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Abstract: The focus of traditional research on teaching behaviour of teachers
and students is mainly on identifying the expressions and behaviours of
teachers and students, neglecting the analysis of interactive behaviour data
between students and teachers. Effective recognition of teacher-student
interaction behaviour through K-means algorithm, automatic recognition of
classroom teacher-student behaviour using trained teacher and student
behaviour recognition models, and analysis and statistics of paired and
correlated teacher-student behaviour patterns in traditional classrooms through
artificial intelligence technology, thereby promoting effective processing of
teacher-student interaction behaviour data. Through experimental research, it
has been verified that the method proposed in this article can accurately
identify the interactive behaviour between teachers and students in smart
teaching, effectively improving the effectiveness of teaching strategy
formulation. Through research, it is known that combining intelligent
algorithms for training and identifying teacher-student interaction behaviours is
beneficial for improving educational and teaching modes, promoting teacher
reflection, and promoting the development of educational and teaching
informatisation reform towards a better path. In the future, continuous
improvement can be made to the K-means algorithm to further promote the
effective implementation of smart teaching.
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1 Introduction

At present, classroom teaching and learning behaviour analysis based on artificial
intelligence technology mostly focuses on developing intelligent teaching behaviour
recognition and analysis system tools, and these systems mostly use classroom speech
information as the basis for recognition, while there is still a slight lack of analysis in
classroom nonverbal behaviour. Research on classroom teaching behaviour theory
focuses on exploring classroom teaching modes and teaching evaluation indicators, while
quantitative and practical research on classroom teaching behaviour analysis theory is
still relatively scarce. Due to the current situation where classroom teaching and learning
behaviour analysis mostly uses manual observation to record and annotate classroom
behaviour, it has caused great consumption of human and material resources, and is
largely limited by the attention level and subjective consciousness of observers. This
leads to the lack of guarantee for the objectivity and immediacy of the analysis process
and results.

The research motivation of this article is to use artificial intelligence technology to
reduce labour and time costs in teaching behaviour analysis, optimise classroom teaching
modes, promote the development of educational informatisation, and cultivate more
innovative talents for the country, which is an important research goal in the
interdisciplinary field of contemporary education and computer science.

The focus of traditional research is mainly on identifying the expressions and
behaviours of teachers and students, neglecting the analysis of interactive behaviour data
between students and teachers. Therefore, in the context of smart teaching, it is necessary
to combine intelligent analysis methods for improvement.

This article aims to effectively analyse the interactive teaching behaviour of teachers
and students through intelligent methods, helping to effectively carry out the intelligent
teaching process. K-means algorithm is used to effectively identify the interactive
behaviour of teachers and students, and trained teacher and student behaviour recognition
models are used for automatic recognition of classroom teacher and student behaviour.
Artificial intelligence technology is used to analyse and statistically analyse the paired
and correlated teacher-student behaviour patterns that appear in traditional classrooms,
thus promoting the effective processing of data on teacher-student interaction behaviour
and providing reliable data support for the formulation of subsequent teaching strategies.

This article continues the traditional research scope and upgrades the recognition of
teacher-student behaviour. Starting from the perspective of teacher-student interaction, it
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combines intelligent training methods to improve the recognition effect of teacher-student
interaction behaviour.

Compared with traditional teacher-student behaviour recognition, this article further
improves the education mode and teaching data processing methods, finely improves the
theory of classroom teaching and learning behaviour analysis, and fully utilises the
advantages of artificial intelligence technology in the practical research of teaching
behaviour analysis theory, which is conducive to improving the education and teaching
mode and promoting teacher reflection, as well as promoting the development path of
education and teaching informatisation reform towards a better development path.

The research on teacher-student classroom behaviour patterns based on skeleton
information addresses the problems of incomplete evaluation standards, single evaluation
subjects, and insufficient quantifiability in current classroom teaching behaviour analysis
research. The main contribution of this article is to provide a more comprehensive,
detailed, accurate, and objective analysis framework for classroom teaching behaviour
analysis through big data analysis and computer vision technology, And using a
combination of theory and practice to verify the effectiveness of the framework, it has
important research significance and application value in intelligent analysis of student
learning behaviour, accurate evaluation of student behaviour participation status,
improvement of classroom teaching quality, promotion of teacher teaching reflection, and
future construction of intelligent classrooms.

This paper combines K-means algorithm to analyse the digital teaching resources and
the interactive behaviour between teachers and students, so as to improve the teaching
interaction effect between teachers and students in colleges and universities and
effectively promote the popularisation and development of intelligent teaching.

