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Abstract: This study explores the impact of Al-driven competency-based learning (AI-CBL) on
teaching effectiveness among educators in H City. With the rapid integration of artificial intelligence
in education, AI-CBL has emerged as a promising model aimed at personalizing learning and enhancing
teaching outcomes. The research investigates the following hypotheses: (H1) Educational innovation in
Al-driven competency-based learning positively influences teaching effectiveness; (H2) Pedagogical
transformation mediates the relationship between AI-CBL and teaching effectiveness; and (H3) Digital
learning infrastructure moderates the effect of AI-CBL on teaching effectiveness, such that the effect is
stronger when digital infrastructure is highly developed. A quantitative research approach was
employed, using a structured questionnaire to gather data from 1,521 educators in H City, who are
actively using AI-CBL models. A total of 319 valid responses were collected, ensuring a representative
sample. The study utilized descriptive statistics, correlation analysis, and structural equation modeling
(SEM) to test the proposed hypotheses. The findings reveal that Al-driven competency-based learning
significantly enhances teaching effectiveness, with pedagogical transformation acting as a partial
mediator in this relationship. Additionally, the study confirms that digital learning infrastructure
positively moderates the effect of AI-CBL on teaching effectiveness, suggesting that a robust digital
environment strengthens the relationship between AI-CBL and teaching outcomes. These results
provide valuable insights into the role of Al-driven learning models in contemporary educational
practices and underscore the importance of teacher training and digital infrastructure in maximizing

their potential.
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Introduction

The rapid evolution of digital technologies has catalyzed transformative shifts in educational
paradigms, with artificial intelligence (Al) emerging as a pivotal force in reshaping pedagogical
practices (Luckin et al., 2022). Over the past decade, the integration of Al into education has
transitioned from experimental applications to mainstream adoption, driven by its potential to address
longstanding challenges such as personalized instruction, equitable access, and scalable competency
development (Baker, 2020; Chen et al., 2023). Concurrently, competency-based learning (CBL), which
prioritizes mastery of skills over time-bound curricula, has gained traction as a framework for fostering
student-centered, outcome-driven education (Garrison, 2021). The convergence of Al and CBL offers
unprecedented opportunities to reimagine teaching effectiveness, yet the mechanisms through which
these innovations influence pedagogical outcomes remain underexplored. This study examines how
educational innovations in Al-driven CBL enhance teaching effectiveness, mediated by pedagogical
transformation and moderated by digital infrastructure, thereby addressing critical gaps in contemporary
educational research.

Digital Transformation and the Rise of Competency-Based Learning

The digital transformation of education has dismantled traditional barriers to learning, enabling
adaptive, personalized, and data-rich instructional models (Means et al., 2020). Competency-based
learning (CBL), rooted in constructivist theories of learning (Dede, 2019), emphasizes mastery of
predefined skills, allowing students to progress at individualized paces. Unlike conventional time-based
models, CBL aligns with global demands for workforce readiness, where skill acquisition supersedes
rote memorization (Smith & Anderson, 2021). Recent studies underscore CBL's efficacy in improving
student engagement and retention, particularly when supported by adaptive technologies (Wang et al.,
2022). However, the scalability of CBL has historically been constrained by resource limitations and
the labor-intensive nature of personalized assessment—a challenge Al is uniquely positioned to address.

Al-Driven Innovations in Competency-Based Learning

Al's integration into CBL introduces three transformative innovations: adaptive learning
systems, automated competency assessments, and dynamic content customization. Al-powered
adaptive learning systems utilize machine learning algorithms to tailor educational pathways,
responding to real-time student performance data (Baker, 2020). For instance, platforms like Knewton
and DreamBox dynamically adjust content difficulty, ensuring alignment with individual competency
gaps (Luckin et al., 2022). Concurrently, Al-enhanced assessments automate skill mastery tracking,
providing educators with granular insights into student progress (Chen et al., 2023). Such systems

reduce the administrative burden of manual grading while enabling immediate feedback—a critical
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factor in sustaining student motivation (Hattie, 2023). Finally, Al-enabled content customization
dynamically modifies curricular materials based on learner analytics, ensuring relevance and rigor
(Zawacki-Richter et al., 2019). These innovations collectively redefine the teacher's role, shifting from
content delivery to facilitation of personalized, competency-driven journeys.
Teaching Effectiveness in the AI-CBL Ecosystem
Teaching effectiveness, traditionally measured through student outcomes and instructional
efficiency, now encompasses dimensions such as data literacy, adaptive pedagogy, and technological
integration (Thompson, 2023). Al-driven CBL amplifies effectiveness by enabling differentiated
instruction at scale. For example, Al analytics empower educators to identify at-risk students
proactively, deploying targeted interventions (Dede, 2019). Furthermore, automated tools free
instructors to focus on higher-order mentoring, fostering deeper student-teacher interactions (Garrison,
2021). Empirical studies indicate that Al-supported classrooms report higher student engagement and
mastery rates, particularly in STEM disciplines (Wang et al., 2022). However, the extent to which these
outcomes depend on pedagogical adaptation remains unclear, necessitating investigation into mediating
factors.
Pedagogical Transformation as a Mediating Mechanism
Pedagogical transformation—the shift from teacher-centered lectures to competency-focused,
Al-guided instruction—serves as the linchpin connecting technological innovation to teaching efficacy.
This transformation involves adopting data-driven decision-making, integrating Al tools into lesson
planning, and redefining assessment paradigms (Means et al., 2020). For instance, educators leveraging
Al analytics for real-time progress tracking report greater confidence in addressing diverse learner
needs (Chen et al., 2023). Yet, resistance to pedagogical change persists, often rooted in insufficient
training or institutional support (Zawacki-Richter et al., 2019). Research by Smith and Anderson (2021)
highlights that successful AI-CBL implementation requires not only technological adoption but also a
cultural shift toward iterative, evidence-based teaching practices. This mediation hypothesis posits that
without pedagogical evolution, Al tools alone cannot maximize teaching effectiveness—a gap this
study seeks to empirically validate.
Digital Learning Infrastructure as a Moderating Factor
The moderating role of digital learning infrastructure—encompassing Al-integrated learning
management systems (LMS), accessible digital tools, and institutional support—is critical in amplifying
or stifling Al's impact. Robust infrastructure ensures seamless Al tool integration, minimizes technical
disruptions, and fosters educator confidence (Thompson, 2023). For example, institutions with
advanced LMS platforms, such as Canvas or Moodle Al plugins, report higher adoption rates of Al-
driven analytics (Luckin et al., 2022). Conversely, fragmented infrastructure exacerbates inequities, as
under-resourced schools struggle to implement Al innovations (Means et al., 2020). Recent case studies

underscore that institutional investment in digital training and resource allocation significantly
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correlates with AI-CBL success (Wang et al., 2022). This study examines how infrastructure quality
moderates the relationship between Al innovation and teaching outcomes, offering actionable insights
for policymakers.

Gaps in Existing Literature and Study Significance

Despite growing interest in AI-CBL, extant research exhibits three critical limitations. First,
studies often isolate Al's impact from pedagogical processes, neglecting the mediating role of
instructional transformation (Garrison, 2021). Second, infrastructure's moderating influence remains
under-theorized, with few empirical models accounting for institutional readiness (Zawacki-Richter et
al., 2019). Third, existing literature disproportionately focuses on higher education, overlooking K-12
and vocational contexts where AI-CBL adoption is burgeoning (Chen et al., 2023). This study addresses
these gaps by proposing an integrated model that examines mediation and moderation across diverse
educational settings. By doing so, it advances theoretical understanding of Al's educational potential
while providing pragmatic guidelines for stakeholders.

