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Abstract 

In a world of rapid economic development and fierce competition, the importance of 
education is obvious. A healthy and sustainable higher education system is essential to 
cultivating talents and carrying out modernization. Under the influence of the epidemic, 
all countries urgently need to reflect and reform the higher education system. This 
article offers a reliable solution for the evaluation and future vision of higher education 
in various countries. In the first part, we have completed the analysis and collection of 
the indicators of the health and sustainable development of the education system, and 
performed a certain pre-processing on the collected data. By narrowing the scope of 
related indicators, we finally established three weight: Talent development index (TDI), 
Scientific Research Index (SRI), and Social Impact Index (SII), including 12 indicators. 
The entropy weight method and the coefficient of variation method are used to integrate 
indicators into the health degree of the education system based on three weight, and the 
specific model of the evaluation system is obtained. In the second part, we apply our 
model to six countries, and compare the rankings obtained by evaluating this model with 
QS Higher Education System Strength Rankings to verify the reliability of the model and 
its wide application. In addition, countries consist of four categories using Coagulation 
hierarchical clustering analysis: Preferred Selec, Preferred, Standard Plus, Regular. 
India is elected as one of the characteristic countries, and the current situation of India 
is comprehensively considered and evaluated based on the model, and the emergence of 
education is analyzed. The advantages and disadvantages of the system, combined with 
the actual situation in the era of the epidemic at this stage, propose a good vision for a 
healthy and sustainable higher education system in India, and use our model to evaluate 
the vision and the current situation. In the third part, we give an analysis of the 
sustainability of higher education and the exact time planning. The higher education 
situation is defined according to the critical value used in the grading, and the 
progressive gray forecast method is utilized to predict the health status of the Indian 
higher education system through predictive indicators, including TDI, SRI, SII and TSSI. 
Depending on this, the exact trend is obtained. Time plans. Then, this article completed 
the assessment of the vision and the impact of its practice on the country, teachers, and 
students. Finally, combined with the contemporary post-epidemic situation, we have a 
vision for the future work. Combined with more complete evaluation indicators and 
post-epidemic era higher education system reforms, our model has higher stability and 
broad applicability. 

Keywords 

Sustainable; Entropy Weight Methodl; Coagulation hierarchical clustering analysis. 



 

 

117 

International Core Journal of Engineering 

ISSN: 2414-1895 

Volume 7 Issue 6, 2021 

DOI: 10.6919/ICJE.202106_7(6).0016 

 

1. Introduction 

1.1 Background 

In the world environment of rapid economic development and fierce competition, the importance of 

education is obvious. A healthy and sustainable higher education system is essential to cultivating 

talents and carrying out modernization. The higher education system is an important component of a 

country's efforts to educate its citizens beyond primary and secondary education. The diversity of 

education methods in each country provides the country itself with a high-quality source of educated 

citizens and a large number of technological innovators. With the intensification of competition 

among major countries and regions, the internationalization of higher education has become an 

essential way for countries to expand cultural exchanges and enhance their comprehensive national 

strength. 

Today, there are about 200 million students in higher education worldwide, up from 89 million in 

1998. In Latin America and the Caribbean, for example, the number of students registered in higher 

education programs has almost doubled in the past decade. This is crucial because, according to the 

World Bank Group (WBG) report. Students in the region with advanced degrees will earn twice as 

much as those with only a high school diploma. 

In addition, the epidemic has also exposed a series of problems in the education system of various 

countries, and the transformation and adjustment of education methods have posed a series of 

challenges to the health and sustainability of the education system. Under such a severe situation, all 

countries should examine and rethink their higher education systems, and consider how to promote 

healthy and sustainable institutional and policy reforms, so as to achieve a more optimized higher 

education system. Therefore, the evaluation of the higher education system and the analysis of its 

health status has become an urgent problem. 

1.2 Questions review 

I) Develop and validate a model or set of models to enable it to assess the health status of any country's 

higher education system; 

II) Apply the established model to several countries, and then select a country with room for 

improvement in the higher education system based on the model analysis; 

III) Propose an achievable and reasonable blueprint for the selected country's system to support a 

healthy and sustainable higher education system; 

IV) Use the established model to measure the current system of the selected country and the health 

of the proposed healthy and sustainable system; 

V) Propose a targeted policy and implementation timetable to support the migration from the current 

state to the proposed state; 

VI) Use the established model to evaluate the effectiveness of the policy; at the same time, 

considering that it is very difficult to change the reality, discuss the actual impact of the 

implementation of the plan on students, teachers, schools, communities, and the country during the 

transition period and the final stage. 

