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Abstract

With the rapid development in generative artificial intelligence (GenAl) technologies, their
application in STEAM education offers new possibilities for promoting interdisciplinary
integration of technology and the arts. This study employs a systematic literature re-
view method. Six databases—Google Scholar, Web of Science, PubMed, Taylor & Francis,
Springer Link, and Scopus—were searched for publications from January 2021 to January
2026. After independent screening and review by two reviewers, 21 empirical studies out
of 424 initial records were included. A comprehensive analysis was conducted using a
combination of open and axial coding. The findings indicate that GenAl's support for
artistic creativity in STEAM education is primarily manifested in four dimensions: lower-
ing the threshold for creation to enhance the accessibility of artistic creativity, stimulating
interdisciplinary associations to strengthen subject integration, supporting critical artistic
recreation to deepen cultural engagement, and building a human—GenAlI collaborative
creation ecosystem to foster reflexivity. Based on this, the study constructs a GCD (Guiding
questioning—Co-refining-Deepening reflection) cyclic instructional framework, providing
teachers with an actionable pedagogical pathway for using GenAl to cultivate students’
interdisciplinary artistic creativity across different educational stages. Furthermore, the
study systematically analyzes ethical challenges such as technological dependency, cultural
homogenization, educational equity, and originality, and proposes corresponding pedagogi-
cal strategies to address them. It should be noted that the current body of relevant empirical
research is limited in quantity and exhibits substantial heterogeneity, and the GCD frame-
work still requires further classroom-based practical validation. Future research could
strengthen empirical longitudinal tracking of longterm effects, deepen the construction of
support systems for teachers’ digital literacy, and continue to advance the exploration of
ethical, equity, and cultural diversity issues in GenAl-based artistic creativity education.
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1. Introduction

With the rapid advancement of Generative Artificial Intelligence (GenAl) technology,
its application in the educational domain has become increasingly widespread. The core
of STEAM education lies in integrating the artistic, creative thinking of the Arts with the
logical, scientific reasoning of STEM, establishing a highly promising model for cultivating
21st-century skills (Rafig-uz-Zaman et al., 2025). However, science and technology empha-
size logical thinking, precise calculation, and standardized operations, whereas art focuses
on sensory expression, divergent ideation, and personalized creation. This disciplinary
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divergence presents significant challenges for students in achieving interdisciplinary inte-
gration. GenAl, capable of generating creative content in various forms such as text, images,
and music, offers a novel possibility for breaking down this barrier (Epstein et al., 2023b). It
not only promotes a deeper fusion of science/technology and art but also lowers the entry
threshold for artistic creation while enhancing the efficiency of creative tasks. A recent
review has initially explored the application value of GenAl in STEAM education. However,
there is still a lack of discussion on how GenAl promotes the deep integration of technology
and art in STEAM education, and no mature teaching framework is available for teachers
to cultivate students’ interdisciplinary artistic creativity with GenAl. Therefore, this paper
uses the systematic literature review method to synthesize relevant studies on GenAl in
STEAM education from 2021 to 2026, explores its current application status, challenges and
future development directions in enhancing artistic creativity in STEAM education, and
constructs the GCD cycle teaching framework to provide theoretical guidance and practical
reference for educational practice.

2. Literature Review
2.1. Evolution and Challenges of STEAM Education

In the 1980s, the National Science Board (NSB) proposed the concept of “STEM
(Science, Technology, Engineering, Mathematics) education integration”. This proposal
later developed into a national strategy, aiming to enhance the country’s competitiveness
in science and technology (National Science Board, 1987). However, as society raised
higher requirements for the comprehensive quality of innovative talents, the education
model that only emphasized science and engineering gradually showed its limitations.
In the 21st century, Georgette Yakman, a scholar from Virginia Polytechnic Institute and
State University, added Arts as an important humanistic factor to the original STEM
education. This formed the STEAM education framework (Yakman, 2008), which aims to
cultivate compound talents with stronger creativity, critical thinking and cross-disciplinary
abilities. Existing research divides the role of arts in STEAM education into two mainstream
paradigms. The first is the tool-oriented paradigm. In this paradigm, arts are seen as
auxiliary tools for STEM teaching, helping students understand abstract scientific concepts
through visualization and engaging presentation. The second is the integration-oriented
paradigm. Here, arts are regarded as an epistemologically independent field with their
own unique inquiry methods and meaning construction logic, forming equal dialogue and
integration with STEM disciplines (Maeda, 2013; G. Li & Lyu, 2018). This study adopts the
second paradigm. We believe that arts are not just “decorations” for STEM learning, but an
indispensable core dimension of cross-disciplinary innovation (Yakman, 2008). This also
determines that GenAl in this study is not a simple technical tool, but a cognitive partner
promoting the deep integration of science, technology and art.

Sousa pointed out that the arts provide the abilities and tools necessary for individual
survival and development, such as pattern recognition, observation, imagination and cre-
ative understanding (Sousa, 2006). Artistic creativity refers to the ability of all individuals
to solve artistic problems and produce novel ideas or products with high aesthetic value.
It should be noted that creativity is a complex concept in the fields of education and psy-
chology. Its connotation is far more than just the improvement of output efficiency brought
by technology empowerment (Feist, 1998; Zeki, 2001). In the context of generative Al
participating in creation, five core dimensions need to be clearly distinguished. Originality
refers to the uniqueness of creative ideas. Expressiveness refers to the ability to convey
emotions and thoughts. Aesthetic quality refers to the formal beauty of works. Domain
knowledge refers to the mastery of disciplinary laws. Authorship refers to the creator’s
subjectivity and responsibility for the final results. Some current studies tend to equate the
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improvement of output efficiency under Al assistance with the improvement of creativity
itself, ignoring the essential differences between these dimensions (Scala et al., 2025).

John Maeda, the president of Rhode Island School of Design, stated, “Science, Tech-
nology, Engineering and Math—the STEM subjects—alone will not lead to the kind of
breathtaking innovation the 21st century demands. The STEAM movement is an oppor-
tunity for America to sustain its role as innovator of the world.” (Maeda, 2013) However,
the education concept of valuing science over arts is deeply rooted. In the transformation
from STEM to STEAM education, two core problems remain to be solved: “how to connect
the common characteristics of arts and STEM education” and “in what way should arts be
integrated” (G. Li & Lyu, 2018). Meanwhile, this paper focuses on the role of GenAl in pro-
moting cross-disciplinary artistic creativity in STEAM education, with an emphasis on the
integration mechanism of science, technology and art. We also acknowledge the complexity
and multifaceted nature of creativity, and do not attempt to cover all its connotations.

2.2. Development and Advantages of Generative Al

In recent years, GenAl has made significant breakthroughs. It provides a new
paradigm to address these challenges. The United Nations Educational, Scientific and
Cultural Organization (UNESCO) defines GenAl as an artificial intelligence technology that
automatically generates response content based on natural language prompts (UNESCO,
2023). In 2017, the Transformer architecture was published. It introduced an attention
mechanism to process long-sequence data and quickly became the mainstream architecture
for GenAl models. In 2022, OpenAl publicly released ChatGPT-3.5, a generative pretrained
large language model based on the Transformer architecture (OpenAl, 2026). In 2023, Ope-
nAl launched GPT-4. With this release, GenAl gradually matured. This progress sparked a
debate over the value of GenAl’s application in education. The core question is whether
GenAl is an enabling tool for educational equity, or a new variable that widens the digital
divide. Some studies argue that GenAl’s ease of use transcends economic, geographic,
and language barriers. It allows students without advanced artistic skills to participate in
creative expression, offering new possibilities for narrowing educational gaps. However,
other scholars point out that differences in access to technology and uneven teacher digi-
tal literacy may amplify existing educational inequalities. Overreliance on Al-generated
content can also weaken students’ independent thinking and original creativity (Scala
et al., 2025). Most existing studies focus on single-perspective empirical descriptions and
lack systematic responses to these core debates. This gap is precisely the starting point of
this study.

Against this background, interdisciplinary research on GenAl and STEAM education
has developed rapidly. According to Google Scholar search data, the number of academic
papers with the keywords “Generative Al” and “STEAM Education” grew exponentially
from 2021 to 2025. It showed a particularly sharp increase between 2023 and 2025 (see
Figure 1), reflecting that this field has become a cutting-edge topic in educational technology
research. Existing studies show that GenAl demonstrates two major advantages in STEAM
teaching. First, GenAl's accessibility overcomes economic, geographic, and language
barriers. It provides students with abundant inspiration and interactive opportunities,
effectively lowering the threshold for creative initiation (Epstein et al., 2023b). Second,
integrating STEAM teaching with GenAl can significantly improve students’ engagement,
self-efficacy, and collaborative skills. It should be specially noted that all discussions in
this section are based on classic and cutting-edge background literature in the field. This
study will use a rigorous systematic review method to screen core empirical literature and
conduct an in-depth, targeted analysis of these debates.
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Figure 1. Growth Trend of Research Papers on GenAl in STEAM Education (2021-2025).

