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ABSTRACT: As a high-end form of technology-enriched classrooms, smart classrooms are the inevitable result of information
technology and education development, as well as the supporting conditions for effectively promoting changes in teaching methods
and enhancing talent cultivation goals. Sorting out the evolution of the smart classroom, analyzing the educational impact brought
by the smart classroom, and summarizing the lessons learned from the actual use of the smart classroom are crucial to constructing
a new generation of smart classroom teaching environments and realizing the talent cultivation goals of the new era.  This paper
details the background of the birth of the smart classroom and the stage characteristics of the iterative development, analyses the
educational changes brought about by the smart classroom, and, on the basis of analyzing the realities of the situation, puts forward
suggestions for the use of the six aspects of the facilities, leadership, teachers, resources, management, and security, with a view to
being able to better unleash the potential of the smart classroom in the application of educational teaching and learning, and also to
provide practical references for the new stage of the smart classroom's construction, management, and use.

KEYWORDS: Smart Classroom, Concept and Characteristics, Background of Proposal, History of Development, Changes in
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1. INTRODUCTION

With the in-depth application of various information technologies in education and teaching, human education is transforming and
evolving towards intelligent education (Hu et al., 2019).And the smart classroom is the main scene of smart education, as well as
the core and central position of digital transformation of school education (Huang & Yang, 2022). Accompanied by the accelerated
development and application of digital technology, the smart classroom is becoming increasingly popular. It has become the main
form of classroom change in the era of big data and intelligence (Yang et al., 2017).Therefore, in the current critical stage of
educational transformation and evolution, smart classrooms have received more and more attention and become a hotspot for
teachers and scholars to study.
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Fig. 1. The framework structure of this article

This paper will follow the vein of the smart classroom "birth - development - brought to the educational changes - the
recommendations of use " to carry out research, clarify the background of the smart classroom, the development process, the
advantages and characteristics, analyze its impacts on current and future education and teaching(as shown in Figure 1). And based
on the practical application, it will put forward suggestions in six aspects, namely, facilities, leadership, teachers, resources,
management, and safety(as shown in Figure 2), aiming to provide the basis and reference for the real-life application of smart
classrooms and the construction of a new generation of smart classroom environments.

Facilities ’) " Leadership
Safety ‘. Recommendations Teachers
Management .’ ‘. Resources

Fig. 2. Recommendations for the Practical Use of Smart Classroom

2. THE CONCEPT OF SMART CLASSROOM

"Smart classroom" is also known as intelligent classroom, wisdom classroom, active learning classroom, classroom of future,
classroom of tomorrow, smart teaching environments, smart learning environments, technology-enriched classrooms and
technology-enriched classroom environment.Scholars define the concept of smart classroom from different perspectives.

Skipton et al. (2006) defined a smart classroom as a technology-enhanced classroom. Zhu and He (2012) believes that the smart
classroom relies on information technology, learning resources, learning tools, learning activities, etc., comprehensively records and,
mines, and analyzes the process data of students' learning, and is able to implement personalized teaching and learning, which is a
new type of learning environment for cultivating intelligent talents. Huang, Yang, et al. (2012) define the smart classroom as a
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physical manifestation of the smart learning environment, which can be achieved by perceiving the learning context and analyzing
learners' characteristics. Perception, analysis of learners' characteristics, provision of appropriate resources and tools, recording of
the learning process, evaluation of learning results and visual presentation, etc., which ultimately promotes learners' efficient
learning. Zhang et al. (2014) believe that the smart classroom is a smart learning space that promotes student learning, which is
constructed on the basis of emerging technologies and integrates physical space and digital space, which is conducive to the
interaction between people and people, and between people and technological environments, and is conducive to the development
of personalized, open and ubiquitous learning. He (2015) defines a smart classroom as a smart learning environment that can
intelligently push personalized learning resources for learners and, simultaneously realize the intelligent evaluation of teaching and
learning effects. Zhang et al. (2016) believe that a smart classroom is a typical smart learning environment, which can optimize the
presentation of learning content, facilitate the acquisition of learning resources, promote classroom interaction, and have the
functions of context perception and environment management. Xi et al. (2017) considered the smart classroom as a learning
environment with the participation of technology, which is reflected in the equipment, computer communication technology, and
learning resources. Li et al. (2019) considered the smart classroom as a typical media-rich learning environment, specifically
referring to technology-enhanced face-to-face classrooms, which combine the active learning process of students with advanced
forms of educational technology in order to provide a personalized learning experience.

