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Abstract  

As technology continues to advance, Artificial Intelligence (AI) is viewed as having great potential as a reflective partner for 

teachers in designing, implementing, and evaluating learning. However, the implementation of AI in the context of teacher 

reflection remains limited, partial, and not yet systematically integrated into professional development. This study aims to 

explore the role of AI as a reflective partner to empower teachers in implementing deep learning pedagogy. The method used 

is a systematic literature review (SLR) with a PRISMA approach. Data was obtained through article searches in the 

SpringerLink database using relevant keywords, then filtered based on methodological quality, topic suitability, and 

publication completeness. A total of 21 selected articles were qualitatively analyzed using Atlas.ti version 24 software to 

identify codes, categories, and research concept maps. The analysis results revealed five main themes of AI’s role in deep 

learning pedagogy: (1) AI-Supported Deep Learning Lesson Design, which supports teachers in designing objectives, content, 

and anticipating learning barriers; (2) AI in Orchestrating Deep Learning Processes, which organizes classroom dynamics 

through inquiry prompts, multi-representation of concepts, and real-time formative feedback; (3) AI-Augmented Deep Learning 

Assessment, which strengthens authentic assessment through multi-level rubrics, evidence-based performance analysis, and 

verification of learning processes; (4) AI-Driven Reflective Teaching Practices, which facilitates data-driven reflection, action 

planning, and knowledge curation for professional development; and (5) Ethical and Contextual AI Integration, which 

emphasizes the importance of local context, ethical awareness, and data protection. Based on the findings, it is recommended 

that teachers receive practice-based training that not only focuses on technical skills but also on integrating AI into deep 

learning pedagogy principles. Governments and educational institutions should formulate policies that encourage the ethical, 

transparent, and contextually appropriate use of AI. Technology developers are advised to design AI as a co-designer and co-

orchestrator while maintaining teachers as the main decision-makers. Further research is needed through longitudinal, cross-

cultural, and cross-level studies, including in vocational education, to assess the long-term effectiveness of AI utilization in 

supporting teacher professionalism and achieving deep learning outcomes. 

Keywords: Artificial Intelligence, Teacher Reflection, Deep Learning Pedagogy, Professional Development, Deep Learning.

1. Introduction 

Improving teacher quality is a strategic mandate of Indonesia’s national education system as stipulated in 

Law No. 14 of 2005 concerning Teachers and Lecturers, which requires the continuous development of 

pedagogical, personal, social, and professional competencies. According to the Regulation of the Director General 

of Teachers and Education Personnel No. 7607/B.B1/HK.03/2023, teachers are encouraged to improve learning 

practices that focus on students’ cognitive activation through interactive activities. In addition, after conducting 

classroom observations, teachers are expected to reflect on their practices in response to notes and performance 

evaluation results as part of the cycle of instructional improvement. Regulation of the Ministry of Education, 

Culture, Research, and Technology No. 16 of 2022 on Process Standards emphasizes that learning processes must 

be designed to be interactive, inspiring, enjoyable, challenging, and motivating for students to actively participate. 

These characteristics are the essence of a student-centered deep learning approach. 

Recent literature affirms that AI holds great potential as a reflective partner in developing teacher 

professionalism, particularly in observing, analyzing, and enhancing the quality of deep learning(Doğan et al., 
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2025; Tammets & Ley, 2023). revious research on pre-service teachers found that AI-powered dashboards can 

support teacher reflection with data-driven insights, transforming reflection from a traditional approach into a more 

systematic, evidence-based practice (Cai et al., 2025). Although AI’s potential is widely acknowledged, its 

implementation to support reflection in deep learning remains limited. For example, the use of QuestionBot by 

pre-service teachers helps them recognize questioning patterns, but the trials remain small in scale (Sert, 2025). 

Generative AI enriches reflection through digital storytelling, yet its adoption is still dominant among pre-service 

teachers (Wei et al., 2025). Intelligent teaching analytics enhance collaborative reflection, but some teachers 

initially feel anxious about AI analysis (M. Wang et al., 2025). Teachers’ trust in AI is influenced by AI literacy 

and cultural context, with significant skepticism still present (Viberg et al., 2024). Teacher questioning quality 

improved by 20% through AI feedback, but its effectiveness depends on teachers’ trust in the accuracy of data (D. 

Demszky et al., 2025). Most AI-based professional development programs have not fully integrated deep learning 

pedagogy principles, tending to focus only on technical skills of AI use (Doğan et al., 2025). Teachers, therefore, 

need practice-based training to optimally utilize AI (Aljemely, 2024). 

Normatively, teachers are expected to use AI to strengthen reflective practices within the deep learning 

approach, in accordance with national policies and educational research developments. However, in practice, AI 

implementation remains partial, limited to small trials, not integrated into ongoing professional development, and 

often not explicitly directed toward supporting deep learning pedagogy. This gap calls for research that connects 

scientific evidence and educational policies with concrete practices of using AI as a reflective partner for teachers. 

