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Abstract

Although essential for teachers’ professional development, developing content knowledge (CK) remains a
challenge in pre-service language teacher education, where applied linguistics concepts are often
perceived as disconnected from practice. While research on technology integration emphasizes
pedagogical or technological knowledge (TK), little is known about how emerging tools can mediate CK
development. Thus, this study implemented a design-based learning project: 23 pre-service English
teachers used generative Al (GenAl) and the metaverse to design their brands and 3D showrooms,
applying applied linguistics concepts. Reflective journals and semi-structured interviews were analyzed
through thematic analysis to explore how CK developed through TK and learner agency. The findings
show that their CK was enhanced when applied linguistics knowledge was used to craft brands and
showrooms through iterative design cycles. Agency mediated this process, as they calibrated the outputs
and collaborated through distributed agency, using GenAl and metaverse affordances. Finally, reflective
inquiry enhanced critical Al literacy, which supported CK development by prompting participants to
work on GenAl-mediated decisions (e.g., reliability, bias, authorship, and inclusion) while designing their
artefacts. The study discusses theoretical implications for affordance—agency mechanisms in technology-
mediated learning and pedagogical implications for integrating GenAl-metaverse design and critical Al
literacy in teacher education.
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Introduction

Over the past few decades, professional development in teacher education, particularly the integration of
technology, has been a central topic in educational research (Celik, 2023; Tondeur et al., 2025). More
recently, with the introduction of Generative Al (GenAl), 3D metaverse platforms, and virtual reality
(VR), design-based active learning has gained increasing emphasis in teacher preparation programs
(Hwang et al., 2025; Lee & Kim, 2025; Zhang et al., 2025). Yet, while these innovations have broadened
opportunities for experiential learning, they also foreground the notable challenge of developing
disciplinary content knowledge (CK) in language teacher education, where bridging theory and practice
remains particularly difficult (Bartels, 2005). Although advanced technologies are now widely adopted,
much of the previous work has focused on teachers’ technological and pedagogical learning through
lesson planning, materials design, and TPACK-oriented training (e.g., Lee & Jeon, 2024; Lee & Kim,
2025). At the same time, some L2 teacher education research has examined how teachers’ CK can be
strengthened through practice-based pedagogies, including reflective second language acquisition (SLA)
coursework and problem-based design tasks (Bartels, 2005; Beshah & Anshu, 2024). However, the extent
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to which emerging technologies, particularly GenAl and immersive education platforms, can mediate CK
development through design work is less explored in applied linguistics (Moorhouse et al., 2024).

Gaining CK is a fundamental requirement for pre-service teachers’ professional growth, as it underpins
the subject-specific knowledge essential for effective pedagogy (Beshah & Anshu, 2024). In L2
education, CK spans applied linguistics domains such as educational linguistics, translanguaging,
discourse analysis, and L2 acquisition (Bartels, 2005). Thus, L2 teacher training programs, especially
those preparing language teaching majors, should prioritize CK development from the outset (Ton-Nu &
Nguyen, 2024). Yet research shows that pre-service teachers struggle with CK due to limited engagement
in teaching, perceived irrelevance to practice, and theory-centered lectures (Bartels, 2005; Beshah &
Anshu, 2024).

This study addresses this challenge by examining how GenAl and metaverse technologies can be
integrated to support pre-service English teachers’ CK development. Although Al and immersive
platforms are increasingly used in teacher education for their pedagogical affordances (Moorhouse et al.,
2024), only some studies have addressed CK development as a research focus, typically by examining
how pre-service teachers gain disciplinary knowledge through experiential learning (e.g., Beshah &
Anshu, 2024; Zhang et al., 2025). Even in these CK-oriented studies, emerging technologies are
positioned as support tools rather than as a mediating means through which learners develop applied
linguistics knowledge through agency enactment in design work (Lee & Jeon, 2024). Thus, this study
investigates pre-service teachers” CK development as enacted in design work, specifically asking how
GenAl and metaverse affordances and agency work on the internalization of applied-linguistics
knowledge.

Literature Review

Pre-service Language Teacher Training with Technology

Professional development in teacher education, particularly technology integration, has been a central
issue in educational research (Tondeur et al., 2012, 2025). Over the past decades, teacher education has
been reconceptualized by technological innovations, prompting new approaches to preparing pre-service
teachers (Jeon et al., 2022; Hwang et al., 2025). Early studies emphasized training methods to strengthen
teachers’ technological pedagogical knowledge (TPK) and classroom readiness through tasks, such as
lesson planning and materials development (Chen, 2023; Jeon et al., 2022).

Previous research on technology integration in language teaching reveals a tendency to be technocentric
(Al-Furaih, 2017; Campbell et al., 2022). Such approaches emphasize the benefits of technology for
language teaching (e.g., Moorhouse, 2024; Hwang et al., 2025), while paying insufficient attention to the
dynamic interplay among technology, disciplinary content, pedagogy, and context (cf. Bower, 2019;
Chen, 2022; Tondeur et al., 2025). This orientation has posed pedagogical challenges by prioritizing
technology over its synergistic potential with broader educational objectives in aligning it with pedagogy
and content to meet specific language learning goals (Lee & Jeon, 2024). Accordingly, this underscores
the need for comprehensive frameworks, such as Technological Pedagogical Content Knowledge
(TPACK), in pre-service teacher training to guide contextualized technology adoption into subject-
specific pedagogy (Celik, 2023; Tseng, 2018).

Teacher-training models have been developed to integrate technology with pedagogy and subject content
in preparing pre-service teachers for technology-enhanced instruction (Al-Furaih, 2017). Specifically, the
TPACK framework (Koehler & Mishra, 2009) links technological tools, pedagogical approaches, and
disciplinary content, and the Synthesis of Qualitative Evidence (SQD) model offers empirically validated
strategies such as modelling, collaborative design, scaffolded practice, and reflection (Tondeur et al.,
2012, 2025). Building on these models, design-based active learning engages pre-service teachers in
iterative cycles of exploration, design, implementation, and reflection (Campbell et al., 2022; Hwang et
al., 2025), strengthening skills in multimodal lesson design, prompt engineering, and Al-assisted
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feedback, while enhancing pedagogical judgment and the capacity to adapt technology to disciplinary
contexts (Jeon et al., 2022; Kim et al., 2022). Thus, these models provide a foundation for cultivating
integrated CK, PK, and TK competency for effective technology use in teacher education (Lee & Jeon,
2024; Tai, 2015; Tseng, 2018).

