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Abstract: This study investigates integrating sustainability and urban mining concepts into early
childhood education through AI-assisted storytelling and visual aids to foster environmental aware-
ness. Using ChatGPT-generated narratives and AI-drawn visuals, interactive stories explore complex
sustainability themes like resource conservation and waste management. A quasi-experimental
design with 60 preschoolers divided into experimental and control groups compared structured
and unstructured storytelling. Structured stories followed teacher-designed frameworks, including
thematic and narrative elements such as settings, character development, and resolutions. Observa-
tions showed the structured group demonstrated greater comprehension, engagement, and narrative
ability, indicating enhanced cognitive and communication skills. The digital system interface featured
animations and images for engagement, while tutorial-driven navigation allowed young learners
to interact freely with sustainability-focused story options. The findings highlighted structured
storytelling’s ability to improve language and narrative skills, alongside fostering digital and envi-
ronmental literacy. Limitations include a small sample size and a focus on specific themes, restricting
generalizability. Despite this, this study adds value by showcasing how AI tools combined with
structured frameworks can effectively teach sustainability while reducing the reliance on paper,
promoting sustainable educational practices. Overall, this research underscores the potential of AI
storytelling in shaping young learners’ understanding of environmental issues, advocating for the
thoughtful integration of technology to inspire deeper learning.

Keywords: urban mining; AI drawing instructions; storytelling; interface system; willingness
to communicate

1. Introduction

In recent years, fostering storytelling abilities in children has become increasingly
important, particularly as digital literacy and creative expression emerge as foundational
skills for the future. Research has shown that AI-driven tools like ChatGPT can play a
critical role in enhancing children’s narrative skills [1], providing them with new ways
to engage creatively and meaningfully with language [2]. By using ChatGPT to support
children’s storytelling, educators can offer dynamic, interactive experiences that promote
language development, comprehension, and creative thinking. This study highlights the
significance of integrating AI into early childhood education to strengthen these essential
skills, which are crucial for preparing children for a rapidly evolving digital landscape.

Traditional early childhood education approaches may lack the interactivity required
to fully capture children’s attention and help them develop complex narrative skills. AI
technologies, particularly ChatGPT, enable more immersive and supportive storytelling
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environments. This integration allows children to practice constructing narratives, explor-
ing language, and engaging with diverse story structures in an interactive and engaging
way [3]. Through AI-driven narrative support, children can access customized story-
telling experiences that encourage imagination and self-expression, thereby laying the
groundwork for more advanced literacy skills.

The potential of ChatGPT to enhance cognitive and affective responses in storytelling
has been demonstrated in recent studies, underscoring the technology’s role in fostering
empathy, understanding, and creativity in young learners [4]. Moreover, AI-driven sto-
rytelling tools align with trends in digital education and knowledge sharing, providing
a structured yet flexible learning experience that supports the development of narrative
comprehension and social skills [5]. This research emphasizes that early exposure to
AI-supported storytelling can nurture children’s confidence in verbal communication, im-
prove their comprehension of narrative structures, and encourage a greater willingness
to communicate.

This study investigates the effects of using ChatGPT and AI-generated visual aids on
the story structures presented to preschool children, aiming to evaluate both the educational
impact and usability of these tools. By comparing structured and unstructured storytelling
experiences, we seek to understand the influence of story structure on children’s compre-
hension and narrative creation. Furthermore, this research explores how AI-enhanced
story experiences contribute to children’s development of language and communication
skills, providing insights into how system design can optimize the educational outcomes of
AI-based storytelling in early childhood settings. Traditional educational methods heavily
rely on paper and other physical materials, which not only increase educational costs but
also have significant environmental impacts. By adopting digital learning content, we can
significantly reduce the reliance on paper and other resources, decrease the environmental
impact of the educational process, achieve a green education, and promote sustainable
development [6].

The Research Questions

This study explores the potential of integrating sustainability and urban mining con-
cepts within AI-generated storytelling for preschool children. Given the importance of
early exposure to environmental awareness, this research examines whether presenting
sustainability themes through structured story content can effectively enhance young chil-
dren’s comprehension and communication skills. Utilizing ChatGPT and AI-generated
narratives, we aim to understand if introducing these complex ideas through engaging,
story-based learning tools can foster greater understanding and interest among young
learners. Additionally, this study seeks to assess the usability of AI-driven storytelling sys-
tems in promoting sustainable education practices by minimizing the reliance on traditional
paper-based materials.

The specific research questions guiding this study are as follows:

1. Is there a difference in story comprehension between preschool children exposed
to ChatGPT-generated story texts with sustainability and urban mining themes and
those with an added story structure incorporating these concepts?

2. Does adding sustainability and urban mining concepts to the story structure of
ChatGPT-generated story texts enhance children’s story comprehension?

3. Can ChatGPT and AI-generated story texts with an added story structure, focusing
on sustainability and urban mining, be used effectively for creating and performing
narrative texts?

4. From the children’s perspective, how usable is the system in promoting sustain-
ability and urban mining concepts, and does the system design meet their needs
and expectations?

This study aims to enhance children’s understanding and interest in learning content,
reduce the use of paper-based materials in the educational process and promote digital
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learning [7], and evaluate the application of ChatGPT and AI drawing technologies in early
childhood education and their contributions to sustainable development.

2. Theoretical Background

Fostering communication, creativity, and environmental awareness in early childhood
education is crucial for equipping young learners with the skills needed for sustainable
development. This section explores key theoretical frameworks that justify the integration
of storytelling, AI tools, and sustainability education into early childhood learning. The
synthesis of recent empirical studies provides a unified argument supporting the objectives
of this research [8].

2.1. Promoting Communication Skills Through Play and Ethical AI Integration

The development of children’s willingness to communicate is foundational to their so-
cial integration and adaptability in dynamic societal and environmental contexts. Research
highlights the role of play in nurturing critical language abilities, including vocabulary
acquisition, pragmatic skills, and social interaction [9]. Play-based learning fosters sus-
tainable growth by enabling children to request, comment on, and engage in collaborative
activities, building a foundation for lifelong learning [10,11].

However, the rise of generative AI technologies introduces ethical considerations in
how they influence natural social development. As noted by Al-kfairy et al. [12], inter-
disciplinary approaches are essential to ensure that AI tools enhance, rather than disrupt,
children’s communication skills [13]. Ethical safeguards must prioritize inclusivity and
long-term social adaptability, positioning AI as a supportive scaffold in fostering balanced
language growth.

2.2. Advancing Sustainability Through Urban Mining Education

The global challenge of resource depletion and waste accumulation underscores
the importance of urban mining as a pillar of sustainability. Urban mining involves
extracting valuable materials from urban waste, reducing the demand for virgin resources
and mitigating the environmental impact of traditional mining practices [14]. This process
contributes to the circular economy by transforming waste into reusable resources, a critical
step toward achieving global sustainability goals.

