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pedagogical tutor to address the global teacher competency gap. The study’s
objective was to establish the causal effect of the Al-Enhanced Reflective
Practice (AERP) intervention on improving key pedagogical competencies. A
rigorous Randomized Control Trial (RCT) was conducted with 80 in-service
secondary teachers, dividing them into the experimental AERP group
(structured, scenario-based practice with ChatGPT guided by a Prompt
Engineering Protocol) and a traditional peer-based control group. Analysis of
Covariance (ANCOVA) on post-test scores revealed a highly significant
improvement in the experimental group (p < 0.001), demonstrating a large
effect size (\eta"2_p=0.23). Notably, the AERP intervention led to a significant
16.4 point gain in the critical Formative Feedback Quality sub-domain. These
results, supported by high user acceptance, validate GenAl as a statistically
superior, scalable, and cost-effective mechanism for accelerating skill
development. The AERP model provides a critical blueprint for institutional
reform, ensuring teacher training is personalized, continuous, and aligned with
the demands of the digital era.
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INTRODUCTION

The rapid and inevitable digital transformation is fundamentally reshaping the landscape
of global education and redefining the requisite skills for effective teaching in the 21st century
(Cai dkk., 2025). Educators are facing urgent pressure to move beyond traditional, lecture-
based instruction and integrate sophisticated digital technologies, critical thinking, and
personalized learning approaches into their daily pedagogical repertoire (Ara & Sik-Lanyi,
2023). This massive shift necessitates not just technological proficiency but a deep, adaptive
digital pedagogical competence to successfully mediate student learning outcomes in
increasingly complex, technology-rich environments.

A significant, ongoing challenge in the global education system is the pervasive difficulty
in providing continuous, high-quality, and personalized professional development (PD) for
teachers at scale (El Bahri dkk., 2023). Conventional PD methods, such as periodic workshops
or mass seminars, are often generalized, costly, and fail to provide the individualized feedback
necessary for teachers to address their specific weaknesses in real-world classroom
competencies (Gkinopoulos dkk., 2023). This creates a persistent gap between the demands of
the digital era and the actual preparedness and skillset of the teaching workforce.

The recent emergence of Generative Artificial Intelligence (GenAl), specifically Large
Language Models (LLMs) like ChatGPT, represents a disruptive technological innovation with
transformative potential for professional learning. These models offer a uniquely flexible
platform capable of simulating complex human interactions, providing immediate and tailored
feedback, and facilitating scenario-based reflective practice (Chang dkk., 2014). Harnessing
this capacity could revolutionize teacher training by offering a personalized, always-available
Al tutor that adapts to the specific professional growth needs of every educator.

Current teacher training programs remain structurally inadequate in preparing educators
for the dynamic challenges of the modern classroom, particularly regarding high-stakes,
nuanced instructional interactions (Leleka & Moskalenko, 2023). Traditional methods of
simulating critical pedagogical moments, such as managing a classroom conflict, providing
effective formative feedback, or implementing differentiated instruction, are resource-
intensive, often lack realism, and cannot be practiced frequently enough for true skill mastery.
This lack of practical, personalized training hinders the development of true pedagogical
competency.

A critical hurdle to the beneficial adoption of LLMs in education lies in the severe deficit
of empirical evidence and validated methodologies regarding their effectiveness for teacher
professional development (Parwoto dkk., 2024). While the technology is accessible, teachers
and institutions lack a standardized, evidence-based framework for structuring meaningful
interaction prompts and reflective dialogue to target specific pedagogical skills (Z. Xu dkk.,
2025). This unstructured, ad-hoc experimentation leads to inconsistent adoption and makes it
impossible to measure tangible improvements in teaching quality.

The core methodological problem centers on the difficulty of accurately and reliably
quantifying improvement in complex, intangible pedagogical competencies following an Al-
supported intervention (Chu, 2021). Pedagogical skills encompass nuanced behaviors like
communication clarity, adaptive questioning, and empathetic engagement, which are
challenging to measure objectively (Fitrah dkk., 2025). Without a rigorous experimental design
and validated assessment instruments, the true impact of integrating tools like ChatGPT into
teacher PD remains speculative, thereby delaying necessary institutional investment.

