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Abstract—Aiming at the many challenges faced by the current smart
classroom environment under the traditional cloud computing model, such as
excessive data volume causing high pressure on the central nodes, network con-
gestion and real-time problems, an [oT system architecture based on cloud-edge
computing technology is proposed. The architecture starts from the idea of dis-
tributing the data concentrated in the cloud center to the edge nodes, and con-
sists of four parts: sensor layer, edge computing layer, core network layer and
platform application layer, which are used to obtain multi-source heterogeneous
data, configure edge nodes on demand, transmit information and provide various
educational services, respectively. By storing, computing and analyzing part of
the data through edge nodes, it can effectively relieve the computing pressure and
storage pressure of the central cloud server and reduce the network latency, thus
providing better assistance to the smart classroom environment. A survey was
also conducted by means of questionnaires to teachers and students in the smart
classrooms of a Chinese university where the proposed system was implemented.
The results show that 100.00% of the teachers and 97.14% of the students who
participated in the questionnaire survey think that the system can effectively
collect educational data and give feedback to students, 96.00% of the teachers
and 91.43% of the students think that it can facilitate classroom teaching and
bring enjoyable experience to teachers and students, and the overall satisfaction
of students and teachers is high. Therefore, the proposed IoT system architec-
ture based on cloud-edge computing technology is fully feasible and can provide
a reference for the research, construction and application of smart classroom
environment.

Keywords—smart classroom environment, [oT, cloud-edge computing,
smart classroom, edge node, cloud platform

1 Introduction

With the rapid advancement of “Internet +” in the field of education, the smart
classroom based on modern information technology has gradually entered into
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educational practice. The smart classroom model is a new model based on artificial
intelligence based on the traditional classroom. The traditional classroom model [1-2]
has shortcomings such as being unable to perceive students’ emotions, being teacher-
centered, and having weak interaction between students, which makes it difficult to
meet the new demands of intelligent learning. Papadakis et al. [3-4] pointed out that
modern teaching methods combine teaching and innovation, which is an innovative
challenge for both teachers and students. At the same time, during the COVID-19 pan-
demic [5-6], digital learning technology has brought great transformation to school
education institutions. Therefore, modern computer technology can be combined with
traditional classrooms to form a smart classroom environment [7-8], especially the
integration and application of information technology such as cloud computing [9],
big data [10], artificial intelligence [11] and classroom learning. The smart classroom
environment [12] can perceive, collect and analyze data in various educational sce-
narios, thereby aggregating teaching resources, presenting visualized knowledge,
understanding the status of learners, organizing various teaching activities, and real-
izing student-centered multi-teaching in class. Interactive mode, and efficient teaching
through modeling and analysis of data and evaluation after class to obtain feedback,
and ultimately promote the reorganization of the teaching process and the innovation
of teaching models. Many colleges and universities have carried out theoretical explo-
ration and practical application of smart classrooms, but they are mainly concentrated
in formal physical spaces, such as the TEAL (technology enabled active learning)
classroom of MIT [13-14], the smart classroom of Central China Normal University
[15-16], etc., although they have achieved good optimization and innovation, they only
stay in the technology of data collection and analysis, and do not seek to improve the
results of poor performance and apply them in the smart classroom environment to
continue to optimize the smart classroom.

