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ABSTRACT

The widespread application of generative artificial intelligence technology in the education sector
has opened up infinite possibilities for educational innovation. This article analyzes the core
elements, practical applications, and characteristics of generative intelligence technology, and
examines the challenges faced by the education sector. These challenges cover issues such as the
instability of generative Al algorithms, the complexity of protecting students' personal information,
verifying the authenticity of generated content, and quality control. Corresponding solutions have
also been proposed, including optimizing algorithms to improve the stability and accuracy of the
model, strengthening privacy protection measures, and constructing a content quality evaluation
system to promote the efficient application of generative intelligence technology in educational
innovation. A prospect was made on the development trend of generative artificial intelligence
technology in the field of education and its promotion of educational innovation.
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1. INTRODUCTION

With the rapid advancement of intelligent technology, generative artificial intelligence (GenAl)
technology is being deeply integrated in various fields, including education. Due to the emphasis on
knowledge transmission and creative thinking in the education sector, the GenAl technology is
gradually reshaping traditional educational practices. By offering customized learning solutions and
intelligent teaching tools, it introduces innovative possibilities to various classrooms. Being able to
automatically create content and provide customized teaching support based on individual needs has
the potential to transform traditional teaching models and bring students a more diverse and
personalized learning experience. With that said, the teaching content facilitated by GenAl may
transform the classroom into a space characterized by relational epistemology, where knowledge is
co-constructed by teachers and students using these GenAl tools within specific class learning objects.
However, the popularity of GenAl has also raised new questions about algorithm reliability, data
confidentiality, and content accuracy. After sorting out the core characteristics and practical
applications of GenAl, this article explores the main challenges faced in the education industry and
proposes targeted optimization strategies, aiming to provide reference for the efficient application of
GenAl in educational innovation.
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2. REVIEW OF THE LITERATURE
2.1. Definition of Generative Artificial Intelligence

GenAl technology refers to the method of using algorithms to automatically create novel content,
based on advanced deep learning frameworks, generative adversarial networks (GANSs), and
variational autoencoders (VAES). The operational mechanism relies on learning features and patterns
from numerous training samples, using the learned patterns to create approximate or completely
different content. Compared with traditional analytical artificial intelligence (Al) that focuses on data
parsing and classification, GenAl exhibits unique advantages in creating various media such as text,
images, audio, and video. This technology is not just about data replication but also showcases a high
degree of creativity and diversity in content innovation by simulating human thinking and expression

[1].
2.2. Theoretical Framework for Utilizing Generative Al in Education

Social Cognitive Theory (SCT) [2] explains how people learn and grow through the interaction
between their actions, personal traits, and their environment. This theory sets that learning is a
cognitive process inherently tied to the context in which it takes place. Moreover, SCT moves beyond
the traditional focus on input and output in education but focusing on the utilization of materials and
practices in real-world contexts [3]. As said, Personal factors, environmental influences, and behavior
interact, the three components of SCT, in a triangular relationship, collectively shaping a student’s
learning outcomes. Its key principles such as observational learning, self-efficacy, and reciprocal
determinism also play important roles in discussing how SCT as a theory lead the discussion of the
research.

More studies have shown that SCT portrays individuals as active participants in the learning process,
emphasizing their ability to set goals, monitor progress, and adapt their behavior in response to
feedback and reinforcement [4]. A recent study exploring generative Al-mediated informal digital
learning utilized this theory as its conceptual framework, highlighting how the immediate and
personalized feedback provided by GenAl supports students in improving their class exercises [5].
Under the framework of SCT, research shifts to examining the dynamic interplay among personal,
behavioral, and environmental factors in learning processes as illustrated in Figure 1. When applied
to studies on GenAl interventions, this perspective focuses on understanding how GenAl tools
interact within classroom environments, shaping both teacher practices and student experiences.
Idealy, this shift will carry out the active participation of both teachers and students, where GenAl
acts as a mediator, facilitating deeper engagement and critical thinking.