2 Related work

Classroom teaching is an interactive process between teachers’ teaching activities and
students’ learning activities with teaching materials as the medium. Teacher-student
interaction, as an indispensable part of classroom teaching, runs through the whole
process of classroom teaching. Moreover, there is no classroom teaching without teacher-
student interaction.

Analysis of user behaviour characteristics. Based on the behavioural characteristics of
users in certain aspects, merge and study user groups with similar characteristics, and
classify user behaviour patterns based on the behavioural characteristics of each
dimension. Based on the behavioural characteristics of different aspects of users, study
their behaviour patterns from the perspective of data and establish a user behaviour
model. User learning monitoring and warning. User learning monitoring and warning
refers to a real-time reminder mechanism that focuses on the learning dynamics of users
at different stages of learning, provides appropriate warnings or reminders to users in a
timely manner, and enables them to adjust their self-learning attitude and methods in a
timely manner (Hromalik and Koszalka, 2018). Assist in teaching decision-making. By
analysing the path, browsing order, and habits of users’ online learning, combined with
the order of course settings, user characteristics, and rules and information between user
grades, the possible learning types of users are determined, in order to recommend
suitable learning resources and set reasonable courses for users. Determine whether
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teaching methods and strategies are appropriate for different categories of users, in order
to provide a basis for adjusting teaching methods and strategies (Cooper et al., 2019).

Interpersonal interaction is an indispensable form of interaction in classroom
teaching, mainly reflected in verbal communication and nonverbal activities between
teachers and students, as well as between students. For example, students can think and
answer questions given by the teacher, and groups can communicate and discuss around
the same learning topic. For this form of interaction that occurs between people,
analysing the language of teachers and students, classroom teaching mode, and emotional
atmosphere of classroom teaching. Compared to traditional classrooms, the introduction
of modern equipment that promotes student learning and teacher-student interaction
allows teachers and students to participate in both verbal and some nonverbal behaviours
through technology. For example, teachers use electronic whiteboards to display and play
teaching resources during the teaching process, or use software systems in smart
classrooms to send and receive assignments for students and conduct learning situation
analysis. So in a smart classroom environment, interpersonal interaction is all based on
technology, and technology-based forms of interpersonal interaction will inevitably be
carried out in more efficient, convenient, and diverse forms (Moorhouse and Wong,
2022).

Arno et al. (2021) suggests that the term ‘teaching interaction’ should be used in the
context of re teaching to distinguish between interactive behaviour in teaching and non
teaching interaction. It is believed that “teaching interaction occurs between students and
the teaching environment, including communication and interaction between teachers,
students, and learning resources.” There are three types of interactive subjects in the
classroom: teachers, students, and student groups, and the interaction between these three
types of subjects has generated five more categories. Greenhow et al. (2021) categorises
teacher-student interaction in the classroom as teacher centred, student centred, and
knowledge centred, and believes that ‘classroom interaction’ is to mobilise important
elements in the classroom teaching process, closely adhere to teaching objectives, allow
various teaching subjects to influence each other, form interaction, and view this process
as dynamic. Bayanov et al. (2019) believes that teacher-student interaction is based on
social interaction, and the social interaction behaviour between teachers and students
arises from teaching activities. Teachers and students exhibit a series of interdependent
behaviours and processes through classroom activities. The interactive behaviour
between teachers and students is a dialogue activity that generates mutual influence in
problem-solving activities through the use of modern educational technology in
classroom teaching, based on equal relationships between teachers and students, in order
to achieve teaching objectives.

