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Abstract 

With the rise of technologies such as Artificial Intelligence (AI), Big Data and Cloud Computing, Digital 

Intelligence is reshaping the education landscape in far-reaching ways, opening up new paths for education 

modernization. As a transformative model, human-computer collaborative teaching provides important 

opportunities for educational practices through the integration of intelligent technologies and traditional 

educational practices: technology empowerment to promote teaching innovation, optimal allocation of resources 

to enhance educational equity, support for personalized learning to achieve tailored teaching, and role 

diversification to help teachers transform. However, there are also many challenges: insufficient technology 

integration limits practical application, data ethics and privacy issues raise potential risks, lack of standards and 

quality exacerbates the lack of regulation, and conflicting roles in collaboration hinders management 

transformation. Based on this, proposed solutions include enhancing the technological literacy of teachers and 

learners, strengthening data privacy protection frameworks, optimizing instructional systems to support 

personalized learning, and building educational ecosystems that promote collaboration and adaptability. This paper 

aims to provide a comprehensive framework to guide the advancement of education modernization and ensure that 

it matches the needs and potential of digital intelligence. 

Keywords: digital intelligence, human-computer collaboration, human-computer co-teaching, artificial 

intelligence, educational empowerment 

1. Introduction 

Digital intellectualization, artificial intelligence (AI), big data, cloud computing and the Internet of Things and 

other emerging technologies are driving social and economic change at an unprecedented rate, and education, as 

the cornerstone of social development, has entered the stage of in-depth digital transformation in line with the 

development of digital intelligence technology. Digital intelligence” is a synthesis of wisdom digitization and 

digital intelligence, which was first proposed by the ‘Knowledge-based Consortium’ group of Peking University 

in 2015, and is an interpretation of ‘digital intelligence’ (Su, 2024). The new teaching and learning environments 

with the essential characteristics of digitalization and intelligent integration and mutual promotion are attracting 

much attention. 

Human-machine collaboration involves mutual cooperation between humans and machines. 1994, Lu Yongxiang 

and others first formally put forward the concept of “human-machine system”, emphasizing that humans and 

machines in the system play their respective advantages and cooperate with each other (Lu et al., 1994). Human-

computer collaborative teaching is the inevitable trend of educational innovation and change, but also the 

inevitable way of digital transformation of education (Wang et al., 2024). Subsequently, scholars at home and 

abroad have carried out a lot of discussions on human-computer collaboration. The current mainstream view is 

that in the human-computer collaborative system, computers undertake computation and reasoning work, while 

humans engage in selection and decision-making, etc., and form a close collaboration between humans and 

computers (Liu, 2016). As an important practice of technology-enabled education, human-computer collaborative 

teaching is promoting the modernization and diversification of the education ecology through the integration of 
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intelligent technology and traditional teaching modes. In recent years, human-computer collaborative teaching has 

shown great potential, especially in enhancing teaching efficiency, optimizing the allocation of educational 

resources and realizing personalized learning (Holmes et al., 2019; Luckin et al., 2022). This model not only 

bridges the gap between urban and rural education and provides corresponding technical support, but also injects 

new momentum into the equity and efficiency of education. From a technological perspective, human-machine 

collaborative teaching provides practical and actionable solutions for tailored and personalized education through 

real-time data analysis and intelligent decision support, which “can adjust the teaching path according to students' 

learning behaviors and cognitive characteristics to achieve a more efficient learning experience” (Zawacki-Richter 

et al., 2019; Azevedo et al., 2022). Artificial intelligence-based educational robots and virtual teaching assistants 

are being widely used in practice, offering new possibilities for teacher-student interactions and learning feedback 

(Chen et al., 2020; Song, 2023). Meanwhile, from a practical point of view, platforms such as Open Educational 

Resources (OERs) and Online Courses (MOOCs), which are driven by digital intelligencetechnologies, are also 

developing rapidly to support educational equity (UNESCO, 2023). 

However, the research shows that there are also some difficulties and pain points in the promotion and technical 

application of human-computer collaborative teaching. Based on this, this paper takes the background of digital 

intelligence, human-computer collaborative teaching as the main point of the study, through combing the cutting-

edge theories on the integration of technology and education, and systematically exploring the potential 

opportunities and practical dilemmas that exist from the multi-dimensional perspectives of technological 

empowerment, educational fairness, personalized development, and transformation of the teacher; and conjunctive 

In addition, a series of targeted solutions are proposed to provide theoretical inquiry and practical reference for the 

modernization of China's education in the era of digital intelligence. 