Empirical studies emphasize the necessity of integrating these concepts into early
childhood education to cultivate environmental responsibility. [15] advocate for sustain-
ability education across all learning levels, starting in early childhood. By introducing
urban mining through engaging tools like storytelling and visuals, educators can enhance
children’s understanding of resource conservation and waste management, preparing them
to address future environmental challenges.

2.3. Designing Intuitive Systems for Preschool Learning

The design of educational systems for preschool children must align with their cogni-
tive developmental stages. According to Piaget’s theory [16], children in the preoperational
stage (ages 2–7) benefit from visual and dynamic interfaces that support intuitive nav-
igation and engagement. An effective system design integrates multimedia elements,
including images, animations, and sounds, to enhance attention and learning motivation
while promoting sustainable educational practices [17].

Dynamic image interactions, supported by well-designed interfaces, stimulate interest
and reduce the reliance on physical materials, advancing both educational outcomes and
environmental goals [18]. These principles underscore the need for thoughtfully crafted
systems that align with cognitive characteristics while fostering environmental awareness.

2.4. Enhancing Story Comprehension Through Structured Narratives

Structured storytelling is a proven method for developing children’s comprehension,
creativity, and language skills. Essential narrative elements, including setting, theme, plot,
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and resolution, serve as scaffolds that enhance children’s ability to analyze and retell stories.
Structured stories, supported by teaching strategies like read-aloud methods, promote
sustainable literacy development by integrating creativity with comprehension [19].

Recent studies show that narrative scaffolding fosters imagination, language ex-
pression, and environmental awareness, particularly when combined with sustainability-
themed content [20]. The use of structured storytelling in educational tools can significantly
enhance cognitive engagement and language proficiency.

2.5. Leveraging AI for Creative Storytelling and Learning

Advancements in AI technologies, such as ChatGPT, offer a transformative potential
in early childhood education. By generating imaginative and structured narratives, AI
tools enhance children’s creativity, engagement, and comprehension [21]. AI-generated
stories foster analytical and creative faculties, aligning with the broader trends in digital
education [22].

Moreover, the integration of AI-generated visuals amplifies storytelling’s impact.
Studies demonstrate that combining text and visuals improves narrative comprehension
and stimulates creative thinking [23]. Digital tools such as AI drawing technologies not
only enrich the educational experience but also support sustainability by minimizing paper
usage and reducing costs [24].

Research Objective and Hypothesis

Research Question

How can integrating structured storytelling with AI-generated narratives and visuals
enhance young children’s language skills, creativity, and understanding of sustainability
concepts such as urban mining?

Objective

To investigate the effectiveness of structured storytelling frameworks, supported by
AI-generated narratives and visuals, in improving children’s language comprehension,
creativity, and environmental awareness.

Hypothesis

Children exposed to structured AI-generated storytelling and visuals will demon-
strate a significantly higher language comprehension, creative narrative performance, and
sustainability awareness compared to those exposed to unstructured narratives.

3. Research Method
3.1. Research Framework

In this study, an interface system suitable for children’s operation and understanding
is designed, incorporating elements such as navigation, images, and animations to enhance
the learning experience. The main learning materials are ChatGPT-generated story texts
and AI-generated images. These materials are divided into structured and unstructured
versions to compare their effects on children’s learning outcomes. This study follows a
quasi-experimental design, involving 60 students from two senior classes at a kindergarten,
as shown in Figure 1. The grouping of students into these classes was predetermined
by the school’s administrative office during the registration process, with no influence
from this research. Consequently, while the two classes serve as the experimental and
control groups for the study, the assignment of students to each class was not altered
or manipulated for research purposes. Each class includes 30 students, with one group
designated as the experimental group, receiving ChatGPT-generated stories with structured
sustainability and urban mining content, and the other as the control group, receiving
unstructured story content. This approach ensures that the study respects the natural
class assignments, while allowing for a comparative analysis of the educational impact
of structured versus unstructured storytelling content. The design will be clarified as
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a 2 × 2 factorial design, comprising pre–post measurements and experimental–control
groups. This structure allows for examining the interaction effects between these two
factors effectively.
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In this study, ChatGPT was used to generate story content based on a structured
outline provided by teachers. The teachers initially developed a detailed story structure
that included essential elements such as story content, background, theme, plot planning,
interludes, problem-solving attempts, outcomes, and resolutions. This structured frame-
work served as a foundation for ChatGPT to expand upon, creating stories that adhered to
educational goals while allowing the AI to introduce creative details within the defined
parameters. In our study design, ChatGPT was used to generate four unique pieces of story
content. For the experimental group, these stories included an added structured framework
based on story elements such as theme, plot, character background, and resolution [25]. This
structured framework functioned as a learning scaffold, potentially enhancing children’s
comprehension and engagement by guiding the narrative development and providing
contextually rich details that aligned with the educational objectives. In contrast, the control
group received the same AI-generated stories but without any additional story structure.
This difference between groups allowed us to examine whether adding structure to the
storytelling process, even when both groups experienced AI-assisted storytelling, would
provide a more effective learning experience. By comparing the structured and unstruc-
tured story experiences, this design aimed to determine the impact of structured story
frameworks on learning outcomes, specifically focusing on whether structured storytelling
with AI could serve as an effective scaffold in enhancing language comprehension and
engagement for young learners.

The story structure created by the teachers was comprehensive and aimed to guide
the narrative flow. The key components included the following:

1. Story Content and Theme: The teachers set a central theme, typically related to
sustainability or urban mining, that would anchor the story’s message and objectives.
This theme guided the storyline, ensuring it aligned with the study’s educational focus;

2. Story Background: The structure included specific elements like characters, time, and
setting. For example, characters could represent figures who encounter environmental
challenges, while the setting was crafted to reflect contexts where urban mining or
sustainability principles could be naturally introduced;

3. Plot Development and Problem-Solving: A sequence of events was outlined, detail-
ing one or more challenges the characters would face to achieve the story’s objective.
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Teachers included “problem-solving attempts”, where characters would try different
methods to resolve conflicts, reinforcing critical thinking and perseverance;

4. Story Interludes and Sub-Goals: To enrich the narrative, the structure also specified
interludes or sub-goals, adding layers to the story. These sub-goals served to advance
the plot while providing opportunities for characters to interact with environmen-
tal themes;

5. Outcome and Resolution: Finally, the structure directed the story towards a resolu-
tion, where characters would overcome obstacles, experience a transformation, or
learn a lesson. This outcome was designed to encapsulate the story’s theme, providing
a meaningful and educational conclusion.

Once this detailed framework was established, ChatGPT was used to generate the
full story narrative, ensuring that the AI’s output stayed true to the defined structure
while enhancing it with creative language and character development. This collaborative
approach allowed for a balance between structured educational goals and imaginative
storytelling, creating a rich and engaging story experience for young learners. Figure 2
shows the story structure.
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3.2. System Design Architecture

This study employed a systematic approach to integrate educational materials on
urban mining and sustainability concepts into AI-generated storytelling. The program’s
structure, strategies, instructional procedures, and fidelity measures are summarized below
in Table 1 and described in detail.
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Table 1. Overview of program design and implementation.

