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Abstract: With the rapid development of artificial intelligence (AI) technologies, their application in
education has become increasingly prominent. This study explores the integration of Al into high
school biology teaching, aiming to design practical pathways that enhance teaching effectiveness
and student learning outcomes. Taking a high school biology lesson on mitosis as a case study, the
research demonstrates how Al-driven tools such as dynamic visualization, virtual microscopy, and
adaptive assessment can address traditional teaching challenges, promote student engagement, and
foster scientific literacy. The study also discusses challenges related to infrastructure, teacher train-
ing, and data privacy, proposing feasible countermeasures for sustainable Al integration. The find-
ings provide valuable insights for educators and policymakers seeking to leverage Al to transform
biology education at the secondary level.

Keywords: artificial intelligence; high school biology teaching; Al integration; educational technol-
ogy

1. Introduction

With the rapid advancement of artificial intelligence (Al) technologies, a new wave
of transformation is reshaping basic education. Particularly in subject-based teaching, Al
is emerging as a powerful assistant, enhancing the learning process through personalized
content delivery and intelligent feedback mechanisms. As a discipline that emphasizes
both experimental inquiry and conceptual understanding, high school biology has long
faced challenges in improving instructional efficiency and deepening students’ compre-
hension of complex scientific phenomena [1].

In recent years, the integration of Al into educational practice has shown great po-
tential in addressing some of the longstanding difficulties in biology education. Abstract
concepts such as DNA replication, protein synthesis, and photosynthesis often prove dif-
ficult for students to grasp through traditional lecture-based instruction. Moreover, limi-
tations in laboratory resources and classroom time frequently constrain students” oppor-
tunities for hands-on experiments and individualized feedback. These challenges high-
light the urgent need for innovative instructional strategies that can enhance visualization,
engagement, and personalized learning support [2].

Against this backdrop, the present study aims to explore practical pathways for in-
tegrating Al technologies into high school biology teaching. By examining how Al tools
can be embedded in key teaching stages—such as lesson planning, classroom delivery,
experimental simulation, and formative assessment— this research seeks to propose feasi-
ble models that support teaching innovation and learner development. Special focus is
given to how Al can empower teachers to optimize instructional design, while simultane-
ously offering students more adaptive and interactive learning experiences.
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This study holds both theoretical and practical significance. Theoretically, it contrib-
utes to the growing body of research on Al-assisted instruction in science education. Prac-
tically, it provides a reference framework for frontline teachers seeking to incorporate in-
telligent technologies into their pedagogy. By investigating case-based practices, this pa-
per offers insights into how Al can effectively enhance the teaching and learning of biol-
ogy in secondary schools, and ultimately promote a more engaging, personalized, and
efficient classroom environment.

2. Integration Foundation of Artificial Intelligence and High School Biology Educa-
tion
2.1. Major Applications of Artificial Intelligence in Education

With the ongoing advancement of artificial intelligence technologies, tools such as
natural language processing (NLP), image recognition, intelligent recommendation sys-
tems, and virtual or augmented reality (VR/AR) are increasingly being explored in edu-
cational settings. These technologies not only improve how instructional content is deliv-
ered but also enhance post-class support, personalized learning, and classroom interac-
tion. NLP has begun to show practical applications in intelligent Q&A systems, writing
assistance, and automated grading. Image recognition is being gradually introduced in
visually intensive subjects like biology and geography. Intelligent recommendation sys-
tems are widely used in after-school learning platforms, where they analyze student be-
havior data to push tailored learning content. Although VR/AR applications remain in the
pilot stage, preliminary implementations have emerged in some well-equipped schools.
Overall, artificial intelligence offers diversified technological support for education and
provides new opportunities for improving the teaching of abstract and experimental dis-
ciplines such as high school biology.

Natural language processing, the backbone of Al chatbots and intelligent writing as-
sistants, enables systems to understand, generate, and evaluate human language. In edu-
cational contexts, NLP powers automated essay scoring, Al-driven tutoring, real-time
translation, and question generation, making it possible to support students in diverse
linguistic and cognitive situations. Tools like ChatGPT and other large language models
have demonstrated their ability to assist in content explanation, Q&A sessions, and the
creation of scaffolded learning materials tailored to student needs.

