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Abstract—There are several defects with the current evaluation strategy for
educational competitiveness of universities, namely, the lack of a well-estab-
lished evaluation system and the complexity of evaluation factors. To overcome
these defects, this paper analyzes the key factors affecting the educational com-
petitiveness of universities, and establishes an evaluation system covering such
three aspects as basic input, progress and output. On this basis, an evaluation
model was created to assess the educational competitiveness of universities, in
the light of multiple factors on varied levels. Overall, our evaluation system and
its model can effectively achieve the multi-factor evaluation of the educational
competitiveness of universities, providing a good solution to complex system de-
cision-making problems.
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1 Introduction

Higher education provides a large number of high-quality talents for the rapid devel-
opment of modern society, and offers a manpower and technical reserves for promoting
the development and innovation of different social fields. Higher education is now play-
ing an irreplaceable role in improving the overall competitiveness of the country and
the society; therefore, the development of higher education has been valued by more
and more people [1-3]. The educational competitiveness of universities has gradually
become a hot issue in higher education research. As the subject that implements the
higher education, universities are the base for cultivating senior talents. The educational
competitiveness of universities not only reflects the educational level of universities,
it’s also a major indicator reflecting the sustainable development of the country and the
society. As a result, improving the educational level and competitiveness of universities
is of great scientific and developmental significance [4-6].

At present, some researchers have analyzed the educational competitiveness of uni-
versities from different perspectives, and proposed a series of insights and research re-
sults, which have a positive effect on improving the educational competitiveness of
universities. For example, ZHOU discussed the measures and strategies to improve the
educational competitiveness of local colleges and universities in the context of
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internationalization [7]. WEN et al. identified the special competitive advantages of
higher education in China and proposed corresponding improvement strategies [8].
Dulma Dugarova et al. discussed how to improve the competitiveness of higher educa-
tion in cross-border areas based on education auditing, and pointed out that education
auditing is the only way to improve the competitiveness of higher education in cross-
border areas [9].

Moreover, Nicole C. Jackson explored the issue of competence management in the
innovation and transformation of higher education, and discussed how higher education
can better manage the transformation of new competences and the innovation require-
ments brought by the emergence of digital technologies in the process of digital trans-
formation [10]. Wang et al. established a higher education competitiveness analysis
index model, then based on this model and relevant index, they compared the compet-
itiveness of higher education in China with other countries in the world [11]. Carolin
Plewa et al. analyzed the impact of higher education reputation on its competitiveness
and discussed a fuzzy set analysis method based on resource allocation [12].

However, colleges and universities generally have the characteristics of multiple dis-
ciplines, majors and levels, for example, some universities focus on science and engi-
neering, some focus on liberal arts and social science; some focus on the education of
application-oriented talents, and some focus on the education of quality-oriented tal-
ents, etc.; and different researchers often have disparate perspectives on the competi-
tiveness of universities, which makes their analysis of the competitiveness of universi-
ties too general to form a system, so it’s necessary to conduct further research on the
evaluation of the competitiveness of universities. For this reason, based on a review of
the relevant literatures and research results, this paper studies the evaluation of the ed-
ucational competitiveness of universities under the guidance of the fuzzy system theory
[13-16]. There’re five parts in this paper: the first part gives an introduction of the ed-
ucational competitiveness of current universities; the second part analyzes the influenc-
ing factors of the educational competitiveness of current universities; the third part con-
structs an evaluation system of the educational competitiveness of the universities; the
fourth part discusses the evaluation methods of the educational competitiveness of the
universities; and the fifth part is the conclusion.