Category Details

Content
Topics included the environmental significance of urban
mining, waste management, and sustainable practices,

drawing on case studies from Denmark and Belgium [26].

Strategies Used

- AI-generated storytelling tailored for young learners.
- Structured frameworks for the experimental group,

emphasizing thematic development, character building,
plot progression, and resolution.

- Unstructured narratives for the control group.

Instructional Procedure

- A navigation tutorial familiarized students with
the system.

- Story selection interface presented four
AI-generated narratives:

1. The Adventures of Czech Rabbit.
2. Searching for the Rainbow.

3. The Surprising Journey of the Explorer.
4. The Adventures of Lily and Kiki: A Journey of Failure

and Wisdom.

Application
Teachers introduced the system to students, providing

guidance during initial sessions while ensuring
independent exploration in subsequent sessions.

Fidelity of Treatment

- Instructors were trained on system use, structured
storytelling frameworks, and study protocols.

- Treatment fidelity was ensured through:
1. Pre-experiment protocol to standardize delivery.

2. Records of activities conducted.

Detailed Description

Educational Content and Story Generation

Both experimental and control groups were exposed to cognitive themes related to
urban mining. ChatGPT was employed to generate story content, ensuring accessibility
and engagement for preschool learners. The experimental group’s stories incorporated a
structured framework with predefined elements (e.g., themes, character development, and
problem-solving scenarios), while the control group’s stories lacked these scaffolds [27].

Instructional System and Navigation Design

The system was designed to align with the cognitive and developmental characteristics
of young children. A tutorial guided users through the navigation, after which they could
select from four themed stories, each focusing on a unique aspect of sustainability and
urban mining. The cyclic navigation system encouraged repeated reading and interaction,
fostering familiarity and engagement.

Implementation and Teacher Role

Teachers played a pivotal role in ensuring the smooth application of the program.
They provided initial guidance, introduced the structured and unstructured story formats,
and ensured all participants followed the protocols uniformly.

Fidelity and Monitoring

To maintain consistency and reliability, instructors underwent comprehensive training
on the study’s instructional procedures. A fidelity protocol was implemented, including
the following:

A checklist for pre-session preparation.

Documentation of activities conducted in each session. Regular observations to ensure
adherence to the structured frameworks for the experimental group.
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By incorporating these elements, the program offered a robust structure to assess the
impact of structured storytelling on young learners’ comprehension, engagement, and un-
derstanding of sustainability concepts [28]. This systematic design ensures reproducibility
and supports the validity of the findings. Figure 3 shows the system interface flowchart.
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3.3. Educational Materials on Urban Mining and Sustainability

This study’s educational materials focus on introducing the concepts of sustainability
and urban mining to students, serving as the foundational background for their creative
project themes. The materials cover the importance of urban mining in addressing en-
vironmental changes, particularly through the lens of Danish and Belgian companies’
practices [30]. Topics such as the environmental impact of technology, waste management,
and the role of urban mining in the circular economy are explored in depth. This approach
highlights how companies in these regions have integrated sustainable practices to mitigate
environmental impacts, providing valuable case studies for educational content on resource
conservation and waste reduction. The content is designed to help students understand
the critical role urban mining plays in sustainable development, encouraging them to think
creatively about how these concepts can be applied in real-world scenarios [31].

The materials include detailed explanations of urban mining processes, the significance
of waste as a resource, and how urban mining contributes to reducing the environmental
footprint of technology and manufacturing industries [32]. By integrating these concepts
into the learning materials, the study aims to equip students with the knowledge and inspi-
ration needed to develop innovative solutions that promote sustainability through urban
mining. Figure 6 shows the educational Materials on Urban Mining and Sustainability.
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3.4. Participants

The study involved a total of 60 senior kindergarten students, aged 5 to 6 years old,
from a kindergarten in Southern Taiwan. The participants were selected through stratified
random sampling to ensure a balanced representation across gender and other relevant
characteristics. Participation was voluntary, and consent forms were obtained from the
guardians of all participants. The inclusion and exclusion criteria, as well as the sampling
method and sample representativeness, are outlined below.

3.4.1. Inclusion Criteria

(1) Students aged 5 to 6 years old who were enrolled in senior kindergarten at the selected
school;

(2) Guardians willing to provide informed consent for their child’s participation;
(3) Children with no diagnosed developmental delays or disabilities that could interfere

with their ability to interact with the system.

3.4.2. Exclusion Criteria

(1) Students whose guardians did not provide consent;
(2) Children with significant behavioral or cognitive challenges that might hinder partici-

pation or data collection.

3.4.3. Sample Characteristics

The 60 participants were randomly divided into two groups of 30 students each: an
experimental group and a control group. The distribution of participants by gender and
other characteristics is shown in Table 2.

Table 2. Participant characteristics (gender × group assignment).

Gender

Male: Experimental Group = 15, Control Group = 14, Total = 29

Female: Experimental Group = 15, Control Group = 16, Total = 31

Age

5 years old: Experimental Group = 13, Control Group = 12, Total = 25

6 years old: Experimental Group = 17, Control Group = 18, Total = 35

Language Proficiency

Base Proficiency: Experimental Group = 12, Control Group = 10, Total = 22

Intermediate: Experimental Group = 13, Control Group = 14, Total = 27

Advanced: Experimental Group = 5, Control Group = 6, Total = 11

3.4.4. Sampling Method and Representativeness

Participants were selected using stratified random sampling to ensure a proportional
representation of gender, age, and language proficiency levels. This method aimed to
achieve a sample reflective of the larger population of senior kindergarten students in the
region. While the study focused on a single kindergarten, the demographic distribution
aligns with regional norms, supporting the generalizability of the findings to similar
educational settings.

This detailed participant section ensures clarity and transparency, addressing inclusion
and exclusion criteria, the sampling method, and the representativeness of the sample, as
well as providing a comprehensive breakdown of participant characteristics.
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3.5. Experimental Design

This study adopted a comparative design to examine the effect of story structure on
children’s comprehension and engagement. The experimental group interacted with a
system incorporating a story structure, while the control group used a system without
such a structure. Both groups used the same system interface and followed the same
experimental setup. The study aimed to evaluate differences in language ability, willingness
to communicate, and system usability under these conditions.

3.6. Measurement Instruments

The study employed three validated instruments to collect data at different stages of
the experiment, as shown in Appendix A. The validation, application timing, and purpose
of each instrument are detailed below.

3.6.1. Willingness to Communicate (WTC) Scale

(1) Purpose: To assess each participant’s willingness to engage in verbal communication
and participate in class activities;

(2) Validation: This scale has been validated in prior studies involving early childhood
communication and has demonstrated high reliability and construct validity in similar
educational settings;

(3) Application Timing: Before the Experiment: The class teacher completed a preliminary
evaluation of each participant’s baseline communication willingness;

(4) After the Experiment: The same teacher reassessed the participants to measure any
changes influenced by the experimental conditions.