2.3. Problem Statement

Despite the initial successes of GenAl in STEAM education, current research still lacks
a systematic exploration of the mechanisms by which GenAl fosters the deep integration
of science/technology and art. Furthermore, there is no mature framework to guide
educators in effectively leveraging GenAl to cultivate interdisciplinary artistic creativity.
Additionally, issues such as the erosion of original student creativity due to Al dependency,
the exacerbation of resource inequality, and cultural homogenization urgently need to be
addressed. Therefore, this study conducts a Systematic Literature Review (SLR) of research
on GenAl in STEAM education from 2021 to 2026 to address the following core questions:

How does GenAl facilitate the interdisciplinary integration of science/technology and
art in STEAM education?

How can an effective and operational framework be constructed to guide the practice
of using GenAl to foster artistic creativity in STEAM education?

How should ethical, equity, and pedagogical essence challenges be addressed during
the implementation of such a framework?

The remainder of this paper is organized as follows: Section 3 details the SLR method-
ology, outlining the search strategy, database selection, and inclusion criteria. Section 4
presents and discusses the SLR results. Section 5 constructs an integrated framework for
GenAl-empowered interdisciplinary creativity in STEAM based on the preceding findings.
Finally, Section 6 summarizes the contributions of this study.

3. Method

This study adopts the Systematic Literature Review (SLR) method and follows the
PRISMA guidelines to establish a rigorous literature screening and analysis process, thereby
mapping the current state of research on GenAl’s application in fostering artistic creativity
within STEAM education. SLR is a standard method used to determine research questions,
identify research gaps, and provide justifications for future studies (Liberati et al., 2009).
Furthermore, this research synthesizes domestic and international studies on tool selection,
instructional activity design, and performance across different educational levels regarding
the use of GenAl to cultivate students” artistic creativity in STEAM teaching. This synthesis
aims to summarize the current research landscape and assessment progress, providing a
reference for future studies in this field.

3.1. Search Strategy

To ensure the quality and coverage of the sample literature, this study selected six
databases: Google Scholar, Web of Science, PubMed, Taylor & Francis, Springer Link, and
Scopus. All the databases mentioned above were systematically included in the final search.
The selection of databases was based on the following three dimensions.
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The first consideration is breadth of coverage and disciplinary relevance. The core
theme of this study—the application of GenAl to artistic creativity in STEAM education—
is inherently interdisciplinary, spanning multiple fields such as educational technology,
art education, cognitive science, and computer science. As a comprehensive citation
database, Web of Science can cover high-level journal literature, ensuring the quality of core
academic sources. PubMed, in turn, supplements relevant research from the perspectives
of cognitive science and educational neuroscience. Scopus enhances retrieval coverage
through its extensive inclusion of educational technology and art education journals. As
major academic publishing platforms, Taylor & Francis and Springer Link index a large
number of SSCI journals in education and the arts, which are highly aligned with the theme
of this study.

The second is the prioritization strategy of recall over precision. The application of
GenAl in STEAM education is an emerging and rapidly growing research field where
academic terminology has not yet been fully standardized; terms such as “Generative
Al”, “GenAl”, and “AIGC” are often used interchangeably, and empirical studies may
also be scattered across various journals and conferences. Relying solely on traditional
bibliographic databases for keyword field searches would easily miss important literature
due to terminological variations. It is precisely based on this consideration that this study
specifically included Google Scholar. It must be acknowledged that Google Scholar is
not a structured bibliographic database in the strict sense; its indexing mechanism lacks
transparency, and the reproducibility of its search results is relatively limited. However,
Google Scholar possesses irreplaceable advantages in recall rate, as it can index cutting-
edge conference papers in emerging fields. At the same time, its full-text indexing feature
means that even if a document’s title and abstract do not contain the core search terms, it
may still be retrieved as long as the main body text is highly relevant.

Finally, regarding the technical implementation of the search strategy: this study
employed appropriate Boolean operators to combine keywords for searching, and a uni-
form search expression was used across all databases: (“Generative AI” OR “GenAl” OR
“Artificial Intelligence Generated Content” OR “AIGC”) AND (“STEAM education”) AND
(“artistic creativity” OR “creative expression”). To minimize the risk of omitting relevant
literature and to maintain consistency in the search strategy across databases, this study
adopted a full-text search strategy (using the All Fields or Full Text field) wherever prac-
tically feasible. This choice made it possible to capture studies that empirically explored
the cultivation of artistic creativity in depth within the body text, but whose titles or ab-
stracts did not precisely match the search terms. The searches across all six databases were
completed on 28 January 2026, with the search time range uniformly restricted to 1 January
2021 to 28 January 2026, in order to ensure both the timeliness and comprehensiveness of
the research content. A complete record of the search strategy has been provided as Sup-
plementary Material (see File S1 for details). Admittedly, full-text search reduces retrieval
precision to some extent and increases the workload of manual screening; however, in a
specialized field that is still in a period of academic growth, adopting a recall-prioritized
search strategy can provide a more complete initial literature pool for subsequent rigorous
screening, thereby enhancing review validity and reducing publication bias.

Regarding the search dates and time range: To ensure timeliness, the searches in five
databases—Google Scholar, Web of Science, PubMed, Taylor & Francis, and SpringerLink—
were all uniformly conducted on 28 January 2026. Due to a technical interruption of
institutional access to Scopus at that time, the supplementary search of this database was
postponed and completed on 5 May 2026. To ensure that the time windows for including
literature across all six databases were completely consistent, the supplementary search
in Scopus was strictly restricted to the period between 1 January 2021 and 28 January
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2026. The literature added after 28 January 2026 was not included. Although the search
execution dates varied, this approach ensured consistency in the core time window, thereby
minimizing any impact on the review conclusions. The complete search strategy records
have been provided as Supplementary Material (File S1).

3.2. Screening and Review

After the initial literature retrieval, researchers assessed the relevance of the documents
based on the research theme. The initial search across the five databases yielded 424 articles,
as shown in Table 1.

Table 1. Search results from Google Scholar, Web of Science, PubMed, Taylor & Francis, SpringerLink
and Scopus databases.

Database Number of Articles

Google Scholar 108
Web of Science 81

PubMed 120
Taylor and Francis 4
SpringerLink 4

Scopus 107

Total 424

To ensure the objectivity and reproducibility of the screening process, this study em-
ployed a dual independent review mechanism. Figure 2 illustrates the entire screening
process from the initial retrieval to the final selection. After retrieval, duplicate articles—
those with identical titles and content but from different databases—were removed. After
removing 9 duplicate articles, the titles, abstracts, and keywords of the remaining 415 arti-
cles were screened to determine whether the literature met the following criteria: (1) written
in English; (2) set in the context of STEAM education; (3) studies supported by empirical
data (including journal articles and rigorously peer-reviewed conference papers, such as
those indexed in authoritative academic databases like ACM, to ensure that high-quality
scholarly outputs are not omitted while maintaining research comprehensiveness); and
(4) related to enhancing artistic creativity. The first step of screening involved reviewing
the title, abstract, and keywords of each article. At this stage, two reviewers independently
made inclusion or exclusion decisions, and any disagreements were resolved through
discussion or by arbitration from a third reviewer. If an article aligned with the defined
criteria, it was selected for further review. The second screening step involved a full-text
reading of the selected articles to ensure they met the established criteria. After the two-step
screening, a total of 394 articles that did not meet the criteria were excluded, and 21 valid
articles were finally identified.

3.3. Screening Summary and Construction of Analytical Dimensions

Figure 3 presents the distribution of the 21 selected articles by publication year. Specif-
ically, the publication year distribution of these articles is as follows: 1 article in 2021, 2 in
2023, 3 in 2024, 14 in 2025, and 1 in 2026. This distribution is fully consistent with the list of
included studies in File S3, indicating a significant increase in research activity in this field
over the past two years.

Figure 4 shows the proportional distribution of relevant literature across different
educational stages. In the collected sample, the most concentrated research stages are
the undergraduate level (10 articles, 48%) and the primary school level (5 articles, 24%),
followed by the high school level (4 articles, 19%), while the middle school level has only
2 articles (9%).
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Figure 3. Publication year of selected articles.

The data indicate that the middle school education stage (ages 12-15) represents a
serious gap in current research on GenAl and STEAM integration. Middle school stu-
dents are in a critical transitional period from the concrete operational stage to the formal
operational stage; compared with primary school applications that focus on stimulating
interest, although middle school students possess abstract logical thinking, they have not
yet developed a mature metacognitive evaluation mechanism when confronted with com-
plex multimodal information generated by GenAl, which greatly increases the difficulty
of designing empirical studies and to some extent reflects the adaptability challenges of
instructional practices in integrating GenAl into middle school STEAM education during
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students’ cognitive transition period. Regarding the theoretical construction of analytical
dimensions, this study, through a combination of open coding and axial coding, derived core
categories from the 21 articles; these dimensions are grounded in the empirical findings of the
sample literature and also refer to existing theories of educational technology integration.

