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Abstract

This paper explores the transformative impact of generative artificial intelligence (GenAl) on teachers’ roles and agencies
in education, presenting a comprehensive framework that addresses teachers’ perceptions, knowledge, acceptance, and
practices of GenAl. As GenAl technologies, such as ChatGPT, become increasingly integrated into educational settings,
both in-service and future teachers are required to adapt to evolving classroom dynamics, where Al plays a significant
role in content creation, personalized learning, and student engagement. However, existing literature often treats these
factors in isolation, overlooking how they collectively influence teachers’ ability to effectively integrate GenAl into their
pedagogical practices. This paper fills this gap by proposing a framework that categorizes teachers (including both pre-
and in-service teachers, hereafter) into four roles—Observer, Adopter, Collaborator, and Innovator—each representing
different levels of GenAl engagement, outlining teachers’ agencies in GenAl classrooms. By highlighting the need for
quality teacher education programs, continuous professional development and institutional support, we use examples to
demonstrate how teachers can evolve from basic GenAl users to co-creators of knowledge alongside GenAl systems. The
findings emphasize that for GenAl to reach its full educational potential, teachers must not only accept and understand
its capabilities but also integrate it deeply into their teaching practices. This study contributes to the growing literature
on GenAl in education, offering practical implications for supporting both in-service and future teachers in navigating
the complexities of GenAl adoption.
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Introduction

The integration of Generative Artificial Intelligence
(GenAl) in educational environments is rapidly transform-
ing the landscape of teaching and learning, presenting both
unprecedented opportunities and significant challenges for
teachers (including both pre- and in-service teachers, here-
after). GenAl technologies, including advanced natural lan-
guage processing (Zhai et al., 2020), content creation tools
(Lee & Zhai, 2024b), and interactive learning assistants
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(Latif et al., 2024; Pahi et al., 2024), offer the potential to
personalize education, enhance student engagement, and
revolutionize the production of educational materials. These
advancements promise to disrupt traditional pedagogical
practices, fundamentally altering the dynamics of classroom
instruction and the relationships between teachers, students,
and technologies (Pahi et al., 2024; Tang et al., 2024). That
is, as GenAl becomes more sophisticated and widespread,
it is increasingly capable of performing tasks that were once
the sole domain of teachers, such as generating custom-
ized learning content (Nyaaba et al., 2024a) and providing
nuanced feedback (Zhai, 2023). This shift necessitates a re-
examination of the roles teachers play within the classroom
and their agencies—the capacity and autonomy of teachers
to make decisions, take initiative, and act in ways that shape
their teaching practices and professional development, as
they are now required to adapt to an environment where
GenAl is not merely an auxiliary tool but an active col-
laborator in the instructional process (Lan & Chen, 2024).
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Understanding how teachers perceive, accept, understand,
and engage with these emerging technologies is crucial for
ensuring that GenAl is integrated in a way that enhances,
rather than diminishes, the educational experience (Collie
& Martin, 2024).

Despite the rapidly growing presence of GenAl in edu-
cation, the literature remains limited in its exploration
of the nuanced roles that teachers assume as they inter-
act with these systems. Existing research has primarily
concentrated on the technical efficacy of GenAl tools
and their perceived impacts on educational outcomes,
often neglecting the human element—specifically, how
teachers adapt to and collaborate with these technologies
and how GenAlI alters teachers’ agencies in classrooms
(Kizilcec et al., 2024). Studies that do focus on teachers
tend to examine their attitudes and perceptions towards
GenAl adoption in general (Garofalo & Farenga, 2024;
Guo et al., 2024) without delving deeply into the spe-
cific challenges and opportunities presented by GenAl.
Furthermore, the literature frequently assumes a one-
size-fits-all approach to technology adoption, failing
to account for the varying levels of GenAl integration
across different educational contexts and how these dif-
ferences might influence teachers’ roles and agencies.
In some subject domains such as science education, the
focus has often been on the capabilities of GenAl tools
rather than on the pedagogical implications these tools
have for the relational dynamics in the classroom (Zhai
et al., 2024). These gaps leave the field with insuffi-
ciency understanding of how to support teachers, as well
as how to alter our teacher education programs to better
prepare future teachers so that they can succeed in the
GenAl educational environments. Consequently, there is
a critical need for research to examine the specific ways
in which GenAl influences teachers’ roles and agencies,
going beyond simplistic notions of technology adoption
to explore the deeper, more complex interactions between
educators and GenAl systems.