The urgency of this research lies in the need to bridge the gap between policy ideals, research findings, and 

practical realities. Amidst the accelerating integration of technology in education, Indonesia requires a framework 

for AI utilization aligned with teacher needs and oriented toward deep learning. This study is expected to contribute 

to the design of a contextual, sustainable model of teacher professional development that strategically integrates 

AI as a reflective partner. Based on the above background, this paper aims to explore AI as a reflective partner to 

empower teachers in implementing a deep learning approach. 

2. Method 

The design used in this article is a systematic literature review. The reason for using a systematic literature 

review is to obtain a comprehensive, objective, and accountable picture of AI as the Reflective Partner. The data 

collection technique employed was a literature search, selecting articles published in Scopus-indexed journals. The 

articles were retrieved through the SpringerLink database. The literature search method applied was PRISMA, 

which aims to obtain high-quality articles. This method helps with duplication removal, title and abstract screening, 

and assessing the relevance of articles to the research question or objectives. The procedure in this method consists 

of identification, screening, eligibility, and inclusion. The data analysis technique was qualitative, which involved 

the stages of data reduction, coding, and concept mapping. Data analysis was conducted with the assistance of 

Atlas.ti version 24 software. In detail, the procedure for determining the articles for analysis can be seen in Figure 

1. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. PRISMA AI as the Reflective Partner 
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Based on Figure 1, articles were identified and screened using keywords. The articles included in the 

analysis were identified based on the most recent publication years, specifically those published in globally 

indexed journals (Scopus) in 2025. Next, articles were searched using the following keywords: deep learning 

pedagogy, AI integration in reflection, teacher reflection, learning reflection, learning pedagogy, deep learning 

approach, vocational school deep learning approach, and AI as the reflective partner. The identified articles were 

then screened for relevance to this study’s topic. Articles with strong methodology were prioritized. Additionally, 

the screening process considered the completeness of the article sections, such as IMRAD structure. 

3.  Result and Discussion 

Result 

Based on the identification and screening process conducted in the research method, 21 (twenty-one) 

articles were found to be highly relevant to this study. These articles were analyzed using the procedures presented 

in the methods section. The analysis of the 21 selected articles through a systematic literature review (SLR) 

revealed several major tendencies. First, in terms of publication period, most articles were published in 2025, 

indicating growing attention to the topic under investigation. This distribution shows the urgency and relevance of 

the issue within the current research context. Second, regarding research domains, the analyzed articles can be 

grouped into three main themes: (1) Conceptual and theoretical studies, which emphasize frameworks, models, or 

approaches; (2) Empirical studies, which highlight implementation, case studies, or practices in the field; and (3) 

Evaluative and comparative studies, which assess the effectiveness of certain approaches or evaluate their impact 

on learning outcomes/quality improvement. Third, in terms of research methodology, the majority of articles used 

qualitative approaches (such as case studies, interviews, or document analysis), followed by quantitative methods 

(surveys, experiments), and a smaller proportion adopted mixed methods. This pattern indicates that the issue 

under investigation is still widely explored through descriptive and exploratory approaches. 

In addition, this review found that most articles emphasize implementation challenges such as resource 

limitations, teacher readiness, and policy support. Meanwhile, other articles highlight opportunities and 

recommendations such as the use of technology, capacity-building for educators, and collaboration with industry 

or related institutions. Overall, this SLR shows a general consensus that the researched topic has strategic relevance 

for both educational development and professional practice. However, there remains a research gap regarding 

long-term evaluation and quantitative impact measurement, which opens opportunities for further studies. The 

relevant articles analyzed in this study are presented in Table 1. 

 

Table 1. Article Screening Result 

No. Author Title 

1 (Yu, 2024) Research on the reform of university education pedagogy based on deep 

learning model in the context of information era 

2 (Lin et al., 2025) Enhancing reflective thinking in STEM education through experiential 

learning: The role of generative AI as a learning aid 

3 (Engeness, 2025) Cultural-historical perspective to design pedagogical ai for enhancing 

student writing 

4 (Babaci-Wilhite & 

Motyka, 2025) 

Teaching and learning for the common good: A case study on pedagogical 

engagement in the US higher education 

5 (Rincón et al., 2025) Instructional design for tutoring on interactive platforms: creating 

educational interventions overcoming the digital gap 

6 (Jerasa & Ura, 2025) Learning from tiktok: Quality and reach of #teachertok as a classroom 

nanagement tool for teacher education 

7 (Sager et al., 2025) Farming with data: tracing critical tensions using data science for food 

justice 

8 (van den Beuken et al., 

2025) 

Experiences of soft skills development and assessment by health sciences 

students and teachers: a qualitative study 

9 (Prosen & Ličen, 2025) Evaluating the digital transformation in health sciences education: a 

thematic analysis of higher education teachers’ perspectives 
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10 (Tong et al., 2025) The application of problem-based learning (PBL) guided by chatgpt in 

clinical education in the eepartment of nephrology 

11 (L. Wang et al., 2025) Teaching innovation in a pharmacy course: integration of “questioning-

training of comprehensive knowledge application” and a “teacher-ai-

student interaction model” 

12 (Gorham et al., 2025) A microlearning app for peer feedback training and its effect on learning 

performance and self-confidence during an EFL speaking task 

13 (X. Wang, 2024) Deep learning-based personalized learning recommendation system 

design for "T++" guzheng pedagogy 

14 (Breidenstein et al., 2025) Exploring teaching quality from within: A praxeological perspective 