“Self-regulated learning involves self-initiated thoughts, emotions, and actions that are strategically
planned and continuously adjusted to achieve personal goals”, stated Zimmerman [6]. SRL is an
evolving process shaped by a range of factors, including students’ internal traits such as cognitive,
metacognitive, motivational elements. In early stages, to better understand these complex interactions,
researchers have developed various models to explain SRL and how it works [7]. Some models
developed by Zimmerman and Pintrich offer a balanced perspective on all aspects of SRL [8]. In
contrast, other researchers like Boekaerts’ model places narrowed focus on specific areas of SRL,
such as the motivational dimension [8]. This theory can be applied either as a comprehensive
framework or by selecting a specific category from SRL as a single psychometric construct to guide
the design of survey items or related quantitative studies. Recent research has extended SRL theory
into digital learning environments, validating its relevance in contemporary educational contexts.
With the rise of online and blended learning modalities, SRL has become increasingly important in
facilitating learner autonomy and success in digital spaces. Under the framework of SRL theory, the
focus of research on GenAl shifts to exploring how these tools influence students’ ability to take
active control of their learning. Rather than focusing solely on the efficiency or effectiveness of
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GenAl interventions in delivering educational outcomes, research informed by SRL theory developed
into how these tools support learner autonomy.

Taking these two theories together, SCT can be visualized as a triangle consisting of personal,
behavioral, and environmental factors, while SRL represents the inner core of students’ asset-based
learning processes, as shown in Figure 1. While SCT provides a broad foundation for understanding
the interplay between social and environmental dynamics in learning, integrating it with SRL theory
addresses its limitations by offering a more detailed focus on individual learning processes. By
combining SCT’s emphasis on social interactions with SRL’s insights into self-regulated learning,
researchers may develop a comprehensive understanding of how learners interact with GenAl studies.
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Figure 1. A visual theories representation of SCT and SRL
2.3. Application of Generative Artificial Intelligence in Education

In various fields such as education, creative design, healthcare, and entertainment, the application of
GenAl is becoming increasingly widespread. Especially in the field of education, it can provide
customized teaching materials and intelligent learning guidance according to individual needs,
contributing key technological strength to the innovation of educational methods. It can also respond
in real-time and dynamically adjust content generation strategies based on students' learning
situations to improve learning effectiveness. It is precisely because of the diversity and flexibility of
GenAl technology that it has demonstrated unparalleled advantages in areas such as content creation
and personalized teaching, becoming a key technological force in promoting educational innovation.

The application of Al in the education sector is rapidly expanding, promoting a transformation in
educational resources and learning experiences. Al technology can automatically generate content
and provide teachers with diverse teaching aids, including automatic question generation, courseware
creation, knowledge network construction, etc. It shortens the preparation cycle and improves
teaching efficiency. Artificial intelligence plays a key role in achieving personalized education, as it
can make real-time adjustments based on students' academic performance and interests, and tailor
personalized learning materials for each student. Artificial intelligence has also been involved in
simulating teaching environments, intelligently answering questions, and evaluating homework,
providing students with immediate feedback and assistance to help them overcome difficulties and
consolidate knowledge in the learning process. The application of artificial intelligence in the field of
education has enhanced the richness and quality of educational resources, expanded opportunities for
personalized and self-directed learning, and provided new impetus for educational innovation [9].
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3. ANALYSIS OF THE CHALLENGES OF GENERATIVE ARTIFICIAL
INTELLIGENCE IN THE FIELD OF EDUCATION

3.1. Uncertainty and Stability of Generative Al Algorithms

The generative algorithms of deep learning are based on intricate neural network structures, which
are accompanied by uncertainty and volatility. In the process of generating content, it is difficult to
achieve a 100% accurate grasp of the fine-tuning of parameters and the effectiveness of model
training. Even small changes in input data may lead to vastly different results produced by the
algorithm. The uncertainty of this model makes its output unpredictable, and in the field of education,
this instability may result in biased content generation, affecting the suitability and accuracy of
teaching materials. GenAl algorithms are easily affected by external data interference or abnormal
inputs, resulting in content that does not match expectations or is incorrect. The stability of GenAl in
the field of education is crucial. Due to the limitations of existing technology, the interpretability of
these algorithms is often weak, making it difficult to predict output results. When facing novel
learning environments and teaching content, the uncertainty and stability issues of the model become
more significant. The parameter configuration in GenAl algorithms also has a significant impact on
the final generated content, and different parameter settings will directly affect the style and
effectiveness of the generated content.

3.2. Privacy Protection of Student Data

The application of GenAl technology in the field of education requires the collection of numerous
student data, which poses a severe challenge to data confidentiality. In the training and practical
application stage of Al systems, it is inevitable to come into contact with sensitive information such
as students' academic records, behavioral habits, and personal privacy. The collection, storage, and
use of this information all carry the risk of information leakage. Due to the complex design of GenAl
systems, it is difficult to achieve comprehensive measures to ensure data security. In the context of
education and teaching, the types of data involved are diverse and the connections between them are
intricate, making data tracking and management more complex. GenAl technology often adopts cloud
computing or distributed storage, which puts forward stricter standards for data encryption processing,
storage permission settings, and access permission supervision during transmission. Privacy risks are
also reflected in the fact that Al systems may inadvertently expose users' personal information during
the training phase and may indirectly expose raw data when generating new content using existing
data, resulting in the risk of privacy breaches [10].