1.3 Previous research results 

At present, scientific and cultural organization United Nations Educational and other international 

organizations did not specifically for the statistics and evaluation of higher education. However, in 

history, the United Nations has an evaluation of all educational levels that can be used as a reference: 

the Education Index, which is one of the three components of the Human Development Index 

published by the United Nations Development Programme. Prior to 2010, adult literacy rates (2/3 

weight) and overall primary, secondary and tertiary enrolment rates (1/3 weight) were invoked as 

measures. Since 2010 the index has been compiled based on a combination of average years of 
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schooling and Expected years of schooling. Scholars represented by Martin Trow have studied the 

education in the stage of popularization of higher education, believing that higher education in the 

stage of popularization will shape a new relationship among the state, education and society, and that 

the internal characteristics of higher education will also change. 

In addition, in coordination with the Mediterranean Integration Centre and other partners, the World 

Bank Group is helping institutions of higher education benchmark their own performance in the areas 

of governance, management and quality.  

1.4 Our Efforts 

In order to make an objective and comprehensive evaluation of the higher education system, we 

collected relevant influencing factors. Based on the analysis of the current state of college education, 

the evaluation indicators of the higher education health system that need to be dealt with are further 

reduced. Then, we preprocessed and normalized the data to facilitate the subsequent process. 

In the second section, we state the basic assumptions of the SPEC model. In the third section, we will 

list some symbols that are very important for us to explain our model and determine their definition. 

 

 

Figure 1. Our efforts 

 

In the fourth part, we established a higher education health evaluation index model (TSSI) based on 

the entropy weight method and the coefficient of variation method, which can directly or indirectly 

complete our evaluation goals. Then, we tested and analyzed the applicability and accuracy of the 

model. 

In the fifth part, we will use agglomerated hierarchical cluster analysis to illustrate the health of a 

country's higher education system, such as Preferred Selec, Preferred, Standard Plus, and Regular. 

Apply our model to six countries. The sixth part will select India as one of them to analyze and predict 

the health of its higher education system. We put forward some policy recommendations for the 

selected country and propose targeted policies to improve the health of the country’s higher education 

system. 

In the seventh part, we propose a implementation timeline that will support the migration from the 

current state to your proposed state. At the same time, we use our model to evaluate the effectiveness 

of related recommendations, and analyze the impact on relevant government families and individuals 

in the process. 

Finally, we completed the sensitivity analysis and model evaluation of the model. Using the 

previously defined evaluation criteria, reliability evaluation and sensitivity analysis of the model are 

carried out. Then we will discuss the advantages of our model and shortcomings, and made a more 

detailed description of future work. 



 

 

119 

International Core Journal of Engineering 

ISSN: 2414-1895 

Volume 7 Issue 6, 2021 

DOI: 10.6919/ICJE.202106_7(6).0016 

2. Assumptions and Justification 

To simplify the given problems and modify it more appropriate for simulating real life conditions, 

we make the following basic hypotheses, each of which is properly justified. 

I) We assume the country as an overall unit without considering the differences in various regions 

within the country. This assumption is the prerequisite for us to do intensive study. For some countries 

with vast territory, the population distribution and the distribution of educational resources are 

geographically different, and the development of discrete regions is imbalanced. 

II) We assume the countries we studied are stable. Though countries' political stabilities are different, 

we focus more on education. Thus, this assumption is reasonable and helps avoid unnecessary 

troubles when building the model. 

III) We assume that indicators except those we have studied have few influences on the system. In 

the model, we consider several crucial indicators. However, there are large numbers of indicators. 

Thus, we assume that other indicators except those mentioned above are uninfluential.  

IV) We assume all data we obtain are trustworthy since all of sources are reliable. Thus, we are 

confident that our metrics can reflect the accurate condition. 

3. Model preparation and establishment 

3.1 Data Pre-processing 

We searched some websites like World Bank, UIS Statistics and Our word in data and find 16 

indicators of 20 countries firstly. Some statistics of indicators are missing for not all statistics can be 

searched on Internet. The standardization process will be explained in the Primary indicator system. 

 

 

Figure 2. The impact factor 

 

3.2 Data Normalization 

While analyzing all the indicators, we find that they can be divided into three types. Symbol '+' means 

that for the indicator means bigger is better. Similarly, symbol '-' means smaller is better and symbol 

'*' means that the value is better when it is closer to the specific value. 
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3.3 Primary indicator system 

After careful analysis of relevant information and completion of data pretreatment and 

standardization, we have established the following index system of higher education system. 

Higher education consists of three basic functions: personnel training, scientific research and social 

service. Specific to each country, however, every school, their history and educational condition differ 

in thousands ways, each have characteristics, thus positioning function will also vary, such as the 

specialized training in the elite talents, to undertake basic research and promote the change of the 

concept of technological change, innovation as the goal of comprehensive research schools, there are 

also focusing on cultivating qualified labourers to meet the needs of social practice ability, teaching 

model school. The evaluation model established in this paper aims to "recognize the diversity of 

higher education institutions and base on their different missions and objectives". Therefore, we will 

assess and select the final index and corresponding relationship from the three perspectives of talent 

cultivation index, scientific research index and social influence index. 