2. Opportunities for Digitized Human-Computer Collaborative Teaching 

Human-computer collaborative teaching is the core product of digitalized education reform, which promotes the 

leapfrog development in the field of education through the in-depth integration of intelligent technology and 

educational practice. The introduction of intelligent technology not only improves teaching efficiency, but also 

makes up for the shortcomings of traditional education, and injects a strong impetus for the construction of a 

modernized education ecosystem. In the future, human-computer collaboration may come into daily teaching and 

fully empower all aspects of “teaching, learning, management and research” (Fanget al., 2024) and bring many 

opportunities for educational development, mainly reflected in the following four aspects: technology 

empowerment to promote teaching innovation, optimal allocation of resources to enhance educational equity, 

support for personalized learning to achieve tailored to the individual's needs, and role diversification to help 

teachers transform. 

2.1 Technology-Enabled Innovation to Drive Teaching and Learning Upgrades 

Mathematical and intellectual technologies are driving changes in the teaching mode at an unprecedented speed. 

Artificial intelligence (AI) and big data analytics technologies provide teachers with precise teaching strategies by 

collecting and analyzing student learning data in real time (Luckin et al., 2016; Gan et al., 2018). For example, 

adaptive learning systems can dynamically adjust teaching content to ensure that students learn at a pace and in a 

manner that suits them (Chen et al., 2020). From the perspective of technology practice, the application of HCI 

technology in education is beginning to show results. For example, ChatGPT can support in-depth exploratory 

learning, the role of human-computer collaboration in multiplayer online teaching interaction, knowledge 

management and teaching environment (Sowa et al., 2021; Hou et al., 2023) and human-computer collaborative 

education also has the potential to exist in the future educational scenarios (Zhu et al., 2023), which is committed 

to constructing a precise teaching mode In the future, human-computer collaborative education also has potential 

in the educational scenario (Zhu et al., 2023), which is dedicated to constructing a precise teaching model that not 

only improves the learning effect of students but also reduces the waste of resources. 

At the same time the technology of human-robot collaboration is constantly updated and widely used in teaching 

practice. The International Federation of Robotics (IFR) divides robots into industrial robots and service robots. 

The 2016 White Paper on the Development of Global Educational Robots divides educational robots into robotics 

education and educational service robots. Educational service robots are service robots with educational and 

learning intelligence(Beijing Normal University,2018). The application of virtual reality (VR) and augmented 

reality (AR) technologies can significantly improve the fun and interactivity of the teaching process. By building 

immersive learning environments, students can understand abstract concepts more intuitively, such as the 

restoration of historical scenes or virtual simulations of scientific experiments. In addition, intelligent automated 

systems, such as online correction and evaluation tools, dramatically reduce teachers' repetitive teaching burden, 
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facilitate the investment of more energy into teaching innovation (Holmes et al., 2019), expand new forms of 

classroom interactions, partially shift teachers' teaching work, and enhance classroom dynamics. 

2.2 Optimizing Resource Allocation and Promoting Fairness and Universality 

Human-computer collaborative teaching shows unique advantages in optimizing the allocation of educational 

resources and realizing educational equity. Through online education and open educational resources (OER), it 

breaks through the temporal and spatial limitations of educational resources, especially playing an important role 

in the development of education in remote and resource-poor regions (UNESCO, 2023). For example, Massive 

Open Online Courses (MOOC) and smart classroom platforms provide students with diversified and low-cost 

learning opportunities, enabling quality education resources to reach more people. 

In addition, the data-driven resource allocation mechanism is able to intelligently allocate resources based on 

students' needs (Xia et al., 2024).For example, learning analytics technology can identify the educational needs of 

different regions and groups and optimize the supply mode of teaching resources (Anderson & Dron, 2011). This 

technological tool not only improves the utilization rate of resources, but also reduces the gap between urban and 

rural education. However, in practice, uneven regional development and limitations in technological infrastructure 

remain major obstacles to realizing educational equity. By strengthening the synergy between technology and 

policy, human-computer co-teaching will contribute to the wider spread of educational equity in the future. 

2.3 Assisting in Teaching Students According to their Aptitude and Promoting Individualized Development 

Personalized education has always been the goal of modern education, and human-computer collaborative teaching 

provides strong technical support for students' personalized development. Through learning analysis technology, 

teachers can accurately locate the learning characteristics of students, including the weakness of knowledge 

mastery and personalized needs, so as to design targeted teaching programs. The construction of mathematically 

intelligent teaching resource base provides more technical support for promoting individualized development. For 

example, data mining technology can help teachers understand students' learning interests, learning styles, learning 

abilities and learning needs by analyzing students' behavioral data, question-answering data and assessment data 

in the process of learning, so as to provide personalized guidance for students (Xia et al.,2024). Adaptive learning 

system plays a key role in this process by dynamically adjusting the learning path and content to ensure that each 

student can learn efficiently in a way that suits them (Chen et al., 2020). 

