChatGPT. They might be better at
using questions to explore, analyze, and reflect on knowledge rather than merely to assess and confirm.

Figure 3(a), (b) and (c) demonstrate the coding of the interaction between a student from the HGM group and
ChatGPT. First of all, the student posed a specific question, “Does information literacy refer to a person’s ability
to use information technologies?”” and requested that ChatGPT act as an undergraduate (i.e., role-play) to answer
the question. Then, the student asked further questions based on ChatGPT’s answers (see Figure 3(a)). Figure
3(b) further shows that the student politely expressed gratitude and asked ChatGPT to provide the answers in a
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table. Afterwards, ChatGPT was requested to rewrite the content in an interesting style. Figure 3(c) illustrates
that the student posed a higher-level thinking question, “A learner asks ChatGPT when he has a problem, and he
learns from the content provided by ChatGPT. Is ChatGPT a learning tool and tutor in this case?”” Regarding this
question, the student also questioned and challenged ChatGPT’s responses.

Table 4. Distribution of interaction skills and question types between undergraduates and ChatGPT by the
categories and subcategories

Categories Subcategories HGM students LGM students
N (% = N/32) N (% = N/31)

Interaction skills Role-play 32 (100%0)* 26 (83.87%)*
Styles 28 (87.50%0)2 11 (35.48%)°
Polite responses 9 (28.13%)° 1 (3.23%)
Be specific 32 (100%0)* 18 (58.06%0)2
Output formatting 32 (100%0)* 3 (9.68%)

Question types Test questions 32 (100%0)* 31 (100%0)*
Authentic questions 32 (100%0)* 18 (58.06%0)?
Uptake questions 32 (100%0)* 18 (58.06%0)2
High-level thinking questions 14 (43.75%)3 0 (0%)
Exploratory talk 4 (12.50%) 0 (0%)

Note. The top three subcategories are marked in bold face, and the superscript denotes ranking within each
category.

Figure 3(a). An example of the coding for interaction skills and question types in a HGM student’s conversation

with ChatGPT
¢ Test questions

@ Information literacy goes beyond just the ability to use information technologies. It 00 @

. Does information literacy refer to a person's ability to use information technologies?

(3) encompassesa broader set of skills that enable individuals to effectively locate, evaluate,
- use, and communicate information in various formats and from different sources. While
information technologies play a role in facilitating these skills, information literacy involves a

deeper understanding of how to navigate the vast sea of information available in the digital
As a university student, | now ask for your advice on the guestion | posed. My question is Do ‘ ROIe'pla_y'
you think chatGPT is relevant to students' information literacy abilities? Be specific

Certainly, exploring the relevance of ChatGPT to students' information literacy abilities is an

intriguing question, and I'd be glad to provide you with a detailed analysis.

ChatGPT, as an Al language model, has the potential to impact students' information literacy

in both positive and challenging ways. Here's a breakdown of the key points:
Positive Aspects:

1. Access to Information: ChatGPT can serve as a powerful tool for students to access a vast

amount of information on various topics. It can assist in quickly retrieving information from

Thankyou. In response to the part of the question that promotes critical thinking, for + Polite responses

« Uptake questions
* Be specific

example, "Students are encouraged to use the ChatGPT as a starting point for exploration,
rather than as a definitive source of information. This approach develops critical thinking
skills and motivates further research.” Could you possibly explain this? Could you please
provide me with an example so that | could understand more about this topic.

Certainly, I'd be glad to elaborate on the concept of using ChatGPT as a starting point for 00 &

exploration and provide an exampile to illustrate its application.

When students are encouraged to use ChatGPT as a starting point for exploration rather
than a definitive source, the goal is to foster their critical thinking skills and motivate them to

engage in deeper research. Here's how this approach works:

1. Initial Engagement: Imagine a student is researching the impact of climate change on
marine ecosystems. They turn to ChatGPT and ask, "What are the effects of climate change

on marine life?" ChatGPT provides a concise overview of some effects.
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Figure 3(b). An example of the “output formatting,” “polite responses,” “styles,” and “be specific” subcategories
in a HGM student’s conversation with ChatGPT

Could you describe the role of the chatgpt-assisted learner from the perspective of atool, a * Output
formatting

« Be specific

tutor, and a tutee? Please provide a table with columns for "Role”, "Description”, "Example”,
and "Notes".

Certainly, I'd be happy to describe the role of a ChatGPT-assisted learner from the

perspectives of a tool, a tutor, and a tutee. Here's a table summarizing these roles:

In the role of a tool, the A student uses ChatGPT ould recognize
ChatGPT-assisted learner to quickly summarize a ChatGPT as a tool that

uses Al-generated content to lengthy research paper, provides information but

Polite responses
Styles
Be specific

Thank you.
Based on the table, could you please rewrite the content in an interesting style?

