


Research on Intelligent Technology Empowering Mathematics Education in China


ABSTRACT:The application of intelligent technologies in mathematics education represents a crucial manifestation of educational digitalization and intelligent transformation. It holds significant importance for driving innovation in teaching models, enhancing instructional effectiveness, and fostering the development of students' core competencies. While domestic academia has engaged in multifaceted discussions on this topic, a systematic review and synthesis remains incomplete. This paper employs a literature review methodology, examining 44 highly relevant articles on "Intelligent Technology Empowering Mathematics Education" published between 2020 and 2025 in China National Knowledge Infrastructure (CNKI). The analysis yields the following conclusions. First, current research primarily focuses on five dimensions: application scenarios, empowerment effectiveness, challenges faced, development pathways, and research methodologies. Second, research outcomes are relatively abundant in application scenarios, effectiveness of empowerment, and challenge identification. However, most studies remain at the level of phenomenological description and empirical summarization, lacking in-depth exploration of the mechanisms of technological influence and long-term, large-sample empirical support. Third, research methods predominantly rely on case studies and practical explorations, leaving the universality and reliability of conclusions open to improvement. Existing strategies tend to be macro-level, with insufficient actionable solutions tailored to the characteristics of mathematics education and specific teaching contexts. This paper aims to systematically review the current state of research in this field, clarify progress and gaps, provide references for subsequent theoretical exploration and teaching practice, and promote the deep integration and innovative development of intelligent technologies with mathematics education.
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1. INTRODUCTION

Empowering mathematics education through intelligent technologies refers to an educational innovation process that leverages next-generation information technologies—such as artificial intelligence (AI), big data, and virtual reality—to systematically enhance the precision, interactivity, and effectiveness of mathematics instruction. This is achieved through intelligent resource recommendations, personalized learning path customization, and data-driven analysis of teaching processes. Amidst the global wave of digitalization and intelligent transformation sweeping education, intelligent technologies not only furnish mathematics education with novel tools and platforms but also drive structural shifts in teaching models, assessment methods, and the role of educators. This holds significant theoretical and practical implications for cultivating core mathematical competencies and advancing educational modernization.

Currently, the application of intelligent technology in education has evolved from initial exploration to deep integration. As a highly abstract and logically rigorous discipline, mathematics warrants particular attention in the intelligent transformation of its teaching process. In recent years, domestic scholars have conducted multi-faceted, multi-level discussions on how intelligent technologies can empower mathematics education, accumulating a wealth of research findings. However, no literature has yet systematically organized and integrated these studies, leaving the research trajectory unclear and requiring further clarification of research gaps and future directions.

Therefore, this paper aims to clarify the current status and progress of research on intelligent technology empowering mathematics education through a systematic review and content analysis of existing literature, addressing the following three core questions:

(1) What aspects of intelligent technology-enhanced mathematics education are currently the primary focus of research? 

(2) What research methods are predominantly employed? 

(3) What achievements have been made in existing research, and what shortcomings and gaps remain?

Through this review, we hope to provide clear academic references for subsequent related research, offer theoretical support for frontline teaching practices, and promote the deep integration and innovative development of intelligent technologies and mathematics education.

2. METHODS

2.1 Data Sources

This study selected the China National Knowledge Infrastructure (CNKI) database as its primary source of literature. CNKI is a highly authoritative and comprehensive Chinese academic resource repository, containing diverse academic materials such as journals, doctoral and master's theses, and conference papers. It provides a relatively comprehensive reflection of the current state of domestic research in this field, offering a reliable foundation for this study.