Moreover, current theoretical frameworks that describe
teachers’ roles and agencies in relation to educational
technology, such as the Technological Pedagogical Con-
tent Knowledge (TPACK) model (Rosenberg & Koehler,
2015), may no longer fully capture the breadth of changes
brought about by GenAl. These models often emphasize
the enhancement of existing pedagogical practices through
the integration of technology, focusing on how teachers
can effectively incorporate digital tools into their instruc-
tion. However, they may fall short in addressing the trans-
formative potential of GenAl, which not only supports but
also actively shapes both short- and long-term educational
practices and teacher education programs through its abil-
ity to generate new content and facilitate adaptive learning
environments (Mishra et al., 2024). The TPACK model,
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for instance, is primarily concerned with the intersection
of technology, pedagogy, and content knowledge; while it
provides valuable insights into how teachers can integrate
technology into their teaching, it does not fully account for
the profound ways in which GenAl can alter the roles of
educators (Celik, 2023; Mishra et al., 2023). GenAlI’s abil-
ity to produce creative outputs, such as personalized les-
son plans, assessment tasks and rubrics, and even artwork,
introduces new dynamics into the classroom that go beyond
the scope of traditional technology-enhanced learning (Feld-
man-Maggor et al., 2024). Furthermore, GenAl technolo-
gies have the potential to create entirely new pedagogical
approaches, requiring teachers to move beyond traditional
agencies and embrace more innovative and creative ways of
facilitating learning. This includes a shift from being mere
facilitators to becoming co-creators of knowledge alongside
GenAl systems, a role that current frameworks do not fully
address (Kong & Yang, 2024). The lack of a comprehensive
framework that acknowledges this transformation presents
a significant research gap, particularly as GenAl continues
to evolve and become more integral to educational settings.

To fill these gaps, this paper aims to present a concep-
tual framework that depicts the transformation of teach-
ers’ roles and agencies in the era of GenAl. The proposed
framework identifies four distinct roles that teachers may
adopt—Observer, Adopter, Collaborator, and Innovator—
each corresponding to different stages of GenAl integra-
tion in the classroom. By examining these roles and agen-
cies through the lenses of teachers’ (including pre-service
teachers) perception, acceptance, knowledge, and practice,
as well as considering the nature of GenAl and the evolving
relationships between teachers and these technologies, this
paper offers a nuanced understanding of the transformative
potential of GenAl in teaching and learning. The framework
not only provides a theoretical foundation for future empiri-
cal research but also offers practical insights for educators
and policymakers, seeking to navigate the complexities of
GenAl integration in educational settings and advancing
teacher education programs.

Nature of Generative Al and Teachers’ Roles
and Agencies

The advent of GenAl marks a significant evolution in the
capabilities of Al systems, characterized by their ability to
autonomously produce content that was traditionally gener-
ated by humans. Unlike conventional technological systems,
which are primarily designed to perform specific tasks based
on predefined rules and datasets, GenAl leverages advanced
machine learning models, such as deep neural networks, to
create new content, ranging from text and images to audio
and video (Jo, 2023). This capacity for content generation
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introduces a paradigm shift in the educational landscape,
where the role of teachers is increasingly influenced by the
interplay between human creativity and machine-generated
outputs (Nyaaba & Zhai, 2024). Understanding the nature
of GenAl is critical for comprehending its potential impact
on teachers’ roles and agencies, as it extends beyond mere
automation to the co-creation and augmentation of educa-
tional materials and experiences (Pahi et al., 2024).

GenAl systems are distinguished by their ability to learn
from vast datasets and generate new outputs that are not
simply reproductions of existing data but rather novel crea-
tions that can adapt to different contexts and requirements.
For example, in education, GenAl can produce customized
learning materials tailored to individual student needs, such
as personalized textbooks, assessments, and interactive sim-
ulations (Bewersdorff et al., 2024; van den Berg & du Ples-
sis, 2023). This capability challenges traditional teaching
practices by shifting some aspects of content creation from
the teacher to the GenAl systems. As a result, teachers’ roles
in content delivery and curriculum design are transformed,
with GenAlI acting as both a collaborator and an enhancer of
instructional content (Lee & Zhai, 2024a). Teachers may no
longer need to spend as much time on creating or sourcing
instructional materials; instead, they can focus on curating,
guiding, and refining Al-generated content to meet the spe-
cific learning objectives and needs of their students.

Furthermore, the nature of GenAl allows for the crea-
tion of dynamic and adaptive learning environments that can
respond in real-time to student interactions. For instance,
GenAl can generate instant feedback on student assignments,
simulate complex scenarios for experiential learning, or even
create virtual environments where students can engage in
immersive educational experiences (Ali et al., 2023; Gold-
berg & Robson, 2023). This capability not only enhances the
learning process but also redefines the teachers’ roles from
being the primary source of knowledge to becoming a facili-
tator of an interactive, Al-enhanced learning environment. In
this context, teachers are required to develop new competen-
cies in managing and integrating Al-generated content and
experiences, ensuring that they align with pedagogical goals
and ethical standards (Feldman-Maggor et al., 2024). This
shift highlights the need for teachers to be not just users of
GenAl tools, but also critical evaluators and integrators of
Al outputs, guiding the learning process in ways that har-
ness the strengths of both human and machine intelligence.

