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Abstract: With the development of Internet and communication technology, wisdom education in the new era has also become the focus 

of research. This paper studies the online learning behavior based on deep learning, analyzes the students’ behavior pictures and 

identifies the students’ identity, marks and actions, and finally carries out the statistical analysis of students’ learning behavior based on 

the real situation of the classroom, establishes the evaluation model of teaching effect and carries out empirical research. Experiments 

show that the target action recognition accuracy of AEB is 90.54%, indicating that the recognition effect of AEB is good. 
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1. Introduction 
 

The application of big data in education has become more and 

more extensive, which has brought huge changes to all fields 

of society, and has also had a profound impact on education 

and teaching, promoting the emergence and development of 

smart education in the new era. In this context, the learning 

method has also undergone great changes. As a new learning 

method, the core element of deep learning is that learners can 

actively and critically integrate new knowledge into the 

original on the basis of deep understanding. Some cognitive 

structures are connected with old knowledge to solve 

problems. Educational big data is a collection of data 

generated in the entire educational activities. It is collected 

according to educational needs and will be used for 

educational development and can create huge potential 

value[1]. Learning behavior big data is a branch of 

educational big data. By analyzing the learning behavior big 

data generated by learners in the process of deep learning, 

teachers can better judge the level that learners reach after 

deep learning, and can also learn The results of behavioral 

data analysis are used to judge whether students’ learning 

behaviors are abnormal, and to formulate appropriate teaching 

strategies according to the students’ respective data analysis 

results, so that each student’s deep learning can be deepened 

and beneficial ; Analyze your own learning behavior data to 

adjust your own learning behavior. To a certain extent, 

students’ behavior reflects students’ learning style, 

psychological characteristics and emotional characteristics. 

By collecting learning behavior process data and mining 

students’ behavior characteristics through big data technology, 

it can provide an important basis for the improvement of 

learning process. 

 

2. Background 
 

In classroom teaching, the use of intelligent education that 

integrates artificial intelligence and educational learning to 

carry out student learning behavior analysis, mainly relying 

on computer vision, deep learning and other technologies and 

algorithms to intelligently identify and count students’ 

interactive classroom learning behaviors in videos, and then 

based on learning Behavioral statistics to formulate 

corresponding teaching strategies. Only by capturing the data 

of the whole process of students’ learning as much as possible, 

can we understand the learning process more 

comprehensively and accurately, broaden the depth and 

breadth of learning behavior analysis research, and 

multimodal learning analysis research emerges as the times 

require. Multimodal learning analysis fully captures or 

perceives various information through recognition 

technologies such as speech, graphic images, body and facial 

expressions, and more accurately determines learning 

conditions through the unified representation of these 

multimodal data[2]. 
 

In China, research teams from normal universities such as 

Beijing Normal University, East China Normal University, 

and South China Normal University mainly conduct 

multimodal learning analysis from the perspective of learning 

science[4], framework construction (such as Zhou Jin[5], 

Zhang Qi[6], Mou Zhijia[7], Li Qing[8], etc.), less application 

of theory to practice from the perspectives of computer 

science and data science, deepening Research. Foreign 

research on multimodal learning analysis is more mature than 

domestic research, and the research is mostly combined with 

machine learning methods to form a series of studies around 

learning behavior modeling, algorithm models, etc. For 

example, researchers from the Norwegian University of 

Science and Technology collected data from adaptive learning 

activities. Multimodal data of learners, and using fuzzy set 

qualitative comparative analysis (fsQCA) method to describe 

the relationship between learner participation mode and 

learning performance[9]. Vicente et al. proposed real-time 

monitoring based on Internet of Things technology and 

wearable devices Data-based Wearable Internet of Things in 

Education (WIoTED) system[10] . 

 

Deep learning can automatically learn the method of pattern 

features, and integrate feature learning into the process of 

building models, thereby reducing the incompleteness caused 

by artificially designed features. At present, some applications 

centered on deep learning have achieved recognition or 

classification performance that surpasses existing algorithms 

in application scenarios that meet specific conditions[11]. 

This study proposes a deep learning-based network learning 

behavior analysis and its teaching strategy. The convolutional 

neural network is used to identify students’ expressions, and 

the multi-modal learning behavior data is cleaned and 

analyzed according to the data modal characteristics and 
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factor characteristics. Preprocessing, and then using deep 

learning algorithms for feature analysis and in-depth 

integration, based on the qualitative knowledge of experts and 

semi-quantitative information of quantitative data and 

processing various uncertain information, construct an 

effective learner network learning behavior model, so as to 

have more Targeted development of teaching strategies for 

students, thereby improving students’ learning effectiveness. 