In the intelligent classroom environment of everything connected, the traditional
cloud computing and big data [17-20] model mainly suffers from the following short-
comings: (i) the intelligent classroom will generate a large amount of data on the phys-
ical environment, audio and video of teachers and students, and teaching resources
due to the diversity of its equipment, and a teaching building often has dozens or even
hundreds of classrooms, so if the school transfers all the collected data to the cloud plat-
form, it will give If schools transfer all the collected data to the cloud platform, it will
bring tremendous pressure on network bandwidth and cloud computing servers, easily
causing “central node” failure to form network congestion; (ii) is not conducive to data
security and privacy protection. Teacher and student information occupies a large part
of all the data generated by the smart classroom, for example, if all the student audio
and video data collected by high-definition cameras are transmitted to the cloud, and the
leakage of information in the cloud will increase the risk of leaking user privacy, and
the issue of user personal data security will become increasingly important; (iii) at the
same time, all terminal devices request the response of the same cloud computing center
server through the network, which is easy to cause delays in the computing system and
cannot meet the real-time requirements of some classroom services. In response to the
above problems, edge computing models for generating and computing massive data by
edge devices have emerged. Cloud-edge collaboration [21-23] is to no longer centralize
the data storage, transmission and computation operations of the whole system with the
cloud server, but to analyze the data with high real-time and low value or pre-process
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the data to be transmitted to the cloud service through the edge nodes [24]. The task
division of cloud servers by these edge nodes can reduce the pressure on cloud servers
for data storage, computation, and analysis to meet the business requirements of low
latency and high bandwidth, and avoid network congestion caused by large-scale and
frequent data communication with cloud servers. Currently, the cloud-edge collabora-
tion framework is widely used, and applying the cloud-edge collaboration framework
to cognitive services [25] can make the framework self-adaptive through continuous
model training, which can provide cognitive services with long duration, fast response
time, and high accuracy rate. The cloud-edge collaboration framework can also be
applied to smartwatches [26], which allows edge devices (smartwatches) to rely on
edge servers (smartphones) to keep users informed in real-time to indicate the current
training status without having to rely on cloud servers to reduce latency issues.

With the need to improve the data processing capability of the smart classroom envi-
ronment, this paper proposes an loT system architecture based on cloud-edge com-
puting technology using cloud, edge, Internet, and integrated sensing with the edge as
the core. The IoT architecture proposed in this paper makes the innovation of adding
cloud-edge collaboration technology based on the improvement of traditional smart
classroom based on physical space only for devices. The rest of the paper is organized
as follows: Section 2 introduces the [oT system architecture and cloud-edge computing
technology used in this study. In Section 3, taking the smart classroom as an example,
we describe the IoT system in detail, including the implementation and functions, as
well as its feedback of teachers and students during the classroom teaching process sup-
ported by IoT systems. Section 4 summaries the research and puts forward the future
work direction.

2 IoT system for smart classroom environment based on
cloud-edge computing

2.1  System architecture

Figure 1 shows the IoT system architecture based on cloud-edge computing
technology, which is composed of four layers: sensor layer, edge computing layer, core
network layer, and platform application layer. (i) The IoT devices in the sensor layer can
obtain multi-source heterogeneous data from the smart classroom environment, such as
environment data (e.g. temperature, humidity and CO,), identity data (e.g. QR code
[27], RFID [28] and face image) and device data (e.g. device location, operation status
and fault message) from the IoT system, teaching resources, classroom interaction data
and teaching journals from the teaching software system, and students’ physiological
data (e.g. GSR [29], ECG [30] and EEG [31]) from the wearable devices. Connected
to edge nodes by various communication interface protocols (e.g. WiFi [32], ZigBee
[33], Bluetooth [34], RS232/485, etc.), they collect educational data in synchronous
and asynchronous modes. (ii) The edge computing layer is configured with a stationary
edge node (SEN) or mobile edge node (MEN) according to the needs of the users. Each
edge node has its own storage and computing devices for storing information regarding
the associated node, IoT sensing device, and sensing data. The collected data are pre-
processed and analyzed in time to accelerate the decision-making process. For instance,
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upon receiving data regarding the temperature, humidity, and illuminance from the
environmental sensors, the control host of the IoT system will process and analyze
them before instantaneously making some adjustment to the lamp intensity and curtain
operation. (iii) The core network layer acts, to transmit the information exchange data,
as a bridge between the edge computing layer and cloud computing services layer. In
general, the core network layers can be based on the public telecommunication net-
works, the internet, and industrial specialized communication networks (such as 4G/5G
cellular mobile network). (iv) The cloud computing services layer is provided with
a high-performance database server, a computing server, and an application server.
A large amount of educational data collected by edge nodes are stored in this layer
for big data analysis and mining, thereby serving all types of educational applications.
In addition, the cloud computing services layer contains different edge application
service packages that provide support for updating and iterating the edge nodes.