Conclusion

In summary, the fusion of Al and CBL heralds a new era of teaching effectiveness, yet its
success hinges on pedagogical adaptation and infrastructural robustness. This study's findings will
inform curriculum designers, policymakers, and educators on optimizing Al integration, ensuring
equitable access, and fostering pedagogical resilience in an increasingly digitalized world. As Al
continues to permeate educational ecosystems, understanding these dynamics becomes imperative for
cultivating future-ready learners and educators alike.

Questions of the study:

How does educational innovation in Al-powered competency-based learning affect teaching
effectiveness?

Can instructional transformation mediate the relationship between Al-driven, competency-
based learning innovations and teaching effectiveness?

How does digital learning infrastructure moderate the effect of Al-driven, competency-based
learning on teaching effectiveness?

How do contextual factors such as teaching experience, subject area, and student learning styles
influence the adoption and outcomes of Al-driven, competency-based learning?

How do differences in educational settings (e.g., K-12, vocational education, higher education)

influence the implementation and effectiveness of Al-driven, competency-based learning?

Research Objectives
Objective 1: To examine the impact of Al-driven competency-based learning on teaching
effectiveness — Investigate how Al-powered adaptive learning systems, personalized learning pathways,

and competency-based assessments enhance overall teaching outcomes and student engagement.
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Objective 2: To explore the mediating role of pedagogical transformation in Al integration —
Assess how shifts in teaching methodologies, such as the transition from traditional content delivery to
competency-based approaches, influence the relationship between Al-driven learning and teaching
effectiveness.

Objective 3: To analyze the moderating effect of digital learning infrastructure on the
implementation of Al-driven competency-based learning — Evaluate how the availability and quality of
digital learning tools, Al-integrated platforms, and institutional support influence the effectiveness of
Al-based teaching methods.

Objective 4: To investigate the influence of control variables on teaching effectiveness in Al-
driven competency-based learning environments — Consider the effects of teaching experience, subject
area, familiarity with Al tools, and student learning styles on the relationship between Al-driven

learning innovation and teaching effectiveness.

Literature Review

1. Review of Topics and Variables

This section of the study reviews the key concepts and variables involved in understanding the
relationship between educational innovation in Al-driven competency-based learning and teaching
effectiveness. The review will delve into the role of Al-driven learning systems, pedagogical
transformation, and the importance of digital learning infrastructure. Additionally, the relationship
between these variables will be framed within the context of teaching effectiveness, considering
relevant theories, recent empirical studies, and the gaps in literature.

1.1 AI-Driven Competency-Based Learning

Al-driven competency-based learning (CBL) refers to a learning model that uses artificial
intelligence to personalize and adapt educational content to the individual needs of learners. This model
is gaining traction due to its ability to provide tailored learning experiences based on students' progress,
skills, and knowledge (Siemens, 2016). The integration of Al in CBL offers the potential for real-time
data analysis, allowing for immediate feedback and adjustments to the curriculum (Schwandt et al.,
2019). Al-powered adaptive learning systems are one of the most notable features of CBL, as they use
algorithms to adjust learning pathways based on the learner's prior knowledge, performance, and
learning pace (Kukulska-Hulme et al., 2017).

A critical aspect of Al-driven CBL is its emphasis on mastery of specific competencies rather
than completion of course content. Competency-based education (CBE) is designed to allow students
to progress once they have demonstrated mastery of a skill or concept, rather than being bound by
traditional course timelines. This shift is particularly beneficial for personalized learning, where each
student can proceed at their own pace based on their individual learning needs (Van der Vleuten et al.,

2019). In this context, Al plays an essential role in assessing and tracking competencies, offering
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automated skill mastery tracking and real-time feedback to both students and instructors (Tegmark,
2018).

1.2 The Role of Al in Competency-Based Learning Systems

Al-powered adaptive learning systems enable personalized instruction by dynamically
adjusting learning activities and content based on students' performance data. This form of Al, which
collects and analyzes learner data, makes it possible to offer individualized learning experiences in real
time (Xu et al., 2019). Al-enhanced assessments are also becoming crucial in determining students'
progress towards mastering key competencies. By leveraging data analytics, Al systems can offer
instructors deeper insights into student performance, thus guiding more informed instructional decisions
(Chou et al., 2018).

Several studies highlight the positive impact of Al-driven competency-based systems on
teaching outcomes. According to Zhang et al. (2021), Al has the potential to reduce teacher workload
by automating assessment tasks and providing instant feedback. Furthermore, Al systems foster deeper
student engagement, as students are empowered to work at their own pace, leading to greater autonomy
in their learning processes (Kim & Kwon, 2020).

1.3 Pedagogical Transformation

Pedagogical transformation refers to the shifts in teaching strategies and practices that occur
when new educational technologies, such as Al, are integrated into the learning environment. This
transformation involves moving away from traditional, lecture-based teaching methods toward more
dynamic, student-centered approaches that emphasize collaboration, critical thinking, and the
development of competencies (Mishra & Koehler, 2006).

The integration of Al into education requires substantial pedagogical changes, particularly in
how teachers design and implement their instructional strategies. According to Garrison and Vaughan
(2013), the introduction of technology in education demands a rethinking of how teachers engage with
students and assess their learning. Pedagogical transformation in the context of Al-driven competency-
based learning can include adopting personalized learning strategies, shifting from content delivery to
skill mastery, and leveraging data-driven insights to adjust teaching approaches in real time (Feng et
al., 2019).

In particular, the shift to competency-based education means that traditional instructional
methods, such as lecture-based teaching, are often replaced with approaches that allow students to
engage in self-directed learning, such as project-based learning, collaborative work, and self-
assessment. This shift is not always easy for educators, as it requires a rethinking of their roles from
being the main source of knowledge to facilitators of student learning (Guskey & Anderman, 2013).
However, studies show that when implemented effectively, pedagogical transformation can improve
teaching effectiveness, leading to higher student engagement and better learning outcomes (Gravett,

2020).
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1.4 Digital Learning Infrastructure

Digital learning infrastructure refers to the technological environment that supports Al-driven
competency-based learning. It includes the availability of learning management systems (LMS) that
integrate Al tools, digital resources such as e-books and videos, and institutional support structures like
training programs for teachers. Effective digital learning infrastructure is crucial for the success of Al-
driven educational innovations, as it ensures that both students and educators have the necessary tools
and support to engage with the technology effectively.

Research indicates that digital infrastructure can significantly enhance the impact of Al in
education. For example, De Lange et al. (2021) argue that the availability of robust digital infrastructure,
including well-integrated LMS platforms and access to high-speed internet, is essential for Al tools to
function effectively in the classroom. This infrastructure also includes training programs for educators
to ensure that they can integrate Al into their pedagogical practices (Serdyukov, 2017). Without
adequate support, the potential benefits of Al in teaching may not be fully realized (Vlachopoulos &
Cowan, 2020).

Furthermore, the moderating role of digital learning infrastructure is crucial in understanding
how Al-driven competency-based learning impacts teaching effectiveness. Research suggests that the
presence of a strong digital learning infrastructure can amplify the positive effects of Al, such as
personalized learning and data-driven teaching adjustments (Baker et al., 2020). Conversely, in
environments where digital infrastructure is underdeveloped or poorly implemented, the benefits of Al-
based learning are likely to be diminished (Davis, 2019).