2.2 Data Collection

To ensure comprehensiveness and relevance in literature retrieval, thematic search methods were employed within CNKI. The retrieval strategy is as follows:

Search expression:  
(Subject="Intelligent Technology" OR Subject="AI Technology" OR Subject="AI") AND (Subject="Empowerment") AND (Subject="Mathematics Education" OR Subject="Mathematics")  

Time Range: 2020–2025  
Document Type: Journal Articles, Theses, Conference Papers

The initial search yielded 328 documents. To ensure document quality, manual screening was conducted based on the following inclusion and exclusion criteria:

Inclusion Criteria: (1) Research topic is highly relevant to the application of intelligent technology in mathematics education; (2) Research content involves substantive theoretical discussion or empirical analysis; (3) Sources are peer-reviewed journals, doctoral or master's theses. 

Exclusion Criteria: (1) Duplicate publications; (2) Non-academic materials such as conference announcements or news reports; (3) Content that was overly broad or had low relevance to the theme; (4) Research not specifically targeting mathematics education in primary/secondary schools or general higher education institutions.

After screening, 44 documents were ultimately selected as the analytical sample for this review.

2.3 Data Organization

This study employed content analysis to systematically organize the 44 included documents. Through close reading, information regarding research themes, methodologies, and perspectives was extracted and synthesized. Coded and categorized across five dimensions—"Application Scenarios," "Empowerment Outcomes," "Challenges Faced," "Development Pathways," and "Research Methods"—a structured review framework was established.

3. RESULTS

A synthesis of existing domestic research on "intelligent technology-enabled mathematics teaching" reveals that the primary research content focuses on five dimensions: application scenarios, enabling effectiveness, challenges faced, development pathways, and research methods. Most studies explore these dimensions individually, while some combine multiple dimensions in their analysis.

3.1 Research on Application Scenarios of Intelligent Technology Empowering Mathematics Instruction

Reviewing prior research reveals that existing studies identify four primary application areas for intelligent technologies: personalized learning, innovation in teaching resources and models, reform of teaching evaluation, and teacher professional development.

Regarding personalized learning, studies suggest AI achieves precise individualized support through learning diagnostics and adaptive pathways, thereby fostering students' core competencies. He Xun posits that AI can meet differentiated student needs through strategies such as intelligent learning diagnostics, dynamically generated tiered question sets, virtual experiment modeling, and interactive error notebooks,ultimately promoting the development of mathematical core competencies (He, 2025). Liu Chunmeng contends that AI can systematically support personalized learning through intelligent teaching platforms, adaptive learning paths, and data-driven assessment, thereby meeting individual student needs and enhancing teaching effectiveness (Liu, 2025). Zhang Zhidong proposes that AI can advance mathematics instruction from uniformity toward individualization through five practical pathways, including"intelligent diagnosis and tiered instruction," effectively improving teaching precision and learning efficacy (Zhang, 2025). Li Yi contends that generative artificial intelligence (GAI) can customize personalized learning paths for students, offering deeper opportunities to understand and apply mathematical concepts, thereby significantly boosting student engagement and math performance (Li, 2025).

Regarding instructional resource and model innovation, scholars widely note that intelligent technologies can generate dynamic resources and create virtual inquiry scenarios, driving pedagogical model innovation and disciplinary integration. Zhou Li et al. argue that AIGC tools can generate personalized teaching resources, assist instructional design, promote deep learning, and provide real-time feedback, thereby empowering high school mathematics teaching in multiple dimensions (Zhou & Huai, 2025). Zhang Xue et al. propose that AI, leveraging VR/AR technologies, can establish virtual laboratories, generate dynamic inquiry scenarios, and deliver personalized scenario recommendations. This approach revolutionizes traditional high school mathematics scenario-based teaching models and enhances instructional effectiveness (Zhang & Wen, 2025). Du Pu contends that AI can construct interdisciplinary integration scenarios across mathematics and subjects like physics, biology, and political education, breaking disciplinary boundaries to provide robust support for students' cross-disciplinary learning and efficient comprehension (Du, 2025). Wei Luping et al. propose that AI can empower elementary mathematics classroom teaching across five dimensions: learning objective decomposition, multimodal resource delivery, adaptive tiered design, intelligent feedback and error correction, and VR/AR scenario creation with operational experiences, forming a systematic innovation support framework (Wei & Fan, 2025).

