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  Abstract 
Colleges and universities are the core bases of talent cultivation, and the level of 
higher education is closely related to the development of economy and technology. 
In recent years, China's investment in higher education continues to increase. The 
Yangtze River Delta, as the region with the highest level of higher education in 
China, plays an important leading role in the construction of colleges and universi-
ties. Therefore, this paper constructs a scientific and reasonable indicator system to 
quantify and predict the higher education level of the Yangtze River Delta, which 
can provide guidance for the construction of Chinese universities. This paper first 
determines seven indicators to measure the future development of higher education 
in the Yangtze River Delta from three aspects of schools, teachers and students. 
Based on the data of the seven indicators from 2013 to 2020, time series analysis is 
carried out, and AR autoregressive prediction model is established to obtain the 
prediction values of the seven indicators from 2021 to 2027, thus illustrating the 
future development trend of higher education in the Yangtze River Delta. 
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1. Introduction 
In the global competitive situation, urban agglomeration has become an advanced form of social and economic coor-

dination and an important source of competitive advantages. In the process of urbanization, China actively promotes 
regional integration construction, and constructs urban agglomerations such as the Yangtze River Delta, Jing-jin-ji ur-
ban agglomeration. At present, the Yangtze River Delta is one of the regions with the most dynamic economy, the 
highest degree of openness and the most advanced level of higher education. The Yangtze River Delta region has a 
strong economic strength, with about 1/6 of the national population contributing 1/4 of the GDP. In the field of higher 
education, the Yangtze River Delta is the region with the largest volume of higher education resources and the concen-
tration of high-quality resources (Tan Yongtong & He Jun, 2022). 

Universities are the cradle of talents. The level of higher education in a region directly affects the quality of talents 
cultivation, which is related to social and economic development. Therefore, the prediction of the higher education level 
of the Yangtze River Delta is of great guiding significance to the regional construction. This paper establishes a scien-
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tific and comprehensive indicator system, and uses AR autoregressive method to quantitatively analyze and predict the 
higher education level of the Yangtze River Delta region (Li Yijiang & Wang Yilan, 2021). 

2. Prediction of higher education level of the Yangtze River Delta 

2.1 Indicator selection and data collection 

Higher education involves three subjects: schools, students and teachers (Kou Xiaodong & Xu Bin, 2009). Therefore, 
this paper selects seven indicators from the three aspects, namely, the number of higher education schools (institutions)
—Indicator 1, the number of graduates of ordinary undergraduate and junior colleges (million)—Indicator 2, the num-
ber of teaching staff of higher education schools (institutions) (10 thousand)—Indicator 3, the number of full-time 
teachers of higher education who have been doctors in secondary school (10 thousand)—Indicator 4, the number of 
full-time teachers of higher education who have professional and technical positions at the senior level (10 thousand)—
Indicator 5, the total number of higher education book assets (100 million copies)—Indicator 6 and the number of high-
er education fixed assets(10 billion yuan)—Indicator 7. 

According to the education statistics of the Ministry of Education of the People's Republic of China, the data of these 
seven indicators in the Yangtze River Delta region (Shanghai, Jiangsu, Zhejiang, Anhui) from 2013 to 2020 is shown in 
Table 1. 

Table 1. Statistics of seven indicators from 2013 to 2020 

Year 2013 2014 2015 2016 2017 2018 2019 2020 

Indicator 1 443 449 453 456 457 458 459 459 

Indicator 2 1.13 1.16 1.17 1.2 1.22 1.24 1.23 1.26 

Indicator 3 40.7 40.7 40.9 41.5 42.1 42.7 44 45.5 

Indicator 4 6.5 7.1 7.7 8.4 9.1 10.7 10.8 11.7 

Indicator 5 3.2 3.3 3.5 3.7 3.9 4 4.3 4.6 

Indicator 6 4 4.2 4.3 4.5 4.6 4.8 4.9 5.1 

Indicator 7 32.8 34.5 37.8 40.3 43.8 47.1 50.9 56 

2.2 Establish AR autoregressive prediction model for each indicator 

AR autoregressive model is one of the time series prediction and analysis models. In the process of prediction, this 
model not only considers the dependence of data on the time series, but also considers the interference of random fluc-
tuations (Si Shoukui & Sun Zhaoliang, 2016). It has a high accuracy in predicting the short-term trend of data. From the 
data over the years, the seven indicators of higher education development we selected have certain growth and stability, 
and the data of each indicator has certain correlation with the data of previous years of this indicator. Therefore, we use 
time series analysis to establish AR autoregressive prediction models for these indicators. 