3.6.2. Rubric Language Ability Scale

(1) Purpose: To evaluate participants’ comprehension and language performance during
the storytelling activities;

(2) Validation: The scale was adapted from existing language assessment rubrics and
pre-tested to ensure suitability for preschool-aged children;

(3) Application Timing: During the Experiment: Observations were recorded in real time
while participants interacted with the system;

(4) After the Experiment: Follow-up evaluations were conducted based on participants’
responses to comprehension questions and their ability to articulate story elements.

3.6.3. System Usability Scale (SUS)

(1) Purpose: To measure the ease of use and satisfaction with the system interface from
the perspective of young users;

(2) Validation: The SUS is a widely used and validated instrument for usability testing
across diverse populations, including children;

(3) Application Timing: After the Experiment: Participants completed a simplified, child-
friendly version of the SUS with the assistance of the research team to ensure an
accurate understanding and responses.

3.7. Programs and Equipment Used

The study utilized laptops, tablets, cameras, and microphones to conduct the experi-
ment. Software programs included tools for data collection, audio recording, and video
recording to ensure comprehensive observation. The experimental system was designed
to simulate the story-reading experience with or without a structured narrative. Figure 7
shows the Experimental process.
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3.8. Procedure

The experiment was conducted in two phases:

Interaction Phase:

Participants were individually guided to use the system on a tablet device in a con-
trolled environment. Both groups experienced the same interface design, but only the
experimental group was exposed to a structured story narrative.

Assessment Phase:

After the interaction, the participants were evaluated using the WTC Scale, Rubric
Language Ability Scale, and SUS. Interviews were also conducted to gather qualitative
insights into their experiences with the system.

3.9. Duration of Intervention

The intervention lasted for three weeks, with each child participating in two sessions
per week. Each session was approximately 30 min long, ensuring adequate exposure to the
system while maintaining the children’s attention span.

3.10. Controls

To minimize biases, several control measures were implemented:

(1) All sessions were conducted in the same environment with standardized instructions;
(2) The experimental and control groups were given equal interaction time with the system;
(3) Data collection and scoring were conducted by trained professionals blinded to the

group assignments to reduce observer bias.

4. Data Analysis

This section outlines the procedures for analyzing the data collected in this study,
including how treatment fidelity was monitored, the statistical methods employed, and
the software used for data processing. It ensures transparency by detailing the indicators,
coefficients, and steps followed throughout the analysis.

4.1. Treatment Fidelity

To ensure the validity and reliability of the intervention, treatment fidelity was sys-
tematically monitored and recorded through the following indicators:

Instructor Training:

All instructors received standardized training on using the system and implementing
structured storytelling frameworks. A checklist was used to document their adherence to
the study protocols during each session.
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Session Records:

A logbook was maintained for each session, detailing the activities conducted, partic-
ipant attendance, and any deviations from the protocol. Instructors documented which
stories were used, the duration of interaction, and any observed challenges.

Observation Reports:

Independent observers attended a subset of sessions to ensure consistency in delivery.
Observers used a rubric to evaluate the fidelity of instructional procedures, including
adherence to structured frameworks for the experimental group.

Post-Session Reviews:

Weekly debriefings were conducted to discuss observations, address discrepancies,
and ensure uniformity across all sessions.

4.2. Statistical Analysis

The following steps and tools were employed to analyze the data:

4.2.1. Software and Modules

Data analysis was conducted using IBM SPSS Statistics version 28.0. The specific
modules included the following:

(1) Descriptive Statistics: For summarizing participant characteristics and session adherence;
(2) t-Tests: For comparing group differences in communication willingness, language

ability, and system usability;
(3) ANOVA (Analysis of Variance): For analyzing differences across multiple conditions;
(4) Reliability Analysis: To calculate the internal consistency of the scales used;
(5) Data Preparation: Raw data collected from the WTC Scale, Rubric Language Ability

Scale, and SUS were digitized and cleaned. Missing data were handled using mean
substitution for consistency.

4.2.2. Coefficients and Indicators

(1) Cronbach’s Alpha: Used to evaluate the reliability of the WTC, Rubric, and SUS scales
(target: α ≥ 0.7);

(2) Levene’s Test: Applied to check the homogeneity of variances before performing
t-tests;

(3) Effect Size (Cohen’s d): Calculated for significant results to determine the magnitude
of group differences.

4.2.3. Steps in Analysis

(1) Descriptive Analysis: Participant demographics and baseline characteristics were
summarized;

(2) Fidelity Validation: Session logs and observation reports were analyzed to confirm
protocol adherence;

(3) Group Comparisons: t-Tests and ANOVA were used to compare experimental and
control groups on communication willingness, language comprehension, and sys-
tem usability;

(4) Qualitative Analysis: Grounded theory was applied to interview transcripts to identify
recurring themes related to children’s learning experiences.

4.3. Workflow

Data Collection:

Data were collected during the pre-, mid-, and post-intervention phases using stan-
dardized scales and observation rubrics.
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Data Cleaning:

Outliers were identified and addressed using interquartile range (IQR) criteria.
Consistency checks ensured alignment between logs, observer reports, and partici-

pant responses.

Analysis Execution:

Statistical tests were conducted sequentially:

(1) Baseline equivalence between groups was assessed using t-tests;
(2) Intervention effects were evaluated through paired t-tests and ANOVA;
(3) System usability scores were analyzed using descriptive statistics and compari-

son tests.

5. Findings and Discussion
5.1. Analysis and Results of Communication Willingness

Based on children’s willingness to communicate, participants were divided into an
experimental group and a control group. Four questions were used for scoring, and the
differences in communication willingness between the two groups were compared. The
scale content was scored by teachers based on children’s performance and interaction in
the classroom, and observers conducted comprehensive observations and interviews to
evaluate children’s understanding and interaction after the experiment, fully assessing the
effectiveness of communication willingness and intervention measures.

This study explored the communication willingness of preschool children, with 60 par-
ticipants divided into an experimental group and a control group, each with 30 children.
The WTC (willingness to communicate) scale was used to compare the two groups, and
the t-test was conducted to check for significant differences. The results showed that all
p-values were greater than 0.05 (mean p-value = 0.169, median p-value = 0.559, adjusted
mean p-value = 0.216), indicating no significant differences between the experimental and
control groups on the communication willingness scale and that the abilities of the two
groups were similar, as shown in Table 3.

Table 3. WTC communication willingness t-test homogeneity check.

Levene Statistic df1 df2S Significance

Total Score Based on Mean 1.965 1 38 0.169

Based on Median 0.347 1 38 0.559

Based on Adjusted
Median with Modified

Degrees of Freedom
0.347 1 29.456 0.560

Based on Trimmed Mean 1.584 1 38 0.216

The observations found that the control group excelled in communication willingness
and interaction ability compared to the experimental group. The control group showed
a higher initiative and interaction frequency in communication, while the experimental
group was more reserved. This difference in behavior partly explains the lack of significant
differences in the WTC communication scale results. The control group exhibited more
extrovert and proactive traits, showing greater confidence in group activities, which likely
enhanced their communication willingness and interaction abilities [33].