Emerging Technologies for Pre-service Teacher Education

Emerging technologies such as Al and immersive platforms, including VR, are increasingly recognized
for their potential to enhance pre-service teachers’ technological and pedagogical skills (Lee et al., 2025,
2026; Wu & Chun, 2025). Research shows that Al-supported lesson planning can develop authentic
learning environments and strengthen teachers’ readiness to integrate technology into classroom practice
(Jeon et al., 2022). Similarly, metaverse-based simulations provide situated practice spaces that simulate
real teaching contexts, supporting collaborative learning, multimodal task design, TPACK development,
and digital literacy (Lee & Wu, 2024; Wu & Chun, 2025). Combined with Al chatbots, immersive
environments enable interactive practice and provide feedback while allowing teachers to develop task-
oriented design and material adaptation skills (Hwang et al., 2025).

The release of ChatGPT in late 2022 marked a turning point, moving Al from niche innovation to a
mainstream pedagogical tool in language education (Jeon & Lee, 2023; Moorhouse et al., 2024). Since
then, Al integration has spread across domains, from writing to all language skills and multimodal task
design, indicating a shift toward technology normalization (Celik, 2023; Moorhouse, 2024). Thus, both
pre-service and in-service teachers increasingly recognize the pedagogical value of Al thereby adopting it
for lesson planning, materials development, and learner engagement (Moorhouse et al., 2024).

Research emphasizes that critical Al literacy should be embedded within pedagogical knowledge that
connects Al usage to teaching practice (Lee et al., 2025, 2026; Pei et al., 2025). That is, while GenAl can
help design instructional plans, teachers should critically evaluate GenAl affordances and constraints,
aligning them with local teaching contexts (Choi et al., 2024). Similarly, GenAl-supported lesson study
may enhance pre-service teacher agency, strengthening critical Al literacy and pedagogical knowledge
through evaluation and revision of Al-generated materials (Lee et al., 2025). Extending this perspective,
Pei et al. (2025) argue that critical Al literacy involving GenAl should include critical evaluation, ethical
awareness, and adaptability to diverse scenarios, ensuring that Al use supports intended learning
outcomes. These studies caution against viewing GenAl as an autonomous content generator and instead
present it as a co-design partner orchestrated by teachers to meet curricular goals and learner needs (Jeon
& Lee, 2023).

Research also notes that teacher training needs to cultivate reflective practitioners who address GenAl
critically, ethically, and creatively to attain professional growth (Moorhouse et al., 2024; Pei et al., 2025).
Accordingly, teacher education programs should integrate critical Al literacy by emphasizing socio-
technical awareness, such as power relations, labor conditions, and environmental impacts, alongside
epistemic and ethical evaluation of Al usage (Veldhuis et al., 2025). Regarding the association between
teacher agency and GenAl affordances, teachers should be able to critically evaluate both affordances and
constraints of GenAl tools at the individual, institutional, and societal levels as they “recognize the power
of GenAl to position them in particular ways” within their teaching contexts (Darvin, 2025, p. 21).
Practically, teacher training needs to help cultivate teachers’ reflective capacity to assess GenAl outputs
for reliability, bias, authorship, and equity (Lee et al., 2025, 2026).

Developing Pre-service Teachers’ CK

Teachers should be equipped with subject-specific CK for effective teaching (Beshah & Anshu, 2024;
Zhang et al., 2025). In applied linguistics, CK includes diverse areas, such as SLA, sociolinguistics,
pragmatics, and discourse analysis, among others, that equip pre-service teachers with conceptual and
analytical tools for language instruction (Bartels, 2005). Acquiring CK is not only about learning
disciplinary knowledge but about building a network of conceptual understanding, professional beliefs,
and instructional decision-making (LaFond & Dogancay-Aktuna, 2009). Such integrated CK allows
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teachers to interpret, adapt, and use subject-specific insights in pedagogically responsive, adaptive ways
that address learners’ diverse needs (Beshah & Anshu, 2024).

Despite its importance for effective language teaching, developing CK in applied linguistics remains a
challenge for pre-service teachers (Bartels, 2005; Zhang et al., 2025). Many struggle to gain theoretical
concepts due to low intrinsic interest, and they often question its relevance to classroom practice,
perceiving it as abstract or disconnected from their future teaching contexts (Bartels, 2005). Moreover,
teacher-training courses frequently adopt theory-oriented lectures rather than hands-on practice, making it
difficult to bridge the gap between CK and pedagogical application (Beshah & Anshu, 2024). These
barriers can lower pre-service teachers’ self-confidence and motivation, reinforcing the sense that
disciplinary knowledge is detached from the practical expertise needed for classroom instruction (LaFond
& Dogancay-Aktuna, 2009).

To address these challenges, research has explored diverse strategies for developing language teachers’
CK. Traditional methods emphasize direct instruction through lectures, textual analysis, essay writing,
and small-scale research projects (LaFond & Dogancay-Aktuna, 2009; Ton-Nu & Nguyen, 2024).
Participatory approaches, including collaborative activities such as online discussion forums via mobile
platforms, support the negotiation of meaning, reflection, and co-construction of CK beyond the
classroom (Sandoval-Cruz et al., 2022). Problem-based learning in online or VR environments also shows
promise by engaging students in authentic problem-solving that integrates linguistic knowledge with
pedagogical strategies (Lee & Kim, 2025; Zhang et al., 2025).

This review shows that research has explored diverse strategies for developing pre-service teachers’ CK;
however, it has centered on strengthening applied linguistics CK through experiential coursework and
problem-based inquiry in which student teachers are trained to apply CK to authentic tasks (Sandoval-
Cruz et al., 2022; Zhang et al., 2025). Meanwhile, recent studies highlight the increasing integration of Al
and immersive platforms into teacher education, examining teachers’ TK and TPACK growth, ICT
readiness, and its pedagogical usage (Choi et al., 2024; Moorhouse et al., 2024). The remaining gap is
therefore examining how GenAl and metaverse environments together mediate CK through multimodal
design work, as well as exploring learner agency enactment in relation to technological affordance (cf.,
Jeon et al., 2022).

