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Abstract: Due to the lack of scientific evaluation index system of MOOC evaluation
of teaching effectiveness, the reliability of the corresponding evaluation results is low.
Therefore, a study on MOOC evaluation of teaching effectiveness based on AHP
fuzzy comprehensive evaluation method is proposed. Based on the
comprehensiveness and systematicness of MOOC teaching, a preliminary evaluation
index system covering the background, input, process and result of MOOC teaching is
constructed. After revising it according to the teaching situation of MOOC, an
evaluation index of MOOC evaluation of teaching effectiveness is constructed. After
the weight of each index is set differently, the evaluation of MOOC teaching quality
is realized by AHP fuzzy comprehensive evaluation method. In the test results, the
evaluation results show high reliability.
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0 Introduction

With the advancement of technology and the popularization of the Internet,
large-scale open online courses (MOOC) have become an innovative approach in the
field of education, providing a large amount of learning resources for learners
worldwide. However, with the rapid development of MOOC platforms, how to
evaluate and ensure their teaching quality has become an important issue. Traditional
teaching quality assessment methods often focus on teacher qualifications, curriculum
design, teaching content, and other aspects, while neglecting students' experience and
feedback during the learning process. Therefore, developing a comprehensive,
objective, and effective MOOC teaching quality evaluation method has become an
urgent need.

For the actual teaching work, it is highly imperative to undertake reforms and
optimizations in the pertinent teaching aspects, in conjunction with an emphasis on
teaching quality. In view of this, the research on the evaluation of teaching quality has
attracted more and more attention 121, MOOC (Massive Open Online Curriculum), as
a modern distance education method, has been widely applied globally. With the
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continuous development of internet technology, the advantages of MOOC teaching
mode have gradually become prominent, attracting more and more attention from
students and educational institutions. However, with the continuous increase in the
number of MOOC courses, how to ensure teaching quality has become an urgent issue.
The current methods commonly used for MOOC teaching quality evaluation are
mostly questionnaire surveys based on user feedback or single indicator evaluation,
which have the problems of strong subjectivity, inaccurate and comprehensive
evaluation results®“l. The continuous progress of Internet technology has led to
further enhancements in the evaluation method for online teaching quality in higher
vocational colleges, particularly with the integration of big data 1. As an extension
and expansion of the application of information technology, a scientific teaching
quality evaluation index system has been constructed with the help of the
characteristics of big data analysis technology, which improves the reliability of the
evaluation results to some extent, but shows some shortcomings in accuracy [, In
addition, the evaluation of teaching effectiveness in colleges and universities based on
rough set theory has also been widely used. Under this evaluation method, FCM
method is first used to cluster the existing teaching quality evaluation data, and the
evaluation of teaching effectiveness is constructed by using the analysis results. In the
in-depth analysis of the weights of evaluation subjects %! rough set theory is
introduced, which the improvement significantly mitigates the influence of human
subjective factors on the reliability of evaluation results. However, this method
requires high quality of objective data, so it exists in the application stage. Combined
with the above analysis, it can be seen that building a more scientific and reasonable
teaching quality evaluation method is still a realistic problem that needs to be studied
emphatically 12231

Combined with the above analysis, this paper takes MOOC teaching as the
research object, puts forward a method for evaluating teaching quality based on AHP
fuzzy comprehensive evaluation method, and analyzes and verifies the application
effect of the design evaluation method through comparative testing. AHP (Analytic
Hierarchy Process) is a decision analysis method that combines qualitative and
quantitative analysis, which can effectively handle complex decision problems. The
fuzzy comprehensive evaluation rule can handle fuzziness, comprehensively consider
various factors, and is suitable for complex teaching quality evaluation problems.
Combining these two methods can make up for the shortcomings of traditional
teaching quality evaluation methods and provide new solutions for MOOC teaching
quality evaluation.
1 MOOC teaching quality evaluation method design
1.1 MOOC teaching quality evaluation index setting