15 (Z. Wang et al., 2025) Feasibility study of using gpt for history-taking training in medical 

education: a randomized clinical trial 

16 (Simon et al., 2025) The postdigital classroom: a guide toward the imaginary 

17 (Nolan & Zeidler, 2025) Cultivating critical reflection through socioscientific perspectives 

18 (Giskeødegård & Wahl, 

2025) 

Signature pedagogies of Norwegian simulator-based nautical training 

19 (Asmawi & Alam, 2025) A utopic techno-teacher coupling: designing an ad hoc activity map 

towards transformative pedagogical prototypes for reading instruction 

20 (van den Berg, 2025) Teachers’ experiences of using artificial intelligence from an open 

distance learning context: successes, challenges, and strategies for 

success 

21 (Galeboe et al., 2025) What is the impact of using design and technology pedagogy to support 

the attainment of 21st-century skills? 

 

The analysis of the 21 articles, which served as the data sources for this research, was conducted using 

qualitative meaning analysis with the assistance of Atlas.ti version 24 software. Each article was deeply explored 

to uncover the meanings contained within, aligned with the research focus: AI as the Reflective Partner: 

Empowering Teachers for Deep Learning Pedagogy. The analysis process produced several codes and categories, 

which were then mapped into a concept map. The concept map illustrates the interrelationships between AI’s role 

and teachers’ reflective practices in supporting deep learning pedagogy. From this mapping, several key themes 

were identified (1) AI-Supported Deep Learning Lesson Design; (2) AI in Orchestrating Deep Learning Processes; 

(3) AI-Augmented Deep Learning Assessment; (4) AI-Driven Reflective Teaching Practices; and (5) Ethical and 

Contextual AI Integration. 

 

1. AI-Supported Deep Learning Lesson Design 

This theme highlights how AI supports teachers in designing deep learning more systematically, 

adaptively, and contextually. The analyzed articles show that AI helps teachers to: 

• Identify students’ learning needs through learning data analysis. 

• Provide recommendations for learning resources and teaching strategies that align with student 

profiles. 

• Facilitate the design of project-based, collaborative, and problem-based learning that emphasizes 

higher-order thinking skills. 

Thus, AI functions not only as a technical tool but as a co-designer, supporting teachers in creating 

richer deep learning experiences. 

 

2. AI in Orchestrating Deep Learning Processes 

This theme refers to AI’s role in coordinating and facilitating the flow of deep learning processes. 

Orchestration here includes managing activities, interactions, and classroom dynamics. AI enables: 

• Real-time monitoring of student interactions to ensure active engagement. 

• Adaptive interventions, such as suggesting additional activities or slowing the pace of instruction 

according to students’ needs. 

• Support for teachers in managing complex learning, especially collaboration and reflective 

discussions. 
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These findings affirm that AI can help teachers handle diverse student needs without losing focus 

on deep learning goals. 

 

3. AI-Augmented Deep Learning Assessment 

This theme emphasizes the use of AI in assessing deep learning. The results show that AI 

strengthens assessment practices by: 

• Providing automatic, meaningful, and personalized feedback for students. 

• Assisting teachers in analyzing learning outcomes not only cognitively but also affectively and 

metacognitively. 

• Detecting patterns of student learning progress that are often invisible in conventional 

assessment. 

Thus, AI-based assessment focuses not only on outcomes but also on the learning process, 

promoting more authentic and formative assessment practices. 

 

4. AI-Driven Reflective Teaching Practices 

This theme demonstrates the novelty of this research—AI as a reflective partner for teachers. The 

analyzed articles show that AI supports teachers in: 

• Conducting data-driven reflection on their teaching practices. 

• Identifying strengths and weaknesses in the strategies they apply. 

• Providing simulations or alternative teaching recommendations to enhance effectiveness. 

This positions AI not merely as an administrative tool, but as a reflective partner that strengthens 

teachers’ capacity for continuous improvement and professional development. 

 

5. Ethical and Contextual AI Integration 

This theme underlines the importance of ethical and contextual considerations in AI 

implementation for education. The studies show that: 

• There is a need for policies and regulations ensuring student data protection as well as transparent 

and accountable AI use. 

• AI integration must consider local contexts, including infrastructure readiness, school culture, 

and teacher capacity. 

• Algorithmic bias and risks of dehumanization in learning must be anticipated so that AI truly 

strengthens rather than replaces teachers’ roles. 

Therefore, ethical and contextual integration is a key prerequisite to ensuring sustainable and 

acceptable innovation. 

 

Based on the results of the analysis above, a visualization of the findings or a concept map of the analysis 

results that has been carried out can be made with the help of atlas.ti software version 24. The concept map of the 

findings from the analysis results can be seen in Figure 2. 

 

Figure 2. Concept Map of AI as the Reflective Partner 
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Discussion 

Based on the data analysis conducted with the assistance of Atlas.ti version 24, it can be explained that AI 

as the Reflective Partner consists of five main components. Each component contains distinct indicators, as 

follows: 

 

AI-Supported Deep Learning Lesson Design 

The findings from this component consist of AI-Enhanced Deep Learning Goals, Adaptive Content and Context 

Selection, and Anticipation of Learning Barriers. 