Proportion by Educational Stage
M Elementary i Middle High il Undergraduate

Elementary

Undergraduate
10
48%

Middle
2
9%

High
4
19%

Figure 4. Proportional distribution of selected articles by educational stage.

Regarding the theoretical construction of the analytical dimensions, two researchers
independently conducted open coding on the final 21 included studies, extracting initial
concepts related to the tools, activities, educational stage characteristics, and assessment
methods associated with GenAl-facilitated artistic creativity. Subsequently, axial coding
was employed to establish logical relationships among categories, ultimately yielding
four core analytical dimensions: tool selection, instructional activity design, performance
across different educational stages, and research progress on relevant assessments. These
four dimensions are grounded in the empirical findings of the sample literature and also
draw on established theories of educational technology integration. During the coding
process, any disagreements between the two coders were first addressed through face-to-
face discussion to reach consensus; if consensus could not be achieved after discussion, a
third reviewer was introduced to arbitrate.

3.4. Methodological Limitations and Quality Appraisal

This study employed a systematic review methodology and strictly followed a dual in-
dependent screening and coding process to control research bias. Two coders independently
performed open coding on the included studies, and then resolved initial coding disagree-
ments through discussion. For coding items on which consensus could not be reached, a
third review expert was introduced for arbitration, ultimately achieving full agreement.
However, it must be clearly acknowledged that selecting peer-reviewed empirical studies
cannot, in itself, fully substitute for a structured quality appraisal. Given the substantial
heterogeneity in research methods (spanning quantitative, qualitative, and mixed methods)
and study designs among the 21 finally included studies, uniformly applying a standard-
ized risk of bias assessment tool (such as the MMAT or CASP checklists) poses applicability
challenges at this stage. Therefore, this paper did not perform independent methodological
quality scoring for each included study, which constitutes a clear methodological limitation
of this review and is further discussed in Section 6.2. To minimize bias, we ensured the
robustness of the review findings by establishing strict inclusion and exclusion criteria,
conducting dual independent reviews, and performing inter-coder reliability tests. Future
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revisions will consider adopting evaluation tools suitable for mixed-methods research to
conduct formal quality assessments and risk-of-bias grading of the included studies.

4. Analysis and Discussion

To clearly present the logical relationships between evidence and claims, this chapter
divides the content into three progressive levels for indepth analysis: Section 4.1 directly
presents the evidence obtained from the systematic literature review and its core char-
acteristics; Section 4.2 develops an interpretive discussion based on the evidence from
Section 4.1, focusing on analyzing the strength of evidence, differences across studies, and
existing limitations; and Section 5 explicitly elaborates the derivation process from the
existing evidence to the GCD conceptual framework, defining the nature of this framework
as a pedagogical proposal rather than a direct conclusion of the review.

4.1. Results of the Literature Review

Through systematic screening, 21 empirical studies were finally included. This section
will progressively present the core facts identified in the review from three aspects: distri-
bution characteristics of the studies, evidence synthesis of four types of application models,
and cross-study trend comparisons.

4.1.1. Basic Distribution Characteristics of the Included Studies

In terms of temporal distribution, the 21 articles were mainly published after 2024:
3 articles were published in 2024. The number increased significantly to 14 in 2025, and
1 article was published in 2026 up to the search date. Regarding educational stage distri-
bution, the highest number of studies were at the higher education and primary school
levels, followed by the high school level, while the middle school level had the fewest
studies, only 2. In terms of geographic coverage, these studies involve multiple regions
including North America, Europe, and Asia, but most studies’ samples come from only a
single school or a few classes, and the overall sample sizes are generally small. The detailed
summary information of these 21 studies is provided in File S3.

4.1.2. The Facilitating Role of GenAl in Artistic Creativity Within STEAM Education

Based on a systematic analysis of 21 empirical studies and case studies, this study
extracts four core analytical dimensions through which GenAl facilitates artistic creativity
in STEAM education: accessibility, integration, culturality, and reflexivity.

In this study, the definition of artistic creativity goes beyond the single dimension of
“image generation”. Specifically, it refers to individuals’ ability to solve complex creative
problems and produce works that embody novelty, scientificity, aesthetics, and cultural
connotations within a STEAM education context. Among these, “novelty” is derived from
the classic definition of artistic creativity (Feist, 1998; Zeki, 2001); “scientificity” is grounded
in the principles of STEM disciplines (Aulia Fikri et al., 2026); “aesthetics” emphasizes the
compatibility between formal beauty and disciplinary content (Epstein et al., 2023b); and
“culturalness” requires engagement with traditional or contemporary cultural connotations
(Bian et al., 2025). These four characteristics together constitute the complete dimensions
of interdisciplinary artistic creativity. The logical relationship is as follows: scientificity
serves as the foundation of interdisciplinary creation, aesthetic quality represents the
formal requirement of artistic expression, novelty is the core manifestation of creativity, and
culturality constitutes the value core of the work; these four dimensions progressively build
upon one another and are mutually reinforcing. The corresponding aesthetic evaluation
criteria are as follows: formal beauty, meaning that composition, color, thythm, and other
elements conform to the basic laws of art; expressive appropriateness, referring to the
degree of alignment between artistic form, disciplinary content, and cultural connotation;
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creative integration, representing the naturalness and depth with which interdisciplinary
knowledge is incorporated into artistic expression; and personalized expression, reflecting
the creator’s unique perspective and thinking. Issues such as the erosion of original student
creativity due to Al dependency, the exacerbation of resource inequality, and cultural
homogenization urgently need to be addressed.

a.  Lowering the Creative Barrier and Enhancing Accessibility

Table 2 demonstrates the principle of “enabling students of all skill levels to participate
in artistic creation.” The core mechanism involves using GenAl tools to simplify technical
operations, allowing students to rapidly transform their creative ideas into multimodal
outputs, thereby preventing promising concepts from being abandoned due to insufficient
technical proficiency. This application is highly concentrated in elementary and special ed-
ucation settings. For example, through Stable Diffusion, students generated high-definition
creative art images from simple verbal descriptions. The images featured fresh, harmonious
color palettes and balanced composition (formal aesthetics), while precisely reflecting the
core elements described by the students, achieving a unity of expressive appropriateness
and personalized expression (Lee et al., 2024). They also draw on AutoDraw, where Al
recognizes their rough sketches and provides refined icon suggestions. These generated
icons exhibit balanced composition and harmonious color schemes that conform to basic
artistic aesthetic principles, ensuring formal aesthetics. Furthermore, tools like Google
Quick Draw and Google AutoDraw enable students to quickly translate simple mental
images into visual representations, facilitating personalized expression (Relmasira et al.,
2023). Additionally, platforms such as Stable Diffusion Online and Canva offer a low-
threshold entry point for students in special schools to experience the core text-to-image
functionality of GenAl. Students can describe their ideas according to their cognitive level,
and the Al-generated works generally match their intended meaning, ensuring expressive
appropriateness (Liu et al., 2023).

The core of aesthetic evaluation in this dimension is expressive appropriateness and
personalized expression. As long as a student’s creative output aligns with their cognitive
level and accurately conveys their idea through the Al tool, it meets the foundational
standard for aesthetic evaluation. The primary focus here is on the equitable realization of
the “right to creative participation.”

b.  Stimulating Interdisciplinary Association and Enhancing Integrativity

GenAl can transform abstract concepts, invisible processes, or highly logical principles
from science, technology, biology, and mathematics into intuitive, perceptible, and aestheti-
cally rich artistic forms, thereby enhancing its potential for human interaction (Christiansen
et al., 2024). Table 3 illustrates how students, in human-AI collaboration, convert knowl-
edge from different disciplines into interdisciplinary artistic outputs. For instance, high
school students used Microsoft Copilot, ChatGPT, and Google Gemini to transform hand-
drawn sketches of a water purification device into digital visualizations. These images
not only accurately reproduced the device’s structural principles (scientificity) but also
employed rational color zoning and proportional labeling to enhance formal aesthetics,
achieving a natural fusion of science and art and strengthening creative integrativity (Aulia
Fikri et al., 2026). University students, after analyzing artworks from art history, used
Leonardo. Ai/ChatGPT to generate 3D modeling reference images that complied with
geometric rules. These references not only precisely presented geometric principles but
also incorporated the aesthetic qualities of the historical artworks in their form design and
light-shadow treatment, deeply integrating interdisciplinary knowledge into the artistic
expression (Chaves-Guerrero & Moral-Sdnchez, 2025).
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Table 2. Examples of GenAl enhancing the accessibility of artistic creation.
No. Title Study Design Sasl?zile Country Participants Intervention Instruments Main Findings Limitations
Fostering Al Using generative Al Student reflection The real-time
. . essays (open-ended I,
Literacy in tools such as Google vestions: what recognition and partner
Elementary AutoDraw, Quick Draw, q . collaboration features The sample has
. . worked really well, . L
Science, Teachable Machine, what did vou strugele of Al lower the regional limitations,
Technology, Instagram Al filters, with whzz’t new ic;gis threshold for creation, and the short
1 Engineering, Art, DALL-E to organize 77 Indonesia Elementary Three lessons d,i d you have) significantly enhancing intervention duration
and Mathematics  collaborative drawing, Y et the accessibility of lacked long-term
. e combined with L - . .
(STEAM) image classification, - . artistic expression and tracking of Al literacy
L ) o qualitative coding .
Education in the Al-assisted recognition, and learnin classroom engagement improvement.
Age of Generative ~ and deepfake content . & among elementary
. experience network
Al creation. . school students.
analysis.
Text-to-image tools can The sample size is
Implication of a Using Stable Diffusion, expand the 1mag1nat1ve small, and part1c1pants
Case Study using boundaries of were from economically
. . students generated .
Generative Al in imaces by enterin Semi-structured elementary school advantaged areas.
Elementary §es by & South interviews, student students and Additionally, the
2 . prompts and used the 46 Elementary . . s .
School: Using . Korea artwork, thematic significantly reduce the visual awkwardness
e Al-generated images to . .
Stable Diffusion create “imagination analysis. time cost of manual generated by the tool
for STEAM icture diiries ” creation through exposed technical
Education p ' personalized creative biases and ethical
expression. issues.
Questionnaire (Likert Al successfully The sample size is small
Prompt Aloud! scale), transforms students’ and concentrated in a
Incorporating Using Stable Diffusion semi-structured language proficiency single higher grade.
image-generative to help students South interviews, prompt into visual art to Furthermore, foreign
3 Al into STEAM generate creative 46 Korea Elementary data analysis, alleviate painting language learners’
class with images and write generated image frustration, and prompt  reliance on translation

