
Volume 2 Issue 7, 2021 

DOI: 10.6981/FEM.202107_2(7).0002 

8 

Frontiers in Economics and Management 

ISSN: 2692-7608 

Higher Education Evaluation based on Principal Component 
Analysis and Time-Series Analysis 

Chuanhao Shen 

School of Economics, Anhui University of Finance and Economics, Bengbu 233030, China. 

Abstract 

Nowadays, a healthy, sustainable higher education system plays a major role in the 
education of a country. Therefore, we should improve the evaluation method of higher 
education and determine a reasonable and scientific development strategy. Firstly, we 
establish the health degree evaluation model of higher education according to the 
characteristics of the health degree index system. In this part, we analyse the influence 
degree of each factor is obtained by Spearman correlation coefficient method. The final 
calculation shows that the health level of higher education in China is 2, that in the United 
States is 5, and that in South Africa and India is 1. Secondly, we build an evaluation model 
for the sustainable development of higher education, and confirm the weights of three 
factors and 11 secondary indicators of "innovation and sharing factor", "diversity and 
collaboration factor", "scientific research opening factor" by using factor analysis. We 
exploit this model to evaluate Chinese sustainable development ability. Then we use the 
time-series analysis model to predict the future situation of Chinese higher education 
system. After that, we have established four subsystems of innovation, collaboration, 
openness and sharing, and selected indicators of R & D investment intensity, number of 
processors and number of academic papers to put forward four development strategies 
for China. Then we predict the impact of our strategy on Chinese higher education system, 
and compare it to the original model to prove the rationality and scientifically of our 
strategy. Finally, we study the actual influence of the four strategies on China, and put 
forward suggestions for improving the evaluation model. Based on our research, China 
is currently the most rapidly developing country in the higher education system. 
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1. Introduction 

1.1. Backgrounds  

The higher education system is an important component of a country. For the past 40 years, the 
expansion of higher education has become a mainstream trend all over the world. It has a 
profound impact on the various dimensions of the social and higher education system [1]. The 
proportion of people in higher education is increasing around the world. Depending on the 
statistics from UNESCO, global gross enrolment ratio in higher education (GTER) increased 
from 10 percent in 1972 to 32 percent in 2012. Now it is growing by 1 percent a year. By 2014, 
The gross enrolment rate in higher education in 64 countries was 50 percent. Only five 
countries reached that rate 20 years ago. There are 14 countries with a global gross enrolment 
ratio of over 80 percent in higher education [2]. The scholars represented by Martin Trow 
studied education in the popularization stage of higher education. They believed that universal 
higher education will shape a new relationship between the state, education and society, higher 
education will also produce changes in related characteristics [3]. There are a variety of ways 
of higher education around the world. Each country has its strengths and weaknesses in higher 
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education. What is the role of a healthy and sustainable higher education system play in a 
country? What are the main factors affecting the health and sustainable development of the 
higher education system? 

1.2. General analyses 

First, we divided the evaluation system of higher education into two modules: healthy and 
sustainable. First, we used the Spearman correlation coefficient method to select the indicators 
for the health assessment system. Second, we used the principal component analysis method to 
select the indicators for the sustainable assessment system. Next, we use a time series model to 
predict the future development of higher education in each country.Third, we can give 
suggestions to improve the higher education system from four aspects: innovation, synergy, 
openness and sharing, and evaluate the effect of planning. Finally, analyze the impact of our 
policy at different stages. 

2. Basic assumptions and Symbol Description 

2.1. Basic assumptions  

(1) Assuming the indicators chosen can fully reflect the countries’ sustainable development 
level and won’t influence the following simulation. 

(2) The data that we have collected is enough and accurate and the quantification is correct. 

(3) We assume that the national policy is implemented immediately after the promulgation and 
is not affected by major natural disasters. 

(4) Assuming there is no deviation among the inner relationship of indicators in system 
dynamics. 

