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Abstract—This study derived an evaluation model that overcomes the vari-

ous problems in the evaluation of online learning effect. Firstly, the influencing 

factors in the online learning process were discussed in the paper, pointing out 

the direction to enhance the online learning effect. Next, a multidimensional eval-

uation index system was established for online learning effect. Meanwhile, the 

evaluation of online learning effect was treated as a fuzzy evaluation problem 

with multiple attributes, and an improved evaluation model for online learning 

effect was proposed based on fuzzy mathematics theory. The proposed model can 

evaluate the online learning effect effectively and enjoy a good prospect of ap-

plication. 

Keywords—Online learning effect, evaluation model, fuzzy mathematics the-

ory, educational decision analysis 

1 Introduction 

Online learning is an important teaching form in modern education. Nowadays, as 

the modern education technologies are becoming more and more intelligent, online 

learning is playing an increasingly important role in modern education [1-4]. However, 

since online learning is affected by a variety of constraints such as hardware facility, 

software system, teaching management, student self-learning, and course teaching im-

plementation, etc., the manifestations of online learning effect and enhancement strat-

egies have gradually become the focus of attention of field scholars [5-8].  

Regardless of manifestations or enhancement strategies, in relevant studies, one im-

portant link is the effective and accurate measurement of the online learning effect; 

however, since many influencing factors are involved and there are fuzzy uncertainties 

in the various types of factors, the research on the evaluation of online learning effect 

has become a key content in current relevant studies [9-10]. 

For example: with college English course as an example, Zhang evaluated and ana-

lyzed the effect of a blended teaching mode based on online open courses and proposed 

a few strategies for enhancing the teaching effect [11]. Gu et al. evaluated and analyzed 

the online learning effect of medical college students during the COVID-19 epidemic 

in China [12]. Cheng et al. constructed an online open course learning quality evalua-

tion index system and discussed its application [13]. Wang and Yao gave an overview 
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of existing studies concerning the evaluation of online learning based on knowledge 

graphs, and their paper provided a reference for subsequent studies [14]. 

Although existing literatures do have some guiding significance for the evaluation 

of online learning effect, in view of the different research perspectives of different 

scholars, the existing evaluation index systems of online learning effect are incomplete 

and imperfect, thus, there is also room for further research. To this end, this paper em-

ployed fuzzy mathematics to analyze the online learning effect evaluation problem and 

improve the evaluation index system and evaluation model, in the hopes of providing a 

good reference for the effective and accurate evaluation of online learning effect. The 

content of the paper is arranged as follows: the first part summarizes relevant research 

concerning the evaluation of online learning effect; the second part analyzes the influ-

encing factors; the third part constructs a multi-dimensional online learning effect eval-

uation index system; the fourth part establishes the multi-index fuzzy evaluation model 

of online learning effect; and the fifth part draws the research conclusion.  

2 Influencing Factors of Online Learning Effect 

2.1 Curriculum design and planning of online courses 

Whether it is online or offline teaching, curriculum design and planning are quite 

important. On the one hand, curriculum design and planning point out the right direction 

for course teaching and talent cultivation, it is not merely the course content planning, 

but a development plan for the cultivation of professional talents, therefore, it is of very 

important guiding significance. On the other hand, curriculum design and planning list 

the qualities of professional talents to be cultivated and provide a guarantee for explor-

ing the potential of professional talents. Therefore, in this sense, well designing and 

planning the curriculum is the primary task of course teaching and the basic condition 

of professional talent cultivation.  