Smart teaching
Big data analysis
Platform application layer Long-term data storage

Wired communication
Short range communication
Core network layer Long range communication

Edge server Edge database = Edge gateway

Data processing
Real-time response
Temporary data storage

Edge computing layer

Data source

Fig. 1. IoT system architecture for smart classroom environments

2.2 Deployment and networking of edge nodes

Based on the location attributes, edge node can be further categorized into station-
ary edge nodes (SENs) and mobile edge nodes (MENs). In the smart classroom
environment, an edge node is a distributed network node that has certain computing and
storage capacities and integrates all the related IoT device nodes and wearable device
nodes at the edge of the IoT system. On the one hand, the IoT device nodes collects
data regarding the educational environments, teaching contents, and teaching behaviors
from the underlying heterogeneous sensors, such as the RFID reader, temperature and
humidity sensors, audio collectors, and surveillance cameras, through a range of com-
munication interfaces such as RS232/RS485, Zigbee, Bluetooth, WiFi, and infrared; On
the other hand, some data (e.g. real-time physiological, psychological and emotional
data) is collected and processed by the wearable device nodes, such as smart bracelets,
smart glasses, and VR devices, as well as the integrated sensors such as those of the
fingerprint, location, gravity, audio, and video. All collected data is either processed
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and stored in the smart terminal or uploaded to a gateway server for edge computing
(data processing and storage) and subsequently converged to a central cloud server for
dynamic control of the corresponding controller/actuator. In addition to undertaking
tasks such as switching protocols and collecting sensing data, SEN and MEN contrib-
ute to edge computing. They are edge gateways in the classroom through which data
collection and processing are made possible within the smart classroom, which greatly
improve the processing capacity and response speed of the local IoT devices. Figure 2
presents the topological structure of edge nodes constituting the cloud-edge computing-
based IoT system of smart classrooms.
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Fig. 2. Topological graph of edge nodes in IoT system

The sensing device layer in the [oT system is equipped with various systems fea-
turing teaching facilities and functional nodes, based on the requirements concerning
specific applications, performances, and techniques of smart classrooms, including
multi-screen interaction systems, live teaching systems, environment sensing sys-
tems, and digital public addressing systems. The aforementioned systems are net-
worked with SENs or MENs through different communication methods such as WiFi,
RS232/RS-485, and Ethernet. The interactive touch screen, teaching controller, and
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environmental sensor adopt the RS-232/RS-485 communication protocol; The elec-
tronic curtain, remotely controlled lamps, and air-conditioning systems are controlled
through relay, and the remaining devices exchange data via WiFi or Ethernet. All the
devices and functional nodes are directly or indirectly connected to the SEN, such
as the control host of IoT, and MEN, such as a mobile phone, laptop, or desktop, to
achieve radiated interconnection and the star topology. Adopting embedded architec-
ture, the control host in smart classrooms is integrated with multi-path control inter-
faces including the RS232/RS-485 communication interface, network interface, IR
interface, relay interface, digital I/O interface, and bus interface. Therefore, it supports
various types of control devices. In addition, the teaching controller in smart class-
rooms can be viewed as another type of edge gateway into which the classroom teach-
ing software systems have been integrated. It assists in both lesson preparation and
lecturing as well as recording of teaching behaviors such as PPT lecturing, interaction
feedback, classroom quizzes, and self-directed learning. The spatial arrangement and
smart classroom scene of the teaching infrastructure and all the functional nodes are
presented in Figure 3a and 3b. By inserting the campus card into the card reader, the
teacher can automatically start up the devices and systems within the smart classroom.
Thereafter, the teacher/student can control these devices through the classroom control
panel embedded in the multi-media podium, as shown in Figure 3c. The control covers
such devices as classroom lights, curtains, screens, and HD recorders. The devices can
also be applied to different teaching scenarios including traditional teaching, group
discussion, intergroup sharing, wireless projection, and video teaching. For instance,
when a video teaching scenario is activated, the curtain, light, and interactive touch
screen would be automatically shut down to create an atmosphere for the present teach-
ing pattern. The classroom constructed according to the cloud-edge computing-based
IoT system architecture provides a smart control function. It can automatically adjust
the light intensity as per the environmental illumination to save energy. Some mobile
control terminal interfaces are reserved for the classroom IoT system; Therefore, the
users may choose a smart pad or mobile phone as a mobile control terminal. The control
interface may also be customized according to the type of classroom.
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Fig. 3. Arrangement of loT devices and smart classroom scene
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2.3  Cloud computing services

