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Abstract: The allocation of higher education resources is an important component in the
improvement of regional education quality, and one of the most important issues in
addressing the imbalance and lack of educational resources is how to achieve the higher
education resources allocation efficiency (HERAE) in various geographical areas. This
study quantitatively evaluated China's HERAE by constructing an input-output indicator
system and applying the DEA model, and further analyzed its spatio-temporal evolution
characteristics. The study found that China's HERAE shows a high level in general, but
there exist significant differences between regions, indicating the characteristics of “leading
in the east area, second in the center area, and lagging in the west aera”. This study aims to
offer a theoretical foundation for enhancing the effectiveness of resource allocation in
China's higher education system and encouraging the advancement of higher education.

1. Introduction

As the core of the national innovation system and the driving force of social development, the
efficiency of higher education’s resource allocation is directly related to regional education equity and
quality improvement!*l. As information technology has advanced along the course of educational
reforms, the unequal distribution of educational resources between nations and regions has emerged
as a major global concern*%l, To some extent, China as the largest developing country in the world
has the largest higher education system around the world and the rapid economic development has
led to the continuous expansion of higher education in China, but the problem such as the imbalance
and insufficiency in the distribution of educational resources has also become more and more
prominent at the same timel®’l, According to the Chinese government's Outline of the Plan for the
Construction of a Strong State of Education from 2024 to 2035, the design of higher education is a
crucial component of the institution's development strategy and contributes significantly to the
establishment of a strong state of education. In addition, although the Chinese government's financial
investment in education has been expanding in recent years (the total amount invested in national
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education was 6132 billion yuan accounting 4.01% of China’s GDP in 2022), there is still much room
for improvement in the HERAE such as the fine distribution of education revenues, faculty and
research platforms, and so onl®5¢l. Therefore, it is of great significance to accurately assess the
efficiency of higher education resource allocation and further reveal its spatial and temporal evolution
trends in different provinces, in order to rationally allocate higher education resources, realize
educational equity and promote the high-quality development of higher education®*2171,

2. Materials and methods
2.1 Study area and data

Considering the completeness of the data, we selected 29 provinces in China as the research areas
and this study gathered statistical data mainly from the China Statistical Yearbook, the China Science
and Technology Statistical Yearbook, and the China Education Statistical Yearbook, primarily for the
2011-2022 period.

2.2 Indicator selection

Higher education resource allocation is a composite system with multiple inputs and outputs.
Based on previous studies, this study constructed an evaluation system for the efficiency of China's
higher education resource allocation from the perspectives of inputs and outputs and the specific
indicator system is shown in Table 1.

Table 1 The evaluation index system of HEREA in China

Indicator type Level | Level Il Units | Weights Indicator source
. Full-time teachers in Per
Labor inputs . : [9]
Inout higher education person 0.367
P Finance inputs Investment in education | billions ' 1
Material input | Investment in fixed assets | billions
Social benefit GDP billions (ol
outouts Number of higher / 0.244 [11]
P education institutions
Number of patents granted / 2]
Output for inventions
Educational Technology market 10,000
0.389 [10]
research outputs turnover yuan
Number of graduates from
Lo / [10]
tertiary institutions

2.3 Methodology

2.3.1 Entropy weighting method

In order to identify the weights of the HERAE system's first-level indicators, this study presents
the entropy weighting method. As an objective assignment method, the entropy method is based on
the actual observed values of each evaluation indicator as the original data, and through the
calculation of information entropy as a means of assessing the distribution dispersion of the data. The
calculation are as follows:
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Where X;; is the raw value of the jth indicator of the evaluation object i and n is the sample size

of the evaluation indicator; P;; isthe normalization matrix; e; is the information entropy; d; isthe
differentiation factor; W; is the weight.

2.3.2 Data envelopment analysis

Data Envelopment Analysis (DEA) is a linear programming model proposed in the field of
operations research. Unlike previous research models, the DEA model evaluates a system's degree of
development from an efficiency standpoint and can show how variables are causally related[13,14].
The SBM-DEA model has a good applicability to the measurement of ecological, energy, and
sustainability efficiency.
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Where V, U, N denote input indicators, desired outputs, and undesired outputs, respectively.
(SY,82,8%), (v, b, xk) and z are input slack variables and output slack variables. p* denotes

the final efficiency measure, and the larger p*is means the higher the level of HERAE in the region.
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3. Results
3.1 The measuring of HERAE