It can be seen that there are conceptual and theoretical differences between smart classrooms compared with traditional
multimedia classrooms and computer rooms. The smart classroom optimizes the teaching environment and process with the help of
intelligent technology, empowers personalized learning and evaluation through human-computer collaboration (Liu & Liu, 2021),
and highlights the empowerment of wisdom on things and the cultivation of people (Zhu & He, 2012).

Therefore, this paper argues that the smart classroom is a result of the fusion of information technologies and education concepts,
in promoting of students' growth and development as the starting point, and with the enhancement of the quality of education as the
goal, to achieve rich learning resources, personalized learning process, accurate teaching and learning evaluation, and to create a
meaningful learning environment based on the students.

3. BACKGROUND OF THE PROPOSAL OF SMART CLASSROOM

Economic and social changes drive changes in talent training modes, and the endogenous development of education needs to be
empowered by technology (Liu & Cen, 2022). Technological innovation leads the pace of social development. Information
technology in the impact of social development at the same time also led to changes in education, education informatization is
gradually popular. Education informatization has emerged in the context of global informatization, and the widespread application
of information technology is profoundly changing the concept, model and future development direction of education; the
development of international education informatization has promoted the deep-seated change in the education system (Liu, 2012).
The integration of information technology and education provides a possibility for the realization of individual learning aspirations,
and the promotion of learners' personalized development is one of the basic features of education in the information technology era
and an essential means of cultivating innovative talents(Kong et al., 2016).

The concept of "SmartPlanet" was first proposed by IBM CEO Ming Sheng Peng in his speech in November 2008 (Nie et al.,
2013; Ren, 2013). With the concept of SmartPlanet and the wide application of smart technologies, smart cities, smart campuses,
and smart classrooms have emerged (Lu, 2021). Building smart classrooms creates an ideal smart learning environment for
promoting education informatization and deepening teaching reform (He, 2015). Coupled with the promotion of national policies,
the popularity of smart classrooms has increased dramatically(Wei & Ma, 2022).

The arrival of the intelligent era has injected new vitality into the development of education informatization and laid a solid
technological foundation for the future high-speed development of smart education (Zhang & Xie, 2023). In particular, the
convergence of the application of educational big data and the rapid development of artificial intelligence technology have spawned
a fundamental transformation of traditional teaching and learning methods, promoting the construction of a new pattern of wisdom
education (Xie, 2020). As a core component of smart education, learning environments such as smart classrooms (Hu et al., 2018)
have been given high expectations as the key to implementing new smart education concepts, innovating teaching and learning
modes, and realizing new talent cultivation goals..
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Therefore, the bottom-up demand for education, the top-down policy drive, and the horizontal addition of information
technology have led to the birth of the smart classroom and the popularity of its application.

4. THE EVOLUTION OF SMART CLASSROOM

The development of smart classrooms is affected by the intertwined influences of changing times, technology diffusion, and
educational changes (Wu, Wang, et al., 2022), and it is a gradual evolutionary and progressive process. The development of the
smart classroom can be divided into the following stages:

(1) Multimedia classroom stage: This phase focuses on the promotion of the use of computers and multimedia equipment in
classrooms (Nie et al., 2013). In this stage, the classroom began to introduce multimedia equipment, such as computers, projectors,
audio, etc., which can be used by teachers to conduct multimedia teaching and improve the vividness and interest of teaching.

The concept of "Smart classroom" was first mentioned by Rescigno in his article "Practical Implementation of Educational
Technology" in 1988 (Rescigno, 1988). However, the early smart classroom was a multimedia classroom in the era of audiovisual
technology, where interactive multimedia connects whiteboards, computers, and projectors. The images displayed by the computers
are projected onto the whiteboards through the projectors, constituting a teaching and learning environment with the whiteboards
as the interactive endpoints/interfaces (Becta, 2003).In 1991, the Smart Board Company of Canada produced the first piece of truly
interactive whiteboard (Betcher & Lee, 2009), which provides teaching resources and tools such as slides, pictures, videos, etc., and
intuitively presents the originally abstract knowledge in a visual form. However, classroom teaching at this time is still based on
knowledge instillation, emphasizing the memorization, understanding, and application of knowledge, which is not fundamentally
different from traditional classrooms.