2.2. Symbolic description 

Table 1. Symbol description 
Symbol Definition 

mi Single index for evaluating health status 
xi Single index for evaluating sustainability 

 

Table 2. Influencing factors of higher education system structure 
Category Abbreviation Variable Factors 

Access opportunities HE m1 Higher education 

Quality of teaching 

TEA m2 Teachers 
CRS m3 Comprehensive ranking of schools 
SR m4 Scientific research 

ESR m5 Employment success rate 

Investment 
SFI m6 State financial input 

PHE m7 Percentage of higher education 
Academic costs ATF m8 Annual tuition fees 

Structure of running a 
school 

ROS m9 Research-oriented structure 
OS m10 Occupational structure 
AS m11 Applied structures 

International exchange 
TNSA m12 Total number of students studying abroad 
TNOS m13 Total number of overseas students 

Political economy OEP m14 Other elements of policy 

 

3. System Health Model 

3.1. System Health Indicators  

After consulting the literature, we summed up seven first-level factors that affect the structure 
of the higher education system, namely, entrance opportunity, teaching quality, capital 
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investment, academic cost, school structure, exchange of study abroad, and political and 
economic factors. We further divide the secondary factors, and the results are shown in Table 
2. 

3.2. Model construction and analysis 

Taking Chinese higher education as an example, we use the method of Spearman rank 
correlation coefficient to calculate the correlation coefficient of different factors and the 
influencing factors of Chinese higher education system. 

Spearman correlation coefficient is to measure the strength of the two correlation relations, can 
be obtained. Set the length of the X,Y to N, and convert 𝑋𝑖  and  to the rank in the respective 
column vector,which are named 𝑅(𝑋𝑖) and 𝑅(𝑌𝑖). 

𝑑 = ∑ |𝑅(𝑋𝑖) −

𝑁

𝑖=1

𝑅(𝑌𝑖)|2, 𝑅𝑠 = 1 −
6 × 𝑑

𝑁 × (𝑁2 − 1)
 

When the correlation coefficient is between 0.8 and 1, we think these two variables have a very 
strong correlation. When the correlation coefficient is between 0.6 and 0.8, we think these two 
variables are strongly interrrelated. When the correlation coefficient is between 0.4 and 0.6, 
two variables are weakly correlated. So, we eliminate the correlation coefficient that under 0.5 
and get table 3. 

The calculation results of the correlation coefficient between the factors and the level of higher 
education are shown in Table 3: 

 

Table 3. Results of calculation of correlation coefficient between factors and higher education 
level 

Factors Pearson correlation coefficient Spearman correlation coefficient 
HE -0.963 -0.942 

TEA -0.884 -0.834 
CRS 0.946 0.961 
SR 0.885 0.811 

ESR -0.968 -0.91 
SFI 0.132 0.405 

PHE -0.025 -0.2 
ATF 0.264 0.349 

 

According to the correlation coefficient from large to small, we get the final influence degree of 
each factor as follows: (Tab.4) 

Table 4. Ranking of factors 
Factors HE TEA PHE ROS TNSA SR ATF 

Sort 1 2 3 4 5 6 7 

 

4. System Sustainability Model 

4.1. System sustainability Indicators 

In terms of sustainability assessment, the evaluation system can be divided into four aspects: 
innovation, synergy, openness and sharing. In order to select each subsystem, we should follow 
the principles of science, simplicity, harmony and integrity.  

4.1.1. Innovative strategies 

High-quality development must be a continuous innovation of higher education and provide 
lasting impetus and vitality. From the point of view of input process output, its input resources 
include scientific research funds at the leading world level, and its innovation process must be 

iY
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a project that can achieve technological or theoretical breakthroughs. Its research and 
development results can represent the world's first-class scientific and technological level and 
include all kinds of cutting-edge talents; 

 

 
Figure 1. Review of evolution 

 

4.1.2. Synergistic strategies 

High quality development is the development of educational community with synergy as the 
key point, the degree of internal diversification and external synergy is high, and the three-
dimensional development of interconnection; 

4.1.3. Open strategy 

The high quality development must be the open development facing the internationalization, 
has the global vision, exchanges with the international higher education institution more and 
more frequently. 