Image recognition technology, on the other hand, has shown growing potential in
subjects requiring visual analysis, such as biology, geography, and physics. In experi-
mental or digital learning platform settings, students can potentially use Al tools to iden-
tify plant species, label cell structures in microscope images, or analyze ecological patterns.
While still limited in typical classroom practice due to equipment and accuracy con-
straints, such applications may support deeper understanding through visual engage-
ment and improve accuracy in tasks that traditionally rely on teacher supervision.

Intelligent recommendation systems play a key role in personalized learning. Based
on student performance data, learning behaviors, and preference profiles, these systems
suggest appropriate learning materials, adaptive quizzes, and revision content. These
technologies are more commonly implemented in after-school learning platforms rather
than in regular classroom instruction. They help ensure that students receive guidance
tailored to their individual learning trajectories.

Virtual reality (VR) and augmented reality (AR) technologies supported by Al have
introduced immersive and interactive learning experiences in some pilot or resource-rich
environments. Particularly in science education, VR enables students to explore complex
biological processes—such as mitosis, cellular respiration, or ecological systems—in a
simulated 3D environment. However, widespread implementation remains limited due
to hardware costs, infrastructure demands, and time constraints within typical school
schedules.
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Together, these Al applications provide a powerful technological foundation that,
when thoughtfully integrated and supported by infrastructure and teacher training, can
enhance instructional design, improve learning outcomes, and support data-informed
teaching strategies. In the context of high school biology, where concepts are both abstract
and experimentally driven, these technologies hold substantial promise in addressing in-
structional challenges and creating more engaging, student-centered learning environ-
ments [3-5].

2.2. The Core Challenges of High School Biology Instruction

High school biology is a foundational science course that introduces students to the
principles of life, from molecular mechanisms to ecosystem dynamics. However, due to
its multidisciplinary nature and the complexity of its content, biology instruction at the
secondary level presents several pedagogical challenges that impact both teaching effec-
tiveness and student learning outcomes.

One of the primary challenges lies in the abstract nature of biological concepts. Topics
such as DNA replication, gene expression, photosynthesis, and cellular respiration in-
volve processes that are microscopic and highly complex. These topics are often difficult
for students to visualize or conceptualize through static images or traditional lectures
alone. Without sufficient scaffolding or visualization tools, students may struggle to de-
velop accurate mental models, leading to superficial understanding or misconceptions.

A second significant issue is the experimental and inquiry-based nature of biology.
Hands-on experiments are essential for helping students internalize theoretical
knowledge and develop scientific thinking skills. However, in many high schools —espe-
cially in under-resourced or rural regions—there are limitations in terms of laboratory
equipment, class size, safety concerns, and instructional time. As a result, students often
engage in biology in a passive, textbook-based manner, which diminishes opportunities
for scientific exploration and critical thinking.

Moreover, biology classrooms often face heterogeneity in students' cognitive abilities,
prior knowledge, and learning motivation. Some students find biological content fascinat-
ing and intuitive, while others perceive it as difficult and unengaging, particularly when
they cannot relate it to real-life contexts. This divergence in learning styles and interest
levels poses a challenge for teachers to maintain inclusive, differentiated instruction in
large classes.

Additionally, the increasing volume of curriculum content and pressure to meet
exam requirements may lead teachers to prioritize content coverage over deep learning.
In such settings, teaching becomes assessment-driven, and there is limited flexibility to
explore interdisciplinary connections, current scientific advances, or student-led inquiry
projects [6].

Lastly, assessment and feedback mechanisms in traditional biology teaching are of-
ten summative and standardized, which makes it difficult to track individual student pro-
gress in real time or to offer targeted support. Without timely feedback and formative
evaluation tools, students who fall behind may lack the support needed to catch up or
stay motivated.

Collectively, these challenges highlight the need for innovative, technology-en-
hanced instructional approaches. Artificial intelligence, with its capacity for data analysis,
personalized content delivery, and multimodal engagement, offers promising solutions
to many of these obstacles in high school biology classrooms.