 

AI-Enhanced Deep Learning Goals 

AI can help teachers formulate measurable and evidence-based deep learning goals, for example, goals 

related to improving dialogic quality, student idea uptake, and higher-order questioning, by analyzing classroom 

discourse and providing specific feedback on teaching practices. Demszky’s study shows that automated feedback 

increases the use of “focusing” questions that stimulate student reasoning (an indicator of higher-level cognitive 

engagement), with about a 20% improvement among teachers who received targeted recommendations (D. 

Demszky et al., 2025). Similar findings in earlier online contexts showed that AI can improve instructors’ uptake 

of student ideas ( Dorottya Demszky et al., 2023). The TalkMoves application maps teachers’ talk moves 

(revoicing, probing, pressing for reasoning) and sparks reflection to enrich mathematical discussions, moving goals 

closer to “deep thinking” rather than rote memorization (Jacobs et al., 2022). In the area of goal design, the AI-

dialogue analysis framework by Li et al. helps teachers link instructional goals with dialogue quality metrics (e.g., 

question quality, student idea engagement), thereby operationalizing deep learning goals (X. Li et al., 2025). In 

teacher education, Tammets & Ley (2023) emphasize the integration of AI in teacher noticing and professional 

vision, so that goal formulation is not merely a list of outcomes but the result of a “see–interpret–decide” process 

supported by data (Tammets & Ley, 2023). Moreover, generative AI can spark the formulation of reflective goals 

through digital storytelling that encourages causal analysis and alternative teaching strategies (Wei et al., 2025). 

Based on the discussion above, it can be concluded that the establishment of deep learning goals can be 

guided by AI through: (a) discourse analytics to derive goal indicators (HOTS questions, student idea uptake), (b) 

teacher dashboards to monitor progress toward the goals, and 

(c) generative prompts to enrich the clarity and depth of reflective goals. 

 

Adaptive Content and Context Selection  

Once learning goals are clearly established, AI can support teachers in selecting and adaptively tailoring 

content and context based on classroom evidence (e.g., videos, transcripts, interaction patterns) and learners’ 

needs. A design-based study by Wang et al. (2025) demonstrated that iteratively developed intelligent teaching 

analytics enhanced collaborative reflection and shared regulation; teachers used data to determine content foci, 

contextual examples, and instructional moments requiring reinforcement. In video-based learning environments, 

AI-powered dashboards can extract patterns from lesson recordings, thereby sharpening teachers’ noticing and 

enabling more evidence-based decisions regarding content adaptation (Cai et al., 2025). The AI-dialogue 

framework proposed by Li et al. provides guidance for selecting activities that foster meaningful dialogue rather 

than merely adding content. Tammets & Ley (2023) highlight that when teachers are involved in the co-design of 

AI tools, content adaptations are more likely to align with curriculum standards, competency frameworks, and 

local contexts (Tammets & Ley, 2023). The finding Demszky dkk. (2023) are also pertinent: metrics such as 

teacher talk time and question variability can assist teachers in adapting activities to be more responsive to 

students’ ideas ( Dorottya Demszky et al., 2023). 

Based on the foregoing analysis, it can be concluded that AI-supported content and context adaptation 

operates through: (a) learning analytics to map real-time needs, (b) video/discourse visualizations to guide activity 

adjustments, and (c) co-design processes to ensure that materials and activities remain relevant to local contexts 

and deep learning goals. 

 

Anticipation of Learning Barriers 

Well-designed lessons anticipate potential learning barriers. AI can predict and flag such barriers across 

three levels. (1) Practice level: indicators such as excessive teacher talk, limited wait-time, or shallow questioning 

can be automatically detected; targeted interventions (e.g., email feedback or micro-coaching) have been shown 

to improve questioning practices that stimulate reasoning (Demszky et al., 2025; Jacobs et al., 2022; Li et al., 

2025); (2) Individual teacher level: teachers’ trust in and literacy regarding AI strongly influence their willingness 

to adopt recommendations.; Viberg dkk. (2024) demonstrated that trust is shaped primarily by perceptions of 

usefulness, risk, and AI efficacy rather than demographic factors, making onboarding and ethical training crucial. 

(3) Professional development implementation level; Wang dkk. (2025) found that initial anxiety toward analytics 

can be mitigated through iterative design and collaborative support. Frameworks by Tammets & Ley (2023) 
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together with evidence on generative AI for reflection (Wei et al., 2025) emphasize the importance of scaffolding 

to move teacher reflection beyond descriptive habits. From these findings, it can be concluded that the anticipation 

of barriers requires: (a) early-warning metrics (e.g., questioning quality, idea uptake), 

(b) strengthening teacher trust and AI literacy through scaffolded ethical training, and 

(c) collaborative and iterative support to ensure that AI recommendations are genuinely integrated into classroom 

practice. 