4.1.4. Sharing strategies 

The development of high quality must be the growing development of resource sharing, the 
extensive use of large scientific research instruments and equipment, the increasing number of 
experimental projects, and the continuous development of quality courses to meet the needs of 
college students all over the country and even the world. 

We refer to international articles to establish a set of optimistic, scientific, predictable and 
comparable variables. They show in the table below (Tab.5). 

 

Table 5. Variable Description 
Category Abbreviation Variable Factors 

Innovation 

FYP x1 Full time equivalent of R & D personnel 
DII x2 R & D investment (%) 

MSR x3 Number of major scientific research projects 
PHE x4 Number of professors in Higher Education 
APP x5 Number of academic papers published 

Collaboration 
GUM x7 Number of general undergraduate majors 
STI x8 Number of sci-tech innovation talents 

Openness 
NFV x9 Number of foreign visitors 
NIC x10 Number of international conferences 

Sharing 
NNG x11 Number of network graduates 
ITS x6 Income from transformation of  sci-tech achievements 

 

4.2. Model building 

In practice, the dimensionality of indicators is often different. So before the principal 
component calculation is carried out, the influence of dimensionality should be eliminated, and 
the original data should be standardized. The data is processed as follows (Tab. 6). 
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𝑥𝑖𝑗 =
𝑥𝑖𝑗−𝑥𝑗̅̅ ̅

𝑠𝑗
 Of which, 𝑥�̅� =

1

𝑛
∑ 𝑥𝑖𝑗

𝑛

𝑖=1
Sj

2 =
1

n
(𝑥𝑖𝑗 − 𝑥�̅�)

2
(j = 1,2, … , p) 

 

Table 6. Description of statistics 
Variable Num Minimum Maximum Mean S.D. 

x1 10 2291252 4381444 3427016.70 672058.522 
x2 10 1.6621 2.1400 1.951160 .1787125 
x3 10 283325 576260 415760.20 91931.900 
x4 10 71727 114366 90540.70 14608.243 
x5 10 703538 1026200 844268.90 99329.231 
x7 10 2082073 3659731 2680409.70 508077.861 
x8 8 6 63 30.88 20.308 
x9 10 29648 68927 44879.10 14305.914 
x10 10 35798 86217 44290.20 14986.782 
x11 7 576 707 620.57 56.912 
x6 10 405549 700906 558063.00 112157.479 

 

4.2.1. Calculation of Eigenvalues and Vector Features 

First, the characteristic equation |λ i-R| is 0. We can solve this question by jacobi method, 
λi(𝑖 =1,2,…,p), and make it in order of size, λ1 ≥ λ2 ≥ ⋯ ≥ λp ≥ 0, and then find the feature 

vector to the eigenvalues. Then find |ei| = 1,∑ eij
2

P

j=1
= 1. Here eij  is the j component of the 

vector. 

4.2.2. Calculation of principal component contribution and cumulative contribution 

Contribution of principal components: 
Xi

∑ λi
p
k−1

(i = 1,2, … , p) 

Cumulative contribution: 
∑ λi

i
k−1

∑ λi
p
k−1

(i = 1,2, … , p) 

Generally we take the cumulative contribution rate of 85-95% of the eigenvalues,  λ1λ2 … , λm 
that corresponding to the first and the second until it is m-th principal component. The 
calculated eigenvalues and principal component contribution rates are as follows (Tab. 7): 

 

Table 7. Initial eigenvalue Percentage variance 
Composition Total variance Cumulative% 

1 7.628 69.346 69.346 
2 1.502 13.654 83.000 
3 1.049 9.533 92.533 
4 .705 6.408 98.941 
5 .117 1.059 100.000 
6 6.673E-16 6.066E-15 100.000 
7 2.132E-16 1.938E-15 100.000 
8 4.731E-17 4.301E-16 100.000 
9 -1.258E-16 -1.144E-15 100.000 

 

We find that in the table of total variance interpretation, the first three factors can explain 
92.533% of the variables, and the broken lines tend to flatten after the fourth factor. On the 
other hand,  the following graph shows the gravel map of the characteristic roots: 