(2) Networked Classroom Stage: The focus of this phase is on classroom access to the campus network and easy access to the
Internet (Nie et al., 2013). In this stage, the emergence of various digital devices, such as projectors, slide presenters, and digital
whiteboards, has brought significant changes to teaching. Classrooms are connected through the Internet to achieve the sharing of
teaching resources and distance learning. Teachers can present educational content more intuitively and vividly, and can use network
resources for teaching, and students can conduct independent online learning through the Internet.

Shi et al. (2003) conducted an early application of smart classrooms in distance education. After that, it was gradually improved.
In 2005, Gu et al. (2005) proposed a lightweight active spatial service model ASMod based on new techniques such as combined
spatial index; In 2006, Qin et al. (2006) proposed an agent-based middleware called CAMPS to provide intelligent spatial context-
aware services; In 2008, Suo and Shi (2008) constructed a hybrid learning environment through pervasive computing technology,
integrating the advantages of traditional learning and e-learning to create a powerful smart space; In 2009, Suo et al. (2009) built
Open Smart Classroom, a prototype application based on the multi-intelligence system architecture in smart space and web service
technology, to address the scalability challenges of the education system at that time; In 2010, Shi et al. (2010) applied pervasive
computing technology to distance learning through the smart classroom project, which combines distance education with traditional
classroom education to provide a real-time interactive distance learning experience.

According to the classification of "teaching space" and "learning space" in the classroom teaching environment, the smart
classrooms in the first two phases belong to the "teaching space” in the classroom teaching environment, and are characterized by
the following features It has the typical mark of the industrial era, focuses too much on the transmission of knowledge and skills,
and lacks due life care (Qi, 2014).

(3) Smart Classroom Stage: In this stage, the classroom introduces advanced technologies such as artificial intelligence, mobile
networks, big data, etc.. It empowers the intelligent attributes of the "classroom" with the cloud-based intelligent learning platform
and intelligent technology (F. Q. Li et al., 2021), integrating data, resources, and activities to support precise teaching and
personalized learning (Li et al., 2020), and realizes intelligent teaching monitoring and management, such as automatic recording
of the learning process, real-time teaching feedback, etc., which is the materialization of the smart learning environment, and is a
typical "learning space", which is characterized by shifting from an emphasis on order to experience, and focusing on dialogue,
collaboration, and interaction (Chang & Ou Yang, 2022).

After 2010, devices and technologies such as mobile Internet, portable terminals, and the Internet of Things (IoT) have gradually
integrated into the classroom, promoting classroom teaching from offline physical space to online cyberspace, and gradually forming
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a new type of teaching environment with ubiquitous connectivity, terminal interaction, intelligent perception, and human-computer
collaboration (Wu, Wang, et al., 2022), which has become a smart classroom in the true sense of the word.
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Fig. 3. "SMART"" model

In 2012, Huang et al. summarised the stage-by-stage development of the smart classroom, and proposed the "SMART"
conceptual model from the five aspects of content presentation, environment management, resource access, Real-time Interactive,
and context perception(as shown in Figure 3) (Huang, Hu, et al., 2012).
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Fig. 4. "iSMART" model

The "SMART" conceptual model focuses on presenting the "smart™ characteristics of the smart classroom. In order to provide a
more operational construction reference, Nie et al. (2013) constructed the "iSMART" model of the smart classroom from the point
of view of the system components, which consists of six major systems (as shown in Figure 4). In 2019, Palau et al. proposed three
dimensions that must coexist in a smart classroom: the environment, the technology, and the implementation process, each
containing different sub-characteristics (Palau & Mogas, 2019).
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Fig. 5. The four elements and relationships of next-generation smart classrooms

Driven by scientific and technological progress, the smart classroom gradually expands its functions and forms and further moves
towards intelligence and mobility. In 2022, Wu et al. constructed a new type of smart classroom by combining the four elements of
the scene, people, resources, and terminals(as shown in Figure 5)(Wu, Wang, et al., 2022).