Technology-mediated Learning Theory and its Relevance to CK Development

Technology-mediated learning theory (TMLT) frames technology not as a passive medium but as a
mediating tool for learning through affordances, learner agency, and design principles (Bower, 2019). It
emphasizes that the interplay of agency and affordances inform students’ engagement in disciplinary
learning, while design-based active learning projects enable the development of both TK and CK (Chen,
2023; Jeon et al., 2022). Therefore, TMLT provides an appropriate lens for examining technology-
mediated learning through affordances and learner agency (Bower, 2019). Regarding the use of Al for
learning, the student—Al collaboration (SAC) model (Kim et al., 2022) may be suggested as an
interpretive, supplementary lens to describe how participants’ collaboration with GenAl evolved across
the project: moving from learning about Al, to learning from Al, and learning with AI. SAC is often
adopted as a method to tag a pedagogical sequencing heuristic when designing reflection and interview
prompts about student—Al collaboration.

Three TMLT premises among seven are particularly relevant to this study: learner agency, technology
affordances, and design-based active learning. First, learner agency, defined as learners’ capacity to act
purposefully and take ownership of their learning process (Biesta & Tedder, 2007), manifests in
technology-mediated environments when they make decisions, adapt resources, and regulate their
engagement with tools for their learning goals (Liu & Chao, 2018). These agentive practices resonate
with Tondeur’s (2012, 2025) active learning principles for pre-service teachers, where pre-service
teachers as learners are positioned as co-designers rather than passive recipients of content, thereby
reinforcing CK development as an active, situated process (Jeon et al., 2022). The SAC model further
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explicates the actualization of learner agency, illustrating progression from learning about Al, to learning
from it, and ultimately to learning with it while each stage entails higher levels of agency and decision-
making (Kim et al., 2022).

From the TMLT perspective, agency is a critical capacity that enables learners to recognize and
purposefully enact technological affordances within a pedagogical context (Liu & Chao, 2018). By
exercising agency, learners pursue disciplinary goals—for instance, in GenAl-supported lesson design,
pre-service teachers may notice and leverage GenAl functions such as generating multimodal materials,
providing feedback, or simulating communication tasks (Lee et al., 2025). In doing so, they can develop
both TK and CK for the pedagogically informed GenAl usage (Moorhouse, 2024).

Design-based learning operationalizes TMLT principles in teacher education through iterative cycles of
planning, creating, evaluating, and revising, during which learners integrate CK, PK, and TK in authentic
design tasks (Bower, 2019; Tondeur et al., 2025; Wu & Chun, 2025). In this process, learner agency
mediates the use of technological affordances, while technology acts as both resource and co-participant.
For example, Lee and Jeon (2024) demonstrated that Al-integrated lesson design enhanced pre-service
teachers’ TK, supported CK-PK integration, and improved adaptive lesson planning. Such technology-
enhanced design activities further help cultivate professional digital competencies that encompass both
CK and PK (Lee et al., 2025; Moorhouse et al., 2024).

Therefore, TMLT offers a robust framework for examining how pre-service teachers’ applied linguistics
knowledge develops through agency, affordance recognition, and iterative design processes. The
integration of the SAC model further captures the evolving dynamics of human-Al collaboration in
mediating this learning. Guided by these perspectives, this study addresses two complementary research
questions (RQs):

RQ1. How do pre-service teachers develop content knowledge through their engagement in iterative
design processes using GenAl and the metaverse?

RQ2. In what ways do their technological knowledge and learner agency mediate content knowledge
development in a technology-mediated learning environment?

Methods

The study adopted a qualitative approach to explore two RQs, as this methodology is particularly well-
suited for an in-depth exploration of participants’ experiences and voices within their design works
(Braun & Clarke, 2021; Dornyei, 2007).

Context and Participants

This study was conducted in Spring 2025 as part of an undergraduate applied linguistics course at a
university in Eastern China. The course, a compulsory component of the Applied Linguistics program,
introduces concepts such as SLA, genre and discourse analysis, translanguaging, and technology use in
applied linguistics, with applications to real-world contexts. Of the 39 Year 3 students enrolled in the
course, we collected data from 23 students (6 males, 17 females, aged 21-23) who volunteered to share
their activities for this study. They prepared to pursue careers as secondary- or university-level English
teachers, consistent with the program’s curriculum, which qualifies students for a teaching certificate in
China.

The first author served as the course instructor, positioning the researcher as an insider to the instructional
context. To address ethical considerations and potential power imbalances, participation in the study was
voluntary, research data were not used for course assessment, and all reflective journals and interview
data were anonymized prior to analysis.
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Research Procedure: Brand and Showroom Design Project

Drawing on SQD and TMLT principles, we implemented a design-based learning project within an
applied linguistics course that engaged pre-service teachers in authentic activities using GenAl and the
metaverse. Following SQD, the project incorporated strategies such as linking theory and practice,
instructor modeling, design tasks, collaboration, authentic practice, reflection, and feedback (Tondeur et
al., 2012, 2025). From the TMLT perspective (Bower, 2019), the project was designed to (1) make key
tool affordances explicit through modelling and guided experimentation with ChatGLM, a GenAl tool,
and Spot as a metaverse platform, (2) promote learner agency via learner choice (brand topic and
identity), goal-setting, and adjustment for accepting, rejecting, and modifying Al outputs, and (3)
operationalize design-based active learning through repeated plan—create—evaluate—revise cycles
culminating in a public showcase. Figure 1 summarizes how SQD strategies and focal TMLT premises
(affordances, agency, design-based active learning) were enacted across the six stages of the project. To
make student—Al collaboration effective for participants during the project, we also used the SAC
viewpoint (Kim et al., 2022) as a pedagogical heuristic when sequencing reflective tasks especially during
Stages 2 and 3. After being introduced to different concepts in applied linguistics, students developed a
brand using ChatGLM and created a virtual showroom in the metaverse to showcase their designs. This
project was selected because we expected it to cultivate students’ creativity and provide opportunities to
utilize applied linguistics concepts, such as genre and discourse analysis, to a branding project. Students
worked in 16 groups of 2—3 members.