 

Figure 3. Specific content of 12 indicators of three indexes 

 

3.3.1 The national scientific research index  

Number of SCI papers written for the 𝑥1, remember the number reflects the higher education in life 

science and medicine, physics, chemistry, material, chemical industry, archaeology, paleontology, 

research progress and breakthrough in the field of environmental science, etc, used for scientific 

research is very reasonable. 

Quac quarelli Symonds top 200 universities for 𝑥2, combines Employer Reputation Quac quarelli 

Symonds rankings, Academic Reputation, examines the ability of talent training and scientific 

research institutions influence. 

Had won a Nobel Prize number for 𝑥3, the Nobel prizes set up in five aspects, respectively, the Nobel 

Prize for physics, the Nobel Prize in chemistry, the Nobel peace prize, the Nobel Prize in physiology 

or medicine, and the Nobel Prize for literature, The winners of the awards have achieved a certain 

amount of success in their field, and the number of winners is a reliable indicator of the results of 

higher education and of the top research. 
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The number of Fields Fellows has been recorded at 𝑥4. As one of the highest prizes in the field of 

mathematics in the world, the Fields Fellows can directly and accurately reflect the teaching level in 

relevant fields in this region. 

Nature, scintillated total number of published papers as the 𝑥5, 

Education index set to 𝑥6 since we enrolled in 2010, the United Nations Development Program 

(UNDP) chooses education index to measure the standard in the table as index is one of the evaluation 

standards of scientific study. 

It combines the average number of years of education of the population of the expected number of 

years of education. The specific calculation formula is as following: 

                         (1) 

Where MYSI is the index of the average number of years of education of the population, and the 

calculation formula is 

                              (2) 

MYS is the average number of years of education of the population, that is, the average number of 

years of education received by the population aged 25 and above in their lifetime, and 𝐸𝑌𝑆𝑜𝑏 is the 

reference value of the average number of years of education of the population in this year. 

EYSI is the index of the population's expected schooling years, and its calculation formula is as 

follows: 

                              (3) 

EYS is the expected number of years of education of the population, namely the expected number of 

years of education (including repeat schooling) that children born in this year will receive in their 

lifetime. EYS is the sum of the enrolment rate at a given age in all levels of education (primary 

education, secondary education, higher education, etc). 

𝐸𝑌𝑆𝑜𝑏 is the reference value of the population's expected years of education in that year. 𝐸𝐼𝑜𝑏 is the 

reference of the education index in that year. [1] 

3.3.2 Talent Cultivation Index  

The number of people who have received higher education is demonized as 𝑥7. The expansion and 

reduction of the scale of higher education can be also reflected in the changes of the talent cultivation 

index caused by higher education. The scale of higher education can get to make a preliminary 

analysis of the development level of higher education. 

The ratio of public education expenditure is denoted as 𝑥8. The ratio of a country's higher education 

expenditure to the total government expenditure can significantly reflect the country's demand for 

higher education and the advance of the market force of higher education. Under the dual allocation 

mechanism of public education resources and market education resources, the influence of schooling 

expenditure ratio on talent index is self-evident. 

The number of institutions of higher learning is denoted as 𝑥9. The number of institutions of higher 

learning is an important prerequisite for talent cultivation and can also reflect the higher education 

opportunities provided by the country, which plays an important role in talent education within the 

whole region. 

The average tuition fee is credited to 𝑥10. From the perspective of educational economics, higher 

education enables the country to obtain human resources that meet the needs of social economic, 

cultural, scientific and technological development, and the society to obtain workers with high labor 

efficiency and work skills, which improves social productivity and social civilization, and promotes 

the growth of per capita GDP. On the other hand, higher education can improve one's knowledge, 

intelligence and quality, thus increasing employment opportunities and expected income. 
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The average tuition fee is the initial cost of higher education investment. As an essential tool to 

achieve economic growth, higher education investment in this aspect has a great correlation with 

talent cultivation index. 

3.3.3 Social impact index 

The employment rate of college students in the social impact index is denoted as 𝑥11 . Higher 

education has three basic functions: personnel training, scientific research and serving the society, 

among which the employment situation of college graduates is particularly important in serving the 

society. The quality of employment is the core content of the quality of talent cultivation and an 

important index to test the collective influence of higher education. 