The development of smart classrooms, from assisting teaching improvement and empowering teaching innovation, is moving
towards digital transformation, evolving from simple computer-assisted teaching to a more complex and enriched model of
educational innovation. In the future, with the further development of digital twin, meta-universe, AR/VR/MR, Internet of Things
(1oT), artificial intelligence, and other technologies, which will provide a stronger technological drive for the smart classroom, the
smart classroom will be more three-dimensional, diversified, loT-connected, and intelligent. It can realize a higher level of human-
computer collaboration, intelligent interaction, and a high degree of immersion.

In conclusion, the development history of the smart classroom reflects the continuous progress of educational technology and
changes in the concept of education and teaching. It provides strong support for realizing teaching reform.

5. THE EDUCATIONAL IMPACTS OF SMART CLASSROOM
5.1 Teaching Innovation

The smart classroom relies on emerging technologies such as artificial intelligence and smart terminals to build an intelligent
learning environment, which facilitates teachers' teaching innovation (Korozi et al., 2017) and is a powerful driver for changes in
the teaching mode (Chen et al., 2020).

The digital technology in the smart classroom helps to change the traditional centralized, one-size-fits-all knowledge-promoting
model and promotes the establishment of a more personalized, dynamic knowledge-pulling model (Gros, 2016); it helps to break
the past situation of a single teaching method, limited means of teaching, and limited access to resources, and to build a diversified,
intelligent and efficient teaching model (Cheng et al., 2018).Intelligent learning behavior data collection and analysis systems, such
as those in smart classrooms, support the mutual integration of online and classroom learning and the collection and analysis of
learning activity data, which facilitates teachers' precise teaching and the development of individualized learning programs (Zhang
etal., 2019), and provide a more desirable technological means for tailoring teaching to the needs of the students, implementing the
individualization of teaching and highlighting the students' subjective position (Bai & Zheng, 2020).

In short, smart classrooms enhance the technological support and resource supply for teaching and learning, making classroom
teaching shift from menu-based presetting to generative construction, and making individual-oriented personalized learning and
teaching activities to cultivate higher-order cognition feasible (Wu, Wang, et al., 2022).

5.2 Promoting Pedagogical Interaction

Pedagogical interaction is the most active factor in classroom teaching activities, and it is an essential factor that affects the
quality and effectiveness of teaching and learning (Li etal., 2014). The powerful interactive features of the smart classroom enable
information to flow in the classroom (Alfoudari et al., 2021), providing convenient conditions for teaching and learning interactions
(Zhu, 2014). Teachers in the smart classroom environment can guide students to learn independently by using a variety of classroom
interactive tools, give students timely feedback, stimulate students to actively participate in teaching and learning activities, and
realize efficient and in-depth interactions between teachers and students (Al-Qirim, 2016; Yang, 2016). Teacher-student interaction
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in the smart classroom environment is more flexible and diverse. In addition to instant interaction in the classroom, teachers and
students can also use the cloud platform for extracurricular exchanges, etc.(Liu, 2016), to strengthen teaching interaction. The smart
classroom provides effective technical support for classroom interaction, which can achieve multi-dimensional interaction between
people and, technology, equipment, and resources (Cheng, 2015).

At the same time, the space design of the smart classroom is flexible and diversified. The desks and chairs in the classroom can
be freely combined and spliced according to the needs of teaching and learning activities, which increases the extensibility of the
time and space for exchanges and discussions between teachers and students and supports a variety of collaborative learning
activities in small groups, which provides powerful environmental support to enhance students' interest in learning, motivation to
learn and teacher-student interactions (Zhang et al., 2019).

5.3 Classroom Effectiveness and Learning Quality

Smart classroom, with its unique advantages of interactivity, efficient information output, and diverse presentation methods,
has brought profound changes to the traditional teaching mode, which can significantly improve the actual effect of classroom
teaching in high schools (Bai & Zheng, 2020). Specifically embodied in:

i.  The enhancement of students' deep learning ability

"Deep learning" is a concept opposite to "Surface Learning™. Deep learning consists of two interrelated and mutually influencing
progressive stages of knowledge understanding and mastery, knowledge synthesis, and innovation (Lv & Gong, 2018). It requires
both a depth of learning methods, emphasizing complex problem solving, and a depth of learning outcomes, emphasizing students’
higher-order abilities in cognitive, self, and interpersonal aspects (Zhu & Peng, 2017). Therefore, deep learning is both a learning
mode and a learning outcome. As a learning mode, deep learning emphasizes learners' active, positive, and deep knowledge
processing and cognitive construction; as a learning outcome, deep learning emphasizes positive affective experiences such as deep
motivation, higher interest and engagement in learning, and the cultivation of higher-order competencies such as problem-solving
ability, cooperation and communication, metacognitive ability, and innovation ability (Chen, 2018).