3.3. Quality and Authenticity Issues of Generated Content

It is not uncommon to use GenAl technology in educational settings to produce teaching materials
and provide various services such as homework evaluation. The quality and credibility of the
produced content are facing severe challenges. During the training phase of GenAl models, the
quality of data directly affects the accuracy of the algorithm's generated content. In the education
industry, there are extremely high standards for the authenticity and accuracy of teaching content.
GenAl sometimes creates inaccurate or unrealistic content, which is particularly evident in disciplines
that require deep professional knowledge. The quality of generated content is closely related to the
representativeness and accuracy of training data. If there are limitations or biases in the training data,
the generated results may be misleading. GenAl mainly relies on learning and imitating existing
patterns when creating content and does not guarantee that every output will meet specific educational
requirements [11]. In terms of the depth and logicality of knowledge, GenAl may also show
shortcomings, making it difficult to identify logical conflicts or inaccuracies in the content, and the
generated teaching content lacks real and effective educational significance.
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4. PATHWAYS FOR GENERATIVE ARTIFICIAL INTELLIGENCE TO
SUPPORT EDUCATIONAL INNOVATION

4.1. Improving Al Algorithms to Enhance Model Stability and Prediction Accuracy

The key to adopting GenAl technology in the field of education is to ensure the stability and accuracy
of algorithms, and to adapt to the strict standards of educational content creation and learning
effectiveness evaluation. Improving the stability of algorithms can be achieved by integrating multi-
layer neural networks with ensemble learning strategies, allowing the model to demonstrate excellent
adaptability when facing various inputs and tasks. By integrating diverse deep learning architectures
such as Convolutional Neural Networks (CNN) and Recurrent Neural Networks (RNN), Al will
demonstrate better stability in educational data parsing [12]. Strategies such as reinforcement learning
and transfer learning can also assist in model optimization, transferring training results to different
educational environments and enhancing the stability of the model in various educational tasks. In
the process of improving the predictive performance of algorithms, deep optimization of data cleaning
and attribute mining is carried out to reduce the interference of data noise. By adopting high-quality
educational resource libraries for model cultivation and incorporating data augmentation strategies,
we ensure that the artificial intelligence system accurately captures the unique learning needs of each
student. Accurate quantitative evaluation methods are equally indispensable in measuring prediction
accuracy, providing detailed accuracy analysis and error information to assist models in achieving
more efficient and accurate content creation in the field of education [13].

4.2. Strengthen the Protection Mechanism for Student Data Privacy

When using GenAl technology in the field of education, it is necessary to rely on massive student
data as support, which makes the confidentiality of students' personal information particularly critical.
The implementation of the principle of data minimization is crucial, requiring only necessary student
information to be involved in the data collection process, discarding all non-essential or duplicate
information, and reducing the possibility of privacy breaches in the initial stage of data collection.
The application of encryption technology and distributed data storage strategies can enhance the
security of data during transmission and storage. Through end-to-end encryption and secure protocols
during data transmission, encryption technology can effectively ensure data security. Distributed data
storage reduces the potential risk of data leakage by storing data in different geographical locations.
Federated learning, an innovative decentralized learning strategy, ensures that artificial intelligence
does not need to touch raw data when training models, which is crucial for maintaining student
privacy. Strengthen the supervision of data utilization permissions and control of access permissions
to ensure that only authorized users can access specific data. Educational institutions must establish
strict data usage standards and emergency response plans and quickly activate remedial mechanisms
in the event of data breaches to ensure the security of student information.

4.3. Establish a Quality Evaluation System for Al Generated Content

To ensure the quality and practicality of content generated by generative Al in the field of education,
it is necessary to establish a systematic content quality evaluation system. The system can be
evaluated from the aspects of accuracy, logicality, applicability, and innovation of the content. Table
1 shows an example of the specific indicators and explanations for evaluating the quality of generated
content.
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Table 1. Indicators and explanations for evaluating the quality of generated content

Evaluation Description Rating range
indicators
Accuracy whether the content meets educational goals without errors or 1-5 points
deviations
Logic whether the content structure is clear, and the logic is rigorous = 1-5 points
Applicability whether the content meets the learning needs of students 1-5 points

Innovation whether the content is novel and can stimulate learning interest ~ 1-5 points

The evaluation mechanism in the above table 1 evaluates the content which could be created by
GenAl through specific scoring methods, identifies and optimizes the defects in the content. Ensure
that the output content is consistent with the teaching objectives in terms of accuracy. Emphasize the
clarity and rationality of the content in terms of logic. In terms of applicability, determine whether
the content is suitable for students’ learning level and actual needs. Evaluate the level of innovation
in content and its ability to spark student interest in terms of creativity. With the help of
comprehensive scoring, the mechanism can provide reliable quality monitoring for artificial
intelligence applications in the field of education, helping to create high-quality teaching resources
for educational innovation [14].