Regarding instructional assessment reform, research confirms that intelligent technologies can leverage multimodal data collection and analysis to shift evaluation from summative to formative and developmental assessment, building an integrated "teaching-learning-assessment" system. Li Ying argues that AI technology enables formative evaluation of classroom instruction through multimodal data collection and analysis, thereby enhancing the scientific rigor and objectivity of assessment while supporting teacher professional development and classroom quality improvement (Li, 2023). Xu Caie contends that AI can facilitate the integration of "teaching-learning-assessment" in high school mathematics, effectively addressing bottlenecks in traditional teaching while enhancing the systematic nature of evaluation and the timeliness of feedback (Xu, 2025). Su Guodong contends that intelligent technologies can overcome limitations of traditional assessment by optimizing teaching methods, integrating high-quality resources, and enabling precise data diagnostics. The resulting integrated "teaching-learning-assessment" model enhances instructional quality and student learning efficiency (Su, 2024).

Regarding teacher professional development, research indicates that intelligent technologies enhance digital literacy and facilitate role transformation through data-driven teaching research models. Yuan Zhen argues that digital and intelligent technologies can propel teaching research models from experience-driven to data-driven approaches. Through data-driven practice exploration, they effectively enhance teachers' professional capabilities and teaching research quality (Yuan, 2025). Deng Jinhong et al. contend that AI-empowered elementary mathematics classrooms require complementary efforts to enhance teachers' digital literacy and cultivate AI-specialized teacher education talent. This represents one of the key strategies for systematically supporting pedagogical transformation and achieving classroom quality and efficiency gains (Deng & Fu, 2025).

In summary, existing research has reached broad consensus at the application level: intelligent technologies are systematically integrating into the entire "pre-class, in-class, post-class" process of mathematics teaching, achieving deep synergy across the four key dimensions of learning, teaching, assessment, and research. Overall, intelligent technologies do not operate in isolation within any single phase. Instead, through the integration of resources, tools, data, and processes, they drive a systematic transformation of mathematics education toward precision, intelligence, and convergence. This gradually builds a new ecosystem of smart teaching centered on students, supported by technology, and oriented toward competency development.

3.2 Research on the Empowering Effects of Intelligent Technology in Mathematics Education

Existing research consistently indicates that intelligent technologies deliver multifaceted positive impacts on mathematics education.

In terms of stimulating learning motivation and deepening cognitive development, intelligent technologies effectively ignite student interest through contextualization and visualization, while promoting the structured development of mathematical thinking. Bu Jun argues that AI-empowered teaching functions through "intelligent instruction," "enlightened learning," and "optimized assessment," effectively stimulating student initiative and transforming learning approaches (Bu, 2024). Lai Xintong et al. propose that constructing a "Pre-class AI—In-class AI—Post-class AI" teaching model significantly stimulates student interest and enhances learning efficiency. Experimental research confirms that under this model, students' mid-term and post-test scores significantly outperform pre-test results (Lai et al., 2025). Zhang Wenjuan proposes that constructing a six-dimensional strategy framework—"context creation—visualization of thinking—personalized learning—dynamic experimentation—collaborative support—real-time evaluation"—can make mathematical thinking explicit and structured, thereby significantly enhancing students' logical reasoning and strategic decision-making awareness (Zhang, 2024). Zhu Liwei argues that AI can assist cognitive training through methods like designing knowledge map diagrams and interactive math games. This approach not only stimulates learning interest and enriches teaching resources but also effectively enhances students' thinking abilities and teaching quality (Zhu, 2025).

