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Convergence of primary education development in
urban and rural China: empirical analysis of
historical trends and future projections
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Integrating primary school education in urban and rural areas is essential for reducing dis-

parities in resources and promoting educational equity. This study uses four analytical

methods—entropy variation coefficient-comprehensive index, time difference correlation

analysis, multivariate linear regression prediction, and Beta convergence—to analyze the

historical evolution, future trends, and convergence in primary education development levels

in China. Using national time series data from 1995 to 2022, we constructed an evaluation

index for primary education and found that the urban-rural gap in primary education has

slightly narrowed. Although urban growth currently surpasses rural growth, projections for

the next 13 years suggest a decreasing gap in annual growth rates between the two. The

analysis shows significant absolute Beta convergence nationally and within urban areas from

1995 to 2035, while rural areas exhibit divergence. After controlling for factors such as per-

student expenditure, school building floor space per student, student-teacher ratio, teacher

education level, teacher title structure, number of primary schools per student, enrollment

rates, and dependency ratio, we find no significant conditional convergence at the national

level or between urban and rural areas from 1995 to 2035. These results highlight that

current levels of urban-rural investment are inadequate for balancing primary education

development. To address this, increased and equitable educational investment is necessary

for balanced development across urban and rural areas, within rural areas, and among urban

regions.
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Introduction

According to statistics from the World Bank for 2022, the
global population reached 7.837 billion by the end of
2021, with 43.4% residing in rural areas. High-income

countries have 18.5% of their population living in rural areas,
while the majority of rural populations are found in middle-
income, low-middle-income, and low-income countries, parti-
cularly in low-income countries where rural residents constitute
65.8% of the population. Countries such as India, Cambodia,
Myanmar, Laos, Pakistan, Bangladesh, Sri Lanka, and Vietnam
have a rural population exceeding 60%. Moreover, the global
poverty rate in rural areas has reached 17% (compared to 7% in
urban areas), with rural communities accounting for 70% of the
world’s extreme poverty, according to the Rural Culture Com-
mittee of China Cultural Management Association in 2024. The
persistent disparity between urban and rural development is
largely attributed to the long-standing “dual economy” in
underdeveloped regions and inadequate public services, including
education, infrastructure, healthcare, and sanitation in most rural
areas.

Education, as a public or quasi-public good, serves as a fun-
damental driver of human progress and social development.
Country-specific experiences underscore the importance of
balanced educational development in enhancing national com-
prehensive strength and fostering sustainable social progress
(Yuan et al. 2020). Enhancing national quality and ensuring social
equity through balanced primary education has become a uni-
versal policy focus for governments worldwide (Wang, 2018). The
United Nations, in its 2030 Education Action Framework,
emphasizes “developing fair and high-quality education” as a core
educational goal, considering the significant urban–rural devel-
opment imbalance globally, particularly in underdeveloped
regions (UNESDOC, 2015). The European Commission has
similarly prioritized the efficiency and equity of education sys-
tems (EU Commission, 2006). In India, the role of high-quality
primary education is recognized as vital for unlocking economic
potential, particularly in rural areas. Effective primary education
for rural communities lays a stable foundation for higher edu-
cation, skill acquisition, and employment opportunities. To this
end, India advocates for corporate investment in social welfare
initiatives aimed at improving rural education, reducing poverty,
and supporting sustained economic growth (Ojha and
Chakravarty, 2012; Shukla, 2020).

Renowned economist Theodore W. Schultz, in his book
“Transforming Traditional Agriculture”, emphasized that
“neglecting primary and secondary education is very short-
sighted.”(Schultz, 1987). Similarly, Nobel laureate Douglas North
believed that throughout history, institutional incentives for
investing in productive knowledge have been lacking, often
misdirecting resources toward higher education instead of pri-
mary education (North D C Institutions, 1990). According to the
human capital theory, new structural economic theory, and the
comparative advantage strategy of developing countries, primary
education should be prioritized. This approach suggests that
governments should assume greater responsibility for investing in
primary and compulsory education to ensure equity and fairness.
By adopting such a strategy, developing countries can alleviate
income inequality, support economic development, and accel-
erate their progress toward parity with developed nations. Con-
versely, failure to prioritize primary education may hinder these
countries’ ability to transition into the middle-income bracket
and risk falling into the middle-income trap (Krueger and
Lindahl, 2001; Lin, 2008; Cao and Li, 2018).

China has long prioritized primary education, as evidenced by
its efforts to make compulsory education widely accessible,
achieve balanced development, and pursue high-quality and

balanced compulsory education. These actions reflect the coun-
try’s strategic reforms and adjustments. By the end of 2021, 2895
county-level administrative units in China have achieved the
national recognition of basic educational balance (Meng and Yao,
2022). Despite efforts to enhance the urban-rural education bal-
ance through measures such as increased funding for rural
compulsory education, improved rural school infrastructure, the
“two exemptions and one subsidy” policy, and better compen-
sation and training for rural teachers, there is still an imbalance
between urban and rural areas. Approximately 500 million Chi-
nese people still live in rural areas, and urbanization lags behind
industrialized nations by 72.6% (Cai et al. 2019; Tang et al. 2022).
Contributing factors include the entrenched dual economic sys-
tem, rural-to-urban migration, unequal economic and social
development, and imbalanced educational resource allocation.
Consequently, rural schools, especially primary schools, often face
challenges such as being under-resourced yet underpopulated,
while urban primary schools are well-resourced but overcrowded
(Xie, 2014). These issues hinder China’s efforts toward rural
revitalization and urban-rural integration.

Currently, in the research on the development gap between
urban and rural education, one is to take a qualitative approach,
such as urban and rural education integration (Zheng et al. 2023;
Tang et al. 2023; Lei and Xie, 2023), education equity (Jia, 2023),
high-quality and balanced rural compulsory education develop-
ment (Lu et al. 2023), digital transformation of rural basic edu-
cation (Hu et al. 2023), and rural primary education system
evaluation (Singh and Parashar, 2024), etc. The second is to take
quantitative exploration, such as the resource allocation in urban
and rural primary education (Zheng and Yue, 2017; Feng and
Zhang, 2018), migrants’ primary education (Zhang et al., 2015;
Zhang, 2017) and the role of compulsory education in poverty
reduction (Li et al. 2019; Li, 2019; Zuo et al. 2023). Despite,
various studies indicating that primary education in urban and
rural China remains imbalanced, many suggest that it will
become more balanced and eventually converge over time (Han
and Li, 2013; Li and Luo, 2015; Yu and Wang, 2022; Xu and Liu,
2023). The emphasis in educational forecasting lies in estimating
the extent of development (Xu and Liu, 2023), predicting aca-
demic performance (Field et al. 2019), school-age population
changes (Zhou, 2024), and dropout rates (Nascimento et al.
2022). However, to our knowledge, no existing research predicts
future trends or tests convergence in urban and rural primary
education based on historical evolution.

The purpose of this study is to assess the development level of
primary education in China and to create an evaluation index
system for both urban and rural areas. Annual time series data
were utilized on national primary education development from
1995 to 2022 (a complete data set available at the national level).
The coefficient of variation entropy-comprehensive index method
is first employed to identify the historical evolution characteristics
of urban and rural primary education development in China.
Secondly, time difference correlation analysis is used to screen
early warning indicators and identify the leading factors influ-
encing primary education development in urban and rural areas.
Thirdly, a multiple linear regression model is applied to predict
the future development of primary education from 2023 to 2035.
Finally, Beta convergence analysis examines past and projected
future convergence in primary education development between
urban and rural areas. This study explores the disparity in pri-
mary education development between urban and rural regions,
comparing their differences and evaluating the overall develop-
ment level. This study provides technical methods and decision-
making support for measuring and evaluating the development
level of primary education in both urban and rural areas.

