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Abstract—For teachers of online courses, figuring out the features of
teaching content, setting proper teaching scenarios, and mobilizing students’
learning enthusiasm via multi-dimensional interaction are necessary works. This
paper analyzed the online teacher-student interaction level in the context of a
Scenario-based Multi-Dimensional Interaction (SMDI) teaching environment. At
first, this paper divided the evaluation indexes of the said interaction level into
four aspects. Then, this paper built a teacher-student interaction behavior
preference feature model based on the Graph Convolution Neural Network
(GCNN) and a teacher-student interaction relationship model based on multi-task
learning, thereby realizing the accurate description of the preference features of
teacher-student interaction behavior. After that, this paper elaborated on the
method for accurately constructing the teacher-student interaction relationship.
At last, the effectiveness of the models was verified by the experimental results.
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1 Introduction

The Scenario-based Multi-Dimensional Interaction Teaching (hereinafter as the
SMDI approach) is a teaching method which takes scenarios as the basis for teaching,
by creating specific virtual, semi-real, or real scenarios [1-6], students are invited to
participate in various teaching scenarios and learn the problem situations [7-11]. The
SMDI approach can trigger students’ interest in learning, motive them to cope with
problems to be happened in the scenarios actively, thereby cultivating their thinking
and ability to solve the problems effectively [12-18]. For teachers of online courses,
figuring out the features of teaching content, setting proper teaching scenarios, and mo-
bilizing students’ learning enthusiasm via multi-dimensional interaction are necessary
works [19-22]. In links such as course introduction, key point consolidation, and
knowledge extension, teachers can design proper question scenarios for different teach-
ing objectives.
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Regarding scenario-based teaching, field scholars have done a lot of relevant re-
search works, for example, in higher education institutions, students generally lack
some specific math knowledge required for certain courses, and this situation is more
frequent for introductory-stage courses of engineering science subjects, and advanced
mathematics is particularly important for these disciplines; to solve this problem, Bar-
ros Costa and Perkusich [23] developed a blended learning scenario for the fundamental
courses of electrical engineering major which is conductive to imparting math
knowledge in the courses of this major, then they conducted a questionnaire survey to
investigate students’ acceptance with visualized teaching and its influence on the exam
scores, and drew conclusions for the target problem. Teacher-student interaction is an
inevitable question in education, interaction can stimulate learners to continue learning,
however, compared with traditional education mode, the interactive discussion in an
online learning environment is much more complex. Mohammad et al. [24] analyzed
the interaction types and methods, and introduced electronic interactive learning tools;
their survey results showed that students and teachers can benefit from these interaction
methods and tools, and overcome obstacles via electronic interaction. With the advent
of the flipped classroom, teachers now have a new teaching mode for reference, it’s
generally believed that teacher-student interaction is influenced by teaching mode and
it is the key indicator in teaching efficiency improvement. After reviewing relevant
literatures, Liu and Qi [25] built a research model to explain disadvantages in teacher-
student interaction in the flipped classroom of oral English class. Yu et al. [26] dis-
cussed the influence of an immersive-style VR interaction feedback system on the
learning interest and performance of students in the coffee brewing class, and their re-
search results indicated that the said system can trigger sub-dimensions of situational
interest to an average level except for the challenge dimension, while it also improves
learners’ learning achievement. Multimedia can create an efficient learning environ-
ment, give full play to students’ learning initiative, and make the classroom teaching
more flexible and effective. Cao [27] analyzed the theories and application of multime-
dia in English teaching, and studied the scenario-based interactive English class in the
multimedia network environment.