The enrollment rate of institutions of higher learning is recorded as 𝑥12 . The enrollment rate of 

institutions of higher learning reflects the overall level of higher education opportunities provided by 

a country and has a great impact on the social impact index.[2] 

3.4 The consideration and determination of index weight 

3.4.1 Entropy weight method 

With the evaluation indicators defined above, we further determine the weights of these indicators, 

resulting in the combination of primary indicators. Recalling on the Entropy Weight Method (EWM), 

we will carry out the standardized treatment, making the optimal and worst value of each variables 

after alternation be 1 and 0 respectively.  

The evaluation indexes are 𝑥1, 𝑥2, 𝑥3, . . . , 𝑥𝑘, where 𝑋𝑖 = {𝑥𝑖1, 𝑥𝑖2, 𝑥𝑖3, . . . , 𝑥𝑖𝑛}. Among there, 𝑘 and 

𝑛 are the number of defined evaluation indictors and countries through out the world, where k=12 . 

For the evaluation indicators indicated by the symbol "+", the health status of the education system 

is proportional to the sustainable development capacity and these indicators. 

For the evaluation indicators expressed by the symbol "-", the health condition and sustainable 

development ability of the education system are inversely proportional to these indicators, and the 

symbol "*" indicates that the closer the value is to a specific value, the better the health condition and 

sustainable development ability of the education system will be.[6] 

So we have 

                      (4) 

Where, 𝑦𝑖𝑗  is the standard value of each evaluation index in each country, 𝑚𝑖𝑛( 𝑥𝑖) and 𝑚𝑎𝑥( 𝑥𝑖) 

is the minimum and maximum value of evaluation value x . 

 

After standardization, we succeeded in using 𝑦𝑖𝑗  substitution 𝑥𝑖𝑗 to represent a country's health of 

the education system. 

And then we get 

                               (5) 

According to the concept of self-information and entropy in information theory, the information 

entropy of each evaluation index can be calculated, and then the information entropy of each 

evaluation index can be obtained 𝐸𝑖 

                         (6) 

On the basis of information entropy, the weight of each evaluation index is further calculated. 
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                        (7) 

Then, three comprehensive evaluation indexes are obtained: talent cultivation index, scientific 

research index and social influence index. Thereafter, this paper will be respectively abbreviated to 

TDI, SRI, SII. 

Based on the weights of these calculations, we have 

{

𝑇𝐷𝐼𝑗 = 𝑤1𝑦1𝑗 +𝑤2𝑦2𝑗 + 𝑤3𝑦3𝑗 + 𝑤4𝑦4𝑗 + 𝑤5𝑦5𝑗 + 𝑤6𝑦6𝑗
𝑆𝑅𝐼𝑗 = 𝑤7𝑦7𝑗 + 𝑤8𝑦8𝑗 + 𝑤9𝑦9𝑗 +𝑤10𝑦10𝑗

𝑆𝐼𝐼𝑗 = 𝑤11𝑦11𝑗 + 𝑤12𝑦12𝑗

             (8) 

3.4.2 Coefficient of variation method 

In addition, we use the coefficient of variation method to weight these three indicators and combine 

them into a comprehensive measure. 

Therefore, we will briefly introduce the application of the coefficient of variation method. Coefficient 

of variation method (CVM) is an objective weighting method, which uses the information of various 

indexes to calculate the weight of each index. Due to the influence of different dimensions, it is 

difficult to directly compare the indicators, so the coefficient of variation of each indicator is needed 

to measure the degree of difference of each indicator.[5] 

The formula for each index can be expressed as 

                              (9) 

Where, 𝑉𝑖  is the change coefficient of the 𝑖  index, which can also be called 𝜃𝑖  the standard 

deviation coefficient, but the standard deviation of the i index. 𝑍1𝑍2𝑍3 represent TDI, SRI and SII, 

respectively. 

Then we can get the weight of each index: 

                          (10) 

In this way, we are able to achieve the weight of each indicator without any subjective impression. 

Finally, after the weight is obtained, the comprehensive measurement of education system TSSI based 

on entropy weight method and coefficient of variation method can be deduced: 

𝑇𝑆𝑆𝐼 = (𝑊1 × 𝑇𝐷𝐼 +𝑊2 × 𝑆𝑅𝐼 +𝑊3 × 𝑆𝐼𝐼) × 100              (11) 

3.5 Coagulation hierarchical clustering analysis 

Combining with the comprehensive education health measurement we have established before, we 

will use the data recorded by the World Bank to calculate the TSSI value. Then, according to their 

respective scores, the Mahalanobis distance is used to define the national health as: Preferred Selec, 

Preferred, Standard Plus, Regular. Therefore, we can determine the health level of a country's higher 

education from TSSI. Considering that it is a traditional algorithm, we simplified its calculation 

process. 