The introduction of GenAlI also brings with it new
challenges and ethical considerations that directly impact
teachers’ roles and agencies. One such challenge is the
potential bias in Al-generated content, as GenAl sys-
tems are trained on large datasets that may reflect exist-
ing biases in the data (Srinivasan & Uchino, 2021; Zhou
et al., 2024). Moreover, unbalanced data could potentially
exacerbate existing disparities between groups of learners.

For example, Latif et al. (2023) found that LLMs trained
with gender-unbalanced data increased students’ science
score disparities by gender. Teachers must be vigilant in
identifying and addressing any biases that may emerge in
Al-generated materials, ensuring that the content is equi-
table and inclusive (Zhai & Nehm, 2023). Additionally, the
use of GenAl in education raises questions about intellec-
tual property and authorship, particularly when Al systems
generate original content (Cotton et al., 2024). Teachers
need to navigate these complexities, balancing the use of
Al-generated content with considerations of authorship,
originality, and academic integrity.

Moreover, the integration of GenAl into educational prac-
tices prompts a rethinking of the teacher-student relation-
ship. As GenAl systems take on more active roles in content
creation and interaction with students, the traditional hierar-
chical dynamic between teacher and student may be altered
(Shi & Choi, 2024). Students might begin to view Al as
an authoritative source of knowledge, potentially diminish-
ing the teacher’s perceived authority and expertise (Tang &
Cooper, 2024). To mitigate this, teachers must redefine their
roles and agencies to emphasize aspects of teaching that can-
not be replicated by GenAl, such as providing emotional
support, fostering critical thinking, and nurturing creativity.
By focusing on these unique human elements of instruction,
teachers can maintain their central role in the classroom,
even as GenAl takes on a more prominent position in the
learning processes.

Given the nature of GenAl, it is fundamentally altering
the traditional roles of teachers, introducing new opportuni-
ties for content creation, personalized learning, and inter-
active educational experiences. These changes go beyond
purely automation by incorporating intelligence and crea-
tivity in the instruction processes and learning outcomes.
However, the challenges brought by GenAl are not ignor-
able, requiring teachers to adapt and expand their attitudes
and skill sets. As GenAl continues to evolve, the roles and
agencies of teachers will increasingly involve managing and
integrating GenAl-generated content, addressing ethical
concerns, and maintaining the human elements of teaching
that are essential for student development. Understanding
these dynamics is crucial for developing a comprehensive
framework that supports teachers in navigating the com-
plexities of GenAl in education.

Teachers’ Perceptions, Acceptance,
Knowledge, and Practices of Generative Al

As GenAl continues to gain traction in educational settings,
understanding teachers’ perceptions, acceptance, knowledge,
and practices regarding this technology becomes increas-
ingly crucial. GenAl is unlikely to replace teachers; instead,
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it plays a crucial role as an instructional companion to assist
teachers in all aspects of instruction. Teachers’ perceptions
of GenAl thus directly impact their acceptance, which,
together with their knowledge of GenAl, further influences
how effectively GenAl is integrated into the classroom and
shapes the broader impact it has on teaching and learn-
ing. This section delves into the existing literature on these
aspects, highlighting how teachers’ attitudes and knowledge
affect their engagement with GenAl and, consequently, the
educational outcomes of its applications.

Perceptions of Generative Al

Teachers’ perceptions of GenAl are shaped by a combina-
tion of familiarity with the technology, understanding of
its capabilities, and beliefs about its potential benefits and
risks. Research suggests that teachers who perceive GenAl
as a tool that can enhance their instructional practices are
more likely to embrace its uses in the classroom (Kaplan-
Rakowski et al., 2023). Positive perceptions often stem from
recognizing GenAl’s ability to personalize learning, reduce
administrative burdens, and provide innovative teaching
materials. Specifically, Collie and Martin (2024) found that
teachers’ perceived autonomy-supportive leadership, profes-
sional growth striving, and change-related stress of GenAl
are significantly associated with their eventual engagement
and use of GenAl. However, there are also significant con-
cerns. Teachers may perceive GenAl as a threat to their pro-
fessional roles, fearing that the technology could replace
certain teaching functions or diminish the need for teachers.
Additionally, there is apprehension about the ethical impli-
cations of Al-generated content, such as the potential for
bias, pseudo bias, the loss of originality, and issues related
to data privacy and security (Zhai & Krajcik, 2024). These
concerns can lead to resistance or skepticism towards the
adoption of GenAl, particularly among educators who are
less familiar with the technology or who have had limited
exposure to its applications.