Studies on scenario-based teaching and on teacher-student interaction have received
more attention in recent years, but few studies have combined the two topics, and there
is a blank in the research on the teacher-student interaction behavior in scenario-based
teaching. Under the condition of online environment, the scenario-based interactions
between students, and between teachers and students are all conducted on the online
learning platforms, so it’s necessary to research the online teacher-student interaction
in the scenario-based teaching environment. For this reason, taking English teaching as
an example, this paper analyzed the teacher-student interaction level in the SMDI teach-
ing environment. In the second chapter, this paper divided the evaluation indexes of the
said interaction level in the SMDI teaching environment into 4 aspects, and constructed
an online teacher-student interaction model for the SMDI approach. In the third chapter,
this paper built a teacher-student interaction behavior preference feature model based
on GCNN (abbreviated as GCNN-based feature model) and a teacher-student interac-
tion relationship model based on multi-task learning (abbreviated as relationship
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model), and realized the description of the teacher-student interaction behavior prefer-
ence features based on the dimension of teacher-student interaction behavior/teaching
scenario and the dimension of teacher-student interaction relationship. In the fourth
chapter, this paper elaborated a method for accurately constructing the teacher-student
interaction relationship, which takes the clustering of teacher-student interaction be-
haviors as the primary task, and the prediction of learning behavior preferences as the
secondary task. At last, the effectiveness of the models was verified by experimental
results.

2 The online teacher-student interaction model for SMDI
approach

The SMDI approach can imperceptibly and gradually bring students into the optimal
interaction state. Because the teaching is conducted online, teachers need to apply var-
ious methods to create proper teaching scenarios to interact with students and trigger
their thinking, for instance, teachers can use language description and multimedia to set
or stimulate the scenarios of the stories. In the preset teaching scenarios, teachers can
pose a few questions to increase interactions in the classroom and guide students to
discuss the set situations, and these are important implementation methods in the SMDI
approach. In English class that applies the SMDI approach, teachers need to instruct
students to master the method of summarizing and consolidating knowledge by them-
selves, so that they could build their own knowledge system based on the knowledge-
related discussions they conducted during the SMDI teaching. Then teachers should
encourage and guide students to apply the English knowledge they learnt to various
real-life scenarios, thereby excising their knowledge transfer and application abilities
and English communication skills. After the class, course summery and assessment are
required. The self-summary of teachers and students are individual activities: students
need to reflect on themselves based on their self-summary and the comments given by
teachers, and improve their learning ability; while teachers also need to reflect on them-
selves based on their self-summary and the comments given by students, thereby de-
signing more reasonable and effective teaching scenarios in the future and improving
the teaching effect of the SMDI approach.

According to above analysis, this paper divided the evaluation indexes of the online
teacher-student interaction level in the SMDI teaching environment into 4 aspects: code
of conduct for teachers (Code for teachers), code of conduct for students (Code for
students), code of conduct for information exchange between teachers and students
(Code for information exchange), and code for other conducts (Code for others), the
details of each aspect are given below:

The Code for teachers includes: 1) Asking, encouraging, and praising students; 2)
Accepting students’ opinions; 3) Proposing instructive or summative questions; 4) Giv-
ing lectures and demonstrations; 5) Organizing and carrying out scenario-based teach-
ing activities; 6) Assessing student performance and giving feedback.

The Code for students includes: 1) Answering questions proposed by teachers ac-
tively; 2) Participating in scenario-based teaching activities actively; 3) Joining in
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group discussions actively; 4) Commenting on themselves and others actively; 5) Re-
flecting on the teaching process and giving feedback.

The Code for information exchange includes: 1) The ability of teachers to use IT
tools for teaching; 2) The ability of students to use IT tools for learning.

The Code for others includes: 1) Whether a time section has been set in the class for
students to think about the teaching scenarios; 2) Whether the interaction in the class-
room is harmonious.