3.6 The measurement of educational system health and sustainability 

Considering the number of selected countries and the independence and validity of relevant data, the 

missing value has a great influence on the evaluation model of higher education health degree system. 

Therefore, we selected the most representative 6 countries, which are different in geographical 

location, economic level, population, education level, etc. Making the model's measurement of the 

health and sustainability of the education system more reliable in wide application. 

Since the specific weights of these indicators have been given, we can calculate the TSSI of the 

selected country and use agglomerated hierarchical cluster analysis to classify these countries into 
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four categories: Preferred Selec, Preferred, Standard Plus, Regular. The higher the value, the healthier 

the national education level. The clustering results are shown in figure 4. 

 

Table 2. Weight values of the twelve evaluation indicators and three comprehensive indexes. 

Health and 

sustainability 

Indicators Weights Indicators Weights 

Scientific research 0.5622 

Number of Sci papers 0.0732 

Qs ranking 0.1104 

Number of Nobel Prize 0.1447 

Number of Fields Medal 0.1460 

Number of NSC papers 0.1314 

Education Index 0.0338 

Talent 

Development 
0.2058 

Number of higher education 0.0640 

Public education expenditure 0.0387 

Number of institutions 0.1348 

Average tuition 0.0298 

Social Influence 0.2320 
employment rate 0.0345 

admission rate 0.0588 

 

 

 

Figure 4. Clustering results of the four indicators. (1) TDI: Talent Development Index; (2) SRI: 

Scientific research Index; (3) SII: Social Influence Index; (4) TSSI: Comprehensive evaluation 

Index 
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According to Figure 4, once the TDI, SRI, SSI and TSSI values are determined, the classification 

criteria for the health of higher education in a country can be determined. 

 

 

Figure 5. The classification criteria and their respective key points to evaluate a country’s education 

system are classified as Preferred Selec, Preferred, Standard Plus, Regular 

 

As the figure 5 shows, The classification of the three combined indicators and comprehensive 

indicators is slightly different. The darker the color, the healthier and more sustainable a country's 

higher education system is. The three combined and integrated indicators we focus on provide a 

comprehensive assessment and classification of the health and sustainability of education systems in 

each country. 

4. The application and testing of our model 

After establishing the national higher education evaluation system, we hope to verify the actual 

applicability of the model through authoritative statistics. Therefore, we compare it with the 2016 QS 

World Higher Education Strength Ranking. 

We use the established TSSI model to analyze and score the twelve items of three indexes in the six 

countries of the United States, Germany, Australia, Japan, India and South Africa, and visualize the 

results obtained. The results obtained are as follows Shown. 

 

 

Figure 6. 2016 TSSI score 
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Similarly, we conducted a certain analysis on the QS Higher Education System Strength Rankings 

2016 related scores and rankings obtained through the collection. The scores of countries are as 

follows: 

 

Figure 7. 2016 QS score 

 

The darker the color in the above picture, the higher the score, and we can intuitively see the ranking 

degree of each country. The following table lists our TSSI model and QS ranking. 

 

Table 3. Comparison of TSSI model ranking and QS ranking 

RANK TSSI QS 

1 United States United States 

2 Germany Germany 

3 Japan Australia 

4 Australia Japan 

5 India India 

6 South Africa South Africa 

 

From the above table, we can see that the TSSI model we constructed is basically the same as the QS 

evaluation result, so we can think that our model has strong applicability in real life. 

5. Analysis of the Health and Sustainable Capability of Indian Education 

System 

5.1 The analysis of the India's education system 

In this part, we applied the established model to evaluate the health and sustainability of India's 

education system, determined the health level of India, and objectively analyzed the impact of 

changes in various indicators on India. In addition, we have made a modest prediction on the health 

of education in India, in order to look at the sustainability of higher education in India. 

According to the relevant data collected by the World Bank, applying our TSSI model to the Indian 

education system, the health level of India from 2013 to 2017 is shown in Figure 8. 

From Figure 8, we can see that India’s higher education health is at the Standard Plus level. 

The TDI, SRI, SII and TSSI index values obtained are shown in the figure below. It can be seen that 

from 2013 to 2015, the changes in TSSI were mainly due to the 10% change in TDI and the 9% 

change in SII. From 2015 to 2017, the changes in TSSI mainly came from 28% of TDI and -12% of 

SII. 
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Figure 8. Status of Higher Education in India from 2013 to 2017 

 

 

Figure 9. Changes in various indicators of Indian higher education over the years 

 

5.1.1 TDI (Scientific Research Index) 

The scientific research index, including the education index, the number of Nobel Prize winners for 

the number of national SCI papers, and the number of Fields Medals, reflects the progress and 

achievements of scientific research in a country, including higher education in life sciences and 

medicine, Chemistry, materials, physics, chemical engineering, archaeology, paleontology, 

environmental science and other fields of research progress and breakthroughs. From 2013 to 2017, 

India's TDI value showed an overall upward trend, and the number of scientific research results 

gradually increased.  