The information technology-based interactive analysis coding system (ITIAS)
proposed in Rapanta et al. (2020) adds student speech behaviour, refines ‘silent’
behaviour, and adds human technical interaction. However, its classification of
technology is relatively general and cannot fully demonstrate the teaching interaction in a
smart classroom environment, incorporated technology and environment into the
interactive behaviour analysis system and proposed an interactive analysis coding system
based on ‘human technology environment’. Herodotou et al. (2019) proposes an
interactive coding table for classroom teaching behaviour (OOTIAS) suitable for 1:1
digital teaching environments. However, this coding system only enriches the technical
content and does not simplify or refine other aspects.
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The smart classroom environment is a personalised learning environment supported
by media devices and modern technology, and its essence is a highly interactive learning
space. In the environment of a smart classroom, teachers can use technology to design
teaching, explore educational laws, and develop information-based teaching abilities.
However, the smart classroom environment is only used as a means and tool to assist
teaching. In actual teaching operations, the smart classroom environment cannot be used
to dominate teaching and the classroom. Instead, the course content knowledge should be
combined with information technology to promote teaching, and technology should not
be used for the sake of technology. This is the reverse of the cart before the horse. No
matter what kind of classroom, improving teaching quality is always the core goal (Callo
and Yazon, 2020). Fletcher et al. (2020) divides the interaction between people and
technology in smart classrooms into two categories: teacher operated technology and
student operated technology. Teacher operation technology mainly refers to the
application of interactive electronic whiteboards, discussion assessments, e-books and
other software and hardware in the classroom by teachers, and the use of media
technology in teachers to carry out classroom teaching activities, such as playing
resources and displaying student works. As long as students use mobile terminal devices
to learn their operating skills, the general classroom is equipped with mobile terminals
such as tablets, answering machines, and VR glasses. Students can use these devices to
learn resources, answer questions, and interact with VR. Under this teaching platform,
students’ learning behaviour has undergone tremendous changes compared to traditional
classrooms. In terms of the behaviour of students doing exercise questions, in the past,
teachers sent students a question sheet or students completed classroom exercises on their
own in exercise books. However, with the intervention of media technology, teachers
directly sent the required exercises to students through the teacher’s end, greatly
increasing selectivity and flexibility. After students completed the homework, they can
save and send it to the teacher, It can avoid losing homework or teachers being unable to
collect and count each student’s homework. Moreover, after class, teachers can analyse
students’ performance in the classroom based on their homework completion and provide
corresponding personalised learning materials and plans to achieve individualised
teaching (Reamer, 2019). Other classroom activities, such as student-student
collaboration behaviour, can also be well carried out in a smart classroom environment
(Priyadarshini and Bhaumik, 2020). Through the movable desks and chairs in the smart
classroom, students can be divided into different task groups according to their needs.
After completing a task together, students can display the results of each group’s learning
on the discussion side screen, and the evaluation methods are also diverse, including
teacher evaluation, student self-evaluation There are various rating methods such as inter
group evaluation and peer evaluation. In a smart classroom environment, the reasonable
and correct application of media technology inevitably has advantages that are difficult to
overcome in traditional classrooms (Okoye et al., 2021).

Giri and Dutta (2020) suggests that between students and students, with equality as
the basic premise. Through language, eyes, gestures, or auxiliary tools, teachers and
students influence each other in terms of ideas, concepts, emotions, attitudes, values,
behaviours, knowledge, etc. Rahayu and Wirza (2020) suggests that classroom
teacher-student interaction refers to the interaction or influence that occurs between
teachers and students in a classroom teaching context, with a promoting or inhibitory
effect. The classroom is the main place for education and teaching in schools. According
to Aliyyah et al. (2020), teacher-student interaction in the classroom refers to the
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interaction between teachers and students with a certain social background, as well as
between students and students, with equality as the basic premise. Through language,
eyes, gestures, or auxiliary tools in classroom teaching, teachers and students influence
each other in their thoughts, concepts, emotions, attitudes, values, behaviours,
knowledge, and other aspects. Classroom teacher-student interaction includes
teacher-student interaction, as it mainly emphasises that the process of teacher-student
interaction occurs in the classroom, and teacher-student interaction can also occur during
after-school campus activities and extracurricular activities (Caena and Redecker, 2019).

In real classroom teaching activities, the behaviour of teachers and students is often
interrelated, rather than completely independent behaviour. The behaviour of teachers is
mostly purposeful and aimed at guiding students to make corresponding reaction
behaviours (Graham, 2019). For example, when teachers point to a slide, they aim to
focus students’ attention on the content of the slide, and students will react accordingly
when they see the behaviour made by the teacher. Therefore, the behaviour of teachers
and students often appears in pairs, this kind of behaviour between teachers and students
accounts for a significant proportion in the actual classroom teaching process (Farooq and
Soomro, 2018).

3 Model algorithm

3.1 Behaviour recognition algorithm

In order to realise the intelligent application of the teacher-student behaviour pattern
proposed in this study in real classroom, it is necessary to train a teacher-student
behaviour recognition model with excellent recognition effect.

The biggest difference between ST-GCN network and traditional skeleton-based
behaviour recognition method is that it uses the locality and time dynamics of graph
convolution to learn each part of information implicitly, and does not need to manually
allocate human joint parts. Therefore, the design of this model is easier, and the effect of
learning the skeleton action characteristics of human body is better. Figure 1 is a concrete
structure of ST-GCN network (Khan et al., 2000).

Firstly, an undirected spatio-temporal graph G = (¥, E) with internal and inter-frame
connections is constructed on a skeleton sequence containing N nodes and T frames,
V=A_vit=1,..,T,i=1, ..., N}. Joints and edges in the same frame are connected, as
shown in Figure 2.

