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Abstract—With the college students having increasing needs for learning
diversified knowledge and skills, online learning platforms for essential qualities
enhancement have emerged one by one. However, due to lack of feedbacks from
students, the comprehensive service quality of these platforms varies greatly.
Therefore, it has certain practical significance to study how to evaluate the
comprehensive services of online learning platforms. The current evaluation
models are not suitable for online learning platforms, nor have they fully
considered the dynamic and subjective feedbacks of students about their
experience. To this end, this paper takes an online music education platform as
an example and studies the evaluation on the comprehensive services of the
online learning platform. First, the overall architecture design of an online
learning platform for essential qualities enhancement was displayed, and the
teacher-student interaction mode for the comprehensive services of the online
learning platform was identified and analyzed. Then, the derivation process of
the evaluation model was presented, the evaluation indicator system for the
comprehensive service quality of the online learning platform constructed, and
the comprehensive service evaluation model for the online learning platform
consisting of the hierarchical model and the rough set-neural network evaluation
model established. The experimental results verified the effectiveness of the
constructed indicator system and evaluation model.

Keywords—neural network, online learning, evaluation on comprehensive
services

1 Introduction

Driven and catalyzed by the “Internet +” trend, online learning platforms have bro-
ken through the constraints of time and space, with the market size maintaining year-
on-year growth in recent years [1-5]. Particularly in the post-COVID era, thanks to their
advantages, online learning platforms integrating information technology have become
an important direction of higher education in China and even in the world [6-14]. To
meet the needs of the future society, high-level professional talents need to be well-
rounded, that is, they have to have knowledge, abilities and also essential qualities,
which is why college students have increasing demands for learning diversified
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knowledge and skills. Along with this trend, online learning platforms specialized in
enhancement of essential qualities such as music and sports have developed rapidly
within a short period of time. However, due to lack of feedbacks from students about
their experience, the comprehensive service quality of these platforms varies greatly
[15-19]. Therefore, it has certain practical significance to study how to evaluate the
comprehensive services of online learning platforms.

Boko et al. [20] leveraged the powerful functions of a highly interactive online learn-
ing platform to improve its interactivity and service quality. The platform was built on
FFmpeg, Tvheadend and Verto-FreeSwitch, allowing teachers to provide online
courses with better service quality. The FFmpeg streaming server performs MPEG-TS
encoding and allows teachers to unicast a multimedia (audio/video) stream from his
webcam to the Tvheadend server, and the interactive IPTV server multicasts the stream
to learners. Through a web browser or IPTV client, students can interact in real time as
instructed by the teacher. Tsai et al. [21] discussed the construction and use of online
learning platforms on the basis of total quality management and knowledge manage-
ment. The data collection method was semi-structured interviews. The results consisted
of three parts, which were the results respectively before, during and after use, analyzed
from three perspectives - total quality management, knowledge innovation and
knowledge sharing. Militaru et al. [22] proposed an expert system that can be used to
build a web-based learning platform quality model to improve usability, reduce cost
and facilitate services. The quality framework used was called SEEQUEL and the pro-
posed expert system was built on CLIPS. The final conclusion of the experiment is that
the expert system can successfully perform the assigned task in place of human experts.
The online learning quality evaluation of learners is an important function of an online
learning platform, and also an important means for teachers to remotely check the learn-
ing effect of learners. Wang et al. [23] discussed the importance and purpose of learning
quality evaluation on online learning platforms, and proposed a content framework for
online learning quality evaluation from five aspects - participation in learning activities,
interactions, use of resources, acquisition of knowledge and contribution to the learning
community. It also put forward two effective strategies for learning quality evaluation
on online learning platforms, in order to provide some references for improving stu-
dents’ learning quality. Braccini et al. [24] investigated end users’ perceptions of the
quality of the Moodle open source e-learning platform in terms of usability, function-
ality, reliability, efficiency and use quality.