2 Influencing Factors of Educational Competitiveness of
Universities

2.1  Insufficient basic input

Basic input is a key factor affecting the educational competitiveness of universities.
The size of the basic input reflects the development potential of a university, there are
two aspects of basic input: hardware input and software input. Hardware input mainly
refers to the human, material and financial resources invested by universities during the
development of education; and the software input refers to the universities’ investment
and emphasis on the educational environment, planning, management and concept dur-
ing the development of education. Generally speaking, the capital source of the basic
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input in universities mainly comes from the government, school and society. Due to the
different natures, types and levels of colleges and universities, there are certain limita-
tions in the basic input, for instance, for universities that are directly subordinate to the
government, they often have preferential policies in their basic input and they can ob-
tain more funding resources, so their educational competitiveness is stronger. As for
universities that are not directly subordinate to the government, they usually need social
endowments or the school’s profitable management activities to provide capitals for
their basic input, as a result, insufficient social resources or improper profitable man-
agement will directly affect their basic input in the school education. In addition, under
the guidance of the science and technology development policy, universities of science
and technology often receive more funding from the government for their basic input;
while for universities of liberal arts, they can hardly get as much funding from the gov-
ernment as the universities of science and technology. Due to the influence of govern-
ment, the social environment, and the school’s development status, universities of dif-
ferent types, attributes and levels vary greatly in their basic input, resulting in that their
development status is uneven. This study believes that, in order to improve the educa-
tional competitiveness of universities, especially the universities that are not directly
subordinate to the government, they must pay more attention to the utilization and in-
tegration of social resources, enlarge the scope of cooperation between universities and
social organizations, and enhance industry-university-research cooperation between
universities and enterprises.

2.2 Unbalanced discipline setting

The unbalanced discipline setting in universities is an important factor affecting their
educational competitiveness. At present, universities generally attach great importance
to the research output, including science projects, research papers, scientific awards,
monographs, and patents, etc., and the research funding is often taken as a symbol of
the development level of the school. A university with more research funding and out-
put is often considered to have a higher teaching level and stronger educational com-
petitiveness; while a university with less research funding and output is considered to
have a lower teaching level and weaker educational competitiveness. Such evaluation
method has led to that many universities lay great emphasis on scientific research while
neglecting the teaching practice, and the cultivated students are just derivatives of sci-
entific projects, which cannot truly reflect the educational competitiveness of the
schools. This paper takes the comprehensive universities as the subjects to illustrate
that, since the research funding and output of science majors are taken as the primary
part of the universities’ research funding and output, when the schools are formulating
related policies, they would give priorities to the development of science and engineer-
ing disciplines, which has inevitably resulted in uneven development levels of science
majors and liberal arts, in the long run, science majors develop better and better while
the liberal arts can hardly keep up with the needs of social development due to insuffi-
cient basic input, and this situation has promoted the formation of the developmental
trend that the science and engineering disciplines are dominating the higher education.
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However, the educational competitiveness of universities is essentially a manifesta-
tion of the comprehensive development ability of multiple disciplines in the schools, in
particular, as the higher education aims to cultivate high-quality modern talents, the
students need to have not only the scientific research qualities, but also the humanistic
qualities, and only such students with higher comprehensive qualities could better sat-
isfy the demands of the social development. Therefore, our study believes that, in the
course of improving the educational competitiveness of universities, we should pay at-
tention to the balanced development of various disciplines, especially in liberal arts
disciplines, more investment, preferential policies and supporting ideas should be pro-
vided to them so that the development of liberal arts could compete with the progress
of science and engineering disciplines, thereby better promoting the educational com-
petitiveness of universities.

2.3 Inadequate sustainable development of faculty

The faculty of universities is the manpower reserve for the development of higher
education, and the faculty construction is an important part for promoting the
educational competitiveness of universities. An important feature that can measure
whether the educational competitiveness of a university is sustainable is whether the
school has a faulty team with a hierarchical structure during the development of the
disciplines. The meaning of a faulty team with a hierarchical structure has several
aspects: the first is that the professional qualifications of the faulty have a low-medium-
high hierarchical structure; the second is that the age of the faulty have an old-middle-
young hierarchical structure; and the third is that the senior talent reserves of the faculty
have the characteristic of fluidity, that is, we must make sure that the teaching talents
be mobile and communicative, so that the faculty could fully exchange with the outside
and learn from others, and constantly add fresh blood to the education force. However,
in current universities, for some disciplines and majors, there is neither a shaped
professional faulty team, nor has the ability to build one, as a result, the development
of these disciplines or majors are not able to meet the requirement in the cultivation of
high-quality talents, and this situation is quite common in liberal arts disciplines and
majors. In some universities, there’s no key discipline or major in liberal arts, let alone
the key laboratories or research offices; moreover, due to the expansion of student
recruitment in certain periods of time, the number of teachers assigned or allowed to
have professional titles also runs out, resulting in a disconnected faculty talent
hierarchy, which has seriously hindered the sustainable development of higher
education and weakened the educational competitiveness of universities. In this study,
we believe that, in order to promote sustainable development of university faculty, we
have to master the characteristics of the three hierarchies during the construction of
university faulty team, and cultivate, introduce and exchange the teaching talents in a
targeted manner.