5. TRENDS IN GENERATIVE ARTIFICIAL INTELLIGENCE AND
EDUCATIONAL INNOVATION DEVELOPMENT

5.1. Deep Integration of Generative Al and Education

Generative intelligence technology is deeply penetrating the field of education, breaking the
boundaries of traditional teaching aids and achieving organic integration with educational content.
By utilizing the automatic content creation capability of this intelligent technology, teachers can
efficiently create a diverse range of teaching materials to meet the learning needs of various students.
These educational resources created by Al can cover multiple teaching aspects such as classroom
teaching, online self-learning, and knowledge consolidation, greatly improving the mobility of
learning. GenAl utilizes big data analysis and prediction capabilities to create personalized learning
plans and evaluation systems for each student in personalized teaching support. The intelligent Al
feedback platform collaborates with real-time monitoring methods to ensure that teachers can quickly
perceive students' academic progress and provide professional teaching guidance based on this. In the
widespread application of education, the deep integration of GenAl technology has improved the
efficiency of key links such as teaching content creation, learning process control, and effectiveness
evaluation, leading the fundamental transformation of the education model from “teacher led” to
“student-centered”. This deep integration has revolutionized the teaching process, reshaped the role
division between teachers and students, and created an intelligent learning ecosystem with students
as the main focus and teachers as assistants.

5.2. Multidisciplinary Integration Promotes Educational Innovation

The progress of GenAl in the field of education requires not only the promotion of computer science,
but also the cooperation between various disciplines. Psychology has contributed theoretical
foundations to the educational application of GenAl in this process, helping to grasp students'
cognitive patterns and behavioral differences, and thus making the generated teaching content more
in line with students' actual needs. The participation of education provides theoretical support for the
integration of Al in educational practice, including teaching strategies and academic evaluation,
ensuring consistency between generated content and educational objectives and learning norms.
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Research in linguistics provides technical support for natural language processing and semantic
parsing, making GenAl more adept at producing text that is suitable for educational scenarios. The
interdisciplinary integration in the field of education has greatly enriched the potential application of
GenAl in the field of education, injected unprecedented innovative vitality, and promoted the
continuous progress of education. This interdisciplinary integration has promoted the popularization
of personalized teaching, accelerated the pace of popularizing educational resources to the whole
nation, and made educational innovation more universal and flexible [15].

5.3. Policies and Regulations Support the Development of Educational Technology

With the deepening application of GenAl technology in the field of education, new challenges and
requirements have been put forward to the current policy and regulatory system. The establishment
of a personal information confidentiality system ensures the solid protection of students' privacy
rights and interests in the educational process and further standardizes the management and use of
educational data. Strengthening intellectual property related regulations ensures the originality and
compliance of generated content and promotes the fairness of educational resources. The
collaborative efforts of the government and educational institutions have promoted the standardized
application of artificial intelligence technology in the education industry and reduced moral risks in
the implementation process. The support of policies provides a solid institutional framework for the
development of educational technology, ensuring the safety, reliability, and long-term development
of technology. The establishment of ethical standards makes the application of GenAl in education
more compliant, ensuring the consistency between technological progress, educational objectives,
and social needs. The strong backing of policies provides strong support for the promotion of GenAl
in the field of education and promotes the healthy growth of technology [16].

6. CONCLUSION

As a powerful engine driving educational innovation, GenAl technology has shown enormous
potential for application in various aspects. The education industry has higher expectations for the
reliability of algorithms, the security of data privacy, and the accuracy of generated content. This
study aims to explore the core challenges encountered by generative Al in educational applications,
propose strategies to optimize algorithm performance, strengthen privacy and security measures, and
build a high-quality content review system, providing practical solutions for the in-depth application
of generative Al in the field of education. With the continuous development of technology,
interdisciplinary integration, and policy support, the integration of generative Al with the education
industry is expected to become even closer, injecting new impetus into education reform and
continuously improving learners' experience.
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