To establish AR autoregressive prediction model, first of all, it is necessary to carry out the sequence stability test of 
the data, and one commonly used test method is Daniel test. 

Daniel test method is as follows: 
For samples of time series 1 2, , na a a , the rank of ta is ( )t tR R a= , variable’ Spearman correlation coefficient to 
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Make the following hypothesis tests: 
0H : The sequence is stable; 

1H : The sequence is not stable. 
At the significance level of a , calculate sq . If ( )

2
2aT t n −＞ , then 0H  is rejected, it is considered that the se-

quence is not stable. In addition, when 0sq ＞ , it is believed that the sequence has an upward trend, and when 0sq ＜ , it 
is believed that the sequence has a downward trend. If ( )

2
2aT t n≤ − , it can be considered that the sequence is stable. 

Taking indicator 6 as an example, original time series ( )1,2, ,8ta t =   is tested to check whether the original time 
series is stable. Under the condition that the significance level is 0.05, according to equations (1) and (2), it can be cal-
culated that 1sq = , the value of T  is infinite, while ( )

2
6 2.4469aT t =＞ . Therefore, the original time series is not 

stable and shows an upward trend, so AR autoregressive model cannot be directly used for prediction. Therefore, we 
need to construct a stable sequence based on the original sequence. First order difference operation is performed on the 
original sequence to obtain the sequence ( )1,2, ,7td t =  , 1t t td a a+= − . From the fluctuation chart of td  (as shown 
in Figure 1), it can be seen the series td  fluctuates around 0.15 randomly without obvious trend or cycle. Then, the 
series td  is further tested for stability, and the results show that td  is stable. Therefore, based on td , the AR autore-
gressive model is established to make predictions, and then the predictions of ta  can also be calculated.  

 
Figure 1. Fluctuation Chart. 

AR autoregressive model of td  is as follows: 

1 1 2t t t ty c y c y e−= + +  (3) 

Wherein, 1 2,c c  are the undetermined coefficients and te  is the random interference term. 
This model can be used to predict the value of ta  when t  taking different values. Comparing the predicted value 

of the model with the actual value of the data in previous years, it can be seen that the prediction error is small, indicat-
ing that the prediction accuracy of the model is high. The error comparison is shown in Table 2. 

Table 2. Error Comparison 

Year 2013 2014 2015 2016 2017 2018 2019 2020 

Indicator 6 4 4.2 4.3 4.5 4.6 4.8 4.9 5.1 

Predicted value 4 4.2 4.3 2.5 4.6 4.8 4.9 5.1 

Relative error 0 0 2.07E-16 0 0 0 1.81E-16 1.74E-16 

2.3 The prediction results for each indicator 

The predicted value of indicator 6 from 2021 to 2027 is shown in Table 3. 
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Table 3. Predicted Value of Indicator 6 

Year 2021 2022 2023 2024 2025 2026 2027 

Predicted value 5.2 5.4 5.5 5.7 5.8 6 6.1 
Similarly, we established AR autoregressive model to predict other indicators, and the prediction results are shown in 

Table 4. 

Table 4. Predicted Values of 7 Indicators 

Year 2021 2022 2023 2024 2025 2026 2027 

Indicator 1 459 459 460 460 460 460 460 

Indicator 2 1.24 1.27 1.24 1.28 1.24 1.29 1.24 

Indicator 3 47.6 50.4 54.2 59.3 66.2 75.4 87.7 

Indicator 4 11.9 12.6 12.8 13.3 13.5 13.9 14.1 

Indicator 5 4.9 5.2 5.5 5.8 6.1 6.4 6.7 

Indicator 6 5.2 5.4 5.5 5.7 5.8 6 6.1 

Indicator 7 61.2 67.5 74.3 82.2 90.9 100.8 111.9 

3. Conclusion 
It can be seen from the prediction results that the values of various indicators all show an upward trend from 2021 to 

2027. Based on this, we predict that the higher education in the Yangtze River Delta will develop steadily in school 
construction, faculty and student development in the next five years from 2022.The Yangtze River Delta should make 
full use of its regional and resource advantages, strengthen intra-regional cooperation and continue to maintain its posi-
tion as the leader in the development of higher education in China (Li Chunhong, 2007). 
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