2.3. Feasibility Analysis of Integrating Al into Biology Instruction

The integration of Artificial Intelligence (AI) into high school biology instruction is
increasingly feasible due to recent advancements in educational technology, curriculum
reforms, and shifting pedagogical paradigms. This section analyzes the feasibility of Al
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application in biology teaching from three key perspectives: technological readiness, ped-
agogical alignment, and user adaptability.

1) Technological Readiness

The rapid development of Al-powered educational platforms—such as intelligent
tutoring systems, adaptive learning apps, and natural language processing tools—has
made it possible to deliver personalized and interactive biology content at scale. Tools like
virtual labs, 3D molecular simulations, and Al-driven Q&A systems can provide students
with immersive learning experiences that are otherwise difficult to achieve in traditional
classrooms.

Moreover, many schools are equipped with basic digital infrastructure, including
tablets, computers, and internet access, which lays the groundwork for Al-enabled in-
struction. The increasing availability of open-access biology datasets and cloud-based Al
services further reduces technical barriers for teachers and developers [7].

2) Pedagogical Alignment

Al technologies align well with the pedagogical goals of biology education, which
emphasize conceptual understanding, inquiry-based learning, and interdisciplinary inte-
gration. Specifically, (1) they facilitate the visualization of abstract concepts through dy-
namic simulations, enabling students to grasp complex biological processes more intui-
tively; (2) they support inquiry-based learning by providing real-time data analysis and
immediate feedback, which encourages active exploration and timely correction of mis-
conceptions; and (3) they promote interdisciplinary integration by linking biological con-
tent with computational thinking, data science, and ethics, thus broadening students’ per-
spectives and highlighting biology’s relevance in modern society. These affordances indi-
cate that Al is not a replacement for traditional biology instruction, but a powerful and
pedagogically aligned enhancement that reinforces existing teaching methods while in-
troducing innovative ways to engage students and deepen their understanding [8].

3) User Adaptability and Teacher Readiness

Both students and teachers are increasingly familiar with digital tools in the class-
room, especially following the acceleration of online and blended learning models in re-
cent years. Students, as digital natives, tend to adapt quickly to Al-driven learning envi-
ronments and often show high levels of engagement with gamified or interactive plat-
forms.

From the teacher's perspective, while there is an initial learning curve associated with
Al tool adoption, many Al applications are designed with user-friendly interfaces and
customizable modules. Professional development programs and teaching communities
focused on Al-enhanced instruction are also growing, providing support for teachers to
integrate Al meaningfully into their lesson plans.

Furthermore, policy support and national education strategies, such as China’s
"Smart Education" initiative, actively promote Al adoption to modernize teaching and
personalize learning, positioning Al integration as both a pedagogical opportunity and a
systemic priority [9].

3. Design of AI-Enabled Teaching Pathways in High School Biology
3.1. Al-Supported Lesson Preparation Optimization

Lesson preparation is a critical phase in the teaching process that directly influences
the effectiveness of classroom instruction. Traditional biology lesson planning often de-
mands significant time and effort from teachers to design teaching materials, develop ex-
ercises, and tailor content to diverse student needs. Artificial intelligence offers powerful
solutions to optimize this process by automating routine tasks, enriching instructional re-
sources, and enabling personalized learning design [10].
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One prominent Al application in lesson preparation is the use of natural language
processing (NLP)-based tools, such as ChatGPT and the iFlyTek Al Teaching Assistant,
which assist teachers in generating detailed lesson plans, explanatory notes, and custom-
ized question sets. For example, a biology teacher preparing a unit on photosynthesis can
input key topics or objectives into the Al platform, which then generates a structured
teaching outline, sample explanations, and a variety of practice questions tailored to dif-
ferent difficulty levels. This capability not only reduces the workload but also inspires
innovative pedagogical ideas that may otherwise be overlooked.

Furthermore, Al systems can support the creation of personalized pre-study pack-
ages that cater to the heterogeneous learning profiles of students. Based on students’ pre-
vious performance data, Al algorithms can recommend specific reading materials, multi-
media content, and interactive exercises designed to address individual knowledge gaps
or misconceptions. Such pre-class preparation helps students engage more effectively
during lessons and promotes a flipped classroom model where initial knowledge acqui-
sition occurs outside of class time.

