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Abstract—The intelligent classroom teaching system can analyze the 

student features and teaching content, and then push the suitable content to 

students. With the aid of such a system, teachers can develop more flexible 

teaching strategies, and evaluate the student performance more accurately. 

Drawing on the theories of the Internet of things (IoT), this paper designed an 

intelligent classroom teaching system for music teachers, and applied the 

system to actual teaching practice. The results showed that the proposed system 

provided music teachers with an ideal tool of teaching design; the network 

structure of the system consists of collaborative, master, camera monitoring, 

and standby servers; the proposed system was found to satisfy all requirements 

through repeated tests. The research results provided a good theoretical support 

to the application of IoT in teaching design. 

Keywords—intelligent classroom teaching, teaching content, teaching strate-

gies, Internet of things (IoT), network structure 

1 Introduction 

The intelligent features of an intelligent teaching system are mainly reflected in 

aspects of student personality, discipline features, and situational influence, etc. [1]. 

The decision-making and reasoning mechanism plays a critical role in the intelligence 

performance and effectiveness of an intelligent teaching system [2, 3]. An intelligent 

teaching system generally contains modules such as teacher module, student module, 

and course module, and it should have a complete database system which is operated, 

managed, and maintained by the database server [4]. Student-centered is the most 

prominent feature of such intelligent teaching system, and it can fully reflect the 

teaching strategies, control strategies, and reasoning rules, etc. [5]. 

Theoretically, an intelligent classroom teaching system integrated the basic 

theories of pedagogy, applied the technical features of IoT, and intelligently realized 

the development of education based on IoT technologies [6, 7]. To establish an 

intelligent classroom teaching system, works should start from knowledge expression, 

reasoning function, student module, course module, and teacher module [8, 9]. 
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Through the interactive dialogue between students and computers, the simulated 

teaching process instructs students to perform lesson learning, homework exercising, 

and test and exam information processing, etc. [10]. The intelligent classroom 

teaching system is an intelligent and heuristic programming system that can use 

expert knowledge and experience to reason [11, 12]. 

Based on the complex, uncertain, and fuzzy features of the intelligent teaching 

system, the design of classroom teaching should take students as the core [13]. The 

key to teaching design is the design of teaching content, methods, and resources; 

when developing online courses, the teaching design needs to combine with the 

characteristics of each course from different perspectives, and research the necessity 

of following certain teaching design theories when developing the online courses 

[14]. The intelligent classroom teaching system includes two processes: knowledge 

representation, and decision reasoning. Wherein knowledge representation contains: 

representation ability, usability, organizability, maintainability, realizability, 

naturalness and understandability [15, 16]. The application of IoT technology in the 

classroom teaching system can realize intelligent perception of the behaviors of 

teachers and students, the status of the equipment, and the safety status of 

laboratories, and it can automatically calculate the utilization rate of multimedia 

equipment and laboratory equipment [17]. Based on IoT technology, this paper 

explores its application in the design of a classroom teaching system for music class, 

in the hopes of providing a support for the research on the application of IoT 

technology in teaching design. 

2 Design of the IoT-based teaching information mining system 

Most colleges and universities in China have built basic digital campus platforms, 

and these teaching information management systems based on campus IoT have 

integrated teacher information, class hour information, and class information, etc. [18, 

19]. The use of IoT enables the faculty and students to query information, work 

online, pay bills on campus, receive and send emails, and deal with various 

transactional affairs [20, 21]. Now some schools have applied IoT and big data 

technologies to their teaching information management systems, the schools can 

quickly obtain students’ class attendance status via the Internet, and students can get 

the information of courses and homework via personal terminals [22]. The traditional 

classroom teaching systems generally consist of browser ends and a server database 

system. Figure 1 shows the architecture of the IoT-based classroom teaching 

information system. Compared with traditional classroom teaching systems, this new 

system added an information acquisition module, it can automatically collect 

information of the teaching status in classrooms. The automatic information 

acquisition module uses intelligent cameras, card readers, and infrared sensors, and all 

collected information can be transmitted to the gateway system through the bus [23, 

24]. 

IoT mainly contains three parts: the sensor network, the Internet-end applications, 

and the connection link between the two [25]. When the data collected by the 
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acquisition module of IoT is being transmitted to the server through the network 

layer, a gateway is needed to convert the communication protocol in the middle [26, 

27]. The gateway module is the root node of the acquisition sub-system network, it 

manages every acquisition sub-module under the communication network [28]. The 

mining of teaching information needs to borrow the help of the reasoning system [29, 

30]. The reasoning decision in classroom teaching design means that teachers who are 

responsible for the courses formulate their teaching methods according to their own 

teaching strategies based on various information collected by the system, including 

the student information, teaching information, and system information, etc. [31]. 

Figure 2 shows the workflow of information mining and reasoning. The classroom 

teaching information system forms the activity flow of system decision reasoning 

through information collection, information analysis, application strategy, student 

selection, and reasoning control. The application strategy module is a function of the 

reasoning control module, it is a process of reasoning control, which can generate 

relevant classroom teaching design methods for students to choose [32, 33]. 