In addition, intelligent virtual teaching assistants and educational robots play an increasingly important role in 

learning guidance. They can not only provide real-time feedback, but also stimulate students' learning interest and 

autonomy through dialogue and interaction (Holmes et al., 2019), greatly promoting the popularity of personalized 

education, but data privacy and algorithms are still issues that need to be focused on. In the future, by improving 

the relevant technical and ethical norms, human-computer collaborative teaching will play a greater potential in 

personalized development. 

2.4 Expanding Multiple Roles and Empowering Teacher Transformation 

The profound impact of digital intelligence technology on teaching practice has led to a fundamental shift in the 

role of teachers. Teachers are no longer just knowledge transmitters, but also learning coaches, technology 

applicators and resource developers (Ertmer & Ottenbreit-Leftwich, 2010). With the support of artificial 

intelligence and big data, teachers can efficiently analyze student learning data and optimize instructional design. 

For example, intelligent classroom management systems can monitor classroom performance in real time and help 

teachers adjust their teaching strategies more flexibly (Luckin et al., 2016). 

In addition, digital learning platforms and online training provide rich professional development opportunities for 

teachers to quickly master the latest educational technologies (Mishra & Koehler, 2006). This transformation not 

only improves teachers' professional competence, but also creates more space for pedagogical innovation. The 

diversification of teachers' roles is an important part of the modernization of education and contributes to a more 

efficient, open and intelligent educational ecosystem. 

3. Challenges of Human-Computer Collaborative Teaching in Mathematical Intelligence 

Human-computer collaborative teaching has shown strong potential in digitalization, but it also faces many 

challenges in practical application. Human-computer collaborative teaching is still in its infancy, and there are 

problems such as the theoretical system of human-computer collaborative teaching needs to be perfected, the 

ability of technology-enabled teaching change needs to be improved, the digital teaching competence of teachers 

is still weak, the mechanism of balancing the conflict between humans and machines still needs to be explored, 

and the effectiveness of human-computer collaborative teaching needs to be verified, which impedes the 
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development of the human-computer collaborative teaching practice (Wang et al., 2024). The four main aspects 

are technology integration, data ethics, standard system and collaborative management. 

3.1 Insufficient Technology Integration and Impeded Application in Practice 

Technology integration is the foundation for the development of human-computer co-teaching, but its complexity 

and variability in practice make this process face serious challenges. On the one hand, gaps in technological 

infrastructure and application capabilities of different educational institutions have led to unbalanced resource 

utilization (Zhao et al., 2021). The rapid development of technology brings difficulties in integration and 

adaptation, especially the diversity and complexity of educational scenarios lead to bottlenecks in practice (Selwyn, 

2021). 

First, remote areas and regions with more backward economic development are seriously lagging behind in the 

application of educational technology, which limits the popularization of human-computer collaborative teaching. 

Second, the technological literacy of teachers and students varies, making it difficult to ensure the efficiency and 

effectiveness of technology use (Selwyn, 2021). 

In addition, the limitations of the technology itself are key issues. The complexity of technology integration and 

the diversity of educational scenarios make significant differences in practical application. The uneven digital 

literacy of teachers and students increases the difficulty of transforming teaching models (Selwyn, 2021). For 

example, existing educational AI systems have limited performance in dealing with diverse learning needs and 

complex teaching tasks, making it difficult to fully adapt to actual teaching scenarios (Holmes et al., 2019). The 

lack of technology integration not only affects teaching effectiveness, but also increases teachers' workload, 

making it difficult for them to find a balance between technology and teaching. 

3.2 Data Ethics Concerns, Privacy and Security Constraints 

The core of human-computer co-teaching relies on large-scale data collection and analysis, which provides 

accurate support for personalized learning, but also poses serious data privacy and ethical challenges. First, 

students' learning data may be at risk of leakage during collection and storage. Data sharing between educational 

platforms and technology companies exacerbates this problem, putting student privacy at risk (Williamson & 

Eynon, 2020). Secondly, algorithmic bias may lead to unfair treatment of certain students, for example in 

recommending learning resources that may reinforce established biases (Greller & Drachsler, 2012). 