At the same time, it should be noted that online and offline teaching are two different 

teaching modes, and each has its own characteristics. Online teaching is a useful sup-

plement to offline teaching, and it has unique features in aspects of curriculum system 

planning, course content design, course teaching scheme formulation, and teaching goal 

setting, etc. To achieve the ideal online learning effect, this paper proposes that the 

online teaching should pay special attention to the follows aspects: in terms of curricu-

lum system planning, online teaching should pay more attention to the connection be-

tween courses; in terms of course content design, online teaching needs to pay more 

attention to the sharing of teaching content; in terms of course teaching scheme formu-

lation, online teaching needs to pay more attention to the configurability of teaching 

schemes; in terms of teaching goal setting, online teaching needs to pay more attention 

to the social adaptability of the teaching goals. In summary, the curriculum design and 

planning of online courses is a very important influencing factor of online learning ef-

fect.  

iJET ‒ Vol. 16, No. 10, 2021 55



Paper—An Evaluation Model of the Online Learning Effect Based on Fuzzy Mathematics 

2.2 Construction of online learning platforms 

The implementation of online learning is inseparable from the support of online 

learning platforms. High quality online learning platforms are the most basic guarantee 

for the smooth implementation of online learning, and they are the most direct connec-

tion between teachers and students. Therefore, developing high-performance online 

learning platforms to better meet the requirements of online learning is a very important 

factor for promoting online learning.  

The construction of online learning platforms includes two parts: hardware facilities 

and software systems. The configuration of hardware facilities is the first thing to be 

considered for the construction of online learning platforms, only high-performance 

hardware facilities can provide good basic conditions for the construction of online 

learning platforms; correspondingly, this is also true for the software systems of the 

online learning platforms, and only by ensuring the god performance of software sys-

tems can we build online learning platforms with good adaptability. For this reason, 

advanced, stable, compatible, and high-performance hardware facilities, as well as in-

telligent, portable, upgradeable, and easy-to-operate software systems should be pre-

pared for the construction of online learning platforms. 

At present, there are quite a few online learning platforms, such as: 

mooc.chaoxing.com, MOOC, Zhihuishu.com, ke.qq.com, study.baidu.com, ding-

talk.com, yuketang.cn, and study.163.com, and these platforms have their respective 

characteristics, however, in addition to upgrading their hardware facilities, these plat-

forms also need to work on their system compatibility, upgradeability, and portability. 

For some platforms, although the hardware configuration is good enough, still, the  

incomplete platform construction might make it difficult to carry out online teaching 

activities, which also seriously hinders the improvement of the online learning effect.  

2.3 Allocation of online learning resources 

For the promotion of online learning, one necessary condition is the push and display 

of learning resources, and the push and display operations need to consider the alloca-

tion of online learning resources, that is, how to establish the teaching resource library 

of online learning, including courseware, classic cases, typical content, key knowledge 

points, content types, and the sustainable development characteristics of course 

knowledge, etc., moreover, it also includes the online learning resource time arrange-

ment, schedule planning, knowledge point association, and the hierarchical relationship 

between the content of each chapter, etc. The allocation of online learning resources is 

a complex project involving not only the relevant characteristics of the course content, 

but also the teaching status of teachers and the learning status of students, and how to 

well manage the relationships of these factors and reasonably allocate the online learn-

ing resources have a direct impact on the online learning effect, and they can also affect 

the implementation of online learning activities.  
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2.4 Online learning environment 

Online learning environment refers to two perspectives and multiple links, from the 

teacher’s perspective, it includes links of teaching preparation, teaching execution, 

teaching feedback, teaching supervision, and teaching evaluation, etc.; while from the 

student’s perspective, it includes links of pre-class preview, classroom learning inter-

action, classroom activity participation, after-class feedback, and learning evaluation, 

etc. For both perspectives, the teaching links and learning links are affected by not only 

one factor, therefore, it’s necessary to consider that whether the online learning envi-

ronment will distract the attention of teachers and students; whether there are conditions 

for online learning and continuous online learning; whether the online learning envi-

ronment be able to motivate the learning and teaching enthusiasm of students and teach-

ers; whether the online learning environment can be recognized by teachers and stu-

dents; whether online learning will take too much extra teaching time and independent 

learning time and will it be a waste of time; whether online learning will disrupt the 

teacher’s teaching plan or affect the learning status of students; whether the cost of 

online learning is too must; whether the network fees and learning equipment costs can 

meet the actual online learning conditions, etc. If the above-mentioned issues are 

properly handled, the online learning effect would be greatly improved; on the contrary, 

if the listed issues are not properly solved, it will greatly hinder the implementation of 

online learning, and thus affecting the online learning effect.  