Interviews revealed that personality differences led to varying communication per-
formances between the two groups. The control group children displayed higher self-
confidence and a more active participation attitude, consistent with their high scores on
the WTC communication scale. In contrast, the experimental group children were more
introverted and hesitant about communication activities. The interview results emphasized
that individual traits and behavior patterns might influence communication willingness.
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The control group tended to share ideas and engage actively, whereas the experimen-
tal group was more reserved in unfamiliar situations or new activities, affecting their
communication performance.

Overall, the study results showed no significant differences in communication willing-
ness between the experimental and control groups. However, the impact of personality
differences on communication willingness is noteworthy.

5.2. Language Comprehension Performance

This study evaluated children’s language abilities by dividing participants into experi-
mental and control groups and conducting interviews based on the kindergarten curriculum
guidelines. The assessment covered various language domains, including understanding
picture books, narrating life experiences, describing pictures, and responding to narrative
texts. Children’s performance was scored using a Rubric scale, categorized into excellent,
average, and needs improvement.

The study involved 60 children, with 30 in the experimental group and 30 in the
control group. The Rubric Language Scale was used to compare the language abilities of
the two groups, and t-tests were conducted to check for significant differences. The analysis
results are as follows:

Q1 (Understanding Picture Books): p-value = 0.174, not significant.
Q2 (Narrating Life Experiences): p-value = 0.166, not significant.
Q3 (Describing Pictures): p-value = 0.003, significant.
Q4 (Responding to Narrative Texts): p-value = 0.934, not significant.
Total Score: p-value = 0.013, significant.

Overall, there were significant differences between the experimental and control
groups in the total score and Q3, indicating that the experimental group performed better
in language comprehension.

To ensure a comprehensive understanding of student behavior and language develop-
ment, all students were observed through video recordings throughout the study. Before
recording, informed consent forms were provided to and signed by the parents, ensuring
that all participants were involved with full parental approval. This observational data was
then systematically analyzed.

The observations revealed that the experimental group scored significantly higher on
the Rubric Language Ability Scale than the control group, especially in the area of describ-
ing pictures. Although the control group had higher literacy rates and communication
willingness, the experimental group excelled in overall language ability. This indicates that
the improvement in language comprehension is not solely dependent on literacy rates but
is also influenced by teaching methods and the learning environment [34].

For the interviews, a subset of 14 students was randomly selected to gain deeper
insights into their language development experiences. The interview data were analyzed
using grounded theory qualitative analysis, allowing for a thorough examination of recur-
ring themes and patterns in the student responses [35]. The interview results suggested
that the teaching methods and environment of the experimental group might be the reasons
for their superior language abilities. The experimental group emphasized guiding children
to read and providing a rich reading environment and resources, such as setting up read-
ing areas, changing books weekly, and playing children’s audiobooks (podcasts). These
measures stimulated children’s interest in reading and increased their reading volume,
thereby enhancing their language comprehension skills [36]. In contrast, the control group
focused more on basic teaching without much effort to stimulate reading interest or pro-
vide related resources, which might have limited the development of children’s language
comprehension.

Overall, the experimental group’s active engagement in reading and higher reading
volume showed a significant advantage in language comprehension ability [37]. This
indicates that the teaching environment and methods play a crucial role in the development
of children’s language skills [38,39].
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5.3. Creative and Narrative Skills

This study evaluated children’s language abilities by dividing participants into ex-
perimental and control groups and conducting interviews based on the kindergarten
curriculum guidelines. The assessment focused on various language domains, particularly
the creation and performance of narrative texts. Two teachers scored ten questions using a
Rubric scale, with ratings categorized into excellent, average, and needs improvement.

The study involved 60 children, with 30 in the experimental group and 30 in the
control group. The Rubric Language Scale was used to compare the language abilities of
the two groups, and t-tests were conducted to check for significant differences. The data
are as follows:

(1) Total Score: p-value = 0.013 < 0.05, indicating a significant effect;
(2) Q5 (Creation and Performance of Narrative Texts) **: p-value = 0.040 < 0.05, indicating

a significant effect.

The observations revealed that the experimental group invested more in reading
interest and volume, resulting in superior performance in picture description and the
creation and performance of narrative texts. Although the experimental group had a lower
literacy rate, they exhibited more creativity in storytelling, vividly describing story plots
and flexibly using various expressive methods, such as drawing and role-playing. This
indicates that the teaching environment in the experimental group provided rich reading
resources and encouraged diverse creation and expression [40], enhancing language skills
and creativity.

Interviews showed that the texts produced by the experimental group were more
detailed and used story structure diagrams to retell story plots [41], making the story
development clearer and easier to understand. The teaching methods and environment in
the experimental group played a crucial role in stimulating reading interest and creativ-
ity, such as setting up reading corners, regularly changing books, and playing children’s
audiobook podcasts. These measures increased children’s reading interest and language
expression abilities. Additionally, teachers focused on interacting with children, encourag-
ing them to share their ideas and stories, which improved their language expression skills
and confidence.

In contrast, the control group’s teaching focused more on basic skills training, such as
arithmetic and Chinese characters, lacking the stimulation of reading interest and creativity.
Therefore, their performance in story creation and detail description was weaker. Overall,
the teaching methods and environment in the experimental group significantly boosted
children’s language skills and creativity. Despite lower literacy rates, they showed a clear
advantage in enhanced language abilities.

5.4. System Usability Performance

This study aims to evaluate the system’s usability from the perspective of children’s
use. Participants were divided into experimental and control groups, with the only differ-
ence being the story content, while all other aspects were the same. Using interviews, the
System Usability Scale (SUS) was used to assess the children, covering 10 questions, five of
which were positively worded and five negatively worded, to understand the children’s
ratings of the system.

This study explores user evaluations of system usability. There were 60 participants,
with 30 in the experimental group and 30 in the control group, all using the same system.
The scoring method was the SUS scale, where scores for positive questions were reduced
by 1, and scores for negative questions were adjusted (5 minus the original score for each
question). The total score for all questions was then multiplied by 2.5 to obtain the SUS
total score. The control group had an average score of 64, while the experimental group
had an average score of 70.75, with an overall average score of 67.375 for both groups.

According to the SUS scoring scale, the control group’s average score of 64 is classified
as grade D, and the experimental group’s average score of 70.75 is classified as grade C.
Overall, the average total score for both groups was 67.375, classified as grade D. This
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indicates that the overall usability scores for both groups did not reach the GOOD level
but were at the OK level. The system received relatively high scores within an acceptable
range, achieving an acceptable usability level, as shown in Tables 4 and 5 and Figure 8.

Table 4. SUS system usability overall average score comparison.

Control Group Experimental Group

Average Value 64.000 70.750

N 30 30

Standard Deviation 9.5422 12.0334

Table 5. SUS system usability—control group (unstructured scores) vs. experimental group (struc-
tured Scores) mean comparison.