In terms of the overall fluctuation, the years with high average values of HERAE are mainly
centered on 2011 (0.87) and 2019 (0.85). In addition, the overall trend of change for the HERAE level
in 29 provinces is erratic, first declining, then rising, and ultimately smoothing out at the end.
Specifically, the first stage of change is 2011-2017, from the average score of 0.87 in 2011 declined
to 2007 scored 0.78. The second stage of change is 2018-2020 of some increase. The third stage is
2021-2022, the degree of change of HERAE in 29 provinces in China in these years is small, and the
overall are maintained at the average level of 0.80 situation. The overall 12-year HERAE score for
China's 29 provinces is centered in the score ranges of 0-0.5 and 1-1.2 which are already at a high
level (Fig.1).
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Figure.1 The overall change trend of the HERAE levels in China
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Figure 2 The statistical trend of the HERAE levels in China at different years
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Moreover, it can be seen from Fig. 2 and Fig.3 by calculating the average value of the scores from
2011-2022, those with higher HERAE scores are Guangdong Province (1.62), Beijing Municipality
(1.19), Liaoning Province (1.17), and Shanghai Municipality (1.09). The lower scores are mainly
concentrated in Gansu, Jilin and Guangxi provinces. Due to the great disparities in Chinese resource
endowment and economic base, there are significant differences in the investment and allocation of
higher education, resulting in large differences in the HERAE among individual provinces. In terms
of growth rates, most of the provinces maintained positive changes in HERAE during the study period
such as Inner Mongolia's HERAE increasing from 0.35 to 1.02with a growth rate of 65.81%, which
is the highest growth rate among all provinces. The HERAE of Yunnan and Liaoning provinces also
showed large increases in the study years. These areas are all part of China's border region indicating
that the Chinese government has made good progress in its policy of supporting educational resources
in disadvantaged areas in recent years. To some extent, this has also contributed to the gradual shift
of China's higher education resources towards a more efficient and balanced situation in the future.
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Note: The map is based on the standard map No. GS (2020) 4619, which was taken from the Ministry
of Natural Resources of China's Standard Map Service website and the base map has not been altered.

Figure 3 The HERAE’s spatial- temporal distribution in China.
4. Discussion

This study utilized the DEA to measure the temporal and spatial evolution of the HERAE in 29

110



provinces in China from 2011 to 2022, in an attempt to reveal the dynamic characteristics of China's
HERAE and its regional differences. From 2011 to 2022, the HERAE in China generally shows a
fluctuating change of decreasing, then increasing, and gradually stabilizing at last, a trend that
undoubtedly reflects the challenges faced by China's higher education resource allocation at different
stages and the continuous efforts in the term of adjusting the imbalance of education resources by
government policies. In terms of regional differences, there are significant differences in HERAE in
different provinces and large fluctuations during the study period which is undoubtedly closely related
to the regional imbalance of China's resource endowment and economic base. Regions with higher
levels of economic development tend to be able to invest more resources in higher education
development and have more advantages in resource utilization efficiency. Eastern coastal regions
such as Guangdong, Beijing, and other provinces have higher HERAE scores, while central and
western regions like Gansu, Jilin, Guangxi and other places have higher scores, and this discrepancy
illustrates the significant influence of the degree of regional economic growth on the effectiveness of
allocating resources for higher education.

However, HERAE in most provinces showed positive growth during the study period. In recent
years, the Chinese government's policy of supporting educational resources in disadvantaged areas
has achieved significant results. Those measures promote the improvement of the efficiency of the
allocation of higher education resources such as Inner Mongolia, which establishes the framework
for the equitable development of resources for higher education while also assisting in reducing the
educational disparity between areas. Although regional disparities still exist, with the continued
promotion of policies and optimization of resource inputs, China's higher education resource
allocation efficiency is expected to further improve in the future, gradually achieving a more efficient
and balanced development trend. Future research can further explore the specific impact mechanisms
of different policy tools on HERAE, and how policy innovation and resource allocation optimization
can further narrow the efficiency gap and promote the high-quality development of Chinese higher
education.

5. Conclusions

The overall level of HERAE in China's 29 provinces shows a fluctuating and decreasing trend.
Most of the regions have scores between 0-0.5 and 1-1.2, showing a higher level overall, and the
decline in 2021-2022 is mainly due to the transient impact of public health emergencies such as the
new crown epidemic; in terms of the geographic dimension, the HERAE level in the eastern region
shows a higher level than that in the central-western region, but the Western region has shown more
obvious HERAE improvement in recent years, and the overall HERAE tends to be balanced.
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