Then, each node is connected to the same node in adjacent frames. This connection is
naturally defined and does not require manual allocation. Therefore, this network
structure can work on datasets with different numbers of joints or joint connections. Edge
set E is composed of two subsets, and one subset represents the internal connection of
skeleton on each frame, which is denoted as E; = {viv,|(i, j) € H}, that is, spatial edge,
where H represents a group of naturally connected human joints. Another subset is an
intra-frame edge which is formed by connecting identical nodes in two adjacent frames,
that is, a time-domain edge, which may be denoted as Er = {viv+1)}. For a particular
joint 7, all edges in Er represent its trajectory with time. At this point, the skeleton
topology of a video is established, in which the node information is (abscissa, ordinate,
confidence) and the side information is (Es, Er).

Taking the traditional two-dimensional image convolution as an example.
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Let the convolutional kernel size be expressed as K x K, the input feature is
represented as fi,, then the output value x can be represented as (Khan et al., 2022a):

K K
Sow @)= fin (P, by ) wih, w) (1

h=1 w=1

Figure 1  Structure diagram of ST-GCN network (see online version for colours)
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Figure 2 Space-time diagram of skeleton sequence (see online version for colours)
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Among them, w is a weight function, p is a sampling function, which samples (%, w)
around x pixels, and convolution operation is performed on adjacent pixels in the range,
which can be expressed by equation (2).
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p(x, h, w)=x+ p'(h, w) )

Extending the above equation to the fact that the input feature graph is located on the
spatial graph V;, the convolution operation on the graph can be defined. In the graph, the
neighbourhood node set of node V,; can be expressed as equation (3) (Khan et al., 2023).

B(Vti):{Vtz|d(th,Vti) SD} (3)

We set D = 1, that is, the first-order domain of joint nodes. d(v,, v;) is the shortest
distance from v; to v so the sampling function can be expressed in the form of
equation (4).

p (Vi vy) =vy “

In the graph structure, a neighbouring domain B(v) of a joint node V;; is divided into a
fixed k sub-sets, and each subset has a digital label. The weight function can be
represented as equation (5) form (Khan et al., 2022b):

w(vi vy ) = (1 () ©)

The equation (1) is rewritten, and the generalised diagram convolution is as shown in the
equation (6):

1
fout (Vt/’):mein (p(th,th))'W(Vti,sz) (6)

Vi

Among them, the radical Z(v;) = |{villi(vi) = Li(vy)}| corresponds to the base of the
subset, and this item is added to balance the contribution of different subsets to the
output. When the equations (4) and (5) are brought into the equation (6), the airspace
diagram is defined, as shown in the equation (7) (Khan et al., 2022c).

fou ()Zﬁ)f ()W (1 () @

vy

As to extend the convolution of spatial graph to temporal and spatial domain. ST-GCN
uses TCN. Then, the nodes connected in time domain can be added to the concept of
neighbourhood, so that the convolution of spatial domain graph can be extended to time
and space domain. Because the shape is fixed, the traditional convolution layer can be
used to complete the time convolution operation. At this time, the neighbouring node of
the node V; is shown in the equation (8).

B(vﬁ):{vq,-|d(v;,», vi) <K, |g—1]<[T/2]} ®)

Among them, T is the size of the time domain convolution core. It can be seen from the
upper equation that the definition of adjacent nodes is less than K at the spatial distance
and less than I'/2 at the front and back of the frame distance. That is, the time constraint
is added to the definition of the space neighbourhood, as shown in Figure 3.

The sampling function of convolution operation of spatio-temporal graph is the same
as that of convolution operation of spatial graph. The weight function only needs to
redefine the mapping function of label grouping, and the rest are calculated in the same
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way. Then, the weight function of the convolution of the spatio-temporal graph is shown
in equation (9).

Ist(vy)=1i (vi)+(g—t+[T/2])xK )

Among them, /i(v4) is the label mapping of a single frame situation at the node v,. From
this, it clearly defines the convolutional operation on the structure of the structure. The
way ST-GCN divides subsets is shown in Figure 4.