In addition to content generation, Al tools facilitate the integration of up-to-date sci-
entific information and educational standards into teaching materials. By continuously
accessing vast online databases and recent research outputs, Al can help teachers incor-
porate the latest biological discoveries, relevant case studies, and real-world applications
into their lesson plans, thus enhancing the curriculum’s relevance and appeal.

Despite these advantages, it is important for educators to maintain critical oversight
over Al-generated content to ensure accuracy, alignment with curriculum standards, and
appropriateness for their specific classroom context. Teachers should use Al as a support
tool rather than a replacement, combining machine-generated materials with their profes-
sional judgment and teaching experience.

In summary, Al-supported lesson preparation not only streamlines the planning pro-
cess but also enriches the quality and adaptability of teaching resources. This empowers
biology teachers to focus more on instructional design and student engagement, ulti-
mately contributing to improved learning outcomes.

3.2. Al-Assisted Interactive Teaching Models in the Classroom

Classroom teaching is the core stage of the instructional process where students ac-
tively engage with new knowledge and develop their scientific thinking skills. Artificial
intelligence technologies offer diverse interactive modalities that can transform traditional
biology classrooms into dynamic, student-centered learning environments.

One significant application of Al in the classroom is through virtual simulation ex-
periments. Biology concepts such as photosynthesis, enzyme activity, and cellular pro-
cesses often require practical experimentation to deepen understanding. However, limi-
tations in laboratory equipment, time, or safety concerns can restrict hands-on activities.
Al-powered virtual labs and simulation platforms overcome these barriers by providing
immersive, realistic experiment environments where students can manipulate variables
and observe outcomes in real time. For example, platforms like Labster or local cloud-
based virtual labs enable students to simulate the effect of light intensity or carbon dioxide
concentration on photosynthesis, fostering experiential learning without physical con-
straints [11].

Image recognition systems also enhance classroom interaction by enabling real-time
identification and analysis of biological specimens or microscopic images. Students can
use mobile apps equipped with Al to photograph plant leaves, cells, or microorganisms,
instantly receiving annotated feedback and explanations. This not only supports observa-
tional skills but also encourages inquiry and exploration beyond textbook content.

Moreover, Al-driven intelligent questioning and response systems increase student
engagement through personalized, adaptive quizzes and instant feedback. Smart class-
room systems can monitor student responses during lectures, identify misconceptions,
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and adjust question difficulty accordingly. Interactive tools allow teachers to conduct
polls, quizzes, and discussions that actively involve all students, making the learning pro-
cess more inclusive and responsive.

The integration of natural language processing tools enables conversational Al assis-
tants to support classroom dialogue, answer student queries on the spot, and provide
hints or elaborations. This reduces the teacher’s cognitive load and allows more individ-
ualized attention.

By combining these interactive Al modalities, biology teachers can create multifac-
eted learning experiences that cater to diverse student needs, promote active participation,
and enhance conceptual comprehension. Importantly, these technologies complement ra-
ther than replace teacher-led instruction, serving as scaffolds to facilitate deeper under-
standing and critical thinking.

3.3. Al-Driven Personalized After-Class Tutoring

After-class tutoring plays a vital role in consolidating students” knowledge and ad-
dressing individual learning difficulties. Artificial intelligence technologies can signifi-
cantly enhance this phase by providing personalized learning support tailored to each
student’s unique needs and progress [12].

Al-powered platforms, such as Xuexitong and Yuanfudao, utilize data analytics and
machine learning algorithms to analyze students’” homework, quiz results, and learning
behaviors. Based on this analysis, these systems generate customized practice exercises,
review materials, and targeted explanations to help students overcome specific weak-
nesses. For example, a student struggling with the concept of photosynthesis may receive
additional interactive exercises focusing on light-dependent reactions, supported by Al-
generated hints and step-by-step solutions.

Furthermore, Al-driven voice assistants and chatbots provide on-demand tutoring
support, answering student questions in natural language anytime outside the classroom.
This immediate access to assistance fosters autonomous learning and reduces dependence
on teachers' limited availability.

Another important feature is the automated generation of error logs and personal-
ized “mistake books”, which help students track and review errors systematically. By re-
flecting on common mistakes, students can develop metacognitive skills and improve
learning strategies.