Synthesizing across relevant studies, it may be concluded that AI-Supported Deep Learning Lesson Design 

positions AI as a reflective partner in: (1) formulating operational and measurable deep learning goals through 

dialogue analytics and personalized feedback, (2) adaptively selecting and tailoring content and context using 

visualized classroom evidence, and (3) anticipating learning barriers at the practice, teacher, and PD 

implementation levels through early metrics, enhanced trust/literacy, and collaborative scaffolds. This approach 

integrates state-of-the-art evidence—ranging from improved questioning practices and student idea uptake to the 

maturation of professional reflection—thus advancing pedagogical designs that truly facilitate deep learning. 

 

AI in Orchestrating Deep Learning Processes 

The review identifies three key components of AI’s orchestration role: AI-Generated Deep Inquiry Prompts, Multi-

Representation Concept Delivery, and Real-Time Formative Feedback Support. 

 

AI-Generated Deep Inquiry Prompts 

Large Language Models (LLMs) and Generative AI can function as Socratic partners, stimulating higher-

order, causal, and counterfactual questioning to drive student reasoning. A quasi-experimental study in engineering 

education showed that constructivist, inquiry-based prompting with ChatGPT enhanced conceptual understanding 

and reduced misconceptions compared to control groups (N = 120), underscoring AI’s potential in structuring 

evidence-based inquir (El Fathi et al., 2025). At the level of teaching praxis, Park and Choo (2024) in JETS outlined 

a structured model of prompt engineering for educators (persona, objective, source, constraints, evaluation), 

repositioning AI prompts from “answer-giving” toward “thinking-process activation.” In the arts, the LLaVA-

Docent project demonstrated that multimodal LLMs trained via instruction-tuning can operate as personalized 

docents, generating tailored guiding questions for visual artifacts—an example of AI producing inquiry prompts 

across modalities to foster deeper appreciation and analysis  (U. Lee et al., 2024).  

Best practices for AI-Generated Inquiry Prompts include: (a) employing explicit pedagogical prompt 

frameworks (e.g., JETS) to align AI questioning with higher-order learning goals, (b) leveraging multimodal LLMs 

(e.g., LLaVA-Docent) to spark evidence-based dialogue around objects and representations, and (c) validating 

effectiveness through quasi-experimental designs in targeted subject contexts. 

 

Multi-Representation Concept Delivery  

Deep learning requires the orchestration of multiple representations (verbal, visual, symbolic, graphical, 

simulation-based). Evidence in chemistry education demonstrates that multimodal LLMs such as GPT-4V can 

“read” and reason with visual representations to support problem-solving, enabling co-explanation of text and 

image for abstract concepts  (Alasadi & Baiz, 2024). Studies on LLaVA-Docent highlight cross-modal tutoring 

(text+image) in art appreciation, a transferable pattern for STEM subjects where teachers need multi-modal 

narration (description, sketching, highlighting) to link concepts, examples, and contexts (U. Lee et al., 2024). 

Theoretical position papers underscore the opportunities and challenges of LLM/MLLM orchestration across 

modalities (text, speech, image, video), stressing the need to integrate multi-representational strengths with 

learning design and cognitive load–sensitive evaluation  (Küchemann et al., 2025). Moreover, experimental 

evidence on non-AI multi-representational tasks shows that performance improves when tasks demand inter-

representational translation, providing a foundation for AI to optimize sequencing (e.g., diagram → equation → 

narrative explanation) (Hahn & Klein, 2023).  

AI-enabled Multi-Representation Concept Delivery therefore operates through: (a) multimodal LLMs for 

co-explanation across text-image-simulation on difficult concepts, (b) sequencing designs guided by cognitive 

load evidence, and (c) assessment of understanding via inter-representational translation tasks. 

 

Real-Time Formative Feedback Support 

Deep learning is contingent upon real-time formative feedback that is specific, actionable, and supportive 

of self-regulation. Randomized controlled trials in K–12 settings revealed that automated micro-coaching (via 

email/dashboard) increased teachers’ use of focusing questions by approximately 20% over controls, illustrating 

AI’s role in modulating teaching practices mid-instruction (D. Demszky et al., 2025)At scale, a large RCT in online 

courses (n ≈ 1,136 instructors) demonstrated that AI feedback improved instructor uptake of student ideas 

(~+13%), confirming AI’s contribution to enriching teacher-student dialogue  ( Dorottya Demszky et al., 2023). 

In mathematics classrooms, TalkMoves provides automated feedback on discourse patterns (revoicing, probing, 

pressing for reasoning), enhancing reflective practice and enriching discussion quality (Jacobs et al., 2022; 
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Scornavacco, 2022). The CEAI perspective suggests that LLM can bring evidence-based feedback into the 

classroom in a more timely manner, positively correlating with student cognitive and motivational outcomes—

while emphasizing the need for human supervision and task context (Meyer et al., 2024). argue that LLMs can 

deliver more timely evidence-based feedback correlated with cognitive and motivational outcomes, while 

emphasizing human oversight. Recent work also highlights modality of feedback delivery (AI-peer-instructor 

blends), accuracy, and trust as critical adoption factors (Burner et al., 2025; Venter et al., 2025). 