learning analytics
using prompt data

imagination diaries.

scoring, imagination
diary scoring and
vocabulary analysis.

word data can
effectively visualize the
thought process.

software affected the
natural expression of
prompt engineering.
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Table 2. Cont.

No. Title Study Design SaIT\ple Country Participants Intervelzltlon Instruments Main Findings Limitations
Size Duration
. . Qgestl.onnalre Generative Al
. Using text-to-image (5-point Likert scale), . . .
Understanding . . constructs visual This is a preliminary
, generative Al tools workshop video s
Students o . scaffolds for students exploratory qualitative
. such as Stable Diffusion analysis, student 1 R
Perspectives, - Hong . with fine motor study with a very small
" Online and Canva, . design works . . .
4 Practices, and - . 7 Kong Middle 1h . impairments to express  sample (7 participants),
guiding special school . (Al-generated images o .
Challenges of (China) . their ideas, effectively and the tools present
. . students to generate and final game assets), . . .
Designing with Al . . . cultivating their certain language and
. . images by entering user journey maps, 2 . . .
in Special Schools ) conceptualization registration barriers.
prompts. semi-structured abilities in writin
interviews (Phase 1). &
Classroom
Engagement
Effects of Questlol?nalre, Generative Al The experiment lasted
Self-Efficacy .
Al-generated . - constructs visual only 3 weeks and had a
. .. . . Questionnaire, .
images in visual Quasi-experimental .. scaffolds for students single cultural
. . . . Cognitive Load 1 -
art education on design with Approximately . - with fine motor background, failing to
, . . . Questionnaire, . .
5 students experimental and 78 China Elementary 40 min per Student Paintin impairments to express deeply explore the
classroom control groups, pre-test learning task Score (rated b th%ee their ideas, effectively instructional support
engagement, post-test design y cultivating their needed by
- teachers based on five . .
self-efficacy and dimensions: conceptualization low-creativity students
cognitive load technique, theme, abilities in writing. in prompt engineering.
composition,
creativity, and effort)
An Innovative Students use
Approach in Arts Using ChatGPT and Semi-structured Al-generated images as It covered only 12 art
Education: Copilot (https:// interviews, reflective ~ “sketches” and sources  major students and was
Student copilot.microsoft.com/) journals, analysis of of inspiration for oil limited by the usage
6 Experiences of to generate abstract art 12 Turkey Undergraduate 12 weeks files including Al painting creation, limits of free tools and a
Abstract Art sketches and visual interaction effectively lowering the  steep learning curve for
Practices inspiration to assist oil screenshots, sketches, psychological and prompts in the early
Supported by painting creation. final paintings. technical barriers to stages.

Generative Al

abstract art creation.
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Table 3. Examples of GenAl Enhancing Interdisciplinary Integrativity.

No. Title Study Design Sar'nple Country Participants Intervel}tlon Instruments Main Findings Limitations
Size Duration
Experiential learning
has significantly
. Using Personal Image enhanced students’ Th.e sample was
Is It Possible for 2. Researcher- . restricted to a single
Classifier and MIT App . understanding of
Young Students to . developed learning . class, the scope of Al
Inventor platform, combined . mechatronics and Al L
Learn the with experiential learnin Taiwan 6 weeks, achievement test, concents. successfull apphcatlon was narrow,
1 AI-STEAM p ning 20 . Middle once a week, self-efficacy scale pts, suc y and the instructional
. . framework, conducting a (China) . achieving . .
Application with 45 min each  (adapted from MSLQ, . . design failed to
L 6-week AI-STEAM , interdisciplinary L .
Experiential . o . Cronbach’s « = 0.930), . : significantly improve
. interdisciplinary teaching . . integration of . .
Learning? . g active learning scale. . the programming logic
intervention. hand-drawing, model . -
. dimension of students.
training, and hardware
programming.
Generative Al-assisted Exploring Al
design + IDBL-STEM applications under Students demonstrated
Fostering pedagogy. Researche.rs had Creative thinking test des.lgn patterns 1nsuff1c.1ent deep
, . students use generative Al . effectively broadens reflection when
students’ creative . . covering fluency, , . . ..
. tools (e.g., Microsoft Copilot, o P students’ design space,  deepening and refining
thinking through - 3 weeks, 5 flexibility, originality, . -
. . . ChatGPT, or Google Gemini) . . . : utetheisa kong, their ideas, and the
2 inquiry-design- . ; . 72 Indonesia High consecutive and elaboration (10 . . L
to visualize design sketches, - . reinforcing study lacked qualitative
based STEM . . class periods items); classroom . Lo o
e then combined with . interdisciplinary records of the specific
water purification L . observation and . . s . R
roect inquiry-based design artifact analvsis integration capabilities trajectory of thinking
Proj learning (IDBL) model for ysis. through the evolution during the
prototyping and iterating “design-test-redesign” design process.
water purification devices. cycle.
.\ Us.mg. KITS A I (generative Al Creative skills Al assistance
Compositional singing voice generator) to L .
) assessment scale significantly stimulated
tools based on assist choral arrangement ) ;. .. Both the sample and
e . . . (Cronbach’s o = students’ innovation in
artificial teaching, combined with . . the Al tools (only KITS
. . o . - 0.858); standardized = harmony selection and S
intelligence for traditional curriculum in an . . Al) were quite singular;
- . Approximately choral arrangement part assignment, . . .
choral artistic experimental study. . . ¢ the intervention period
3 . 70 China Undergraduate 8 months, skills assessment by promoting the .
education: Pretest-posttest control group . . was relatively short,
. . . twice aweek  experts (ICC = 0.87); collaborative L .
Enhancing design: experimental group : . and subjective bias may
. a2 . . Wilcoxon test, development of music L
creative skills in received Al-integrated . . exist in the student
. . Mann-Whitney U arrangement skills and .
choral instruction, control group . self-assessment portion.
. ... test, Pearson computatlonal
arrangements received traditional choral . . 1
correlation analysis. thinking.

training.
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Table 3. Cont.

No. Title Study Design Sar'nple Country Participants Intervel}tlon Instruments Main Findings Limitations
Size Duration
Transformative
Art Hlsto'ry, Havm.g students use Critical spatial Cre;}tlon cotpbmed Students developed a
Empowering generative Al tools (e.g., . e with art history
literacy classification L . dependency on
Geometry: Leonardo Al, ChatGPT) to K .. significantly improved .
. matrix; traffic-light S technical outputs,
STEAM-H generate images related to 2 academic analvsis: seometric students’ ability to erforming poorl
4 Education and Sustainable Development 106 Spain Undergraduate ANayss & transform 2D geometric P '8 POOTY
. . years fidelity assessment for . . when modeling abstract
Critical-Visual Goals (SDGs), then transform . forms into 3D physical 1
: . conversion from . h social issues and
Maker Culture these 2D Al images into 3D . materials and integrate . .
. Al-generated images . o handling equal spatial
Towards physical models . socially critical ;
. . to physical models. : : scaling.
Sustainable (prototyping). interpretations.
Futures
The analysis of . . Basic knowledge test; Intelligent instructional The instruction relies
. Using generative Al to - - ) . .
generative S applied skills test; resources improved heavily on
P construct animation scenes, . . . . .
artificial . learning feedback animation creation high-performance
. . character actions, . . . - o ; .
intelligence . 12 weeks, 4 questionnaire (Likert efficiency by 24.5%, computing devices and
technology for style-transfer materials, etc. times per scale); classroom significantl complex learning
5 - : Quantitative and qualitative 120 China Undergraduate : . Y .o
innovative . week, 2 h behavior analysis; strengthening the frameworks, making it
o methods: experimental group . H . . h
thinking and . . each creativity test; team’s collective difficult to popularize
2 received GAl-integrated . . . -
strategies in . teamwork and creative integration in schools with resource
Lo teaching, control group . . . .
animation - 1 - problem-solving while deeply blending constraints or low
. received traditional teaching. . Do ' .
teaching assessment. multiple disciplines. configurations.
Beglr:;ggs/tzld-of- Al liberated Some students faced
Having students use testionnaires: productivity by the risk of algorithmic
Empowering Midjourney, DALL-E, Stable q . ! handling tedious tasks  reliance and questioned
Creativi . . project . . . ..
reativity Diffusion, Photoshop documentation like texturing, enabling ~ whether core creativity
through Generative Fill, ChatGPT, 15 weeks review: classroom students to break was being devalued;
6 Generative Al in etc., to transform 52 USA Undergraduate (one observa t/ion and oral through skill there was also a
Digital Art hand-drawn sketches into semester) . constraints and focus widespread lack of
.. . . . presentations; . .
Education in visual images of various o on core creative deep understanding
. . e qualitative .. . . .
Higher Education styles, thereby assisting in observations b decisions by quickly regarding copyright,
the construction of 3D assets. . y generating mood ethics, and underlying
instructors on student
boards. Al concepts.