2.5 Online learning interactivity 

The interactivity of online learning involves several aspects: first, the interaction be-

tween teachers, including the sharing of teaching content among teachers, the observa-

bility of teaching progress, the controllability of teaching tasks, and the communicabil-

ity of teaching information. Second, the interaction between teachers and students, the 

interactive communication and exchange of learning information between teachers and 

students should be ensured so that it will generate the “teaching-learning resonance”, 

realizing effective knowledge imparting and absorption, and achieving the desired 

teaching and learning effect. Third, the interaction between students, the information 

exchange between students should be ensured so that they could be able to fully share 

the learning information and interact with each other about their learning statues, and 

thus facilitating the tracking of the online learning status of students. The interactions 

of these three aspects do not exist independently, therefore, it is necessary to reasonably 

configure and allocate them to realize a rational status and provide effective support for 

the improvement of online learning effect. Generally speaking, the interactivity of 

online learning needs to consider multiple aspects such as the interaction of teachers 

and students, the information feedback, the timely sharing of teaching information, and 

the timely monitoring of teaching information.  
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2.6 Faculty of online learning 

The faculty of online learning is the main force for online course teaching, the faculty 

level is the most basic factor that can reflect the online teaching ability, therefore, im-

proving the faculty level is a good guarantee of online learning effect. The faculty level 

of online learning is reflected in multiple aspects: first, the teachers should have a solid 

professional knowledge reserve and good professional qualities and be able to meet the 

basic requirements of the teaching of professional courses. Second, the teachers should 

have a broad professional vision and a good ability to expand the professional 

knowledge, they should be able to impart basic knowledge to students as well as culti-

vate their innovation ability. Third, the online teaching faculty should form a talent 

team with a hierarchical structure, so that the development of online teaching could be 

sustainable. Fourth, the online teaching faculty should have certain online teaching 

qualities, certain technical skills to use intelligent modern education technologies, and 

advanced online teaching concepts. Only in this way can the online teaching have a 

more obvious networked feature, so that students could better immerse themselves into 

the online learning environment.  

2.7 Course implementation of online learning 

The course implementation of online learning is a progressive factor to ensure the 

effect of online learning, it is reflected in three aspects: the first aspect is the various 

links such as teaching tools, methods, organization, progress control, group interaction 

setting, and classroom atmosphere, etc.; generally, more intelligent teaching tools, more 

advanced teaching methods, more reasonable teaching organization, more orderly 

teaching progress control, more realistic group interaction setting, and more enthusiast 

classroom atmosphere indicate better online learning effect. The second aspect is the 

integration of online and offline courses; although they do have their respective char-

acteristics, in terms of the development trend of modern education, the development of 

online courses has become an important link of modern education, and the online and 

offline courses do not exist independently. Therefore, the online and offline courses 

should be integrated reasonably so that they could promote the development of each 

other, and such joint effort will play a positive role in promoting the effect of online 

learning. The third aspect is students’ learning attitude, interest, and self-discipline dur-

ing the online learning process; in general, better learning attitude, stronger learning 

interest, and stricter self-discipline indicate better online learning effect.  

3 The Evaluation Index System of Online Learning Effect 

3.1 Evaluation index selection 

The evaluation of online learning effect involves many influencing factors, and these 

influencing factors are often of multiple levels, types, and some are fuzzy values. There-

fore, in order to get an online learning effect evaluation index system that is close to the 
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real situation, the evaluation indexes should be selected reasonably and scientifically. 