Figure 3 Schematic diagram of time constraint (see online version for colours)

00
o
Lo 0.0
G xn o }
(o] o0 fesy
(@] (0]
o o B :
e o!
o o o 5 e "
© o q Gre9=p o
o o = o) L
a\¥ie ° =
o) O o g o £ i
(0] o]
o fe ° o] g o
©c o PR @ o o
o g 0."'0 o}
o (o]
(o] d [o) fo)
o) o) o o o O
o) o)
(o) o (o] (@]
t-I'/2frame o) o L
o] (o]
o o
Current framet] © 2
o o
...... o o}
t+I'/2frame

Figure 4(a) is an input single frame skeleton sample, where the blue dots represent joints
and the red dashed coils represent the receiving domain of the filter. Figure 4(b) is the
simplest and most direct partition strategy-uni-labelling, which has only one subset, that
is, the whole neighbourhood set itself. However, this partition method has an obvious
disadvantage, thus affecting the classification effect based on skeleton information.
Figure 4(c) shows another partitioning strategy, distance partitioning, Figure 4(d) shows
spatial configuration partitioning. In this case, for the convolution operation of a node,
the weight matrix includes three weight vectors as shown in equation (10).

0 IFr;=n
Ly (Vti): 1 IFr; <rn (10)
2 IFr;>n
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Figure 4 Schematic diagram of the way of dividing subsets by ST-GCN (see online version
for colours)
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Among them, ; represents that the centre of gravity in all frames is trained to the average
distance of joint i. The internal connection of the internal joint of the single frame is
represented by the adjacent matrix A and the self-connected unit matrix I. The ST-GCN
that uses the first division strategy can be implemented with equation (11).

1 1
fou =N 2(A+ DA 2 £,/ (1n

Among them, A" = Z(Aif +17), and the weight matrix W is the sum of the weight
J

vector of multiple output channels. The input feature diagram of ST-GCN can be

expressed as the three dimensions (C, V, T). Among them, C represents the characteristics

of the joint, V represents the number of joints, and T represents the number of key frames.

The convolution is achieved by performing the standard two-dimensional convolution of

1 x T, and the amount of tensor obtained is multiplied with the standardised adjacent
1 1

matrix A 2(A+1)A 2 in the second dimension. For the distance division and spatial
configuration, it can also be implemented by the above methods, but the adjacent matrix

is decomposed into several matrix 4;, where 4+ 1 = Z A;, and at this time ST-GCN can
J
be written as a formula (12) form.

1 1
f(mt :ZAj 2Ajj\j 2f;nI/Vj (12)

Although people’s joint nodes are in groups of movement when doing action, the
importance of the same joint node in different actions should be different. Therefore,
each layer of ST-GCN adds a learning mask M. That is, the A + [ in the formula (11) is
replaced with the (4 + 1) ® M, and the 4; in the formula (12) is replaced with 4; ® M.
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Among them, ® means multiplying the elements between the two matrices, and the mask
m is initialised to a full matrix. The mask will be based on the importance learning weight
of the edge of each airspace in E,, so as to adjust the characteristics of node
characteristics to the contribution of its neighbouring nodes.

3.2 K-means algorithm

K-means algorithm is mainly divided according to the similarity or distance function
between samples. The basic idea of K-means algorithm is to divide all the points to be
clustered into different clusters through a given initial cluster centre and a limited number
of iterations. Its Euclidean distance measurement formula is:

d(xi,x;) =y (=) (13)

Among them, 7 is the number of vector attributes, x; and x; are two vectors in the dataset,
and x; and xj are the k™ attributes of vectors x; and x;, respectively.

K-means algorithm is an important algorithm in clustering analysis, which is simple
and easy to implement. Its main steps are as follows:

Step 1  The algorithm initialises the number of cluster centres K and the coordinates of
K cluster centres.

Step 2  The algorithm calculates the distance between all the points to be clustered and
each cluster centre, and divides the points to be clustered into the nearest cluster.

Step 3  The algorithm updates the cluster centre coordinates.

Step 4 The algorithm repeats steps 2 and 3 until the number of iterations is reached or
the cluster centre coordinates do not change.

The advantages of the K-means algorithm are:
1 Itis a fast, simple and effective method to solve clustering problems.

2 If'the result cluster is compact and the difference between clusters is obvious, the
clustering effect is better.

Although K-means algorithm is simple and easy to implement, it still has some
shortcomings:

1 Selection of initial centroid coordinates. Generally speaking, the initial coordinates
of the centre of mass should be given before the algorithm runs, and the coordinates
are usually selected by random method. Because of the random uncertainty, the
given coordinates often have a great influence on the clustering effect.

2 The choice of K value. The size of K represents the number of final clusters, and the
clustering effect may lead to different results because of different K values.

3 Convergence of objective function. For different problems, it is necessary to
construct a suitable objective function, so that the algorithm can effectively
converge. If there is a big difference between clusters in the clustering results, and
the members in the cluster are relatively concentrated, then K-means algorithm can
often get better clustering results. However, there may be a situation, that is, the size,
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density and shape of each cluster are very different, and K-means algorithm may not
be able to cope with these situations, resulting in poor classification results.