work and processes.

https://doi.org/10.3390/educscil6071012


https://doi.org/10.3390/educsci16071012

Educ. Sci. 2026, 16, 1012

15 of 28

The focus of aesthetic evaluation in this dimension is on creative integrativity and
formal aesthetics. The core criterion is not the sophistication of artistic technique, but
whether interdisciplinary knowledge is naturally and deeply integrated into the artistic
expression, avoiding the problem of technology and art being two separate entities.

c.  Supporting Critical Artistic Re-Creation and Deepening the Cultural Dimension of
Artistic Creation

In the contemporary context intertwined with globalization and digitalization, cultural
identity and creative transformation have become important missions of art education.
Examples are provided in Table 4. First, GenAl is employed as a platform for cultural dia-
logue: large language models assist in conceiving plot frameworks and character dialogues,
text-to-image models construct key scenes, and text-to-video and text-to-audio models
infuse stories with dynamism and atmosphere (Naveed et al., 2025). For example, senior
high school students, combining the history and culture of ljen Geopark, use Al chatbots
and visual generation technologies to promote the protection of cultural heritage. The
accurate extraction and presentation of the geopark’s historical context, regional cultural
symbols, and heritage values align with the visual form, narrative logic, and local cultural
connotations of the promotional works (R. Li, 2025). Second, critical dialogue is adopted to
avoid the risk of “cultural homogenization”, guiding students to root themselves in the
historical background and aesthetic standards of specific regions, compare and revise local
elements with Al-generated content, and prevent classical aesthetics from being diluted by
generic material databases. For instance, elementary school students extract core images,
emotional tones, and scene features from poems, and transform the artistic conception
of ancient poems into concrete visual paintings via Bing Al—Copilot (Bian et al., 2025).
Such practices are mainly targeted at upper elementary to senior high school students,
as children enter a period of “socio-cultural consciousness awakening” after the age of
10 and are able to understand the historical context behind traditions. Therefore, in such
teaching, GenAl serves as both a cultural scaffold and a trigger for critical thinking. The
core of aesthetic evaluation in this dimension lies in “expressive appropriateness” and
“novelty”—the evaluation criteria include the accuracy of cultural element extraction, the
compatibility between artistic form and cultural connotation, and whether innovative
expressions conforming to contemporary aesthetics are created on the basis of tradition.

Such practices are primarily targeted at upper elementary to high school students,
as children typically enter a “period of socio-cultural awareness awakening” around age
10 and can understand the historical context behind traditions. Therefore, in this type of
instruction, GenAl serves as both a cultural scaffold and a catalyst for critical thinking. The
core of aesthetic evaluation in this dimension is expressive appropriateness and novelty—
the evaluation criteria include the accuracy of cultural element extraction, the congruence
between the artistic form and cultural connotation, and whether the work generates an in-
novative expression that is grounded in tradition yet aligned with contemporary aesthetics.

d. Constructing a Human—AI Co-Creation Ecosystem to Promote Reflective Enhance-
ment of Artistic Creativity

This dimension focuses on “higher-order creativity cultivation.” Its core is to drive iterative
ideation and critical thinking through bidirectional interaction between GenAl and students,
elevating creativity from “single-output production” to a “continuous process of reflection, opti-
mization, and refinement.” As GenAl becomes deeply embedded in the creative process, fostering
reflectivity in art education has become critical. As shown in Table 5, high school students used
tools such as ChatGPT, DALL-E, Canva Al, Bing Image Creator, and Adobe Firefly to critically
evaluate Al-generated content, reflect on issues of algorithmic transparency, intellectual property,
and authorship, and finally compare Al-generated solutions with manual ones (Scala et al., 2025).
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Table 4. Examples of GenAl Deepening Cultural Relevance.
No. Title Study Design S;rir;lzle Country Participants In]t)e::::il ::n Instruments Main Findings Limitations
Learning achievement Sh:g:;;tlsirllmlil;?i‘éed The sample size was
Effects of Using Bing Al Copilot test, creativity tendency ox ressiongthrou h small and limited to
Al-Generated (DALL-E-based GenAlI tool) questionnaire, learning ro pea ted descri tigve a specific group of
Drawing on to assist High in generating motivation questionnaire, inItDerac tions wi 51 Al high school
1 Students” Learning scene images for ancient 60 Taiwan Hich 3 weeks self-efficacy which deepened the, students. The short
Achievement and Chinese poetry, combined (China) & questionnaire, cognitive critical re—c};ea tion of and discontinuous
Creativity in an with 3D glasses (Google load questionnaire, ancient poetic intervention
Ancient Poetry Cardboard) for situated semi-structured imager forpstu dents affected the
Course learning. interviews, drawing witgh }2,1 h creative continuity of tool
content coding analysis. gh <t usage.
tendencies.
The application of . . Seven—d.lmensmnal 1mage The fine-tuned Gr(?wth at the
scaffolding Using a fine-tuned Al evaluation scale covering Chinese painting technical level was
instruction and diffusion model solar term representation, model performed not fully
. cor (AE24STDM), students input aesthetic value, cultural P . transformed into
Al-driven diffusion . excellently in .
. . , text prompts related to the heritage, etc. - pure creative
models in children’s P . . composition and .
. . 24 solar terms” to generate . Comparative analysis of expression, and Al
aesthetic education: L. . .. . 2 sessions, brushwork,
2 traditional Chinese painting 45 China Elementary . student works across 1 struggles to
A case study on . . e . 90 min each e s successfully guiding
. - images with specific artistic three stages: “initial . encompass the
teaching traditional . . . . ,,  children as a scaffold
Chinese painting of ~ conception and composition; creation (no scaffolding), to capture and appl cultural essence of
the twepn ) fotffr then, with teacher scaffolding “secondary creation the Cil tural imapg ry traditional painting,
solar tertl};ls in support, critically analyze (referencing AI),” and of traditional sc;glary easily causing
Chinese culture and re-create these images. “final creation terms understanding to
(scaffolding removed).” ’ remain superficial.
The virtual lab Excessive
Using Al image generation supported efficient digitalization might
Al-Enhanced and simulation tools to create :ﬁgﬂ:gﬁ; téi_lfzriﬂ tedﬁi:f gghfh of
Traditional Crafts in a virtual tie-dye lab, . . p . p
Art Education: A employing Al design 5-point Likert scale resonance, guiding manual practice and
3  Digital A roac'h to  software for interdisciplinar 42 China High Approximately questionnaire students to exacerbate the
gita’ AppH - - punary & 4 weeks (Cronbach’s « = 0.85), understand intangible digital divide.
Revitalizing project creation, supporting . . . .
. . . . . focus group interviews. cultural heritage Currently, there is a
Chinese Tie-Dye in integrated learning from aesthetics while disconnect due to
High School virtual design to hands-on - .
roduction transforming digital the lack of
p ' patterns into physical ~ systematic teacher
works. training.
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Table 4. Cont.