1JET — Vol. 15, No. 11, 2020 191



Paper—An Evaluation System and Its Model for Educational Competitiveness of Universities

2.4  Incomplete education administration system

Education administration system is an important guarantee for the educational com-
petitiveness of universities. The rules and regulations of universities provide a direction
for the implementation of higher education. Only when the direction of education ad-
ministration is correctly guided can the implementation of education be efficient and of
high quality, otherwise, the development of higher education may get half the result
with twice the effort. Therefore, the implementation of higher education needs to be
carried out under normative rules and regulations, and this is very important and nec-
essary for formulating a higher education administration system suitable for the culti-
vation of high-quality talents in modern society. However, due to inadequate adminis-
trative ability of school leaders and the fact that different schools may be subordinate
to different departments, the formulation of university administration policies often
hasn’t got a uniform implementation standard, and the formulated standards are flawed
in normativity and rationality. Especially with the alternation of university leadership,
the education administration system of the universities is in constant changing all the
time, and the formulated education administration system cannot be implemented ef-
fectively, and become a mere decoration. This situation has resulted in a huge waste of
manpower, material, and financial resources, and made the education administration
system aimless and unformal. Teachers' teaching and researching activities are often
based on utilitarian rather than education, which in turn leads to plan less, unsystematic
and unscientific implementation of higher education, and low-grade and inefficient ed-
ucation quality, and thereby causing a disconnection between social development de-
mands and the goal of cultivating senior and high-quality talents, which has seriously
hindered the improvement of the educational competitiveness of universities. Our study
believes that, to formulate a sound higher education administration system, we mustn’t
focus only on immediate interests, instead, we should formulate the system from the
perspective of the concept of scientific development and according to current social
environment, the schools’ conditions, and the development trend of higher education;
the leaders should have strong administration ability and decision-making skills, and
fully consider the suggestions of front-line teachers, because they have a better under-
standing of the problems existing in the implementation process of higher education,
and they are able to give effective solutions to these problems.

3 Evaluation System for The Educational Competitiveness of
Universities

Based on the above analysis of the influencing factors of the educational competi-
tiveness of universities, this paper believes that the construction of the evaluation sys-
tem for the educational competitiveness of universities could be conducted from three
aspects: basis input, progress, and output.
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3.1  Evaluation of basic input

The basic input of university education includes two parts: hardware input and soft-
ware input.

Hardware input: Hardware input is the basic condition for guaranteeing the opera-
tion of universities. This section mainly focuses on the basic input of universities during
the operation, including the educational expenditure, the recruitment size, the teaching
facilities, the faculty and teaching standard, etc.; wherein the educational expenditure
could be divided into teaching expenditure, research expenditure, and infrastructure ex-
penditure. In order to subdivide the size of educational expenditure, the educational
expenditure per teacher and the educational expenditure per student are generally
adopted for analysis. The recruitment size mainly refers to the number of teachers in
the faculty team and the number of students on campus, the number of teachers in the
faculty team includes the number of teachers and the number of researchers, the number
of students on campus can be divided into the number of undergraduates, the number
of postgraduates, and the number of international students, etc. The teaching facilities
mainly include teaching venues, research venues, libraries, laboratories, auxiliary
teaching and researching venues, etc. The faculty and teaching standard mainly refer to
the number and proportion of teachers with doctorates or senior professional titles, the
number and proportion of teachers with master's degrees or medium-grade professional
titles, and the number and proportion of teachers who have been awarded the title of
innovative talents at all levels.