Additionally, AI platforms often incorporate learning analytics dashboards that pre-
sent detailed progress reports to both students and teachers. This transparency enables
timely interventions and promotes collaborative goal-setting between teachers, students,
and parents.

By leveraging Al for personalized after-class tutoring, biology education can better
accommodate diverse learner profiles, promote continuous engagement, and ultimately
improve academic achievement.

3.4. Data-Driven Intelligent Teaching Evaluation Mechanisms

Effective teaching evaluation is crucial for monitoring student learning progress,
identifying areas for improvement, and guiding instructional adjustments. Traditional
evaluation methods in high school biology often rely on summative assessments such as
exams and quizzes, which provide limited insight into ongoing learning processes. Arti-
ficial intelligence offers advanced data-driven solutions that enable more comprehensive,
formative, and adaptive evaluation mechanisms.

Al-powered platforms collect and analyze large volumes of student data from vari-
ous sources, including classroom interactions, homework submissions, quiz results, and
virtual lab activities. Through machine learning algorithms, these systems can detect pat-
terns, predict learning outcomes, and identify misconceptions with high accuracy. This
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continuous data analysis supports formative assessment, allowing teachers to intervene
promptly and tailor instruction based on real-time feedback.

One common application is the use of learning analytics dashboards that visually
present individual and class-wide performance metrics. Teachers can monitor students’
mastery of specific biology concepts, engagement levels, and progress trends, facilitating
data-informed decision-making. For example, if many students struggle with understand-
ing photosynthesis, the teacher can adjust lesson plans or provide targeted remedial re-
sources [13].

Moreover, Al-driven adaptive testing systems dynamically adjust question difficulty
based on student responses, providing a personalized challenge that maximizes learning
efficiency. These systems not only assess knowledge but also evaluate students’ higher-
order thinking skills, such as analysis and synthesis, which are essential in biology edu-
cation.

In addition, intelligent evaluation tools can support peer assessment and self-assess-
ment by guiding students through structured reflection and providing automated feed-
back. This fosters metacognitive awareness and promotes learner autonomy.

Integration with smart campus platforms allows seamless management of evaluation
data and supports communication among teachers, students, and parents, enhancing the
transparency and accountability of the teaching-learning process.

By harnessing Al-powered data analytics and intelligent evaluation tools, biology
educators can move beyond traditional assessment limitations, enabling a more nuanced,
responsive, and effective approach to teaching evaluation [14-16].

4. Teaching Practice and Case Analysis
4.1. Case Overview: Mitosis in Eukaryotic Cells

The lesson on “Mitosis” is a core topic in the compulsory high school biology curric-
ulum under the "Molecular and Cellular" module (as outlined in the national curriculum
textbook). This lesson focuses on the process of eukaryotic cell division, detailing stages
from interphase preparation (DNA replication and protein synthesis) to the mitotic
phases—prophase, metaphase, anaphase, and telophase. Students are expected to grasp
the dynamics of chromosome behavior and the significance of genetic material distribu-
tion during cell division [17].

Given the microscopic and dynamic nature of mitosis, students often struggle to vis-
ualize and understand the process through traditional static images and lectures. There-
fore, integrating artificial intelligence (AI) technologies to simulate and visualize mitosis
offers a promising pathway to deepen comprehension and engagement.

4.2, Al-Enabled Teaching Design and Implementation

The teaching session was conducted in a smart classroom equipped with Al-assisted
digital tools, facilitating an interactive and immersive learning experience. However, the
effective use of these Al applications depends significantly on the availability of adequate
hardware and stable network infrastructure. In environments where such resources are
limited, it is recommended to combine Al tools with traditional multimedia resources to
ensure all students can benefit.

Key Al applications included:

1) Dynamic Visualization and Animation: Al-powered software presented de-
tailed animations and 3D interactive models of mitotic phases, allowing stu-
dents to manipulate the timeline and observe chromosome behavior dynami-
cally. While this enhances comprehension, its use requires suitable classroom
technology. In settings with limited technical support, integrating conventional
visual aids alongside Al animations can help maintain accessibility.