First, the selected indexes should be able to reflect the essential problems in the evalu-

ation process of online learning effect, be able to describe the scientific problems in it, 

and have clear and rational scientific meanings. Second, the selected indexes should be 

objective, be able to reflect the real situations of online learning; situations such as 

subjective imagination or conjecture should be avoided so that the evaluation results of 

online learning effect could be more in line with the actual implementation situation of 

online courses. Third, the selected indexes should be uniform and be able to compre-

hensively reflect the online learning effect from various aspects, and not only focus on 

one single aspect. Fourth, the selected indexes should have a certain hierarchical struc-

ture and be able to describe the hierarchical logical relationship of online learning ef-

fect, so that the evaluation framework could be clearer. Fifth, the selected indexes 

should facilitate the reasonable processing of the qualitative, quantitative, and fuzzy 

information in the online learning effect analysis. 

3.2 Division of dimensions of online learning effect evaluation 

From the perspective of pedagogy development, although online learning and tradi-

tional classroom learning are two different teaching modes, their ultimate goals are the 

same, that is, to cultivate high-level talents, and improve their learning efficiency and 

quality to the greatest extent. In essence, the learning processes of the two modes have 

no fundamental difference, therefore, the evaluation of online learning effect can still 

be based on the learning process. This paper holds that, the evaluation of online learning 

effect can be divided into three dimensions according to the learning process, namely 

the pre-class preparation dimension, the classroom execution dimension, and the after-

class feedback dimension; in this way, the comprehensive evaluation of the online 

learning effect of the whole process of online course learning could be achieved.  

3.3 Construction of evaluation index system 

Based on the above analysis, an improved online evaluation effect evaluation index 

system was constructed from the three dimensions of pre-class preparation, classroom 

execution, and after-class feedback. The pre-class preparation dimension focused on 

the preparation works before the online course learning, generally, the better the prep-

aration works, the better the online learning effect. The classroom execution dimension 

focused on the content expression of teachers and students during the online learning 

process, generally, the stronger the classroom execution ability, the better the online 

learning effect. The after-class feedback dimension focused on the information ex-

change and achievement, generally, the timelier the teaching information feedback, the 

more the teaching achievement, and the better the online learning effect. The specific 

content of the online learning effect evaluation index system is shown in Table 1. 
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Table 1.  Online learning effect evaluation index system 

Evaluation index system Evaluation dimension Evaluation index 

Online learning effect  

evaluation index system 

Pre-class preparation dimension 

Complete courseware design 

Complete course content planning 

Clear course learning goal 

Rich teaching resource 

Reasonable teaching plan 

Time spent on online video watching (for 

preview before class) 

Learning platform log-in frequency (for 

preview before class) 

Completion of preview learning tasks 

Classroom execution dimension 

Highlighted key and difficult knowledge 

points 

Classroom execution is in line with 

teaching objectives and syllabus 

Ability to teach students in accordance 

with their aptitude 

Ability to adjust the classroom atmos-
phere 

Frequency and time of asking and an-
swering questions in class 

Frequency and time of online learning 

and discussion in class 

Time spent on classroom learning 

Concentration on classroom learning 

Participation in classroom learning 

Completion of classroom learning tasks 

Times of raising questions actively in 

classroom learning 

Classroom learning interest 

Classroom learning creative thinking 

Online learning absence rate 

Dissatisfaction with online learning  

Class test failure rate 

After-class feedback dimension 

Timeliness of homework submission 

Correct rate of homework 

Pass rate of course exam 

Excellent rate of course exam 

Course dropout rate 

Self-learning ability cultivation 

Practical innovation ability cultivation 

Learning feedback of students 

Answers from teachers 

Times of teaching resource downloading 

Completion of learning goals 

Satisfaction with online learning 
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4 Multi-Index Fuzzy Evaluation Model of Online Learning 

Effect 

4.1 Normalization of evaluation indexes 

The evaluation indexes of the above-established system are of various types, and the 

values of these indexes do not have a uniform dimension, therefore, in order to ensure 

the reliability and accuracy of the evaluation results, the evaluation indexes of different 

types and dimensions need to be normalized so that they could have a uniform evalua-

tion standard.  