At the ethical level, the boundaries of the use of educational data are unclear, and students and parents often lack 

the right to know and choose the use of data. In addition, many educational institutions have not yet established 

comprehensive privacy protection mechanisms to address the ethical risks that may arise from the misuse of 

technology. Second, data privacy issues are becoming more prominent, and the large-scale use of educational data 

has exacerbated concerns about ethics and security (Williamson & Eynon, 2020). Meanwhile, the imperfection of 

the standard system and the lack of quality supervision make human-computer collaborative teaching lack a 

reliable basis for evaluation and promotion. Finally, shifting roles of teachers and students, as well as lagging 

educational management, further hinder the sustainability of this model (Ertmer & Ottenbreit-Leftwich, 2020). 

3.3 Lack of Standardization System and Lack of Quality Supervision 

Currently, the implementation of human-computer collaborative teaching is seriously lagging behind in terms of 

standardization and quality supervision. Due to the lack of a unified standard system, the compatibility between 

different educational platforms and intelligent tools is low, resulting in difficult sharing of resources and uneven 

practice effects (Zawacki-Richter et al., 2019), making human-computer collaborative teaching face challenges in 

effect evaluation and promotion (Zhao et al., 2021). In addition, in the evaluation of teaching effects and intelligent 

tool performance In addition, the existing quality control mechanism often lags behind and is difficult to meet the 

needs of human-computer co-teaching. 

The lack of a standardized system not only restricts the promotion of the technology, but also leads to a decline in 

teachers' and students' trust in intelligent tools, thus affecting the teaching effect. For example, in AI-assisted 

teaching assessment, teachers and students are often skeptical about the reliability and fairness of algorithms (Chen 

et al., 2020). 

3.4 Collaborative Role Conflict and Difficult Management Transition 

Human-computer collaborative teaching requires teachers to change from traditional knowledge transmitters to 

technology users and learning guides, while students also need to adapt to the learning mode of technology support. 

This role change often leads to conflicts in the collaborative process. For example, teachers have significant 

individual differences in technology acceptance and adaptation, while students' reliance on technology may 
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diminish their ability to learn independently (Ertmer & Ottenbreit-Leftwich, 2020). At the level of educational 

management, the traditional school management model is difficult to adapt to the needs of digital intelligence. 

Widespread use of technology requires administrators to develop flexible policies to support teacher and student 

role transformation, which often faces conceptual resistance and resource constraints (Selwyn, 2021). Teachers' 

role transitions and digital adaptations in educational administration also create collaboration and management 

conflicts (Ertmer & Ottenbreit-Leftwich, 2020). 

The key to solving the conflict between collaboration and management lies in enhancing the digital transformation 

of education management systems. On the one hand, collaboration efficiency should be promoted through teacher 

training and technical support; on the other hand, educational administrators need to promote policy reforms to 

adapt to the needs of a digitalized education ecosystem, and ultimately achieve organic collaboration among 

teachers, students, and technology (Zhao et al., 2021). 

4. Countermeasures for Human-Computer Collaborative Teaching in Digital Intellectualization 

In view of the many challenges faced by human-computer collaborative teaching in digitalization, scientific and 

reasonable countermeasures are the key to promote its sustainable development. They mainly include improving 

the technological literacy of teachers and students to enhance the adaptability of educational subjects, improving 

the privacy protection mechanism to ensure data security, optimizing the teaching system to promote individuality 

support, and deepening system integration by coordinating the educational ecology (Figure 1). These measures 

aim to comprehensively solve the existing problems and provide theoretical basis and practical direction for 

building an efficient, fair and intelligent education model. 

 

Figure 1. Logic diagram of countermeasures for digital intelligent human-machine collaborative teaching 

 

4.1 Empowering Teachers and Students to Enhance Technological Literacy 

Teacher and student technological literacy is a core prerequisite for the success of human-computer co-teaching. 

Teachers need to have the ability to use smart technologies to design and implement instruction, as well as to 

understand the integration path between technology and educational goals (Ertmer & Ottenbreit-Leftwich, 2020). 

However, teachers currently exhibit significant individual differences in technology adaptation, and some lack 

confidence or relevant training opportunities, which limits the deeper use of technology in education (Zhao et al., 

2021). In order to enhance the competence of teachers and students, educational institutions should focus on three 

aspects. First, provide teachers with ongoing technology training programs on the use of AI tools, the fundamentals 

of data analytics, and instructional design optimization strategies. Second, introduce information literacy programs 

for students to develop their ability to learn independently with the assistance of technology (Holmes et al., 2019). 

Finally, through policy support and resource allocation, the gap in the application of educational technology among 

different regions and schools is narrowed to ensure the equity of technological empowerment. These responses 

will not only enhance the adaptability of teachers and students in a digital-intelligent environment, but will also 

provide long-term support for pedagogical innovation and efficiency improvement (Luckin et al., 2022). 