In this figure, factors with strong explanatory ability generally show a large slope in the graph. 
From figure6, we can see that the third factor is on a very steep slope, and the slope of the latter 
factor begins to flatten, so the first three factors are chosen as principal components. 
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Figure 2. Gravel map 

 

4.2.3. Calculation of principal component loads 

The formula is as follows: Iij = p(zi, Xj) = √λeij , (i,j=1,2,..., p). After the load of each principal 

component is obtained, the principal component score can be further calculated: 

z = [

𝑧11  𝑧12  …  𝑧1𝑚

z21  𝑧22  …  𝑧2𝑚

…   …  …   …
zn1  𝑧𝑛1  …  𝑧𝑛𝑚

] 

The principal component load matrix is as follows (Tab. 8): in order to determine the linear 
combination coefficient of each variable, the eigenvalue of the principal component is 
calculated. 

Table 8. Composition matrixa 
Variable

 
Composition 1 Composition 2 Composition 3 

x3 
.988 -.063 .058 

x2 
.985 .071 .087 

x1 
.980 .096 .061 

x11 
.974 -.111 .015 

x4 
.970 -.101 .122 

x9 
-.967 .107 -.094 

x5 
.910 -.199 .153 

x7 
-.827 -.448 .316 

x8 
.367 .780 -.485 

x10 
-.500 .534 .253 

x6 
.000 .561 .767 

 

To see more clearly the factors to which the variables belong, we rotate the composition matrix 
as follows (Tab. 9): 

Table 9. Composition matrix after rotationa 
Variable

 
Composition 1 Composition 2 Composition 3 

X4 .972 .134 -.055 
X3 .967 .205 -.082 
X9 -.963 -.144 .080 

X11 .952 .189 -.145 
X2 .947 .290 .024 
X5 .940 .024 -.085 
X1 .932 .322 .019 
X8 .093 .982 .072 
X7 -.632 -.764 .043 
X6 .092 -.011 .946 

X10 -.507 .119 .573 
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4.2.4. Three major factors 

After spinning, we can obtain the rotation component matrix. As you can see, the first common 
factor includes research and experimental development (R&D) personnel full-time equivalent 
(person-year), research and experimental development (research and experimental 
development (R&D)) investment intensity (%), the number of projects (items), professors 
(people), published academic papers (articles), study visits (person-time), network 
undergraduate graduates (people). With a large load factor, it can be defined as "innovation 
sharing factor". The second common factor that in the establishment of ordinary undergraduate 
colleges and universities, scientific and technological innovation talent engineering (human) 
load coefficient is large, can defined as "diverse synergistic factors"; The third common factor 
that is "the scientific research achievement transforms the income, holds the international 
conference number the load coefficient is big,  defined as "open factor for scientific research". 

The three factors reflect the overall level of local higher education from different aspects. It is 
difficult to make a comprehensive evaluation by using a common factor. Therefore, the 
comprehensive score is calculated according to the proportion of variance contribution rate 
corresponding to each common factor. 

Score=* FAC1+* FAC3
63.963

92.533

16.977

92.533
∗ 𝐹𝐴𝐶2 +

11.593

92.533
 

Finally, We get Chinese sustainable development achievements below (Tab. 10). 

 

Table 10. Comprehensive score 
Year 2011 2012 2013 2014 2015 2016 
Score -1.15555 -0.44167 0.052019 0.250683 0.283625 0.168547 

 

The health evaluation of higher education is more inclined to the present. Sustainable 
assessment focuses more on future developments. The health evaluation of higher education is 
a system that focuses on the current evaluation system. If we want to have a sustainable 
assessment, we need to predict the future situation of higher education,  and then use the above 
evaluation model to evaluate the forecast results after three years.  

5. Higher Education Development Forecast -Model ARIMA(p,q,d)  

First of all, according to the requirements of the topic, we collect the indexes in recent years, 
and establish the time series model by using the relevance between the data. We use the 𝐴𝑅𝐼𝑀𝐴 
model, if there is only a trend in the sequence, it can be stable after the 𝑑 stepwise difference, 
and then we can establish the 𝐴𝑅𝐼𝑀𝐴(𝑝, 𝑞, 𝑑) model.  