5.1.2 SRI (Talent Development Index) 

In terms of talent training, it mainly includes the number of people receiving higher education, the 

number of institutions of higher learning, average tuition, and the proportion of education 

expenditures in government expenditures. This reflects the expansion and reduction of the scale of 

higher education and directly shows the country’s higher education. Impact and implementation. 

From 2013 to 2017, India’s talent training index fluctuated relatively slightly, and there was a small-

scale increase. In the process of continuing development in the future, attention can be paid to the 

relevant direction of talent training 
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5.1.3 SII (Social Impact Index) 

The social impact index includes the employment rate and enrollment rate of college students, and 

reflects the three basic functions of higher education: personnel training, scientific research and 

service to society. In the past five years, India’s social impact index is generally low, and the 

development trend has decreased in a small range. This shows that the Indian higher education system 

has a lot of room for development in terms of employment and enrollment. The quality of employment 

is the core content of the quality of talent training and an important indicator for testing the social 

impact of higher education. Today, when the epidemic poses a huge challenge, Employment is still 

the focus of attention and support. 

5.2 Propose an attainable and reasonable vision and the targeted policies for India 

Apply our model to India to obtain the health and sustainability of the country’s existing education 

system. In this section, we will combine the development of various indicators in India at the current 

stage and the actual environment in the post-epidemic era. India's education system propose an 

attainable and reasonable vision that supports a healthy and sustainable system of higher education. 

 

Figure 10. The level of development of various indicators of the Indian education system at this 

stage 

 

As shown in Figure 9, India maintains a relatively good level of public education expenditure, which 

represents the improvement of the government’s education policies and political indicators. In the 

post-epidemic era, the Indian government should always pay attention to the reform and development 

of the higher education system, actively promote the innovation of learning methods, focus on the 

interposition of subject areas, and appropriate funds to promote the popularization and practical 

application of digital equipment. 

In terms of employment rate, compared with other aspects, it also requires a greater degree of attention 

to create procedures related to the labor market. Not all students seeking higher education should or 

hope to attend traditional universities, and many programs grant degrees that are not related to the 

labor market. Avoid the phenomenon that occurs in the Middle East and North Africa countries: more 

than half of the population is under the age of 25. Although the enrollment rate of higher education 

in the region has greatly increased, the youth unemployment rate is even higher than that of 

individuals holding a higher education degree in any other place in the world. Higher education 

institutions need to respond to the needs of the local labor market and develop plans that can teach 

marketable skills and encourage students to gain practical labor market experience. 
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Improve efficiency and remove unnecessary financial barriers. As shown in Figure 9, the impact 

index of average tuition is still relatively high. At this stage, the cost of higher education in India is 

rising, and better-designed policies can encourage schools and students to achieve good results. For 

example, the introduction of smart and flexible strategies (such as performance-based financing) can 

help solve the problem of skyrocketing costs. Make higher education fair and affordable. Although 

the number of enrollment in higher education in India has surged at this stage, it is still mainly 

restricted to students from wealthier families. In further development in the future, policies that can 

combine scholarships and financial aid with measures to overcome non-economic barriers can 

increase opportunities for disadvantaged students. In this regard, India can refer to higher education 

strategies in the United States, South Korea, Vietnam and other countries: higher education is not free, 

but there are mechanisms that support fair access to opportunities. fair competition. Allowing a series 

of high-quality higher public and private (non-profit and non-profit) providers, including community 

colleges, polytechnics, and online colleges, to enter the field and compete for resources, which 

provides students with more choices, while providing There is healthy competition between the 

businessmen. Many small private institutions also provide flexibility such as online courses and can 

quickly respond to changes in the labor market, which is vital. 

According to the improved model, some Indian students' academic backwardness caused by the 

epidemic will exacerbate inequality. In some areas, schools closed for a few days before they began 

to implement government-led distance learning programs for students to learn. In many areas, 

students could not receive any form of education for a long time. According to our research, the search 

rate of wealthy families is higher than that of poor families when schools are closed and studying at 

home. Another survey found that students of different economic and social backgrounds have gaps 

in the length of study time during school closures and the support of their parents for home study. 

The government should pay attention to this backwardness in learning and help students catch up 

with their academic progress. If targeted intervention measures cannot be implemented, the gap 

between children from rich and poor families will continue to widen. On the one hand, it is necessary 

to allow students who are vulnerable to adverse effects to participate in intervention measures to 

reverse the academic backwardness caused by the crisis; on the other hand, it is necessary to 

strengthen relevant training for teachers to help students catch up with their academic progress. In 

addition, it is necessary to increase the participation of parents in distance education. 