2) Intelligent Interactive Quizzes: An Al-driven classroom response system deliv-
ered real-time formative quizzes, adapting question difficulty based on student
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responses to provide personalized feedback. Given the possibility of algorithmic
misinterpretations, teachers should interpret the Al-generated data critically
and adjust instruction accordingly to ensure accuracy and relevance.

3) Virtual Microscopy with Al Assistance: Virtual slide software enhanced by Al
image recognition enabled students to explore mitotic structures interactively.
Since these tools rely on high-quality imaging and advanced recognition algo-
rithms—and may involve high equipment costs—it is important for teachers to
supplement Al tools with clear explanations to support student understanding.

4)  Al-Facilitated Classroom Interaction: Al tools monitored group discussions and
summarized key points to aid class-wide sharing. However, due to current lim-
itations in Al's semantic understanding, automatic summaries may lack nuance.
Therefore, teachers remain the primary facilitators in interpreting and guiding
classroom discourse.

5) Personalized Review and Practice: Post-class, an Al learning platform recom-
mended tailored exercises based on in-class performance data. While this per-
sonalization supports targeted learning, variability in students’ self-manage-
ment skills means that teacher guidance is essential to help students effectively
utilize these resources.

4.3. Teaching Process and Al Integration

The teaching process was systematically designed to incorporate Al tools at key
stages to enhance students’ understanding and engagement with mitosis. As shown in
Table 1, Al-supported activities were embedded throughout the lesson, from preparation
to homework, facilitating interactive visualization, formative assessment, and personal-
ized learning.

Table 1. Integration of Al Technologies in Different Teaching Phases of the Mitosis Lesson.

Teaching - —
Phase AI Application Description
. Al-generated lesson  Teacher designs content with Al assistance, in-
Preparation

plan cluding animations and quiz banks.

Students watch and manipulate mitosis anima-
tions to form initial impressions.

Concept Expla- Virtual microscopy Students explore cell images with Al highlighting

Introduction Interactive animation

nation with Al key structures.
Formative As- Adaptive quizzes via Real-time quizzes identify misunderstandings;
sessment smart system teacher adjusts pace.
Group Discus- Al-facilitated interac- Al monitors group responses, summarizes key
sion tion points for class sharing.

Personalized Al exer- Platform pushes exercises tailored to individual
Homework .
cises student needs.

At the preparation stage, Al-assisted lesson planning helped generate detailed ani-
mations and question banks tailored to varying levels of student proficiency. During les-
son introduction, students engaged with dynamic animations that allowed them to ma-
nipulate mitosis phases and observe chromosome changes in real time, which provided
an intuitive grasp of the process.

In the concept explanation phase, virtual microscopy software enhanced by Al image
recognition enabled students to explore cell images with highlighted mitotic structures,
linking theoretical knowledge with virtual experimental observation.

The lesson incorporated adaptive quizzes delivered via an intelligent classroom re-
sponse system. This system analyzed students’ answers in real time, adjusting question
difficulty and providing instant feedback, which supported targeted teaching adjustments.
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During group discussions, Al tools monitored interactions, summarized key points,
and facilitated class-wide sharing to deepen comprehension. Finally, in the homework
stage, personalized exercises recommended by the Al platform reinforced learning out-
comes and addressed individual weaknesses. Table 1 summarizes the integration of Al
technologies across different teaching phases and their instructional purposes.

4.4. Evaluation of Al-Enhanced Teaching

This case design fully utilizes Al technology to achieve dynamic demonstrations of
the cell division process and virtual microscopy observations, enhancing the intuitiveness
and interactivity of the teaching content. The application of an intelligent quiz system
provides real-time knowledge assessment during class, which helps promote personal-
ized learning and instructional adjustments. In the teaching design process, attention
should be paid to the dependency of Al tools on hardware and network environments, as
well as the reasonable arrangement of interactive sessions and traditional lecturing time,
to ensure that students can both experience intuitive learning content and systematically
grasp core knowledge. Future teaching can further integrate diversified Al-assisted func-
tions to improve the intelligence and personalization of teaching resources, thereby con-
tinuously optimizing teaching effectiveness. Additionally, professional development and
technical training for teachers are important guarantees for the deep integration of Al and
teaching. Through continuous optimization of teaching design and technology applica-
tion, more effective and efficient solutions are expected for the instruction of complex bi-
ological knowledge [18].