In achieving precision teaching and personalized learning, intelligent technologies leverage data-driven approaches and tiered mechanisms to transcend traditional teaching models, enabling targeted instruction and customized learning while boosting teaching efficiency. Zhang Zhidong argues that AI transforms education through five pathways—intelligent diagnosis and tiered instruction, virtual scenarios and concept visualization, growth tracking and value-added assessment—effectively enhancing teaching precision and learning effectiveness (Zhang, 2025). Yang Haidong contends that AI can be leveraged to create personalized teaching resources and plans, innovate instructional models, thereby reducing teacher workload, optimizing educational resource allocation, and enhancing classroom interaction  (Yang, 2025). Lu Yingfeng et al. propose that their six-step precision teaching model—"Guide-Create-Activate-Direct-Practice-Discuss"—overcomes the limitations of traditional one-size-fits-all approaches. This model facilitates a shift from experience-driven to data-evidence-based practices and from uniform standards to tiered, adaptive instruction, effectively narrowing student achievement gaps in practice (Lu & Chen, 2025).

Regarding optimizing teaching evaluation systems, intelligent technologies drive the shift toward holistic, developmental assessment by establishing an integrated "teaching-learning-evaluation" framework that enhances scientific rigor and timeliness. Li Ying contends that AI, through multimodal data collection and analysis, propels teaching evaluation from singular outcome-based assessments to comprehensive, developmental processes, thereby achieving scientific and process-oriented classroom evaluation (Li, 2023). Xu Caie argues that the integrated "teaching-learning-assessment" system enabled by AI significantly enhances the systematic nature of teaching evaluation and the timeliness of feedback, opening new pathways to overcome traditional teaching bottlenecks (Xu, 2025).

Regarding reducing teacher workload and facilitating role transformation, intelligent technologies alleviate teachers' mechanical tasks while promoting their transition into learning facilitators and curriculum designers, thereby fostering pedagogical innovation. Yang Haidong argues that AI applications in personalized resource creation and automated grading significantly reduce teachers' burdens in lesson preparation and assignment correction (Yang, 2025). Hu Damei contends that AI-empowered teaching drives the transformation of teachers' roles from traditional "knowledge transmitters" to "learning facilitators, curriculum designers, and technology collaborators" (Hu, 2025). Cao Yiming et al. argue that with AI assistance, teachers can focus more on pedagogical innovation, emotional care, and value guidance, with their instructional leadership and humanistic roles remaining irreplaceable (Cao & Chen, 2024).

In summary, intelligent technology-empowered mathematics instruction not only significantly enhances teaching efficiency and learning outcomes but also profoundly drives the restructuring of teaching frameworks, the innovation of assessment systems, and the transformation of the teacher's role. Its effectiveness is reflected not merely in superficial data improvements but in the systemic shift of mathematics education toward a new paradigm of intelligent teaching characterized by data-driven approaches, human-machine collaboration, and competency-oriented learning. This signifies that mathematics education is progressively evolving from a traditional experience-driven model toward a modern teaching phase centered on students, supported by technology, and focused on competency development.

3.3 Research on Challenges Faced by Intelligent Technology in Empowering Mathematics Instruction

A comprehensive analysis of relevant literature reveals that existing research identifies challenges in leveraging intelligent technologies for mathematics education across four dimensions: technical, teacher-related, student-related, and ethical.

At the technological level, current intelligent tools still exhibit limitations in understanding mathematical logic and supporting higher-order thinking, affecting teaching fluency and effectiveness. Yuan Changqin argues that AI technology faces issues such as inadequate alignment with mathematical teaching objectives, deficiencies in teachers' digital literacy, and incomplete human-machine collaborative teaching mechanisms, hindering the deep integration of technology and pedagogy (Yuan, 2025). Jin Yongkui et al. argue that discrepancies exist between AI algorithms' precision and classroom demands, particularly in supporting complex logical reasoning and open-ended problem-solving, creating a dilemma where "technology is easy to use but not always effective" (Jin & Jin, 2025). Zhang Yongrui argues that teaching content generated by generative AI may contain factual errors or deviate from the essence of mathematics, requiring teachers to conduct secondary screening. This may conversely increase teachers' hidden workload (Zhang, 2025).