The smart teaching mode has a positive effect on students' deep learning (Bai, 2022; Li, 2021). The smart classroom promotes
students' active learning and collaborative learning, changing passive learning into active knowledge-seeking, and genuinely
realizing meaningful learning constructs (Zhang & Yang, 2018). Teaching in smart classrooms can significantly improve students'
deep learning level, including the overall level of deep learning and the level of each sub-dimension (B. L. Chen et al., 2019).

ii. The enhancement of students' engagement in learning

The main external factors for students' low classroom learning engagement are the teaching method and learning environment
at two levels: the traditional classroom teaching mode is dull, with less teacher-student interaction and communication; the learning
environment cannot effectively support teaching, and learning will lead to the phenomenon of students' lack of classroom learning
concentration and low engagement (Wang & Huang, 2015). However, in the smart classroom environment with rich technical
support, teachers are able to independently choose a variety of teaching methods such as group collaboration, lecture method, inquiry
learning method, task-driven method, etc., maximize the utilization of resources and tools to build teacher-student interaction links,
carry out a diversified assessment, and take students as the principal part of learning, which can maximally activate students'
motivation and participation in learning. Studies have shown that the students' learning engagement in the smart classroom
environment is better, and students show higher behavioral and emotional engagement (Gu et al., 2017; Zhang et al., 2019).

5.4 Teaching and Learning Assessment

Teaching evaluation has an important value judgment function, which can diagnose, provide feedback and guide teaching
activities' design, organization, and implementation (Wu, Wang, et al., 2022). Smart classrooms can provide technical support for
data mining and learning analytics to help teachers effectively conduct intelligent teaching and assessment (He, 2015).

"Speaking by data" is an important guiding principle of classroom teaching in a smart classroom environment, and data-based
teaching decision-making and evaluation is one of the important features of classroom teaching in a smart classroom environment
(Wang & Yang, 2022). The smart classroom uses artificial intelligence technology to efficiently integrate and correlate multimodal
learning behavior data such as text, voice, video, image, etc., generated in the teaching situation (Liu et al., 2022), and its storage
and management system can automate the collection, encoding and analysis of the learning process data and the learning
environment data (Pirahandeh & Kim, 2017), which allows teaching evaluation to be built on the basis of educational big data
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analysis, and enables more objective and precise analysis of learning conditions, learning diagnosis and evaluation of teaching
quality (Bai & Zheng, 2020; Sun et al., 2019). It helps teachers to analyze students' classroom status, knowledge mastery, and
teaching implementation effect in real time and accurately, improves the objectivity and accuracy of classroom assessment and
analysis, and helps teachers to find teaching problems and adjust teaching strategies in time.

All'in all, smart classrooms can enhance the quality and boost the efficiency of student learning, ignite students' enthusiasm and
initiative in learning, greatly enrich the form of classroom teaching, and promote the transformation and innovation in classroom
instruction (Zhang et al., 2019).

6. RECOMMENDATIONS FOR THE PRACTICAL USE OF SMART CLASSROOM

In the era of intelligence, the integration of big data, artificial intelligence technology, and teaching has been strengthened, the
technical means and resources of the smart classroom have become increasingly rich, and the application of subject teaching has
become more and more in-depth. However, in specific teaching practices, schools and teachers still face many new problems (Liu,
2019). The following will make suggestions on the realistic use and improvement of smart classrooms from six aspects.

6.1 Optimizing the Educational Technology Infrastructure

Infrastructure construction is a guarantee for the deep development of education informatization (Wang, 2019). In the context
of the intelligent era, the use of intelligent information technology to build intelligent and efficient smart classrooms and explore
the upgrading and development of smart classrooms is necessary to promote the change of talent training mode and promote the
deepening development of education informatization (Liu, 2019). Firstly, the design and construction of smart classrooms should
be orientated towards teaching needs. The partnership between schools and the education technology industry should be
strengthened to ensure that enterprises develop technology products that meet the actual needs of education and teaching (Wang,
2019). Secondly, it is necessary to ensure the stability and safety of smart classroom technology. This is because various technical
failures in the teaching process may affect the teaching progress and teaching effect.