Intervention

No. Title Study Design Sar'nple Country Participants . Instruments Main Findings Limitations
Size Duration
The sample only
Students became targeted
L . f th 1 - i
The Using image generation tools aware o the ower-grade design
P . - . homogenization flaws students from a
commodification of  like DALL-E and Midjourney Reflective journals - . . .
. . . o in AT outputs and single university,
creativity: versus hand drawing to documenting qualitative . .
. s O clearly defined its role and because the
Integrating assist visual communication . feedback on GenAl use; o
. 2 . . 85 Australia  Undergraduate 12 weeks . as a co-pilot, injecting  study was based on
Generative Artificial design students in logo NVivo software for .
. . ¢ . . . personal aesthetics the early stages of
Intelligence in creation tasks, combined thematic analysis of Lo
. . . . - and human agency GenAl, limitations
higher education with reflective journals for qualitative data. . .
4 . -, . through prompt in output quality
design curriculum critical analysis. . : -
engineering as a affected its
mediator. forward-looking
assessment.
Table 5. Examples of GenAl constructing a human—AI co-creation ecosystem.
. . 1 .. I i . T
No. Title Study Design Sar.np € Country Participants nterver.ntlon Instruments Main Findings Limitations
Size Duration
. . Q'ua51-'exper1mental stu('iy Quantitative: MSLQ Human—machine ' .
From integration =~ with mixed methods. Using problem-solving . The intervention
. . collaboration and
to transformation: =~ generative Al tools such as subscale, ASES dieital reflection lasted only one
STEAM teaching  ChatGPT, DALL-E, Canva Al, academic self-efficacy rein%orce d students’ semester; students
methods and Copilot Designer, integrated scale, STCCLQ metacognition and faced the risk of
generative with STEAM subjects, 6 months, collaboration tendency au toilz)mous “algorithmic blind
artificial organizing students to carry . twice a questionnaire, peer .. . compliance” by
. . . o . 150 Italy High decision-making power; . .
intelligence to out interdisciplinary projects week, 2 h assessment the visual AI uncritically accepting
develop critical (e.g., sustainable lighting each questionnaire. environment outputs, and ethical
thinking, system design, drone motion Qualitative: demonstrated 20od issues such as
creativity and analysis) to promote semi-structured . & copyright of
N - . . special education
co-design in human-AlI collaborative interviews (students, . . generated content
inclusivity for students

secondary schools

creation, reflection, and
cooperation.

teachers), thematic
analysis using NVivo.

with ADHD.

remain unresolved.
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Table 5. Cont.
No. Title Study Design S;rir;lzle Country Participants In]t)e::::il ::n Instruments Main Findings Limitations
Using ChatGPT to build a
human-AlI collaborative The sample was
teaching system: deeply The frequency of using overl focE ced on a
integrated ChatGPT into recommended prompt Ty tod .
. . 1. Torrance Tests of - specific major (piano),
Integration of Al piano theory courses, . . L algorithms was :
. . . . Academic Creative Thinking N i, and the experiment
GPTs in Music combining divergent oar (TTCT) (pre/post) significantly positively did not effectivel
Education and thinking, convergent 202};_202 4 5 Tech};olop correlated with control for externe}l]l
2 Their Impact on thinking, and flow theory, 566 China Undergraduate (approxi- ’ erceptio r%y students’ creativity variables such as
Students’ designing specific prompt PP perceptior scores, and large .
. : . mately 1 questionnaire family background
Perception and algorithms to guide students language models .
year) 3. IBM SPSS 20 and hobbies that
Creativity in interacting with Al during . . became highly efficient . . .
. (statistical analysis) - might interfere with
half of the class time for resources for explaining creativi
personalized queries, complex music theory. develo mtgn t
theoretical deepening, and P ’
improvisation assistance.
Randomized controlled trial Quantitative:
+ mixed methods. Using self-developed ideation The process of
Empowering ChatGPT as a collaborative assessment scale screfnin and Conclusions are
Engineering ideation partner to help (creativity, reor aniz;:n Al limited to text models
Students Through students generate innovative 60 min innovativeness, su estgions ac%ivate d (GPT-3.5) and specific
Artificial ideas in time-constrained ideation, feasibility, user benefit, sﬁ;o’ dents’ reflective desi n.tasks aIFd rel
Intelligence (AI):  design tasks, compared with . plus ques- value, complexity, - &n § y
3 . . . 51 Spain Undergraduate °*. . metacognition, and the entirely on peer
Blended non-Al-assisted ideation tionnaire overall assessment, final effect of reviews. lackin
Human-AI processes, to analyze the and peer 4-point Likert). human—machine evah;a tion &
Creative Ideation impact of a human-AI assessment Qualitative: structured collaboration relied erspectives from
Processes With collaborative creation questionnaire with persp
ChatGPT

ecosystem on creative
outputs and students’
reflective cognition.

open-ended questions,
thematic analysis
(two-level coding).

heavily on the user’s Al
familiarity.

experts or teachers.
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Table 5. Cont.

No. Title Study Design Sar'nple Country Participants Intervel}tlon Instruments Main Findings Limitations
Size Duration
Using Midjourney/DALL-E Expert evaluation The sample size was
AIGC tools to assist oil ruPl):)ric assessin AIGC acted as a visual ~ small and limited to a
Human versus painting creation. In oil technical pro ﬁcieic scaffold that cut oil single project, and the
hybrid creation: A painting courses, using com oiitional Y painting ideation time lack of long-term
comparative generative Al for ideation com lexﬁ orieinality: nearly in half and tracking makes it
4 study on and composition planning, 20 Thailand Undergraduate 10 days lus I; t dei/{ ¢ sefgf—re o}rl’; enhanced composition impossible to
AIGC-assisted 0il ~ followed by fully manual oil P uestionnaire P complexity, but deep evaluate whether Al
painting in art painting execution by obsceiervation reco; ds reflection and personal has a degenerative
education students, building an “Al visual analvsis co din, style still relied on effect on traditional
ideation-human execution” tab}ie & manual intervention. manual drawing
collaborative ecosystem. ’ skills.
Using ChatGPT, Perplexity,
and Gemini to assist product
design thinking. Guiding Only asingle4 h
. students to use generative Al . . Al acting as a creative intervention was
Integrating Creative self-efficacy . .
. tools for empathy map . collaborator broke the  carried out without a
Generative Al . scale (CSES); Basic . .
. construction, needs . purely rational logic of control group, and
Into Design R Empathy Scale-Brief . . 7.
Thinkine: statement writing, idea (BES-B); Design engineering thinking, the extremely small
& classification and 9 Mexico Undergraduate 4h ’ & effectively guiding sample size (9

Assessing Impact
on Creativity and
Innovation in
STEM Education

prioritization, and storyboard
generation. Building a
human-AlI collaborative
ecosystem aimed at
stimulating engineering
students’ creative thinking
through Al intervention.

Thinking Mindset
questionnaire (DTM);
Perceived Usefulness

scale (PU).

students to focus on the
emotional empathy
needs of end users

within design thinking.

participants) causes
the study to lack
conventional
statistical inference
power.
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This type of application is primarily aimed at high school and university students
because it emphasizes a deep retrospective analysis of the human—AlI collaborative process,
requiring students to possess a higher level of metacognition to scrutinize algorithmic
limitations and develop a personal style. The focus of aesthetic evaluation in this dimension
is on personalized expression—the core criteria include whether the work embodies the
creator’s unique thinking, whether the creative iteration process demonstrates a logic
of continuous optimization, and whether the work conveys a deep understanding of
technology, culture, and the self.

4.2. Ethics and Fairness in the Use of GenAl in STEAM Education
4.2.1. Challenges at the Cognitive and Social Levels

Over-reliance on generative tools risks weakening users’ ability of independent verifi-
cation and tends to induce blind conformity to automated outputs (Scala et al., 2025). Issues
such as the erosion of students’ original creativity due to Al dependency, technological
dependence, lagging teacher training, and the exacerbation of educational inequity have
also aroused profound concerns in academia over the essence of education and the loss
of originality.

4.2.2. Aesthetic Homogenization at the Ethical and Cultural Levels

Long-term immersion in the “standard aesthetics” defined by AI models will grad-
ually dull students’ sensitivity to the nuances of local culture. Therefore, when applying
global models to localized heritage projects, it is essential to guard against the impair-
ment of cultural sovereignty and strike a balance between technological application and
cultural diversity.

4.2.3. Response Strategies at the Instructional Design Level

To mitigate the risk of “uncritical automation”, prompts should be transformed from
simple instructions into a “medium for critical examination”, and prompt engineering
should be adopted to shift students from passive recipients to active decision-makers. First,
multi-dimensional comparative evaluation prompts can be applied: students compose two
sets of differentiated prompts for the same creative goal and instruct GenAl to generate
multiple solutions simultaneously (Cotroneo & Hutson, 2023). Second, chain-of-thought
constrained prompts: students are required to add instructions in the prompts to force Al
to output its “logical derivation process” or “creative sketch explanation” before generating
the final outcome (Dira, 2024). Third, adversarial failure induction: students are guided to
actively exploit the limitations of Al and induce system “failures” or “imperfections” by
setting mutually contradictory constraints.