Software input: Software input refers to the education policies, systems, concepts
applied in the universities, including the educational philosophy, the teaching adminis-
trative policies and mechanisms, the research administrative policies and mechanisms,
the laboratory administrative policies and mechanisms, the education methods, the
campus culture and school motto, and the education strategies, etc. The universities
need to examine whether their educational philosophy is consistent with the require-
ments of the society and the country, and meanwhile pay attention to the epochal and
developmental characteristics of the educational philosophy. As for the teaching ad-
ministrative policies and mechanisms, the research administrative policies and mecha-
nisms, the laboratory administrative policies and mechanisms, they mainly examine the
supportive role of higher education, and the rationality and scientificity are their main
characteristics. The education methods and strategies mainly examine the effectiveness
of the promotion of education quality in the universities. The campus culture and school
motto are the reflections of the cultural spirit of the universities during the implemen-
tation of higher education.

3.2  Evaluation of progress

The progress of higher education refers to the implementation process of adminis-
trative policies, educational philosophy, planning measures, implementation methods
and related practical activities adopted to improve the educational competitiveness of
universities, it includes two major parts: research progress and teaching progress.
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Research progress: The research progress can reflect a university’s scientific re-
search level and ability during the implementation of higher education, its measuring
indicators include: the number of national key disciplines or majors, the number of pro-
vincial or ministerial key disciplines or majors, the number of national key laboratories
(including the number of research bases or centers, etc.), the number of provincial and
ministerial key laboratories (including the number of research bases or centers, etc.),
the number of national scientific research programs, the number of provincial and min-
isterial scientific research programs, received funds for vertical research programs (ver-
tical research programs mainly focus on basic applications), received funds for hori-
zontal research programs (horizontal research programs mainly focus on engineering
applications), the number of industry-university-research cooperation platforms, the
number of international cooperation exchange funds or projects, the number of teachers
with the research talent titles above the provincial and ministerial levels, the number of
international academic conferences attended, etc.

Teaching progress: The teaching progress mainly reflects the teaching level and
ability of the universities during the implementation of higher education, its measuring
indicators include: the number of national-level excellent courses, the number of pro-
vincial-level excellent courses, the number of national-level excellent teachers, the
number of provincial-level excellent teachers, the number of national-level teaching
materials, the number of provincial-level teaching materials, the number of national-
level teaching reform programs undertaken, the number of provincial-level teaching
reform programs undertaken, the number and times of model courses, the advancement
and scientificity of the teaching concept and methods, the rationality of the application
of intelligent technologies in education, the epochal nature of teaching content and
teaching mode, and the number of visiting scholars sent for further studies, etc.

3.3  Evaluation of output

Quality of students: The main goal of higher education is to cultivate high-level and
high-quality talents, so the quality of students is one of the key links for the evaluation
of the output of universities. The quality of students can be evaluated from several as-
pects, including the number of undergraduates, the number of postgraduates, the pro-
portion of excellent undergraduates, the proportion of excellent postgraduates, the num-
ber of international students, the proportion of excellent international students, number
of awards in international university student competitions and the number of student
winners, the number of awards in national university student competitions and the num-
ber of student winners, the number of awards in provincial and ministerial university
student competitions and the number of student winners, the number of students partic-
ipating in international academic conferences, the number of students giving speeches
in international academic conferences, the number of high-level academic papers pub-
lished by students, the number of excellent doctoral dissertations at the national level
(number of students/times), the number of excellent doctoral dissertations at the pro-
vincial or ministerial level (number of students/times), the number of excellent master’s
theses at the provincial or ministerial level (number of students/times), and the number
of students sent for further studies, etc.
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Social service ability: Social service ability mainly examines whether the social
contribution ability and adaptability of the schools and students can fully adapt to the
requirement of social development, and whether the schools and the students could
make contributions to the development of the society. Generally speaking, the social
service ability can be evaluated from the following aspects: the students’ innovation
ability, the students’ coordination and adaptation ability, employment rate of graduated
students, the number of graduated students employed by Fortune 500 companies, the
number of graduated students employed by national well-known companies, the pro-
portion of graduated students employed by Fortune 500 companies, the proportion of
graduated students employed by national well-known companies, the satisfaction of
employers, the number of school-enterprise cooperated social service platforms (cen-
ters or bases), the ability of schools to cooperate with social institutions, the schools’
social service contribution ability, and the social satisfaction, etc.