Effective Real-Time Formative Feedback Support includes: 

(a) alignment of dialogic metrics with higher-order thinking goals (e.g., focusing questions, idea uptake), (b) 

timely, actionable feedback through dashboards/emails, and (c) human-in-the-loop safeguards to ensure accuracy, 

fairness, and trust. Overall, AI in Orchestrating Deep Learning Processes positions AI as a co-orchestrator that: 

(1) generates inquiry prompts aligned with higher-order thinking, (2) adaptively delivers multi-representational 

content sequences to facilitate inter-modal translation, and (3) provides real-time formative feedback shown in 

RCTs and quasi-experiments to improve classroom dialogue and practice. 

 

AI-Augmented Deep Learning Assessment 

This component comprises three pillars: AI-Crafted Multi-Level Rubrics, Evidence-Based Performance Analysis, 

and Verification of the Original Learning Process. 

 

AI-Crafted Multi-Level Rubrics 

LLMs are increasingly capable of designing or enriching multi-level rubrics and anchor examples aligned 

with higher-order outcomes. Experimental studies show that explicit criterion-based modeling improves rubric 

alignment and scoring reliability, even for free-access models, provided the rubric criteria are detailed and 

contextualized (e.g., HOTS indicators, argument quality, evidence use) (Zhang et al., 2024). Automated scoring 

improves when Chain-of-Thought reasoning is applied, yielding more consistent open-response ranking and 

transparent criterion-based justifications (G.-G. Lee et al., 2024). Collaborative grading approaches (LLM + 

human) enhance fairness and explainability (Win Myint et al., 2024). Systematic reviews further highlight 

efficiency gains while maintaining the necessity of human oversight (J. Li et al., 2024). A recent study in 

Assessment & Evaluation in Higher Education evaluated a GenAI-based rubric model embedded with motivational 

design features and behavioral framing; it concluded that it was “reliable but supervised,” suitable for use within 

a clear human control framework (Askari, 2025). These findings suggest that AI-generated, multilevel rubrics 

perform optimally when domain-rich criteria are available, anchor examples are available, and double-marking 

procedures are in place for calibration. Effective AI-crafted rubrics require: (a) domain-rich, detailed criteria, (b) 

explainable scoring through CoT or criterion-based justifications, and (c) human-in-the-loop double-marking and 

calibration processes. 

 

Evidence-Based Performance Analysis,  

Deep learning assessment depends on analyzing performance evidence—artifacts, process traces, 

argumentative reasoning, and actionable feedback. GPT-4 has shown effectiveness in diagnosing writing 

strengths/weaknesses and producing feedback on structure, cohesion, and use of evidence (Dai et al., 2024; Pack 

et al., 2024). LLMs combined with comparative judgment approaches improve essay scoring reliability, 

minimizing rubric bias (HCI/ACM, 2024). Classroom-level trials confirm that AI-generated feedback improves 

questioning practices and idea uptake, strengthening evidence quality for reasoning and making performance 

analysis more robust (G.-G. Lee et al., 2024). At the classroom level, automated feedback to teachers (question-

answer quality metrics, concrete examples) increased the use of focusing questions that encourage student 

reasoning (~+20% in K-12 RCTs), resulting in improved quality of performance evidence (dialogue/reasoning) 

and easier analysis (Demszky et al., 2025; Large-scale RCTs on online courses also increase student idea uptake 

by ~+13%) ( Dorottya Demszky et al., 2023). Overall, the findings demonstrate that artifact-based and discourse-

based analytics—combined with rubric metrics and feedback loops—can measure progress toward deep learning 

outcomes (reasoning, evidence use, and transfer). Evidence-Based Performance Analysis combines: (a) criterion-

based scoring (rubric/CoT/CJ); (b) action-specific feedback; and (c) reasoning evidence metrics (e.g., focusing 

questions, idea uptake) to assess depth of learning—not just final accuracy. 

 

 

Verification of Original Learning Process 

In the GenAI era, verifying the originality of learning processes is central to assessment validity. AI 

detectors are currently unreliable and should not serve as sole evidence of integrity (Elkhatat et al., 2023). tronger 

approaches include process-based assessment through keystroke logging, revision-flow mining, and interaction 

traces. Empirical studies confirm that keystroke dynamics can distinguish bona fide from AI-assisted writing 

(LREC 2024; Electronics 2024; Pattern Recognition 2025 challenge). In addition, studies of sensemaking/writing 

processes and process tracing confirm that recording the process (reading-writing-revising) provides a strong 
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indicator of originality and depth of thinking (Tarchi et al., 2024; Thomas et al., 2024). In practice, verification is 

strengthened with a process portfolio + AI usage statement + short viva/directed observation; if necessary, multi-

detector aggregation can reduce false positives, but must still be combined with process evidence and human 

assessment (Hyatt et al., 2025). Robust Verification of Original Learning Process includes: (a) evidence of process 

(keystrokes/revision logs/citations); (b) transparency of AI use + viva/observation; (c) use of AI detectors only as 

supporting indicators, not the sole determinant. 