4.2.4. Reflections on Heterogeneity and Quality of Evidence in Included Studies

The evidence synthesis in this section reveals significant heterogeneity across multiple
dimensions in the existing studies. First, sample sizes are generally small, and most studies
involve short-term interventions within a single semester, lacking longitudinal follow-
up data, as summarized in the “Limitations” column of Tables 2-5. Second, creativity
assessment tools vary considerably, ranging from standardized scales to expert scoring
of works, making cross-study meta-analysis difficult. Therefore, the four application
dimensions proposed in this paper—accessibility, integration, cultural relevance, and
reflexivity—should be regarded as a conceptual synthesis of the existing exploratory
evidence rather than definitive conclusions. Future empirical research will need to validate
these dimensions using more rigorous designs, such as randomized controlled trials and
longitudinal follow-up studies, as well as more consistent assessment tools.
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5. The GCD Framework in STEAM Education

To establish a theoretically grounded and practically feasible instructional paradigm,
this study proposes the GCD Cyclic Framework, which consists of Guiding—Co-creating—
Deepening and is tailored to the cognitive characteristics of students across different
educational stages (Figure 5). This framework forms a progressive, closed logical loop:
GenAlI transforms from a mere “tool” into a “cognitive partner”, while prompts serve as the
“translational medium” that converts interdisciplinary knowledge into artistic language. Ul-
timately, real-time generated feedback drives creative ideation. Compared with mainstream
models such as inquiry learning and design thinking, the GCD framework emphasizes
human-AI collaboration and interdisciplinary aesthetic education. Inquiry learning centers
on scientific problems. It emphasizes logical deduction and practical exploration, and aims
to develop students’ logical thinking (P. H. Li et al., 2025). Design thinking includes three
key stages: identifying design challenges, generating ideas and solutions, and reflecting
on optimized design. It leans toward product design and practical problem-solving (Do
& Gross, 2001). Differently, the GCD framework regards prompt engineering as its core
medium. It integrates GenAl as a cognitive partner into the whole creative process and
focuses on transforming interdisciplinary knowledge into artistic creativity. While inherit-
ing the essence of inquiry and iteration, it further integrates aesthetic expression, cultural
inheritance and critical reflection. This makes the GCD framework better meet the core
requirement of in-depth integration of technology and art in STEAM education.

P
Guiding

a
A —

4 s

Deepening Co-creating

Figure 5. The GCD Teaching Framework for GenAI-Supported STEAM.

5.1. The Guiding Stage: Initiating the Creative Cycle of Knowledge Transformation

The core task of this stage is to transform disciplinary knowledge into perceivable
artistic instructions, providing students with the first visual anchor for reflecting on their
thinking and stimulating their initial exploratory motivation. In this process, GenAl acts as
a creative embodied translator, which can instantly convert students’ textual descriptions
based on disciplinary concepts into multimodal drafts in visual, auditory, or narrative
forms, enabling abstract concepts to take on perceptible aesthetic forms (Zheng et al., 2019).
Writing prompts is not simply issuing commands, but a deep cognitive activity: students
need to deconstruct and select disciplinary knowledge, and recode it according to aesthetic
rules such as composition, style, and emotion (Dira, 2024).

To this end, teachers should provide an interdisciplinary prompt scaffold to guide
students in translating abstract principles in biology, physics, and other subjects into in-
structions with aesthetic parameters. Meanwhile, students are encouraged to use keywords
with local cultural characteristics to endow the initial prototypes with distinct cultural
identity. The teaching focus of this stage is to build the interdisciplinary prompt scaffold,
help students master the mediating strategies of knowledge transformation, and bridge
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the emerging intelligent divide that may result from differences in technological literacy
from the outset (Alfarwan, 2025). In actual teaching, teachers first need to deconstruct
the core knowledge of STEAM disciplines. They should demonstrate how to integrate
the writing logic and aesthetic elements of prompt words. Then they guide students to
complete the preliminary preparation and generation of prompt words. Finally, teachers
lead students to check how well the output results match the disciplinary knowledge and
aesthetic intention. Students obtain the first round of immediate feedback from the initial
outputs generated by GenAl. If the outputs fail to accurately reflect the core knowledge or
aesthetic intention, students must backtrack and revise the prompts.

5.2. The Co-Creating Stage: Deepening Meaning Negotiation in Collaborative Co-Evolution

In the stage of refining initial generative outputs, GenAl first acts as a “co-evolutionary
partner” that can effectively stimulate students” divergent and convergent thinking, and
promote the externalization of their creative thinking processes (Leon et al., 2025). In
response to the potential homogenization tendency of Al, students can revise the initial
Al-generated schemes through “reverse prompting” or “style restriction”. The continuous
revision of prompts is essentially an externalized record of students’ internal thinking
processes and their level of knowledge integration.

The introduction of social mechanisms such as peer assessment into human—AlI inter-
action helps counteract algorithmic dependence and strengthen critical thinking, enabling
students to achieve deep reconstruction of their cognitive structures in the dynamic cycle
of “formulation—generation-reflection-reformulation” (Cotroneo & Hutson, 2023).

GenAl shifts the focus of teaching evaluation from final outputs to an examination
of the thinking process throughout the cycle. Evaluation should emphasize how students
evaluate different proposals and integrate the strengths of multiple generative outputs in
alignment with the project’s scientific, narrative, and innovative goals. In real practice,
teachers need to teach students optimization skills such as reverse prompts and style
limits to help students correct the homogeneous output of Al, and then organize groups
to carry out peer review, so that students can compare schemes and integrate ideas in
communication. Concurrently, the evaluation criteria focus on the thinking process of
prompt word iteration, knowledge integration and creative optimization, rather than
focusing solely on the final generated works.

5.3. The Deepening Stage: Achieving Closed-Loop Learning and Metacognitive Ascension

In the summarization stage of the framework, GenAl guides students to analyze
their concrete performance in collaboration and transforms technology application into
an opportunity for cognitive sublimation, which is mainly reflected in the following three
aspects: First, students conduct an in-depth dissection of technological limitations to
cultivate critical technological literacy. By analyzing logical flaws, aesthetic limitations, or
cultural biases in generated content, students transform Al from a tool into a catalyst for
critical thinking. Through questioning whether Al dilutes cultural diversity and how to
use prompt engineering to resist “aesthetic mediocrity”, students can perceive the socially
constructed nature of technology and turn abstract ethical discussions into practice-oriented
deep reflections (Online Learning Consortium [OLC], 2025). Second, a systematic review of
prompting strategies makes the efficiency of knowledge transformation visible. Reflective
activities focus not only on the final works, but also on a systematic review of the evolution
of prompts. By comparing the differences in feedback resulting from different prompts,
students evaluate their “strategic efficiency” in transforming knowledge into creativity. The
explicit analysis of creative decisions enables students to master more effective prompting
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strategies and convert these insights into high-level feedback that penetrates their deep
cognitive system (Queloz, 2025).

Third, triggering metacognitive awakening enables the internalization and transfer of
deep learning. Taking the opportunity of adolescents” awakening of cultural consciousness,
guiding them to identify gender biases or stereotypes in Al-generated works can effectively
stimulate cultural awareness. Metacognitive analysis of one’s own cognitive and expressive
processes marks the occurrence of deep learning, which is the key to the internalization
and transfer of knowledge transformation ability. This ensures that students can enter the
next round of “Guiding” with a clearer technological perspective and interdisciplinary un-
derstanding. Issues such as the erosion of original student creativity due to Al dependency,
the exacerbation of resource inequality, and cultural homogenization urgently need to be
addressed. In the actual implementation, teachers should guide students to analyze the
flaws and inherent biases of Al-generated content item by item. They need to lead students
to repeatedly iterate on prompt words and summarize corresponding optimization strate-
gies. Teachers can arrange human-computer cooperation, cultural expression and original
theme reflection activities according to the cognitive characteristics of different learning
stages. In this way, students can finally realize the sublimation of creative closed-loop
thinking and metacognitive ability.

For example, a Stable Diffusion workshop with Korean fifth-grade students illustrates
this cycle. In the Guiding stage, the teacher explained the basic principles of image-
generating Al to students. They provided a prompt manual covering three key elements:
subject, supplementary details, and artistic style. Students combined their imaginative
diary themes to turn text ideas into standard prompts. They used the Stable Diffusion
model on the Dream Studio platform to create initial art images and finished the first
visual translation of their creativity. In the Co-creating stage, students optimized their
works by revising prompts and generating images repeatedly. They chose the most suitable
images from multiple versions and took part in group discussions to compare the visual
effects of different prompts. They improved their artworks through human—computer
cooperation and peer interaction. In the Deepening stage, teachers guided students to
review the whole process of prompt writing and image generation. Students shared their
experiences of creating with AL They discussed how well Al-generated images fit their
creative ideas and reflected on the strengths and limits of Al tools in art creation. They also
built a basic understanding of Al ethics and algorithm bias. Finally, students finished their
imaginative picture diaries with optimized Al images (Lee et al., 2024). This entire process
illustrates the complete GCD cycle. However, the GCD framework remains a preliminary
conceptual model based on comprehensive analysis. Its practical implementation and
grade-level appropriateness still need to be tested through empirical research to provide
more scientifically grounded guidance for future teaching practice.