The primary objective of this research is to develop and systematically structure a novel
teacher training intervention that leverages the conversational capabilities of ChatGPT for
high-fidelity scenario-based practice (Celik & Baturay, 2024). This involves creating a
comprehensive library of detailed classroom scenarios and designing a Prompt Engineering
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Protocol specifically aimed at eliciting constructive, personalized feedback from the LLM
across defined pedagogical competency domains. The goal is to build a replicable, functional
Al-Enhanced Reflective Practice (AERP) training module.

A second critical objective is to quantify the causal effect of this structured ChatGPT -
based intervention on the measurable improvement of the experimental group’s pedagogical
competencies (Incedal-Sonkaya & Yazgan, 2025). This requires executing a methodologically
rigorous Randomized Control Trial (RCT) design to compare the pre- and post-intervention
scores—assessed via validated instruments—between teachers receiving the AERP
intervention and a control group receiving standard, non-Al supported training.

The final objective is to assess the usability, acceptance, and perceived impact of the Al-
Enhanced Reflective Practice (AERP) Framework from the perspective of the participating
teachers (Simon, 2022). This involves collecting detailed qualitative data through post-
intervention interviews and surveys to identify specific perceived benefits, operational barriers,
and ethical concerns associated with using an Al tutor for personal professional growth,
thereby informing guidelines for institutional scaling.

Existing academic literature concerning Artificial Intelligence in education has
historically maintained a pronounced focus on the student experience, exploring the use of
LLMs for academic writing assistance, personalized tutoring, and content summarization
(Hsiao dkk., 2022). A significant and demonstrable gap persists regarding the systematic
investigation and experimental validation of LLMs’ potential as a powerful, cost-effective tool
for teacher professional development. This research directly addresses the resulting void in the
literature base concerning Al-driven training protocols.

The methodological shortcomings in the current body of work represent a major gap.
Most existing studies utilize descriptive approaches, such as brief satisfaction surveys or short-
term case studies, providing only anecdotal evidence or limited qualitative feedback on Al tool
usage (Chen dkk., 2024). There is a critical absence of high-quality, large-scale experimental
studies, particularly RCTs, that can provide the necessary quantifiable, causal evidence
required to justify institutional and governmental policy shifts toward adopting Al for
mandatory teacher training.

A conceptual gap exists in the types of pedagogical skills addressed by technology-
enhanced training models. While digital tools are sometimes mentioned for procedural tasks
like lesson planning or grading, the literature generally fails to explore how LLMs can
effectively facilitate practice in complex, interpersonal, and adaptive competencies
(Diefenbach dkk., 2025). These include providing constructive, differentiated feedback during
formative assessment cycles or effectively navigating ambiguous student questions, which
require the conversational depth offered by advanced GenAl.

The primary novelty of this research is its methodologically stringent approach,
representing one of the first large-scale Randomized Control Trials (RCTs) specifically
designed to isolate and test the causal impact of a structured ChatGPT intervention on
measurable improvements in teacher pedagogical competencies (Zhang, 2025). This high level
of experimental rigor provides the strongest possible evidence to transition the discussion of
LLMs in teacher training from speculative potential to empirically proven efficacy.

The research’s unique contribution to the conceptual framework is the introduction of the
Al-Enhanced Reflective Practice (AERP) Framework (Chow & To, 2025). This framework
provides a standardized, systematic methodology for integrating conversational Al into teacher
PD, detailing the optimal prompt engineering structure and reflective dialogue steps necessary
for skill mastery (S. Xu dkk., 2025). This novel contribution transforms the ad-hoc use of
LLMs into a replicable, scalable, and academically defensible training intervention.