Clustering analysis of behaviour activity information refers to dividing the same or
similar behaviours into different categories by using a certain similarity measure
according to the obtained data related to behaviour activities, such as location, time and
activity status. According to the different research contents, it can be divided into
individual behaviour clustering analysis and group behaviour clustering analysis, both of
which can be analysed by using clustering algorithms in data mining. Clustering analysis
of individual behaviour refers to clustering the behaviour of a single individual, and
mining the behaviour rules or other valuable information of the individual. For example,
according to the GPS information of individuals, the places where individuals often move
can be clustered. In addition, cluster analysis of group behaviour refers to cluster analysis
of a large number of individuals to deeply understand the behaviour of different
individuals, divide them into different categories according to the similarity between
individuals, and find out the behaviour rules of groups, so as to provide more effective
and convenient services for personalised recommendation, marketing and other
industries.

In general, K-means algorithm can do better clustering analysis, but K-means
algorithm has the defect that the number and coordinates of initial clustering centres are
difficult to determine. Therefore, aiming at the problems in K-means algorithm and the
characteristics of behavioural activity data, this section improves K-means algorithm. In
this paper, the adaptive clustering method based on clustering is adopted, and the
improved algorithm is suitable for data with scattered distribution among clusters and
compact distribution within clusters. The specific implementation flow of the algorithm is
as follows:

Stepl The algorithm samples data points, calculates the distance from each sample
point to other sample points, and obtains the distance between the nearest and
farthest points.

Step 2 The algorithm sets a variety of threshold radius in the nearest and farthest
distance range.

Step 3  The algorithm selects a threshold radius, randomly selects an unmarked point P
from the array as the centre point of a cluster, marks the point, and calculates the
distance between the point P and other unmarked points in the array.

Step 4 If the distance between other points in the array and the point P is less than 7,
then these points belong to the cluster centred on the point P, and these points
are marked.

Step 5 The algorithm repeats steps 2 through 3 until all the points in the array are
marked.

Step 6  According to the number and coordinates of the initial clustering centres
obtained by the pre-processing algorithm, the algorithm uses K-means algorithm
to cluster. According to the flow of K-means algorithm, the coordinates of each
clustering centre are iteratively updated to obtain clustering results.
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Step 7 The algorithm repeats Step 3 through Step 6 until all threshold radii are executed
once.

Step 8 The algorithm adopts the prototype-based cohesion evaluation method,
evaluates the clustering results under different threshold radius, and obtains the
natural number of clusters according to the inflection point in the cohesion
curve. The aggregation measure function based on prototype is as follows,
where C; is each cluster centre, x is node data, and dist is Euclidean distance
measure:

Cluster SSE = Z dist(C;, x)2 (14)

xUG;

4 Models and experiments

4.1 Construction of model

With the development and advanced performance of deep learning methods in other
computer vision tasks, RNN, CNN and GCN using skeleton data have begun to appear in
large numbers. Figure 5 shows the general flow of deep learning behaviour recognition
method based on 3D skeleton.

Table 1 Participation pattern of teacher-student behaviour

High level of  Teacher-student behaviour Low level of  Point to multimedia-reading

participation pattern pair participation
Point to multimedia-look up Point to multimedia-turn head
Point to multimedia-writing Writing on the

blackboard-reading

Writing on the Write on the blackboard-turn
blackboard-look up head
Writing on the Demonstration-writing
blackboard-writing
Demonstration-imitation Demo-turn head
Demo-look up Patrol-look up
Patrol-writing Ask questions-look up
Patrol-read Ask questions-reading

Patrol-turn head
Ask questions-raise hand

Because the focus of this study is to explore the relationship between teacher and student
behaviour and its influence on the analysis of students’ behaviour participation, do not
divide teachers’ teaching behaviour and students’ learning behaviour independently in the
classification of classroom behaviour as in the previous teaching analysis framework, but
divide teachers’ and students’ actions in the classroom into pairs according to the obvious
relationship between teachers’ and students’ behaviours according to the participation
level they represent, and form teacher-student behaviour pattern pairs. Table 1 describes
in detail each teacher-student behaviour pattern pair and the participation level it
represents.
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Figure 5 General flowchart of behaviour recognition (see online version for colours)
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Using the method of frame extraction, one image is extracted every 30 times, and the
images at different times are randomly selected as the dataset of interactive behaviour
recognition between students and teachers. The quality of the image in the dataset will
significantly affect the training effect of the model. Therefore, it is necessary to clean the
extracted image to remove the blurred image. Finally, Labellmg tool is used to label the
interactive behaviour recognition dataset between students and teachers.

