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Abstract. In order to improve the teaching quality of higher education and improve the quality
assurance system of higher education, based on the Internet + and under the background of big data,
data mining technology is applied and a method for monitoring the teaching quality of higher
vocational education is established. A variety of methods are used to clean up the monitoring data, get
high-quality monitoring data, and construct the content system of school teaching quality monitoring.
Then, according to the mode of "teaching input - teaching process - learning result”, the data items
which have high correlation with the quality of teaching are used as the core index of teaching quality,
and the quality monitoring model of higher education is constructed from the core index of teaching
quality. Moreover, the quality monitoring index of higher education is constructed in accordance with
the weight of various data. Finally, a normal monitoring system for teaching quality of higher
education is realized. The research shows that the teaching quality monitoring system proposed can
effectively monitor the quality of teaching. The results can be used to amend the existing teaching
quality evaluation indicators, and improve and enrich the five-in-one national higher education
quality assurance system.

1. Introduction

With the rapid development of Internet technology, the great social value, economic value and
scientific research value of big data have aroused great attention from all walks of life in the whole
society. If the big data can be used effectively, it will greatly promote the development of the social
economy and the level of scientific research. At the same time, the big data technology is also
pregnant with unprecedented opportunities. The normal monitoring of the basic state of teaching is
the main content and basic form of teaching evaluation. According to the internal rules of the teaching
work and the big data technology of the Internet, the basic state of the higher education is reflected by
the data, and the data analysis helps the school (Fang, Wu, Luo, Meng and Liu, 2013). The basic
status data of teaching is an important measure to promote the development of university connotation
and ensure the continuous improvement of the quality of teaching. It is also an important part of the
state monitoring system of the quality of higher education in the national five-in-one evaluation
system.

According to the analysis and research of the basic state data of higher education, the indexes of
perfecting the quality evaluation of higher education are improved based on the results of data
analysis, and the new methods and new ways of the teaching quality monitoring are formed. In
addition, the main factors influencing the quality of teaching are analyzed and the teaching quality
monitoring data model is constructed. It is of great significance to improve the scientific level of the
quality monitoring and evaluation of higher education. It also plays an important role in providing
comprehensive, accurate and specialized data support for the quality self-evaluation and
improvement of higher education, as well as the formulation of the policies and measures for
improving the quality of higher education.

2. State of the Art

In 1975, the United States established a specialized teaching quality management organization, the
American Higher Education Accreditation Committee (COPA), and in 1993, the American Higher

Copyright © 2018, the Authors. Published by Atlantis Press. 498
This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).



[

ATLANTIS Advances in Social Science, Education and Humanities Research (ASSEHR), volume 199

PRESS

Education Accreditation Committee renamed the National Higher Education Bureau for
Identification Policy Committee (NBP). NBP has three main aspects in evaluating the quality of
higher education teaching: Teachers' teaching, scientific research and public service. The quality
monitoring of higher education in the United States is mainly based on certification, and the quality of
higher education is guaranteed through various types of accreditation of non-governmental
organizations and the ranking of various institutions. Schools or majors voluntarily participate in and
consciously conduct self-quality assessment (Sun, 2014). The quality monitoring of higher education
in Britain is universally recognized in the world. The quality monitoring of higher education in the
Britain is monitored by the internal management and self-assessment of the quality of the higher
education, the higher education evaluation carried out by the government's Higher Education Fund
Committee and the higher education committee representing the Committee of the University
Presidents. The quality audits and social evaluations carried out by the body consultative
organization are composed of four levels of assessment, a typical social assessment of the British
Higher School Rankings issued by the Times (Qu and Li, 2014). The quality evaluation of higher
education in China has begun to try to make use of information technology since 2007, especially big
data and Internet + technology to build the database of the basic state of teaching that can reflect the
teaching quality of colleges and universities. It has been accumulated for 10 years in a continuous
period, and the status data of many schools have been put into storage, but the analysis and
application are not very well open. Therefore, in view of this situation, data mining technology is
applied to analyze and utilize data, and a monitoring system for teaching quality of higher education
is proposed.

3. Method

3.1. Data Mining.

Data mining is a new technology, which differs greatly from traditional data analysis methods.
The traditional data analysis is often only the query, processing and analysis of the database, and the
data mining is often not clear when it is analyzed. As a result, the final result of the data mining is
much unknown, but in the meanwhile, it has the validity and practicality (Gou, 2013).