ARTICLE HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS | https://doi.org/10.1057/s41599-025-04752-9

2 HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS |          (2025) 12:475 | https://doi.org/10.1057/s41599-025-04752-9



This study makes two key contributions to understanding the
development of primary education in urban and rural China.
Firstly, it’s an initial attempt to apply the time difference corre-
lation analysis method for forecasting the future development of
primary education in urban and rural areas from 2023–2035,
further exploring the convergence potential between urban and
rural education. Secondly, this study introduces predictive
warning models to the education field, offering a novel approach
that may complement and expand existing research, thus
enriching the current literature. Meanwhile, this paper highlights
the issue of resource imbalance in rural primary education and
predicts future development gaps in China, providing an early
warning for educational challenges in similar regions.

The paper is structured as follows: Section “Literature review
and theoretical framework” reviews the literature on the devel-
opment of primary education and the construction of the index
system. Section “Data and methodology”, presents the data and
research methodology. Including the coefficient of variation
entropy-comprehensive index method, time difference correla-
tion analysis method, multiple linear regression prediction model,
and Beta convergence analysis method. Section “Empirical
results”, discusses the empirical results and findings. The paper
concludes in section “Conclusion and discussion” and outlines
limitations and future research directions in section “Limitations
and future research”.

Literature review and theoretical framework
Integration of urban–rural primary education. The integration
of urban and rural primary education is essential for achieving
equalization, fairness, coordinated and integrated development,
and balanced linkage between urban and rural areas. While there
is no universally agreed-upon definition of urban–rural primary
education integration, interpretations may vary among different
stakeholders’ perspectives. Based on existing literature, this inte-
gration involves positioning urban and rural primary education
within a unified system that dismantles the traditional binary
opposition between the two. It emphasizes coordinated develop-
ment, shared educational resources, the rational flow of educa-
tional elements, and the establishment of policies, institutional
mechanisms, and resource allocation strategies to promote joint
advancement (Chu, 2009; Zhang, 2012).

The integration does not imply making urban and rural
primary education identical. Instead, it should be understood
based on three aspects: consistency in educational goals, synergy
in development speed, and stability and convergence of
educational quality. Urban primary education typically advances
at a faster rate with higher quality compared to rural areas.
Bridging the gap requires accelerating rural primary education to
catch up with urban progress, aiming for overall coordinated
development. In terms of quality, it should integrate education
management, resources, teacher management, and standardized
evaluation across urban and rural areas. Additionally, there
should be differentiation in teaching methods and content should
be maintained to respect unique characteristics, alongside
financial support directed at rural areas (Yang, 2019; Yan, 2020).

Numerous studies emphasizes that the integration should start
with equalizing the supply of primary education in urban and
rural areas. This can be achieved through enhanced financial
mechanisms, equitable resource allocation, and targeted policy
implementation. Moving away from a historically “urban
preference” policy bias and adopting “rural preference” policies
can help ensure a fairer distribution of resources, reducing the
developmental gap (Shi, 2007; Yuan, 2011). Additionally, some
scholars advocate for a symbiotic approach involving govern-
ment, schools, families, and communities to create supportive

environments for urban–rural education integration (Wu and
Wang, 2022). However, existing studies have largely focused on
optimizing supply-side factors, often overlooking the demand
side. This study aims to address this gap by developing an
indicator system that considers both the supply and demand
aspects of primary education development in urban and
rural areas.

Allocation of urban–rural primary education resources. Edu-
cational equity reflects social equity within the educational field,
and resource allocation is a critical starting point for achieving
educational equity (Wen and Gu, 2017). The allocation of edu-
cational resources is categorized under educational supply (Zhao
et al. 2018). Research has extensively explored policies, influen-
cing factors, and the effects of resource allocation in primary
education across urban and rural areas. For example, Assaad and
Krafft (2015) examined Egypt’s free basic education policy,
finding that issues of low quality and inefficiency often led
families to incur significant costs for their children to succeed
academically. Similarly, Molina-Muñoz et al. (2023) found that
Spanish students’ average mathematics scores fell below EU and
OECD averages, attributing differences to socioeconomic status,
gender, immigration status, language is spoken at home, and
student–teacher ratios.

Evaluation index systems have been developed to measure the
allocation of educational resources, considering factors such as
teacher availability, funding, infrastructure, and school condi-
tions. Researchers use different analytical methods, including PLS
structural equation modeling and data envelopment analysis
(DEA) have been employed to assess the efficiency and spatial
distribution of resources. For example, Ramzi et al. (2016) applied
DEA to assess the efficiency of primary and secondary education.
They find that inefficiency in education is strongly related to
poverty within governorates. Research by Chinese scholars
highlights that primary schools in China are mainly concentrated
in the east of the “Hu Huanyong Line”, which has significant
regional differences in educational resources. Resource allocation
is generally higher in the eastern region compared to the central
and western regions, where low comprehensive efficiency is often
due to inadequate scale efficiency (Ma et al. 2020; Li and Lei
(2021); Cai and Zhang, 2023). Notably, focusing solely on
resource allocation without considering the demand side over-
looks critical aspects of primary education development.

Evaluation indicators of urban–rural primary education
development. Past studies have largely measured primary edu-
cation development by focusing on educational conditions,
teaching staff, and educational resources. For example, Cai et al.
(2022) constructed an index system featuring four primary
indicators—educational opportunities, educational conditions,
educational quality, and educational equity—and 13 secondary
indicators to assess the level of education modernization in ethnic
regions. In contrast, Mo et al. (2022) replaced “educational con-
ditions” with “educational investment” while maintaining the
other three indicators. However, few studies have incorporated
social and economic indicators such as per capita GDP, despite
their significant impact on primary education development in
urban and rural areas. This study posits that both the supply and
demand sides are crucial for understanding education develop-
ment. An increase in educational investment, teacher allocation,
and economic indicators such as GDP per capita and disposable
income per capita positively impact education quality and
quantity. Therefore, a framework of indicator systems including
education supply, education demand, and education quality has
been constructed based on existing literature, the “National Basic
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Equilibrium Evaluation Plan for Compulsory Education Devel-
opment”, and our thoughtful analysis of the study. The frame-
work includes 16 sub-indicators organized into four subsystems:
educational conditions, teacher strength, student development,
and socio-economic conditions. In the following subsections, we
will explain the reasons behind their inclusion in the model.

Educational conditions. The subsystem comprises six sub-
indicators to measure primary education quality: per-student
education expenditure, per capita output value of fixed assets,
floor space of school buildings per student, books per student,
computers per student, and the percentage of schools with a
campus network. Per-student education expenditure reflects the
level of financial investment in primary education and indicates
governmental support levels. Investment in educational material
resources is fundamental for educational development, and the
richer the investment in educational material resources, the
higher the level of educational development. Therefore, the sub-
indicators encompass both hardware (e.g., floor space and fixed
assets) and software resources (e.g., books and computers per
student, campus network availability), reflecting overall educa-
tional resources access.