If there are m online learning effect evaluation objects P, and n evaluation indexes, 

then the initial value of the j-th evaluation index of the i-th evaluation object P is: 
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where, 𝑣𝑗
𝑚𝑎𝑥(𝑃)

 represents the maximum value of the j-th evaluation index in the in-

terval; 𝑣𝑗
𝑚𝑖𝑛(𝑃)

 represents the minimum value of the j-th evaluation index in the inter-

val; the two values need to be selected and determined according to field knowledge.  

If the j-th evaluation index is a cost-type index, that is, the smaller the value, the 

better, then its normalized value is: 
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After all evaluation indexes were normalized, then they had the same analysis stand-

ard, which improved the reliability and accuracy of the evaluation results of online 

learning effect.  
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4.2 Weight assignment of evaluation indexes based on entropy weight method 

and AHP  

Generally, different evaluation indexes have different degrees of importance, to re-

flect the differences in the importance degree, the weight values of each index should 

be determined. The assignment of weight values is often affected by the evaluation 

objects, the evaluation data, and other subjective and objective factors. On the one hand, 

the AHP method has the merits of simple calculation and good applicability. If the field 

experts have good evaluation experience, the obtained index weight values will be more 

accurate, but since the weight assignment is based on the experience of the experts, the 

method is relatively subjective to a certain extent [15-18]. On the other hand, the en-

tropy weight method has good objectivity, but the values of the evaluation indexes are 

usually not that accurate, which will cause certain errors in the calculation results [19-

21]. Therefore, this paper combined the two methods to obtain the weight values of the 

evaluation indexes of online learning effect from an overall perspective.  

1. Weight values of evaluation indexes based on AHP 

By referring to the opinions of experts engaging in the field of online education, the 

online learning effect evaluation indexes were judged and analyzed in pairs, and the 

judgement value qij of the i-th evaluation index with respect to the j-th evaluation index 

was obtained, then the index weight matrix Q could be established as: 

 

11 1 1

1

1

i n

i ii in

n ni nn

q q q

q q q

q q q

 
 
 
 =
 
 
 
 

Q

 (4) 

where, the value of qij is generally scored on a scale of 1-9, and its specific meanings 

and values are shown in Table 2. 

Table 2.  Meanings of judgement value qij 

Value of qij Relationship between index i and index j 

1 The two are equally important 

3 The former is slightly more important than the latter 

5 The former is more important than the latter 

7 The former is much more important than the latter 

9 The former is extremely more important than the latter 

2,4,6,8 Middle values between two adjacent relationships 

Reciprocal Relationship between index j and index i, there is 𝑞𝑗𝑖 = 1/𝑞𝑖𝑗 

 

The index weight matrix Q was processed: 
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where, 𝜆(𝑸)𝑚𝑎𝑥 represents the largest eigenvalue of matrix Q, X represents the ei-

genvector of matrix Q corresponding to 𝜆(𝑸)𝑚𝑎𝑥. 

The index weight matrix Q was subject to consistency check, if it satisfies: 

 

( )

( )
max

0.1
1

n
CR

RI n

 −
= 

 −

Q

 (6) 

It indicates that the index weight matrix Q can meet the requirement of consistency 

check, then the index weight vector can be expressed as: 
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If the index weight matrix Q cannot meet the requirement of consistency check, then 

it needs to be judged and analyzed again until it can meet the requirement of consistency 

check. 