Thirdly, the construction and optimization of smart classrooms should align with the school's reality and should not unilaterally
pursue the latest, the best, and the coolest. The use of technology is affected by a variety of people, processes, and other factors both
inside and outside the school (Selwyn, 2019). Therefore, it is important to fully consider the specific circumstances of the school
and develop reasonable goals and promotion strategies for the construction of smart classrooms. Careful consideration should be
given to the localized application of the technology in the school, which can be pre-tested on a small scale before the introduction
(Selwyn, 2019).

6.2 School Management and Leadership

Educational leaders are the "helmsmen™ and "top designers" of educational reform and development in a region and school. In
the information age, technological change in schools cannot be separated from the information literacy of educational leaders
themselves (Wang, 2019). Based on the social demand for talents and the needs of students' personal lifelong development,
educational leaders should determine the strategic direction and value proposition from the school level, set priorities for
development (Cheng et al., 2022), propose appropriate reform programs, and establish a supporting budget and resource allocation
mechanism, management system, etc. (Xiao & Wang, 2022). Therefore, the integration of educational resources and the updating
of teaching technology in the smart classroom not only requires a large amount of human and material input but also the information
wisdom, insight, and foresight of educational leaders.

Therefore, education management and school leaders should focus on improving their information literacy, enhancing digital
concept cognition, developing digital technology application capabilities, and advancing the implementation, decision-making, and
governance capabilities of digital initiatives, etc. (Xiao & Wang, 2022), in order to adapt to education teaching and talent cultivation,
school development, and management and governance in the digital environment (Xu & Zhang, 2022).

6.3 Enhancing Teachers' Digital Skills and Motivation

New technologies in smart classrooms undoubtedly require more thought and effort from teachers (Selwyn, 2019), and
educational leaders must be fully aware of the challenges teachers may face in embracing new technologies. Zhang and Xu (2018)
found that school policies, technical support, and collegial support significantly impact teacher acceptance. Chen et al. (2020) drew
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on the Unified Theory of Acceptance and Use of Technology to construct a smart classroom acceptance model and conduct an
empirical study. And found that a sound smart teaching policy, an excellent smart teaching atmosphere, smart teaching
demonstration effects, and performance expectations would strengthen teachers' willingness to use smart classrooms. Therefore,
schools and education departments should take into account the actual situation, starting from administrative management, teaching
management, personnel management, teacher performance appraisal, etc., improve the incentive mechanism, create a good
atmosphere, mobilize teachers' motivation, and promote teachers' in-depth participation (Li, 2020).

Secondly, training and guidance for teachers should be strengthened. Teachers need to have the professionalism and teaching
ability to adapt to the needs of education in the information age in order to make better use of smart classrooms for teaching and to
enhance the quality of education and teaching effectiveness. Therefore, it's crucial to enhance teachers' ability and confidence in
technology application (Jiang, 2022). According to the different levels of teachers' mastery of information technology, training
courses, and contents are carefully designed to help teachers learn to take advantage of digital technology, and carry out teaching
work creatively.

6.4 Improving the Quality of Educational and Teaching Resources

Digital teaching resources such as multimedia materials, online courses, electronic teaching materials, and teaching software
(Liu et al., 2023b) are important "soft power" in the smart classroom and play a prominent role.  As an important source of content
for teaching and learning activities, the digitization of learning resources is not just a digital backup of the platform for teaching
videos, teaching documents, etc., but should also establish the association of resources, the path of resource utilization, etc., so as
to facilitate the personalized utilization of students (Xiao & Wang, 2022). Meanwhile, so as to meet the different needs of teachers
and students, the smart classroom should, under the guidance of educational concepts, comprehensively apply all kinds of teaching
and learning systems, realize the functions of resource construction and sharing, teaching and learning support, etc. (M. Y. Chen et
al., 2019; H. X. Li et al., 2021), and present dynamic, open, unstructured and diversified modes (Cheng et al., 2022), provide the
data and resource support for the whole process of pre-class, in-class, post-class, and construct a multi-dimensional new ecology of
teaching and learning that is "on-line and off-line, in and out of the classroom, and in the form of virtual and reality"” (Liu, 2023).