Teacher strength. This subsystem includes four sub-indicators:
teacher–student ratio, the proportion of full-time teachers, aver-
age years of teacher education, and teacher title structure. Tea-
chers are the essential human resources for education, and
numerous studies have shown that the quality of teachers is a key
factor in determining the quality of education. Small-class
teaching fosters better academic outcomes, and a higher
teacher–student ratio, more full-time teachers, and greater tea-
cher professional titles contribute to stronger educational
performance.

Student development. This subsystem encompasses three sub-
indicators: the number of primary schools per student, the
number of classes per student, and the enrollment rate. The aim
of education is student development. Liu and Fang (2017) noted
that areas with concentrated schools and student populations
benefit from resource consolidation. The smaller class sizes
enhance teacher-student interaction, promoting overall student
development. The enrollment rate is another indicator of
demand-side and the quality of school teaching and should be
included in this subsystem.

Socioeconomic conditions. This subsystem includes three sub-
indicators: per capita GDP, per capita disposable income, and the
dependency ratio. The income disparities between urban and
rural areas affect the investment in education. Based on existing
research by Sun et al. (2023), an increasing rural household
income significantly promotes their family investment in educa-
tion, narrowing the urban–rural gap. Conversely, a higher
dependency ratio signifies a greater economic burden on families,
potentially reducing education investment.

Data and methodology
Data sources. This study primarily utilized data sourced from the
China Education Statistics Yearbook, China Educational Finance
Statistics Yearbook, China Statistical Yearbook, and China
Population and Employment Statistics Yearbook for the period
spanning 1995–2023. The data represent a comprehensive
national sample. To facilitate a comparative analysis between
urban and rural areas, the national data set was divided into two
distinct groups: the urban sample and the rural sample. In
instances where data points were missing for specific years, linear

interpolation was applied to fill these gaps, ensuring the con-
tinuity and integrity of the data set.

Research methodology
Entropy of variation coefficient-comprehensive index method. The
method of entropy variation coefficient-comprehensive index
calculates the weights of each index using a combination of the
coefficient of variation method and the entropy value method. It
then applies the composite index method to measure the level of
development in primary education.

The entropy method is an objective assignment method that
determines weight based on the information provided by the
indicators. The smaller the information entropy of the indicators,
the greater the degree of variability, and the greater the weight.
However, this method does not consider the interactions between
indicators, the difficulty of handling missing values, and
sensitivity to extreme values, which may lead to the distortion
of the weight. The coefficient of variation is a statistical measure
that is obtained by dividing the standard deviation by the mean of
a data set. It is useful because it eliminates the issue of scale,
objectively assigns values to each data point, and avoids
subjectivity that may arise in other methods such as AHP (Zhang
and Jia, 2016). And this method can reflect the degree of data
dispersion but also consider the average level of data, so to make
up for the lack of entropy method. The method of coefficient of
variation is insensitive to the distribution shape of data and can
deal with the extreme value and missing value better, so it can be
used as a supplement to the entropy method in some cases.

Based on the coefficient of variation method having a strong
compensating effect on the entropy method, a combination of the
two methods was used after weighing their respective advantages
and disadvantages. The weights obtained from the coefficient of
variation method and entropy value method were utilized for this
purpose. Since the application of these two methods has been
established, the calculation of the combined weights will be
explained in detail here. The weights of each indicator determined
using the two methods will be set as the combination weights as vi
and τi, respectively, and i as each indicator, with a total of 16 sub-
indicators in this study. According to the principle of minimum
information entropy, the weights determined by the coefficient of
variation method and entropy value method are coupled to
obtain the combined weight ωi.

min η ¼ ∑
m

i¼1
ωi lnωi � ln vi
� �þ ∑

m

i¼1
ωi lnωi � ln τi
� �

∑
m

i¼1
ωi ¼ 1

ωi > 0

η is the objective function of minimum information entropy
and m is the number of indicators. The above function is obtained
by optimizing it according to the Lagrange multiplier method:

ωi ¼
ffiffiffiffiffiffiffi
υiτi

p
∑m

i¼1
ffiffiffiffiffiffiffi
υiτi

p

Drawing on Ding Jianjun’s method of calculating the
Comprehensive Development Index (Ding, 2014), the level of
development of primary education in overall, urban and rural
areas from 1995 to 2022 in this study was calculated. The
calculation formula is as follows:

E ¼ ∑
m

i¼1
Iiωi

where E denotes the level of development of primary education, Ii
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is the standardized value of the i indicator in the sub-indicator,
and ωi is the weight of the i indicator.

Time difference correlation analysis method. Time difference
correlation analysis is a statistical method used to investigate the
relationship between two sets of data over time. It looks at the
correlation between the two sets of data, which is a measure of
how closely related they are. The correlation coefficient is used to
quantify this relationship, and it ranges [−1, 1]. A value of −1
indicates a perfectly negative correlation, while a value of 1
indicates a perfectly positive correlation (Liu and Liu, 2017). The
principle of its calculation is as follows:

Let the time-difference correlation coefficient be λ, the
benchmark indicator is the vector of indexes of the level of
development of primary education from 1995 to 2022,
i.e.Y ¼ Y1;Y2; � � � ;Yn

� �
, the selected indicators are the sub-

indicators in Table 1, and the vector of sub-indicators is
Xi ¼ Xi1;Xi2; � � � ;Xin

� �
, of which i ¼ 1; 2; � � � ;m, m is the

number of sub-indicators, and there are a total of 16 sub-
indicators in the present study, m ¼ 16; n (j ¼ 1; 2; � � � ; n) is the
total number of years, and the present study is for a total of
twenty years from 1995 to 2022, and n= 28.

λ ¼ ∑nt
j¼j0 ðXi;jþt��XÞðYj��YÞffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

∑nt
j¼j0 ðXi;jþt��XÞ2 ∑nt

j¼j0 ðYj��YÞ2
q ; t ¼ 0; ± 1; ± 2; :::; ±T; j0

¼ 1; t ≥ 0

1� t; t<0

�

where t is the overrun or lag period, t > 0 is the overrun period
and t < 0 is the lag period, so t is called the time difference or
delay number. T indicates the maximum number of delays and nt
is the amount of data after alignment. When selecting indicators,
usually calculate the correlation coefficient of time difference for a
number of different delays, and take the absolute value of the
largest time difference correlation coefficient λλ ¼ max

�T ≤ t ≤T
λt as

the correlation coefficient of the time difference between the
selected indicator and the benchmark indicator, and the
corresponding j0 is the over-advanced or lagged period, and the
closer this coefficient is to 1 the more desirable it is in the test. In
the specific calculation, if the absolute values of the maximum
and second largest time difference correlation coefficients are
close to each other, necessary adjustments can be made to the
overrun and lag periods according to the actual situation of
economic activities. Lagged and synchronous indicators do not
have much influence on the benchmark indicators, and only the
overshooting and stronger correlation indicators are the main
influencing factors of the benchmark indicators, which are thus
used as indicators of the subsequent multiple linear regression
prediction models.

Multiple linear regression models. The study of the linear rela-
tionship between a dependent variable and multiple independent
variables is known as a multiple linear regression model. With a
group n (n= 28) of k independent variables, the relationship is
obtained:

yj ¼ αþ β1xj1 þ β2xj2 þ � � � βkxjk þ εj ; j ¼ 1; 2; � � � ; n
where yj is the level of development of primary education in
nationwide (or urban and rural areas) in year j, α; β1; β2 � � � ; βk is
the parameter to be solved for, and εj is the random error.