Acceptance of Generative Al

Acceptance of GenAl in educational contexts is influenced
by several factors, including perceived ease of use, perceived
usefulness, and the alignment of the technology with teach-
ers’ pedagogical goals. The technology acceptance model
(TAM) and the unified theory of acceptance and use of tech-
nology (UTAUT) provide valuable frameworks for under-
standing these dynamics (Davis et al., 1989; Venkatesh
et al., 2016). According to these models, teachers are more
likely to accept and use GenAl if they believe it will enhance
their teaching effectiveness and if the technology is user-
friendly. However, the acceptance of GenAl also hinges on
the extent to which teachers feel confident in their ability to
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control and integrate technology into their pedagogical prac-
tices. This confidence is often tied to the availability of pro-
fessional development and training opportunities that equip
teachers with the necessary skills to use GenAl effectively
(Nyaaba & Zhai, 2024). Studies have shown that teachers’
sentiment of GenAl lacks homogeneity (D. Lee et al., 2024a,
2024b). That is, when teachers receive adequate support
and training, their acceptance of GenAl increases, leading
to more meaningful and sustained use of the technology in
their classrooms.

Knowledge of Generative Al

Teachers’ knowledge of GenAl plays a critical role in deter-
mining how they perceive, accept, and ultimately utilize the
technology. This knowledge encompasses both technical
understanding and pedagogical integration. Teachers need
to be familiar with the underlying mechanisms of GenAl,
including how these systems learn, generate content, and
potentially introduce bias. A deep understanding of these
concepts enables teachers to critically assess the outputs
produced by GenAl and to make informed decisions about
how to incorporate these outputs into their teaching. On
the pedagogical side, knowledge of best practices for inte-
grating GenAl into instructional design is essential. This
includes understanding how to use GenAl-generated content
to support differentiated instruction, foster student engage-
ment, and enhance learning outcomes, which sometimes go
beyond the traditional TPACK framework (Feldman-Maggor
et al., 2024). Research indicates that teachers who possess a
strong foundational knowledge of GenAl are better equipped
to leverage its capabilities, resulting in more effective and
innovative teaching practices (Garofalo & Farenga, 2024).
Conversely, a lack of knowledge can lead to superficial or
inappropriate use of the technology, which may undermine
its potential benefits.

Practices Involving Generative Al

The ways in which teachers incorporate GenAl into their
teaching practices vary widely and are influenced by their
perceptions, acceptance, and knowledge of the technology.
Some researchers use GenAl to automate routine tasks,
such as grading or creating instructional materials in sci-
ence teaching, freeing up time to focus on more complex and
creative aspects of teaching (Laak & Aru, 2024; Lee et al.,
2023a; Lee et al., 2024a, 2024b; Lee & Zhai, 2023). Others
integrate GenAl-generated content into their lessons, using
it to create personalized learning experiences or to stimulate
student curiosity and creativity. For example, teachers might
use GenAl-generated prompts for writing assignments, or
they might employ GenAl-driven materials to help students
explore complex science concepts (Martin & Graulich,
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2024; Nyaaba et al., 2024a). However, the effectiveness of
these practices is highly dependent on how well teachers
understand and manage the capabilities of GenAl. Effec-
tive practices typically involve a thoughtful balance between
GenAl-generated content and human oversight, ensuring
that the technology enhances rather than detracts from the
educational experience. Moreover, best practices in the use
of GenAl also involve continuous reflection and adaptation,
as teachers assess the impact of the technology on student
learning and make adjustments to their instructional strate-
gies accordingly.

As teachers’ perceptions, acceptance, knowledge, and
practices regarding GenAl are interrelated factors that play
central roles in teachers’ uses of GenAl, they collectively
influence the integration of this technology into educational
settings. Positive perceptions and high levels of accept-
ance are often associated with greater knowledge and more
effective use of GenAl, while negative perceptions and low
acceptance can hinder its adoption and impact (Yin et al.,
2024). As GenAl continues to evolve, ongoing professional
development and support will be crucial in helping teachers
navigate this complex landscape, enabling them to harness
the full potential of the technology to enhance teaching and
learning. This understanding lays the groundwork for the
section to follow, which will introduce a conceptual frame-
work that captures the transformative roles of teachers in
the era of GenAl

A Framework: Transforming Teachers’ Roles
and Agencies in the Era of Generative Al