 

3. Deep Learning Model 
 

Deep learning is to learn the inherent laws and representation 

levels of sample data, and the information obtained in these 

learning processes is of great help to the interpretation of data 

such as text, images, and sounds. This research uses evidence 

inference algorithm + convolutional neural network method 

to process students’ online learning behavior. By constructing 

a deep learning model for students’ online learning behavior 

data, the face detection and recognition of students in the data 

are carried out, and the students’ expressions are also 

analyzed. Identify the learning behavior of students, and 

finally realize the analysis of the students’ online learning 

behavior, and then realize the evaluation of the teaching effect. 

According to the characteristics of the video information, the 

learning behavior data is cleaned and preprocessed, and then 

the deep learning algorithm is used for feature analysis. An 

effective learner network learning behavior model is shown in 

the Figure1.  

 
Figure 1: A network learning behavior analysis model based 

on deep learning 

In order to quickly identify and analyze students’ online 

learning behaviors, this study adopts the method of face 

detection and recognition to analyze the performance in class. 

Use the multi-feature fusion face recognition algorithm based 

on evidence-based reasoning to identify students. After 

identification, the students’ learning status and learning 

behavior are identified based on facial expressions and body 

postures. The facial expression recognition adopts the 

convolutional neural network method, while the body pose 

adopts the three-dimensional convolutional neural network 

for learning behavior recognition. Through this method, the 

identification of students’ learning state and behavior can be 

carried out well. 

 

3.1 Rapid Detection and Identification of Student Faces 

 

The face detection and recognition of students adopts the 

multi-feature fusion face recognition algorithm based on 

evidence reasoning[12]. The algorithm is divided into two 

stages: initial recognition and fusion recognition. In the initial 

recognition stage, the face images to be recognized are first 

analyzed by the probabilistic subspace face recognition 

method, and classified according to the principle of maximum 

likelihood probability. Set the threshold K. If the probability 

of image recognition is greater than the value of k, it means 

that the face and name of the image can be matched; otherwise, 

there are too many uncertain factors, and the second stage is 

entered. The recognition frame is composed of n categories 

that are closest to the face image to be recognized in the 

preliminary recognition stage, and the facial features of the 

face image to be recognized are analyzed by the probabilistic 

subspace face recognition method, and each feature is 

obtained. The intra-class and inter-class probabilities are 

based on the constructed basic confidence assignment, and 

then the relatively perfect rules in the evidence inference 

theory are used for fusion, and the recognition category or the 

category in the non-training database is output according to 

the judgment basis as the recognition result. The picture 

shows the architecture of multi-feature fusion face recognition 

based on evidence reasoning algorithm. 

 
Figure 2: Face recognition architecture diagram 

3.2 Students’ Learning Status and Behavior Recognition 

Analysis 

 

For students’ learning behaviors in the classroom, a 

convolutional neural network is used to identify the 

expressions of each classmate. Expressions can express 

students’ emotions well, including six expression categories 

including calm, joy, disgust, fear, anger, and surprise. Among 

them, calm, joy, and surprise were judged as positive learning 

states, while the remaining expression categories were judged 

as negative learning states. Since the environments where 

students are in the actual learning process are different, in 

order to ensure the accuracy of recognition, this research 

adopts the recognition method of convolutional neural 

network, and its recognition architecture is shown in the 

Figure 3 below. 

 
Figure 3: Expression recognition architecture of graph 

expression recognition method 

At the same time, the performance of students in the 

classroom is also a key factor in their learning behavior. By 

identifying and evaluating students’ learning behavior, and 

forming effective feedback information and teaching 

orientation, it can effectively promote the improvement of 

teaching quality. By observing a large number of classroom 

learning behaviors, students’ movements are divided into two 

categories: positive and negative. Positive learning behaviors 
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include sitting up, writing, and raising hands, while negative 

learning behaviors include lying on the table, looking around, 

and playing with mobile phones. In order to ensure the 

accuracy and real-time performance of students’ learning 

behavior recognition, this study uses a three-dimensional 

convolutional neural network based on the existing human 

behavior recognition algorithm, and makes full use of 

time-series information and space-time characteristics for the 

video information of students’ learning behavior. Since the 

video has information in the temporal dimension, the 3D 

convolutional neural network can perform feature 

computation in the temporal and spatial dimensions of the 

video data, and the feature map during the convolution 

process is connected with the data in multiple consecutive 

frames. At the same time, the video is divided into static frame 

data stream and inter-frame dynamic data stream. The static 

frame data stream can use single frame data, the dynamic data 

stream between frames uses optical flow data, and deep 

convolutional neural network is used for feature extraction in 

each data. 

 

4. Student Learning Status and Behavior 

Recognition 

xxx surveillance cameras in the teaching classrooms of the 

comprehensive building to record the students’ classroom 

performance. Our video recording has a total of x segments, x 

minutes. Data collection was performed on the above videos. 