Clustering algorithm is a kind of unsupervised machine learning algorithm. The essence of the
clustering algorithm is to group the data set which is not known beforehand, so that the data in the
same group are as similar as possible and the data in different groups are as different as possible. The
purpose is to reveal the true situation of the data distribution. The current clustering algorithms are
roughly divided into five categories: partition method, hierarchical method, density-based method,
grid-based method and model-based method.

K-means algorithm is a typical representative of clustering algorithm. In essence, the algorithm is
based on the average value of objects in clusters. In order to achieve the global optimum, the
partition-based clustering requires exhaustive division of all possible partitions (Li, Hu and Zhao,
2014). The algorithm process is to first select k objects from the entire n sample as the center mi (in=1,
2,...,k) of the initial cluster. Using the formula (1), the distance d (p, m) between each object P in the
data set to k cluster center can be calculated. Then, the minimum of each object P is found and
classified into the cluster the same as mi. After traversing all the objects, the formula (2) is used to
recalculate the value of mi as a new cluster center. Reassign the objects in the entire dataset to the
most similar clusters. Finally, repeat the above steps until the square error criterion is the minimum,
as shown in (3).

d(i, j) =\/(xi1 —le)z +(xi2 —sz)z +...+(xin - X, )2 1)
m =33 @
E:iﬂp—mi 3)
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Analytic hierarchy process (AHP) is a hierarchical decision-making method combining qualitative
analysis with guantitative calculation. The step is to construct the hierarchical structure model firstly.
The hierarchical structure model is divided into the highest level, the middle level and the lowest
level, which are used to refine the research topics from top to bottom. The highest level is the analysis
of the target preset by the problem, which is called the target layer; the middle layer is also called the
standard layer, including the middle link or element to realize the design of the target, which can
contain multiple levels; the lowest level indicates the measures and schemes for the realization of the
target, and is also called the scheme layer. Then, the structure judgment matrix is constructed. The
judgment matrix is a matrix which is used to show relative importance by comparing the importance
between the opinion layers. The relative weight vector W can be obtained by using the judgment
matrix. The method of calculating weight mainly includes the sum method, the root method, the
characteristic root method, the logarithm least square method, and so on, and the most widely used is
the characteristic root method. At last, it is the hierarchy and consistency check. Consistency
checking must be carried out when calculating weight vectors. The consistency of each layer of
elements is compared by the consistency ratio (CR), and the consistency ratio is CR=CI/RI, in which
Cl is the consistency index and RI is the random index (Zhou, 2014).

3.2. Monitoring Data Processing.

In order to improve the quality of data, the data collected from higher education quality is checked
according to the logical relationship between data items. After data verification, the data obtained are
greatly improved in both quality and normalization, and some misinformation can be corrected.
However, data verification cannot make it ruled out because of the data anomaly caused by users'
understanding of data connotation and statistical time errors. Therefore, the core data related to the
teaching quality are compared with the school's corresponding types, levels, properties and national
regional norm data, and the data items which are larger than the norm are marked out and confirmed
again.

According to needs, different data items are aggregated according to different classifications, and
data cube is constructed. Statistical units with the data items not belonging to schools are summed up,
and the data of school level are counted through COUNT, SUM and AVERAGE functions. The time
data, such as the year of birth and the time for admission to the teachers, are calculated according to
the statistical time points of the year into the data of the age or unit of the year, and the data are coded
according to the needs. For example, the age can be divided according to the actual age: age =18, 18
< age =35, 35 < age =45, 45 < age =55, 55 < age =65, 65 < age, and age = 18. In addition,
according to abnormal data, they are removed, and others are classified and coded in accordance with
the interval range.

Teaching process is directly related to teaching input and data in learning outcomes. After careful
analysis of the characteristics of teaching and the existing data, on the basis of the principle of "input
- output”, referring to various teaching evaluation indexes and according to the model of "teaching
input - teaching process - learning result"”, the data items which have high correlation with the quality
of teaching are selected as the core index of teaching quality. The hierarchical structure model of
higher education teaching quality is constructed, as shown in Figure 1.

The standard judgment matrix of the model is the result of the importance of three factors: the
teaching input factor, the teaching process factor and the learning result factor. The judgment matrix
of the teaching input, the teaching process and the learning result is A, in which C.R. = 0.0707 and the
judgment matrix satisfies the consistency test.