The goodness of fit and significance of the regression model
also need to be tested, using R2 inspection method to test the
degree of correlation between all explanatory and interpreted
variables, and the significance of the model is tested by the

significance of the overall linear relationship between the
explanatory and interpreted variables (Chen et al. 2017).

Beta convergence analysis. The convergence model is an impor-
tant approach for analyzing regional disparities. It is based on the
convergence theory of neoclassical economic growth theory (Xie
and Yu, 2021). There are three types of convergence methods:
sigma convergence, beta convergence, and club convergence.
Among these, more scholars tend to use the beta convergence
analysis method. Beta convergence is a method that links growth
and its steady state. In other words, under the beta convergence,
less developed regions catch up with the growth rate of developed
regions over a long period. The development of primary educa-
tion speed and its level of development are negatively correlated
under beta convergence. Beta convergence can be divided into
two types: absolute beta convergence and conditional beta con-
vergence. Absolute beta convergence assumes that any region’s
primary education development level has the same “basic char-
acteristics” (e.g., per-student education expenditure, teacher
strength, level of economic development). On the other hand,
conditional beta convergence does not consider the “basic char-
acteristics” (Li and Luo, 2015).

In 1992, Barro and Sala-I-Martin proposed the classical
regression equation (Barro and Sala-i-Martin, 1992) for testing
absolute beta convergence:

1
T
log

ys;tþT

ys;t

 !
¼ aþ b logðys;tÞ þ εs;t

where y denotes the level of development of primary education, s
refers to overall, urban, and rural areas, respectively, t is a point in
time, T denotes the number of periods in the sample, and εs;t is

the random error term; in addition, b ¼ � 1�e�βT

T and beta denotes
the speed of convergence. When b < 0, the examined region shows
absolute beta convergence (Han and Li, 2013) within the period
T . In this study, to make the best use of the data as much as
possible, let T ¼ 1.

The development level of primary education may vary greatly
between urban and rural areas due to their internal structural
characteristics. Therefore, the absolute beta convergence analysis
method needs to be modified by adding relevant control variables
to establish the conditional beta convergence of the development
level of primary education. This is expressed as

1
T
log

ys;tþT

ys;t

 !
¼ aþ b logðys;tÞ þ ∑

Z

k¼1
ck logðxk;ðs;tÞÞ þ εs;t

where k(k ¼ 1; 2; � � � ; z) denotes the number of control variables
added, and the rest of the variables have the same meaning as in
the absolute beta convergence formula. As above, let T ¼ 1. Since
the independent variables in the model are all delayed T-periods,
the probability of endogenous problems is reduced.

Empirical results
Analysis of index weights. Figure 1, derived from Table 1, shows
the weights obtained using the entropy method are nearly iden-
tical to those derived from the coefficient of variation method,
except for some minor differences. Consequently, the combined
weights exhibit a higher degree of overlap with the results from
the two methods. It shows that the methods used in this study are
robust and reasonable. The weights of x1,x2, x5, x6, x14, and x15
are larger and close to 0.1 in Fig. 1. Notably, four out of these six
indicators pertain to educational conditions, while two relate to
economic and social conditions, underscoring the significant
impact of resource allocation and socioeconomic support on
primary education development in China, meanwhile showing
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the internal data changes of these 6 indexes (i. e. the difference
between urban and rural areas) are more obvious, which can
more sharply reflect the operation of the evaluation system. x8, x9,
x10, and x13 have the lowest weights, below or around 0.01. Three
of these four indicators come from teacher strength and one from
student development, suggesting their relatively lower impact and
smaller internal data change degree (see Appendix ①) on primary
education development.

Evolution of primary education in urban and rural China
throughout history. Using the entropy variation coefficient-
comprehensive index method to measure the level of primary
education development in China’s nation, urban areas, and rural
areas.

Evolutionary characterization of sub-indicators. Panel A in Fig. 2
highlights the significant improvement in educational conditions
over time, with the gap between urban and rural areas initially
widening before narrowing. From 1997 to 2022 (excluding
1995–1996 to avoid artificially inflated annual growth rates
caused by extremely low initial values in rural areas), the average
annual growth rates for educational conditions at the national,
urban, and rural contexts were 13.32%, 10.51%, and 14.88%,
respectively. These trends can be attributed to three main factors.
First, the overall improvement in educational conditions reflects
the government’s prioritization of basic education and increased
investment, such as the 13.62% annual growth rate in per capita
education expenditure x1. Second, rural education conditions
have significantly improved due to targeted policies, including the
“Two-free and one-subsidy” policy for rural compulsory educa-
tion launched in 2001 (Guo et al. 2024), the “Deepening reform of
the mechanism for guaranteeing rural compulsory education
funding” introduced in 2005, and the “Targeted poverty allevia-
tion policy” initiated in 2015 (see Appendix ②). Third, urban
education conditions developed rapidly before 2015, leading to a
widening gap in rural areas. However, since 2015, this gap has
started to narrow due to the implementation of precision poverty
alleviation policies, with education being a central component.
During this phase, significant resources were allocated to rural
areas. Despite these efforts, the gap remains substantial due to the
historical under-investment in rural education compared to
urban areas.

Panel B in Fig. 2, the national teacher strength demonstrates a
gradual increase followed by a slight decline. The difference

between the teacher strength indices in urban and rural areas
initially narrows, then widens, and finally narrows again. From
1995 to 2022, the average annual growth rates for teacher strength
in national, urban, and rural contexts were 3.00%, 1.72%, and
3.35% respectively, with rural areas experiencing the fastest
growth rate. Regarding the gap between urban and rural teacher
strength, the difference in indices decreased from 0.26 in 1995 to
−0.08 in 2001. It then increased from 0.04 in 2002 to 0.61 in
2016, before shrinking again from 0.57 in 2017 to 0.31 in 2022. As
shown in Fig. 1, the ratio of teachers to students is a key
influencing factor for teacher strength. The trends in teacher
strength and the ratio of teachers to students exhibit significant
convergence (see Appendix ③).

Panel C in Fig. 2, the student development index showed a
downward trend, with a pronounced decline in both the overall
and rural areas, whereas urban areas experienced two growth
phases between 1995–1999 and 2009–2014. The rural student
development index was larger than that of the urban areas until
2011. However, a sharp increase in the urban index post-2011,
followed by the hump-shape since then, saw it almost on par
with the rural index by 2022. According to Fig. 1, the weight of
the number of primary schools per student and the number of
classes per student was the largest in the student development
subsystem, underscoring the importance of school-student
concentration and small class sizes for student development
(see Appendix ④). The reasons for the trend in student
development in the paper are the changes in compulsory
education policy, the acceleration of urbanization, and the
reduction of the birth rate (Hannum and Wang, 2022; Zhang,
2017; Zhang et al. 2015) (see Appendix ⑤).