Figure 1 gives an interaction model for constructing indexes for evaluating the online
interaction level of teachers and students in the SMDI approach. To improve said inter-
action level, it’s necessary for online learning platforms to effectively figure out stu-
dents’ behavior preferences so as to form a better teacher-student interaction relation-
ship in the SMDI approach. However, existing similarity correlation discovery methods
usually take the clustering result as the optimization goal of the algorithm, which will
result in large noise in the extracted preference features of teacher-student interaction
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Fig. 1. Online teacher-student interaction model for the SMDI approach

Since the information of online teacher-student interaction in the SMDI approach is
mostly graph-structured, this paper adopted a novel GCNN to learn the various infor-
mation of the interactions between students, and between teachers and students. The
constructed model was used to explicitly encode the teacher-student online interaction
information into the teacher-student interaction behavior preference features, which
solved the problem of computation delay caused by the direct encoding of online
teacher-student interaction information. This paper also proposed a method for accu-
rately constructing the teacher-student interaction relationship which takes the cluster-
ing of teacher-student interaction behavior as the primary task and the prediction of
learning behavior preferences as the secondary task, with the help of this method, the
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preference features of the teacher-student interaction behavior could be modified and
the relationship of teacher-student interaction could be constructed accurately.

3 Description of the preference features of teacher-student
interaction behavior

This paper built a feature model based on GCNN to describe the preference features
of teacher-student interaction behavior, and built a relationship model to accurately de-
scribe the teacher-student interaction based on multi-task learning. The feature model
gave a comprehensive analysis from two dimensions (one dimension is the interaction
between students, and the other is the interaction between teachers and students), in the
two dimensions, the multi-layer convolution operation of the model can effectively de-
scribe the features of students' learning behavior, and fully explore the potential simi-
larities in the interaction behavior of teachers and students. The relationship model
adopted two tasks: the clustering of teacher-student interaction based on self-supervised
learning, and the prediction of students’ behavior preference, the two tasks were trained
together to complete the modification of the preference features and the accurate con-
struction of teacher-student interaction relationship.

3.1 Based on the dimension of teacher-student interaction behavior/teaching
scenario

When embedding the features of teacher-student interaction behavior, the behavior
attribute information and the implicit feedback information was taken as the input so as
to fully learn the features of the interaction behavior. The free embedding of the inter-
action behavior of teachers and students was mainly realized via matrix decomposition
and was used to describe the collaborative latent features.

Assuming: n, represents the free embedding of a single teacher-student interaction
behavior; m; represents the free embedding of a single teaching scenario; a. represents
the attribute features of the given teacher-student interaction behavior; a; represents the
attribute features of the given teaching scenario; O, and O, represent transformation
matrices to be learned in parameter estimation; then, based on the free embedding of
teacher-student interaction behavior and the attribute features, the merged embedded
features shown as following formulas could be generated:

v =[n,,a,x0,] (1)

u) =[m,,a,x0,] @)

Figure 2 gives the structure of the feature embedding propagation layer of the model.
The input of the feature embedding propagation layer is the embedded features v’ and
vY; of teacher-student interaction behavior and teaching scenario. Assuming: v/x and /;
represent the embedded features of teacher-student interaction behavior x and teaching
scenario i in the /-th layer, then based on the embedding of the /-th layer, the operation
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of continuing to merge with the existing embedded features of teacher-student interac-
tion behavior in the /-th layer is called the feature embedding of a specific teacher-
student interaction behavior in the /+1-th layer. Assuming: S\ represents the set of teach-
ing scenarios in which a teacher-student interaction behavior x exists; R; represents the
set of teacher-student interaction behaviors that exist in teaching scenario i; O'! repre-
sents the transformation matrix in the propagation process, then the following formula
gives the specific calculation process of feature embedding in the /+1-th layer:

/
u.
+1 _ ! J 1+1
A RS N e g
X
/
ul+1 _ ul+z Vy ><Ql+1 (4)
i - i yeR; |R

l-order propagation
based on attribute

l-order propagation
based on teacher-
student interaction
relationship

information and
implicit feedback
information

Fig. 2. Structure of the feature embedding propagation layer

To better describe the propagation process of feature embedding, above formula can
be converted into the matrix form. Assuming: X represents the adjacency matrix of the
bipartite graph of teacher-student interaction behavior/teaching scenario with N+M
nodes, then there is:

S OMXN
X = ONxM SP (5)