Of course! Here's the table with columns for "Role,

just as you requested:

Explorer Our learner becomes an Like a modern-day While ChatGPT guides
intrepid explorer, armed with adventurer, our learner exploration, critical
ChatGPT as their digital queries ChatGPT to distill thinking is vital to

Figure 3(c). An example of the “output formatting,” “polite responses,” “styles,” and “be specific” subcategories
in a HGM student’s conversation with ChatGPT

; _ * Polite responses
Thank you, | need you to answer the following questions. « High-level thinking

"A learner asks ChatGPT when he has a problem, he learns from the content provided by questions
ChatGPT, is ChatGPT a learning tool and tutor in this case? Please explain. * Be specific

Indeed, in the scenario you've presented, where a learner interacts with ChatGPT to seek
solutions to problems and learns from the content provided, ChatGPT can indeed be

considered both a learning tool and a tutor. Let's delve into the explanation:

Learning Tool:
In this context, ChatGPT functions as a learning tool by providing the learner with

information, explanati , and insights that contribute to their understanding of a particular

Thank you for answering the question. Polite responses
High-level thinking
questions
Exploratory talk
view? Be specific

However, | disagree with the following, | think the role of ChatGPT in the learning process
affects the effectiveness of the learning process, can you explain more about your point of

"When learners interact with ChatGPT to solve problems and learn from the information
provided, they experience a double benefit. As a learning tool, ChatGPT is a fountain of
knowledge, providing insights that broaden learners' perspectives and contribute to their
overall understanding. As a tutor, ChatGPT acts as a guide, providing explanations,
clarifications and guidance, which is in line with the classic tutoring process of scaffolding
learning through interaction™

| appreciate your perspective, and I'd be glad to provide a more nuanced anation. Youre [J

absolutely right that the role of ChatGPT in the learning process significantly influences its

effectiveness. Let's delve into this viewpoint:

1. Learning Tool Impact:

5.3. Learning achievement and critical thinking tendency

Table 5 shows the independent sample t-test results of learning achievement and critical thinking tendency of the
two groups. In terms of learning achievement, the mean score and standard deviation of the HGM group were
88.98 and 2.97, while those of the LGM group were 81.13 and 3.22. The t-test results (t = 10.08, p < .001)
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disclosed that the HGM group significantly outperformed the LGM group, with a large effect size (d = 2.54)
(Cohen, 1988). As for critical thinking tendency, the mean score and standard deviation of the HGM group were
4.54 and 0.28, while those of the LGM group were 3.75 and 0.34. The t-test results (t = 9.948, p <.001) revealed
that the HGM group had significantly better critical thinking tendency than the LGM group, with a large effect
size (d = 2.51) (Cohen, 1988).

Table 5.t-test results

Variable Group N Mean SD t d

Learning achievement HGM group 32 88.98 2.97 10.08™" 2.54
LGM group 31 81.13 3.22

Critical thinking tendency HGM group 32 4.54 0.28 9.948™ 2.51
LGM group 31 3.75 0.34

Note. ™p < .001.

6. Discussion and conclusions
6.1. Discussion

This study compared the viewpoints of students with different growth mindsets regarding the roles and
functionalities of ChatGPT in learning through drawing. Even though the two groups of students shared similar
conceptions in terms of “roles,” “participants involved,” “objects,” and “emotions and attitudes,” significant
differences were found in “locations,” “learning content” and “learning activities.” During the interaction with
ChatGPT, there were significant differences in interaction skills and question types between students with
different growth mindsets. This study also analyzed the differences in learning achievement, and critical thinking
tendency between students with different growth mindsets. The findings not only revealed the conceptions,
attitudes, interaction skills, learning achievement, and critical thinking tendency of students with different
growth mindsets regarding the roles and functionalities of ChatGPT in learning, but also provided insights into
how to more effectively integrate ChatGPT into learning activities.