With the support of intelligent technology, data storage, data transmission and data
processing have been completed together after the SENs and MENSs are configured.
However, if you want to further analyze and mine data to provide back-end support
application services for smart teaching, the central cloud server is an essential core
component. It efficiently realizes the data interaction between the application services
of the central cloud server and the edge nodes/IoT sensors, and provides three types of
services. The cloud platform is divided into three layers as per universal cloud comput-
ing architecture, namely infrastructure as a service (IaaS), platform as a service (PaaS),
and software as a service (SaaS) (Figure 4).
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Fig. 4. Cloud platform architecture of IoT

After TaaS provides users with various computing, storage and other resources at
the bottom as services, PaaS is responsible for supporting users’ multi-type applica-
tion services. Among them, the IoT service platform and teaching service platform are
integrated with multiple functions such as diversified teaching, individualized learning,
digital resource generation and promotion, smart control, and operation and mainte-
nance management, which are crucial to the ability of cloud computing and services. At
the ToT service platform, it is downward-connected to the sensing device layer to exert
control over sensing devices and upward-connected to provide application services and
uniform interfaces, supporting one-key batch control, real-time device state motoring,
and remote assistance, covering different campuses, teaching buildings, and smart
classrooms on different floors, as shown in Figure 5a. However, real-time monitoring
of classroom scenes has a certain degree of delay because it is related to the number of
monitoring classrooms, video resolution, and network speed. Furthermore, as a free,
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flexible, and open online course learning service platform, the teaching service support
platform is inclusive of the following components and functionalities: uniform identi-
fication, spatial services, learning resources, curriculum center, community communi-
cation, educational big data, and instant messaging, as shown in Figure 5b. With these
diversified functions, it can provide powerful support to the teachers for conducting
mixed teaching and to the students for achieving ubiquitous learning. The IoT services
support platform and teaching services platform offer all types of application services,
such as smart resources and smart management, to both the PC terminals and mobile
applications. The teachers and students are granted access to the resources and services
available on the platforms through different browsers and mobile terminals after log-
ging in through a unified identification portal.
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Fig. 5. 10T cloud platform interactive interface
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2.4  Cloud-edge collaboration

IoT devices in smart classrooms often generate a large amount of data that may
strain the network and cloud. In addition, some applications require wider connectivity,
lower latency, and better control. Therefore, edge nodes can be used to cope with the
computation and storage of data within their scope. Given that most of the data are not
intended for one-time use and that the processed data still need to be collected from
the edge nodes to the cloud server, cloud computing is primarily first used for big data
analysis/mining and data sharing and then for training and upgrading of algorithmic
models. Upgraded algorithms are later pushed to the front end to update and upgrade
the front-end devices and complete a self-learning closed loop. Cloud computing
should work in close coordination with edge computing to match the various scenarios
and maximize their application values. The cloud-edge collaborative mechanism can
be described as follows:

(1) In the smart classroom, cloud-edge collaboration can better support real-time pro-
cessing. Edge computing usually focuses on providing real-time or short-term data
analysis. For example, after the environmental sensor detects data, due to the small
amount of environmental parameter information, easy analysis and timely feed-
back, the data will be automatically saved in the database of the Internet of things
(SEN) control host; Subsequently, after further calculation and analysis of the data,
the feedback will be transmitted to the classroom terminals (e.g. lights and cur-
tains) to create a more comfortable teaching environment. In this process, from
the perspective of the IoT system architecture (see Figure 1), the environmental
sensors belong to the sensor layer, and the control host acts as the edge comput-
ing layer. Moreover, the fragmented environment data collected without complex
analysis helps the IoT system dynamically adjust the environment, which greatly
alleviates the pressure of data storage and analysis in the cloud data center and
improves the timeliness of environmental control in the smart classroom. In addi-
tion, the collected data can also be sent to the cloud server, which can be checked
by managers online in real time to prevent improper response in an emergency, as
shown in Figure 6a.
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Fig. 6. Real-time environment data and context-aware data