At the teacher level, most educators have yet to transition into the roles of "learning designers and technology collaborators." Their digital literacy frameworks remain incomplete, and training systems are still underdeveloped. Hu Damei observes that many teachers struggle with shifting from "knowledge transmitters" to "learning designers" and "technology integrators," commonly exhibiting insufficient confidence in technology integration and lacking corresponding instructional design capabilities (Hu, 2025). Deng Jinhong et al. argue that current primary and secondary mathematics teachers generally exhibit incomplete digital literacy structures and lack knowledge of AI-assisted teaching, with an inadequate systematic training framework to support their development (Deng & Fu, 2025).

At the student level, research reveals that students are prone to developing mental inertia and tool dependency, which impede deep conceptual construction and independent inquiry abilities. Xu Caie argues that the instant feedback and problem-solving assistance provided by AI may foster students' mental laziness, weakening their independent inquiry skills and tolerance for frustration (Xu, 2025). Li Tao observes that some students develop psychological dependence on intelligent tools, particularly through excessive use of search-based problem-solving and automated solutions during homework, which impedes the deep conceptualization of mathematical ideas and the development of independent inquiry skills (Li, 2025).

On the ethical front, issues like data privacy, algorithmic bias, and the digital divide have become prominent, yet operational management frameworks remain lacking. Zhou Li et al. argue that AIGC tool usage poses multiple challenges, including potential student data privacy breaches, questionable accuracy of generated content, and algorithmic biases that may exacerbate educational inequality (Zhou & Huai, 2025). Wu Jie contends that disparities in technological access across regions, schools, and groups may widen the digital divide, creating new educational imbalances (Wu, 2025). Cao Yiming et al. argue that educational applications of intelligent technologies must prioritize privacy and data protection, yet currently lack concrete, actionable data security standards and usage boundary guidelines (Cao & Chen, 2024).

In summary, the challenges facing AI-enabled mathematics instruction extend beyond mere tool usability to encompass systemic questions of effective implementation. These challenges stem not only from the functional limitations of the technology itself but also involve the cognitive and behavioral adaptation of teachers and students. They further touch upon deep-seated social issues such as data ethics and educational equity. Substantial progress in enabling technology to transition from "useful" to "well-used" requires coordinated advancement across multiple dimensions: technological optimization, teacher development, student guidance, and institutional regulation.

3.4 Research on Development Pathways for AI-Empowered Mathematics Instruction

Reviewing existing research reveals that the academic community primarily focuses on four aspects regarding the development paths for intelligent technology to empower mathematics teaching: technology integration, teacher development, teaching practice, and ecosystem construction.

Regarding technological integration, mechanisms for human-machine collaboration should be established and discipline-oriented tools developed to enhance the compatibility of intelligent technologies with mathematics instruction. Yuan Changqin argues that establishing a "teacher-led, AI-assisted" human-machine collaboration mechanism and developing discipline-oriented intelligent tools—such as dynamic geometric modeling and intelligent analysis of function graphs—can improve the alignment between technology and mathematics teaching (Yuan, 2025). Zhao Cheng et al. propose strengthening specialized training and optimization of AIGC technology in mathematical problem generation, variant practice, and thinking visualization to enhance its subject-specific reliability and pedagogical utility (Zhao, Peng, & Dai, 2024).

Regarding teacher development, a training system integrating technology, pedagogy, and subject expertise must be established, with data-driven teaching research enhancing teachers' practical skills. Deng Jinhong et al. propose a three-dimensional training framework encompassing "technological literacy—pedagogical literacy—subject literacy," alongside strengthening AI teacher education to systematically elevate educators' digital teaching capabilities (Deng & Fu, 2025). Yuan Zhen proposes leveraging data-driven lesson case studies, collaborative lesson planning, and cross-school teaching research to enhance teachers' application and practical skills with intelligent technologies in authentic teaching scenarios (Yuan, 2025).