According to the existing research results, it is found that the current evaluation
models are not suitable for online learning platforms, nor have they fully considered
the dynamic and subjective feedbacks of students about their experience. To this end,
this paper takes an online music education platform as an example and studies the eval-
uation on the comprehensive services of the online learning platform. The paper con-
sists of the following sections. Section 2 presents the overall architecture design of an
online learning platform for quality enhancement, and identifies and analyzes the
teacher-student interaction mode for the comprehensive services of the online learning
platform. Section 3 shows the derivation process of the evaluation model, constructs
the evaluation indicator system for the comprehensive service quality of the online
learning platform, and establishes the comprehensive service evaluation model for the
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online learning platform consisting of the hierarchical model and the rough set-neural
network evaluation model. The experimental results prove the effectiveness of the con-
structed indicator system and evaluation model.

2 Identification of the teacher-student interaction mode

Online music education is different from general online education, as the learning of
almost all musical instruments is mainly about practicing, mastering skills, practical
tutoring and error correction, rather than theoretical learning. Since different students
have different problems in learning, the traditional one-to-many teaching mode is often
not quite effective. In order to obtain a more accurate evaluation result of the compre-
hensive services of an online learning platform, the teacher-student interaction mode in
the comprehensive services of the online learning platform was first identified and an-
alyzed. Figure 1 shows the overall architecture design of an online learning platform
for essential-qualities enhancement (music education). As can be seen, the constructed
platform consists of three layers — a presentation layer, a business logic layer, and a
data service layer. The presentation layer consists of the client and the management
system; the business logic layer contains such modules as music theory learning, musi-
cal instrument practicing, teacher-student interaction management, music appreciation
and comment, Q&A and platform administration; and the data service layer has func-
tions like platform access management, information transmission management and data
storage management.

Presentation

layer Client Management system
Music theo Musical Teacher-student
learnin modrl}llle instrument interaction
Business logic J practicing module management module
layer -
’ Music Platform
appreciation and Q&A module .. R
administration module
comment module

Information
. Platform access . Data storage
Data service transmission
management management
layer management
Data . Musical
storage History works

Fig. 1. Overall architecture design of an online music learning platform
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During an online class, students will have interactive discussions with the teacher on
some learning problems. To understand the question-based learning progress of all stu-
dents, it is necessary to characterize the questions of each student. Therefore, in this
paper, the interval between the question time and the start of an online class was used
to generate the vector of students’ question-based learning progress.

Assuming that the question-based learning progress vector of student s is denoted
as A, that the start time of the class as SD, that the end time of the class as ED, and that
the time of the i-th question as PD, then the feature a; represented by the question in 4
can be obtained according to Equation (1):

PD—-SD
a4, =—— (D
ED-SD
Suppose that there are n students studying this course X. The interactive behavior
similarity was used in this paper to represent the behavior features of all students. As-
suming that there are m behavior features of students, that the selection criteria is de-
noted as A1(a1,a2,a3,a4,as,a6,a7,a3,9,. . .am), calculate the similarity between B1, B2, ..,
B, and the standard, and then D1,D,...D, are obtained. Calculate the number of students
¥ with D; being greater than the behavior similarity threshold #, and then calculate the
proportion of the students whose similarity with the standard is greater than ¢ in the
total number of students:

ﬂ:i*loo% 2

n

If p is greater than x, it can be deemed that the teacher-student interaction mode of
course X is task diving. If  is less than x, the teacher-student interaction mode is free
learning. Since the students’ questioning behavior data have no class reference, the Ca-
linski-Harabasz clustering effect evaluation method was used in this paper to classify
the teacher-student interaction modes. It is assumed that the data sample size is repre-
sented by N, that the number of data classes after clustering by /, that the covariance
matrix between classes by Y, that the covariance matrix within each class of data by
0y, and that the trace of the mean by @. Equation (3) gives the formula for calculating
the fraction 7:

_o(Y) N-I
S o(0) -1 ®)

r(7)

The larger the covariance between the teacher-student interaction modes and the
smaller the covariance within each teacher-student interaction mode, the larger the
value of r, that is, the better the clustering effect.