Assuming: V' and U’ represent the merged embedding matrices of teacher-student
interaction behavior and teaching scenario in the /-th layer; E represents the degree
matrix of X used to smooth the embedding of node neighbors; then Formula 6 gives the
expression of merged embedding matrix in the /+1-th layer:

Vl+l Vl Vl
= + E"XE" x x Q"™ (6)
Ul+l Ul U[
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Assuming: {%,...,/%} is the multiple representation of teacher-student interaction
behavior x; {u,...,u*;} is the multiple representation of teaching scenario. After propa-
gating through K layers, it can get {V',...,/%} and {u’,...,uX;}. The features of teacher-
student interaction behavior obtained in different layers are the merged information of
teacher-student interaction behavior obtained from neighbors of different orders. For
example, assuming V', represents the feature embedding of behavior x itself; v', repre-
sents the information of the first-order neighbors of x in the interaction graph of teacher-
student interaction behavior/teaching scenario; V', represents the information of the /-
order neighbors of x; ||*|| represents the join operation, therefore, for the teacher-student
interaction behavior x or the teaching scenario i, the finally obtained features of teacher-
student interaction behavior can be expressed by the following formulas:

* 0 K

Vo=V |y (7
* 0 K

U, =u,; ||||u, )

3.2  Based on the dimension of teacher-student interaction relationship

For each teacher-student interaction behavior a, besides attaining the effective fea-
tures from the interaction graph of teacher-student interaction behavior/teaching sce-
nario, the representation of teacher-student interaction behavior features could be fur-
ther enriched by the teacher-student interaction relationship. The underlying features of
each teacher-student interaction behavior are affected by the students, and every student
is affected by other students in the teacher-student interaction relationship. This paper
also used GCNN to model the propagation process of feature embedding in the inter-
action graph of teacher-student interaction behavior/teaching scenario. The model input
/% is the merged embedding v'; of first-order neighbors of the teacher-student interac-
tion behavior in the teacher-student interaction relationship.

Assuming: £, represents the feature embedding of teacher-student interaction behav-
ior x in the /-th layer; g, represents neighbors of teacher-student interaction behavior x
in the /-th layer; O,"! represents the transformation matrix in the propagation process,
then the process of attaining embedded features of a specific teacher-student interaction
behavior in the /+1-th layer could be expressed by Formula 9:

+ f[ +
[t = fx’+Zp€gxg—” xQ," 9)

Similarly, the final features of x based on the dimension of teacher-student interac-
tion relationship can be expressed as:

fo=rrE (10)

After the features of teacher-student interaction behavior were attained from two
dimensions (namely the dimension of teacher-student interaction behavior/teaching
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scenario, and the dimension of teacher-student interaction relationship), the features of
the two dimensions need to be further merged to extract richer structural features of
teacher-student interaction behavior in the SMDI approach. Assuming: Q' represents
the transformation matrix for merging the teacher-student interaction behavior prefer-
ence features of the two dimensions; w; represents the final structural features of teach-
ing scenario 7, and it satisfies w=u*;. Taking attaining the final structural feature ¢, of
teacher-student interaction behavior x as an example, Formula 11 gives the feature
merging process:

*

7 ko (an

tx = (vx

4 The accurate modelling of teacher-student interaction
relationship

The prediction of teacher-student interaction behavior preference is the secondary
task in the accurate modelling of teacher-student interaction relationship. In this task,
the preference degree of teacher-student interaction behavior i to teaching scenario j
could be calculated as follows:

8, = sigmoid(tiij) (12)

Assuming: H represents the training set; H; represents the training set related to
teacher-student interaction behavior 7; j represents the positive samples of teacher-stu-
dent interaction behavior i in the training set, it can be denoted as (j,»)eH; (there is
teacher-student interaction behavior v; in teaching scenario u;); sr represents the nega-
tive samples of teacher-student interaction behavior 7 in the training set (there isn’t
teacher-student interaction behavior v; in teaching scenario u;), then the value range of
the differences between the predicted scores of the teaching scenario with and without
interaction is s;"=s;"-s;". This paper adopted a regression-based pairwise sorting
method, and the objective function of accurately modelling the teacher-student interac-
tion relationship is given by Formula 13:

