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Abstract: We established a model for evaluating the health of the higher education system 
and apply it to many countries. Firstly, we built a comprehensive evaluation index system to 
evaluate the health of the higher education system based on the five systems and 16 
indicators. We have selected six countries with different higher education cultures to evaluate. 
After analyzing the correlation degree of each indicator with gray correlation, we used the 
expert evaluation method and the entropy weight method (EWM) in contrast. The income 
weights are combined subjectively and objectively. Finally, through the fuzzy 
comprehensive evaluation (FCE) method, the health of the higher education system of each 
country is obtained. 

1. Introduction 

The higher education system is of great significance in the development of the country. Under the 
current circumstance, all countries are reflecting on the advantages and disadvantages of their higher 
education systems which need changing by preparing to implement policies. To evaluate and improve 
the health of the higher education system, this paper constructs an "evaluation prediction model" of 
the health of the higher education system.  

2. Evaluation Model of the Health of Higher Education System 

We proposed three levels of evaluation index to evaluate the health of the higher education system 
from five systems: research system, value system, talent system, education system, and policy support, 
and then refine the five systems to obtain the following evaluation index system architecture diagram 
in Figure 1. 
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Figure 1: Index System Architecture Diagram 

2.1 Study the importance of each index by EWM 

According to the proposed quantitative indicators, four developed countries with different higher 
education methods are selected: the USA in America, Japan in Asia, Germany in Europe, and 
Australia. Select China as the representative of developed developing countries and Vietnam as the 
representative of underdeveloped countries. Check relevant information to collect research 
investment, number of SCI publications, natural index, number of ICCA meetings, state input, 
personal investment, profits of the higher education industry, number of bachelor degrees or above, 
the average tax paid in these six countries in 2019 by highly educated citizens and average tax paid 
by citizens without higher education and other data. 

Process the data in the matrix to get the normalization evaluation matrix. The proportion of each 
sample in this indicator is 𝑝𝑝𝑚𝑚𝑚𝑚 = 𝑥𝑥𝑚𝑚𝑚𝑚

∑ 𝑥𝑥𝑚𝑚𝑚𝑚
6
𝑚𝑚=1

, where m represents country and n represents the indicator. 
From the specific gravity pmn, the entropy value en of the nth index can be calculated, and the 
uncertainty degree of the quantitative index data can be expressed in numerical form. 

𝑒𝑒𝑚𝑚 = −𝑘𝑘 � 𝑝𝑝𝑚𝑚𝑚𝑚 ln 𝑝𝑝𝑚𝑚𝑚𝑚 (𝑘𝑘 = 1/ ln 6 , 𝑒𝑒𝑚𝑚 ≥ 0)
6

𝑚𝑚=1

(1) 

dn=1-en is the information utility value used to represent the deviation of en. Based on entropy [5], 
the weight index obtained by the entropy weight method (EWM) for each index is 𝑤𝑤𝑚𝑚 = 𝑑𝑑𝑚𝑚

∑ 𝑑𝑑𝑚𝑚16
𝑚𝑚=1

. 
Looking at the weight index [6] from the information perspective, the weight index reflects the 

extent to which an indicator provides useful information for evaluating the health of the system. 

Table 1: Weight table of each system 
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2.2 Gray Relational Analysis 

We choose the first indicator in each system as the reference series. 

𝑥𝑥0′ = �𝑥𝑥0′(1),𝑥𝑥0′(2),⋯ , 𝑥𝑥0′(6)� 

Use the value of the remaining indicators in the system as a comparison sequence. 

𝑥𝑥𝑖𝑖′ = �𝑥𝑥𝑖𝑖′(1),𝑥𝑥𝑖𝑖′(2),⋯ , 𝑥𝑥𝑖𝑖′(6)�  (𝑖𝑖 = 1,2,⋯ ,𝑛𝑛 − 1) 

Then we define the correlation coefficient of the comparison series to the reference series, which 
describes the correlation degree between the comparison series xi’ and the reference series x0’. 

𝜁𝜁𝑖𝑖(𝑚𝑚) = �
𝑚𝑚𝑖𝑖𝑛𝑛
𝑖𝑖

 𝑚𝑚𝑖𝑖𝑛𝑛
𝑘𝑘

|𝑥𝑥0′(𝑚𝑚) − 𝑥𝑥𝑖𝑖′(𝑚𝑚)| + 𝜌𝜌 ⋅ 𝑚𝑚𝑚𝑚𝑥𝑥
𝑖𝑖

 𝑚𝑚𝑚𝑚𝑥𝑥
𝑚𝑚

|𝑥𝑥0′(𝑚𝑚)− 𝑥𝑥𝑖𝑖′(𝑚𝑚)|

|𝑥𝑥0′(𝑚𝑚)− 𝑥𝑥𝑖𝑖′(𝑚𝑚)| + 𝜌𝜌 ⋅ 𝑚𝑚𝑚𝑚𝑥𝑥
𝑖𝑖

 𝑚𝑚𝑚𝑚𝑥𝑥
𝑚𝑚

|𝑥𝑥0′(𝑚𝑚) − 𝑥𝑥𝑖𝑖′(𝑚𝑚)| � (2) 

In formula (2), resolution coefficient ρ∈ [0,1], 𝑚𝑚𝑖𝑖𝑛𝑛
𝑖𝑖

 𝑚𝑚𝑖𝑖𝑛𝑛
𝑘𝑘

|𝑥𝑥0′(𝑚𝑚) − 𝑥𝑥𝑖𝑖′(𝑚𝑚)| means the two-level 
minimum difference and 𝑚𝑚𝑚𝑚𝑥𝑥

𝑖𝑖
 𝑚𝑚𝑚𝑚𝑥𝑥
𝑚𝑚

|𝑥𝑥0′(𝑚𝑚) − 𝑥𝑥𝑖𝑖′(𝑚𝑚)| means the two-level maximum difference. 
The evaluation index system contains three levels of evaluation indicators. To reduce the number 

of judgments required in the evaluation, we combine the correlation coefficients of small indicators 
to calculate the correlation coefficients for each country in the five major systems. The results are 
shown in the following figure. 

Table 2: Table of Index Coefficients by Countries in 2019 

 

2.3 Construct evaluation model by FCE 

We describe the health status of the higher education system as healthy, sub-healthy, unhealthy, 
critical, and dead based on the analogy of human health, as shown in Figure 2. 

 

Figure 2: Health Rating Chart 

According to the index coefficients of each country obtained in the index dimensionality reduction 
process, we use the expert scoring method to vote on the performance of each country in the index 
system and obtain statistics on the votes of each country in the five major index systems in Table 3. 
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Table 3: Experts’ scores of countries 

 
 
We determine the measurement index of country m on the index system s as rms, thereby 

constructing a total fuzzy evaluation matrix R=(rms)m×s. Then we take the weight index wn obtained 
by the EWM to construct the weight coefficient matrix W (w1, w2, ..., w5) to perform fuzzy 
comprehensive evaluation (FCE). Through the fuzzy transformation of the weight coefficient matrix 
W and the evaluation matrix R, we obtained the judgment matrix B=W×R. According to the judgment 
matrix, we analyze the results of a fuzzy comprehensive evaluation to get the health status of the 
national higher education system. 

Table 4: Ranking table of national indicators 

 
 

 

Figure 3: Rating results of the six countries 
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3. Evaluation and promotion of the model 

The results obtained through the evaluation model of this article are in line with the degree of 
development of countries in the world. 

Because of the limited indicators we proposed, our model can only be judged based on the changes 
in the indicators we proposed. 
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