Average Value N Standard Deviation

67.375 60 11.2511
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5.5. Learning Outcome on Urban Mining

Through interviews, it was discovered that students, after being assisted by AI and
incorporating story structures, were able to create a greater number of stories related to
urban mining [42]. This not only stimulated their creativity but also significantly enhanced
their recognition and understanding of the concept. The integration of AI-generated content
with structured storytelling allowed students to delve deeper into themes of sustainability
and resource recovery. By engaging with the material in a more interactive and meaningful
way, they were able to internalize complex environmental concepts, fostering a more
profound educational experience that bridged technology and learning [43].

The interview analysis was conducted using grounded theory qualitative analysis,
beginning with calculating the word frequency within students’ responses. These initial
data were then organized through open coding to identify recurring themes, which were
subsequently refined into axial codes to distill the central findings. The analysis revealed
the following five key insights:
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1. Enhanced Creativity: Students reported that the combination of AI assistance and
structured storytelling greatly stimulated their creative thinking, enabling them to
conceive rich and diverse story plots related to urban mining [44];

2. Deepened Understanding of the Subject Matter: The process of integrating urban
mining concepts into their stories led to a deeper comprehension of environmental
protection and resource recycling principles;

3. Increased Learning Interest: The use of AI and story structures heightened students’
interest in the subject, making them more enthusiastic and proactive in discussions
and creative activities;

4. Improved Expression Skills: Engaging in story creation enhanced students’ lan-
guage and narrative abilities, allowing them to articulate their ideas and viewpoints
more clearly;

5. Positive Attitude Towards Technology in Learning: Students developed a favorable
perception of incorporating AI tools in their learning process, appreciating how
technology can aid and enrich their educational experiences.

6. Research Results

This section presents the findings based on the data analysis procedures outlined
earlier, incorporating statistical measures, effect sizes, and comprehensive tables to provide
a clear and detailed account of the results.

6.1. The Impact of Story Structure on Story Comprehension and Communication Skills

The willingness to communicate (WTC) scale results showed no statistically significant
differences between the experimental and control groups (p > 0.05), with both groups
displaying similar levels of communication willingness. However, the control group
exhibited slightly higher mean scores, reflecting a trend toward greater communicative
initiative. This difference may be attributed to personality traits and greater comfort in
group interactions, as highlighted in observational data and interviews.

Conversely, the Rubric Language Ability Scale revealed significant differences in favor
of the experimental group (p = 0.013, d = 0.65, medium effect size). Structured story texts
enhanced the experimental group’s ability to describe pictures and articulate narrative
details, indicating that incorporating structured storytelling frameworks significantly im-
proved specific language comprehension skills. Table 6 shows the Communication and
Language Skills.

Table 6. Comparison of communication and language skills.

Measure Experimental Group
(Mean ± SD)

Control Group
(Mean ± SD) p-Value Effect Size

(Cohen’s d)

WTC Scale 3.45 ± 0.52 3.60 ± 0.47 0.169 -
Rubric Language

Ability Scale 4.32 ± 0.58 3.88 ± 0.61 0.013 0.65

6.2. The Impact of ChatGPT-Generated Story Texts on Story Comprehension Ability

Both groups showed an improvement in comprehension tasks, but the experimental
group’s structured storytelling approach significantly enhanced their performance in spe-
cific sub-domains such as oral expression, picture description, and narrative text creation
(p < 0.05 for multiple sub-measures). Table 7 shows the Sub-domain performance on Rubric
Language Ability Scale.
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Table 7. Sub-domain performance on Rubric Language Ability Scale.

Sub-Domain Experimental Group
(Mean ± SD)

Control Group
(Mean ± SD) p-Value Effect Size

(Cohen’s d)

Oral Expression 4.45 ± 0.61 4.12 ± 0.59 0.032 0.55
Picture Description 4.62 ± 0.47 4.05 ± 0.65 0.003 0.91

Narrative Text
Creation 4.18 ± 0.58 3.85 ± 0.66 0.041 0.52

6.3. Enhancement of Story Comprehension with Structured Story Texts

The structured story format, which incorporated thematic coherence, problem-solving
cues, and detailed memory points, led to significant improvements in comprehension
scores among the experimental group. This result underscores the value of narrative
scaffolding in enhancing children’s cognitive engagement, recall, and understanding of
complex story elements.

6.4. The Impact of ChatGPT and AI-Generated Story Texts on Narrative Performance

The integration of structured storytelling and AI-generated visuals significantly im-
proved the experimental group’s ability to create and perform narrative texts (p = 0.040,
d = 0.67, medium effect size). Observational data revealed greater creativity, clarity, and en-
gagement among the experimental group during storytelling tasks. This improvement was
supported by the enriched learning environment, which encouraged active participation
and expressive exploration.

6.5. System Usability Evaluation

The System Usability Scale (SUS) results indicated that while the system achieved
acceptable usability levels, it did not reach optimal usability. The experimental group
scored slightly higher (70.75 ± 12.03) compared to the control group (64.00 ± 9.54), with an
overall mean score of 67.38 ± 11.25, classified as grade D. Table 8 shows the SUS scores.

Table 8. SUS scores.

Group Mean ± SD Grade

Experimental Group 70.75 ± 12.03 C
Control Group 64.00 ± 9.54 D

Overall 67.38 ± 11.25 D

7. Discussion and Conclusions
7.1. Addressing the Research Question, Objective, and Hypothesis

The research question explored whether integrating structured AI-generated story-
telling and visuals enhances children’s language comprehension, creativity, and under-
standing of sustainability concepts such as urban mining. The results provide strong
evidence that the structured storytelling approach, supported by AI tools, significantly
improves these outcomes.

Objective Achieved: The objective of enhancing children’s language comprehension,
creativity [43], and sustainability awareness through AI-assisted structured storytelling has
been achieved. The experimental group demonstrated superior performance in these areas
compared to the control group, as evidenced by significant differences in comprehension
and narrative creation scores.

Hypothesis Testing: The hypothesis, which posited that children exposed to structured
storytelling would outperform those exposed to unstructured narratives, was fulfilled [44].
Statistically significant results and medium-to-large effect sizes confirm the hypothesis.

7.2. Comparison with International Empirical Studies

This study’s findings align with and expand upon previous research:
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AI in Storytelling: AI storytelling enhances narrative engagement. This research builds
on their findings by demonstrating that structured storytelling frameworks can amplify
the benefits of AI narratives.

Sustainability in Education: Brundiers and Wiek emphasized early sustainability
education. This study extends this framework by using urban mining as a thematic focus,
successfully engaging young learners in environmental issues.

Technology Integration: This study addresses these challenges through scaffolding
techniques, highlighting structured storytelling as a key factor in improving engagement
and comprehension.

7.3. Theoretical and Practical Implications
7.3.1. Theoretical Contributions

(1) This study enriches the understanding of how structured storytelling interacts with AI-
generated narratives to enhance language and cognitive development in
preschool children;

(2) It contributes to the literature on the ethical and pedagogical integration of AI in early
education, providing a framework for balancing technology use with developmen-
tal needs.

