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Abstract. As artificial intelligence (Al) technologies continue to evolve and
their application scenarios expand, Al adoption in traditional education has
transitioned from theoretical exploration to large-scale implementation. It now
serves as a critical enabler for the digital transformation of basic education, the
realization of precision teaching, and the promotion of personalized student
development. Drawing on representative domestic and international case stud-
ies, this paper constructs a systematic evaluation framework centered on three
core dimensions: improvement of student academic performance, enhancement
of teacher instructional efficacy, and advancement of educational equity. The
study scientifically assesses the effectiveness of Al applications, critically ex-
amines persistent challenges—including ethical governance, technological mis-
alignment, and barriers to practical implementation—and proposes targeted op-
timization pathways and actionable recommendations. These insights aim to
provide both theoretical foundations and practical guidance for the deep inte-
gration of Al into traditional education systems.

Keywords: Artificial Intelligence; Traditional Education; Application; Effec-
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1 Introduction

Traditional education systems are often constrained by standardized, one-size-fits-all
pedagogical models, excessive repetitive workloads for teachers, imprecise diagnostic
capabilities regarding student learning progress, and inequitable distribution of
high-quality educational resources across regions. These systemic limitations signifi-
cantly impede improvements in educational quality and the realization of educational
equity. In recent years, Al—leveraging strengths in adaptive learning, big data ana-
lytics, and multimodal interaction—has progressively permeated teaching delivery,
educational management, and quality assessment, catalyzing a shift from experi-
ence-driven to data-driven pedagogy and offering novel technological pathways to
address longstanding educational challenges.

Globally, Al applications in traditional education have diversified into multiple
modalities, including intelligent tutoring systems, Al teaching assistants, learning
analytics platforms, and immersive instructional tools, with continuously expanding
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use cases. However, the practical deployment of Al in educational contexts remains
uneven due to variations in technological maturity, teacher digital literacy, and re-
gional infrastructure[1]. Key challenges persist, such as algorithmic bias, data privacy
risks, and insufficient pedagogical alignment between Al tools and curricular objec-
tives. Against this backdrop, a comprehensive review of representative Al applica-
tions, rigorous evaluation of their impacts, and identification of implementation bot-
tlenecks hold significant theoretical and practical value for advancing high-quality
basic education and realizing the “Five-Education Integration” policy framework.

2 Application Needs of Al in Traditional Education

Based on empirical practices in both domestic and international contexts, Al applica-
tions in traditional education primarily focus on five key scenarios: adaptive learning,
instructional support for teachers, learning analytics and student digital profiling,
immersive instruction, and Al literacy cultivation.

2.1  Adaptive Learning and Personalized Tutoring

Adaptive learning represents one of the most mature Al applications in education. By
leveraging big data to collect and analyze students’ learning behaviors and knowledge
mastery, Al systems construct individualized learning pathways to realize differenti-
ated instruction. For instance, an Al-powered self-study platform enables students to
complete a subject-level diagnostic assessment within 30 seconds. Based on the re-
sults, a personalized knowledge graph is generated, dynamically recommending in-
structional materials and exercises aligned with each student’s proficiency and cogni-
tive gaps. Real-time monitoring of attention levels further allows the system to adjust
content pacing and difficulty. Additionally, a closed-loop mechanism for error man-
agement schedules periodic review tasks to reinforce retention, leading to measurable
academic gains?,

Internationally, Carnegie Mellon University’s Cognitive Tutor Algebra I system
exemplifies this approach. Targeting secondary algebra instruction, it employs mul-
timodal interaction to simulate authentic teaching scenarios and provides real-time
feedback on problem-solving errors. Integrated with LSTM (Long Short-Term
Memory) networks, the system predicts cognitive fatigue and dynamically adapts
tutoring strategies. Empirical studies show that students using the system achieve
effect sizes of +0.20 SD (equivalent to one additional year of formal instruction) at
the high school level and +0.15 SD at the middle school level, effectively addressing
the lack of personalization in conventional classrooms.

2.2 Al Teaching Assistants and Instructional Support

Al teaching assistants alleviate teachers’ burdens by automating routine tasks—such
as grading, resource preparation, and data entry—freeing educators to focus on cur-
riculum design, personalized mentoring, and holistic competency development. A
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2024 Stanford University study demonstrated that teachers using ChatGPT alongside
subject-specific guidelines reduced weekly lesson planning time by 30% (approxi-
mately 25 minutes), with blind peer reviews confirming no significant difference in
instructional quality compared to traditional methods. Between weeks 6—10 of sus-
tained use, planning time decreased by 31%, accompanied by marked improvements
in instructional precision and relevancel.