Figure 1

Research Procedure: Brand and Showroom Design

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 Stage 6
Lecture & Technology Branding Designing Showcasing Presentation
\Comprehensmnj L Modeling w/ GenAl Showroom | | Presentation ) ( & Reflection )
1 1 0 3) (5) 7
<Week 1~ 4><D <Week 5> N <Week 6 ~ 7> <Week 8 ~ 9>@) <Week 10> é} <Week 11> O
- Lecture on - How to use GenAl | |- Students made - Students designed| |- Students gave - Students engaged
applied linguistics | | & Metaverse tools their brands with showrooms with presentation in in reflections
Module | |- Taught diverse - How to design & GenAl tools a Metaverse tool their showrooms | |- Students did
Activities | | concepts and build a chatbot - Using concepts of| |- Prepared scripts | |- Conducted Q&A discussions
theories - Instructor models applied linguistics for presentations sessions
- Students analyzed| |- Practices tools for | |- Mini presentation | |- Mini presentation
diverse cases sample designs & get feedback & get feedback
0 —e€ 6 6)
- Reflective
Data. journal
Collection « Interviews

SQD Strategies: ® Modeling tech use @ Exploration @ Collaboration @ Designing
® Authentic experiences ® Feedback @ Reflective practice

TMLT Principles: @ Affordances @ Agency € Design-based active learning

We used GLM-4 powered by ChatGLM because ChatGPT was not officially available in mainland China.
Developed by Team GLM at Tsinghua University, GLM-4 is a bilingual large language model. According
to the technical report and benchmark evaluations, GLM-4 shows competitive performance across a range
of reasoning, coding, and instruction-following benchmarks, with results that are comparable to leading
commercial models on several metrics (GLM Team, 2024). As shown in Figure 2, it supports similar
functions, generating text, images, and video from prompts and enabling Al—user video chats and
customized agents.
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Figure 2
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Using ChatGLM, students created slogans, signatures, images, and videos to promote selected brands,
ranging from products and corporate or personal brands to social media channels. They applied their CK
from the course, such as translanguaging, genre analysis, and discourse analysis, to shape textual and
visual elements, and revised their work through group presentations and peer feedback. For example,
Figure 3 shows the Hula brand, where students combined the Hawaiian greeting hula with a hibiscus
motif, costume-like shapes, and dance-inspired typography to create a multimodal discourse of warmth,
culture, and travel. This blending of linguistic and visual resources illustrates translanguaging practices
that extend meaning beyond language.

Figure 3
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For showroom design, Spot was adopted as a metaverse platform, enabling students to showcase their
brands for advertising purposes (Hwang et al., 2025). This platform allows users to build virtual spaces
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from scratch, embed internet sources, and deliver videoconferencing presentations (Figure 4). The
instructor demonstrated how both tools could be applied to branding and design tasks in business
communication, after which students practiced using them with guided support.

Figure 4
Functions and Modes in Spot
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Within Spot, students embedded ChatGLM-generated outputs, such as images, signatures, slogans, and
videos, into 3D environments. This required multimodal design thinking, as they arranged textual, visual,
and spatial elements to create coherent brand experiences that balanced visual appeal with communicative
authenticity. Figure 5 illustrates how CK was operationalized: Group A built a multi-level showroom to
simulate immersive brand encounters; Group B embedded laptop displays with interactive 3D content and
videos to highlight multimodality; and Group C integrated a playful O-Mazing slogan with supporting
visuals to demonstrate the blending of linguistic creativity and visual resources.

Figure 5
Student-designed Multimodal 3D Metaverse Showrooms
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Data Collection

To address the two RQs, we used multiple data sources for triangulation (Dornyei, 2007): reflective
journals and semi-structured interviews. As part of their final portfolio, students submitted reflective
journals in Week 11, designed to elicit critical reflections on the project and their learning experiences
(Appendix A). After submission, they participated in 30—40 minute semi-structured interviews in English,
which were recorded and transcribed verbatim (Appendix B). The interview protocol with four thematic
sections was designed to elicit more in-depth description of (1) participants’ CK application and
internalization and (2) the ways they utilized GenAl and the metaverse platform as mediating resources
(see Appendix C for this mapping). For this, TMLT constructs (Bower, 2019) informed the primary
probes on affordance noticing, agentive decision-making, and design-based learning, whereas SAC (Kim
et al., 2022) was used as a heuristic to probe student—Al collaboration (Kim & Cho, 2025; Lee et al.,
2025). Importantly, the TMLT principles informed our analytic focus and structured prompts for eliciting
reflective accounts: (1) CK development, including how participants applied linguistics concepts in their
GenAl and metaverse designs and how their theoretical understanding evolved (Bartels, 2005; Beshah &
Anshu, 2024); (2) technological affordances, focusing on how they identified and adopted GenAl and
metaverse features for project goals (Bower, 2019; Jeon et al., 2022); (3) agency and TK, examining
decision-making, initiative, and growth of TK through iterative engagement (Lee et al., 2025; Moorhouse,
2024); and (4) agency and CK, analyzing how agency influenced the internalization of CK and the link
between theory and practice (Liu & Chao, 2018; Zhang et al., 2025).

Data Analysis

Qualitative data from the reflective journals and interviews were analyzed in parallel using thematic
analysis, with the two data sources treated as complementary for interpretation, to identify emerging
themes and patterns related to RQs (Braun & Clarke, 2021). Data analysis was conducted using a hybrid
approach that encompasses both inductive and deductive analyses (Fereday & Muir-Cochrane, 2006).
Specifically, in the first cycle of inductive analysis, the authors repeatedly read the data for
familiarization, then generated initial open codes inductively, guided by the two RQs, focusing on CK
development and technology-mediated processes including affordances, learner agency, and TK. The
authors took analytic memos to document emerging codes and interpretations. They then reviewed code
labels, definitions, and illustrative excerpts to categorize codes into specific themes.

After inductive themes were determined, a second cycle of deductive analysis was conducted based on the
two theories in this study (Bower, 2019; Kim & Cho, 2025; Kim et al., 2022). Themes and extracts were
mapped to theoretical constructs from TMLT and to interpretive orientations from SAC; that is, the data
were analyzed in relation to TMLT principles as the primary lens and interpreted using SAC orientations
to enhance analytic depth (see Appendix C). This mapping allowed for specifying which TMLT
principles were implicated in each theme and to characterize salient SAC orientations reflected in the
data.