7.3.2. Practical Applications

(1) Educators can adopt AI-assisted storytelling frameworks to improve comprehension
and creativity in early learners;

(2) Sustainability education, such as learning about urban mining, can be introduced
effectively through digital narratives, fostering early environmental awareness;

(3) The structured use of AI tools in educational settings promotes digital literacy and
creativity while reducing reliance on traditional materials, aligning with sustainable
education practices.

7.4. Study Limitations

Despite its contributions, this study is limited by several factors:

(1) Sample Size and Scope: Conducted in a single kindergarten with 60 children, the
findings may lack generalizability. Future research should include diverse populations
and settings;

(2) Short-Term Impact: This study assessed immediate outcomes, leaving long-term
effects on comprehension and creativity unexplored;

(3) Technology Accessibility: The reliance on AI and digital devices may limit scalability
in resource-constrained environments;

(4) Observer Influence: While protocols were followed, qualitative observations and
interviews may include subjective interpretations.

7.5. Recommendations

(1) System Improvements: Enhance system usability to achieve grade C or higher stan-
dards on the SUS scale by incorporating more intuitive designs and user-friendly
features for children;

(2) Parent–Child Interaction: Explore parent–child interaction during storytelling sessions
to assess its influence on learning outcomes;

(3) Expanded Content: Include diverse sustainability topics, such as renewable energy
and biodiversity, to deepen environmental awareness and critical thinking skills;

(4) Technological Enhancements: Introduce tailored headphones and AI-generated multi-
sensory elements to optimize engagement and comprehension.

7.6. Added Value of the Study

This research demonstrates the synergistic potential of AI tools and structured story-
telling in early childhood education. By addressing both developmental and sustainability
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goals, it provides a replicable model for integrating technology into pedagogy. It high-
lights the importance of scaffolding in maximizing the benefits of AI in learning and offers
actionable insights for creating engaging, impactful educational experiences.

The study not only validates the role of AI in enhancing learning outcomes but also
emphasizes its value in addressing global challenges such as sustainability, preparing
young learners to navigate and contribute to an evolving world.

Author Contributions: R.-S.L.: Conceptualization, Programming, Data Curation, Writing—Original
Draft Preparation; H.-C.K.L.: Supervision, Project Administration, Writing—Review and Editing, AI
Generation Guidance; Y.-C.Y.: Methodology, Formal Analysis, Visualization, Writing—Review and
Editing; Y.-P.C.: Funding Acquisition, Validation, Ethical Compliance Review, Writing—Review and
Editing. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Ministry of Science and Technology (MOST), grant number
MOST 111-2410-H-024-001-MY2.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of National Cheng Kung University
(Approval No. NCKU HREC-E-110-675-2).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy or ethical restrictions.

Conflicts of Interest: The authors declare no conflict of interest.

Appendix A. Research Tools (Scales)

1. Interview Questions for Language Ability Scale:

1. Do you often enjoy reading books? What types? Lang-1–5
2. Do you know the title of this book? Lang-1–5
3. Can you tell me what the story is about? Who are the characters, and what do

they say? Lang-1–5
4. What thoughts or reflections do you have after reading this story? Anything you’d

like to share? Lang-2–3
5. (Follow-up) Have you ever had a similar experience to the main character?

Lang-2–3
6. Do you like the illustrations in the book? Why? Lang-1–5
7. Which part impressed you the most, and why? Lang-1–5, Lang-2–6
8. (Follow-up) What feelings and thoughts do you have about this? Lang-2–6

Without narration:

9. Look at the images or picture book and narrate the story (you may repeat the story
content or create a new story). Lang-2–4, Lang-2–6, Lang-2–7

Assessment indicators follow the language domain in the kindergarten curriculum
guidelines and are aligned with recommended age-based learning indicators (3–4 years,
4–5 years, and 5–6 years), categorized as excellent, average, or needs improvement:

• Lang-1–5: Understanding the content and function of picture books;
• Lang-2–3: Narrating life experiences;
• Lang-2–4: Describing pictures;
• Lang-2–6: Responding to narrative texts;
• Lang-2–7: Creating and performing narrative texts.



Sustainability 2024, 16, 11304 22 of 23

References
1. Chang, Y.-M.; Lin, C.-Y.; Lee, Y.-K. The preferences of young children for images used in dynamic graphical interfaces in

computer-assisted English vocabulary learning. Displays 2005, 26, 147–152. [CrossRef]
2. Fichman, S.; Armon-Lotem, S.; Walters, J.; Altman, C. Story Grammar Elements and Mental State Terms in the Expression of

Enabling Relations in Narratives of Bilingual Preschool Children. Discourse Process. 2021, 58, 925–942. [CrossRef]
3. Lenhart, J.; Lenhard, W.; Vaahtoranta, E.; Suggate, S. More than words: Narrator engagement during storytelling increases

children’s word learning, story comprehension, and on-task behavior. Early Child. Res. Q. 2020, 51, 338–351. [CrossRef]
4. McGee, R.W. Using ChatGPT and Bing Image Creator to Create Images of Martial Artists: An Application of Artificial Intelligence

to Create Art. SSRN 4665226. 2023. Available online: https://ssrn.com/abstract=4665226 (accessed on 27 November 2024).
5. Ni, Q.; Yu, Y. Research on educational mobile games and the effect it has on the cognitive development of preschool children.

In Proceedings of the 2015 Third International Conference on Digital Information, Networking, and Wireless Communications
(DINWC), Moscow, Russia, 3–5 February 2015.

6. Brooke, J. SUS—A quick and dirty usability scale. In Usability Evaluation in Industry; CRC Press: Boca Raton, FL, USA, 1996;
pp. 189–194.

7. Elrod, M.M. Children’s understanding of indirect requests. J. Genet. Psychol. 1987, 148, 63–70. [CrossRef]
8. Lian, Z.Y. An investigation of enhancing students’ creativity efficacy. Taiwan Educ. 2023, 81–89.
9. Craig-Unkefer, L.A.; Kaiser, A.P. Improving the Social Communication Skills of At-Risk Preschool Children in a Play Context. Top.

Early Child. Spec. Educ. 2002, 22, 3–13. [CrossRef]
10. Yliherva, A.; Loukusa, S.; Väisänen, R.; Pyper, A.; Moilanen, I. Development of communication skills in Finnish pre-school

children examined by the Children’s Communication Checklist (CCC). Child Lang. Teach. Ther. 2009, 25, 235–249. [CrossRef]
11. Bucciarelli, M.; Colle, L.; Bara, B. How children comprehend speech acts and communicative gestures. J. Pragmat. 2003, 35,

207–241. [CrossRef]
12. Al-kfairy, M.; Mustafa, D.; Kshetri, N.; Insiew, M.; Alfandi, O. Ethical Challenges and Solutions of Generative AI: An Interdisci-

plinary Perspective. Informatics 2024, 11, 58. [CrossRef]
13. Lin, Y.-T.; Chen, S.-Y.; Basket, Y.R. An Evaluation of the Effectiveness of Flipped Teaching Applied to Chinese Oral Communication

Program for Elementary School Children. Res. Chin. Lang. Teach. Learn. 2019, 16, 113–155.
14. Brundiers, K.; Wiek, A. Do We Teach What We Preach? An International Comparison of Problem- and Project-Based Learning

Courses in Sustainability. Sustainability 2013, 5, 1725–1746. [CrossRef]
15. Piaget, J. The Principles of Genetic Epistemology; Routledge: Abingdon-on-Thames, UK, 1972; Volume 24.
16. Desai, S.; Blackler, A.; Popovic, V. Children’s embodied intuitive interaction—Design aspects of embodiment. Int. J. Child-Comput.