(2) Incontrast, cloud computing focuses on big data analysis based on the data obtained
from the edge network. It plays an important role in decision support, regular main-
tenance, and other activities that do not require real-time execution. For example,
we can use the collected position information of the students in the classroom,
the audio and video data of the students, the operation of the learning system, and
the interactive Q&A data to model and analyze the state of the students’ learning
process. As shown in Figure 6b, the HD camera is used to collect classroom videos
and transmit the data to a cloud server for intelligent analysis. Then, the attendance,
head-up frequency, attention fluctuations can be statistically analyzed to evaluate
students’ classroom performance by using Al technologies such as face detection
and behavior recognition.

(3) The application has more than 60 smart classrooms, and functions require cloud-
edge collaboration. For example, each classroom is equipped with multiple HD
cameras and microphones to collect HD video signals (i.e. teacher close-up/pan-
orama, student close-up/panorama), teachers’ and students’ audio signals, and
screen video signals displayed by PPT courseware, all of which are transmitted to
the HD recording host (SEN) through HD cables for video capture, image synthe-
sis, and encoding. To avoid the network congestion and delay, the collected data
will be temporarily stored in the HD recording host, and uploaded to the cloud
server after the network is idle, which fully reflects the advantages of cloud-edge
computing technology.
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3 Application and results

In recent years, smart classroom environment has already been built in many univer-
sities around the world, on this basis, we rely on Central China Normal University to
carry out the proposed system architecture. At present, more than 60 smart classrooms
(multi-screen interactive classrooms, group discussion classrooms, and remote interac-
tive classrooms) have been built in the university. This study has been established in the
smart classrooms in the university for one semester and the feedback is fine, where the
IoT system has been implemented. The smart classroom based on the proposed [oT sys-
tem architecture is equipped with environmental sensors, interactive LCD touchscreen,
wireless projector, high-definition (HD) cameras and other wired/wireless electronic
devices to realize intelligent perception, control, interaction feedback and management.

3.1 System practice

As one of the two intelligent representatives of the cloud-edge computing technol-
ogy-based IoT system, smart sensing promotes the IoT system to better collect, record
and analyze the massive education data in the smart classroom; Smart teaching is pro-
moted by smart sensing, smart teaching is the second intelligent form of smart class-
room environments (e.g. smart classrooms) supported by the IoT system. The smart
classroom provides physical and virtual spaces for teaching activities. Figure 7 shows
all the teaching/learning activities that teachers and students can perform in the smart
classroom with the support of the IoT system.
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Upload teaching resources Explain key and difficult points Personalized counseling
Teacher Assign learning tasks Post discussion topic Online communication, feedback
Analyze learning situation data  Assign operation task Push the frontier knowledge of subject
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Preview basic knowledge Personal knowledge management Practical training
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Get learning feedback Present and share team achi t A Learning
Autonomous Learning Inter-group discussion, comment and voting Summary, improvement
Online learning platform
Multi-touch screen Online learning platform
pp Online learning p Electronic screen Smart recording and broadcasting
Interactive touch screen management system

Smart screen transmission software

T

Physical Teaching Teaching contents Physiological Other data
environment data behavior data data data of leamers