Finally, reflective journals and interviews were integrated into data analysis to support triangulation.
Journals were primarily used to trace students’ learning moments and design decisions, while interviews
provided retrospective evidence such as elaboration, confirmation, or qualification. Evidence from both
sources was then synthesized at the theme level, while themes were refined through complementary
comparison rather than source-specific separation.

Inter-coder agreement for the double-coded subset reached Cohen’s k = .82. Discrepancies were resolved
through discussion, and the refined codebook was applied to the remaining data.

Findings

The analysis shows how pre-service teachers developed CK through a design-based learning project with
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GenAl and a metaverse platform. The findings show that CK development unfolded as an iterative
process, supported by the affordances of the two tools and mediated by growth in TK and the enactment
of learner agency. Appendix D presents an overview of how eight themes were coded, categorized, linked
to interpretive lenses (TMLT and, where applicable, SAC), supported by evidence from the two data
sources.

RQ1: CK Development through Iterative, Affordance-driven Design-based Learning

Regarding RQ1, the data showed that participants’ CK development was influenced by their active
engagement in iterative design tasks that leveraged GenAl and metaverse affordances. In contrast to
lecture-based or case-study approaches typical of applied linguistics classes (Bartels, 2005), this project
required students to embed disciplinary concepts into authentic, technology-mediated design work. Four
themes emerged, reflecting how participants applied, refined, and expanded their CK through culture-
oriented design, iterative artifact development, and strategic adoption of GenAl and metaverse
affordances.

Applying CK in Culturally and Contextually Relevant Designs

Participants (n = 14) emphasized the importance of embedding applied linguistics knowledge, such as
genre and discourse analysis, corpus linguistics, and SLLA, into brand and showroom designs that they
believe were culturally and contextually appropriate. This required bridging communicative goals with
disciplinary concepts from the course and adapting language, visuals, and interactional framing to the
sociocultural context of target audiences. For example, two students noted:

I designed my metaverse booth for a Korean cosmetics brand, making sure the slogans fit the cultural
context. (Student 7, Reflective Journal)

When designing the slogans for our metaverse booth, I realized that simply translating persuasive
expressions was not enough. I considered cultural expectations and how certain words might be
interpreted differently by international audiences. (Student 11, Reflective Journal)

Similarly, 11 participants reported framing their metaverse design decisions around the expectations of
audiences from different linguistic and cultural backgrounds. This often involved adjusting tone, register,
and visual layout to promote inclusivity and accessibility, thereby strengthening the persuasive appeal of
their projects, as one student explained:

I tailored the showroom and presentation style to match the expectations of international students who
would potentially visit our virtual booth. (Student 3, Interview)

Refining CK through Iterative, Collaborative Design Processes

Many participants (n = 16) emphasized the value of iterative design cycles in refining the application of
CK to their artifacts. Rather than producing a single draft, they engaged in repeated cycles of ideation,
prototyping, feedback, and revision, which deepened their engagement with principles such as discourse
structuring, audience accommodation, and multimodal alignment. Peer and tutor feedback often prompted
them to revisit earlier decisions, leading to the restructuring of discourse moves or multimodal
arrangements. Regarding this, two students reflected:

The process of drafting, feedback, and revision helped me connect the theoretical principles of the
course with practical design choices more clearly. (Student 8, Reflective Journal)

Peer feedback showed me that my initial discourse moves did not match the audience’s expectations, so
I revised my strategy to create a more persuasive flow. (S14, Reflective Journal)

In addition, 12 participants reported trying multiple discourse and genre strategies to operationalize CK in
their brands and showrooms. By testing variations in tone, design structure, and sequencing of showroom
elements, they compared alternative GenAl outputs and selected the most persuasive versions:
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I used ChatGLM to generate brand taglines and messages, then refined them to match the tone and
persuasive styles we learned in the course, such as puns and translanguaging. (Student 15, Interview)

I created two alternative opening sections to see which would engage the audience more effectively.
(Student 5, Reflective Journal)

GenAl affordances: Expanding CK through the Strategic Use of GenAl Affordances

Participants (n = 18) reported using diverse GenAl affordances in their brand and showroom designs,
from content generation to cognitive support in brainstorming, expanding their discourse strategies,
stylistic choices, and genre structures. They relied on prompt engineering techniques, selective adoption,
and repeated refinement to align GenAl outputs with the persuasive and genre-specific goals of the
project. One student explained:

[ used ChatGLM to generate alternative introductions and then refined them to match genre principles.
For example, I revised a slogan to add my own style with translanguaging and Chinese—English puns.
(Student 21, Reflective Journal)

Eleven participants utilized GenAl as a feedback provider, selectively adopting its suggestions to improve
their work. Sometimes they accepted recommendations; at other times they rejected them but refined their
drafts using the insights gained, as two students explained:

ChatGLM suggested a more concise headline than my first draft, which I revised to fit the persuasive
structure of our genre. It worked well in the end. (Student 6, Interview)

ChatGLM helped me make multiple versions of introductions very quickly. However, by looking at
several alternatives side by side, I rejected some of them, acknowledging genre differences, such as
how much background information was appropriate for this type of promotional discourse. (Student 13,
Interview)

These processes show how GenAl’s affordances, when critically employed, broadened the range and
depth of participants’ CK application in their design projects.

Metaverse Affordances: Applying CK for Crafting Immersive, Multimodal Showrooms

Participants (n = 15) emphasized the constructive role of metaverse affordances in applying their CK to
design immersive, multimodal 3D environments. The spatial, designable, and interactive features of the
platform enabled them to translate linguistic and genre-based decisions into embodied, navigable
experiences. This required integrating discourse planning and advertising strategies with spatial design,
multimodal embedding, and interactive sequencing for actualizing applied linguistics knowledge. For
example, one student noted:

I embedded an interactive quiz into the metaverse booth to check visitors’ understanding of our
campaign message. (Student 9, Reflective Journal)

Others (n = 13) explained that Spot allowed them to embed multimedia resources, such as text, images,
and video, to appeal to target audiences. This involved identifying the communicative function of each
resource and selecting the most suitable modality to convey the message. With these affordances, students
created showrooms that engaged visitors through multiple sensory and cognitive channels. This
multimodal embedding made showrooms visually engaging and enhanced comprehensibility by offering
multiple pathways to meaning. One participant explained:

We placed an embedded video in the welcome zone, so visitors could quickly grasp the brand story,
applying what we learned about delivering messages through multimodal methods. (Student 2,
Interview)

RQ2: Mediating roles of TK and Learner Agency in CK Development
While RQ1 examined how CK was applied through design activities and technological affordances, RQ2
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focuses on the psychological processes that enabled such development (Liu & Chao, 2018). Specifically,
participants’ growth in TK and enactment of agency mediated the relationship between technology use
and CK internalization (Lee, 2025; Zhang et al., 2025). These mediating processes involved
recontextualizing GenAl outputs, aligning TK with subject knowledge, co-constructing CK through
distributed agency, and reflecting on ethical and critical language awareness (Godwin-Jones, 2024; Kim
et al., 2022).