5.1. Model preparation 

Set {𝑍𝑡} as a stationary sequence {𝑌𝑡} treated by 𝑑 order difference, then there is a stationary 
sequence: 

𝑍𝑡 = 𝛻𝑑𝑌𝑡(𝑡 > 𝑑) 

{𝑍𝑡} is called the ARMA(𝑝, 𝑞), and {𝑌𝑡} is called the 𝑑 order summation sequence of ARMA, and 
expressed as 𝐴𝑅𝐼𝑀𝐴(𝑝, 𝑑, 𝑞). The basic form of the model is shown below. 

𝜑(𝐵)(1 − 𝐵)𝑑𝑌𝑡 = 𝜃(𝐵)𝑒𝑡 

5.2. Determination of different order 𝒅 

It can be seen that the value of d can be taken as 1, the foundation of national higher education 
is stable after the first order difference, and the national higher education satisfies the 
𝐴𝑅𝐼𝑀𝐴(1,1,1) model. 
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Figure 3. Forecast from ARIMA(1,1,1) 

 

In order to verify the rationality of the conclusion, we should test the white noise of the model: 
if the residual error is non-white noise, it shows that there is useful information that can be 
extracted in the residual error, and it is necessary to further improve or re-modify the model. 
The test of residual error generally adopts normality test and white noise test. 

The normality test can pass the LM test method. The result is as shown in the figure. The 
corresponding probability of the LM value of 0.96 is 0.618, which is bigger than 0.05, so the 
residual error obeys the normal distribution. 

 

Table 11. Test results of LM model residuals 
Statistic Value Probability 

F-statistic 0.680237 0.511989 
Obs*R-squared 0.960189 0.618725 

 

The white noise test can be used to test the residual sequence, and the accompanying 
probability corresponding to the statistics Q can be obtained. The probability of rejecting the 
errors made by the original hypothesis, and the probability corresponding to the maximum 
time delay in the residual autocorrelation graph is generally taken as the test probability. As 
the autocorrelation diagram of the model residual sequence, the maximum delay is 12, and the 
corresponding probability is 88.6 percent. So the assumption that the residual sequence is 
independent of each other is accepted. It can be judged that the residual sequence of 
ARIMA(1,1,1) model is a white noise sequence. 

 

Table 12. Autocorrelation and partial autocorrelation of residuals 
Autocorrelation Partial Correlation AC PAC Q-Stat Prob 

  

1  0.147 0147 1.0655  
2  -0.061 -0.085 1.2550  
3  -0.097 -0.077 1.7382 0.187 
4  -0.121 -0.103 2.5071 0.285 
5  -0.081 -0.062 2.8561 0.414 
6  -0.046 -0.050 2.9722 0.562 
7  -0.094 -0.115 3.4774 0.627 
8  -0.082 -0.091 3.8680 0.695 
9  -0.124 -0.0153 4.7833 0.686 

10  -0.003 -0.024 4.7840 0.780 
11  -0.019 -0.099 4.8077 0.851 

12  -0.065 -0.137 5.0822 0.886 
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By repeating the above steps, we can analyze the present and future of national higher 
education. We found that the first order difference of each level factor is stationary and satisfies 
the ARIMA(1,1,1) model.  

5.3. Model Solving 

The model simulation period is 2009-2040. The red curve represents China. With the 
continuous development and improvement of relevant policies, the health and sustainability of 
Chinese higher education system has gradually changed from figure 4. The red curve is slow in 
an upward trend and finally maintains a stable development trend. After 2009 we used models 
to simulate the impact of strategies on different factors in the future. 

 

 
Figure 4. Simulation periodogram 

 

According to the recursive formula, we can get the forecast value of the four countries for the 
next three years. 