Finally get x images. Due to the small amount of sample data, 

in order to prevent overfitting of training, this study simulates 

the changes in lighting conditions in the classroom, and uses 

methods such as brightness and contrast adjustment to 

augment data, as shown in Figure 4. And the data set is 

divided into four categories: positive learning state, negative 

learning state, positive learning behavior, and negative 

learning behavior. Among them, the positive learning state 

includes calm, joy and surprise, and the negative learning 

state includes disgust, fear and anger. Positive learning 

behaviors include sitting, writing, and raising hands, and there 

are x images of positive learning states and behaviors; while 

negative learning and behaviors include lying on a table, 

looking left and right, and playing with mobile phones, there 

are x images of negative learning states and behaviors. The 

behavioral phenotype data reflects the students’ classroom 

status, and the students’ actions are captured to determine 

their status, and then the teaching strategies can be adjusted 

accordingly.

 
Figure 4: Data enhancement 

1) Extracting the typical behavioral characteristics of students 

 

Most of the current human behavior recognition methods are 

researched on single-person targets, while the human 

behaviors that need to be recognized in the classroom involve 

multiple targets. Therefore, in order to meet the application of 

the multi-person classroom scene, this study draws on the 

bounding box prediction method in the target recognition 

algorithm, divides the bounding box of each student, and 

identifies the key points of the limbs for each target to more 

accurately Determine the student’s current learning behavior 

category. 

 

2) Clean and organize the data 

 

For video information, image enhancement processing is 

performed according to factors such as ambient light, lens 

dust, and the degree of transmission signal loss, including but 

not limited to white balance, gamma correction, and wavelet 

transform enhancement. After several operations of data 

cleaning, the cleaned data is input into the corresponding deep 

learning network for normalization. 

 

3) Using evidence inference algorithm to fuse multi-source 

features 

 

For the identification of students’ targets, a face recognition 

model based on evidence-based reasoning algorithm is used, 

and the identification and comparison are carried out 

according to the facial information of the students’ eyes, nose, 

mouth, etc., so as to realize the accurate identification of the 

identity. When the identity is determined, the recognition of 

students’ learning status and learning behavior will be carried 

out based on facial expressions and body postures. For the 

facial expression recognition of students, the facial expression 

is classified and recognized by detecting the feature points of 

the face. For the behavior of the students, only the relevant 

data of the joint point part of the human body posture is used 
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for feature extraction by the deep convolutional network, and 

finally the use of the statistical method converts the entire 

video into a feature vector, and uses SVM to train and identify 

the final classification model. 

 

4) Using semi-quantitative information including expert 

qualitative knowledge and quantitative data and processing 

various types of uncertain information, construct an effective 

online learning behavior model of learners. 

 

When students express emotions other than the prescribed 

expressions and perform actions that cannot be identified by 

the model, they will simulate the expert’s thinking, skills, 

experience and intuition based on the semi-quantitative 

information of the expert system’s qualitative knowledge and 

quantitative data, and make corresponding decisions. 

Judgment and timely grasp the status of students. At the same 

time, the students’ expressions or actions are recorded, so that 

the model can accurately analyze the students. 

 

5) By predicting user behavior, make corresponding teaching 

strategy adjustments. 

 

Zoom in on the recorded video and observe the students’ 

performance in class, including facial expressions and body 

movements. The students’ actual performance in the 

classroom is analyzed, and then the students’ images are 

marked, divided into positive learning behaviors and negative 

learning behaviors, and teaching strategies are adjusted 

accordingly.  

 

5. Conclusion  
 

With the new development of intelligent information 

technology, the previous learning analysis data often only 

came from online learning platforms, with a single data source 

and a simple structure. However, students’ learning not only 

occurs online, but also occurs in the actual physical learning 

space. Therefore, the collection of Data sources from a variety 

of channels, analyzing multimodal data can more 

comprehensively and accurately grasp the learning status of 

students, so as to formulate more accurate teaching strategies. 

This study proposes a deep learning-based network learning 

behavior analysis and its teaching strategy. The convolutional 

neural network is used to identify students’ expressions, and 

the multi-modal learning behavior data is cleaned and 

analyzed according to the data modal characteristics and 

factor characteristics. Preprocessing, and then using deep 

learning algorithms for feature analysis and in-depth 

integration, based on the qualitative knowledge of experts and 

semi-quantitative information of quantitative data and 

processing various uncertain information, construct an 

effective learner network learning behavior model, so as to 

have more Targeted development of teaching strategies for 

students, thereby improving students’ learning effectiveness. 

Finally, a series of experiments are designed in this research. 

Students can use log search technology to collect data such as 

clicks and quizzes from the data stored in the teaching 

management platform, and obtain the traces of learning 

behavior left by users on the platform, mainly including 

browsing courseware. The number of times, interaction 

frequency, wrong questions, test scores and other data, and the 

analysis of students’ learning behavior, can make 

corresponding adjustments to teaching strategies. 
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