Agency-driven Recontextualization of GenAl Outputs

Some participants (n = 12) described moments in which they exercised agency to adapt, reject, or reframe
GenAl-generated outputs to align with CK principles in applied linguistics. These decisions were not
passive responses to technology but deliberate acts of control over the design process to meet genre
conventions (e.g., business communication discourse in this context) and audience expectations. One
participant highlighted the decision to reject GenAl-generated text that lacked cultural and audience
engagement and to rewrite the section:

I edited ChatGLM’s slogan because although grammatically correct, it missed our target audience and
persuasive tone. | kept the structure but aligned the wording with our brand identity. (Student 11,
Interview)

Another group (n = 7) emphasized agency in sequencing communicative elements within the metaverse
booth. Rather than treating it as a static display, they considered how visitors moved through space and
encountered persuasive elements in real time. For example, one student repositioned the call-to-action
earlier in the design:

I redesigned the layout to position the call-to-action more prominently. Moving it from the end to an
earlier point grabs visitors’ attention faster and makes the campaign’s objective clear from the start.
(Student 4, Reflective Journal)

Mediating Role of TK Development

The development of TK, such as prompt engineering, GenAl feature integration, and multimodal editing,
emerged as a key mediator between participants’ use of technological affordances and CK internalization.
Many (n = 21) reported that growing TK enabled them to better exploit GenAl and metaverse
affordances, producing outputs aligned with the linguistic and genre principles taught in the course. One
participant highlighted the role of prompt techniques in producing genre-appropriate outputs:

At first, the Al outputs were too generic and did not reflect the genre conventions we had studied. By
refining my prompts with constraints, specifying tone, audience, and rhetorical purpose, I generated
output much closer to our target genre. This showed me how prompt engineering itself applied
discourse and genre principles in practice. (S10, Reflective Journal)

Sixteen participants also stressed the importance of TK in integrating different modes of communication
into brand and showroom designs. Their accounts show that TK not only enabled tool use but mediated
how multimodal outputs aligned with applied linguistics knowledge, ensuring accuracy, discourse
structuring, and persuasive intent across modes. As one student reported, producing visuals and aligning
them with the text required knowledge of genre-sensitive coherence in linguistic aspects:

Working with visuals from ChatGLM was not just about inserting images. I had to merge them with
my text, checking that colors, imagery, and slogans reinforced rather than distracted from the message.
This required thinking about genre conventions in multimodal terms, where visuals and language had
to work together for a coherent and convincing campaign. (S06, Reflective Journal)

Distributed Agency and Collaborative CK Reconstruction

CK reconstruction often occurred through distributed agency, where design decisions were co-shaped by
students, peers, and GenAl rather than individuals alone. Participants (n = 8) described how GenAl
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outputs, peer suggestions, and their own CK knowledge were negotiated to reach effective design choices.
Instead of treating Al outputs as final, they valued group discussion and integration. One participant noted
how peer critique directly informed CK adjustments:

I generated several images with ChatGLM, but my partner said they didn’t fully match our message.
After discussion, we combined my revised visuals with her text to create a more balanced design.
(Student 20, Interview)

Similarly, six participants described GenAl outputs as flexible starting points for collaborative remixing.
Rather than accepting slogans verbatim, groups reworded drafts through critique and disciplinary
knowledge to better resonate with audiences. As one explained how group discussion influenced their
communicative awareness through content remixing:

My partner suggested adapting our GenAl slogan to be more contextually suitable. Through discussion
we remixed it into a version that better reflected our target audience. (Student 5, Interview)

Reflective Inquiry and Critical Language Awareness

Some participants (n = 6) highlighted reflective inquiry as a way to question and revise linguistic choices,
integrating critical language awareness into their design processes. Reflection was treated as active
metacognitive inquiry into whether outputs aligned with genre conventions, ethical standards, and
inclusive communication. This led to revisions that addressed audience diversity and the social
implications of language use. One student noted this by reconsidering the inclusivity of GenAl-generated
content:

When I looked back at the GenAl text, I saw it was too generalized and could even stereotype. After
reflecting, I rewrote it to better respect the cultural backgrounds of our audience. (Student 8, Reflective
Journal)

Others (n = 4) focused on ethical aspects of communication, revising Al-generated slogans that they
found too forceful. Through reflective inquiry, two students in the following extracts reconsidered the
ethical stance of the message and rephrased it to allow their audience to form their own interpretation:

At first, the slogan sounded pushy, like we were forcing people to act. After reflecting, I revised it to
stay persuasive but respectful, so the audience felt invited rather than pressured. (Student 16, Interview)

After reviewing the Al-generated description, I felt it was too general and relied on exaggerated claims,
such as ‘50 million images,” which could damage credibility. So, I revised the text to include more
culturally appropriate information and realized that responsible authorship requires critical evaluation.
(Student 23, Reflective Journal)

Discussion and implications

Given that the integrated use of GenAl and metaverse technologies has been unexplored in teacher
training, particularly for enhancing pre-service teachers’ CK, this study demonstrated that a technology-
enhanced, design-based approach can develop CK. The findings indicate that student-Al collaboration in
design projects activates learner agency in reflecting on theoretical concepts and technology use in real-
world applications (Kim et al., 2023; Jeon et al., 2022; Tondeur et al., 2025).