In order to ensure that the designed MOOC method for evaluating teaching
quality based on AHP fuzzy comprehensive evaluation method can meet the actual
application requirements to the maximum extent, and the final evaluation result has
high reliability [*4151 this paper first makes a deep research and Fenix on the setting
of MOOC teaching quality evaluation index. Among them, in the initial stage of
drawing up the evaluation index framework, this paper fully considers the
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development of the main models adopted in the evaluation index system of education
quality monitoring, combines the unique value orientation and structural logic 16171 of
CIPP model, and its strong applicability and reliability in the field of teaching quality
monitoring and evaluation, and constructs the first-level evaluation index 819 from
the perspectives of comprehensiveness and systematicness of MOOC teaching.
Among them, the specific first-level evaluation indicators cover the background, input,
process and results of MOOC teaching, as shown in Table 1.
Table 1 Preliminary evaluation index system of MOOC teaching quality

Primary Secondary Third level indicators

indicators indicators

background Practical Plan Training objectives, professional characteristics,
Practical teaching plan, practical teaching system,
environment feedback on internship and training, and

integration of college and kindergarten.

input Funding investment Investment in practical facilities and venues,

Teaching staff investment in internship base construction funds,

investment in internship  practice  funds,
investment in teacher practical teaching, and
investment in teacher training and training.

process Teaching The setting of practical teaching courses,
management monitoring mechanism for practical teaching
Teaching quality, evaluation and feedback mechanism,
implementation information  technology teaching, practical
teaching methods, and practical teaching
methods.
result Student Innovation ability, design ability, collaboration
comprehensive ability,  self-evaluation, guidance teacher
literacy evaluation, employer evaluation.
Student
comprehensive
evaluation

Combined with the initial index system of MOOC teaching quality shown in the
above table, this paper delves further into the specific indicators associated with
teaching quality evaluation, including merger, increase, decrease and modification
[20-211 " Specifically, the indicators of "training objectives" and “professional
characteristics™ are merged, and the merged evaluation index is “teaching objectives
positioning”; Combine the indicators of innovation ability, design ability and
cooperation ability, and the combined evaluation index is professional ability; The
indicators of "feedback of practice training”, "monitoring mechanism of practical
teaching quality” and "evaluation feedback mechanism™ are merged, and the merged
evaluation indicator is "monitoring feedback mechanism of practical teaching quality";
Delete the evaluation index of "information teaching”, take "individual quality" as a
new evaluation index, and change the index of “practical teaching system" to
"cooperation between colleges and universities to build a practical teaching system™.
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On this basis, the evaluation index of MOOC teaching quality is shown in Table

2.
Table 2 MOOC teaching quality evaluation index system
Primary Secondary Third level indicators
indicators indicators
Teaching Teaching plan Positioning of teaching objectives
background Teaching plan
Teaching Establishing a Practical Teaching System
environment through Campus Cooperation
Collaborating with institutions and
participating in the entire process of practical
teaching
Teaching Funding Investment in teaching facilities and venues
investment investment Investment in teaching base construction funds
Investment in teaching practice funds
Teaching staff Teacher's practical teaching investment
Teacher training and investment in training
Teaching Teaching Design of practical teaching courses
process management Feedback mechanism for monitoring the
quality of practical teaching
Teaching Practical teaching methods
implementation Practical teaching methods
Teaching Student Professional competence
achievements  comprehensive Individual quality
literacy
Student Self evaluation
comprehensive Instructor evaluation
evaluation Employers' evaluation

According to the way shown in Table 2, the construction of MOOC teaching
quality evaluation index system is realized, which provides a reliable implementation
basis for the subsequent evaluation work and ensures the reliability of the evaluation
results.