2. Weight values of evaluation indexes based on entropy weight method 

If the normalized value of the j-th evaluation index of the i-th evaluation object P is 

𝑈𝑖𝑗 = [𝑢𝑖𝑗
𝑙𝑒𝑓(𝑃), 𝑢𝑖𝑗

𝑟𝑖𝑔(𝑃)], it takes: 
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The matrix is obtained as: 
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Then, under the j-th evaluation index, the feature proportion of the i-th evaluation 

object P is: 
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The information entropy contained in the j-th evaluation index is: 
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Thus, the coefficient of variation of the j-th evaluation index can be obtained as: 
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The weight of the j-th evaluation index is: 
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3. Comprehensive weight values of the evaluation indexes 

If the weight of the j-th evaluation index obtained via AHP is marked as 𝑤𝑗(𝐴𝐻𝑃), 

the weight of the j-th evaluation index obtained via the entropy weight method is 

marked as 𝑤𝑗(𝐸𝑁𝑇𝑅𝑂𝑃𝑌), then the ultimate weight of the j-th evaluation index is: 

 
( ) ( )j j jw w AHP w ENTROPY =  + 

 (14) 

where:  represents the influence coefficient of subjective factors,  represents the 

influence coefficient of objective factors, their values can be selected according to the 

actual situation of the evaluation, and there is 𝛼 + 𝛽 = 1. 

4.3 Division of evaluation levels 

According to the actual situations, the online learning effect can be divided into dif-

ferent levels. Both too few and too much divided levels would affect the sensitivity of 

the evaluation results. Too much divided levels would result in unclear boundaries of 

evaluation results, while too few divided levels would result in too wide ranges of eval-

uation results. For this reason, under normal conditions, the evaluation results of online 

learning effect are divided into seven or five levels, which can ensure both the sensitiv-

ity and distinguishability of the evaluation results. This paper divided the evaluation 

results into five levels of excellent, good, medium, qualified, and unqualified, which 

were marked as 𝐿𝐸𝑥𝑒𝑐 , 𝐿𝐺𝑜𝑜𝑑 , 𝐿𝑀𝑒𝑑𝑖, 𝐿𝑄𝑢𝑎𝑙, and UnquL . 

4.4 Generation of the whitening weight functions 

By applying the gray system theory, the whitening weight functions corresponding 

to different evaluation levels were established, then gray cluster analysis could be per-

formed on each evaluation object. For the excellent evaluation level, its whitening 

weight function can be defined as𝑓𝑗
𝐿𝐸𝑥𝑒𝑐 (𝑥𝑖𝑗(𝑃)) = 𝑓𝑗

𝐿𝐸𝑥𝑒𝑐[0.80,0.90, −,−], generally, 

it takes 𝑥𝑖𝑗(𝑃) = (𝑢𝑖𝑗
𝑙𝑒𝑓(𝑃) + 𝑢𝑖𝑗

𝑟𝑖𝑔(𝑃)) /2, and its structure is shown in Figure 1. 
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( )( )ExecL

j ijf x P
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Fig. 1. The structure of the whitening weight function 𝑓𝑗
𝐿𝐸𝑥𝑒𝑐 (𝑥𝑖𝑗(𝑃)) 

( )( )GoodL
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0
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Fig. 2. The structure of the whitening weight function 𝑓𝑗
𝐿𝐺𝑜𝑜𝑑 (𝑥𝑖𝑗(𝑃)) 

The corresponding calculation model is: 
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For the good evaluation level, its whitening weight function can be defined as 

𝑓𝑗
𝐿𝐺𝑜𝑜𝑑 (𝑥𝑖𝑗(𝑃)) = 𝑓𝑗

𝐿𝐺𝑜𝑜𝑑[0.70,0.80, −,0.90], and its structure is shown in Figure 2. 

The corresponding calculation model is: 
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For the medium evaluation level, its whitening weight function can be defined as 

𝑓𝑗
𝐿𝑀𝑒𝑑𝑖 (𝑥𝑖𝑗(𝑃)) = 𝑓𝑗

𝐿𝑀𝑒𝑑𝑖[0.60,0.70, −,0.80], and its structure is shown in Figure 3. 
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( )( )MediL

j ijf x P

0

1

0.60 0.70 ( )ijx P0.80
 

Fig. 3. The structure of the whitening weight function 𝑓𝑗
𝐿𝑀𝑒𝑑𝑖 (𝑥𝑖𝑗(𝑃)) 

The corresponding calculation model is: 

 

( )( )

( ) ( )

( )( ) ( )