Regarding RQ1, which explored how iterative GenAl-metaverse design fostered pre-service teachers’
CK, the findings indicate that CK developed when abstract applied linguistics concepts were enacted in
audience-specific artefacts through authentic design rather than taught as declarative knowledge (Bartels,
2005; Zhang et al., 2025). Within iterative cycles of planning, creating, evaluating, and revising, GenAl
and the metaverse served as mediating tools that turned perceived affordances into concrete design
actions (Bower, 2019; Jeon et al., 2022). GenAl required students to make explicit choices about register,
stance, and cohesion, while metaverse affordances such as spatial layout and interactive displays enabled
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them to stage and experiment with discourse and genre meanings in immersive contexts (Hwang et al.,
2025; Lee & Kim, 2025). Reflections further showed that this design-based active learning was scaffolded
by SQD-informed strategies (e.g., modelling, authentic tasks, collaboration, and reflection) that supported
CK growth beyond technocentric training (Tondeur et al., 2025; Wu & Chun, 2025). Consistent with the
SAC perspective, participants also perceived GenAl as a co-designer, moving from learning about or
from Al to learning with Al as they critiqued and adapted its outputs (Kim et al., 2022; Moorhouse et al.,
2024). Overall, these findings extend previous research by demonstrating how affordance-driven design
tasks with GenAl and the metaverse can support CK development in teacher education (Lee & Kim,
2025; Moorhouse et al., 2024).

Our data indicate that the effectiveness of design-based teacher training hinged on iteration: repeated
plan—create—evaluate—revise cycles contributed to CK internalization (Choi et al., 2024). In these cycles,
participants compared GenAl outputs, evaluated register and audience fit, and revised discourse moves
and multimodal layouts to meet communicative goals. Using GenAl to refine drafts and the metaverse to
adjust spatial narratives, they enacted applied linguistics knowledge in ways that were open to team
discussion and negotiation. Aligned with TMLT-informed teacher education studies, our findings suggest
that scaffolded, iterative practice—where learners agentively orchestrated affordances—fostered CK
internalization effectively (Bower, 2019; Tondeur et al., 2025; Hwang et al., 2025). While prior studies
credited iteration in GenAl and metaverse design separately (Lee et al., 2025), our study extends this by
showing how their combined affordances—the designability of GenAl for draft generation and the
constructibility of metaverse platforms for spatial reconfiguration—offer student teachers additional
theory-to-practice opportunities for CK application (Lee & Wu, 2024; Wu & Chun, 2025).

As to RQ2, which examined how learner agency mediates the relation between TK and CK in a GenAl-
metaverse design context, our analysis shows that it was agentive orchestration rather than the tools
themselves that transformed affordances into CK growth (Bower, 2019; Chen, 2022; Jeon & Lee, 2023).
Participants enacted agency by strategically adapting GenAl outputs and engaging in design-based
revision, purposefully accepting, rejecting, or customizing text and visuals against diverse criteria of
genre, audience, and ethics, thereby mediating TK into CK. Viewed through the SAC lens (Kim et al.,
2022), this shift from learning from Al to learning with Al positioned GenAl as a co-designer whose
drafts invited participants’ critique and refinement, turning potentially passive knowledge into active
practice (Lee & Kim, 2025; Zhang et al., 2025). Extending prior work on the role of agency in actualizing
affordances (Bower, 2019; Lee et al., 2025), our findings locate agency within strategic iterations that
operationalized CK criteria in multimodal artefacts, linking applied linguistics theory to genre-related
discourse decisions (Bartels, 2005; Lee & Kim, 2025).

The findings further show that participants’ collaborative design with GenAl and the metaverse can be
framed through the lens of distributed agency, where action is shared across students, GenAl, and the
platform, and emerges relationally among human and non-human actors (Godwin-Jones, 2024). In this
study, Al outputs functioned as shared objects around which peers exercised co-reflexivity, interrogating,
revising, and recontextualizing the outputs to meet genre and audience expectations (Godwin-Jones,
2024; Kahn, 2014). Group showrooms exemplified this process, as the participants modified and
embedded multimodal artefacts in 3D spaces, a dynamic activity consistent with resistance—
accommodation cycles in human—technology interactions (Hogstrom et al., 2024). Notably, in these
cycles of interacting with GenAl and the metaverse as non-human actors in the given network, students
divided responsibilities: some generated prompts and screened Al outputs, while others refined language,
adapted visuals, or aligned content with audience expectations, taking complementary roles such as
prompt initiator, editor, or presenter. Unlike earlier studies that explored distributed agency in online
forums (Sandoval-Cruz et al., 2022) or PBL-based contexts (Zhang et al., 2025), our research
operationalizes it in L2 teacher education with GenAl and the metaverse, showing how team-level
critique and re-authoring of Al outputs enabled collaborative CK reconstruction. This moves beyond
technocentric accounts of tools (Godwin-Jones, 2024) or individual-level views of engagement (Biesta &
Tedder, 2007; Kahn, 2014). This suggests that cultivating distributed agency in this way can contribute to
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pre-service teachers’ professional development by fostering critical design skills, collaborative
authorship, and adaptive expertise in technology-mediated environments (Godwin-Jones, 2024; Hogstrom
et al., 2024).

Finally, the data also highlights how reflective inquiry enhanced critical language awareness, allowing
students to examine GenAl outputs for ethical stance, audience appropriateness, and genre fit. Reflection
was used as a metacognitive strategy through which participants critiqued and revised their work in light
of communicative appropriateness and cultural inclusivity (Chen, 2023; Jeon et al., 2022; Tondeur et al.,
2025). These practices corroborate prior research that frames critical digital and Al literacy as essential
teacher-education competencies, highlighting not only technical proficiency but also the ability to
evaluate, critique, and redesign digital texts for equity and inclusion (Lee et al., 2026; Moorhouse et al.,
2024). By embedding reflective inquiry in authentic design tasks, this study thus linked CK development
with professional growth through cultivating ethical judgment and critical literacy to interrogate how
digital tools shape discourse and its implications for fairness, authorship, and cultural inclusivity
(Moorhouse et al., 2024; Pei et al., 2025). This discussion is associated with concerns about over-reliance
and metacognitive laziness in GenAl-mediated learning (Fan et al., 2025). Rather than treating GenAl as
an answer tool, in this study, the participants kept engaging in the calibration of outputs, justification
against CK-based criteria, and collaborative critique, which required them to externalize reasoning and
sustain metacognitive monitoring. This suggests that design-based active learning with critical inquiries
can mitigate unreflective dependence by positioning GenAl as a draft-producing co-designer that invites
scrutiny and revision, rather than as a substitute for disciplinary thinking (Lee & Jeon, 2023; Moorhouse
et al., 2024).