In China, schools have deployed Al essay-grading systems capable not only of
correcting grammatical and punctuation errors but also of conducting sentiment anal-
ysis to detect recurring emotional themes (e.g., parental work stress, academic pres-
sure). Such insights trigger early-warning mechanisms for home-school collaboration,
enabling timely psychological interventions. Similarly, Al-powered English pronun-
ciation assessment systems provide granular, real-time feedback on phonetic accuracy
and intonation, generating individual and class-level error reports to guide da-
ta-informed instruction.

2.3  Learning Analytics and Student Digital Profiling

Al enables comprehensive, dynamic student profiling through multimodal data col-
lection and deep analytics, transforming formative assessment from outcome-oriented
to process-oriented. One school implemented an Al “homeroom teacher” system that
integrates sensor-based data across five domains: cognitive ability, learning behavior,
emotional state, time management, and social interaction. This holistic digital profile
empowers teachers to identify academic struggles and emotional shifts early, facili-
tating timely pedagogical and psychological interventions. Another institution adopt-
ed a learning analytics platform that aggregates real-time data from in-class respons-
es, homework completion, and unit tests, visualizing knowledge acquisition trajecto-
ries to support responsive teaching—effectively overcoming the limitations of de-
layed and imprecise traditional diagnostics.

2.4 Immersive Learning and Al Literacy Development

Some schools have integrated Al tutors into project-based learning, using human-Al
dialogue to scaffold inquiry into complex scientific concepts. This approach has nota-
bly increased classroom questioning—especially among introverted students—and
deepened conceptual understanding. Others have developed integrated Al curricula
comprising foundational cognition, interdisciplinary integration, and project-based
practice, supported by subject-specific Al agents to cultivate innovation and prob-
lem-solving skills. Globally, Al-enhanced STEM education has gained traction, with
evidence indicating that Al-driven simulations render abstract mathematical and sci-
entific principles more concrete and intuitive, thereby enhancing comprehension of
complex logical relationships.
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3 Evaluating the Impact of Al in Traditional Education

3.1 Effects on Students

Al integration consistently enhances student learning outcomes. Personalized path-
ways, real-time feedback, and adaptive practice significantly improve knowledge
retention, classroom engagement, and self-regulated learning. Academic performance
and mastery rates rise steadily, while intrinsic motivation and interest in learning are
reinvigorated. Meta-analyses indicate that adaptive learning systems yield effect sizes
ranging from +0.15 to +0.30 SD—representing moderate to substantial gains. Fur-
thermore, Al-supported inquiry-based learning fosters higher-order thinking skills
(analysis, creativity, reflection), shifts learners from passive recipients to active
knowledge constructors, extends effective study time by 20-35%, reduces academic
anxiety by 15%, and boosts learning motivation by 25%, collectively supporting ho-
listic development!,

The empowering effect of Al in higher education is more pronounced. CMU's
Cognitive Tutor Algebra I system increased high school students' academic perfor-
mance by +0.20 SD (equivalent to one additional year of learning) and middle school
students' by +0.15 SD. U.S. middle schools using Al virtual laboratories saw a 30%
increase in students' technical skill mastery. Notably, the value of Al in higher educa-
tion is not only reflected in the efficiency of knowledge acquisition but also in pro-
moting the development of critical thinking, innovation, and problem-solving abili-
tiesP®). For example, a Stanford University study found that teachers using ChatGPT
reduced lesson planning time by 31% after 6-10 weeks of continuous use, while sig-
nificantly improving teaching accuracy and relevance.

3.2 Effects on Teachers

Al substantially elevates teacher efficacy and professional growth. Automated grad-
ing, analytics, and content generation reduce time spent on administrative tasks, al-
lowing greater focus on pedagogical innovation. Al-enabled diagnostics clarify indi-
vidual learning gaps, enabling differentiated instruction and targeted interventions.
Moreover, Al tools facilitate evidence-based classroom design and reflective practice,
accelerating the transition toward precise, intelligent, and efficient teaching para-
digms.