Panel D in Fig. 2, the indices for national, urban, and rural
socioeconomic development have demonstrated a continuous
and stable upward trend. From 1995 to 2022, the average
annual growth rates were 10.54%, 8.00%, and 11.52%,
respectively. The growth of these socioeconomic development
indices was primarily driven by sustained increases in GDP
and disposable income per capita. As illustrated in Fig. 1, GDP
per capita and disposable income per capita are the most
significant components of the socioeconomic development
sub-system, essentially explaining the overall growth of the
social economy. Additionally, the gap between urban and rural
areas has been widening steadily since 1995. This is largely due
to the underdeveloped state of rural socioeconomic infra-
structure. Although the growth rate of the rural socio-
economic development index is higher, the gap between
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Fig. 1 Weights of the indicators of primary education level in China.
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urban and rural areas has still increased at an average annual
rate of 7.09%. This indicates that without addressing the
growing income disparity between urban and rural popula-
tions, it will be challenging to foster social and economic
development and achieve convergence.

Analysis of general evolutionary features. Based on Fig. 3, primary
education development in China has experienced a steady

upward trend from 1995 to 2022. The average annual growth
rates for primary education development were 6.89%, 6.91%, and
5.65%, for the national, urban, and rural areas, respectively. The
higher growth rate in urban areas compared to rural areas has led
to a widening gap in education development between urban and
rural regions before 2018, a trend that began to shift in 2019, and
the gap between urban and rural areas is narrowing (see
Appendix ⑥).
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Fig. 2 Historical evolution trend of sub-system comprehensive index measurement results.
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Fig. 3 Evolution of primary education level in urban and rural China.
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Predicting the development of primary education in urban and
rural areas of China
Predictor screening based on time-difference correlation analysis.
The development of primary education in China is influenced by
several factors. This study has identified 16 core indicators for
analyzing the development level of primary education in both urban
and rural areas. Using SPSS26.0 software, a time-difference corre-
lation analysis was conducted on these indicators. The development
level of primary education in overall, urban, and rural areas from
1995 to 2022 is used as the benchmark indicator. The 16 sub-
indicators were taken as the selected indicators affecting the
benchmark indicator. The correlation coefficients of the selected
indicators relative to the benchmark indicators are calculated for
several periods of overrunning, synchronousness, or lagging (typi-
cally over three years, with this study using a 5-year moving period).
The resulting classification categorized the indicators as leading,
synchronous, or lagging based on their time-difference correlation
coefficients (absolute values exceeding 0.5).

The analysis of the time difference correlation method yields
Table 2. This table includes seven priority indicators in general:
x7, x8; x9; x10; x11; x12; and x16. Additionally, there are seven
priority indicators for urban areas and six priority indicators for
rural areas. The priority indicators for the level of development of
primary education in urban and rural areas are partially
consistent with the whole. However, urban areas have three
additional indicators, including x3; x4; and x13, rural areas have
two additional indicators, including x1 and x13. The principle of
time difference correlation analysis considers synchronous and
lagging indicators, as well as indicators with a time difference
correlation coefficient with an absolute value of <0.5, to have a
weaker influence on the benchmark indicators. On the other
hand, the leading indicators with a correlation coefficient with an
absolute value of more than 0.5 can better reflect and predict the
benchmark indicators.

All prior indicators of the development level of primary
education in overall and urban areas have correlation coefficients
>0.5. Therefore, they are considered as main factors affecting the
development level of primary education. For rural areas, only one
leading indicator is considered a secondary factor because its
absolute correlation coefficient is <0.5. The excluded metric is x13.

Prediction and testing of multiple linear regression models.

(1) Model construction
Using the time difference correlation analysis method, the
study identified the early warning factors that affect the
development levels of primary education in overall, urban,
and rural areas. The dependent variable, in this case, was
the development level of primary education. Regression
analysis was performed using Eviews 8.0 software to obtain
the multivariate regression prediction model for primary
education development levels in China’s overall, urban, and
rural areas:

ynation ¼ �0:905� 1:397 ´ 10�2x7 � 2:407 ´ 10�3x8
þ 1:332 ´ 10�1x9 � 1:056 ´ 10�1x10 � 54:196x11
þ 17:409x12 þ 3:679 ´ 10�3x16

yurban areas ¼ 0:570þ 1:359 ´ 10�1x3 þ 2:790 ´ 10�5x4
� 3:679 ´ 10�2x7 þ 6:340 ´ 10�4x10 � 15:917x12
� 3:745 ´ 10�3x13 � 1:708 ´ 10�3x16

yrural areas ¼ �6:527 ´ 10�2 þ 2:650 ´ 10�5x1 þ 6:296 ´ 10�3x7
� 1:640´ 10�3x8 � 60:977x11þ18:848x12

(2) Validity test and modification of the model

In general, Pearson correlation analysis requires that the
absolute value of the correlation coefficient between the two
variables is >0.5, and the corresponding P-values is <0.1.
The Multicollinearity test for variance inflation factor (VIF)
requires IF values of <10 for the independent variables. The
closer the value of R2 is to 1, the better the fitting degree of
the model is. The larger the F-statistic and the smaller the
P-value of the model, the more significant the effect of the
independent variables on the dependent variable. Accord-
ing to the above test method, it is necessary to eliminate
x7; x8 and x11 in the prediction model of the overall primary
education development level, while urban areas should
discard x4; x10; x13 and x16, and rural areas should get rid of
x7 and x8. Thus, the appropriate and effective modified
prediction models are obtained.
Modified multiple regression prediction model for the
primary education development levels in China’s overall,
urban, and rural areas:

ywhole amendments ¼ �1:706þ 0:174x9 � 0:125x10 þ 13:809x12
þ 4:171 ´ 10�3x16

yurban amendments ¼ 0:123þ 0:130x3 � 3:292 ´ 10�2x7 � 14:600x12

yrural amendment ¼ �0:211þ 2:62 ´ 10�5x1 � 62:013x11 þ 19:838x12

(3) Determination of the reasonableness of the model

The data from 1995 to 2022 for overall, urban and rural areas
in China were used to predict the level of development of primary
education. The predicted value was then compared with the
actual value for each year, and the relative errors were analyzed.
The results are presented in Table 3. The table shows that the
absolute relative errors of overall, urban and rural areas in the
table are >10% for 2, 5, and 3 years, respectively, and <10% for all
other years. Therefore, the forecasts are more accurate except for
a few years, it can be concluded that the model used to predict the
level of development of primary education is reasonable.

To further assess the model’s validity in predicting the
development level of primary education, data from 1995 to
2017 were used to project development levels for 2018–2022 in
national, urban, and rural areas in China. The data of early
warning indicators derived from the 2018 to 2022 prediction were
applied to a multivariate linear regression model to obtain the
predicted value of the primary education development levels
during this period. Then, compare the predicted value with the
actual value and according to the relative error judgment the
accuracy of the model’s prediction of the dependent variable
based on the estimated independent variable.

The revised prediction model incorporates four indicators in
nation: x9, x10, x12, and x16. The average years of teacher
education and the structure of teacher titles have been increasing
year by year, with an average annual growth rate of 1% and 0.5%,
respectively, use those as the projection estimate for x9 and x10 for
the next 5 years. In response to the problem of ageing, China has
changed its birth policy to allow three children since 2021, but the
effect of the policy has yet to be seen, with negative population
growth for two consecutive years so far. Considering the possible
lag period of the policy support effect, a negative growth rate of
3% is estimated for x12 in the next 5 years based on historical data
with an average annual decline rate of 4.8%. The dependency
ratio had declined by an average of 2% annually until 2010 but
had risen by 2% since 2011, taking into account the impact of the
previous family planning policy, and a 2% increase was used as a
projection estimate for x16 in the next 5 years.