6. Sustainability of national higher education and precise time planning  

As explained by our health classification, the critical point is actually the boundary value of different 

classifications. As we define TSSI value lower than 2.237 as regular, higher than 2.237 and less than 

8.793 as standard plus. Because the gray forecasting method does not have too high requirements for 

the sample size, and it can fully explore the essence of the system through differential equations, and 

the accuracy is better. high. Therefore, we use the grey forecasting method to predict the trend of the 

health of the Indian higher education system through predictive indicators, including TDI, SRI, SII 

and TSSI. 

6.1 The future of Indian higher education system based on grey forecast 

6.1.1 Grade ratio test of data 

In order to ensure the feasibility of gray prediction, it is necessary to perform a grade comparison test 

on the original data series. Sequence of raw data 

                      (12) 

Calculate the sequence ratio: 

                       (13) 

If all the grade ratios are in the tolerable range 
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                           (14) 

Gray prediction can be performed, otherwise it needs to be translated. 

6.1.2 Establishment of GM (1,1) model 

Original sequence from known data 

                     (15) 

Do a cumulative generation (1-AGO) sequence: 

                     (16) 

Among them 

                       (17) 

Generate series next to the mean 

                       (18) 

among them, 

                       (19) 

Establish the gray prediction equation of GM (1,1) as: 

                             (20) 

Among them, 𝑎 is the development coefficient and b is the gray effect. Let 𝑎
∧
 be the parameter vector 

to be estimated, namely  

Then the least square estimation parameter sequence of gray differential equation satisfies 

                              (21) 

Among them, 

                         (22) 

Then establish the whitening equation of the gray differential equation: 

                             (23) 

The solution of the whitening equation (also called the time response function) is 

                       (24) 

Then the time response sequence of the corresponding GM(1,1) gray differential equation is: 

                      (25) 

Take 

                              (26) 

Then 

              (27) 
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We can get by doing cumulative reduction 

 

It is the prediction equation. 

6.1.3 Improvement of the model 

Due to the small data sample size, we try to improve the gray prediction model. We use gradual gray 

forecasting, adding each forecast value to the sample for the next forecast, and proceeding in turn to 

reach the predetermined number of years we want. 

When we use existing samples to make predictions. The corresponding residual test values are: 0, -

0.00409971, 0.01554916, -0.01947607, 0.00738616. Usually we think that in the residual test 

If  it considered to meet the general requirements. 

If  it meets higher requirements. 

Therefore, we can conclude that the grey prediction is more accurate. 

Improved progressive gray forecast. In the improved grey prediction, the magnitude of the 

corresponding residual test value reached 10−2 or less. We can see that even though gray prediction 

does not require too much data, the improved gradual gray prediction obviously achieves better results. 

6.2 Propose the implementation migration timeline 

Based on our model and the predicted results, we will propose a specific implementation timetable to 

support the transition from the current state to our proposed state. 

 

Figure 11. Health Forecast of Higher Education in India 

 

 

Figure 12. Three evaluation index predictions of the Indian education system 
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As shown in figure 11, we can conclude that the health level of the higher education system in India 

has gradually increased from 2013 to 2027, but the upward trend is relatively slow. This shows that 

if there is no additional intervention, it wants to form a better It takes a long time for a healthy and 

complete higher education system. 

In addition, we also conducted a separate forecasting analysis on the three indicators of India, as 

shown in figure 12. 

Through the figure 12, we can find that India has an upward trend in TDI and SRI, but the increase 

in SRI is not too great. SII has shown a downward trend. Without additional intervention, this trend 

is inevitable to some extent. 

Therefore, when the government adopts the specific target recommendations we put forward, the 

trend changes of various indicators have improved. The following is the effect of intervention based 

on relevant recommendations. 

Taking India as an example, we analyze and estimate the total cost of the aforementioned 

interventions. The total expenditure on education increased from 15% to 16%, and the enrollment 

rate increased from 27% to 30%. These changes are reasonable under the support of related theories. 

After our evaluation model simulates the intervention measures in India, we have obtained the 

intervention effect as shown in the figure below. 

 

 

Figure 13. Before and after intervention in the Indian higher education system 

 

Through the implementation of our intervention measures, the health of the Indian higher education 

system will be improved by 9% before the intervention in 2027, which further demonstrates the 

effectiveness of our intervention policies. Education is a century-old plan. It is undeniable that the 

health of the Indian higher education system cannot reach the next stage in a short period of time. 

7. Strengths and Weaknesses 

7.1 Strengths 

7.1.1 Comprehensive and objective indicators 

When looking for and selecting relevant indicators for the health system of higher education, we 

consider their actual utility as comprehensively and carefully as possible. The indicators we selected 

are all highly representative, and similar ones have appeared in other authoritative evaluation agencies. 