5. Challenges and Countermeasures
5.1. Challenges in Al-Enabled High School Biology Teaching

Although artificial intelligence holds great promise for enhancing biology education,
its integration into high school teaching still encounters multiple challenges. One signifi-
cant obstacle is the uneven technical infrastructure across schools, especially in underde-
veloped regions where reliable high-speed internet, smart devices, and technical mainte-
nance support are often lacking, thereby limiting the deployment and effectiveness of Al
tools. Moreover, many teachers have limited experience or confidence in applying Al tech-
nologies in the classroom, which can lead to underutilization or incorrect use of these tools
[19].

In addition, disparities in students” digital literacy and access to devices create ineq-
uities in learning opportunities, as not all students can equally benefit from Al-assisted
instruction. The alignment of Al content with localized curricula also presents difficulties;
many Al resources are designed with broad applicability in mind and may not fully cor-
respond to specific teaching standards or cultural contexts, which reduces their practical
relevance. Finally, the collection and use of student data by Al platforms raise important
concerns related to privacy protection and ethical management, necessitating careful con-
sideration in educational applications.

5.2. Countermeasures and Recommendations

To effectively address the challenges encountered in Al-enabled high school biology
teaching, a comprehensive, multi-faceted approach is necessary. Firstly, educational au-
thorities and schools should prioritize investment in digital infrastructure, particularly in
rural and under-resourced areas, ensuring reliable high-speed internet, smart classroom
devices, and maintenance services. Establishing dedicated technical support teams is es-
sential to guarantee the smooth operation of Al tools. Equally important is the enhance-
ment of teacher training through systematic professional development programs that fo-
cus on Al literacy, pedagogical integration, and troubleshooting. Teachers should be en-
couraged to participate in workshops, online courses, and peer collaboration platforms,
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while receiving ongoing technical assistance during teaching to build confidence and
competence.

To promote equity, schools need to implement device lending programs or provide
subsidies to ensure all students have access to necessary technology. Curriculum design-
ers must consider variations in students’ digital skills by offering scaffolded Al-based
learning activities tailored to different proficiency levels. Collaboration between develop-
ers and educators is crucial for creating Al applications and content aligned with local
curricula and student backgrounds, with continuous feedback mechanisms to refine these
resources and enhance classroom relevance [20,21].

Furthermore, establishing robust data privacy and ethical frameworks is vital. Clear
policies should be formulated on how student data is collected, stored, and used within
Al platforms. Training educators on data protection and raising awareness among stu-
dents and parents will foster trust and ensure compliance with national regulations and
ethical standards. In terms of instructional methods, blended teaching approaches that
combine Al-enabled activities with traditional methods are recommended to balance tech-
nological benefits with human interaction and critical thinking development, thereby pre-
venting over-reliance on technology.

Finally, engaging parents, local education authorities, and technology providers is
essential for creating a collaborative ecosystem that supports Al integration, sustains in-
novation, and addresses practical challenges. By implementing these multi-dimensional
strategies, high school biology education can better harness the potential of Al to enhance
teaching quality, student engagement, and learning effectiveness.

6. Conclusion

This study explored the integration of artificial intelligence in high school biology
teaching, focusing on the design and implementation of Al-enabled instructional path-
ways through the case of mitosis. The findings demonstrate that Al technologies, such as
dynamic visualization, virtual microscopy, and adaptive assessment, can effectively ad-
dress traditional teaching challenges by enhancing students’ conceptual understanding,
engagement, and scientific skills.

Despite existing technical, pedagogical, and ethical challenges, targeted counter-
measures including infrastructure enhancement, teacher training, curriculum alignment,
and data governance can promote sustainable and equitable Al adoption in biology edu-
cation.

Looking forward, continued interdisciplinary collaboration among educators, tech-
nologists, and policymakers is essential to further refine Al tools tailored to diverse learn-
ing contexts. Future research may focus on longitudinal studies of Al's impact on student
outcomes and exploring more accessible, context-sensitive Al applications for varied ed-
ucational settings.

In conclusion, Al holds significant potential to enhance high school biology teaching
by fostering deeper learning and preparing students for future scientific challenges.
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