4.2 Improving Privacy Mechanism and Strengthen Data Security 

Establishing and improving the operation and management mechanism of digital teaching resource library (Xia et 

al., 2024). Data security and privacy protection are important foundations for human-computer collaborative 

teaching, but the current data security vulnerabilities and ethical controversies in the education field have raised 

widespread concerns (Williamson & Eynon, 2020). The lack of transparency in the collection, storage, and use of 

student data may lead to privacy breaches and data misuse, which in turn affects the trust base of technology 
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adoption (UNESCO, 2023). The development of appropriate evaluation indicators requires the improvement of 

privacy protection mechanisms at three levels, including policy, technology and awareness. First, educational 

management organizations should introduce strict privacy protection regulations to clarify the scope of educational 

data collection and use norms. Second, technology companies need to adopt multi-layered security measures in 

education platforms, such as data encryption, user rights management, and real-time monitoring, to prevent leakage 

of sensitive information (Zawacki-Richter et al., 2019). At the same time, schools should raise teachers' and 

students' awareness of data privacy through publicity and training, and develop security awareness and prevention 

capabilities. By strengthening the privacy protection mechanism, it can not only guarantee the legitimacy and 

security of educational data, but also create a more trustworthy technological ecology for human-computer 

collaborative teaching. 

4.3 Optimizing the Teaching System to Achieve Individualized Support 

Personalized education is one of the core values of human-computer collaborative teaching, the realization of 

which relies on the real-time analysis and dynamic feedback of the learning process by intelligent technology 

(Chen et al., 2020; Yan et al., 2023) However, the instructional design of many current educational platforms fails 

to fully utilize the advantages of smart technologies, resulting in limited effectiveness of individualized support in 

practice. The construction of digital intelligent teaching resource base provides important technical support to 

promote and realize personalization, differentiation and precision. For example, by mining and analyzing a large 

amount of teaching data, it can objectively reveal students' learning patterns and behavioral patterns, help teachers 

accurately grasp the dynamics of student learning, and strengthen the effectiveness of teaching (Xia et al., 2024). 

In order to optimize the teaching system, educational institutions and technology companies should strengthen 

collaboration and advance in the following aspects. First, develop more accurate and flexible intelligent teaching 

tools to support teachers to adjust teaching strategies in real time. Second, establish a dynamic assessment system 

based on learning data to provide teachers with personalized teaching suggestions (Zhao et al., 2021). Finally, it 

promotes two-way interaction between students and technology, and stimulates students' learning interest and 

initiative through gamified learning and immersive experience. The optimized teaching system will not only be 

able to meet students' personalized needs, but will also significantly improve the fairness and efficiency of 

education, and provide a possibility for the real implementation of teaching according to students' abilities. 

4.4 Coordinating Ecological Development and Deepening System Integration 

The development of human-computer collaborative teaching requires the establishment of a synergistic mechanism 

among technologies, policies and resources to achieve deep system integration (Luckin et al., 2022). At present, 

the lack of unified standards and interfaces between different educational technology platforms has led to 

inefficient resource utilization; meanwhile, lagging policy support and management models have also constrained 

the full application of technology (Selwyn, 2021). In order to promote the coordinated development of education 

ecology, the following aspects are needed. First, an open and shared educational resource platform should be 

established to achieve standardization and interoperability of technological tools and teaching content. Second, 

governments need to introduce supportive policies to encourage inter-regional resource flows and cooperation to 

reduce the imbalance of educational resources (UNESCO, 2023). Finally, education administrators need to reshape 

their management model to integrate teaching resources, optimize teacher-student collaboration processes, and 

improve system operation efficiency through digital platforms. Through coordinated ecological development, not 

only can we create a good external environment for human-computer collaborative teaching, but also further 

release the potential of technology in education and promote the comprehensive innovation of teaching mode 

(Zawacki-Richter et al., 2019). 

5. Conclusion 

As a profound change in the field of education, digital human-computer collaborative teaching provides an 

important opportunity for the innovative development of education. Technology empowers teaching innovation, 

optimizes resource allocation, promotes personalized development, and promotes the transformation of teachers' 

roles, and human-computer collaborative teaching has great potential to achieve educational equity and improve 

teaching quality. 

In short, human-computer collaborative teaching is not only an exploration of the integration of technology and 

education, but also an inevitable direction for the future development of education. We should take the 

technological change as an opportunity, face the problem, respond positively, and promote the sustainable 

development of education with a scientific perspective and practical wisdom. The potential of digital human-

computer collaborative teaching will certainly be fully explored in continuous practice, injecting lasting power for 

building a fair, efficient and intelligent educational ecology. 
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