1.5 Teaching Effectiveness

Teaching effectiveness is the dependent variable in this study and refers to the ability of
educators to foster student learning and engagement. It is typically measured through various indicators,
such as student performance, engagement, and mastery of competencies (Zimmerman, 2014). Al-driven
competency-based learning systems can enhance teaching effectiveness by allowing for personalized
instruction, real-time feedback, and data-driven decision-making. Research has shown that teaching
effectiveness is closely related to the quality of feedback students receive and the degree to which
instruction is adapted to their learning needs (Hattie & Timperley, 2007).

Studies on Al's impact on teaching effectiveness often focus on its ability to enhance teacher
productivity, increase student engagement, and improve learning outcomes. For example, Ticha et al.
(2020) found that Al systems can reduce the time teachers spend on administrative tasks, allowing them
to focus more on personalized instruction and student engagement. This shift results in higher levels of
student satisfaction and better overall learning outcomes.

Furthermore, Al's ability to track student progress in real time and adjust the curriculum
accordingly means that students are more likely to master competencies at their own pace, leading to

increased academic performance (Durlak et al., 2011). By enhancing the quality of instruction and
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fostering more personalized learning experiences, Al-driven competency-based learning has the
potential to significantly improve teaching effectiveness.

Conclusion

This review has outlined the key topics and variables involved in understanding the impact of
educational innovation in Al-driven competency-based learning on teaching effectiveness. Al-driven
competency-based learning offers the promise of personalized, data-driven educational experiences that
can significantly enhance teaching effectiveness. However, the integration of Al into education requires
a pedagogical transformation, as educators need to adopt new instructional methods and strategies.
Moreover, the availability of digital learning infrastructure plays a critical role in moderating the effects
of Al-driven learning systems. The interaction between these variables holds significant implications
for both teaching practice and educational policy. Further research is needed to explore the long-term
effects of Al-driven competency-based learning and its impact on teaching effectiveness in various
educational contexts.

2. Theoretical Framework:

The integration of Artificial Intelligence (AI) into competency-based learning (CBL) has
emerged as a significant innovation in contemporary educational settings, reshaping both teaching
methodologies and learning outcomes. The theoretical underpinnings of Al-driven competency-based
learning are drawn from several key educational theories that highlight the role of personalized,
adaptive, and student-centered learning experiences. These include Self-Regulated Learning Theory,
Adaptive Learning Theory, and Constructivist Theories of Learning, each of which provides a lens
through which Al can be understood as enhancing learning processes and teaching effectiveness. This
section outlines these theories and their relevance to the study of Al-driven CBL.

2.1 Self-Regulated Learning Theory

Self-Regulated Learning (SRL) theory focuses on how students take control of their own
learning processes, utilizing strategies such as goal setting, self-monitoring, self-reflection, and self-
motivation. This theory, as developed by Zimmerman (2000), posits that learners actively manage their
cognition, behavior, and emotions in ways that enhance their academic success. SRL is particularly
relevant in the context of Al-driven CBL, as Al tools can provide real-time feedback, personalized
learning paths, and adaptive content, which support students' efforts to regulate their learning (Panadero,
2017).

In Al-powered competency-based systems, SRL is facilitated by systems that adjust learning
content based on real-time performance, encouraging students to engage in self-reflection and adjust
their learning strategies accordingly. Al tools, such as intelligent tutoring systems and personalized
learning dashboards, support self-regulation by offering immediate feedback and insights on learners'
progress, motivating them to monitor their achievements and setbacks. The use of Al in such

environments can enhance students' autonomy, as they have the freedom to pursue learning at their own
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pace, make informed decisions about their learning strategies, and track their progress toward
competency (Johnson, 2020). Furthermore, Al-driven systems can adapt to the learner's style, offering
tailored recommendations for resources and activities that cater to individual learning preferences, thus
fostering greater self-regulation (Baker & Siemens, 2017).

2.2 Adaptive Learning Theory

Adaptive Learning Theory revolves around the idea that learners benefit from personalized
learning experiences that adjust to their unique needs, abilities, and prior knowledge. In an adaptive
learning environment, instructional content and assessments are continuously adjusted in real-time
based on students' responses and behaviors (Knewton, 2017). This personalized approach allows for
more efficient learning, as it focuses on the specific competencies that the learner needs to develop,
providing targeted practice and feedback.

The link between adaptive learning and Al is particularly significant because Al technologies,
such as machine learning algorithms, can analyze vast amounts of data to predict the learning needs of
individual students. This allows Al systems to dynamically alter the difficulty, content, and pacing of
instruction in response to a student's learning progress (Baker et al., 2021). Al-powered adaptive
learning platforms can provide learners with a customized learning experience, ensuring that they are
neither overwhelmed nor under-challenged, but rather consistently engaged with content that is tailored
to their competency level (Baker et al., 2021). Moreover, adaptive learning systems can identify gaps
in knowledge and provide additional resources or exercises to help learners achieve mastery in specific
areas, thus enhancing overall teaching effectiveness (Gonzalez et al., 2020).

2.3 Constructivist Theories of Learning

Constructivist theories, rooted in the work of Piaget (1973) and Vygotsky (1978), emphasize
the active role of learners in constructing their own knowledge through interaction with the
environment. According to constructivism, learning is not a passive reception of information but a
process in which learners actively build on their existing knowledge base. In a constructivist classroom,
students engage in problem-solving activities, collaborative learning, and experiential learning, which
help them internalize new concepts and integrate them into their cognitive frameworks (Schunk, 2016).

In the context of Al-driven competency-based learning, constructivist principles are
incorporated through the use of technology to promote active learning. Al tools enable learners to
engage in problem-solving activities that are relevant to their interests and competencies, providing
opportunities for experiential learning. For example, Al-driven simulations or interactive learning
environments allow students to test their knowledge in real-world scenarios, providing feedback that
helps them refine their understanding (Woolf et al., 2013). Furthermore, Al systems can support
collaborative learning by connecting students with peers and facilitating group activities, thus fostering
social constructivism, as learners share and discuss ideas to construct shared knowledge (Vygotsky,

1978). The constructivist foundation of CBL emphasizes that learning is most effective when students
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actively participate in the learning process, and Al tools facilitate this engagement by offering
personalized learning experiences that challenge students to apply their knowledge and develop new
skills.

2.4 Intersections of These Theories in AI-Driven Competency-Based Learning

When examining the intersection of Self-Regulated Learning Theory, Adaptive Learning
Theory, and Constructivist Theories of Learning within the context of Al-driven CBL, it becomes clear
that Al technologies can facilitate a rich, dynamic, and personalized learning environment that aligns
with these educational principles. Al tools empower students to regulate their learning, adapt to new
content, and engage in meaningful, hands-on learning experiences, all while providing real-time data
on progress and performance.

Al systems, such as intelligent tutoring systems, Al-based assessment tools, and personalized
learning platforms, create environments in which the principles of SRL, adaptive learning, and
constructivism can be seamlessly integrated. For example, Al-driven platforms can provide immediate
feedback on students' responses, offering opportunities for self-regulation, while adaptive algorithms
ensure that content is appropriately challenging based on individual competency levels. Moreover, Al
tools enable the construction of collaborative and social learning spaces, where learners can engage
with one another and build knowledge together, fostering the principles of constructivism.

2.5 Implications for Teaching Effectiveness

The theories discussed here provide a foundation for understanding the impact of Al-driven
competency-based learning on teaching effectiveness. The role of Al in supporting SRL and adaptive
learning enhances the teaching and learning experience by providing students with opportunities for
personalized instruction and real-time feedback. Furthermore, the integration of constructivist
principles ensures that learning is active and collaborative, promoting deeper understanding and greater
retention of knowledge. Teaching effectiveness is thus enhanced through the provision of tailored
learning experiences that meet the unique needs of each student, as well as through the support of
pedagogical practices that align with the principles of active learning and self-regulation.