Fig. 7. Classroom teaching process supported by [oT system
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In the whole teaching process, teachers and students participate in all links (before
class, in class, after class). Before class, the teacher uploads the teaching resources,
divides into groups, and distributes tasks through the online learning platform (e.g.
cloud classroom, teacher mate), and the students learn independently and complete
corresponding learning exercises as required. In class, with the assistance of smart mul-
timedia (e.g. multi-touch screen, electronic screen, interactive touch screen, etc.), the
teacher will explain the key and difficult points according to the students’ digital learn-
ing traces left on the platform before class, and provides some personalized guidance
for some students who are puzzled in some knowledge points. Finally, the teacher and
the students summarize and evaluate the harvest of this class. After class, the teacher
arranges homework on the online learning platform, and the students complete practi-
cal training on the basis of reviewing knowledge and continue to learn by themselves
to improve their own personal qualities. In this process, the physical environment data,
physiological data of learners, teaching behavior data, teaching content data and other
data collected and stored by the IoT system reversely promote the behavior and status
analysis of each element in the whole teaching process, which provide unlimited sup-
port for teaching evaluation, personalized learning and aided decision-making.

3.2  System evaluation

To evaluate the impact of the cloud-edge computing technology-based IoT sys-
tem on teaching and learning, we designed the questionnaire about the experience of
smart classroom for teachers and students. The teachers and students were asked to
complete the questionnaire and answer 18 Likert-type questions with 5-point Likert
scale [35-36], including 9 questions for teachers and the other 9 questions for students;
In this questionnaire, multiple options are ranked in the order of “highest to lowest”
and these options are coded by assigning a numerical value according to their degree.
Among them, a final 5-level Likert scale was confirmed, in which strongly disagree =1,
disagree = 2, neither = 3, agree = 4, and strongly agree = 5. Finally, SPSS 27.0 was used
to conduct a reliability analysis and one sample t-test so as to determine whether the
sample data collected for analysis is reliable and whether there is a significant differ-
ence between the attitude of teachers and students towards the smart classroom and the
“normal” value. Figure 8 (teachers’ and students’ questionnaire results) shows the rela-
tive frequency of each question corresponding to each level of satisfaction. In addition,
the relevant data in Table 1 was used to reflect the experience of teachers and students
in the smart classroom. In general, the feedback from teachers and students is positive.
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Fig. 8. Results of the teachers’ and students’ survey in terms of percentage
of each level of satisfaction
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In Figure 8a, 50 teachers who have carried out innovative and interactive teaching
activities in smart classrooms were selected to complete the questionnaire, and 50 copies
were collected. The effective rate was 100.00%. The questionnaire covers all links of the
teaching process (before class, in class, and after class), paying more attention to teach-
ers’ feelings on the two major wisdoms of the smart classroom “smart sensing (environ-
mental sensing and subject sensing)” and “smart teaching”. As shown in Figure 8a, the
proportion of dissenting opinions does not exceed 5.00% to each item. Most teachers’
attitudes towards each item are between agree and strongly agree, indicating that they
are relatively satisfied with the smart classroom in general. What’s more, the average
value of each item has reached 4 points or more (out of 5 points, see Table 1), showing
that the satisfaction of each link in the whole teaching process tends to be consistent,
and the wisdom of the smart classroom has been unanimously recognized.

As the main participants in the smart classroom, we distributed questionnaires to 108
students who have completed a semester course in the smart classroom. The recovery
rate was 100.00% and the efficiency was 97.22%. Similar to the teachers’ questionnaire,
the student’ questionnaire also covered all aspects of the students’ learning process and
the two aspects of wisdoms in the smart classroom. As shown in Figure 8b, the students
also agree with the opinions expressed by the questionnaire on each item, accounting
for half of them. However, it is worth noting that compared with that of teachers, the
overall mean value of students’ questionnaire has decreased owing to the considerable
increase in the proportion of students who hold a neutral position in the questionnaire,
especially in Q2 (convenient to view the data automatically uploaded to the cloud by
the audio speaker and camera) and Q8 (discuss freely and share the discussion results
to all other screens with the group interaction mode), which reflects the future improve-
ment of the smart classrooms to some extent.

