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Abstract: We construct a global higher education quality evaluation system by using the grey relation 

analysis method optimized based on the TOPSIS method. According to the data, we obtained the 

normalized original data matrix and found the optimal and worst solutions. Then we respectively 

calculated the distance between each evaluation object and the optimal and worst solutions, and obtained 

the relative closeness of each evaluation object to the optimal solution, as the basis for evaluation. Then 

we used the gray correlation analysis method. According to the degree of similarity or difference in the 

development trend between the factors, as another way of measuring the degree of correlation between 

the factors, we used the combined evaluation method, combining the AHP and the coefficient of variation 

method. The subjective and objective data are combined to get a more reasonable weight. According to 

the model, the country can effectively analyze the existing problems. By weighting each indicator, 

countries can identify major and minor problems and then develop refined solutions. 
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1. Introduction 

The outbreak of Covid-19 has resulted in traffic blockage, university closures, cancellation of online 

teaching, decreased student flow, and the phenomenon of "local internationalization" is becoming ever 

more common. Each country begins to pay more attention to the advantages and disadvantages of the 

internal structure of its higher education system, and pay more attention to the health status, rationality, 

and sustainability of the higher education system, and whether it will contribute to the future development 

of its own country and the world. Therefore, it is necessary to measure the health of the higher education 

system.. 

We developed a model to measure and assess the health of any nation’s system of higher education. 

2. Evaluation Model of the Health of Higher Education System 

2.1. Evaluation Index 

Table 1: Evaluation index 

Level 1 Level 2 Level 3 

The health of national 

higher education 

Input (A) 

Scientific research expenditure as a percentage of GDP (A1) 

The number of teachers (A2) 

Annual average tuition fees (A3) 

Enrollment rates in higher education (A4) 

Output (B) 

The number of scientific papers (B1) 

Graduation rate (B2) 

The employment rate (B3) 

Internationalization (C) 

The number of foreign students (C1) 

The number of top 500 scientific research institutions (C2) 

The number of Nobel prize winners (C3) 
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2.2. TOPSIS Model 

2.2.1. Matrix Constructing 

The original data matrix is constructed as X=(xij)n×m. Then construct a weighted normalization matrix, 

and the index is a vector normalized, each column element is divided by the norm of the current column 

vector (using the cosine distance metric). 

 (1) 

Thus, the normalized matrix Z=(zij)n×m after normalization is obtained. 

2.2.2. Extreme Value Establishment 

The optimal plan and the worst plan are determined by the normalized initial matrix. The optimal 

plan z+ is composed of the maximum value of each column element in Z+. The worst plan z- is composed 

of the minimum value of each column of elements in Z-. 

 (2) 

 (3) 

2.2.3. Weight Establishment 

We use the Analytic Hierarchy Process (AHP) to obtain subjective weights based on the relative 

importance of the indicators. Then, we calculate the average value, variance, and coefficient of variation 

of each indicator in each country, and establish the weight of the evaluation indicator wi (i=1,2..., m). 

Using the coefficient of variation method, the formula for calculating the coefficient of variation of each 

indicator is: 

, ,  (4) 

2.2.4. Optimal Result 

Finally, the objective weights are obtained. Using the combined evaluation method, combining the 

subjective weight and the objective weight to get the final weight. 

 

Figure 1: The weight of each country by TOPSIS model 

Then, use various indicators, final weight, optimal plan, and worst plan to get a positive ideal solution 

and a negative ideal solution. 

 (5) 

Finally, use the positive ideal solution and the negative ideal solution to get the final score. According 
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to the TOPSIS scoring model we established, the health status of the higher education system in 

descending order is the United States, China, the United Kingdom, South Korea, Japan, Russia, and 

Canada. 

Table 2: The score of each country by TOPSIS model 

 

2.3. Gray Relational Analysis 

2.3.1. Matrix Establishment 

We directly use the normalized initial matrix processed in the first model to find the largest element 

in the indicators of each country to form a parent sequence. The parent sequence is 

. 

2.3.2. Relevance Determination 

Calculate the correlation between each indicator and the overall development of the system. 

 (6) 

Then use the obtained index to average the final correlation. 

 (7) 

2.3.3. Weight Establishment 

Divide the final relevance of a single indicator by the sum of the final relevance of all indicators to 

get the final weight of each indicator. 

Table 3: The weight of each country by Gray Relational Analysis 

 

2.3.4. Optimal Result 

Finally, each normalized and standardized matrix and weight is multiplied and added together to 

obtain the final score of each country. 

 (8) 

Table 4: The score of each country by the gray correlation analysis 
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According to the gray correlation analysis, the health status of the higher education system in 

descending order is the United States, China, the United Kingdom, Japan, South Korea, Canada, and 

Russia. 

2.4. The Score Comparison of the Two Models 

 

Figure 2: The score comparison of the two models 

3. Conclusion 

According to the characteristics of global higher education, this paper constructs a "three-dimensional 

index system" for higher education evaluation and proposes a higher education evaluation model based 

on TOPSIS and grey correlation theory. For the field of higher education, this evaluation model has good 

generality. Compared with the Analytic Hierarchy Process (AHP) and fuzzy comprehensive evaluation 

methods that are currently used in the field of higher education evaluation, the evaluation system 

constructed in this paper eliminates unnecessary human factors as much as possible, making the 

evaluation process more objective and scientific. The evaluation is more operable and has a higher 

promotion value. 
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