In practice, Al-driven competency-based learning systems can improve teaching effectiveness
by enabling teachers to better understand their students' learning progress, identify areas of struggle,
and provide targeted interventions. Teachers can leverage Al-generated data to inform instructional
decisions, track student progress, and make adjustments to the learning environment that will optimize
outcomes. This data-driven approach to teaching aligns with the findings of recent studies, which
highlight the value of Al in enhancing teaching effectiveness through real-time assessment and
personalized feedback (Heffernan et al., 2018). Al's ability to support self-regulation, provide adaptive
learning pathways, and foster collaborative learning can ultimately lead to improved teaching outcomes
and more engaged students.

Conclusion
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In conclusion, the integration of Al into competency-based learning aligns closely with several
key educational theories, including Self-Regulated Learning, Adaptive Learning, and Constructivist
Learning. These theories emphasize the importance of personalized learning experiences, active student
engagement, and continuous feedback, all of which are enhanced by Al technologies. By supporting
students in regulating their learning, adapting to new challenges, and engaging in collaborative
knowledge construction, Al-driven competency-based learning systems have the potential to transform
teaching and improve learning outcomes. Understanding the theoretical foundations of Al-driven CBL
is essential for comprehending its impact on teaching effectiveness and guiding its successful
implementation in educational settings.

3. Current study and Gaps:

The integration of Artificial Intelligence (Al) into competency-based learning (CBL) has
garnered significant attention in recent years, particularly due to its potential to revolutionize
educational practices by personalizing learning, enhancing student engagement, and improving learning
outcomes. Al technologies, including intelligent tutoring systems, machine learning algorithms, and
adaptive learning platforms, have been adopted to tailor learning experiences to the individual needs of
students, facilitating the development of competencies at their own pace. Despite the growing body of
research exploring the intersection of Al and CBL, several gaps in the literature remain. This section
reviews the current state of research on Al in CBL, identifies key findings, and highlights gaps that
require further exploration to fully understand the implications of Al for teaching and learning in this
context.

3.1 Current Studies on Al and Competency-Based Learning

Several recent studies have explored the role of Al in enhancing competency-based education,
particularly in terms of its impact on student outcomes, teaching effectiveness, and learner engagement.
A substantial body of work focuses on the use of Al to personalize learning experiences, adapt content
to students' evolving needs, and foster self-regulated learning (Baker et al., 2021; Johnson, 2020).
Research indicates that Al-powered platforms can provide real-time feedback, guiding students toward
mastery of specific competencies (Gonzalez et al., 2020). Such feedback allows students to track their
progress and adjust their learning strategies accordingly, reinforcing the principles of self-regulated
learning and autonomy (Panadero, 2017).

In particular, Al has been used to improve the adaptive learning environment, enabling real-
time assessment and personalized learning paths. Studies have shown that Al systems can continuously
evaluate students' responses and adjust instructional content based on their performance, which
enhances learning efficiency and prevents students from experiencing frustration or disengagement
(Heffernan et al., 2018). For instance, Knewton's adaptive learning platform tailors content to learners'
needs, ensuring they engage with material that is appropriately challenging (Knewton, 2017). These

findings demonstrate the promise of Al in promoting mastery-based learning by ensuring students
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engage with content that aligns with their individual competency levels.

Moreover, research has highlighted the importance of Al in facilitating collaborative learning
and knowledge construction, in line with constructivist theories of learning (Woolf et al., 2013). Al
systems enable students to collaborate in real-time, share insights, and build knowledge collectively.
Studies show that when Al is integrated into collaborative settings, such as group learning
environments, students can benefit from immediate feedback, while also receiving personalized
suggestions that foster deeper engagement and understanding (Gonzalez et al., 2020). These
technologies thus support both the individual and social dimensions of learning, aligning with the key
principles of constructivism.

3.2 Gaps in Current Literature

While the current studies provide valuable insights into the role of Al in competency-based
learning, several gaps remain in the literature that limit our understanding of the full potential and
challenges of Al in education. These gaps pertain to the following areas: the integration of Al with
existing pedagogical frameworks, the long-term effects of Al on learner autonomy and motivation, the
scalability and accessibility of Al-powered learning environments, and the ethical implications of Al in
education.

Integration of Al with Pedagogical Frameworks: A significant gap in the existing literature is
the lack of research on how Al can be seamlessly integrated with established pedagogical frameworks,
such as collaborative learning, project-based learning, and inquiry-based learning. Although some
studies have examined the use of Al in personalized learning (Baker & Siemens, 2017), fewer have
explored how Al can work alongside traditional instructional models to enhance collaborative and
experiential learning. Research by Baker et al. (2021) and Gonzalez et al. (2020) suggests that Al has
the potential to support adaptive learning and personalized pathways, but little is known about how Al
interfaces with broader pedagogical theories and practices. Further research is needed to investigate
how Al tools can be integrated with various teaching strategies and frameworks to maximize their
potential and align with educators' goals. Moreover, studies on Al in competency-based learning
predominantly focus on its technological and instructional advantages (Heffernan et al., 2018), with
limited attention given to how Al can support the holistic development of learners. While Al systems
have been successful in tracking and assessing competency mastery, there is limited exploration of how
they can foster deeper cognitive and emotional engagement, critical thinking, and creativity—skills that
are also crucial for student development in the 21st century (Johnson, 2020). Bridging this gap requires
a more nuanced understanding of how Al can be designed to support not only academic success but
also the development of essential soft skills and creative abilities.

Long-Term Effects on Learner Autonomy and Motivation: Another gap in the literature
concerns the long-term effects of Al-driven competency-based learning on learner autonomy and

motivation. Research has shown that personalized learning pathways, immediate feedback, and adaptive
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content can enhance student engagement and self-regulation (Panadero, 2017). However, there is
limited research on the sustained impact of Al on motivation, particularly intrinsic motivation, and how
long-term use of Al-driven systems might affect students' capacity to take initiative in their learning.
Zimmerman's (2000) work on self-regulated learning suggests that students who develop strong self-
regulatory skills tend to perform better academically, but how Al influences this over an extended
period remains underexplored. Some studies indicate that Al can help students become more
independent learners (Baker et al., 2021), but there is a lack of longitudinal studies that track how
students' motivational dynamics evolve as they interact with Al systems. For instance, the constant
availability of Al-driven feedback and adaptive content could either foster an ongoing sense of
autonomy or lead to over-reliance on technology, thus diminishing students' intrinsic motivation (Deci
& Ryan, 2016). Understanding these dynamics is essential for creating Al-powered systems that
promote not only short-term academic achievement but also long-term growth and intrinsic motivation.

Scalability and Accessibility of Al Systems: Another critical gap is the scalability and
accessibility of Al-powered competency-based learning platforms. While Al has demonstrated efficacy
in personalized learning environments, these systems are often designed for specific contexts or schools
with advanced technological infrastructures. The scalability of Al systems in diverse educational
settings—particularly in low-resource or underfunded schools—remains an important area of inquiry.
Research on the accessibility of Al-powered education platforms has been sparse, with most studies
focusing on high-tech settings and affluent school systems (Heffernan et al., 2018). In many cases, the
successful implementation of Al depends on the availability of infrastructure, trained educators, and
sufficient funding (Baker & Siemens, 2017). However, these conditions may not be met in all contexts.
Research is needed to investigate how Al-based competency learning systems can be scaled to meet the
needs of diverse learners, particularly in low-income areas or regions with limited access to advanced
technologies. Examining the effectiveness of Al-powered learning tools in such contexts, as well as
identifying the challenges and barriers to their adoption, is a critical research gap (Gonzalez et al., 2020).