The evolution of teachers’ roles and agencies in the context
of GenAl can be understood as a dynamic and multifac-
eted process, driven by the interplay between the nature of
GenAl technologies and teachers’ perceptions, acceptance,
knowledge, and practices. These stages and teachers’ roles
are deeply rooted in well-established models of technology
adoption and innovation diffusion, such as the TAM and
UTAUT (Davis et al., 1989; Venkatesh et al., 2016). These
models emphasize that the adoption of new technologies
follows a continuum, beginning with awareness and mov-
ing toward active engagement and leadership. In the context
of GenAl, this continuum is particularly pronounced due
to the technology’s complexity and the profound impact it
has on teaching practices. This framework, which identifies
four distinct stages—Awareness, Exploration, Integration,
and Innovation—each corresponding to a specific role (i.e.,
GenAl Observer, Adaptor, Integrator, and Innovator), is not
arbitrary but rather emerges from a careful analysis of how
GenAlI fundamentally alters the educational landscape and,
consequently, the professional identity and practices of edu-
cators (see Fig. 1).

[ ilesier-c0 © GenAl Collaborator

E e s et * GenAl Creator

'« GenAl Adopter

e GenAl Observer

Fig.1 A framework: transforming teachers’ roles and agencies in the
era of generative Al

GenAl differs significantly from previous educational
technologies due to its capacity for autonomous content cre-
ation, adaptability, and integration into complex pedagogi-
cal processes. Unlike earlier forms of Al, GenAl introduces
new possibilities for personalized learning, creative content
generation, and real-time interaction with students. These
capabilities demand a reconfiguration of traditional teach-
ing roles, as educators must navigate not only the technical
aspects of GenAl but also its implications for pedagogy,
ethics, and classroom dynamics. The four stages of the pro-
posed framework are identified based on how teachers pro-
gressively engage with these novel aspects of GenAl, mov-
ing from initial exposure to deep integration and innovation.
The stages identified in this framework are informed by the
observed progression in teachers’ interactions with GenAl,
as documented in the literature: from passive observation
and initial experimentation to full integration and ultimately,
the pioneering of new pedagogical paradigms.

Awareness Stage: GenAl Observer

At the Awareness Stage, teachers function primarily as
observers of GenAl, beginning to gather information and
form initial impressions about the technology’s role in edu-
cation. This stage is characterized by a cautious approach,
as teachers have yet to actively engage with Al tools in
their teaching practices. Research suggests that teachers at
this stage are often motivated by a need to understand the
broader educational trends and potential impacts of GenAl
on the classroom or pure curiosity about GenAl tools such
as ChatGPT (Kizilcec et al., 2024). They are in the early
phases of exposure, relying heavily on social media adver-
tisements and knowledge acquired from colleagues, profes-
sional development sessions, educational conferences, or
academic readings.

As a result, the practice of GenAl in classroom settings at
this stage is limited or nonexistent. Teachers might explore
simple GenAlI tools, such as ChatGPT, for learning pur-
poses, but these interactions are sporadic and exploratory
rather than integrated into their regular teaching routines.
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For example, in their study, Nyaaba et al. (2024a) found that
teachers explored GenAl in their own learning as a learning
buddy. That is, teachers are more likely to observe the class-
room uses of GenAl applications from a distance, consider-
ing their potential without fully committing to their uses.
As shown in Table 1, both teachers showed strong interest
in leveraging GenAl for classroom teaching.

Teachers at this stage usually possess a basic awareness
of GenAl and its potential implications for education. They
recognize that GenAl is becoming increasingly relevant to
their profession, but their understanding is largely superfi-
cial, centered around general concepts rather than specific
applications. This nascent awareness is often accompanied
by a mixture of curiosity and apprehension (e.g., potential
bias, the possibility to replace teachers) as teachers grap-
ple with the dual possibilities of GenAl either enhancing
or disrupting their established teaching methods. Mean-
while, teachers’ knowledge of GenAl is minimal and pre-
dominantly theoretical. They may have encountered basic
concepts related to GenAl, such as machine learning and
natural language processing, but this knowledge is not yet
connected to practical applications within the classroom.
Their understanding of GenAl is often abstract, focusing
more on what GenAl could theoretically do rather than how
it could be used effectively in educational settings. Some
teachers may even have a misunderstanding of Al concepts
or Al bias, as other people would have done (Bewersdorff
et al., 2023; Zhai & Krajcik, 2024), which can impact their
further exploration of GenAl for classroom uses.