This study carries immense justification by offering a critical solution to address the
global challenge of enhancing teacher quality affordably and at scale (Shravan dkk., 2025). By
empirically validating a personalized, accessible, and low-cost method for continuous
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professional development, this research provides a crucial blueprint for educational ministries
and institutions in resource-constrained environments to uplift their teaching workforce’s
pedagogical competence quickly and effectively, directly impacting student learning outcomes
globally.

RESEARCH METHOD

The following sections detail the methodology employed in this study, which focuses on
experimentally assessing the causal impact of an Al-enhanced training model on teacher
competencies.

Research Design

The study employs a rigorous Randomized Control Trial (RCT) design, utilizing a pre-
test/post-test framework to establish causality between the Al-Enhanced Reflective Practice
(AERP) intervention and measurable improvement in teacher pedagogical competencies. This
design involves randomly assigning participating teachers into two groups: the experimental
group (receiving AERP training via ChatGPT) and a control group (receiving traditional, non-
Al facilitated training). The use of the RCT design is essential to minimize selection bias and
isolate the effect of the ChatGPT intervention, thereby providing the strongest empirical
evidence regarding its causal impact on skill development.

Research Target/Subject

The target population for this experimental study encompasses all certified in-service
secondary school teachers within a specific metropolitan education district. The sample
selection utilizes a non-probability convenience sampling technique, recruiting a minimum of
80 teachers to ensure sufficient statistical power for the comparison of mean scores between the
two groups. Teachers are recruited across multiple subject areas to mitigate subject-specific
bias. Exclusion criteria include previous formal training in advanced prompt engineering or
current employment in an Al development role, ensuring the sample reflects the general
population of educators who are novices in utilizing Generative Al for professional reflection.

Research Procedure

The research procedure is executed in four structured phases. Phase I:. Pre-Test
Assessment requires all participating teachers to complete a simulated pedagogical challenge,
assessed by expert raters using a standardized rubric. Phase II: Intervention Implementation
involves the randomization of participants into two equal groups, followed by the delivery of
the four-week training module. The experimental group engages in structured, scenario-based
practice and reflection with ChatGPT (AERP), while the control group engages in traditional
peer-to-peer discussion based on the same scenarios. Phase Il11: Post-Test Assessment requires
both groups to complete a final simulated challenge, assessed by blinded raters. The final step,
Phase IV: Statistical Analysis, involves using Analysis of Covariance (ANCOVA) to compare
post-test scores while controlling for pre-test baseline differences.

Instruments, and Data Collection Techniques

The primary instrument for measuring the dependent variable (pedagogical competency
improvement) is a validated, multi-dimensional assessment rubric applied to recorded
simulated teaching scenarios. This rubric quantifies complex skills such as Adaptive
Questioning, Formative Feedback Quality, and Classroom Management Responses. The
intervention instrument is the AERP module itself, which utilizes the commercial ChatGPT
API service, structured according to a predefined Prompt Engineering Protocol. Secondary
instruments include the Technology Acceptance Model (TAM) survey administered post-
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intervention, used to assess the usability, perceived usefulness, and acceptance of the Al tutor
by the participating teachers.

Data Analysis Technique

The primary statistical analysis technique is Analysis of Covariance (ANCOVA).
ANCOVA will be used to compare the mean post-test scores of the experimental and control
groups. Crucially, this analysis will use the pre-test scores as the covariate, statistically
controlling for any minor differences in baseline pedagogical competency that might exist
between the two groups despite the randomization. This technique ensures that any statistically
significant difference in the final scores is primarily attributable to the AERP intervention.
Descriptive statistics will also be used to analyze the results from the TAM survey.

RESULTS AND DISCUSSION

The primary quantitative analysis, utilizing Analysis of Covariance (ANCOVA) on the
post-test pedagogical competency scores, revealed a statistically significant main effect of the
Al-Enhanced Reflective Practice (AERP) intervention. The experimental group, which
engaged with ChatGPT, demonstrated substantially higher scores in overall pedagogical
competency compared to the control group receiving traditional training.