When the teacher-student interaction mode of a course is free learning, students’s
learning behaviors are active. In this paper, the teacher’s interactivity was used to rep-
resent the course activity. Assuming that the total number of questions asked by stu-
dents is represented by M, that the number of responses given by the teacher to the i-th
question is represented by a;, and that the total number of responses can be represented
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by A(ai,az...,an), then the teacher’s response rate #(4) to the students’ questions can be
calculated by Equation (4):

n(A):%*lOO% 4)

3 Construction of the evaluation model

3.1  Evaluation indicator system

The comprehensive service quality of an online learning platform targeting essential-
qualities enhancement cannot be evaluated based solely on students’ performance, but
rather on multiple perspectives and criteria, including students’ learning behavior data
and skills acquisition level in the learning process. Aiming at the problems of the cur-
rent essential-qualities-oriented online learning platforms, such as complicated content
and poor functional experience, this paper made a comprehensive analysis from such
aspects as students’ experience feedbacks and intentions to continue use this platform.
The derivation process of the evaluation model is shown in Figure 2. The constructed
evaluation indicator system is presented as follows:

Layer 1 (evaluation objectives):

CS={CS), CS,, CS3, CSs}={content experience, interaction experience, efficiency
experience, process experience};

Layer 2 (evaluation criteria):

CS1={CS11, CS12, CS13, CS14, CSis5}={frontier, practicality, comprehensiveness, gen-
erality, update progress};

CSH={CS1, CS2, CS»3, CSas, CS>s}={academic accomplishment, teaching organiza-
tion ability, expression ability, patience, information-based teaching ability};

CS={CS21, CS2, CS13, CSna, CSr5}={Q&A effect, knowledge comprehension, skill
acquisition, course completion, music appreciation ability};

CS={CSs1, CSn, CS2, CS, CSzs, CSx, CS27}={convenience, ease of operation,
security, stability, response speed, resource abundance, functional completeness};

The evaluation model for the comprehensive services of online learning platforms
constructed in this paper consists of two parts - the hierarchical model and the rough
set-neural network evaluation model. The former is used to calculate the weights of the
evaluation indicators on each layer, and the latter to calculate the actual efficacy value
of online music learning by each student.
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Fig. 2. Derivation process of the evaluation model

3.2 Hierarchical model

The first step is to carry out hierarchical single ranking for the hierarchical model,
that is, to prioritize the evaluation criteria in the criteria layer corresponding to a certain
evaluation indicator on the target layer. In order to obtain the composite weights of the
evaluation indicators on each layer, the square root method was used to calculate the
maximum eigenroot and eigenweight vector of the judgment matrix. Equation (5)
shows how to calculate the product of the elements in each row of the judgment matrix
X

SN, =[]xi=12,....m (5)

Equation (6) gives the formula for calculating the m-th root of SN;:

SN, =[S, ©

Normalize the required eigenweight vector Q; based on Equation (7):

0 = B (7

Suppose the i-th component of the vector XQ is represented by XQ,, the maximum
eigenvalue can be calculated as follows:

m (XQ)
wa = 2 ®)
i=1 mQ,-
Equation (9) shows how to calculate the consistency index of the judgment matrix:
-m
5u = o =) ©)
m—1
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Assuming that the value consistency index is represented by 7U, and that the value
of the consistency ratio by S7, based on SU and TU, the value of ST can be further
calculated based on Equation (10):

_su

ST =—
TU

(10)

The next step is the hierarchical total ranking of the hierarchical model, that is, to
rank the comprehensive weights of the evaluation indicators for the online learning
platform on the objective layer. The calculation method is similar to that in hierarchical
single ranking. And also like hierarchical single ranking, hierarchical total ranking re-
quires consistency check. Equation (11) gives the calculation formula:

SU, = id,.SUiTUT - idiTU, (11)

i=1 i=1

The consistency index of the judgment matrix corresponding to D; is represented by
SU,, and the consistency check value of the judgment matrix corresponding to D; is
represented by TU;. Substitute SU; and TU; into the above equation to obtain S77. When
the STris less than 0.1, it can be considered that the consistency is satisfactory regarding
the relative importance of all the comprehensive service evaluation indicators for the
online learning platform in the hierarchical total ranking of the model.