For urban primary education, the revised prediction model
includes three indicators: x3, x7, and x12. x3 uses the projected
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growth rate of 3%, consistent with the national projection. x7 was
calculated based on the average of the past 6 years, while x12 was
predicted using the 1995–2017 average for the next 5 years.

The revised rural primary education prediction model
comprises three indicators: x1, x11, and x12. Since sustainable
macroeconomic growth rates typically range from 2% to 6%, the
average annual growth rates of 8% are used to estimate x1 for
2018–2022. Taking into account state preferential policy support
for primary education, the same negative growth rate of 3% is
used as the predicted values for the next 5 years for x11 and x12.

This predictive approach was used to estimate the development
level of primary education across China’s overall, urban, and rural
areas. The estimated values were compared against actual data to
assess the model’s accuracy and validity. The results, summarized
in Table 4, indicate that the relative error for urban primary
school development in 2022 was “unqualified”, while the rest
predictions were rated as “Good”, “Qualified” or “Barely

qualified”. Moreover, only the relative error of the national and
urban predicted values in 2018 was rated as“Barely qualified”.
The values of the indicators estimated by this method are feasible,
and the model’s predictive results were found to be reasonable
and valid.

(4) Forecast results and analyses

The following indicators were estimated while considering
current trends and conditions. For national primary education
development, the average years of teacher education were
projected with a 0.3% annual increase over the last 5 years, and
the structure of teacher titles was estimated on the 1995–2022
average. As the impact of the birth policy has gradually become
apparent, the average number of classes per student has changed
little in the last 5 years, with a decline rate of <1%. Therefore, it is
projected that the average number of classes per student will
decline by 0.5% for 2023–2035. Due to the increasing challenges

Table 3 Relative error between predicted and actual values of primary education development level in China from 1995 to 2022.

Vintages Nation Urban areas Rural areas

Actual
value

Projected
value

Relative
error (%)

Actual
value

Projected
value

Relative
error (%)

Actual
value

Projected
value

Relative
error (%)

1995 0.099 0.111 −12.554 0.120 0.076 −36.952 0.087 0.087 0.730
1996 0.099 0.101 −1.242 0.118 0.131 11.069 0.088 0.097 9.985
1997 0.108 0.102 5.629 0.126 0.148 17.666 0.097 0.104 6.795
1998 0.119 0.119 0.349 0.153 0.134 −12.510 0.105 0.109 3.899
1999 0.125 0.124 1.253 0.183 0.201 9.463 0.103 0.089 −13.740
2000 0.140 0.120 14.378 0.153 0.161 5.260 0.135 0.126 −6.948
2001 0.150 0.141 6.220 0.208 0.198 −4.732 0.132 0.129 −2.126
2002 0.158 0.151 4.191 0.231 0.243 4.990 0.130 0.131 0.718
2003 0.171 0.169 0.833 0.287 0.281 −2.081 0.132 0.130 −1.422
2004 0.178 0.193 −7.958 0.263 0.300 14.112 0.146 0.145 −0.911
2005 0.196 0.209 −6.236 0.311 0.330 5.908 0.151 0.144 −4.620
2006 0.210 0.222 −5.892 0.326 0.348 6.647 0.164 0.153 −6.796
2007 0.216 0.218 −1.050 0.344 0.363 5.336 0.161 0.148 −8.147
2008 0.233 0.237 −1.649 0.369 0.361 −2.390 0.171 0.163 −4.344
2009 0.248 0.258 −4.043 0.393 0.381 −2.963 0.179 0.184 2.803
2010 0.271 0.269 0.854 0.427 0.417 −2.300 0.191 0.203 6.464
2011 0.294 0.296 −0.812 0.502 0.455 −9.395 0.172 0.176 1.888
2012 0.326 0.328 −0.692 0.544 0.514 −5.546 0.187 0.210 12.697
2013 0.362 0.358 1.012 0.582 0.586 0.740 0.208 0.235 13.054
2014 0.414 0.404 2.406 0.740 0.757 2.244 0.232 0.238 2.612
2015 0.446 0.433 2.857 0.777 0.792 1.894 0.252 0.266 5.247
2016 0.485 0.463 4.572 0.812 0.823 1.358 0.281 0.293 4.239
2017 0.523 0.537 −2.771 0.848 0.858 1.193 0.307 0.307 0.168
2018 0.583 0.579 0.709 0.863 0.865 0.251 0.321 0.316 −1.475
2019 0.565 0.582 −3.093 0.859 0.859 −0.065 0.331 0.327 −0.985
2020 0.592 0.611 −3.265 0.862 0.869 0.802 0.368 0.338 −8.147
2021 0.615 0.620 −0.836 0.852 0.804 −5.565 0.377 0.345 −8.313
2022 0.637 0.608 4.580 0.780 0.779 −0.201 0.403 0.423 4.903

According to Liu and Fang (2017), the classification criteria of prediction accuracy grade are: |relative error|<3.5% is good; 3.5%≤|relative error|<5% is qualified; 5%≤|relative error|<10% is barely
qualified; |relative error|≥10% is unqualified.

Table 4 Prediction of the development level of primary education from 2018 to 2022.

Vintages Nation Urban areas Rural areas

Actual
value

Projected
value

Relative
error (%)

Actual
value

Projected
value

Relative
error (%)

Actual
value

Projected
value

Relative
error (%)

2018 0.583 0.551 −5.512 0.863 0.803 −6.957 0.321 0.324 1.070
2019 0.565 0.565 0.116 0.859 0.824 −4.087 0.331 0.344 3.973
2020 0.592 0.581 −1.930 0.862 0.845 −1.962 0.368 0.365 −0.736
2021 0.615 0.596 −3.032 0.852 0.865 1.601 0.377 0.389 3.347
2022 0.637 0.613 −3.857 0.780 0.885 13.434 0.403 0.416 3.148
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of an aging population, China’s dependency ratio has been rising
continuously since 2010, with an average annual increase rate of
2%. Therefore, the dependency ratio in the context of the fertility
policy change is estimated at an increase of 1% from 2023 to 2030
and a decrease of 1% from 2031 to 2035.

For estimating the development of primary education in urban
areas, the floor space of school buildings per student was
estimated at an average of 11.5 square meters over the past 15
years, and the ratio of teachers to students was estimated at 8.5%
of the average from 1995 to 2022, and the estimated average
number of classes per student is the same as the national forecast
rate of decline by 0.5%.

In estimating the level of development of rural primary
education, the median of the sustainable growth rate of macro-
economy is 3%, which is the forecast of the average annual
growth rate of the per student education expenditure in the
future. And the rates of change for the number of primary schools
per student and the number of classes per student were projected
to follow the same trend as the national rate of change for the
number of classes per student.

These estimated values were applied to the model to forecast
the development levels of primary education in national, urban
and rural areas from 2023 to 2035.The data presented in Fig. 4
indicates that the primary education development level in China
is gradually improving, but at a slow pace across all categories,
including national totals, urban areas, and rural areas (China’s
economic development level has changed from high speed to
steady growth, and the investment forecast of primary education
development level is consistent with it, so the forecast chart Fig. 4
is no longer as steep as the actual chart Fig. 3 in the past).
Additionally, while the gap between rural and urban primary

education levels in China has narrowed, the reduction remains
modest, highlighting that significant imbalances in urban and
rural primary education development persist.