Based on relevant studies, it can be concluded that AI-Augmented Deep Learning Assessment positions AI 

as a reinforcement of assessment validity and depth through three pillars: (1) designing a criteria-rich and 

explainable multi-level rubric with human oversight; (2) evidence-based performance analysis that combines 

criteria-based scoring, actionable feedback, and reasoning/argumentation metrics; and (3) verification of the 

originality of the learning process based on process traces, portfolios, and viva; AI detectors are only 

complementary. Designed in this way, the assessment ecosystem not only assesses results, but also the deep 

thinking processes that are at the heart of deep learning. 

 

AI-Driven Reflective Teaching Practices 

This component encompasses AI-Supported Action Planning, Data-Driven Reflection Summaries, and Knowledge 

Curation for Professional Growth. 

 

AI-Supported Action Planning 

AI is increasingly capable of supporting teachers in developing post-reflection action plans that are targeted 

toward instructional improvement. The study Integrating AI Tools in Teacher Professional Learning by Tammets 

and Ley (2023) proposed a model in which AI assists teachers in identifying improvement priorities, mapping 

concrete steps, and linking them to relevant learning resources. Demszky et al. (2025), teachers who received 

automated feedback from classroom recordings were able to use it to set instructional change targets, such as 

increasing the proportion of focusing questions to stimulate student reasoning. Sert (2025) demonstrated that 

automatic question detection enabled pre-service teachers to formulate more specific action plans for improving 

the quality of classroom questioning. Wang et al. (2025) urther showed that intelligent teaching analytics can guide 

teaching teams in collaboratively designing instructional strategies based on classroom data. Similarly, Wei et al. 

(2025) highlighted how generative AI can suggest improvement steps after teachers engage in reflective digital 

storytelling. AI-supported action planning is effective when:(a) AI-generated feedback is translated into specific 

instructional targets, (b) AI recommendations are adapted to the local classroom and teacher context, and (c) 

follow-up cycles are established to monitor the realization of action plans. 

 

Data-Driven Reflection Summaries 

Data-driven reflection summaries enable teachers to gain a holistic understanding of their instructional 

practices. Cai et al. (2024) showed that AI-powered teacher dashboards analyzing classroom videos can produce 

summaries of interaction patterns, guiding teachers in identifying strengths and areas for improvement. Jacobs et 

al. (2022) through the TalkMoves tool, found that visualizing discourse moves facilitated the development of richer 

reflective narratives. Demszky et al. (2023) reported that presenting metrics such as teacher talk time and student 

idea uptake in concise reports enhanced teachers’ awareness of classroom dynamics.. Viberg et al. (2024) added a 

critical dimension: teachers are more likely to rely on AI-generated summaries when they trust the quality and 

relevance of the insights. Sert (2025) further noted that pre-service teachers who were initially hesitant ultimately 

came to depend on AI summaries to guide reflective discussions with mentors. Data-driven reflection summaries 

are most effective when: (a) they include pedagogically relevant key metrics, (b) they are presented through clear 

visualizations, and (c) they are accompanied by contextual explanations to avoid misinterpretation. 

 

Knowledge Curation for Professional Growth 

AI can curate knowledge resources—including scholarly articles, exemplary practices, and model teaching 

videos—aligned with teachers’ professional development needs emerging from reflection. Tammets and Ley 

(2023) emphasized that involving teachers in the co-design of curation systems ensures the recommendations are 

more usable. Wang et al. (2025) showed that linking teaching analytics to repositories of proven practices 

accelerates teachers’ access to effective instructional solutions. In their systematic review, Doğan et al. (2025) 

found that effective AI-focused professional development programs often include resource recommendation 

modules tailored to teacher profiles. Wei et al. (2025) illustrated how generative AI can suggest theoretical 

references or alternative strategies during creative reflective processes. Sert (2025) underscored AI’s potential role 

as a knowledge broker, connecting teacher reflections with empirical evidence or strategies from the latest 

educational research. 

Based on relevant studies, it can be concluded that AI-Driven Reflective Teaching Practices positions AI 

as a catalyst in the teacher reflection cycle through: (1) support for measurable and context-relevant action 

planning, (2) provision of data-driven reflection summaries that enrich pedagogical awareness, and (3) knowledge 
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curation that connects reflection with quality learning resources for continuous professional development. The 

combination of these three components forms a more structured, evidence-based, and adaptive reflection 

ecosystem, thereby accelerating the improvement of teaching quality. 

 

Ethical and Contextual AI Integration 

The review highlights three core dimensions of ethical and contextual AI integration: local contextualization and 

technical readiness, ethical awareness and bias sensitivity, and data privacy under the minimal-data principle. 

 

Local Contextualization and Technical Readiness 

Effective AI integration in education requires attention to local contexts—language, culture, and policy—

as well as institutional technical readiness. Viberg et al. (2024) found that teachers’ trust in AI is strongly shaped 

by cultural and workplace factors; teachers in countries with mature educational AI policies were more prepared 

to adopt such systems. Tammets and Ley (2023) emphasized the importance of co-design between developers and 

local educators to ensure alignment with national curricula and cultural values. Doğan et al. (2025) highlighted 

that technical readiness—including network infrastructure, device access, and teachers’ digital competence—is a 

prerequisite for successful AI use in professional development. Cai et al. (2024) showed that adapting AI interfaces 

and instructional language to the local context improved pre-service teachers’ engagement in video-based learning. 