Al is driving a shift in teachers' roles from "knowledge transmitters" to "learning
designers" and "learning facilitators. Practices at the Advanced Innovation Center for
Future Education of Beijing Normal University demonstrate that teachers can more
accurately grasp student learning conditions and design differentiated teaching strate-
gies through Al tools. For instance, Beijing Dongzhimen High School introduced an
"intelligent grading machine" to assist teachers in efficiently grading assignments and,
combined with Al-powered learning analytics, to deliver personalized learning rec-
ommendations.

However, teachers' acceptance and application effectiveness of Al show significant
differences. Young teachers and those with high digital literacy are more likely to
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adapt to and effectively utilize Al tools, while experienced teachers and those with
low digital literacy may encounter application barriers. A 2024 study by Utah State
University in the United States found that teachers' acceptance of Al tools is more
influenced by "no additional workload" and "ethical transparency" rather than mere
technical convenience. This indicates that teacher training and resource support are
crucial for the success of Al in education.

3.3 Limitations and Challenges

Despite promising outcomes, several constraints remain. Overreliance on technology
may erode face-to-face interaction and socio-emotional connections. Many Al tools
exhibit poor alignment with curricular standards and struggle to accommodate the
complexity of real-world pedagogy. While short-term gains are notable (e.g., 18%
score improvement within one week), effects plateau after two months without sus-
tained pedagogical integration. Teacher adoption varies significantly: younger educa-
tors benefit more than experienced ones, and those with low digital literacy may ex-
perience increased workload rather than relief. Additional concerns include algorith-
mic bias, data security vulnerabilities, high hardware demands, and AI’s limited ca-
pacity to nurture values, creativity, or ethical reasoning—core dimensions of educa-
tion that remain irreplaceably human®. Misuse may lead to mechanized instruction or
student overdependence on tools.

The technical limitations of Al educational tools cannot be overlooked. Although
Al tools excel in knowledge acquisition and practice, they still have notable short-
comings in fostering core competencies such as critical thinking, creativity, and ethi-
cal judgment!”!. For instance, Al cannot effectively understand students' emotional
needs and value development, nor can it replace teachers' guiding role in these areas.
Additionally, issues such as Al's "hallucinations" (generation of incorrect infor-
mation) and algorithmic bias (e.g., essay grading systems showing bias against
non-native English speakers) persist, potentially negatively impacting students' learn-
ing experiences and evaluations.

4 Strategic Recommendations

1. Adopt a Phased, Pilot-First Approach: Prioritize subjects and functions with
high implementation maturity (e.g., adaptive practice, automated grading). Begin with
controlled pilots to refine models before scaling, ensuring contextual fit and avoiding
premature, blanket deployment.

2. Strengthen Teacher Digital Literacy and Incentives: Implement tiered train-
ing programs tailored to novice and veteran teachers, emphasizing Al tool operation,
data interpretation, and ethical judgment. Integrate Al-integrated teaching into per-
formance evaluations and professional development pathways to incentivize innova-
tion.

3. Establish Robust Data Governance Frameworks: Enact clear policies gov-
erning data collection, storage, usage, and deletion. Employ encryption, anonymiza-
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tion, and access controls to safeguard student privacy. Conduct regular audits for
algorithmic bias and iteratively refine models to prevent exacerbating educational
inequities—always upholding a human-centered educational ethos.

4. Promote Human-AlI Collaboration with Teacher Leadership: Explicitly po-
sition Al as a supportive tool—not a replacement—for educators. Delegate repetitive
tasks (e.g., grading, analytics) to Al, while reserving high-value roles—emotional
mentoring, critical thinking cultivation, moral guidance—for teachers. This synergy
ensures education remains fundamentally relational and purpose-driven.

5 Conclusion

Al has demonstrably addressed persistent challenges in traditional basic education,
delivering tangible benefits in academic achievement, teacher workload reduction,
equity promotion, and core competency development. Its core value lies in achieving
“efficiency through empowerment” and “precision through personalization.” While
large-scale implementation is underway and outcomes are increasingly evident, chal-
lenges in technical alignment, teacher readiness, and ethical safeguards remain. Fu-
ture progress hinges on continuous refinement of application models, robust institu-
tional support, and unwavering commitment to the primacy of humanistic education.
Only by harmonizing technological potential with pedagogical wisdom can Al be-
come a sustainable catalyst for high-quality, inclusive, and personalized education for
every learner.
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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