Conclusion

This study explored how a design-based project integrating GenAl and a metaverse platform supported
the development of CK in applied linguistics among pre-service English teachers. The combined
affordances of the two technologies engaged participants in iterative design cycles, giving them
opportunities to apply their applied linguistics knowledge in practice by testing, justifying, and refining
design decisions in relation to genre, audience, and ethical considerations. The findings show that learner
agency, which is enacted through goal setting, selective uptake, and revision, mediated how technological
affordances were translated into design actions guided by disciplinary knowledge (e.g., discourse and
genre analysis for business communication), supporting the internalization of CK beyond declarative
knowledge (Bartels, 2005; Bower, 2019; Lee & Wu, 2024).

The findings provide both theoretical and pedagogical implications. Theoretically, the study specifies how
TK can inform CK through agentive mediation in design-based projects, clarifying an affordance-and-
agency process of learning in teacher education (Lee et al., 2025; Bower, 2019). Building on this account,
future research could examine this TK—CK pathway by testing scaffolds for agency, such as goal setting,
calibration, and critique protocols (Jeon et al., 2022), and by modelling the impact of technology
mediation on performance-based CK (Tondeur et al., 2025). The findings also underscore iteration as a
key mechanism of CK internalization: the plan—create—evaluate—revise cycle can bind design decisions to
genre, audience, and ethics criteria, stabilizing conceptual uptake (Campbell et al., 2022; Choi et al.,
2024). Pedagogically, technology-enhanced teacher education should embed scaffolded, design-based
iteration (e.g., modelling, authentic tasks, collaboration, reflection) to cultivate CK as well as TK, thereby
supporting disciplinary expertise and professional readiness (Lee & Kim, 2025; Moorhouse et al., 2024;
Tondeur et al., 2025). Also, teacher education curricula should incorporate critical Al literacy as an
explicit objective, ensuring that pre-service teachers can evaluate whether Al outputs align with
disciplinary demands. Discipline-specific reflective tasks and rubrics that prompt students to justify Al-
assisted designs with CK may further support the transformation of subject-matter knowledge into
principled classroom practice (Pei et al., 2025).

This study has several limitations. First, its findings have limited generalizability, as they derive from a
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single course in one semester and rely on qualitative perception-based data. Future research could
incorporate performance-based CK measures (e.g., rubric-based evaluations of artefacts), pre/post
comparisons of instructional effectiveness, and longitudinal approaches tracking novice teachers’
practices to assess both immediate and lasting impacts on teacher learning. Second, the results are tied to
the specific affordances of the GenAl and metaverse platforms, since students designed advertising
brands and structured activities around particular theoretical constructs. This may restrict the applicability
of this study’s findings to other tasks or subject areas. Future studies could address this by testing the
approach with different project types, disciplinary domains, and technological platforms.
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Appendix A. Reflective Journal Instructions

1. Please reflect on your experience of designing a brand and a virtual showroom in the metaverse. How
did you apply the applied linguistics concepts you learned in class (e.g., genre analysis, discourse
analysis) to your project?

2. Discuss your perceptions of using GenAl chatbots and the metaverse for this project. What were the
benefits and challenges of integrating these technologies into your pedagogical design?

3. In what ways do you think this project and the use of these technologies can prepare you for your
future role as an English teacher?
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Appendix B. Sample Interview Questions

Section 1: Experiences in CK Development

1. Can you describe a moment during the project when you applied a specific concept from the applied
linguistics course to your GenAl or metaverse design?

2. How did your understanding of applied linguistics theories change over the course of this project?
Section 2: Technological affordances
3. Which features of GenAl and the metaverse did you find most useful for completing your tasks?

4. Can you give an example of how you adapted or customized Al-generated content to better suit the
project’s goals?

Section 3: Agency and TK

5. How did your own decisions and initiative influence the direction of your design?

6. Did you feel that your technological knowledge improved during the project? In what ways?
7. What challenges or constraints did you face when working with these technologies?

8. How do you think these experiences will influence how you might use similar tools in your future
teaching?

Section 4: Agency and CK

9. In what ways did taking initiative or making design choices help you deepen your understanding of
applied linguistics concepts?

10. Can you recall a time when you revised your design based on CK-related insights (e.g., discourse or
genre analysis)? What prompted that change?

11. How did your active involvement in decision-making affect the way you connected theory from the
course to your GenAl or metaverse outputs?
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Appendix C. Mapping between Interview Questions and Theoretical Frameworks

Interview focus Interview questions TMLT principles SAC orientation

Agency; design-based

CK application in design Ql active learning Learn from/with Al
CK development over 0 Reﬂgctlon; design-based N/A
time learning
Technological Q3 Affordance recognition = Learn about/from Al
affordances

. Agency enactment; Learn from — Learn
Re-authoring Al outputs - Q4 affordances-in-use with Al

. Learner agency; design- .

Learner agency Q5,Q9%-11 based learning Learn with Al
TK development Q6 learner agency and tech Learn about/from Al

affordance

Constraints and limits Q7 Reflective inquiry Learn about Al
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Appendix D. Coding Scheme for both Inductive and Deductive Analyses

Stage Analysis focus Sample extract Coding output Theory
First-cycle CK enactment “We revised the slogan because Open codes capturing N/A
(inductive) the original wording did not fit CK use (e.g., genre
the target audience’s adaptation, discourse
expectations.” positioning)
First-cycle Tooluse and  “ChatGPT suggested several Open codes capturing N/A
(inductive)  decision- versions, but we selected only  tool-related actions and
making the one that matched our brand  decisions
identity.”
Theme Pattern N/A Categorizing emerging  N/A
construction formation themes
Second-cycle Learning “After reviewing the Al- Theme-level mappingto TMLT
(deductive)  mechanism generated version, we revised ~ TMLT constructs

the wording several times and  (affordances, learner
adjusted the message to better ~ agency, design-based
fit the genre and audience we active learning)

had discussed in class.”

Interpretive  Student—Al “The Al helped us generate an ~ Theme-level SAC tag SAC
tagging collaboration  initial draft, but we did notuse  (learning about / from /
orientation it as it was. We rewrote and with Al)

reorganized the content so that
it reflected our own design

intentions.”
Cross-source Analytic Journals documenting a revision Convergent or Analysis
integration  validation decision; interviews elaborating complementary evidence credibility
why the change was made noted
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