Due to the knowledge and practice gaps, teachers’ accept-
ance of GenAl at this stage is typically low. Teachers may
be skeptical of the technology’s purported benefits, particu-
larly if they perceive GenAl as a threat to their professional
autonomy or job security. Research has frequently high-
lighted such skepticism, noting that resistance to technol-
ogy such as GenAl integration often stems from a lack of
familiarity and confidence in using the technology (Lee &
Song, 2024). Teachers might also harbor concerns about the
ethical implications of GenAl, including issues related to
data privacy, student autonomy, and the potential for GenAl
to perpetuate existing biases.

Exploration Stage: GenAl Adopter

As teachers progress to the Exploration stage, they begin
to engage more actively with GenAl technologies, piloting
their applications in the classroom. This stage marks a tran-
sition from passive observation to active exploration, where
teachers start to integrate GenAl tools into their teaching
practices, albeit in a trial-and-error manner. Teachers may
test the waters of GenAl integration, seeking to understand
its practical benefits and limitations.

Practice at this stage is characterized by exploration and
piloting. Teachers use GenAl-driven tools such as Chat-
GPT, intelligent tutoring systems, automated grading soft-
ware, and GenAl-based learning platforms to supplement
their lessons. For example, in their study, Nyaaba et al.
(2024a) surveyed Ghana teachers in using Generative Al
as a teaching assistant. The teachers had not yet system-
atically applied GenAl tools in classroom settings, but had
leveraged GenAl for various instructional activities, such as
identifying assessment strategies (see Table 2). However,
these explorations were not yet consistent or fully integrated
into the curriculum or accompanied by specific pedagogy.
Instead, teachers were in a phase of trial and refinement,
testing GenAl applications to see what works best for their
students and teaching style. The literature indicates that this
exploratory phase is critical for building teachers’ confi-
dence and competence in using GenAl, setting the stage for
more sustained and effective integration.

As teachers start to recognize the tangible benefits of
GenAl in education, they see GenAl not just as a theoreti-
cal concept but as a practical tool that can enhance student
engagement, personalize learning experiences, and stream-
line administrative tasks. This evolving perception is often
fueled by initial successes in using GenAl tools, which

Table 2 Activities that teachers reported using GenAl as a teaching
assistant (Nyaaba et al., 2024a)

GenAl as a teaching assistant

-Identifying assessment strategies
-Identifying lesson objectives
-Creating lesson plans

-Finding sample of lessons

-Finding teaching resources

Table 1 Quotations from teachers as GenAl observers, who showed interest in GenAl

Teacher 1: I think the world should rather find ways and means of embracing the use of Al generally and ChatGPT in particular, in education,
we should rather have the conversation learning on how best we can continue the use of ChatGPT and Al in general in education, inculcating
into our curricula, so that we do not seem to be stifling progress as far as technology or invention is concerned

Teacher 2: I have a personal appeal to make to the National Teaching Council, Ghana, that they should try and encourage the use of Al in
schools and keep teachers constantly updated so we don’t become outdated. (Nyaaba & Zhai, 2024, p.6)
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reinforces the idea that GenAl can complement rather than
replace their teaching practices.

As teachers gain hands-on experience with GenAl tools,
their initial skepticism diminishes, replaced by a cautious
optimism about the technology’s potential. This growing
acceptance is crucial for sustained GenAl integration, as it
reflects an increasing confidence in the technology’s abil-
ity to enhance educational outcomes. Teachers at this stage
are more open to exploring new Al tools and are willing to
invest time in learning how to use them effectively.

Teachers’ knowledge of GenAl also deepens during this
stage, moving beyond basic theoretical understanding to
acquiring practical knowledge about GenAl concepts such
as machine learning, natural language processing, and their
specific applications in educational tools. This knowledge is
often gained through professional development programs,
online courses, or collaborative learning with peers. Teach-
ers become more adept at navigating GenAl interfaces,
understanding how these systems generate content, and
identifying ways to incorporate GenAl-driven tools into
their lessons.

Integration Stage: GenAl Collaborator

In the Integration stage, teachers move beyond exploration
to fully incorporate GenAl into their teaching practices. This
stage is characterized by seamless integration of Al tools
into the educational process, where teachers use GenAl con-
sistently and purposefully to enhance instructional outcomes
and student learning experiences. The literature on educa-
tional technology integration highlights this stage as one
where GenAl becomes an indispensable part of the teaching
practice, with teachers taking GenAl as a collaborator and
leveraging GenAlI’s capabilities to transform their pedagogi-
cal approaches.