In teaching practice, a data-driven precision teaching model should be established to achieve an integrated teaching loop encompassing instruction, learning, and assessment. Lu Yingfeng et al. propose that constructing a six-step precision teaching model—guiding, creating, motivating, prompting, practicing, and discussing—centered on data-driven learning diagnostics and tiered interventions represents a feasible pathway to transition from a one-size-fits-all approach to tiered adaptation, thereby effectively enhancing teaching relevance (Lu & Chen, 2025). Su Guodong contends that building an integrated "teaching-learning-assessment" model supported by intelligent technologies, through embedded assessment scales and real-time feedback mechanisms, can achieve closed-loop optimization of teaching and assessment while enhancing overall instructional quality (Su, 2024).

Regarding ecosystem development, data standards and usage boundaries must be established while promoting multi-stakeholder collaboration and resource sharing to ensure application fairness and security. Xu Caie advocates for clear regulations on educational data collection and usage, strengthening data privacy defenses, and explicitly defining technological boundaries (Xu, 2025). Cao Yiming et al. propose establishing a governance alliance involving multiple stakeholders—including education authorities, schools, enterprises, and parents—to collaboratively oversee the fairness and educational value of technology applications (Cao & Chen, 2024). Wu Jie advocates for the joint development and sharing of regional intelligent educational resource platforms to bridge the digital divide and promote equitable access to high-quality educational resources (Wu, 2025).

Summarizing the above research perspectives, the development pathways proposed for intelligent technology-enabled mathematics education focus on the deep integration of technology and pedagogy, teacher competency enhancement, highly operational teaching model innovation, and the establishment of data security and ethical norms. This represents a systematic evolution from tool application to ecosystem reconstruction, emphasizing the coordinated development of technology, people, pedagogy, and institutional frameworks. The goal is to build a virtuous educational ecosystem supporting personalized, precise, and intelligent teaching.

3.5 Analysis of Research Methods in Intelligent Technology-Empowered Mathematics Instruction

Statistical analysis of the research methods employed in the included literature reveals seven primary approaches: case studies, literature reviews, practical exploration, questionnaire surveys, experimental studies, theoretical deliberation, and comparative research.

Case studies and literature reviews were primarily used to construct strategies and theoretical frameworks for AI-empowered teaching. Zhang Wenjuan employed case studies to develop a six-dimensional strategy framework—"context creation, visualization of thinking, personalized learning, dynamic experimentation, collaborative support, and real-time evaluation"—to achieve the explicit and structured development of mathematical thinking (Zhang, 2024). Zhang Yongrui similarly employed case studies to propose five innovative pathways for generative AI: optimizing self-directed previewing, creating real-life contexts, organizing structured frameworks, designing project-based activities, and enhancing differentiated assignments—all aimed at improving teaching quality and student core competencies (Zhang, 2025). Zhou Li et al. employed literature review to systematically elaborate on the enabling roles and potential challenges of AIGC tools across five dimensions: generating personalized resources, assisting instructional design, promoting deep learning, providing real-time feedback, and cultivating learning interest (Zhou & Huai, 2025).

The practice exploration method is primarily used by frontline teachers to summarize and reflect on the application of intelligent technologies. Through this approach, Bu Jun proposed an enabling model of "intelligent teaching," "wise learning," and "excellent assessment," forming an integrated pre-class, in-class, and post-class strategy to drive transformation in elementary mathematics education (Bu, 2024). Yang Haidong employed the practice summary method to highlight AI's concrete achievements in creating personalized resources, reducing teacher workload, and optimizing classroom assessment (Yang, 2025).

Experimental research and questionnaire surveys primarily validate the practical effects of AI-empowered teaching. Lai Xintong et al. employed experimental research to construct a "Pre-class AI-In-class AI-Post-class AI" model. Through variance analysis of pre- and post-test scores, they confirmed AI-assisted instruction significantly enhances upper-grade elementary mathematics learning (Lai et al., 2025). Li Yi conducted an empirical study with experimental and control classes, demonstrating that generative AI-empowered teaching models significantly enhance student engagement and mathematics achievement (Li, 2025).

