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Abstract. With the development of Zhihuishu platform, online courses have also
been constructed and promoted. In this study, taking the web front-end develop-
ment technology course as an example, this paper uses theDensity PeakClustering
method to analyse the online learning data of students. By watching videos and
submitting tests, students can be divided into three types: active, medium and pas-
sive. The attitudes of medium and passive students towards online courses need to
be further improved. It shows that the intervention and guidance of teacher need
to be increased in course teaching. Finally, this research explores the “before class
- in class - after class” trinity hybrid teaching mode.

Keywords: Density Peak Clustering · data analysis · online course · Hybrid
teaching mode

1 Introduction

Online learning is a direction of education and teaching reform in universities. It refers
to providing students with the ability to log in to online websites through the Internet at
an irregular time and place, using their own computers, mobile phones and other mobile
devices. Compared with traditional online learning, current online learning integrates
more interactive elements relying on information technology, so it is generallywelcomed
by students. It is effectively to combine the advantages of traditional teaching mode with
network or digital teaching to form the “Online+offline” hybrid teaching mode. Sun [7]
integrated CDIO concept into course teaching in teaching methods and means. To carry
out mixed teaching, we should make effective use of network teaching resources and
teaching means to improve learning efficiency and stimulate learning interest.

Colleges and universities widely carry out mixed teaching. Especially in the epi-
demic, online education platforms have accumulated a large amount of education data.
Many researchers analyse and predict the learning behaviour of the data [2, 6, 9]. Clus-
tering algorithm is one of the key technologies to deal with big data. It automatically
divides data sets according to the similar characteristics of data, and divides objects
into different categories according to certain rules and object attributes. Objects of the
same category have certain similarities, while objects of different categories have great
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differences. Clustering algorithm is an important unsupervised learning technology in
machine learning, which has beenwidely used inmany fields. Xie et al. [8] used k-means
algorithm to cluster teaching videos, tests and platform access. Based on the combination
of feature selection of genetic algorithm and error correction output code, the student
performance level is predicted. The results of the study are helpful to the implementation
of personalized teaching for students of different grades and different learning modes.
Jovanovic et al. [3] applied cluster models for grouping students based on their cognitive
styles in e-learning environment. Clustering students based on cognitive styles and their
overall performance should enable better adaption of the learning materials with respect
to their learning styles. Luo and Wang [4] performed a time-series clustering algorithm
on the 5 test scores of students online and offline, and obtained three distinct student
types (Excellent, Moderate and Poor). It is believed that long-term online learning can
obtain good and stable test scores.

2 Related Works

Li et al. [5] applied K-means, Spectral Clustering and Agglomerative clustering algo-
rithm to analysis the experimental data. The analysis of learningbehaviour can effectively
realize the division and help to improve the quality of teaching. At present, the commonly
used clustering method K-means is only suitable for clustering comparison of convex
sample sets. The category of K-means needs to be determinedmanually, and the iterative
selection of family centre points is risky. Density Peak Clustering (DPC) algorithm has
the advantages of simple idea and less parameter requirements. It can identify clusters
of arbitrary shape. It is suitable for data with irregular spatial distribution. As shown in
Fig. 1, the distribution of 3D data is irregular.

DPC is a granular computing model. DPC algorithm is based on two assumptions:
One is that the cluster centre is surrounded by nearest neighbour data points with low
local density, the other is that any cluster centre is far away from the data points with
higher density [1].

Fig. 1. 3D score data distribution map of student.
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Fig. 2. DPC algorithm

For any data point i, DPC needs to calculate the local density of two quantities: local
density ρi and its distance from the nearest point with higher density δi. Local density
ρi is defined as

ρi =
n∑

j=1

χ(dij − dc) (1)

Where n is the number of data points; dij is the distance between data points i and
j; χ is the indicating function, when x < 0, χ (x) = 1, otherwise χ (x) = 0; dc is the
Truncation distance, the density ρi is equal to the number of points distributed in the dc
neighbourhood of i. δi is measured by calculating the minimum distance between point
i and other points with higher density (Fig. 2).

δi = min
i:ρj<ρi

dij (2)

3 Experimental Results and Analysis

“Web front end development technology” online open course is an online course of
Shandong online course alliance established by School of Information Engineering of
Shandong Management University. It was officially opened on Zhihuishu platform in
the spring and summer of 2019–2020 academic year.
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Table 1. Course information statistics

No. Items of course information Quantity

1 The number of universities 29

2 The number of disciplines 57

3 The number of students 4364

4 Grade category 4

Fig. 3. Record of learner participation in the course (part)

Fig. 4. Proportion of students in each section of total score

This paper selects the student learning data of the second semester of the 2019–2020
academic year. There are 4364 students from 29 schools. Table 1 makes statistics on the
overview and data records of Web front-end development technology courses currently
offered on the Zhihuishu.

The learning time of online course is different from the courses in the fixed classroom,
and it is relatively free. Students can arrange their own study time. In this article, the
learning situation in one month of the semester is selected for statistics. The results are
shown in Fig. 3. It can be seen from the figure that the learning time is regular. However,
it shows a downward trend at the end of the month, indicating that students are inactive.

In this research, the final scores of students are counted and divided into five intervals.
As shown in Fig. 4, the proportion of people whose scores are less than 60 and greater
than or equal to 90 and less than 100 is the highest, indicating that the polarization is
very serious.
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Fig. 5. Decision graph of learning progress and chapter test scores

Fig. 6. Improved decision graph of learning progress and chapter test scores

Among themany types of learning behaviours, this research chooseswatching videos
and submitting tests, which are the most extensive and basic behaviours for analysis.
Among them, watching videos represents the learning motivation and initiative, which
is translated into learning progress scores. Submitting tests indicates the degree to which
the learner studies seriously.