6. Conclusions and Future Prospects

6.1. Main Findings and Conclusions
6.1.1. Revealing the Four Mechanisms Through Which GenAlI Fosters Artistic Creativity in
STEAM Education

Based on a systematic literature review, this study examines the current applica-
tions and mechanisms of GenAl in fostering artistic creativity within STEAM education.
The included studies indicate that the value of GenAl in STEAM artistic creation lies
not merely in providing tools for image, music, or text generation; rather, by lowering
the creative threshold, facilitating interdisciplinary knowledge transformation, activating
cultural expression, and promoting critical reflection, it demonstrates the potential to trans-
form the ways students engage in artistic creation, understand scientific concepts, and
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express personal meaning. Drawing on the synthesis of these scattered findings, this paper
encapsulates GenAl’s support for artistic creativity into four dimensions—accessibility,
integration, culturality, and reflectivity—which together serve as an analytical framework
for understanding current practices and mechanisms in this field.

6.1.2. Constructing the GCD Teaching Framework to Clarify the Pedagogical Pathway for
Human-AI Co-Creation

Based on the above literature analysis, another contribution of this study is the pro-
posal of the GCD Cyclic Framework, which consists of three stages: Guiding, Co-creating,
and Deepening. This framework emphasizes that the pedagogical value of GenAl in
STEAM education should not be reduced to the automatic generation of works. Rather,
this paper argues that GenAl should possibly be understood as a cognitive medium that
supports students” knowledge transformation, meaning negotiation, and deep reflection.

In the Guiding stage, research suggests that teachers use prompt scaffolds to help
students transform disciplinary knowledge into artistic expression. In the Co-creating
stage, some cases show that students continuously revise Al-generated outputs through
human-AlI interaction and peer discussion. In the Deepening stage, students are guided to
further examine the scientificity, aesthetics, cultural relevance, and ethical implications of
their works. In this way, the GCD framework provides teachers with a clear pedagogical
pathway and operational pathway for designing GenAl-supported STEAM artistic creation
activities that await empirical testing, serving as a reference.

6.1.3. Emphasizing the Ethical and Cultural Dimensions of AI-Supported Artistic
Creativity Education

Based on a comprehensive literature analysis, this study argues that ethical, equity, and
cultural issues are not external constraints on the use of GenAl. Instead, they are central to
understanding the educational meaning of Al-supported artistic creativity. Existing studies
indicate that GenAl changes how creative works are produced. It also reopens questions of
authorship, originality, cultural belonging, data sources, and technological equity.

Existing studies have shown that GenAl challenges traditional boundaries of au-
thorship, ownership, creative inspiration, and remixing (Epstein et al., 2023a). Therefore,
in STEAM-based artistic creation, teachers should not only consider whether students
can generate visually appealing works. They should also examine whether students can
explain their creative decisions, identify biases in Al-generated content, preserve the dis-
tinctiveness of local cultural expression, and understand the power structures behind
technological platforms.

UNESCO'’s guidance on GenAl in education also emphasizes a human-centered ap-
proach, with attention to human agency, inclusion, equity, and linguistic and cultural
diversity (UNESCO, 2023). Therefore, Al-supported artistic creativity education should not
take efficiency and output as its only goals. Instead, student agency, cultural diversity, and
educational equity should be incorporated into instructional design and assessment criteria.

6.2. Research Limitations
6.2.1. Limitations in Search Scope and Database Selection

This study mainly searched Google Scholar, Web of Science, PubMed, Taylor & Francis,
SpringerLink and Scopus. These databases cover parts of the literature in educational
technology, STEAM education, Al in education, and related interdisciplinary fields.

However, due to limitations in database selection and search scope, the literature cov-
erage of this review may still be incomplete. On the one hand, commonly used education
databases, such as ERIC, Education Source, and ProQuest, were not systematically included.
This may have led to the exclusion of some studies in education, art education, curricu-

https:/ /doi.org/10.3390/educscil6071012


https://doi.org/10.3390/educsci16071012

Educ. Sci. 2026, 16, 1012

25 of 28

lum, and instruction. On the other hand, this study mainly included English-language
publications and paid limited attention to Chinese and other non-English studies. As
a result, educational practices related to GenAl and STEAM-based artistic creativity in
different countries and regions, especially in non-English contexts, may not have been fully
represented. Future research may expand the range of databases and include multilingual
and regional studies to improve the comprehensiveness of the review findings.

6.2.2. Limited Number of Included Studies and High Research Heterogeneity

The final number of eligible studies included in this review was relatively limited. This
indicates that research on GenAl for fostering artistic creativity in STEAM education is still
at an early stage, and the relevant empirical evidence has not yet formed a stable body of
literature. It also means that the conclusions of this study mainly reflect an initial synthesis
of current research trends and mechanisms. Their generalizability should therefore be
interpreted with caution, and do not support a strong claim that GenAl has systematically
‘reshaped’ art education or student cognition.

At the same time, the included studies showed considerable heterogeneity in partici-
pants, educational stages, instructional tasks, technological tools, and assessment methods.
Existing studies include image generation and introductory art activities in primary edu-
cation, as well as interdisciplinary projects, cultural heritage preservation, interactive art
creation, and Al-assisted design in senior high school and higher education. The tools
used also vary widely, including ChatGPT, DALL-E, Stable Diffusion, Canva, Bing Image
Creator, and others.

Because the intervention duration, task complexity, and creativity assessment methods
differed across studies, it is difficult to make a unified quantitative judgment about the
pedagogical effects of GenAl. Therefore, this study is more suitable for mechanism analysis
and framework construction than for drawing strong causal conclusions or for extend-
ing instructional recommendations to all developmental stages. Furthermore, as noted
in Section 4.2.4, existing studies exhibit high heterogeneity in sample size, intervention
duration, and creativity assessment tools. This directly hinders the ability to make a unified
quantitative evaluation of GenAl’s teaching effectiveness. The conclusions of this study
are primarily based on pattern recognition and theoretical construction from the available
evidence, rather than deterministic causal inference. Readers should fully consider this
limitation when interpreting the teaching recommendations.

6.2.3. The Framework Requires Further Empirical Validation

Based on the literature analysis, this study proposed the GCD Cyclic Framework of
Guiding, Co-creating, and Deepening to explain the pedagogical pathway through which
GenAl supports the development of artistic creativity in STEAM education. The framework
conceptually summarizes students’ basic process of interdisciplinary artistic creation with
Al support through three aspects: prompt construction, human—AI collaborative iteration,
and deep reflection.

However, the framework remains a theoretical construction at this stage. It has not yet
been fully tested through large-scale classroom practice or long-term empirical research.
Future studies should examine the applicability of the GCD framework across different
educational stages, STEAM themes, and technological conditions.

For example, design-based research, quasi-experimental studies, classroom observa-
tion, interviews, and artwork analysis could be used to examine whether the framework can
effectively promote students’ artistic creativity, interdisciplinary understanding, aesthetic
judgment, and technological reflection. Further research should also analyze the difficulties
teachers may face when implementing the framework, such as designing prompt scaffolds,
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evaluating Al-generated content, managing students” Al dependency, and organizing class-
room discussions on ethical and cultural issues. Only through continuous practical testing
and revision can the GCD framework develop from a theoretical model into a pedagogical
approach with broader practical value.

6.3. Prospects

Although this study proposes a preliminary integration framework, the application
of GenAl in education is evolving rapidly. Future research can be further deepened in the
following three areas:

6.3.1. Strengthening Empirical Tracking of Long-Term Effects

Most existing studies focus on short-term instructional activities. They are therefore
insufficient for determining whether students can develop stable creative transfer abilities.
They also provide limited evidence on whether long-term use of Al tools may lead to
technological dependency or aesthetic convergence. Future research should conduct long-
term longitudinal studies to examine the effects of sustained GenAl use on students’
autonomous creativity, aesthetic preferences, and cognitive load to verify or revise the

potential assumptions based on short-term observations.

6.3.2. Deepening the Ecological Support System for Teachers” Digital Literacy

The effective implementation of the GCD framework requires teachers not only to be
familiar with GenAlI tools, but also to design prompt scaffolds, organize human—AlI col-
laborative discussions, evaluate the scientificity and cultural appropriateness of generated
content, and guide students in ethical reflection. Therefore, future research should further
explore teacher training, curriculum resource development, assessment rubric design, and
school-level technical support mechanisms. These efforts can help educators better iden-
tify students’ creative insights during human—AlI interaction and provide more targeted
interdisciplinary guidance.

6.3.3. Advancing Research on Ethics, Equity, and Cultural Diversity

As more powerful multimodal models, such as Sora and GPT-4, become increasingly
involved in the conception, generation, and revision of artistic works, students’ ability to
explain which parts come from their own ideas, which parts are generated by Al and which
parts are selected and revised by themselves will become an important basis for evaluating
creativity. At the same time, global models may reinforce dominant aesthetic norms and
weaken the visibility of local cultures, minority cultures, and non-mainstream forms of ex-
pression. Research on data colonialism reminds us that digital technologies are not neutral
tools. They involve issues of data access, platform power, and the appropriation of cultural
resources. Therefore, future STEAM education research should not only ask how GenAlI
can be used more efficiently. It should also examine how students can maintain creative
agency, cultural distinctiveness, and ethical judgment in Al-mediated environments.
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