Achievement transformation ability: Achievement transformation ability is an-
other important key link for the evaluation of the output of universities, it is the most
direct reflection of the educational output of universities, and it has a very important
promotive effect in improving the educational competitiveness of universities. The abil-
ity to transform the educational achievements of universities can be evaluated from the
following aspects: the number of identified international scientific and technological
achievements, the number of identified national scientific and technological achieve-
ments, the number of provincial and ministerial scientific and technological achieve-
ments, the number of national natural science awards (including awards for inventions,
and awards for scientific and technological advancement, etc.), the number of provin-
cial and ministerial natural science awards (including awards for inventions, and awards
for scientific and technological advancement, etc.), the number of national teaching
reform awards, the number of provincial and ministerial teaching reform awards, the
funds for industry-university-research cooperation, the funds for scientific and techno-
logical achievements transfer contracts, the scientific and technological achievement
transformation rate, the teaching reform achievement transformation rate, the number
of high-quality scientific and technological papers, the number of invention patents au-
thorized, the number of monographs published by well-known international or domes-
tic publishers, and the number of textbooks published by well-known international or
domestic publishers, etc.

4 Evaluation Method for the Educational Competitiveness of
Universities

Based on above analysis, this paper took the educational competitiveness of univer-
sities as the objective layer of the evaluation, the universities’ basic input, progress, and
output were taken as the criteria layer, under each criterion, there’re corresponding
multi-level evaluation indices.
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4.1  Processing of evaluation indices

According to the content of the evaluation indices of the educational competitiveness
of universities, it can be known that the evaluation indices include various types, such
as benefit-type indices and cost-type indices, and different types of evaluation indices
have different dimensions. In order to have a unified standard for evaluating the educa-
tional competitiveness of universities, it is necessary to standardize the evaluation indi-
ces. At the same time, because the value of the evaluation index is often fuzzy, this
paper adopted the triangular fuzzy number to describe the value of the evaluation index.

For the i-th i(1<i<n) evaluation object, the value v, of the triangular fuzzy num-

ber of the j-th Jj(1<j<m) evaluation index of the educational competitiveness of

universities can be expressed as:

_[.Mid _A-Lef _A-Rig
Vij—[vij Vi oYy ]

(1

where, V)" represents the optimal value of the evaluation index of the educational
competitiveness of universities, vt Tepresents the left deviation of the optimal value
of the evaluation index of the educational competitiveness of universities, vl.;‘.”“g repre-

sents the right deviation of the optimal value of the evaluation index of the educational
competitiveness of universities.

In particular, if the values of the evaluation indices of the educational competitive-
ness of universities were described by fuzzy intervals, they can be converted into the
form of triangular fuzzy numbers. If the values of the evaluation indices are expressed

Min | Max .
asU i [Ml-j sUj J , the conversion process can be expressed as follows:

_ Mid | A-Lef _ A-Rig
g Y% Ve oYy
Min Max
mia _ Yy TUy

Vij 5

b i 2 (2)

If the evaluation index of the educational competitiveness of universities is a benefit-
type index, then the normalized evaluation index value can be expressed as:

Mid A—Lef A-Rig
_[.Mid _A-Lef A-Rig]_ Vi Vi Vii
ij - ’;'j s i s i - ’ ’
max(V,) max(V) max(V)
1<isn N Y agisn VY agisn VY

! 3)

If the evaluation index of the educational competitiveness of universities is a cost-
type index, then the normalized evaluation index value can be expressed as:
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min(V,,) min(V,) min(V, )

_[pMid L A-Lef o A-RigT] _| lsi<n V) a<isaN Y i\ Y

L T i - Mid °> _A-Lef ° _ A-Rig
Vi Vi Vi

4)

It can be seen that the normalized evaluation indices of the educational competitive-
ness of universities were all in the range of 0-1, and all evaluation indices had a uniform
measuring standard.