Figure 5 illustrates the disparity in the development levels of
primary education between urban and rural areas, as derived
from Figs. 2 and 4. From 1995 to 2018, this gap continued to
widen. However, between 2019 and 2035, the gap gradually
narrowed due to significant state support for rural education
infrastructure, teacher recruitment, student development, and
other key areas, resulting in an annual average reduction rate of
2.63%. Although the gap in primary education levels between
urban and rural areas in China has decreased, this decline is still
modest, highlighting the persistent imbalance in the development
of primary education across the two regions.

Convergence analysis of the level of development of primary
education in urban and rural areas in China. As can be seen
from Table 5, the regression coefficients for the overall, urban and
rural primary education development levels are negative, whether
we consider the actual data of 1995–2022 or include the predicted
data of 2023–2035. In addition, only from 1995 to 2035, the
development level of primary education in nation and urban
areas has a significant absolute convergence, the rest is not sig-
nificant absolute convergence. In terms of the remarkable abso-
lute convergence, the convergence rate of the general and urban
primary education development level was slower, and the urban
convergence rate was faster than that of the general from 1995 to
2035, therefore, it implies that the development level of primary
education in rural areas is extremely unbalanced and difficult to
converge.
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Fig. 4 Prediction of the development level of primary education in urban and rural areas of China from 2023 to 2035.
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Fig. 5 The development level gap of primary education in urban and rural areas of China from 1995 to 2035.
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Table 5 Absolute beta convergence of the development level of primary education.

Vintages 1995–2022

Coefficient Std.
error

t-Statistic P-value R2 Adjusted R-
squared

F-statistic Convergence rate

Nation x −0.006 0.012 −0.538 0.595 0.011 −0.028 0.289 –
C 0.060*** 0.018 3.391 0.002

Urban
areas

x −0.046 0.030 −1.552 0.133 0.088 0.051 2.409 –
C 0.023 0.036 0.653 0.519

Rural
areas

x −0.073 1.307 −0.056 0.956 0.000 −0.040 0.003 –
C −1.734*** 0.113 −15.290 0.000

Vintages 1995–2035

Type Explanatory variables Coefficient Std. error t-Statistic P-value R2 Adjusted R-squared F-statistic Convergence rate

Nation x −0.031*** 0.008 −3.913 0.000 0.287 0.268 15.314 0.014
C 0.018* 0.010 1.871 0.069

Urban areas x −0.054*** 0.020 −2.709 0.010 0.162 0.140 7.341 0.024
C 0.013 0.020 0.639 0.527

Rural areas x −2.269 1.673 −1.356 0.183 0.046 0.021 1.838 –
C −1.303*** 0.123 −10.627 0.000

“***“, and “*“ in the upper right corner of the coefficients in the table represent significance at the 1% and 10% levels, respectively, and “x” is the level of development of primary education.

Table 6 Beta convergence of conditions for the development level of primary education.

Vintages 1995–2022

Coefficient Std. error T-statistic P-value R2 Adjusted R-squared F-statistic Convergence rate

Nation x 0.269 0.180 1.497 0.149 0.332 0.172 2.083 –
x9 −2.401 1.422 −1.688 0.106
x10 0.799 0.505 1.582 0.129
x12 −0.833* 0.422 −1.972 0.062
x16 0.002 0.155 0.011 0.992
C 2.137 2.341 0.913 0.372

Urban areas x −0.170 0.341 −0.498 0.624 0.148 −0.007 0.954 –
x3 0.299 0.848 0.352 0.728
x7 0.101 0.252 0.402 0.692
x12 −0.315 0.493 −0.639 0.529
C −1.990 3.286 −0.605 0.551

Rural areas x −0.266 0.184 −1.447 0.162 0.367 0.252 3.190 –
x1 −0.014 0.037 −0.373 0.712
x11 −0.020 0.419 −0.047 0.963
x12 −0.431 0.531 −0.813 0.425
C −2.032* 1.026 −1.980 0.060

Vintages 1995–2035

Type Explanatory variables Coefficient Sth. error T-statistic P-value R2 Adjusted R-squared F-statistic Convergence rate

Nation x 0.242* 0.125 1.936 0.061 0.623 0.567 11.217 –
x9 −2.174** 0.998 −2.179 0.036
x10 0.737** 0.335 2.202 0.035
x12 −0.575* 0.288 −1.996 0.054
x16 −0.084 0.103 −0.807 0.425
C 2.862* 1.631 1.755 0.088

Urban areas x −0.059 0.270 −0.219 0.828 0.198 0.107 2.163 –
x3 −0.056 0.586 −0.095 0.925
x7 0.165 0.148 1.113 0.273
x12 −0.067 0.243 −0.275 0.785
C −0.444 2.145 −0.207 0.837

Rural areas x −0.002 0.074 −0.031 0.975 0.253 0.167 2.957 –
x1 −0.012 0.033 −0.367 0.716
x11 0.264 0.237 1.114 0.273
x12 −0.543 0.338 −1.607 0.117
C −0.358 0.361 −0.992 0.328

The “**“ and “*“ in the upper right corner of the coefficients in the table represent significance at the 5% and 10% levels, respectively.
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Combining the main factors affecting the development level of
primary education in national totals, urban, and rural areas in the
aforementioned multiple regression linear prediction model, the
eight control variables of x1, x3, x7, x9, x10, x11, x12, and x16 are
added to the conditional beta convergence to obtain the analyses
in Table 6. According to the actual data from 1995 to 2022, there
is a not significant conditional beta convergence in the level of
development of primary education in urban and rural areas, in
which all the factors influencing the level of development of
primary education are insignificant. Together with the predicted
data, there is conditional beta convergence for both rural and
urban primary education development levels, but they are not
significantly converging, and all the influencing factors are in-
distinctive.

Conclusion and discussion
The purpose of this study is to establish a comprehensive eva-
luation system for assessing the level of development of primary
education. The research utilized national, urban and rural areas
from 1995 to 2022 of time series data (full sample data at national
level). The entropy variation coefficient-comprehensive index
method is applied to explore the historical trends in the devel-
opments of primary education in China’s urban and rural
regions. The concept of early warning was integrated through
time-difference correlation analysis to identify key factors influ-
encing primary education development. These factors are then
used as explanatory variables to construct a multivariate regres-
sion prediction model, which anticipates the future development
trend of primary education from 2023 to 2035. Finally, the
research assessed the convergence of the level of development of
primary education using beta convergence analysis. The main
findings of this study can be summarized in four key points.