Ethical Implications of Al in Education: The ethical implications of Al in education represent
a significant and underexplored area of research. As Al technologies become more prevalent in
educational settings, questions arise concerning data privacy, algorithmic bias, and the potential for
inequities in learning opportunities. Al systems rely on vast amounts of data to make decisions and
provide personalized content, raising concerns about the privacy and security of student information
(Baker & Siemens, 2017). Additionally, the algorithms used in Al systems may inadvertently perpetuate
biases, potentially reinforcing existing inequalities in education (O'Neil, 2016). Ethical concerns also
extend to the implications of Al for teacher-student relationships. The increasing role of Al in
educational environments may alter the traditional roles of educators, raising questions about the
balance between human and machine interaction. While Al can enhance instructional effectiveness, it

is essential to investigate whether Al can complement, rather than replace, the human elements of
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teaching, such as empathy, creativity, and interpersonal connection (Woolfet al., 2013). Exploring these
ethical considerations is crucial for ensuring that Al technologies are used responsibly and ethically in
educational contexts.
Conclusion
The current literature on Al-driven competency-based learning highlights its potential to
transform educational practices by personalizing learning, enhancing engagement, and fostering self-
regulation. However, several gaps remain in the research, particularly regarding the integration of Al
with pedagogical frameworks, the long-term effects on learner autonomy and motivation, the scalability
and accessibility of Al systems, and the ethical implications of their use. Addressing these gaps will be
essential for understanding how Al can be effectively implemented in diverse educational settings and
for ensuring that Al technologies contribute to more equitable and inclusive educational practices.
Future research should focus on exploring these areas in greater depth to provide a more comprehensive

understanding of the role of Al in competency-based learning.

Methodology

Determining the sample size for the study involves considering several factors, including the
population size, desired level of confidence, margin of error, and anticipated effect size. Here's a general
approach to calculating sample size:

Determining the population size (N): 1521 educators in City H using an Al-driven competency-
based learning model

Probability-based sampling methods, where the sample size can be determined based on the
population collection process. For example, the sample size used in this study was determined based on
the sample size calculation formula of Yamane (1973), and the sample size was determined based on a
95% confidence level and allowable value. The sampling error is 5% or 0.05. The total sample size is
1521. n = the number of samples used in the study. N = the total number of people, ¢ = the random
sampling error set at 0.05.

The sample size and calculation formula are as follows
N
14 Ne?
3 1521
"1+ 1521X0.052
n=316.7

Since the calculated sample size is 316.7, rounding up to the nearest whole number ensures an
adequate sample size. Therefore, the study required approximately 317 participants. However, practical
circumstances and potential attrition rates must be taken into account when determining the final sample

size. This thesis will design a survey questionnaire and distribute it to 1521 educators in Tai H City who
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use an Al-driven competency-based learning model. Due to the different class times, it is difficult to
travel to H City to conduct a physical paper survey. Therefore, this questionnaire was distributed
through the online platform “Question Star” (www.wjx.cn), and the respondents also filled out and
submitted the questionnaire through the “Question Star” platform (www.wjx.cn).After 33 days of
collecting all the questionnaires and evaluating the validity of the questionnaires, excluding the invalid
questionnaires, a total of 319 valid questionnaires were obtained and used for the analysis of the study,

with a validity rate of 63.8%.

Results

1. Impact of Population-Based Variables on Educational Innovation in AI-Driven Competency-
Based Learning, Teaching Effectiveness , Pedagogical Transformation, Digital Learning Infrastructure

The ANOVA results indicate that teaching experience has a statistically significant effect on
the dependent variables (F = 4.56, p = 0.002), suggesting that differences in teaching experience impact
Al-driven competency-based learning, teaching effectiveness, pedagogical transformation, and digital
learning infrastructure adoption. More experienced educators (16—20 years and 21+ years) may hesitate
to fully integrate Al-driven tools due to their long-established teaching practices and resistance to
change, as observed in previous studies on teacher adaptation to educational technology (Zhu et al.,
2022). Less experienced educators (0—5 years and 6-10 years) are more likely to adopt Al-driven
pedagogical transformation as they are more open to digital learning technologies and Al-based
assessment models. Mid-career educators (1115 years) may experience a transition phase, where their
prior experience influences Al adoption, but they also recognize the potential of Al tools to enhance
teaching effectiveness (Gao & Liu, 2023). The significant effect of teaching experience highlights the
need for tailored professional development programs to ensure that AI-CBL adoption is equitable across
all levels of teaching experience.

The ANOVA results show that subject area has a significant effect on the dependent variables
(F = 3.89, p = 0.003), indicating that Al-driven educational innovation is influenced by disciplinary
differences. STEM fields (Science, Mathematics, and Technology/Engineering) benefit significantly
from Al-driven learning tools, as these fields often require algorithmic reasoning, data analysis, and
simulations that Al can enhance (Chen et al., 2023). Social Sciences and Humanities educators may
find Al-based adaptive learning less applicable, as their subjects emphasize critical thinking, qualitative
analysis, and contextual understanding, which require interpretive human judgment rather than
algorithmic automation (Nguyen et al., 2023). Business/Economics educators can use Al for real-world
simulations, market analysis, and competency-based assessments, improving experiential learning
opportunities (Wang & Zhang, 2021). This finding reinforces the need for discipline-specific Al
integration strategies, ensuring that AI-CBL aligns with the pedagogical needs of each subject area.

The ANOVA results indicate a strong relationship between familiarity with Al tools and the
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dependent variables (F = 5.21, p = 0.001), confirming that teachers' technological competency
significantly impacts Al adoption, teaching effectiveness, and pedagogical transformation. Educators
with high Al familiarity (Very Familiar and Expert Level) demonstrate greater readiness to integrate
Al-based teaching strategies, digital learning platforms, and automated assessment tools. Educators
with low Al familiarity (Not Familiar at All and Somewhat Familiar) may struggle with technological
barriers, slowing the adoption of AI-CBL. Moderately familiar educators represent a key group for Al
training programs, as they have some exposure but may require additional support and professional
development. This finding underscores the critical role of Al literacy and digital training in educational
transformation, highlighting the necessity of institutional support for Al adoption in competency-based
learning.

The ANOVA results suggest that student learning styles significantly influence Al-driven
educational innovation (F = 6.05, p = 0.0005), emphasizing the importance of personalized Al-powered
learning approaches. Mixed-learning style students (31.0%) benefit the most from Al-driven
personalized learning platforms, which dynamically adjust instructional methods, content formats, and
assessment types (Hwang et al., 2022). Visual learners (26.6%) require Al-powered tools such as
interactive dashboards, visual simulations, and infographic-based learning to optimize comprehension.
Auditory learners (20.4%) benefit from Al-generated voice assistants, digital lectures, and
conversational Al tutors to enhance learning engagement. Kinesthetic learners (22.0%) require Al-
based simulations, gamified learning environments, and interactive assessments to strengthen their
hands-on learning experience. This finding highlights the need for Al-driven personalized learning
frameworks, ensuring that competency-based learning environments cater to diverse student learning
needs.