Browser 1 Browser 2 Browser n

Database, 

algorithm, client

Gateway system

Acquisition 

module

Smart camera

Classroom 1

Acquisition 

module

Smart camera

Classroom 2

Acquisition 

module

Smart camera

Classroom 3

Area n

…

Trunk

Area 1
 

Fig. 1. Architecture of the IoT-based classroom teaching information system 
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Fig. 2. Workflow of information mining and reasoning  

3 Modeling of the intelligent classroom teaching system for 

music class 

3.1 Overall design of the intelligent classroom teaching system 

The intelligent classroom teaching system is a special application field, by analyz-

ing the intelligent teaching information system, a reasonable structural model could 

be established, and the functions of the intelligent classroom teaching system could be 

realized via the reasoning mechanism [34]. The intelligent classroom teaching system 

can assist and deepen the teaching behaviors, besides performing quantitative reason-

ing based on quantitative models or prediction models, it also needs to perform quali-

tative reasoning on a large amount of uncertain knowledge based on teachers’ experi-

ence and knowledge. Figure 3 shows the architecture of the intelligent teaching sys-

tem. The system contains three parts: student model, teaching model, and domain 

model; wherein, the domain model contains the resource model and the control mod-

el; and the teaching model is a stable structural form of the teaching activity progress 

developed in a certain environment under the guidance of educational thoughts, edu-

cational theories and learning theories. 
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Fig. 3. The architecture of intelligent teaching system 
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Figure 4 shows the relationships among the modules of the teaching system. With 

the help of the IoT-based teaching system, this study selected the attendance module 

for analysis, the attendance information of teachers and students could be recorded by 

the routers, we used cameras to shoot the required router images, and the server was 

used to score, cut, query, or display the attendance information. Figure 5 shows the 

classification of intelligent teaching modes. Generally, the intelligent teaching modes 

are divided into four categories: the mode dominated by collective learning, the mode 

dominated by individual learning, and discussion learning mode dominated by group 

learning, and the collaborative learning mode. Teaching modes are realized through 

the implementation of teaching process, and the entire teaching process adopts differ-

ent teaching design methods according to the different teaching modes. The entire 

teaching activities can be decomposed into several independent and interconnected 

links and stages, and each teaching link or stage can also be decomposed into inde-

pendent and interconnected sub-links 
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Fig. 4. Relationship between modules of the teaching system  
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Fig. 5. Classification of intelligent teaching modes 
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Figure 6 shows the overall architecture of the intelligent classroom teaching sys-

tem. The entire system is divided into four layers: access layer, application layer, 

service layer, and resource layer. The application layer has four parts: schedule man-

agement, course management, exam management, and teaching evaluation; the ser-

vice layer includes: data exchange, security certification, user management, interface 

management, configuration management, monitoring management, behavior log, and 

access control. Each system layer realizes data exchange and management of the 

teaching system based on system security and monitoring principles. 

Figure 7 is the architecture of the software system of the intelligent classroom 

teaching system. The figure intuitively gives the interactive relationships among dif-

ferent layers. The front-end operation interface is responsible for receiving operation 

requirements of the users; after such operation requirements are received, the corre-

sponding communication interface would perform file configuration 
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Fig. 6. Overall architecture of intelligent classroom teaching system 
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Fig. 7. Architecture of the software system of the intelligent classroom teaching system 

3.2 Implementation plan of the intelligent classroom teaching system for 

music class 

The intelligent classroom teaching system for music class is a teaching design tool 

for music teachers. Figure 8 is a diagram of the basic information management 

function. It includes five parts: student information management, teacher information 

management, classroom information management, course information management, 

and class information management. The intelligent classroom teaching system 

controls each classroom through a central control system, and the central control 

systems of each classroom are connected via the campus network, Figure 9 shows the 

network structure of the intelligent classroom teaching system. The collaborative 

server, master control server, camera monitoring server and standby server are set on 

the cloud side; the master server is responsible for teaching management, it collects 

the big data of the behaviors of teachers and students. The camera monitoring server 

is mainly used to manage the closed-circuit surveillance cameras installed in each 

classroom. The collected data can be taken as teaching materials to assist the teaching 

design. Figure 10 shows an intelligent classroom system. The intelligent classroom 

system includes multimedia teaching, educational administration management, 

attendance management, and classroom video surveillance. When the central control 

system in the classroom receives the command to turn on the teaching equipment, it 

will turn on the client-end of the multimedia teaching management system in the 

classroom, and automatically start all teaching-related devices. 
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Fig. 8. A diagram of the basic information management function 
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Fig. 9. Network structure of intelligent classroom teaching control system 
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Fig. 10.  Intelligent classroom system 
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4 Design and implementation of the intelligent classroom 