( )( ) ( )

( )

0 0.60 0.80

10 0.60 0.60 0.70

10 0.80 0.70 0.80

1 0.70

Medi

ij ij

ij ijL

j ij

ij ij

ij

x P x P

x P x P
f x P

x P x P

x P

  


−  
= 

−  


=  (17) 

For the qualified evaluation level, its whitening weight function can be defined as 

𝑓
𝑗

𝐿𝑄𝑢𝑎𝑙 (𝑥𝑖𝑗(𝑃)) = 𝑓
𝑗

𝐿𝑄𝑢𝑎𝑙[0.50,0.60, −,0.70], and its structure is shown in Figure 4. 

( )( )QualL

j ijf x P

0

1

0.50 0.60 ( )ijx P0.70
 

Fig. 4. The structure of the whitening weight function 𝑓𝑗
𝐿𝑄𝑢𝑎𝑙 (𝑥𝑖𝑗(𝑃)) 
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The corresponding calculation model is: 

 

( )( )

( ) ( )

( )( ) ( )

( )( ) ( )

( )

0 0.50 0.70

10 0.50 0.50 0.60

10 0.70 0.60 0.70

1 0.60

Qual

ij ij

ij ijL

j ij

ij ij

ij

x P x P

x P x P
f x P

x P x P

x P

  


−  
= 

−  


=  (18) 

For the unqualified evaluation level, its whitening weight function can be defined as 

𝑓
𝑗

𝐿𝑈𝑛𝑞𝑢 (𝑥𝑖𝑗(𝑃)) = 𝑓
𝑗

𝐿𝑈𝑛𝑞𝑢[−,−,0.50,0.60], and its structure is shown in Figure 5. 

( )( )UnquL

j ijf x P

0

1

0.50 ( )ijx P0.60
 

Fig. 5. The structure of the whitening weight function 𝑓𝑗
𝐿𝑈𝑛𝑞𝑢 (𝑥𝑖𝑗(𝑃)) 

The corresponding calculation model is: 

 

( )( )

( )

( )( ) ( )

( )

1 0 0.50

10 0.60 0.50 0.60

0 0.60

Unqu

ij

L

j ij ij ij

ij

x P

f x P x P x P

x P

 


= −  


  (19) 

4.5 Implementation of the evaluation model and the algorithm 

According to the above analysis, the fuzzy membership degree between the evalua-

tion objects and the evaluation levels could be obtained. For the i-th evaluation object 

P, assume the fuzzy membership degree of its j-th evaluation index to the k-th evalua-

tion level is 𝑓𝑗
𝑘 (𝑥𝑖𝑗(𝑃)), then its comprehensive weighted membership degree Ψk(p) 

is: 

 
( ) ( )( )( )

1

n
k k

i j j ij

j

P w f x P
=

= 
 (21) 
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If it satisfies: 

 
( ) ( )

1
maxl k

i i
k K

P P 
 

=
 (22) 

where, K is the number of evaluation levels, 1 ≤ 𝑘, 𝑙 ≤ 𝐾. 

It indicates that the evaluation level of the i-the evaluation object P is l. 

5 Conclusion 

This paper discussed the evaluation of online learning effect, and the main research 

works are:  

1. Combining with the actual situations of online learning, this paper analyzed the in-

fluencing factors in the online learning process and pointed out directions for the 

improvement of online learning effect, which provided a clear guidance for the de-

velopment of online learning.  

2. Following the scientific, objective, comprehensive, hierarchical, and operable eval-

uation index selection principles, this paper established a fuzzy evaluation index sys-

tem of online learning effect considering multiple dimensions of pre-class preview, 

classroom execution and after-class feedback, which provided a good theoretical 

support for the evaluation of online learning effect.  

3. An improved online learning effect evaluation model was established to realize the 

fuzzy evaluation and analysis of online learning effect from the perspective of multi-

attribute decision-making analysis, which provided a solid basis for the quantitative 

analysis of online learning effect. 
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