Table 13. Evaluation projections for the four countries 
Country United States China South Africa Viet Nam 

Foundation 1.50 0.40 -0.79 -0.59 
Now now 1.44 0.91 -1.16 0.45 

Future -1.67 0.80 1.51 1.34 

 

Finally, We bring the predicted results into the national higher education health evaluation 
model, and the results are the sustainable evaluation of national higher education. Here are the 
specific ratings of the four countries: 

 

Table 14. Four country ratings 

Country United States China South Africa Viet Nam 
Ratings 5 4 1 2 

 

5.4. Predicted results for China 

5.4.1. Results of innovative 

It can be seen from the table,by 2040 R &D the full-time equivalent of 10902435 people will 
have reached 3.42 percent which is the double of the 2018 figure. After the implementation of 
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the policy, the number of major scientific research projects in China will increase by 370156 in 
the next 20 years, and the number of professors in higher education will increase by 81478.It 
can be predicted that if this policy is implemented, it will create more powerful teachers for 
China and contribute to the development of scientific research. 

 

Table 15. Variables change in 2020-2040 
Variable Growth of 2040 over 2020 Year on year growth of 2040 over 2020 

X1 5644702 1.0736 
X2 1 0.480137459 
X3 370156 0.57351936 
X4 81478 0.63047361 
X5 1322074 1.0736 
X6 2674996 0.68896016 
X7 430 0.730050934 
X8 211 2.12900721 

 

5.4.2. Results of collaborative 

With the policy improvement, the number of ordinary undergraduate majors in China will 
increase by 73 percent, and the number of innovative talents will increase by 212.3 percent. 
Collaborative innovation will also be practiced in the reform and development of higher 
education in China. Collaborative innovation will also build an all round higher education 
system. In the future, educational resources and elements will be organically cooperated in the 
overall development and operation of the rocess to form effective interaction and optimal 
utilization of resources. 

5.4.3. Results of openess 

By 2040, the number of visits to China will increase to 38136, and 208036 international 
conferences. Academic exchange is an important mechanism to promote the healthy 
development of science and technology, and has a significant role in promoting the progress of 
science and technology. The implementation of positive foreign policy provides an important 
ideological source for the improvement of higher education system and scientific and 
technological innovation. With the rapid development of modern science and technology, 
academic exchange plays a positive role in promoting the transformation of science and 
technology. It builds an important platform for the interdisciplinary integration of science and 
technology. 

5.4.4. Results of sharing 

The income from the transformation of scientific research results increased by 68.9%, and the 
number of online undergraduate graduates reached 6.81 million. In the era of rapid 
development of big data, the sharing of university resources can improve the teaching level of 
universities and promote the collaborative development among universities. By coordinating 
various institutions or schools in the higher education system and adopting corresponding 
policies to achieve the sharing of university resources, we can not only promote the rational 
allocation of resources, but also provide impetus for the cultivation of high-quality talents. 

6. Evaluation of models 

6.1. Advantages of Models 

(1) The model and data of this paper take a look at the situation of higher education in the world 
from two dimensions: horizontal and vertical. 

(2) In terms of empirical models and empirical methods, this paper draws on the advanced 
models and methods in the relevant research fields around the world. 
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6.2. Inadequate models 

(1) Since this year, the world has been affected by the new crown epidemic, and the economies 
of all countries are in a haze. The first promotion of online higher education, immature coping 
style, has caused a lot of noise in the data of last year. At the same time, the noise will not 
disappear in the past two years, and the noise data are relatively small, so it is difficult to use 
the noise data to predict the future development. The model has some limitations. 

(2) Owing to the lack of data on higher education in specific countries and professions, 
analytical and empirical research on specific professions can not be conducted. 

7. Sensitivity analysis of the models 

Because the sustainability evaluation of national higher education is based on prediction, we 
only need to disturb the health evaluation model to analyze the sensitivity of the model. 

We choose to use the Monte Carlo algorithm to disturb the initial data of each country, set the 
deviation of 1/3/5%, and still use our previous health evaluation model to evaluate. The final 
results are 96.7/90/83 respectively, which shows that our model still has strong stability under 
the interference of disturbance data. 
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