3.3  Rough set-neural network evaluation model

A rough set-neural network model was constructed to evaluate the comprehensive
service quality of the online teaching platform. The attribute reduction theory for the
rough set was used to calculate the weights of the core evaluation indicators, and the
calculation results were input into the BP neural network for training. The model can
deal with the problem of insufficient prior information on evaluation indicators, and
improve the training efficiency and calculation accuracy of BP neural network.

Figure 3 presents the architecture of the rough set model. First, discretize the col-
lected comprehensive service evaluation data of the online teaching platform to further
construct the two-dimensional decision table. Suppose that the conditional attributes in
the decision table is represented by D=(d1,d>,...,dn), and that the decision attribute by
NCS.
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Fig. 3. Architecture of the rough set model

Equation (12) shows how to calculate the dependence of N4 on the core attribute V;:

~ I, N4

¢V1 (NA) - |RQ|

(12)

After a certain core attribute V; is removed, the dependence of N4 on the core attrib-
ute set Vi-V; can be calculated by the following formula:

0, NA|
¢V|—V,- (NA):W (13)
The importance of each core attribute to N4 can be calculated by Equation (14):
2 =¢, (NA)=¢,_, (N4) (14)
The weight coefficient of V; can be obtained through normalization:
6 (V4) =, (¥4) 0

CTY [ (VA 4, (VA)]

Figure 4 shows the architecture of the neural network model. In the BP neural net-
work, let the input of m evaluation indicator data be represented by a=(ay,ay,...,an)",
and the output of # units in the hidden layer be represented by b=(b1,b,...,b,)", and the
result of the output layer be denoted as ¢ and the target output as o.
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Fig. 4. Architecture of the neural network model
Suppose the transfer function of the hidden layer is denoted as e, and that the con-
nection weight of neuron i in the input layer to neuron / in the hidden layer as Q.

Equation (16) shows how to calculate the output result of the hidden layer of the net-
work model:

b, =e( :ioq,.,al.) (16)
Assuming that the transfer function of the output layer is represented by /4, and that
the connection weight of neuron / in the hidden layer to neuron £ in the output layer by

O, Equation (17) shows how to calculate the result of the output layer of the network
model:

c=h( ;:Oqlkbl) (17)

The error between the output value and the target value of the network model can be
calculated by the following formula:

E:%zlk:l(ok—ck)2 (18)

Through adjustment of Qi and Qu, E is reduced until it meets the preset error re-
quirement.
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4 Experimental results and discussion

The statistical mean values of the overall teacher-student interaction behavior fea-
tures are given in Table 1. It can be seen that the average number of responses from the
teacher to students attending in a musical instrument training course was 4.15, and the
maximum number of responses from the teacher 114; the average number of questions
from a student was 0.25, and the number of questions raised by the student who asked
the most questions 85. It can be found that the students of this musical instrument train-
ing course received a lot of responses from the teacher but raised fewer questions. The
standard deviation of the number of questions raised by students was 1.52, indicating
that there was little difference between the number of questions raised by each student
attending the course and the average number. The standard deviation of the number of
responses from the teacher was 3.69, indicating that the number of responses received
by each student attending the course was significantly different from the average num-
ber.