1.2 Related Acquisition of MOOC Teaching Quality Evaluation Indicator Data

The MOOC teaching quality evaluation indicators can also be further refined and
adjusted based on the characteristics and needs of specific courses. At the same time,
certain indicators can also be added or deleted according to the needs of actual
teaching quality evaluation. When obtaining indicator data through actual correlation,
the data is processed into multi-dimensional matter elements based on the subordinate
level of the indicator. The multi-dimensional matter elements used can be represented
as:
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Among them, R represents the selected multidimensional matter element, N
represents the number of indicators processed by the multidimensional matter element,

c, represents the indicator features, and n_ represents the sub features decomposed.

n

By utilizing the formalized features of this multidimensional matter element, the
number of matter elements can be quantified into multiple levels of matter elements.
The quantification process can be expressed as:

G v

C, Vv
S=R| 7 7|Q

Among them, S represents the parameter for quantitative processing, Vv

n

represents the numerical score of the indicator, and the meaning of the other
parameters remains unchanged. In order to control the completeness of data domain
data within attribute classes and expand the numerical distance of processing
management data, the numerical relationship can be expressed as:

a+b
X_—
2

p(x) = 3)

Among them, p(x) represents the calculated distance parameter, X represents

the real domain points of attribute values, and a. b represents the extension
parameters of different attribute categories. Using the numerical distance formed by
the above processing as the quantitative range, establish a primary correlation of
MOOC teaching quality evaluation index data, and the numerical relationship can be
expressed as:

_p(x)
H”_DMQ+N®

Among them, k(x) represents the primary correlation numerical relationship

constructed, D(X,) represents the bit value processing function, and b represents

the quantitative parameter. Using the primary correlations obtained from the above
organization, the classical domain of the associated data is extracted, and the
extraction process can be expressed as:
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Among them, J represents the extracted classical domain parameter, P;

represents the node domain function of the parameter, K, represents the attribute

category parameter, and the meaning of the other parameters remains unchanged.
Organize the data association relationships after the above association processing, and
use the AHP entropy weight method to calculate the evaluation results of MOOC
teaching quality.
1.3AHP Fuzzy Comprehensive Evaluation Model

(1) Build evaluation criteria

According to the theory of fuzzy mathematics, when evaluating any MOOC
teaching quality evaluation index based on evaluation set elements, the results
obtained are not presented through affirmation or negation, and their membership

degree can be described through fuzzy sets, which is [0,1]. In the process of

evaluating the quality of online and offline MOOC teaching, it is necessary to first
divide the evaluation result interval, obtain a quantitative evaluation level, and
generate a membership function based on this. During actual evaluation, the
evaluation scores of different MOOC teaching quality evaluation indicators are
obtained through expert survey method, and the conversion between MOOC teaching
quality evaluation results and membership degree is achieved based on interval
membership function. To ensure the scientificity of the MOOC teaching quality
evaluation results, it is necessary to scientifically divide the evaluation levels and
scoring intervals.

(2) Obtaining teaching quality ratings

The common MOOC teaching quality rating is based on the analysis results of
different evaluation indicators by experts, which is the weighted evaluation expert
survey method to obtain evaluation data. This method does not consider expert
experience, which leads to certain deficiencies in the scientific nature of the
evaluation result set. Moreover, experts have certain deficiencies and blind spots in
their understanding of online and offline MOOC teaching, and based on this,
confidence index can be introduced into the specific evaluation process.

To ensure the scientificity of the MOOC teaching quality evaluation results,
expert levels are divided based on the expert information participating in the research,
corresponding coefficients are set, and the expert weights are determined using
equation (6):

2z, =— (6

r
(myn,)
=1

r
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Among them, m. and n_ respectively represent the coefficients corresponding

to the number of experts at any level.

Introducing confidence index d(0<d sl) into the expert judgment process

means that if an expert has high information about the given evaluation result, a value

of d, can be set as 1. If the given evaluation result is uncertain, a value of d, can

be set as any number between [0,1]. From this, we can obtain an expert's rating of T

for a certain MOOC teaching quality evaluation indicator:

T z:]srdr )

2.4,
1

Among them, s, represents the evaluation result of an expert on any MOOC

teaching quality evaluation indicator. By dividing expert weights and providing

accurate analysis based on their own identification based on s,, combined with

expert weights and indicator weights, the final MOOC teaching quality evaluation
results can be closer to the actual MOOC teaching quality situation, thereby
preventing the problem of lack of information judgment results having a negative
impact on the final MOOC teaching quality evaluation results.

By counting the scores of all experts on any MOOC teaching quality evaluation
indicator, the final evaluation result of that MOOC teaching quality evaluation
indicator can be obtained [22].