4.2  Triangular fuzzy number

Existing evaluation methods include AHP method, entropy weight method, genetic
algorithm, grey correlation analysis, and neural network, etc. [17-22], but these meth-
ods have their corresponding scopes of application, some methods are more subjective,
which would affect the objectivity of the evaluation results; some methods require a
large number of data samples; some have a complicated computation process; and some
cannot effectively deal with fuzzy information. To this end, this paper adopted the fuzzy
system theory to analyze the educational competitiveness of universities, and proposed
an evaluation model for the educational competitiveness of universities based on the
triangular fuzzy number [23-25].

The maximum value of the normalized evaluation index has been selected as the
benchmark for the best evaluation R%, that is:

RJQ = [max(r.’.”’" ),max(rf‘“’f ),max(r.A"Rig )} 5)

. 1 . . 1
1<i<n v 1<i<n 1<izn v

The minimum value of the normalized evaluation index has been selected as the
benchmark for the worst evaluation Rj?’, that is:

1§] . Mid . A-Lef . A-Rig
R =|min(r,”" ),min(r; ,min(r;
J . ij . ij . ij
1<i<n 1<i<n 1<i<n

(6)
Accordingly, the best benchmark set Rand the worst benchmark set R of the eval-

uation indices of the educational competitiveness of universities were expressed as fol-
lows:

R® :{R]Q,...’RQ ..’RQ}

it m

R = (R, R, R ™)

Q . .
Then the fuzzy distance 25 of the i-th (1=i=n)eyaluation object and the best

Q . .
benchmark set R on the j-th / (1=7=m) eyaluation index can be expressed as:
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Mid Mid N2 A—Lef A—Lef \2 A-Rig \ _ A-Rig\2
(max (1" )= 1) + (max (1™ ) =1 Y + (mae (1 )= 1)
DQ — 1<i<n 1<i<n 1<i<n

3 ®)

Then the fuzzy distance D;.’ of the i-th i(1<i< n)evaluation object and the worst

benchmark set R” on the j-th Jj(1<j<m) evaluation index can be expressed as:

. Mid Mid \2 . A-Lef A—Lef \2 . ( A-Rig A-Rig\2
oo [Gin (" )=+ Gin(i )1+ i (1) =)

’ 3 )

4.3 Implementation of the evaluation model
According to the physical meaning of the model, it can be known that, the closer the
evaluation object to the best benchmark set R, the smaller the distance Dj’ between

the two, and the better the evaluation object; on the contrary, the closer the evaluation
object to the worst benchmark set R®, the smaller the distance Df/_‘between the two, and

the worse the evaluation object. If the weight of the j-th j(l <j< m) evaluation index
is w, , then the weighted fuzzy nearnessy* between the evaluation object and the best

benchmark set R®is:

Q S Q
Vi = Z(Wj *(1-0 ))
j=1 (10)
Similarly, weighted fuzzy nearness 1 between the evaluation object and the worst
benchmark set Ris:

m

v =2 (w*(1-07))

Jj=

(11)
From this, we can obtain the comprehensive weighted fuzzy nearness y, of the
evaluation object of the educational competitiveness of the universities, that is:

1
V: = 2
L+ (A-p)/a-y) )

Therefore, the comprehensive weighted fuzzy nearness y, could be sorted accord-

ing to its size, the larger the value of i, , the stronger the educational competitiveness

of the evaluation object; conversely, the smaller the value of ¥ , the weaker the edu-
cational competitiveness of the evaluation object.
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5 Conclusion

This paper analyzed the influencing factors of the educational competitiveness of
universities from the aspects of basic input, discipline construction, faculty team con-
struction and administration system, and pointed out the ways to improve the educa-
tional competitiveness of universities; from the perspectives of basic input, progress,
and output, the paper constructed an index evaluation system for the educational com-
petitiveness of universities. At the same time, the paper compared the existing evalua-
tion methods and proposed a fuzzy decision analysis model for evaluating the educa-
tional competitiveness of universities, which has important application value for the
quantitative analysis of the evaluation of the educational competitiveness of universi-
ties, meanwhile, the model also has good applicability for solving the decision-making
problems of other complex systems with similar characteristics.
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