Theoretical deliberation primarily explores the underlying logic of integrating intelligent technologies with teaching and the evolving role of educators. Cao Yiming et al. argued through theoretical analysis that generative AI can empower teaching in four dimensions: content selection, instructional scaffolding, formative assessment implementation, and competency-oriented outcomes. They simultaneously emphasized the irreplaceable role of teachers in instructional design, value guidance, and final judgment (Cao & Chen, 2024). Through literature review, Sheng Haidi et al. propose that AI empowerment must adhere to three principles: student-centeredness, core competency focus, and life-centeredness (Sheng & Tang, 2023).

Summarizing the above research methodologies, studies on intelligent technology-enhanced mathematics teaching primarily employ case studies, literature reviews, and practical explorations for strategy development and experience summarization. Concurrently, some research utilizes experimental methods and questionnaire surveys for effectiveness validation, while theoretical deliberation is applied to explore the underlying logic of integration.

4. DISCUSSION

This study aims to systematically review the current state of research on "intelligent technology-enhanced mathematics education" in China, focusing on the following core questions: (1) What aspects do existing studies primarily address? (2) What research methods have been predominantly employed? (3) What are the current research advances and shortcomings? To address these questions, this paper systematically analyzed 44 included documents through literature retrieval and content analysis. Reviewing prior research reveals that existing studies can be categorized into five dimensions: application scenarios, empowerment effectiveness, challenges faced, development pathways, and research methodologies.

Overall, existing research has systematically mapped out multidimensional application scenarios. For instance, He Xun (He, 2025), Liu Chunmeng (Liu, 2025), Zhang Zhidong (Zhang, 2025), Li Yi (Li, 2025), and others have explored perspectives such as personalized learning, resource innovation, assessment reform, and teacher development, extensively summarized positive empowerment outcomes (e.g., Bu Jun (Bu, 2024) proposed the "Intelligent Teaching, Wise Learning, and Optimal Assessment" model; Lai Xintong et al. (Lai et al., 2025) experimentally validated the model's effectiveness; Zhang Wenjuan (Zhang, 2024) constructed a six-dimensional strategy framework), comprehensively identified practical challenges (e.g., Yuan Changqin (Yuan, 2025) pointed out inadequate human-machine collaboration mechanisms, Jin Yongkui et al. (Jin & Jin, 2025) revealed discrepancies between algorithms and classroom needs, Zhang Yongrui (Zhang, 2025) proposed secondary screening for generated content), and preliminarily suggested systematic development pathways (e.g., Yuan Changqin (Yuan, 2025) advocates human-machine collaboration and subject-specific tool development, Deng Jinhong et al. (Deng & Fu, 2025) constructs a three-dimensional training system, Lu Yingfeng et al. (Lu & Chen, 2025) designs a six-step precision teaching model, etc.). This aligns with the overall trend identified by Liu Mengzhe et al. (Liu & Shen & Zou, 2025) where digital and intelligent technologies drive pedagogical transformation and enhance assessment precision.

However, research still exhibits significant shortcomings in deep integration, long-term validation, and practical applicability, as evidenced below:

Regarding application scenarios, while studies cover multiple stages and propose specific frameworks (e.g., Zhang Wenjuan's (Zhang, 2024) six-dimensional framework and Zhang Yongrui's (Zhang, 2025) five pathways), most focus on single scenarios or stages. Research on deep integration across the entire "pre-class—in-class—post-class" process remains scarce, with only Lai Xintong et al. (Lai et al., 2025) constructed a three-stage model. Discussions on innovative models like interdisciplinary integration remain weak, with limited literature (e.g., Du Pu [19]). Meanwhile, Cao Yiming et al. (Cao & Chen, 2024) noted that "AI has shortcomings in mathematical logic and problem-solving methods," reflecting the inherent limitations of technology in achieving deep integration across the entire process.