Table 1. Statistical results of the features of interactions between teachers and students

Feature description Mean | Median | Max | Min | Standard deviation
Number of questions 0.25 2 85 | 0.1 1.52
Number of responses 4.15 5 114 { 0.3 3.69

Interval between the date when the student asked the

most questions and the start time of class 0.16 03 36 |02 241
Number of questlons‘ on the date when the student 0.08 02 15 | 05 038
asked the most questions

Interval between the date when the student received

the most responses from the teacher and the start time | 19.62 21 35103 11.57
of class

Number of responses on the date when the student re- 1.84 3 2 |01 )58

ceived the most responses

After the maximum eigenroot and eigenvector of the judgment matrix corresponding
to the evaluation indicator system were calculated based on the square root method, the
weights of all indicators were obtained. The comprehensive weights of the comprehen-
sive service evaluation indicators for the online learning platform are shown in Table
2. It can be seen that the consistency ratio of the judgment matrix of the evaluation
indicator system is less than 0.1, and the weight of the overall objective of the compre-
hensive service evaluation of the online learning platform is 1. The consistency ratios
of the judgment matrix of CS1, CS», CS3, and CS4 are all less than 0.1, and their weights
to the overall objective are 0.174, 0.276, 0.336, and 0.241, respectively, indicating that
the judgment matrix passes the consistency check.
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Table 2. Comprehensive weights of the comprehensive service evaluation indicators for online
learning platforms

Weight Weight Hmax CI C.R.
CS1 0.174
oot e et &5 |1 FosTomg ] 498 | oot | ooss
Cs4 0.241
CSi, 0.034
. CSi3 0.047
Content experience CS) 0.174 4915 0.063 0.074
CSis 0.059
CSis 0.034
CSy 0.095
CSy» 0.074
Interaction experience CS, 0.276 CS» 0.032 5.286 0.047 0.038
CS 0.058
CSss 0.017
CS5, 0.036
CSs, 0.041
Efficiency experience CS; 0.336 CS3; 0.043 5.738 0.141 0.068
CS34 0.084
CSss 0.132
CS4 0.089
CSs, 0.064
CSu3 0.026
Process experience CS, 0.241 CSy 0.017 5.926 0.173 0.081
CSss 0.015
CSa6 0.012
CSs7 0.018

Figure 5 shows the training error curve of the BP neural network. It can be seen that
after 400 iterations, the training of the network was over. At this time, the prediction
accuracy of the model reached the preset target and met the preset requirement. This
proves that the model can be effectively applied to the simulation of the comprehensive
service evaluation of an online learning platform for essential qualities enhancement.

Eight samples were selected from each of the five ratings of the comprehensive ser-
vice quality of the online teaching platform - “very high”, “high”, “moderate”, “low”
and “very low”, that is, a total of 40 sample data, to test the constructed evaluation
model. It can be seen from the Figure 6 that the simulated values of the 40 samples
almost completely coincided with the output values, proving that the model has high
accuracy in predicting the comprehensive service quality of online teaching platforms.
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5 Conclusions

This paper took an online music education platform as an example and studied the
evaluation on the comprehensive services of the online learning platform. First, the
overall architecture design of an online learning platform for essential qualities en-
hancement was displayed, and the teacher-student interaction mode for the comprehen-
sive services of the online learning platform was identified and analyzed. Then, the
derivation process of the evaluation model was presented, the evaluation indicator sys-
tem for the comprehensive service quality of the online learning platform constructed,

1JET — Vol. 17, No. 13,2022 141



Paper—Evaluation of Comprehensive Services of an Online Learning Platform Based on Artificial...

and the comprehensive service evaluation model for the online learning platform con-
sisting of the hierarchical model and the rough set-neural network evaluation model
established. The statistical results of the features of the teacher-student interactions in
the course were given, from which it can be seen that the number of questions asked by
each student attending the musical instrument training course was not much different
from the average number, but there was a big difference between the number of re-
sponses from the teacher and the average number. Then, based on the square root
method, the maximum eigenroot and eigenvector of the judgment matrix corresponding
to the evaluation indicator system were calculated, and the comprehensive weights of
the comprehensive service evaluation indicators for the online learning platform were
obtained. The constructed judgment matrix also passed the consistency check. After
that, the training error curve of the constructed BP neural network was presented, which
verified the effectiveness of the model when applied to the simulation of the compre-
hensive service evaluation of online learning platforms. Finally, the errors of the model
test were compared, which proves that the model has high accuracy in predicting the
comprehensive service quality of online teaching platforms.
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