Interact. 2019, 21, 89–103. [CrossRef]
17. Sutcliffe, A. Multimedia User Interface Design. In Human-Computer Interaction; CRC Press: Boca Raton, FL, USA, 2002.
18. LaGarde, J.; Hudgins, D. Fact vs. Fiction: Teaching Critical Thinking skills in the Age of Fake News; International Society for Technology

in Education: Arlington, VA, USA, 2018.
19. Thorndyke, P.W. Cognitive structures in comprehension and memory of narrative discourse. Cogn. Psychol. 1977, 9, 77–110.

[CrossRef]
20. Heo, H.J.; Chun, B.A. A study on the effects of mobile-based LMS on flipped learning: Focused on the affective pathway in

pre-service teacher education. Int. J. Softw. Eng. Its Appl. 2016, 10, 473–484. [CrossRef]
21. Chen, X.; Xie, H.; Zou, D.; Wang, F.L. ChatGPT for generating stories and mind-maps in storytelling. In Proceedings of the 2023

10th International Conference on Behavioural and Social Computing (BESC), Larnaca, Cyprus, 30 October–1 November 2023;
pp. 1–8.

22. Cranfield, D.; Venter, I.; Daniels, A. Using ChatGPT to investigate trends in digital storytelling and knowledge sharing in higher
education. In Proceedings of the EDULEARN23, 15th International Conference on Education and New Learning Technologies,
Palma, Spain, 3–5 July 2023; pp. 4217–4225.

23. Reed, P.A. Is ChatGPT Creative? Cognitive-Affective Responses to AI-Generated Stories. Ph.D. Thesis, Fielding Graduate
University, Santa Barbara, CA, USA, 2023.

24. Fitzmaurice, J. The Politics of Belgium and Denmark: A Comparative Perspective. Gov. Oppos. 1987, 22, 33–48. [CrossRef]
25. Nazir, A.; Wang, Z. A comprehensive survey of ChatGPT: Advancements, applications, prospects, and challenges. Meta-Radiology

2023, 1, 100022. [CrossRef]
26. Korat, O.; Tourgeman, M.; Segal-Drori, O. E-book reading in kindergarten and story comprehension support. Read. Writ. 2022, 35,

155–175. [CrossRef]
27. Ryder, N.; Leinonen, E. Use of Context in Question Answering by 3-, 4- and 5-Year-Old Children. J. Psycholinguist. Res. 2004, 32,

397–415. [CrossRef]
28. Karlsen, J.; Hjetland, H.N.; Hagtvet, B.E.; Braeken, J.; Melby-Lervåg, M. The concurrent and longitudinal relationship between

narrative skills and other language skills in children. First Lang. 2021, 41, 555–572. [CrossRef]

https://doi.org/10.1016/j.displa.2005.06.002
https://doi.org/10.1080/0163853X.2021.1972391
https://doi.org/10.1016/j.ecresq.2019.12.009
https://ssrn.com/abstract=4665226
https://doi.org/10.1080/00221325.1987.9914537
https://doi.org/10.1177/027112140202200101
https://doi.org/10.1177/0265659009102978
https://doi.org/10.1016/S0378-2166(02)00099-1
https://doi.org/10.3390/informatics11030058
https://doi.org/10.3390/su5041725
https://doi.org/10.1016/j.ijcci.2019.06.001
https://doi.org/10.1016/0010-0285(77)90005-6
https://doi.org/10.14257/ijseia.2016.10.12.39
https://doi.org/10.1111/j.1477-7053.1987.tb00038.x
https://doi.org/10.1016/j.metrad.2023.100022
https://doi.org/10.1007/s11145-021-10175-0
https://doi.org/10.1023/A:1024847529077
https://doi.org/10.1177/0142723721995688


Sustainability 2024, 16, 11304 23 of 23

29. Vandenbussche, I.; Corominas Rodriguez, E.; Alós, R.; Fusulier, B.; Leonard, E.; Reman, P.; Chaidron, A.; Mormont, M.; Rochet,
D.; Saussu, M.A. The Collective Negociation and its Actors in the Culture & Media Sector (Austria, Belgium, Denmark, Finland, France,
Germany, Greece, Ireland, Italy, Luxembourg, the Netherlands, Portugal, Spain, Sweden and the United Kingdom); Universite Catholique
de Louvain: Ottignies-Louvain-la-Neuve, Belgium, 2005.

30. Reller, A.; Binswanger, M.; Dellsperger, R.; Fellner, J. Urban mining and the circular economy: Opportunities and challenges.
Resour. Conserv. Recycl. 2017, 123, 134–141.

31. Brundiers, K.; Wiek, A. Beyond interpersonal competence: Teaching and learning professional skills in sustainability. Sustain. Sci.
2017, 12, 113–129. [CrossRef]

32. Djikic, M.; Oatley, K.; Moldoveanu, M. Opening the Closed Mind: The Effect of Exposure to Literature on the Need for Closure.
Creat. Res. J. 2013, 25, 149–154. [CrossRef]

33. Andrade, H.G. Using Rubrics to Promote Thinking and Learning. Educ. Leadersh. 2000, 57, 13.
34. Hu, L.; Wang, Y. The predicting role of EFL teachers’ immediacy behaviors in students’ willingness to communicate and academic

engagement. BMC Psychol. 2023, 11, 318. [CrossRef]
35. Yashima, T. Willingness to communicate in a second language: The Japanese EFL context. Mod. Lang. J. 2002, 86, 54–66. [CrossRef]
36. Wang, Y.; Ortega-Martín, J.L. The impact of of blended learning-based scaffolding techniques on learners’ self-efficacy and

willingness to communicate. Porta Linguarum Rev. Interuniv. Didáctica Leng. Extranj. 2023, 2023, 253–273.
37. Busselle, R.; Bilandzic, H. Measuring Narrative Engagement. Media Psychol. 2009, 12, 321–347. [CrossRef]
38. Bashmakova, A.; Drozdova, A.; Gavin, P.; Mikhalkova, E.; Protasov, T. Modelling Narrative Elements in a Short Story: A Study on

Annotation Schemes and Guidelines. In Proceedings of the Twelfth Language Resources and Evaluation Conference, Marseille,
France, 1–16 May 2020.

39. Spinellis, D. Commands as AI Conversations. IEEE Softw. 2023, 40, 22–26. [CrossRef]
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