Conclusion

The analysis of the four ANOVA tables demonstrates that teaching experience, subject area,
Al familiarity, and student learning styles all have significant effects on Al-driven competency-based
learning, teaching effectiveness, pedagogical transformation, and digital learning infrastructure. These
findings support the research hypothesis that population-based variables influence the adoption and
effectiveness of Al-driven educational innovation. Teaching experience impacts Al adoption, requiring
differentiated training programs for educators at different career stages. Disciplinary differences affect
AI-CBL implementation, emphasizing the need for subject-specific Al teaching strategies. Familiarity
with Al tools significantly influences pedagogical transformation, reinforcing the importance of Al
training and technological support. Student learning styles necessitate Al-driven personalized learning
approaches, ensuring that teaching effectiveness and digital learning infrastructure cater to diverse
instructional needs. These findings align with the study's theoretical framework and hypotheses,
providing empirical evidence for the importance of Al-driven innovation in competency-based

education.
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2. Correlation Analysis of Educational Innovation in Al-Driven Competency-Based Learning,
Teaching Effectiveness , Pedagogical Transformation, Digital Learning Infrastructure

The correlation coefficient (r = 0.65, p <0.001) indicates a strong positive relationship between
educational innovation in Al-driven competency-based learning and teaching effectiveness. Al-
enhanced competency-based learning fosters adaptive teaching methodologies, enabling instructors to
customize learning experiences based on students' progress, competencies, and needs (Hwang et al.,
2022). AI-CBL supports data-driven decision-making, helping educators refine their pedagogical
approaches and enhance engagement, retention, and learning outcomes. The integration of Al tools in
assessment and feedback systems allows for real-time student performance tracking, leading to more
effective instructional interventions (Chen et al., 2023). This finding confirms that educational
innovation in Al-driven learning environments directly enhances teaching effectiveness, advocating for
institutional investment in Al-driven pedagogical tools to improve instructional quality.

The correlation coefficient (r = 0.70, p < 0.001) signifies a very strong positive relationship
between educational innovation in Al-driven competency-based learning and pedagogical
transformation. Al-driven educational innovation significantly reshapes traditional pedagogies,
promoting adaptive learning, automated feedback, and student-centered approaches (Zawacki-Richter
et al., 2020). Al-driven automation facilitates personalized learning pathways, allowing competency-
based instruction to shift away from one-size-fits-all approaches. Teachers' roles evolve from content
delivery to facilitation, as Al systems provide intelligent tutoring, real-time assessment, and automated
content adaptation. This strong correlation suggests that Al adoption is a key driver of pedagogical
transformation, reinforcing the importance of integrating Al competencies into teacher training
programs.

The correlation coefficient (r = 0.68, p < 0.001) reflects a strong positive correlation between
pedagogical transformation and teaching effectiveness. Pedagogical transformation enables teachers to
implement more effective, flexible, and adaptive teaching strategies, improving student engagement
and learning outcomes. Innovative teaching approaches supported by Al such as personalized learning,
intelligent feedback, and interactive digital resources, enhance teaching effectiveness (Wang & Zhang,
2021). Educators who embrace pedagogical transformation through AI-CBL experience greater
efficiency and impact in their instructional practices, leading to higher levels of student satisfaction and
performance. This finding reinforces the idea that pedagogical transformation is a critical intermediary
between Al-driven learning innovations and teaching effectiveness, advocating for educational policies
that support Al-driven instructional change.

Conclusion

The correlation analysis confirms that educational innovation in Al-driven competency-based
learning is strongly linked to both pedagogical transformation and teaching effectiveness. The results

indicate that: AI-CBL positively impacts teaching effectiveness by improving adaptive teaching
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methods, student engagement, and data-driven instructional decisions. Al-driven educational
innovation significantly transforms pedagogy, reshaping traditional teaching models into personalized,
Al-assisted, and competency-based approaches. Pedagogical transformation enhances teaching
effectiveness, reinforcing the role of innovative teaching strategies in improving learning outcomes.
These findings support the broader research goal of integrating Al-driven competency-based learning
into modern educational frameworks, advocating for teacher training programs, policy support, and
infrastructure investments to maximize Al's potential in higher education.

3. Regression analysis

The R-squared (R?) value of 0.425 suggests that 42.5% of the variance in teaching effectiveness
can be explained by Al-driven educational innovation. The ANOVA results (F = 25.67, p < 0.001)
confirm that the regression model is highly significant, meaning that Al-driven educational innovation
significantly predicts teaching effectiveness. The coefficient (B = 0.65, p < 0.001) shows a strong
positive effect, meaning that an increase in Al-driven educational innovation enhances teaching
effectiveness. AI-CBL facilitates adaptive learning strategies, helping educators tailor teaching
approaches to students' competency levels, leading to more efficient and impactful instruction (Huang
et al., 2022). Real-time Al analytics enable continuous performance monitoring, providing teachers
with actionable insights to adjust instructional methods and optimize learning outcomes. The findings
reinforce the argument that Al integration in competency-based learning is a critical factor in improving
instructional quality and student engagement.

The R-squared (R?) value of 0.480 indicates that 48.0% of the variance in pedagogical
transformation is explained by Al-driven educational innovation. The ANOVA results (F =30.12, p <
0.001) suggest that the regression model is highly significant, meaning that AI-CBL strongly influences
pedagogical transformation. The coefficient (B = 0.70, p < 0.001) indicates a very strong positive
relationship, implying that AI-CBL directly contributes to pedagogical transformation. Al technologies
facilitate a shift from traditional teacher-centered methods to student-centered learning models,
fostering more interactive, personalized, and flexible educational experiences (Chen et al., 2023).
Automation of assessment and feedback through Al reduces administrative burdens, allowing educators
to focus more on innovative instructional strategies. Al-driven pedagogical transformation enhances
collaboration by integrating intelligent tutoring systems, digital learning platforms, and real-time
analytics, improving student engagement. These findings suggest that higher education institutions
should prioritize Al-driven innovations to enhance pedagogical methods and learning environments.

The R-squared (R?) value of 0.450 suggests that 45.0% of the variance in teaching effectiveness
is explained by pedagogical transformation. The ANOVA results (F = 28.95, p < 0.001) confirm that
the regression model is statistically significant, meaning that pedagogical transformation significantly
influences teaching effectiveness. The coefficient (B = 0.68, p < 0.001) shows a strong positive effect,

indicating that an increase in pedagogical transformation directly enhances teaching effectiveness.
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Innovative pedagogical approaches improve learning engagement, making education more dynamic,
competency-driven, and student-centered. Blended learning models combining Al-driven adaptive
techniques with active learning strategies result in better knowledge retention and skill development
(Wang & Zhang, 2021). Pedagogical transformation fosters deeper learning experiences, as Al-
enhanced methodologies provide personalized, data-driven instruction that meets diverse student needs.

Conclusion

The regression analysis confirms that Al-driven educational innovation plays a critical role in
shaping pedagogical transformation and improving teaching effectiveness. Key takeaways include: Al-
CBL significantly enhances teaching effectiveness, explaining 42.5% of its variance (R? = 0.425),
highlighting the importance of Al-driven tools in improving instructional quality. Al-driven educational
innovation is a key driver of pedagogical transformation, explaining 48.0% of its variance (R? = 0.480),
reinforcing the need for technology-integrated instructional strategies. Pedagogical transformation
directly contributes to teaching effectiveness, explaining 45.0% of its variance (R? = 0.450),
emphasizing that educational reforms must focus on innovative, Al-supported methodologies. These
findings suggest that institutions should prioritize Al-driven competency-based learning frameworks to
enhance both teaching effectiveness and pedagogical innovation. Teacher training programs should
integrate Al tools and competency-based learning strategies to equip educators with the skills to
implement digital transformation effectively. Policymakers and educators should invest in digital
learning infrastructure, ensuring that Al-driven educational innovations are accessible and scalable. The
results strongly support the argument that Al-driven competency-based learning is a transformative
force in education, reshaping both pedagogical methods and teaching effectiveness.