(3) Constructing Fuzzy Membership Matrix

The distance between the MOOC teaching quality evaluation indicators obtained
based on expert research method and the evaluation result interval is inversely
proportional to the degree of membership, that is, the farther the distance between the
quality and the evaluation result interval, the lower the degree of membership, which
is consistent with the characteristics of the normal distribution function. Based on this,
the membership function is set as a normal distribution function, and X represents
the quantitative value set by the expert for any MOOC teaching quality evaluation
indicator, The membership function formula is described as follows:

r(X)=exp{—(X_a)z}(8>

62
Among them, a and 0O represent the intermediate values of different MOOC
teaching quality evaluation results intervals and the parameters that follow the normal
distribution, respectively.

Under the condition that the quantification value set by the expert is consistent
with the a value, the membership value is 1. Under the condition that the
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quantification value is the endpoint value on both sides of the MOOC teaching quality
evaluation result interval, the MOOC teaching quality evaluation result has a
significant ambiguity feature. Therefore, its membership degree can be defined for the
adjacent two MOOC teaching quality evaluation results interval, which is consistent,
both 0.5. From this, the following formula can be obtained:

r(x):exp{——(xl_a)z}

82

=ex {——(&_XZ)Z}—O
Bhs o

Among them, x, and x, are the two endpoint values of the MOOC teaching

©)

quality evaluation result interval, which will be brought into the actual evaluation
calculation process to determine parameter ¢ for different MOOC teaching quality
evaluation result intervals.

The main feature of the normal distribution membership function is that the
closer the distance between the results of the MOOC teaching quality evaluation
interval, the higher the degree of membership; However, optimization needs to be
implemented for the evaluation result interval on both sides. The detailed process is to
convert the membership function on both sides of the MOOC teaching quality
evaluation result level into a straight line with a continuous membership degree of 1
by raising and lowering the half gradient [23-24].

By determining the membership degree of different MOOC teaching quality
evaluation levels and normalizing the evaluation results, a single factor membership
matrix for the comprehensive evaluation of MOOC teaching quality can be obtained:

fin a2 = Tian
R — fi21

r

iz "

20110y
riml rim2 r-imn

(4) Fuzzy comprehensive evaluation

By combining the weight vector obtained through fuzzy analytic hierarchy
process with the membership matrix of comprehensive evaluation, a fuzzy
comprehensive evaluation matrix for the three-level evaluation indicators of online
and offline MOOC teaching quality is determined. The formula is described as
follows:

Z; =w, xR
fin Bz = Tinn
:(\Nil’WiZ!"'fwin)X ri:Zl riz:z ri:zn (11)
Fint Bimz " Tinn
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Based on the above description, the MOOC teaching quality evaluation results
can be determined:

P=w-(P,P,,P,) (12)

On this basis, the corresponding MOOC teaching quality evaluation process can
be expressed as shown in Figure 1.

Establish a teaching information model
with multiple factor points

v

Establishment of Fuzzy Matrix

Model
Determine the composition of teaching
work
N
Speculate the specific situation of
evaluation index parameters
Complete
composition of
factors N

Calculate the product of weights and
corresponding parameters

A
Output
evaluation

results

Figure 1 MOOC teaching quality evaluation process

According to the way shown in Figure 1, on the basis of judging the composition
of specific factors in MOOC teaching, the evaluation of MOOC teaching quality is
realized by combining the weight parameters calculated by Equation (1), and the
specific evaluation result is the sum of the products of index weights and
corresponding parameters [?1,

According to the way shown above, the accurate evaluation of MOOC teaching
quality can be realized.
2 Application testing
2.1 test preparation

When analyzing the MOOC teaching quality evaluation method designed in this
paper based on AHP fuzzy comprehensive evaluation method, a comparative test was
carried out. Among them, the control group participating in the test was the method
for evaluating teaching quality based on BP neural network, the teaching quality
evaluation method based on big data and the teaching quality evaluation method
based on rough set theory.