1 1/3 3
A=| 3 1 4 (4)
1/3 1/4 1
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Figure 1. The hierarchical structure model of higher education teaching quality
Sub criterion level is divided into teaching input sub criteria level, teaching process sub criteria
level and learning result sub criteria level. The judgment matrix of the teaching input sub criterion
layer is the professional scale, the number of books, the size of the teachers, the teaching
administrative room, the laboratory, the outside base, the fixed assets and the teaching funds. The
matrix Al is judged according to the importance result, in which C.R. =0.-967 and the judgment

matrix satisfies the consistency test.
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The judgment matrix of the sub criterion level of the teaching process is the practice teaching
credits, the teaching class scale, the teaching ratio, the extracurricular activities, the training mode
innovation area, and the number of innovative entrepreneurship training. Moreover, the matrix A2 is
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judged based on the importance results, in which C.R. =0.0758 and the judgment matrix meets the

consistency test.
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The judgment matrix of the learning reéult sub criterion_layer is the employment situation, the
school effect, the community activity and the degree situation. The matrix A3 is judged according to
the importance result, in which C.R. =0.0579 and the judgment matrix satisfies the consistency test.
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According to the judgment matrix, the relative weigh_t vector W is determined by the power
calculation method of the judgment matrix, and the corresponding weights are determined. The
weight of each data item is shown in Figure 2.
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Figure 2. The weight of the hierarchical structure model of higher education teaching quality
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According to the weight of each data, the monitoring index of teaching quality is set up and
recorded as HI, and the formula is:

HI :§Xiq (8)

In the above formula, X suggests the data item and @, refers to the weight of each data item.

In 2016, the National University data is selected as the research object. In accordance with the
quality monitoring index of higher education, the changes of the provinces can be seen through the
changes of the monitoring index. The changes of the teaching quality monitoring index in some

colleges and universities in 2017 are shown in Figure 3.
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Figure 3. Changes in monitoring index of education and teaching in some universities in 2017
3.3. Design of Teaching Quality Monitoring System.

The monitoring system structure includes data integration layer, data analysis layer and data
presentation layer, so as to realize the processing and analysis of teaching quality data. The bottom is
the data integration layer, which mainly integrates the data filled by universities in the collection
system into the major database (data warehouse), including the refined professional data and the
expanded evaluation data, the survey data in the satisfaction survey system, and the public data on
other public platforms, through the ETL data cleaning and extraction. In this process, data cleaning,
data transformation and data integration are mainly completed. The middle layer is the data analysis
layer, mainly using the data in the major database, through the multi-dimensional data analysis and
mining, to generate various uses of the analysis library. It includes the query of various data,
statistical analysis results of all kinds of data, various indicators and quality monitoring warning data,
various quality reports generated by the use of data, and professional evaluation authentication data.
The top layer is the data display layer, which mainly provides data services to the colleges and
universities, the provincial education authorities, the state education authorities, various evaluation
institutions, evaluation experts and the public. There are both the multi terminal data information
publishing platform and the other work platforms, such as evaluation management system,
engineering professional certification management system and other work platforms to achieve data
resource sharing.

The functions of the monitoring system include the general situation of the school, the whole
situation of the school, the situation of each teaching unit, the professional situation and the data
inquiry, and the overall functional structure of the system is shown in Figure 4.
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Figure 4. Overall functional structure diagram of the system
4. Results

The annual data of a university are selected to test the function of the main modules. After
introducing the data into the database, the test function of each module is realized, and the test
information is recorded in detail, including the test modules, the problem of the function realization,
the cause of the problem and the severity, as well as the subsequent improvement method.

After testing the function of major modules, the system basically meets the goal of system
requirement analysis, and all functional modules can run normally. In terms of function, the basic
function points of CRUD have been realized in the general situation management of the school, the
whole situation of the whole school, the situation of each teaching unit, the professional situation and
the data query. In view of security, users will automatically jump to the login page if they access the
system directly through URL without login. All system resources need to be authenticated by users
before they can be accessed. For ease of use, the system interface is simple and easy to operate,
realizing the ease of users to access and manage the system.

5. Conclusion

The data items which have high correlation with the quality of teaching are analyzed by data
mining technology, and the quality monitoring model of higher education is constructed based on the
core of the teaching quality. Additionally, the quality monitoring index of higher education is built
according to the weight of various data. Finally, a normal monitoring system for teaching quality of
higher education is realized. Through the analysis and implementation of the quality monitoring data
of higher education, this paper provides a basis for perfecting the quality assurance system and
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improving the quality of teaching in colleges and universities. What’s more, it provides a reference
for the scientific decision-making of the educational authorities. The research results can be used to
amend the existing teaching quality evaluation indicators, and improve and enrich the five-in-one
national higher education quality assurance system.
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