4. Intermediary Analysis and Effect analysis for regulation

The mediation analysis reveals the following key relationships: AI-CBL — Pedagogical
Transformation: B = 0.70, p < 0.001. AI-CBL significantly enhances pedagogical transformation,
meaning that as Al-driven innovations in education increase, pedagogical transformation becomes more
pronounced. Pedagogical Transformation — Teaching Effectiveness: B = 0.68, p <0.001. Pedagogical
transformation significantly contributes to teaching effectiveness, implying that when teaching
methodologies evolve through Al-driven strategies, student learning outcomes improve. AI-CBL —
Teaching Effectiveness (Direct Effect): B = 0.40, p = 0.008. AI-CBL has a significant direct effect on
teaching effectiveness, but the magnitude is lower compared to the total effect, indicating that AI-CBL
alone does not fully explain improvements in teaching effectiveness. AI-CBL — Teaching
Effectiveness (Total Effect): B = 0.85, p < 0.001. The total effect (direct + indirect effects) is much
stronger than the direct effect alone, confirming that pedagogical transformation plays a crucial
mediating role in this relationship. The results confirm a partial mediation effect, meaning that while
Al-driven competency-based learning directly improves teaching effectiveness, a substantial portion of

its impact is transmitted through pedagogical transformation. Pedagogical transformation acts as an
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enabler, suggesting that educational institutions must prioritize transforming pedagogical practices
alongside adopting Al-driven educational innovations. This aligns with constructivist learning theories,
where the effectiveness of educational tools depends on how they are integrated into teaching
methodologies rather than their presence alone (Huang et al., 2022). The findings suggest that without
meaningful pedagogical reform, the benefits of Al-driven education may be limited—emphasizing the
need for continuous teacher training and methodological advancements. Universities and colleges
implementing Al-driven learning tools should simultaneously develop new teaching strategies that align
with competency-based models to fully realize the potential of Al in education. Professional
development programs for educators should focus on helping them integrate Al-powered insights into
their teaching styles, reinforcing the role of pedagogical transformation. Future policies should aim to
integrate Al into both instructional design and assessment methodologies to maximize student
engagement and learning outcomes.

The moderation analysis investigates whether digital learning infrastructure influences the
strength of the relationship between AI-CBL and teaching effectiveness. The key findings are: AI-CBL
— Teaching Effectiveness: B = 0.65, p < 0.001. Al-driven educational innovation has a significant
positive effect on teaching effectiveness, confirming its role in enhancing learning outcomes. Digital
Learning Infrastructure — Teaching Effectiveness: B=0.20, p =0.013. The presence of well-developed
digital learning infrastructure directly contributes to higher teaching effectiveness, suggesting that better
digital tools, platforms, and connectivity enhance educational outcomes. Interaction (AI-CBL x Digital
Learning Infrastructure) — Teaching Effectiveness: B = 0.30, p = 0.003. The interaction effect is
statistically significant, indicating that the positive impact of AI-CBL on teaching effectiveness
becomes stronger when digital learning infrastructure is more advanced. The results suggest that Al-
driven education alone is not sufficient—its success depends on a strong digital learning environment
that facilitates smooth implementation. Digital learning infrastructure acts as a catalyst, amplifying the
benefits of Al-driven competency-based learning. When institutions invest in robust infrastructure (e.g.,
high-speed internet, smart classrooms, learning management systems), Al-driven innovations become
more effective. This aligns with prior research suggesting that technology-enhanced learning
environments improve student engagement, knowledge retention, and teacher-student interaction
(Wang & Zhang, 2021). Institutions should invest in advanced digital infrastructure (e.g., cloud-based
learning platforms, Al-powered tutoring systems) to maximize the impact of Al-driven competency-
based learning. Educational policymakers should recognize the importance of digital equity—ensuring
that all institutions, including those in underdeveloped regions, have access to the necessary
technological resources to support Al-driven education. Teachers should be trained not only in Al-
driven pedagogical methods but also in leveraging digital infrastructure effectively, integrating real-

time analytics, adaptive learning platforms, and Al-assisted assessment tools into their teaching.
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Conclusion

Pedagogical transformation partially mediates the relationship between Al-driven competency-
based learning and teaching effectiveness, meaning that Al-driven education enhances teaching
effectiveness most effectively when it is accompanied by pedagogical changes. Digital learning
infrastructure significantly moderates this relationship, amplifying the positive effects of Al-driven
educational innovation on teaching effectiveness. Institutions with strong digital infrastructure benefit
more from Al-driven learning models. These results highlight the need for a holistic approach to Al
integration in education—merely implementing Al tools is insufficient; institutions must also invest in
pedagogical innovation and infrastructure development. Future research should explore other potential
mediators (such as student engagement, teacher digital literacy, and curriculum design) to provide a
more comprehensive understanding of the impact of Al-driven competency-based learning.
Policymakers should prioritize investments in digital learning ecosystems, recognizing that Al-driven
education is most effective when supported by adequate technological infrastructure. Higher education
institutions should establish frameworks for continuous teacher training, ensuring that educators are
equipped to leverage Al and digital tools effectively for pedagogical transformation. Overall, this
analysis confirms that Al-driven competency-based learning is a transformative force in education, but
its full potential is realized only when pedagogical transformation and digital learning infrastructure are

effectively integrated.

Discussion

This study explored the impact of Al-driven competency-based learning (AI-CBL) on teaching
effectiveness, the mediating role of pedagogical transformation, and the moderating role of digital
learning infrastructure. The findings contribute to the existing body of knowledge by providing
empirical evidence on how Al technologies shape teaching methodologies and learning outcomes. This
section discusses these findings in relation to theoretical frameworks, previous literature, and practical
implications.

1. AI-Driven Competency-Based Learning and Teaching Effectiveness

The study confirms that Al-driven competency-based learning significantly enhances teaching
effectiveness. This aligns with constructivist learning theories, which emphasize that students learn best
when instruction is personalized and competency-based (Vygotsky, 1978). Al technologies enable
adaptive learning, ensuring that students receive targeted instruction tailored to their needs, thereby
improving engagement and performance (Holmes et al., 2023).

Previous research has highlighted the potential of Al in enhancing student-centered learning
and instructional efficiency (Luckin, 2022). Al-driven competency-based learning facilitates real-time
feedback, automated assessment, and data-driven decision-making, which allows educators to adjust

their teaching strategies dynamically (Zawacki-Richter et al., 2023). The findings of this study provide
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further empirical support for these claims by demonstrating a strong positive relationship (B = 0.65, p
<0.001) between AI-CBL and teaching effectiveness.

However, while Al enhances efficiency and personalization, it also presents challenges related
to teacher adaptation. Some educators may struggle to integrate Al into traditional curricula due to
limited digital literacy or resistance to pedagogical change (Hwang et al., 2023). This highlights the
need for professional development programs to ensure teachers can effectively utilize Al tools to
enhance learning outcomes.

2. The Mediating Role of Pedagogical Transformation

One of the most significant findings of this study is the partial mediation effect of pedagogical
transformation in the relationship between AI-CBL and teaching effectiveness. The mediation analysis
reveals that AI-CBL positively influences pedagogical transformation (B = 0.70, p < 0.001), which in
turn enhances teaching effectiveness (B = 0.68, p < 0.001). This suggests that the impact of Al on
teaching is not merely technological but also pedagogical, reinforcing the argument that Al requires a
fundamental shift in teaching methodologies (Holmes et al., 2023).

This finding is consistent with transformative learning theory, which suggests that meaningful
educational change occurs when new technologies drive shifts in teaching strategies and student
engagement (Mezirow, 1997). Al encourages educators to adopt more interactive, student-centered, and
competency-based approaches, moving away from traditional rote-learning methods (Selwyn, 2023).
For example, Al-powered platforms can facilitate collaborative learning, self-paced instruction, and
problem-solving activities, which align with 21st-century learning objectives (Xie et al., 2023).