For the specific teaching test, this paper carried out a comparative test based on
the teaching content of the optical part of senior high school physics elective 3-4.
Among them, 162 students and 6 teachers participated in the test. In terms of teaching
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content, it mainly includes two parts, namely, the integration of subject knowledge
under MOOC education concept and the teaching goal of physics in senior high
school under national curriculum standards. In terms of teaching objectives, students'
teaching work is carried out from four angles of core literacy.
2.2 Test results and analysis

Based on the above-mentioned test environment, the relationship between the
evaluation results and the actual situation under different test and different evaluation
methods is compared and analyzed. Among them, the specific test results are shown
in Table 3.

Table 3 Comparison Table of Test Results of Different Methods

Detecting and R? MAE MSE

evaluating method min max min max min max

BP Neural Network 0.8166 0.9245 156 3.36 1.15 3.49
Teaching Quality
Evaluation Method
Teaching Quality 0.8482 0.9105 2.02 3.15 2.13 3.44
Evaluation Method for
Teaching
Evaluation Method for ~ 0.8326  0.8985  2.96 3.17 2.83 3.20
Big Data
Quality of Rough Set
Theory
This article designs a 0.9122 0.9450 1.26 2.25 1.13 2.56
teaching quality
evaluation method

Combined with the test results shown in Table 3, the application effects of three
different methods are analyzed, and it can be found that they all show different
characteristics. Among them, under the BP neural network teaching quality evaluation
method, the R? of MOOC teaching quality evaluation results shows obvious
fluctuation, and the difference between the minimum value and the maximum value
reaches 0.1079, and the minimum value is only 0.8166, which is at a low level, and
the corresponding MAE and MSE are also low. In the test results of big data teaching
quality evaluation method, the fluctuation degree of different evaluation indexes is
relatively small, among which the differences between the minimum value and the
maximum value of R?, MAE and MSE are 0.0623,1.13 and 1.31, respectively.
Although the stability is obviously improved compared with the BP neural network
teaching quality evaluation method, the overall level is low, and the maximum value
of R%is only 0.9105. In the test results of rough set theory teaching quality evaluation
method, the stability of R>, MAE and MSE has been further improved, and the
difference between the minimum value and the maximum value is stable within 1.0,
but there are the same shortcomings as the big data of the method. In contrast, the
value of R2is always above 0.91, and the maximum value reaches 0.9450, which is
greater than the BP neural network teaching quality evaluation method 0.0205, the big
data teaching quality evaluation method 0.0345 and the rough set theory teaching
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quality evaluation method 0.0465 respectively, indicating that the evaluation results
are highly reliable. MAE is stable within 2.30, and the minimum value is only 1.26,
which is lower than BP neural network teaching quality evaluation method 0.30, big
data teaching quality evaluation method 0.76 and rough set theory teaching quality
evaluation method 1.70 respectively, indicating that the overall accuracy of the
evaluation results is high; MSE is stable within 2.60, and the minimum value is only
1.13, which is lower than BP neural network teaching quality evaluation method 0.02,
big data teaching quality evaluation method 1.00 and rough set theory teaching
quality evaluation method 1.70 respectively, indicating that the overall stability of
evaluation results is high.
3 Conclusion

To provide a scientifically effective method for evaluating and measuring the
quality of MOOC teaching, this paper puts forward the research on MOOC teaching
quality evaluation method based on AHP fuzzy comprehensive evaluation method. By
establishing a hierarchical structure model and determining corresponding indicator
systems, a comprehensive evaluation framework is provided for the evaluation of
MOOC teaching quality. Using the AHP fuzzy comprehensive evaluation method,
calculate the weights of each evaluation indicator, accurately reflect the importance of
each indicator to teaching quality, and avoid bias in subjective evaluation. Based on
the AHP fuzzy comprehensive evaluation method, the weights of various evaluation
indicators and specific measurement results are comprehensively calculated to obtain
the final teaching quality score, providing an objective and comprehensive teaching
quality evaluation result. This approach significantly enhances the reliability,
effectiveness, and stability of the evaluation results. The design and research of the
MOOC teaching quality evaluation method in this paper aim to provide valuable
insights and guidance for enhancing and advancing actual teaching practices.
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