teaching system for music class 

4.1 Design of the intelligent classroom teaching system for music class 

Teachers are the designers of intelligent classroom teaching, and the selection of 

teaching mode and the organization and arrangement of teaching design process are 

the manifestations of the teachers’ implicit teaching knowledge. Table 1 shows the 

specific manifestation forms of the behaviors of teachers and students. A teacher’s 

behaviors generally include explain, demonstrate, blackboard-writing, and use various 

media forms to give prompts, raise questions, call the roll, evaluate, and give 

feedback, etc. A student’s behaviors generally include speak, think, calculate, take 

notes, and do homework, etc. Taking the open class "Music Appreciation" of 

Zhejiang University as an example, the teaching videos of the course were subject to 

teaching analysis, and the results showed that, a few minutes before the teaching, 

students’ behaviors showed a large growth, while the teacher’s behaviors didn’t show 

significant changes; in the middle of the class, both the behaviors of students and the 

teacher showed a gradual and smooth growth, indicating that students and the teacher 

had formed a good interaction; by the end of the class, students’ behaviors showed 

another growth for a relatively long period of time. 

Table 1.  Specific manifestation forms of the behaviors of teachers and students 

Category Manifestations Category Manifestations 

Teacher behavior 

Commentary 

Student behavior 

Student speeches 

Demonstration Students' thinking and calculation 

Blackboard writing Students take notes 

Display in various media 
Students do experiments or finish 
their homework 

Questions and roll call Silence 

Evaluation and feedback Other 

 

A greater occupancy rate of teacher behavior indicates the teacher’s behaviors are 

more prominent. The behavior conversion rate describes the interaction between 

teacher and student during teaching, the greater the behavior conversion rate, the 

higher the frequency of the shifting between the behaviors of the teacher and the 

behaviors of students. Figure 11 gives the relationship between the occupancy rate of 

teacher behavior and the behavior conversion rate, when both the two rates are not 

high, the class behaviors are called the practice-type behaviors; with the increase of 

the occupancy rate of teacher behavior, the class behaviors gradually change to the 

lecture-type and conversational-type behaviors; when the occupancy rate of teacher 

behavior is in a middle position and the behavior conversion rate is relatively high, 

the class behaviors are called the hybrid-type behaviors. Figure 12 shows the 

interaction hierarchies of classroom teaching in the music class. The interactive 

hierarchical model divides the learning process into three hierarchies, namely the 
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operation interaction, the information interaction, and the concept interaction. 

Wherein, the operation interaction is the interaction between students and the media 

interface; information interaction includes teacher-student interaction, student-student 

interaction, and the interaction between students and learning resources. The whole 

process transforms from specific to abstract, and from low-level to high-level. 
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Fig. 11.  Relationship between the occupancy rate of teacher behavior and the behavior 

conversion rate 
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Fig. 12.  Interaction hierarchies of classroom teaching in the music class 
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4.2 Testing of the intelligent classroom teaching system for music class 

The main function of the IoT-based server is to update course information, give 

and display scores automatically, and classroom teaching analysis, etc. Figure 13 

shows the teaching principles of the intelligent classroom teaching for music class, it 

mainly includes the principles of subjectivity, difference, harmony, and selectivity. 

Teachers need to make the music teaching more harmonious, pay attention to the 

advantages of every student, and create a diversified learning environment for 

students. When doing the teaching design, teachers shouldn’t copy the existing 

teaching designs mechanically, the teaching design should take teaching content as 

the core, and make use of the intelligent classroom teaching system selectively. The 

development process of the intelligent classroom teaching system for music class 

realized the module functions according to the design requirements, and the functions 

include the router attendance record function; camera shooting, recording, and saving 

function; and comprehensive evaluation function, etc. After debugging, the proposed 

intelligent classroom teaching system for music class was found to be able to meet the 

relevant requirements. 

Music intelligent 

classroom teaching to 

follow the principle

Subjectivity principle 

Difference principle

 Harmony principle

Selectivity principle  

Fig. 13.  Teaching principles of the intelligent classroom teaching for music class 

5 Conclusion 

Based on the theory of IoT, this paper explored its application in the design of an 

intelligent classroom teaching system for music class, and the obtained conclusions 

are: 

1. The intelligent classroom teaching system can assist and deepen the teaching be-

havior, besides performing quantitative reasoning based on quantitative models or 

prediction models, it also needs to perform qualitative reasoning on a large amount 

of uncertain knowledge based on teachers’ experience and knowledge. 

2. The network structure of the intelligent classroom teaching system consists of the 

collaborative server, master control server, camera monitoring server and standby 

server set on the cloud side; the master server is responsible for teaching manage-

ment, it collects the big data of the behaviors of teachers and students. 

3. The interaction hierarchies of classroom teaching in the music class have three hi-

erarchies of operation interaction, information interaction, and concept interaction. 

After debugging, the proposed intelligent classroom teaching system for music 

class was found to be able to meet the relevant requirement. 
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