In order to confirm whether the collected samples are reliable and whether there
is a significant difference between the attitudes of teachers and students towards the
smart classroom and the “normal” value, we imported the data into SPSS 27.0, and
found that the Cronbach’s Alpha of the teacher’ and student’ questionnaire were 0.824
and 0.881 respectively, indicating that the reliability of the research data is high; At
the same time, we have analyzed the mean, standard deviation and t-value of each
item in the questionnaire, as shown in Table 1. By reading a large number of relevant
literature and referring to the analysis of the satisfaction of teachers and students with
smart classrooms at home and abroad, the t-test value of teacher-student questionnaire
is set to 3. In Table 1, the mean value of each item of teachers is greater than 4 (out of 5
points) and the mean value of all items of students is greater than 3.5 (out of 5 points).
Combined with the standard deviation of each item, the rationality of the set t-test value
is revealed. The results show that there are items with significance (p < 0.001), and
the mean value of almost all items is greater than 4. In short, the overall satisfaction
of students and teachers is high. Among them, in Figure 8, 100.00% of teachers and
97.14% of students agreed that the system can effectively collect educational data and
give students feedback; 96.00% of teachers and 91.43% of students believed that it can
promote classroom teaching and bring pleasant experience to teachers and students.
These data confirm that the smart classroom formed by the cloud-edge computing tech-
nology-based IoT systems promotes the effective interaction between teachers-students
and students-students, and improves the learning efficiency and teaching effect.
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4 Conclusions and future work

In summary, starting from the limitations of cloud server center computing and the
advantages of edge computing, combined with the needs of smart classroom environ-
ment, this paper proposes a smart classroom architecture based on cloud-edge collab-
oration mechanism. This architecture reduces the storage and computation pressure of
the cloud-centered server to a certain extent by task sharing of the edge nodes to the
cloud-centered server, relieves the pressure on the cloud computing center, and reduces
the system latency to ensure the real-time requirements of teaching. By deploying vari-
ous sensors and edge node devices in the classroom, we can complete the collection of
physical environment data, teaching scene data and teaching behavior data. In the smart
classroom environment, the lights and curtains in the classroom can be automatically
adjusted according to the real-time brightness collected by the light sensor to create a
more comfortable teaching environment. Moreover, the group can share the discussion
results to all other screens through the interactive mode, which effectively improves the
learning efficiency and experience of students in the classroom, promotes classroom
interactive links, teaching evaluation and personalized learning, and achieves good
teaching effects. At the same time, the teaching software collects educational data and
analyzes it after student feedback and evaluation, which can make further optimization
guidance for the smart classroom environment.

Through the IoT architecture combining cloud computing and edge computing pro-
posed in this paper, the smart classroom environment using this architecture can solve
three major technical problems: (i) edge nodes such as IoT control hosts and other
SENSs and cell phones, laptops, desktops, etc. can analyze and gradient process the large
amount of fragmented data collected by the underlying sensing devices in the smart
classroom, and provide timely feedback to classroom devices, teachers and students
with the calculated and analyzed data, reducing data transmission bandwidth and relieve
pressure on cloud computing centers; (ii) edge devices can collect and store part of the
user information through the underlying heterogeneous sensors without increasing the
risk of leakage by transferring all personal information to the cloud, thus protecting
data security and privacy; (iii) time-sensitive computing tasks are handed over to edge
devices such as multi-screen interactive systems, and time-insensitive computing tasks
are transmitted to the central cloud server with the support of high-performance data-
base servers, computing servers, and application servers to reduce the latency of the
computing system and ensure the timeliness of some classroom services.

However, although the application case in this paper has preliminarily realized the
basic functions of the system framework, it is necessary to consider many factors such
as students’ acceptance of new things in order to study whether the smart classroom
environment based on the cloud-edge collaboration mechanism has a positive impact on
students’ academic performance. etc., and long-term controlled experiments are needed,
which will be further studied as our follow-up work. It is recommended to improve the
data confidentiality in this architecture to ensure data security, further train and upgrade
the algorithm model, and then push the upgraded algorithm to the edge nodes for update
and upgrade, so as to complete the closed loop of self-learning. In the future, we will
improve the cloud-edge collaboration technology in the field of smart classrooms in
order to provide innovative ideas and directions for scholars in this field, so as to con-
tinuously improve the quality of teaching and contribute to the cause of education.
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