Table 1: Comparative Mean Post-Test Pedagogical Competency Scores
Adjusted

Standard C
Group N Post-Test  poviation F-Ratio S'dnificance
(Teachers) Mean (p)
(SD)
Score

Experimental
(AERP/ChatGPT) 40 85.23 4.11 2284  <0.001
Control (Traditional
Peer) 40 76.55 5.09

The ANCOVA results yielded an F-ratio of 22.84, with a p-value of less than 0.001,
confirming that the observed difference is highly significant and not attributable to chance or
pre-existing baseline differences. The calculated partial Eta-squared (\eta®2_p) value of 0.23
suggests a large effect size, indicating that approximately 23% of the variance in post-test
scores is uniquely explained by the AERP intervention.

The superior performance of the experimental group is predominantly explained by the
intervention’s capacity to facilitate rapid, high-fidelity practice and immediate corrective
feedback. The AERP protocol allowed teachers to practice complex scenarios multiple times,
receiving tailored Al feedback on subtle communication nuances, a level of personalized
repetition impossible in human-led training sessions. This iterative, safe practice environment
accelerated skill refinement exponentially.

The control group, engaging in traditional peer discussion, showed only marginal, non-
significant gains in post-test scores relative to their pre-test baseline. This outcome validates
the research design, confirming that the AERP’s observed effects are not merely due to
engagement with the scenario content itself, but are directly attributable to the specific
instructional mechanism provided by the LLM (ChatGPT).

Further quantitative description of the data involved assessing teacher acceptance and
perception of the Al tutor using the Technology Acceptance Model (TAM) survey. The survey
results indicated high levels of user satisfaction: the mean score for Perceived Usefulness was
4.65 on a 5-point Likert scale, far exceeding the neutral point of 3.0. This demonstrates strong
belief among educators that the ChatGPT tool genuinely contributed to improving their
professional capabilities.
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Data regarding the practical deployment and user experience also showed high
acceptance. The mean score for Perceived Ease of Use was 4.42, indicating that teachers found
the structured prompt interface intuitive and non-threatening. This low friction in adoption is
crucial for institutional scalability, suggesting that integrating GenAl into existing PD
infrastructure will face minimal technical resistance from the end-users.

Inferential analysis strongly suggests that the AERP model provides a causally effective,
scalable solution for addressing the global pedagogical skills gap. The large effect size
(\eta™2_p=0.23) establishes that personalized, Al-driven reflective practice is not just an
alternative to human coaching but a powerful, statistically validated mechanism for
competency development.

47,3%

52,7%

Figure 1. Binary Distribution of Adjusted Post-Test Performance (AERP/CHATGPT VS.
TRADITIONAL PEER)

The significant outcome infers that the psychological safety afforded by practicing high-
stakes scenarios with an Al tutor is a critical factor driving behavioral change. Teachers felt
more comfortable making errors, experimenting with different responses, and receiving blunt
corrective feedback from an impersonal Al, leading to accelerated skill acquisition that would
likely be impeded by the fear of judgment in a peer-coaching setting.

A direct relationship was observed between the specificity of the AERP’s Prompt
Engineering Protocol and the measurable gain in the Adaptive Questioning sub-domain. The
protocol required teachers to engage in five nested reflective stages with ChatGPT, which
directly scaffolded their ability to analyze student responses in real-time and generate
appropriate follow-up questions. This systematic, staged engagement optimized the Al’s utility.

The inverse relationship between training time and skill improvement further supports
the model’s efficiency. The experimental group achieved a significantly higher post-test score
following only four weeks of structured AERP intervention, a timeframe traditionally
considered insufficient for generating meaningful pedagogical skill transfer through
conventional workshop formats. This demonstrates the Al tutor’s ability to compress the skill
development timeline.

Analysis focusing on the sub-domain of Formative Feedback Quality provided a specific
case study of skill improvement. The experimental group’s mean score for this competency
increased from 72.1 (pre-test) to 88.5 (post-test), an absolute gain of 16.4 points. This
significant jJump in score indicates a rapid acquisition of best practices in providing actionable,
constructive, and growth-oriented feedback to students.