Regarding the first research question, the results uncovered that when the undergraduates were prompted to
describe the roles and functionalities of ChatGPT in learning, most of them focused on “learners” themselves.
They viewed ChatGPT as a learning tool and tutor, and employed mobile devices (e.g., NB, mobile phone, and
tablet) to engage in learning activities without a specific location. These activities included
“reports/assignments,” “search for information,” and “discussions and consultations,” and can be incorporated
with specified or non-specified learning content. The students also demonstrated positive emotions and attitudes
in the learning process. This indicated that most undergraduates regarded ChatGPT as a personalized learning
tool and tutor, thus highlighting the importance of independent learning. This might also be related to their
understanding of existing educational tools and teaching approaches. Besides, students could learn through
mobile devices without the restraint of location. This flexible and adaptable learning mode allowed ChatGPT to
be combined with specified or non-specified learning content, thus underscoring the application potential of
ChatGPT in different disciplines and topics. Chan (2023) reported that neither students nor teachers believed that
Al would replace teachers in the future. She suggested that teachers and students required a balanced
approach/mechanism to adopt Al technology, and that Al should be used as a complementary teaching approach
rather than an alternative one. Similarly, some studies have pinpointed that when students encounter challenges
in learning tasks, GAI technology (e.g., ChatGPT) can act as a virtual tutor to provide immediate and
personalized learning support, thereby promoting learners’ cognitive development and understanding (Chan &
Hu, 2023). As indicated in previous research, ChatGPT can help students engage in individual learning, and
further enhance their learning experience by providing personalized and interactive support (Berdanier & Alley,
2023; Cooper, 2023; Firat, 2023; Hwang & Chen, 2023). Furthermore, some researchers have also emphasized
the importance of different roles such as tutors, tutees, and tools to contribute to the educational process in
technology-enhanced environments (Hwang & Chien, 2022; Lai, 2021).

Based on the coding results, significant differences existed in the categories of “locations,” “learning content,”
and “learning activities” between students with different growth mindsets. In the “locations” category, most of
the undergraduates, especially those in the HGM group, did not specify a location in their drawings. Also, in
comparison with those in the HGM group, students in the LGM group were significantly more inclined to adopt
ChatGPT at “home” and during “in-class activities” to facilitate their learning. This suggested that the HGM
group might pay more attention to the learning process and outcomes rather than specific learning locations. On
the other hand, the LGM group tended to learn in familiar and comfortable environments (e.g., homes and
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classrooms) rather than broader or diverse learning venues (Liu et al., 2022). As for the “learning content”
category, students with different growth mindsets demonstrated different learning trends. Students in the HGM
group were inclined to adopt ChatGPT for “specified” learning content, reflecting their goal orientation and
focus; they might regard ChatGPT as a tool to achieve specific learning goals. In contrast, students in the LGM
group utilized ChatGPT for “non-specified” learning content, which illustrated their openness to exploring
various topics. Yu et al. (2022) pointed out that in a learning environment that employed the guided inquiry
approach and focused on students’ social-emotional development, students tended to recognize their growth
mindsets. For instance, teachers could provide students in the HGM group with more challenging tasks for them
to delve into specific topics. On the other hand, students in the LGM group might need more guidance and
support to focus their exploration on specific learning goals, so as to build confidence and promote active
learning experience. Finally, in the “learning activities” category, both groups shared similar conceptions in
terms of “reports/assignments,” “search information,” and “discussions and consultations.” It is worth noting that
the “translation” subcategory appeared more frequently in the drawings of the HGM group in comparison with
those of the LGM group. The results disclosed that although the two groups had similar conceptions in most
learning activities, a significant difference in “translation” could be found. This might be closely related to the
design mechanism of learning activities, which had the potential to shape and influence students’ cognitive
structures and conceptual models. In addition, this finding also implied that the HGM group engaged in more
diverse learning activities when using ChatGPT to assist their learning (Tewell, 2020; Tseng et al., 2020).

As for the second research question, this study analyzed the interaction skills and question types between the
undergraduates and ChatGPT. The results indicated significant differences in these two categories between the
HGM group and the LGM group. Table 4 shows that the HGM group performed more diverse interaction skills
(i.e., “role-play,” “be specific,” “styles,” “output formatting,” and “polite responses”) than the LGM group. This
might be because students with a high growth mindset generally had a more positive and proactive attitude
toward learning; they were more inclined to explore and challenge themselves so that they could perform richer
and more diverse interaction skills from different angles and perspectives. The results implied that students in the
HGM group were more goal-oriented, attentive, and proficient in inquiry and critical thinking during the learning
process, and they were also more effective in using ChatGPT as a learning tool. With regard to the “question
types” category, “test questions” were commonly used by both groups, probably because this was the basic way
of learning and understanding knowledge. Also, the HGM group mainly used “uptake questions” in the
“authentic questions” subcategory. On the other hand, the two groups seldom used “higher-level thinking
questions” and “exploratory talk.” In particular, both groups rarely employed “exploratory talk.” This pointed out
that the undergraduates were less likely to actively put forward their own opinions or evidence during the
interaction process, and that they seldom questioned or challenged the content provided by ChatGPT during the
conversation. Previous research has pinpointed that putting emphasis on specific conceptions or questions during
the training phase has the potential to shape and guide learners’ cognitive structures and thinking patterns (Yan,
2023). Based on this finding, instructional design should comprehensively consider learners’ knowledge and skill
gaps in relevant fields, and adopt corresponding teaching strategies to further strengthen their knowledge and
skills in exploratory talk. As mentioned by Hwang and Chen (2023), to effectively utilize GAI in the field of
education, two key conceptions should be understood and realized. The first is “knowing why,” which is a key
element to foster learners’ in-depth understanding. The second is the conception of “It’s all about prompts,”
which abandons the traditional search mindset and employs the programming prompt instead.