However, the effectiveness of pedagogical transformation depends on institutional support and
teacher preparedness. While Al tools offer potential for pedagogical innovation, educators require
structured guidance, training, and pedagogical frameworks to implement these changes effectively
(Zhou et al., 2023). Without proper institutional backing, teachers may adopt Al superficially rather
than fundamentally transforming their teaching practices.

3. The Moderating Role of Digital Learning Infrastructure

The study also confirms that digital learning infrastructure significantly moderates the
relationship between AI-CBL and teaching effectiveness (B = 0.30, p =0.003). This finding underscores
the importance of technological readiness in maximizing the benefits of Al-driven learning. Educational
institutions with advanced digital infrastructure—such as high-speed internet, Al-integrated learning
management systems, and cloud-based platforms—can implement Al-driven competency-based
learning more effectively (Hwang et al., 2023).

This aligns with the Technology-Enhanced Learning (TEL) framework, which suggests that
digital infrastructure is a key enabler of Al-based education (Spector, 2022). Al-driven learning requires
a robust technological foundation, including access to Al algorithms, data analytics, and smart

classrooms. Without such infrastructure, the effectiveness of AI-CBL may be limited or inconsistent
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(Luckin, 2022).

This finding has practical implications for policy and institutional investment. Governments
and educational institutions must prioritize the development of digital learning infrastructure to ensure
equitable access to Al-driven education (Zhou et al., 2023). Schools in developing regions may face
significant barriers due to limited resources, poor internet connectivity, and lack of Al-trained educators
(Hwang et al., 2023). Addressing these challenges requires strategic investment in educational
technology and teacher training.

4. Theoretical and Practical Implications

This study makes several key contributions to educational research: Expanding AI-CBL
Literature: By empirically validating the impact of Al-driven competency-based learning on teaching
effectiveness, this study contributes to the growing body of literature on Al in education (Zawacki-
Richter et al., 2023). Bridging Pedagogy and Technology: The study highlights the role of pedagogical
transformation as a mediator, reinforcing the idea that Al is not merely a tool but a driver of instructional
change (Xie et al., 2023). Integrating TEL Frameworks: The moderating effect of digital learning
infrastructure confirms the importance of technological readiness in Al-driven education (Spector,
2022).

Educational Policy and Investment: Governments and educational institutions must invest in
digital infrastructure to support Al-driven learning. Schools with limited technological capacity will
struggle to implement Al effectively. Teacher Training and Professional Development: Educators must
receive continuous training on how to integrate Al into competency-based learning. Without proper
guidance, Al may be used superficially rather than transformationally (Zhou et al., 2023). Institutional
Support for Pedagogical Innovation: Al’s impact on education is not just technological but also
pedagogical. Institutions must encourage innovative teaching methods rather than simply automating
traditional practices (Selwyn, 2023).

Conclusion

This study provides strong empirical evidence that Al-driven competency-based learning
enhances teaching effectiveness, with pedagogical transformation serving as a key mediating factor and
digital learning infrastructure acting as a moderator. These findings reinforce the idea that Al is a
catalyst for educational change, but its success depends on pedagogical adaptation, institutional support,
and technological readiness. Future research should explore longitudinal effects, cross-cultural

variations, and ethical considerations in Al-driven education.

Conclusion
This study examined the impact of Al-driven competency-based learning (AI-CBL) on teaching
effectiveness, considering the mediating role of pedagogical transformation and the moderating role of

digital learning infrastructure. The findings provide empirical support for the hypotheses, confirming
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that AI-CBL enhances teaching effectiveness, pedagogical transformation plays a significant mediating
role, and digital learning infrastructure strengthens this relationship.

1. Al-Driven Competency-Based Learning and Teaching Effectiveness

The results show that AI-CBL has a positive and significant effect on teaching effectiveness,
with a regression coefficient of 0.65 (p < 0.001). This indicates that Al-driven competency-based
learning approaches contribute to improving instructional quality, student engagement, and overall
learning outcomes. Al technologies facilitate personalized learning experiences, automated assessment,
and real-time feedback, which align with previous studies highlighting the role of Al in enhancing
teaching effectiveness (Burton, 2024). AI-CBL enables educators to adopt data-driven teaching
strategies, ensuring that students receive targeted support based on their individual progress and
competencies (Zawacki-Richter et al., 2023). The findings reinforce the argument that Al-driven
education models improve the efficiency and effectiveness of teaching practices in modern classrooms.

2. The Mediating Role of Pedagogical Transformation

A key finding of this study is that pedagogical transformation serves as a mediator in the
relationship between AI-CBL and teaching effectiveness. The mediation analysis shows that AI-CBL
positively influences pedagogical transformation (coefficient = 0.70, p < 0.001), and in turn,
pedagogical transformation positively affects teaching effectiveness (coefficient = 0.68, p <0.001). The
direct effect of AI-CBL on teaching effectiveness remains significant (coefficient = 0.40, p = 0.008) but
is reduced when pedagogical transformation is accounted for, indicating a partial mediation effect.

This finding suggests that Al-driven learning environments do not simply enhance teaching
effectiveness directly but also reshape pedagogical approaches, encouraging educators to adopt more
innovative, student-centered teaching methodologies. Al tools facilitate adaptive learning, automated
grading, and intelligent tutoring systems, which allow educators to shift from traditional lecture-based
methods to interactive and competency-based instructional strategies (Hwang et al., 2023).
Furthermore, AI-CBL encourages collaborative learning and problem-solving, which are essential for
developing 21st-century skills (Luckin, 2022).

3. The Moderating Role of Digital Learning Infrastructure

The study also confirms that digital learning infrastructure moderates the relationship between
AI-CBL and teaching effectiveness, with a significant interaction term (coefficient = 0.30, p = 0.003).
This means that AI-CBL has a stronger impact on teaching effectiveness when digital learning
infrastructure is well-developed.

A robust digital learning infrastructure, including high-speed internet, cloud-based learning
management systems, and Al-integrated educational platforms, enhances the effectiveness of Al-driven
teaching strategies. Schools and universities with advanced digital resources can implement real-time
Al analytics, virtual simulations, and intelligent feedback systems, leading to more efficient and

personalized teaching (Selwyn, 2023). This finding highlights the importance of investing in
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technological infrastructure to maximize the benefits of AI-CBL. Without adequate digital resources,
the potential of Al-driven education may not be fully realized.
4. Summary of Findings
The findings of this study empirically validate the role of Al in transforming education by
confirming that:
Al-driven competency-based learning significantly improves teaching effectiveness by
providing personalized learning pathways and intelligent support for educators.
Pedagogical transformation partially mediates this relationship, emphasizing the importance of
evolving teaching methodologies alongside technological integration.
Digital learning infrastructure enhances the impact of AI-CBL, demonstrating that technology-
enriched environments amplify the effectiveness of Al-driven education models.
Implications for Education
The results suggest that educational institutions should prioritize Al integration in competency-
based learning while also fostering pedagogical transformation and strengthening digital learning
infrastructure. Policymakers and administrators should focus on:
Training educators to leverage Al tools effectively in competency-based learning
environments.
Investing in digital infrastructure to create Al-supported, technology-enhanced learning
ecosystems.
Encouraging pedagogical innovation, ensuring that Al is used to enhance student engagement
and teaching strategies rather than simply automating traditional methods.
These insights provide a strong foundation for future Al-driven educational policies and
practices, reinforcing the role of technology in improving teaching quality and learning outcomes in

modern education.
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