This means that our model is effective and meaningful. 
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7.1.2 The model has strong correctness. 

Given the limited number of indicators and data, the model’s TSSI ranking is still similar to the QS’s 

World Higher Education Strength Ranking, which shows that our model is reasonable and effective. 

7.1.3 Objective evaluation index weight 

In the higher education health evaluation model, based on scientific research-talent training-social 

impact. 

Starting from the framework, select indicators. After selecting the index, we use the entropy weight 

method and the coefficient of variation method as the index to determine the weight. Both methods 

are objective weighting methods, which reduce the influence of human subjective factors on the 

evaluation system. 

7.2 Weaknesses 

Due to time constraints, we just choose the most representative index to evaluate when analyzing and 

calculating the health and sustainability of the education system of each country. Therefore, we are 

on the basis of ensuring the universal rate There will be some deviations. 

In our model, regional instability and violent conficts are excluded. We don't take riots and wars into 

consideration. Therefore, our model is not reliable when facing states with large-scale wars. 

7.2.1 Subjectivity and limitations in the selection process of indicators 

Although the relevant literature and the influencing factors of the health evaluation of the higher 

education system are referenced, there is still a certain degree of subjectivity in the selection of 

indicators. Since there are not enough reference materials, this is inevitable. 

7.2.2 The imprecision of grade classification 

Our classification of health, namely Preferred Selec, Preferred, Standard Plus, and Regular, is based 

on the results of 6 selected countries. Although we use agglomerative hierarchical clustering analysis, 

the limited number of countries still limits the classification Accuracy. 

7.2.3 Possible inapplicability in a special period 

In 2019 and 2020, all parts of the world have been affected by the new crown epidemic, the economies 

of various countries are in a haze, the higher education system is facing unprecedented impact, and 

the institutions of higher learning in many countries are facing bankruptcy. At the same time, online 

higher education, which was first promoted by various countries, has a certain degree of immaturity. 

Due to various reasons, there is a lot of noise in the index data we selected, which may lead to 

inaccuracy of the model. In addition, we know that the new crown epidemic will not last too long, so 

the amount of noise data is too small that we cannot use noise data to predict future development. 

8. Future work 

As discussed in the shortcomings of the model, there are many possibilities to try to develop a more 

accurate model form. Therefore, in the future, we will try to use the following methods to develop a 

more comprehensive and accurate model: 

8.1 More accurate and comprehensive data 

The establishment and analysis of our model assumes that the data we collect are all real and valid, 

which may not be true due to the validity of time. Therefore, more detailed research is needed to 

obtain more true and reliable data. 

8.2 Consider special circumstances 

In the face of some indicators, we should not only pay attention to its value, but also its practical 

significance. Some countries with poor health of the higher education system may not have a 

breakthrough in some indicators for a long time, leading to problems such as unpredictability caused 

by the constant value. In future work, we will more comprehensively consider the indicators and the 

particularity of the country, and make the indicators more applicable. 
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8.3 Model revision and analysis under the impact of the epidemic 

COVID-19 has brought varying degrees of impact and challenges to various fields around the world, 

and the impact in the field of education has exceeded people's expectations. In response to the 

challenges posed by COVID-19 to higher education, we have made some amendments to the 

established model to test the recent impact of COVID-19 in various countries. The situation of the 

higher education system.[4] 

Based on the above principles, we add the evaluation factors of system stability without considering 

the weight of the secondary evaluation index, and improve the original evaluation model. We will 

add the following indicators to assess the changes and actual effects of the education system after the 

epidemic. They include: innovation of learning methods, interposition of subject areas, popularization 

and practical application of digital equipment, and response to special circumstances such as the 

epidemic The feasibility of the plan, the rationality of the adjustment of teaching content, the effect 

of online teaching, etc. 

9. Conclusion 

In summary, first we established a comprehensive evaluation model for the health of higher education 

based on the entropy weight method and the coefficient of variation method to quantitatively describe 

the health of the higher education system. In addition, this article uses agglomerated hierarchical 

cluster analysis to determine the health ranges of Preferred Selec, Preferred, Standard Plus, and 

Regular. We show through experiments in six countries that our model is applicable and correct. 

Second, we apply the model to India, conduct a detailed analysis of it, and use the stepwise grey 

forecasting method to predict the sustainability of its higher education health system. The results 

show that although India's higher education system is generally developing in a better direction, its 

development speed is very slow. And its social impact index shows a downward trend. Without 

intervention, the Indian higher education system will face major challenges. Finally, on this basis, we 

propose some intervention measures to improve the health level of higher education, which will 

further contribute to the stability of the national higher education health system. 
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