To highlight the production, distribution, and application of top-notch educational digital materials with the core of
popularisation, development, and enhancement of Al capabilities, to promote the large-scale supply of excellent resources and the
improvement of the level of personalized services (S. N. Y. Liu, 2022a), to realize the formalized description, automated generation
and precise scheduling of different teaching resources, and to create a comprehensive and intelligent three-dimensional teaching
scenario through the automated convergence of resources and the intelligent scheduling of resources (Wu, Wang, et al., 2022). Thus,
the seamless connection of multi-space and all-scene teaching resources and data elements can be realized to better support teachers
in carrying out multi-mode teaching innovation (S. N. Y. Liu, 2022b).

6.5 The Operation and Maintenance of Smart Classroom

At present, the smart classroom in the operation and maintenance of equipment and other management, there is still a degree of
intelligence that is not high and not standardized enough.Lack of foresight in equipment updating, the maintenance of smart
classroom equipment mainly relies on manual inspection or teachers to report repairs. The operation and maintenance mode is
passive and inefficient, affecting teachers' use (Wei & Hua, 2021).

Schools should formulate a reasonable management system for "artificial intelligence + education” (H. X. Li et al., 2021), and
improve smart classrooms' management and maintenance mechanisms. Establish a monitoring mechanism for smart classrooms to
identify and address issues promptly. Improve the smart classroom evaluation indexes and methods, and regularly evaluate the
effectiveness of the use of smart classrooms. Cultivate and select excellent IT talents to be responsible for maintaining and managing
the school's smart classroom equipment to ensure the smooth application of the smart classroom.

At the same time, the timely updating and optimization of the Smart Classroom Service System have to be consistently done.
The service system is the business support platform of the smart classroom, the intermediary that carries the interrelationship
between people and the environment, provides convenient teaching tools, resources, data and evaluation, and other teaching support
services for the development of smart classroom teaching and learning activities, and is the important technical support for the
orderly operation of smart classroom teaching (B. Q. Liu, 2022). Schools should update and upgrade the hardware equipment and
software environment of the smart classroom in a timely manner based on systematic research on classroom teaching needs and
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strive to improve the usability and stability of the entire smart classroom system, and facilitate the sustainable progress of the smart
classroom.

6.6 Privacy and Security

The openness of the information age poses a threat to network information security (Wang, 2019). How to solve the issues of
ethics and morality caused by digital technology and form relevant ethical norms has garnered attention from nations worldwide
(Wu, Li, etal., 2022). The smart classroom relies on network systems and digital technology. It generates a large amount of data
in the process of using it, such as users' personal information, learning behavior information, learning social information,
environmental information, and even physiological information, psychological information, behavioral trajectory information, and
so on (Liu et al., 2023b). The use of Artificial Intelligence has reached a new historical level of knowledge about the bodies and
minds of teachers and students, and if this information is used properly, it will bring great benefits to classroom teaching; if it is not
regulated and regulated, it will bring about a lot of serious social problems, such as privacy, morality, socialization, values, and
mental health problems, and so on (H. X. Li et al., 2021).

Therefore, in the process of pedagogical reform and innovation using smart classrooms, it is important to think cautiously about
issues related to data ethics and technology ethics (Liu et al., 2023a). Fully understanding and recognizing the possible risks and
appropriately mitigating them through various means to build a safer digital education ecosystem is crucial to the use of smart
classrooms to advance the development process of education informatization (Jiang, 2022).

7. CONCLUSION

Empowered by technology, smart classrooms help teachers and students carry out colorful teaching activities through visual
information expression, convenient information transmission, rich, intelligent applications, and other functions, and promote
changes in teaching methods (Jiang et al., 2018). The aim is to achieve intelligent and efficient classrooms, leading to a humanistic,
diversified, collaborative, and dynamic smart classroom teaching ecology (B. Q. Liu, 2022), enhance the efficiency of in-class
instruction and ultimately foster the progress of students' comprehensive quality and core literacy.

However, the scholarly and practical investigation of the smart classroom is a dynamic process that iterates with the innovative
application of new technologies, the genuine requirements of current instruction, and the future development trend of education
(Chai et al., 2022). In the process of teaching practice, educators should grasp the new needs, combine with the new scene, research
and explore deeply to more effectively fulfill the role of the smart classroom, to promote the comprehensive integration of the smart
classroom and education and teaching, and to achieve a new breakthrough in the development of smart education in schools.
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