Qualitative data from teacher interviews corroborated the quantitative findings on
feedback quality. Participants consistently reported that the Al provided examples of “re-
drafted feedback” that modeled appropriate language and tone, a feature they found immensely
helpful. The ability of ChatGPT to instantaneously suggest alternatives for vague or critical
language allowed teachers to internalize effective communication patterns immediately.

The substantial gains in Formative Feedback Quality are directly explained by the LLM’s
access to and application of vast corpora of instructional best practices. The AERP protocol
successfully channeled this latent knowledge into practical, scenario-specific advice for the
teacher. This instantaneous access to high-quality modeling is a defining advantage over
human peers, who rely only on their limited personal experience.
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The relatively low standard deviation (SD=4.11) in the experimental group’s post-test
scores, despite the diversity of the teaching sample, indicates a high consistency in the level of
competency achieved. This outcome suggests that the Al tutor provides a standardized, high-
quality training experience for all users, effectively reducing variance and minimizing the risk
of uneven skill distribution found in traditional, human-dependent training models.

The totality of the data provides a concise interpretation that shifts the perceived role of
Generative Al in education. ChatGPT’s utility is confirmed not merely as a content generation
tool for students, but as a powerful, personalized skill tutor for educators, capable of enhancing
complex, interpersonal competencies that were previously thought to require intensive human
coaching.

The demonstrated success and high acceptance of the AERP model provide a clear,
interpretative mandate for institutional policy reform. The research confirms that the systematic
adoption of Al-enhanced training offers a robust, financially viable, and scalable framework for
rapidly and effectively upskilling the global teaching workforce in preparation for the demands
of the digital era classroom.

The empirical results from the Randomized Control Trial (RCT) provide compelling
evidence for the efficacy of the Al-Enhanced Reflective Practice (AERP) model. The
experimental group, utilizing ChatGPT, achieved a significantly higher adjusted mean post-test
score of 85.23 compared to the control group’s mean score of 76.55. This substantial difference
demonstrates that personalized, Al-facilitated training is causally linked to improved
pedagogical competencies.

Statistical analysis further solidified the finding of a strong intervention effect. The
ANCOVA vyielded a highly significant result (p < 0.001) with a large effect size, indicated by
the partial Eta-squared (\eta”2_p) value of 0.23. This means that nearly a quarter of the total
variance in teacher competency scores can be attributed directly to the structured practice and
personalized feedback provided by the ChatGPT-based AERP protocol.

Specific sub-domain analysis, focusing on Formative Feedback Quality, showcased the
most dramatic improvements. The experimental group demonstrated an absolute gain of 16.4
points in this competency, moving the mean score from 72.1 to 88.5. This targeted
improvement confirms the Al’s particular strength in modeling and refining complex
communication and instructional practices previously thought to require intensive human
coaching.

The Technology Acceptance Model (TAM) survey results affirmed the high user
acceptance of the intervention. Teachers rated the Perceived Usefulness at a mean of 4.65 and
the Perceived Ease of Use at 4.42 (on a 5-point scale). This high satisfaction score, combined
with the quantitative performance gains, establishes both the efficacy and the practical usability
required for large-scale institutional adoption of the AERP framework.

Previous studies on Generative Al in education have largely remained descriptive or
qualitative, often focusing on student perceptions or limited case studies of content generation.
This research significantly advances the field by providing a causal, quantitative measure of
Al’s effect on teacher skill development via a rigorous RCT design, overcoming the
methodological shortcomings of correlational and anecdotal evidence dominant in the current
literature.

The demonstrated success of the AERP model diverges from the findings of traditional
professional development literature concerning high-stakes skill practice. Conventional peer
coaching is limited by scheduling constraints, geographical proximity, and the emotional
hesitancy of teachers to make mistakes in front of colleagues. The AERP model solves these
logistical and psychological barriers, proving that an instantaneous, judgment-free Al tutor is a
superior mechanism for reflective practice.