Regarding empowerment outcomes, while studies have affirmed technology's positive value across multiple dimensions and accumulated some empirical evidence (e.g., Lai Xintong et al. (Lai et al., 2025)'s experiments and Su Guodong (Su, 2024)'s practice data), conclusions largely stem from short-term experiments or anecdotal summaries. Large-scale, long-term empirical studies using standardized measurement tools are lacking, and insufficient attention has been given to exploring the underlying mechanisms driving effectiveness (Cao Yiming et al. (Cao & Chen, 2024)). Concurrently, tracking research on potential negative impacts of technology remains notably scarce, with only a few studies—such as Xu Caie (Xu, 2025) and Li Tao (Li, 2025)—warning of risks like cognitive inertia and tool dependency among students.

Regarding challenges, while research comprehensively identifies obstacles at the technological, teacher, student, and ethical levels, discussions remain largely descriptive. In-depth analysis of underlying causes—such as the evaluation incentive mechanisms driving teachers' reluctance to adopt technology—remains insufficient. Discussions on ethical issues also largely remain at the level of principles (e.g., Zhou Li et al. (Zhou & Huai, 2025), Wu Jie (Wu, 2025), Cao Yiming et al. (Cao & Chen, 2024)), lacking concrete, actionable data security standards, usage boundaries, and governance frameworks, resulting in limited practical guidance.

Regarding development pathways, while studies propose systematic recommendations across dimensions like technology, teachers, models, and ecosystems, most suggestions remain fragmented and general. For instance, the precision teaching model by Lu Yingfeng et al. (Lu & Chen, 2025) and the integrated solution by Su Guodong (Su, 2024) have yet to be fully validated for applicability and transferability across different school types.The ethical governance propositions put forward by Xu Cai'e (Xu, 2025) and Cao Yiming et al. (Cao & Chen, 2024) are mostly framework-based suggestions, lacking corresponding operational details and supervision mechanisms.

Regarding research methodologies, while studies employ multiple approaches including case studies, literature reviews, practice-based analysis, and experiments, they predominantly rely on case descriptions and experiential summaries (e.g., Bu Jun (Bu, 2024) and Yang Haidong (Yang, 2025)). Rigorous large-sample, long-term empirical studies remain scarce, and reflections on implementation failures and technological applicability boundaries are insufficient (Cao Yiming et al. (Cao & Chen, 2024)), limiting the universality and depth of conclusions.

5. CONCLUSIONS

The study demonstrates that architectural enhancements can improve the robustness of CNN-based facial recognition models in occluded scenarios. The integration of attention mechanisms helped the models focus on visible and informative facial regions, while feature fusion supported the use of multi-scale representations under partial obstruction. Enhanced ResNet, MobileNet and Inception models showed better performance than their baseline counterparts in the reported evaluation, with improvements in precision, recall and F1-score. Error-rate analysis also indicated reductions in False Acceptance Rate and False Rejection Rate for selected enhanced models. These results suggest that combining architectural modifications with training optimizations such as dropout and batch normalization can support more reliable recognition when facial regions are partially covered by masks, sunglasses, scarves or hand overlays. However, the findings should be interpreted within the limits of the experimental setup, and further testing is needed using clearly defined datasets, real occlusion conditions, fairness evaluation and computational-efficiency assessment before deployment in practical applications.

Limitations
This study is limited by incomplete reporting of dataset composition, number of identities, train-test split, preprocessing steps, hardware configuration and implementation details. The evaluation used synthetic occlusion augmentation, which may not fully represent real-world occlusion patterns. Statistical significance, repeated training runs and confidence intervals were not reported. Baseline comparisons were incomplete for some architectures, and FAR and FRR were not presented for all models. The study did not assess demographic bias, privacy implications, computational cost or real-time deployment performance. Future work should include transparent dataset documentation, reproducible code, broader benchmarks and ethical evaluation.
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