Firstly, the study found that primary education in China’s urban
and rural areas has shown steady improvement (see Fig. 3). How-
ever, due to the faster growth rate in urban areas compared to rural
areas, the urban-rural divide was still significant. Currently, there
are only few studies that have measured the development level of
urban and rural education in China. It is generally believed that the
gap between urban and rural education in China has been nar-
rowing, driven by national policy shifts, rapid industrialization, and
other factors (Luo et al. 2022; Guo and Li, 2024). Two main per-
spectives emerge from existing research: one emphasizes the het-
erogeneity in regional education investment, teacher quality, and
student demographics, leading to a widening gap in education
development (Tu et al. 2005; Cai and Song, 2021). The other sug-
gests that factors such as large-scale migration driven by indus-
trialization, regional coordinated development strategies, reform of
the household registration system, and other factors have gradually
reduced the degree of imbalance in China’s regional education
development (Xu and Liu, 2023; Xie and Yu, 2021). Our conclusion
diverge from most studies because most studies used single indi-
cators such as school enrollment, years of education, and academic
achievement. For example, Zhang et al. (2015) focused on academic
achievement as dependent variable, and uses data from the China
Family Panel Survey (CFPS) and the Rural–Urban Migration in
China (RUMiC) survey to compare the education performance of
rural children, children of rural-to-urban migrants, and urban
children over the period 2009–2010. They find that there is still
significant inequality in the education performance of children
between rural and urban areas of the PRC. In particular, rural-to-
urban migration, which had been expected to play an active role in
reducing education inequality, could not contribute much to nar-
row the gap. Similarly, Zhang (2017) also uses the Rural–Urban
Migration in China (RUMiC) survey, takes school enrollment as
dependent variable, and applies logistic regression and survival

analysis to illustrate the new education-poverty trap imposed on
migrant children by the institutional constraints and hierarchies in
children’s education, created by the Chinese household registration
system in Chinese cities. While we take the development level of
primary education as the dependent variable, which is a compre-
hensive evaluation system that incorporates both internal and
external factors. We have deconstructed the level of education
development in urban and rural areas into four aspects: educational
conditions, teacher strength, student development, and socio-
economic development. Four indicators show that education in
urban areas is better than in rural areas (see Fig. 2). The combi-
nation of these sub-indicators reveals a widening gap between
urban and rural primary education development levels (it started to
shrink in 2022). The study highlights obstacles hindering the con-
vergence of primary education development in China’s urban and
rural areas, including educational infrastructure, teacher compe-
tency, student outcomes and socioeconomic factors. Rural areas
face a weaker foundation, so priority should be given to improving
educational infrastructure, teacher competency, student develop-
ment and supporting socioeconomic growth. The government
should thus focus on enhancing rural education, increasing teacher
availability, enhancing students’ academic performance, and pro-
moting rapid socioeconomic development. These efforts are
essential for balancing primary education between urban and
rural areas.

Secondly, according to our projected values for 2023–2035
indicate that while the gap between urban and rural education is
slowly narrowing. Our prediction results show that the level of
education development in national, urban and rural areas will
steadily increase from 2023 to 2035. In addition, the average annual
growth rate of primary education development in urban areas is
lower than that in rural areas. The gap between the two is nar-
rowing. The existing research mainly focuses on the prediction of
students’ academic achievement, the demand for educational
resources, and the change of the school-age population. It is evident
that the existing predictions mostly use a single indicator. However,
we use multiple indicators to make a useful supplement to the
existing literature (Xu and Liu, 2023; Li et al. 2021; Zhou, 2024). In
addition, our conclusions are based on the calculation of future
investment, considering the current investment scale and its growth
forecast. This finding has important implications, suggesting that
the government should focus on optimizing top-level design and
addressing the constraints of weak rural primary education foun-
dations. Such constraints have led to an inability to self-regulate and
catch up with urban education for a long time. These factors
include education conditions, socioeconomic conditions, teacher
strength and student development within the subsystem, such as
education funding, number of students on campus, the average
years of education received by teachers, and more.

Thirdly, our research uncovered concerning evidence that the
urban–rural education divide has only slightly narrowed. The
results of absolute beta convergence analysis align with our
findings, showing no significant absolute convergence for
national, urban and rural areas between 1995 and 2022. Although
slow and significant absolute convergence with national and
urban areas between 1995 and 2035, the same cannot be said for
rural areas. In addition, the speed of convergence in urban areas
is faster than that in general, which further indicates that the
disequilibrium within rural areas is also difficult to reconcile. Our
findings make a valuable contribution to the existing literature on
educational convergence, highlighting the urgent need for action
to address this growing inequality and ensure equal access to
education for all. While previous studies noted convergence
trends in national and urban education (Liaskos and Papadas,
2010; Han et al. 2013). However, our research findings are clear:
continuing to invest in education at current levels in both urban
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and rural areas will not sufficiently improve the differentiation of
primary education development between these two areas. It is
crucial to recognize that even if there is a slow convergence of
primary education development within urban areas, there will
still be long-term imbalances that need to be addressed. There-
fore, it is essential to take action and implement targeted mea-
sures to address this issue and ensure equal access to quality
education for all.

Lastly, regarding the development of primary education in
urban and rural areas, conditional convergence is a key factor.
However, from 1995 to 2022, there was no conditional con-
vergence in overall, urban and rural areas, while overall and
urban areas showed unremarkable conditional convergence from
2001 to 2035. After controlling for variables, it was observed that
optimizing investment resources and promote the gathering of
schools and students for primary education can promote a
balanced development process of primary education across the
nation, including both urban and rural areas. This view is sup-
ported by current research such as Sab et al. (2001) study on
education and health human capital convergence, Stamatakis,
Petrakis (2006) research on human capital convergence within
countries, as well as Zhou et al. (2019) on educational con-
vergence in Chinese. The study also highlights key factors influ-
encing primary education development (see Fig. 1). These include
average per-student educational expenditure, per capita fixed
assets output, the percentage of schools with a campus network,
computers per student, the teachers-students ratio, average years
teacher education, and per capita disposable income. Enhancing
teacher quality and availability, as well as increasing education
investment and household income, can positively impact student
numbers and overall educational development. Concentrating
educational resources by encouraging student clustering can
further support balanced development. Achieving balanced pri-
mary education development in urban and rural areas requires
promoting income and resource balance between urban and rural
residents. While some existing studies have reached similar
conclusions, their focus has often been limited to specific indi-
cators, such as graduation rates, teacher-to-student ratios,
investment in education, and average years of schooling (Li et al.
2015). This lack of comprehensiveness means that a more com-
prehensive approach is necessary to fully understand the factors
that contribute to the development of primary education.

Limitations and future research directions
It is important to note that the accuracy of our study’s findings and
results is limited by the reliability of our forecasts. Since our pro-
jections are based on historical data and assumption that future
trends will mirror past pattern, any deviation from this assumption
may result in biased forecasts and inaccuracies. To ensure the
validity of our conclusions, follow-up research is recommended to
validate our findings. For broader applicability, we suggest applying
the research methods from this study to analyze the development of
primary education in other countries, particularly developing
nations with significant educational disparities. In addition, our
analysis is based on national-level time series data, which limits the
granularity of insights. Unlike studies such as Zhang et al. (2015)
and Zhang (2017), which examine the nuanced impact of rural-
urban migration and the household registration system on the
development of primary education, our approach does not capture
micro-level influences. Therefore, future research should also
focus on understanding the micro-level factors such as policy
effects, students’ mental and physical health, home-school
relationships, and compare the results with other types of
education, such as vocational and higher education.

Data availability
The data used in this study is not accessible due to copyright
regulations and our commitment to protecting the rights and
information security of our data providers. The datasets utilized
were primarily taken from four statistical yearbooks published by
the Chinese government: China Education Statistics Yearbook,
China Educational Finance Statistics Yearbook, China Statistical
Yearbook, and China Population and Employment Statistics Year-
book, covering the years from 1995 to 2023. Additionally, a variety
of other datasets can be found on the homepage of the Ministry of
Education of the People’s Republic of China. This resource offers
annual education statistical data, educational development statis-
tical bulletins, and important announcements regarding education
funding execution at http://www.moe.gov.cn/. All data were pur-
chased through dedicated project funding. For those interested in
using this data, we recommend that researchers independently
obtain these materials through the official channels mentioned
above.
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