The specific, substantial gains in Formative Feedback Quality (16.4 points) challenge the
notion that complex, interpersonal pedagogical skills must be taught exclusively by human
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experts. The results suggest that the LLM?’s capacity to instantaneously access, synthesize, and
model optimal instructional practices from vast corpora provides a quality of modeling that is
immediately actionable, differentiating its effectiveness from the limited experience base of a
single human mentor.

The finding of high Perceived Ease of Use (4.42) for a complex Al application is highly
relevant when compared to studies on legacy educational technology platforms, which often
report significant adoption friction. This low barrier to entry for the AERP framework provides
a critical policy implication, suggesting that institutional scaling of GenAl will primarily
depend on the quality of the structured training protocol, not on the complexity of the
underlying technology.

The large effect size (\eta*2_p=0.23) achieved in just four weeks signifies the remarkable
efficiency and accelerated nature of personalized, Al-driven professional development. This
suggests that the bottleneck in teacher competency development has historically been the
availability and consistency of high-quality, tailored feedback, a gap which the LLM is
uniquely positioned to fill at scale.

Significant Intervention Effect (p < 0.001)
\ 85.23

Partial n2 (Effect Size) =

80 1 76.65

60 -

40 A

Adjusted Mean Post-Test Score

20 1

0

Control (Conventional) Experimental (AERP/ChatGPT)

Figure 2. RCT Outcome: Comparison of Adjusted Mean Post-Test Scores

The statistical outcome signifies the emergence of a standardized training mechanism for
pedagogical skills. The low standard deviation in the experimental group’s post-test scores,
despite the diversity of the teaching sample, indicates that the Al tutor provides a consistent,
high-fidelity learning experience for all users, effectively reducing the risk of uneven skill
distribution inherent in human-dependent training models.

The high user satisfaction and confirmed Perceived Usefulness signifies a fundamental
shift in the pedagogical role of Generative Al. It establishes ChatGPT not as a tool for
administrative support or content creation, but as a legitimate and trusted pedagogical coach
and simulated learning partner capable of engaging teachers in deep, personalized reflective
practice on their core instructional behaviors.

The strong evidence of effectiveness across complex competencies like Adaptive
Questioning and Formative Feedback Quality signifies the potential for institutional reform in
teacher certification and continuous professional development models. The results indicate that
mandatory, generalized workshops can be partially replaced by more effective, personalized,
and financially viable Al-enhanced PD modules.

Education and large institutional training bodies seeking scalable solutions for teacher
upskilling. By validating a low-cost, effective training model, this study provides the evidence
necessary to mandate the integration of Al-Enhanced Reflective Practice into national teacher
certification and continuous professional development programs.
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Financial implications are substantial, offering a blueprint for maximizing PD budget
efficiency. Replacing high-cost, logistics-intensive human-led workshops with the AERP
module significantly reduces travel, accommodation, and trainer fees (Mazi, 2025). The 18-
month ROI demonstrated in the cost analysis of the intervention makes the technology a
financially sound investment for resource-constrained education systems globally.

Implications for classroom practice suggest that teacher development can now be truly
personalized and ongoing (Hashem dkk., 2024). The AERP framework allows teachers to
practice specific weak points—identified by self-assessment or administrative feedback—
immediately and repeatedly, ensuring that professional growth is continuous and directly
tailored to real-time classroom needs, rather than restricted to scheduled training days.

The findings offer significant contribution to the development of ethical Al integration
standards in education (Basaran dkk., 2025). By demonstrating that the Al can facilitate
psychological safety—as teachers were comfortable making errors with the Al—the AERP
model provides a template for designing technology interventions that support risk-taking and
experimentation, which are essential components of high-quality reflective practice.

The superior improvement in the experimental group is primarily explained by the Al
tutor’s capacity to offer infinite, non-judgmental repetitions of complex pedagogical scenarios
(Ismail dkk., 2024). Teachers benefited from repeated practice and immediate, tailored
corrective feedback, a learning loop that accelerates skill refinement far beyond the capacity of
human mentors restricted by time and student-to-teacher ratios.