Based on these two quantities, DPC divides the data points into three different types
through the decision graph named density peak points, normal points and outliers. As
shown in Fig. 5, the points are arranged in the order of decreasing density. It is easy
to see that three points are very prominent, distributed in the upper right corner of the
graph, with very high δ value and ρ value, indicating that there are no data points with
higher density than them in a large neighbourhood. Therefore, these three points are the
so-called density peak points, which are suitable for being selected as cluster (category)
centres. Although three points have a high ρ value, and δ is very small. It is distributed
in the lower right corner, indicating that there are points with higher density in their
immediate neighbours, so they are not peak points and are not suitable to be used as
cluster centres.

In order to accurately describe the clustering centre, this research uses the improved
decision graph to calculate the product of ρ and δ. These results display in ascending
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Fig. 7. Decision graph of learning progress and chapter test scores

order. As shown in Fig. 6, three points are very prominent and distributed in the upper
right corner of the figure, the product of δ and ρ is very high. According to the results
of the experiment, these students can be roughly divided into three categories. The first
category is active. It means that the students watch the videos and submit the test well.
The second category is passive, and the students fail to complete watching videos and
submitting tests. The third type of students are medium, who can well complete the task
ofwatching videos, but fail to complete the task of submitting tests in time, indicating that
the attitude of students towards serious learning needs to be further improved. Therefore,
the guiding role of teachers in teaching needs to be strengthened.

Considering the learning situation, this paper clusters the scores of four dimensions:
learning progress, daily performance, chapter test and final test. The results are shown
in Fig. 7. The data points are arranged in the order of decreasing density. It is easy to
see that two points are very prominent, distributed in the upper right corner of the graph,
with very high δ Value and ρ value, indicating that there are no data points with higher
density than them in a large neighbourhood. Therefore, these two points are the so-called
density peak points, which are suitable for being selected as cluster (category) centres.
Although six points have a high ρ value, δ value is very small. It is distributed in the
lower right corner, indicating that there are points with higher density in their immediate
neighbours, so they are not peak points and are not suitable to be used as cluster centres.
Three points in the green box have higher δ, ρ value is very low, distributed in the upper
left corner, indicating that They are outliers.

The improved decision graph of learning progress, daily performance, chapter test
and final test is shown in Fig. 8. Those two points are very prominent and distributed in
the upper right corner of the figure, the product of δ and ρ is very high. According to the
results of the experiment, these students can be roughly divided into two categories: the
first category is active, and the other category is passive. This result is consistent with the
final score distribution in Fig. 4. The active students performed well in all dimensions,
while the passive students performed poorly in all dimensions.
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Fig. 8. Improved decision graph of learning progress, daily performance, chapter test and final
test

Fig. 9. The trinity teaching model of “before class - in class - after class”

4 Discussions on Teaching Mode of Network Front-End
Development Technology Course

Through data analysis, students do not attach much importance to online teaching, and
their attitude towards serious learning needs to be further improved. Therefore, it is
necessary to strengthen the guiding role of teachers in teaching. This research discusses
the trinity teaching model of “before class- in class- after class”.

Before class, teachers make full lesson preparation and teaching design, and can use
the Zhihuishu platform to release problems. Students can use the Zhihuishu platform to
preview before class, micro class video learning and problem discussion. In the class, the
teacher first introduces the course,which can review the knowledge points of the previous
class or introduce the teaching content of this class through cases, then the teacher teaches
the relevant knowledge points, and then uses the rain class for classroom practice to let
the students show the results, and finally the teacher comments and feedback. After class,
teachers use the online education platform to assign homework or research homework
after class, and finally summarize and feed back in the follow-up courses (Fig. 9).

Based on the OBE concept, realize the mixed teaching of Web front-end develop-
ment training courses, and improve the depth of students’ learning knowledge. Online
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resources are the premise of hybrid teaching. Move the traditional classroom teaching
forward through the online form of micro video, give students sufficient learning time,
and let each student enter the classroomwith a better knowledge base as far as possible to
fully ensure the quality of classroom teaching. Offline students are organized to consol-
idate and flexibly apply the basic knowledge learned online through carefully designed
classroom teaching activities. Establish a learning feedbackmechanism tomake teaching
activities more targeted and teachers better grasp teaching.

Provide teaching videos for students in each class. Before class, studentswatchmicro
class videos through the Zhihuishu platform and preview the courses with other online
teaching resources in advance. Each micro class video has strong pertinence, and the
playback time of the videos is controlled at about 10–20 min. In class, mixed teaching is
carried out with the help of online software to improve class efficiency and help students
deepen their understanding of knowledge. The teaching application software can be
used for code scanning and check-in, courseware release, online question answering,
classroom feedback, online discussion, point answering, online mutual evaluation and
other activities.

In the course implementation, the teaching method is combined with teaching
method, discussion teaching method, case driven teaching method, flipped classroom
teaching method, guiding teaching method, autonomous learning method and so on.
Flipped classroom is built under the background of Internet informatization. Students
can preview the course content in advance through online resources. The flipped class-
room teaching mode breaks through the time and space constraints of the traditional
teaching mode and constructs an open teaching space, which can meet the learning
needs of different levels.

5 Conclusions

This paper uses DPC algorithm to analyse students’ online learning data. By analysing
the behaviours of watching videos and submitting tests, students are divided into three
types: active, medium and passive. This research studies the teaching mode through
data analysis, and discusses the trinity teaching mode of “before class - in class - after
class”. In the process of teaching, the guiding role of teachers in teaching should be
strengthened.
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