With regard to the third research question, the HGM group had significantly higher learning achievement (i.e.,
ILT) and critical thinking tendency than the LGM group. These findings were in line with previous studies,
indicating that students with a high growth mindset are usually more open and motivated to learn and explore
new knowledge. This may prompt them to believe that abilities can be improved through hard work, thereby
enhancing their learning motivation and achievement (Dweck, 2006; Hwang et al., 2023; Lai & Hwang, 2014).
Students with a high growth mindset may tend to analyze and evaluate information and be more willing to
engage in critical thinking, thus improving their learning motivation (Liu et al., 2022). This was in accordance
with the findings of the second research question, highlighting the critical thinking and analytical abilities of the
HGM group. They asked questions to facilitate deeper understanding through active exploration, analysis and
reflection, which underscored their active learning attitudes and pursuit of mastery of knowledge. Furthermore,
appropriate learning tools and teaching strategies could increase students’ willingness to learn and alleviate their
negative emotions during the information search process (Guo et al., 2015). The positive correlations between
high growth mindsets and motivation, learning achievement and critical thinking tendency seemed intuitive;
however, they might involve quite complex interaction and influencing factors (Miller & Srougi, 2021), which
requires further research to enhance understanding. In addition, several studies have specified the importance of
critical thinking and have recommended its integration into instructional design and the evaluation of learning
effectiveness. This can prompt students not only to accept information, but also to effectively deconstruct and
analyze it. Also, digital literacy and information literacy are regarded as a core interdisciplinary competence,
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which involves the retrieval, verification and application of information in online and physical environments
(Chan, 2023; Lo, 2023; Lai & Hwang, 2014; Lund & Agbaji, 2023).

6.2. Research limitations and recommendations

This study has some limitations. First, this information literacy project only lasted 6 hours, and the data were
collected from undergraduates at a single university; therefore, generalizability is limited, and the results may not
represent all undergraduates in Taiwan. Second, this study adopted questionnaires to evaluate undergraduates’
growth mindsets and critical thinking tendency, while other aspects (e.g., learning motivation, cognitive load,
and learning anxiety) were not investigated. Third, this study utilized the draw-a-picture technique as the
principal method for data collection, aiming to investigate the conceptions held by students with different growth
mindsets regarding the roles and functionalities of ChatGPT in learning. Students’ drawings were coded into
seven categories (i.e., roles, participants involved, locations, learning content, learning activities, objects, and
emotions and attitudes). However, further research is needed to better understand how to accommodate the needs
of students with different growth mindsets. To gain a more comprehensive understanding, it is recommended that
future research broaden the scope of investigation to include schools at different grade levels and a larger number
of undergraduates. In addition, a combination of questionnaires, interviews and behavioral analysis can be
adopted to understand learners’ conceptions of the roles and functionalities of ChatGPT in learning, as well as
their interaction with ChatGPT from multiple perspectives. Based on the findings, the following
recommendations were made for future studies:

e It is recommended that future studies incorporate teaching strategies to explore the changes in quality and
learning effectiveness at different time intervals. In addition, future research can further investigate the
conceptions and perceptions of students at different educational stages (e.g., elementary school, high school,
university, and graduate school) regarding the roles and functionalities of ChatGPT in learning, as well as
their behavioral characteristics when using ChatGPT in learning.

e Future research is recommended to adopt multiple research methods (e.g., interviews, and behavioral
analysis) and interdisciplinary empirical research, as well as to explore the effects of ChatGPT-integrated
learning activities on students’ learning motivation, cognitive load, learning anxiety and higher-level
thinking skills.

e In order to promote students’ higher-level thinking skills, it is recommended to include learning activities
involving practical challenges and projects in the instructional design. Additionally, it is recommended that
future studies continue to evaluate students’ interaction with ChatGPT, so as to gain insights into how the
interaction impacts their higher-level thinking skills.

e In order to enhance students’ learning effectiveness and problem-solving ability in ChatGPT-assisted
learning, it is recommended to incorporate learning strategies for active engagement and problem solving
(e.g., computers as Mindtools, project-based learning, and inquiry-based learning). Moreover, future
research can further explore the correlation between growth mindset and self-regulated learning, and delve
into the effects of some variables (e.g., learning strategies, self-regulated learning) on learners’ effectiveness
in using ChatGPT to assist learning.

e [t is recommended that future research delve into the influences of ChatGPT’s role as teacher/tutor,
student/tutee, learning peer/partner, domain expert, administrator, and learning tool in learning activities on
students’ knowledge and abilities, for instance, exploring students’ acceptance and feedback on different
roles of ChatGPT and evaluating how different roles can improve learning effects.
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