Sert (2025) further observed that AI systems adjusting terminology and analytic styles to local practices gained 

greater teacher acceptance. Local contextualization and readiness require: (a) adaptation to local language, 

curriculum, and values, (b) strengthening of infrastructure and digital literacy, and (c) co-design processes to 

ensure relevance and acceptance. 

 

Ethical Awareness and Bias Sensitivity 

AI in education must be integrated with ethical awareness and sensitivity to bias to avoid reinforcing 

inequities. Aljemely (2024) found that teachers’ reluctance to adopt AI often stemmed from concerns about bias, 

accuracy, and ethical implications. Viberg et al. (2024) stressed that ethical AI training, which builds teachers’ 

understanding of risks and student impacts, can increase trust. Wei et al. (2025) cautioned that generative AI for 

reflection must be supervised to avoid introducing stereotypes or inaccurate assumptions about teaching practices. 

L’Enfant (2024) demonstrated that AI as a reflective coach in language education heightened teachers’ awareness 

of data ethics and the need to critically verify AI recommendations. Doğan et al. (2025) recommended embedding 

bias detection modules and ethical AI literacy within teacher professional development programs. Ethical 

awareness and bias sensitivity require: (a) structured ethical and bias training, (b) human verification of AI-

generated recommendations, and (c) institutional policies ensuring fairness and equity. 

 

Data Privacy and Minimal Data Principle 

Data privacy is a fundamental principle of responsible AI integration. According to the Pitt Teaching Center 

(2025), educational AI must adhere to the principle of minimal data collection, gathering only what is strictly 

necessary. Wang et al. (2025), in their study on intelligent teaching analytics, stressed the importance of transparent 

data governance, including clear communication with teachers regarding the types and purposes of collected data. 

Tammets and Ley (2023) recommended AI systems that store data locally or anonymously to reduce privacy risks. 

Viberg et al. (2024) noted that unclear privacy policies significantly undermine teacher trust. Elkhatat et al. (2023) 

warned that plagiarism detection and AI-generated content identification must comply with privacy regulations 

and avoid accessing student data without explicit consent. Data privacy and minimal data practices entail: (a) 

policies limiting data collection to essentials, (b) transparency in data-use purposes, and (c) safeguards such as 

anonymization, encryption, and local storage wherever possible. 

 

Based on the review, Ethical and Contextual AI Integration requires three foundational pillars: (1) local 

contextualization and technical readiness to ensure alignment with culture, curriculum, and infrastructure, (2) 

ethical awareness and bias sensitivity to safeguard fairness and accuracy, and (3) robust data protection under the 

minimal-data principle. Together, these dimensions form the foundation for AI integration that is not only 

pedagogically effective but also socially and ethically responsible. 

The novelty of this research lies in positioning AI as a reflective partner rather than a mere technical tool. 

This reframing introduces a new perspective in the literature on deep learning: teachers are not only leveraging AI 

for efficiency but also for empowering reflective practice and enriching pedagogy. Thus, this study opens new 

scholarly discourse on how AI integration can strengthen teacher professionalism while enhancing the quality of 

instructional practice in 21st-century education. 
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4.  Conclusion 

The findings of this study indicate that Artificial Intelligence (AI) has significant potential as a reflective 

partner for teachers in implementing deep learning pedagogy. The analysis of 21 recent articles highlights five 

major contributions of AI: (1) supporting adaptive deep learning lesson design, (2) orchestrating learning processes 

in real time, (3) strengthening evidence-based and authentic assessment, (4) enriching teacher reflection practices 

through data and knowledge curation, and (5) ensuring ethical and contextual AI integration. The novelty of this 

research lies in the understanding of AI not merely as a technical tool, but as a reflective partner that strengthens 

teachers’ capacity for continuous improvement and enhances the quality of deep learning. Based on the research 

findings, teachers need practice-based training that goes beyond technical skills and emphasizes AI integration 

into the principles of deep learning pedagogy. Governments and educational institutions are encouraged to 

establish policies that support transparent, ethical AI use aligned with national curricula and local contexts, 

including infrastructure, culture, and teachers’ digital literacy. Technology developers should design AI as a co-

designer and co-orchestrator of learning, while keeping teachers as the primary decision-makers through a human-

in-the-loop approach. Teachers and schools are advised to gradually integrate AI platforms into data-driven 

reflection and formative assessment, and to build collaborations with research institutions and technology 

industries so that AI adoption becomes more relevant and sustainable. This article also opens avenues for practical 

implementation and further research. At the implementation level, AI can be applied in teacher dashboards, 

adaptive assessment, and data-based reflection systems in schools. At the research level, longitudinal studies are 

needed to evaluate the long-term impact of AI on teacher professionalism and students’ deep learning 

achievements, as well as quantitative experiments to test AI effectiveness in real classrooms. Furthermore, cross-

cultural and cross-level research—including vocational schools—is crucial to understand the social, ethical, and 

technical factors influencing AI adoption. Thus, this research provides a foundational framework for the 

development of an AI-based teacher professional development model that is contextual, sustainable, and ethical, 

while bridging the gap between policy, research, and educational practice. 
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