K,.= ZieH Z(j,r)eHi (Sijr N §lﬂ)2 - zz‘eH Z(j,r)eH,. (§u =S, = 1)2 (13)

For the cluster sample i of teacher-student interaction behavior and the d-th cluster,
the student p-distribution was taken as the kernel distance function to measure the sim-
ilarity between the feature representation 7; of teacher-student interaction behavior i
and the cluster center A4, Assuming: u represents the degree of freedom of student p-
distribution; Y swis=1; w;s represents the probability that a sample i is assigned to the
d-th cluster, then there is:
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_utl
I -2 ) 2
u
w, = (14)

ij u+l

r-4 ) *
5 [1 udll

1+

After obtaining the distribution W of the clustering results of teacher-student inter-
action behavior, in order to improve the cohesion of the cluster, namely to ensure that
the feature representation of teacher-student interaction behavior can get closer to the
cluster center as much as possbile, it’s necessary to construct an assisting target distri-
bution 7. Assuming g.=) swis,ga represents the soft clustering frequency, then the cal-
culation process of the target distribution 7' is given by Formula 15:

ty=—2i (15)

I
,

ga

The calculation formula of element #;, in T contained a high-order term w?;;, which
was mainly to ensure the high confidence degree of the clustering distribution of
teacher-student interaction behavior; to make the clustering distribution W get close to
T constantly, this paper defined the objective function based on KL divergence as fol-
lows:

K, =KLT|H)=Y > 1,log ;—d (16)
id

1

5 Experimental results and analysis

In terms of the teaching effect of the SMDI approach, there’re significant differences
between different grades (freshman, sophomore, and junior), so this paper performed
One-way ANOVA on the evaluation criteria of different online interaction levels of
teachers and students in the three grades, and the results are listed in Table 1. According
to the data in the table, except for the “Code for information exchange” whose signifi-
cance value was greater than 0.05, the significance values of the other three (Code for
teachers, Code for students, and Code for others) were all smaller than 0.05, indicating
significant differences. In terms of the four evaluation criteria, the SMDI approach got
better effect on freshman and sophomore students than on junior students. Throughout
the entire process, the effect of the SMDI approach was always in a good state; while
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for junior students, since they were facing the pressure of job-hunting and the postgrad-
uate entrance exam, the effect of the SMDI approach was slightly weaker compared
with students in the other two grades. Since sophomore students had already experi-
enced online teaching in colleges and universities, they were not motivated enough to
cooperate with the SMDI approach, and the effect was not as good as that of the fresh-
man students.

Table 1. One-way ANOVA for different evaluation criteria

Variable Code for teachers | Code for students lr(lja‘)t(i]:nf(;;cill:fa(:ll;e Code for others
Option 1 2 3 1 2 3 1 2 3 1 2 3
N 43 37 41 48 33 40 49 33 41 47 34 46
Mean 17.8117.23 1 16.82 | 15.52 | 14.74 | 13.95 | 18.24 | 17.81 | 17.68 | 19.13 | 16.42 | 15.83
F 7.815 4.829 2.817 3.928
Significance 0.027 0.039 0.174 0.038
Comparison 1>2,3>2 2>1,1>3 2>3,3>1 2>1,3>1

To test the impact of the structural parameters of the constructed model on the fea-
ture representation performance of the model, experiment was conducted, during which
the number and list length of the constructed teacher-student relationship were set as
40 and 10, respectively, and the impact of the dimension and merge ratio of the features
of teacher-student interaction behavior on the Normalized Discounted Cumulative Gain
(NDCG) index was determined.