At the Integration stage, teachers use GenAl tools
consistently and purposefully as an integral part of their
pedagogy, employing them to personalize learning experi-
ences, automate administrative tasks, and support student

assessment. For example, Lee and Zhai (2024b) reported
that a science instructor engaged science student teachers
to incorporate ChatGPT in science lesson planning. The
instructor observed that student teachers incorporated Chat-
GPT in planned science learning activities in various ways
(see Table 3). In this example, the GenAl technology is
used not just as a supplement but as a core component of the
educational process. Teachers at this stage have developed
routines and strategies for effectively incorporating GenAl
into their science lessons, resulting in enhanced student
learning outcomes and more efficient teaching practices.

At the Integration stage, teachers’ perceptions reflect
a mature understanding of the role of GenAl in educa-
tion. Teachers perceive GenAl as a valuable and integral
component of modern education, recognizing its potential
to transform both teaching and learning. They understand
that GenAl can not only enhance the efficiency and effec-
tiveness of instruction but also open up new possibilities
for personalized learning, student engagement, and forma-
tive assessment. This positive perception is grounded in
experiences, as teachers have seen firsthand the benefits
that GenAl can bring to their classrooms.

Teachers are confident in their ability to use GenAl tools
effectively and are committed to continuous learning about
GenAl to keep pace with technological advancements. The
literature suggests that this high level of acceptance is asso-
ciated with a proactive attitude towards professional devel-
opment, where teachers seek out opportunities to deepen
their GenAl expertise and explore new GenAl applications.
This stage also sees teachers becoming advocates for GenAl
integration, sharing their experiences and insights with col-
leagues and contributing to a broader culture of GenAl adop-
tion within their schools (Nyaaba et al., 2024b).

Teachers possess intermediate to advanced knowledge
of GenAl-a comprehensive understanding of AI’s practi-
cal applications, ethical considerations, and potential chal-
lenges. They are capable of critically evaluating Al tools
for classroom use, ensuring that these tools align with their
pedagogical goals and meet the needs of their students. This

Table 3 Example of
incorporating ChatGPT in

Student teachers embedded ChatGPT in learning activities in their lesson plans

lesson plans in a teaching
method class (Lee & Zhali,
2024b)

- Students asked ChatGPT how the constellations are positioned in the night sky

- Students use ChatGPT as a source of information, which is complementarily used with others (teachers,
textbooks, etc.), in expert group activity of Jigsaw cooperative learning

- Students ask ChatGPT what “first egg” means
- Students get help from ChatGPT organizing role playing activity (role composition, directing, timekeep-

ing, scenario summarization)

- Students are provided with further CK that are not presented in the textbook, by ChatGPT
- Students repeatedly ask ChatGPT in a chain-of-thoughts sense

- The structured cooperative learning model would mitigate students’ excessive interest in using ChatGPT

- Students get information sources such as YouTube video links from ChatGPT
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advanced knowledge allows teachers to make informed deci-
sions about how to best integrate Al into their teaching, bal-
ancing the use of Al-generated content with human oversight
and creativity.

Innovation Stage: GenAl Innovator

The final stage in the framework, the Innovation stage, is
where teachers become pioneers in the use of GenAl, push-
ing the boundaries of how the technology can be applied
in education. At this stage, teachers are not just users of
GenAl tools but innovators and thought leaders, actively
shaping the future of GenAl in education. Research on edu-
cational innovation highlights the significance of this stage,
where teachers contribute to the development of new GenAl-
driven educational paradigms and inspire others to explore
the transformative potential of GenAl.

At the Innovation stage, teachers usually show substan-
tial leadership and creativity, leading initiatives to trans-
form teaching and learning through GenAlI, developing
GenAl-based curricula, mentoring other educators, and
collaborating on GenAl-related research projects. They
may design and implement innovative GenAl-driven edu-
cational strategies that challenge traditional pedagogical
models and offer new ways of thinking about teaching
and learning. For example, Lee et al. (2023b) designed
and developed GenAl application, Collaborative Learning
with Al Speakers (CLAIS), using NUGU Al speaker plat-
form. To engage learners in GenAl-involved collaborative
science learning, they developed a Jigsaw pedagogy—Stu-
dents were first grouped, and then sent to an expert group
with CLAIS specifically focusing on one area of science
learning. In this expert group, students can communicate
with each other, as well as interact with the CLAIS to gain
learning support. Afterward, students return to their home
group to share what they have learned with group mem-
bers (see Fig. 2). In this process, teachers innovatively
designed and incorporated GenAl in collaborative science
learning, thus transforming learning processes. The lit-
erature underscores the importance of this stage for the
broader adoption of GenAl in science education, as these
innovative practices serve as models and inspiration for
other educators to follow.

Teachers’ perceptions of GenAl are forward-thinking and
visionary—seeing GenAl as a critical driver of innovation in
education, with the potential to create entirely new teaching
and learning paradigms. They recognize that GenAl is not just
a tool to enhance existing practices but a catalyst for reimagin-
ing what education can be in the digital age. This perception
is informed by a deep understanding of AI’s capabilities and
a commitment to exploring its full potential, and can signifi-
cantly improve teachers’ productivity (Yin et al., 2024).