In order to avoid model over-fitting and enhance the robustness of the algorithm, this
paper adopts off-line enhancement method, and randomly selects rotation, scaling and
mirror image to enhance the data of the images in the training set. The enhanced sample
of data is shown in Figure 6.

Figure 7 Overall flowchart of test (see online version for colours)
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As shown in Figure 6, the original image is mirrored, rotated and scaled at the same time,
which increases the diversity of the image. The overall flowchart of the test is shown in
Figure 7.

As shown in Figure 7, the whole experiment firstly collects data to obtain the
interactive behaviour images of students and teachers, and then pre-processes the images
to prepare for model training. After training the model, the performance test and result
analysis are carried out. The overall framework of the student-teacher interaction
behaviour identification and statistics system is shown in Figure 8.

It mainly includes data acquisition, student-teacher interaction behaviour
identification, parameter setting and display. The data acquisition part is used to select
the main channels for data acquisition, including local file acquisition and camera call.
The interactive behaviour recognition part of students and teachers recognises the data
sent by the data acquisition part by calling the trained model, and makes statistics on the
total duration of each behaviour in the current frame image. The parameter setting section
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includes weight file selection, IoU threshold, and confidence threshold adjustment, and
the display section is a display of the original data, the recognition effect, and the
duration of each behaviour recognised in the current frame image. The behaviour analysis
data in this paper is mainly identified by the behaviour recognition algorithm mentioned
in the second part, and processed by K-means algorithm.

Figure 8 Overall frame diagram of teacher-student interaction behaviour recognition and display
system (see online version for colours)
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The software system of this paper is divided into three parts. Among them, embedded
devices mainly design the UI interface of LCD display screen, mobile APP design is
mainly user login design and action display design to realise the real-time query of road
condition information on the mobile phone side, and finally the software design on the
server side is mainly to realise the video display and storage design. The design software
used in this paper mainly uses PyQt, QT and Androidstudio to design three parts
respectively. The overall process design of the software system is shown in Figure 9.
Considering the independence and computational efficiency of each module of the
monitoring system, this design deploys the intelligent analysis module in the newly
established server. Among them, the server and the original monitoring system are
implemented by common C/S architecture. C/S architecture is usually set as a two-tier
structure, the server is responsible for processing data, and the client is responsible for
completing interactive tasks. The video information collected by the camera is first
transmitted to the client in the video monitoring system, and then transmitted to the
server through the LAN. The video information is intelligently analysed in the server, and
the human actions in the video are classified and identified and the dangerous actions are
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warned. The basic topology diagram of the intelligent monitoring system is shown in
Figure 10.

Figure 9 Overall block diagram of system software design (see online version for colours)
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4.2 Experimental study

Compared to the previous research on teacher-student behaviour datasets in this field, a
relatively large dataset of teacher-student classroom behaviour videos has been
established, which includes five types of teacher behaviour and six types of student
behaviour, each containing about 1,000 videos. And a video dataset containing real
classroom teaching from various regions has also been established, which can be used for
future intelligent analysis and research of video-based teaching. By conducting transfer
learning on spatiotemporal graph convolutional networks, the temporal and spatial
characteristics of video skeleton sequences were fully utilised, achieving better
performance than other models on the teacher-student classroom behaviour dataset
established in this paper.

All the experiments in this study are completed in Windows10 operating system and
python3.7 environment. The deep learning framework used is Pytorch, the processor used
is AMD R7-4800H with eight cores and 16 threads, the graphics card used is two
NVIDIA GEFORCE RTX2080Ti with 32G video memory, and the code debugging is
using Pycharm software. The process of applying the teacher-student behaviour
participation mode proposed in this study to real classroom teaching video is shown in
Figure 11.

Figure 11 The flowchart of experimental (see online version for colours)
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In this paper, we collect the actual videos of classroom teaching for experimental
analysis, identify the interactive behaviour between teachers and students through
multiple groups of videos, and get the experimental results shown in Table 2.

From Table 2, it can be seen that the data analysis model of teacher-student
interaction behaviour based on K-means algorithm proposed in this paper can play an
important role in the recognition of classroom and student interaction behaviour
characteristics. The algorithm model of this paper is to combine behaviour recognition
algorithm with K-means algorithm for teacher-student interaction recognition. In order to
verify the reliability of this method, the fusion algorithm is compared with Cramer
algorithm and Apriori algorithm, mainly from three aspects: behaviour recognition
accuracy (%), feature marking accuracy (%) and data processing speed (ms). Among
them, behaviour recognition is the recognition of teacher-student interaction process,
feature marking is the action marking of teacher-student interaction process, and data
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processing is to verify the processing speed of ten-minute teaching video. Finally, the
experimental results shown in Table 3 are obtained.