The feature dimension of teacher-student interaction behavior was set as 10, 20, 40,
80, and 160, respectively, and Figure 3 shows the changes in the NDCG index under
different features dimensions, as can be seen from the figure, the teaching effect was
relatively idea when the feature dimension was less than 80, when it exceeded 80, the
discounted gain of the teaching effect increased, which was mainly because that the
too-high dimension can easily lead to overfitting of the model, and the too-low dimen-
sion can lead to insufficient representation of the features of teacher-student interaction
behavior.
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Fig. 3. Changes of the NDCG index under different feature dimensions

During model training, the clustering loss and preference prediction loss of the
teacher-student interaction behavior had both been optimized, and the merge ratio could
balance these two kinds of loss. According to Figure 4, the NDCG increased with the
increase of merge ratio, indicating that a too-low merge ratio would lead to insufficient
representation and modification of the features of teacher-student interaction behavior,
the potential similarity of teacher-student relationship was low, and the effect of the
constructed teacher-student relationship was not good; moreover, a too-high merge ra-
tio would easily lead to sample skew, resulting in that the effect of the constructed
teacher-student relationship was not good as well, so a merge ratio between 1 and 1.5
would be appropriate.

Merge ratio
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i
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Fig. 4. Changes of the NDCG index under different merge ratios
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To verify the effectiveness of the teacher-student relationship construction algorithm
proposed in this paper, this paper compared it with a few reference algorithms including
the random search algorithm, Bayesian search algorithm, auto-encoding clustering al-
gorithm, and K-means clustering algorithm. The experimental results are shown in Fig-
ures 5 and 6 below. In terms of the error sum of squares and the CH clustering evalua-
tion index, the proposed algorithm outperformed the other four methods under the con-
dition of different numbers of teacher-student relationship.
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Fig. 5. The error sum of squares under different numbers of teacher-student relationship
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Fig. 6. The CH index under different numbers of teacher-student relationship

Table 2 shows the teaching effect of the SMDI approach after reasonable teacher-
student relationship has been constructed. The effect of the SMDI approach has a direct
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influence on students’ enthusiasm to participate in the next SMDI learning activity.
After the SMDI learning activities have been implemented, teachers and students could
form a more harmonious relationship, the English communication ability of students
could be effectively improved, the knowledge of English vocabulary and grammar
could be mastered better, and students would expect the next SMDI class. According
to the experimental results, more than 58% of the students believed that the SMDI ap-
proach could help them get higher scores in English, only about 8.9% of them did not
approve of the teaching effect of the SMDI approach. The results proved the advantages
of the SMDI approach, which is the key for the continuous development of the SMDI
approach.

Table 2. Teaching effect of the SMDI approach

Frequency of interaction 3 15 55 66 18 162
Percentage 1.2 9.5 31.7 44.8 13.1 115
Effective percentage 1.7 9.8 34.1 47.2 13.8 137
Cumulative percentage 12 11.6 48.6 88.4 127 153

6 Conclusion

This paper analyzed the online teacher-student interaction level in a SMDI teaching
environment, and divided the evaluation indexes of such interaction level into 4 aspects.
In the texts, a GCNN-based feature model and a relationship model based on multi-task
learning were built to describe the preference features of teacher-student interaction
behavior, and the method for accurately constructing the teacher-student interaction re-
lationship was introduced in detail. Then, combining with experiments, this research
performed one-way ANOVA on different evaluation criteria, and the results suggested
that there’re significant differences in the teaching effect of SMDI approach between
different grades. After that, the changes in the NDCG index under different feature
dimensions and merge ratios were given, and the appropriate feature dimension and
merge ratio were selected; the changes in the error sum of squares and the CH clustering
evaluation index under different numbers of teacher-student relationship were given,
which had verified that proposed teacher-student relationship construction algorithm
outperformed the other four methods under different numbers of teacher-student rela-
tionship. At last, this paper analyzed the teaching effect of the SMDI approach, and the
experimental results showed that more than 58% of the students believed that the SMDI
approach had helped them get higher scores in English, which had demonstrated the
advantages of the SMDI approach.
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