@ Springer

At this stage, teachers usually possess advanced and spe-
cialized knowledge of GenAl, indicating a deep and nuanced
understanding of GenAlI’s latest developments, emerging
trends, and future potential. They are familiar with cutting-
edge GenAl applications and may even contribute to the
development of new GenAl applications in education. This
advanced knowledge allows them to engage with GenAl at
a level that goes beyond practical use, involving them in the
design, testing, and refinement of GenAl-driven educational
strategies.

Not surprisingly, teachers’ acceptance of GenAl at this
stage is complete and enthusiastic, and they not only advo-
cate for Al in education but also lead its adoption and pro-
motion. They actively seek out new Al technologies, experi-
ment with emerging trends, and share their findings with the
broader educational community. The literature suggests that
teachers at this stage play a crucial role in driving systemic
change, influencing both policy and practice through their
pioneering work with GenAl

Implications and Conclusions

This paper contributes to the literature by highlighting the
changes to teachers’ roles and agencies in the era of GenAl
by considering teachers’ perceptions, acceptance, knowl-
edge, and practices of GenAl as interconnected components
that must be addressed holistically. Current research often
isolates these factors, overlooking how they collectively
influence teachers’ ability to effectively integrate GenAl into
their classrooms. By examining these dimensions in concert,
we provide a more comprehensive understanding of how
teachers engage with GenAl, shedding light on the com-
plexities of adoption and the varying levels of integration as
teachers alter their roles and agencies in classroom settings.
This nuanced approach allows for more targeted strategies
to enhance teachers’ GenAl competencies, particularly in
teacher education programs, which is crucial for successful
educational reform in this digital era.

Furthermore, the framework underscores the importance
of viewing GenAl as more than just a tool for enhancing
existing practices. It has the potential to transform edu-
cational practices at a fundamental level (Lee & Zhai,
2024b). Teachers’ evolving roles and agencies in the era
of GenAl—from observers and adopters to collaborators
and innovators—require continuous professional develop-
ment and institutional support, particularly for per-service
teachers who will shape the future education. This paper
demonstrates that without a solid foundation of perceptions,
knowledge, and acceptance, teachers are less likely to move
beyond the superficial uses of GenAl. Thus, it is impera-
tive to foster an environment where both pre- and in-service
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Fig.2 The practice of collaborative learning with CLAIS (Lee et al., 2023b)

teachers can experiment, collaborate, and innovate with
GenAl to fully realize its pedagogical potential.

In addition, this study highlights the necessity of support-
ing teachers in not only accepting and integrating GenAl but

also in evolving their roles and agencies to deeply embed
the technology into their instructional practices. The study
stresses that teachers who receive comprehensive training and
support are more likely to engage with GenAl meaningfully,
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moving beyond basic uses to employ it as a tool for personal-
ized learning, adaptive feedback, and co-creative educational
experiences. This transformation can only occur if educa-
tors are equipped with the skills and knowledge to critically
assess and apply GenAl, ensuring that it enhances the learn-
ing environment while addressing challenges such as bias
and ethical concerns (Lee et al., 2023b). This also implies for
the teacher education program in college that incorporating
GenAl into teachers’ pedagogical methods in specific subject
domains is urgent and critical to prepare future teachers. We
have to consider the specific nature of the subjects and how
GenAl may impact the practices of teaching. For example,
science is unique because its ontological and epistemologi-
cal foundations are deeply rooted in our direct interactions
with physical objects in the material world (Tang & Cooper,
2024). Incorporating Al in science teacher education would
require connecting GenAl with hands-on science practices
(example refers to Herdliska & Zhai, 2024).

In conclusion, this paper provides a comprehensive
framework for understanding the evolving roles and agencies
of teachers in the era of GenAl, emphasizing the importance
of addressing their perceptions, knowledge, acceptance, and
practices as interconnected components. By moving beyond
a fragmented view of these factors, we offer insights into
how educators can fully integrate GenAl into their peda-
gogical practices, transforming their roles and agencies from
passive users to active innovators. The framework under-
scores the need for ongoing teacher education program,
teacher professional development, and institutional support
to ensure both in-service and future teachers can effectively
harness the potential of GenAl, not only to enhance educa-
tional practices but to fundamentally reshape them. As edu-
cation continues to be reshaped by emerging technologies,
the ability of teachers to engage critically and creatively with
GenAlI will be crucial in driving meaningful, equitable, and
impactful learning experiences.
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