Table 2 Test results of model experiment
bgg\fj}loz’:m‘iﬁ:ﬁn Accuracy Point to Accuracy
5P (%) multimedia-reading (%)
pair
High level of Point to 79.75 Low level of Point to 86.25
participation =~ multimedia-look up participation =~ multimedia-turn
head
Point to 84.45 Writing on the 85.86
multimedia-writing blackboard-reading
Writing on the 77.20 Write on the 87.67
blackboard-look up blackboard-turn
head
Writing on the 85.03 Demonstration- 81.13
blackboard-writing writing
Demonstration- 87.90 Demo-turn head 83.30
imitation
Demo-look up 80.15 Patrol-look up 83.13
Patrol-writing 81.44 Ask questions-look  79.55
up
Patrol-read 78.40 Ask 78.21
questions-reading
Patrol-turn head 84.50 Point to 86.36
multimedia-reading
Ask 76.88

questions-raise hand

It can be seen from Table 3 that the fusion algorithm proposed in this paper has certain
advantages in many aspects compared with the traditional algorithm, so the model
proposed in this paper can play an important role in the interaction analysis between
teachers and students.

Table 3 Comparison results of algorithms
Behaviour recognition Feature marking Data processing
(%) (%) (ms)
Fusion algorithm 83.32 80.23 253
Cramer algorithm 76.64 72.32 544
Apriori algorithm 73.54 71.54 476

To further verify the effectiveness of the system model in this article, the effectiveness
was verified through teaching practice methods. An experimental study was conducted
using a certain class in a university as an example. The teaching practice effectiveness of
the system model in this article was evaluated using expert evaluation methods, and the
experimental results are shown in Table 4.
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Table 4 Evaluation of teaching practice
Number Evaluate
1 88.56
2 92.55
3 91.21
4 91.82
5 88.26
6 91.32
7 92.45
8 88.67
9 90.97
10 91.80
11 89.06
12 89.14

Through teaching practice evaluation, it can be concluded that the data analysis of digital
teaching resources and interactive behaviour between teachers and students based on
K-means algorithm proposed in this article can play an important role in teaching
practice.

5 Conclusions

The relationship between teachers’ behaviour and students’ behaviour is close and
relatively complex, so teacher-student interaction behaviour, as the third perspective of
classroom teaching behaviour research, has gradually aroused the interest of educators.
Moreover, the quantitative analysis of teacher-student participation in classroom
interaction is conducive to promoting teachers’ reflection on teaching, improving
teachers’ classroom teaching level and stimulating students’ enthusiasm and enthusiasm
for classroom learning. This paper combines K-means algorithm to analyse the digital
teaching resources and the interactive behaviour between teachers and students, so as to
improve the teaching interaction effect between teachers and students in colleges and
universities. The experimental research has verified that the K-means algorithm-based
digital teaching resource data analysis model for teacher-student interaction behaviour
proposed in this paper can play an important role in the recognition of classroom and
student interaction behaviour characteristics. Compared with traditional teacher-student
behaviour research models, the proposed model has improved accuracy in behaviour
recognition (%), feature labelling accuracy (%), and data processing speed (ms) all three
perspectives have obvious advantages. Therefore, the model proposed in this article can
play an important role in the analysis of interaction between teachers and students.
Further exploration of lighter video-based teacher-student behaviour recognition models
and solving the problem of more character occlusion in teaching videos are also potential
research directions in the future.

The classroom scenario targeted by this research institute is only traditional
classrooms, and with the reform and development of modern education and teaching,
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many new classroom models are also prevalent in various places, such as flipped
classrooms and efficient classrooms. The proportion of activities between teachers and
students in the classroom has gradually changed. For these new classroom teaching
models, a more comprehensive and systematic analysis framework needs to be developed
to adapt to the diversified teacher-student behaviour patterns that appear in the new
classroom; this study only categorises the patterns of nonverbal behaviour between
teachers and students in the classroom, and the importance of other types of
teacher-student behaviour in the classroom, such as verbal behaviour, cannot be ignored.
When analysing certain teacher-student behaviours, verbal behaviour may be more
intuitive and accurate. Therefore, the future multimodal framework for analysing
teacher-student classroom behaviour still needs further improvement and refinement.
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