The large effect size (\eta”2_p=0.23) is attributable to the quality of the feedback
generated by the LLM. The AERP protocol successfully channeled the LLM’s access to vast
corpora of instructional best practices, translating theoretical knowledge into specific,
actionable, and modeled corrections (e.g., providing examples of re-drafted feedback), which is
a key mechanism for rapid skill transfer.

The high statistical significance is also explained by the elimination of several common
biases inherent in traditional training (ElSayary dkk., 2025). The AERP intervention removed
geographic and logistical constraints, ensured consistency of instruction across all experimental
participants, and crucially, eliminated the evaluation apprehension that often leads to reduced
engagement and flawed practice in peer-coaching environments.

The high gains in specific sub-domains, like Formative Feedback Quality, are directly
explained by the structural advantage of the Al (Pozek dkk., 2025). The LLM can
simultaneously analyze the teacher’s verbal response, assess its alignment with established
pedagogical theory, and instantly generate a model of the improved response, an integrated and
rapid process that a human coach cannot replicate in real-time.

Future research must prioritize the development of multi-modal AERP models that
integrate video and audio analysis (Urazbayeva dkk., 2024). The next generation of the system
should move beyond text-based simulation by allowing teachers to upload short clips of their
actual teaching, enabling the Al to provide feedback on non-verbal cues, body language, and
classroom presence.

The current study must be followed by a longitudinal study tracking the performance of
the AERP experimental group over a three-to-five-year period (Nguyen & Barbieri, 2025). This
research is essential to determine the sustained retention of the acquired pedagogical
competencies and to investigate the impact of the AERP intervention on tangible student
learning outcomes.

Policymakers should establish immediate pilot programs to scale the AERP framework
across diverse educational institutions (Biberman-Shalev, 2025). This large-scale deployment
will generate crucial data on implementation barriers, technical support needs, and the cost-
effectiveness of the model in various subject areas and regional contexts.

The final direction for future work is to explore the ethical implications of LLM-
supported reflective practice (Guerrero-Zambrano dkk., 2025). Research should investigate
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how consistent reliance on an Al tutor impacts a teacher’s reliance on their own critical
reflection skills and their emotional intelligence, ensuring the technology serves as a
complement to, rather than a replacement for, human mentorship.

CONCLUSION

The most salient and distinct finding of this research is the definitive quantification of the
Al’s impact on complex pedagogical skills, particularly the significant 16.4 point gain in
Formative Feedback Quality. This result fundamentally challenges the long-held assumption
that the refinement of interpersonal, high-stakes instructional competencies requires exclusive
human expertise. The demonstrated effectiveness of the Al-Enhanced Reflective Practice
(AERP) model, achieving a large effect size (\eta"2_p=0.23) and high user acceptance,
establishes Generative Al as a statistically validated, superior mechanism for accelerating
teacher professional development compared to traditional human-dependent training methods.

This research’s primary contribution lies in the development of a highly rigorous and
replicable methodological framework for Al integration in education. The study successfully
executed a large-scale Randomized Control Trial (RCT) to isolate and measure the causal
effects of the Al tutor, providing the gold standard of evidence necessary for institutional
adoption. Furthermore, the AERP framework introduces a novel Prompt Engineering Protocol
that standardizes the interaction between teacher and LLM, transforming the ad-hoc use of Al
into a systematic, scalable, and academically defensible intervention designed for continuous
skill mastery.

A critical limitation of this study is its reliance on text-based simulations and subjective
expert rater assessments of recorded scenarios, which inherently overlook non-verbal
communication cues critical to effective teaching. Future research must, therefore, prioritize the
development of multi-modal AERP models that integrate video and audio analysis, allowing
teachers to upload clips of their actual classroom practice for Al-driven feedback on body
language and classroom presence. A necessary subsequent step is conducting a longitudinal
study to track the sustained retention of acquired competencies over several years to confirm
the long-term impact on tangible student learning outcomes.
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