
Spatiotemporal heterogeneity of
primary and secondary school
student distribution in Liaoning
Province, China from 2010 to
2020

Wanbo Liu1, Zhenghui Zhu1,2* and Ling-en Wang3

1School of Geography, Liaoning Normal University, Dalian, China, 2School of Government, Liaoning
Normal University, Dalian, China, 3Department of Resource Ecology and Biological Resources,
Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of Sciences,
Beijing, China

Data mining student information helps to understand the compulsory

education population size, structure, distribution and flow characteristics.

Here, the spatial evolution, regional disparity, and emerging spatiotemporal

distribution patterns are analyzed based on statistical data of primary and

secondary education in Liaoning Province from 2010 to 2020. Demographic

and spatial analysis methods, population size and structural changes were used

in the assessments. The scale of primary and secondary school students in

Liaoning Province declined, the gender imbalance was alleviated, and the

proportion of migrant students increased. The distribution of students in

primary and secondary schools is clearly unbalanced, and an increasingly

evident central direction of flow from the countryside to the city exists. The

overall difference in distribution of primary and secondary school students in

Liaoning Province exhibits a trend of narrowing and then expanding, which is

largely due to the uneven distribution among the non-agricultural municipal

district, agriculture-related municipal district, and agriculture-related county.

The emerging hot spot analysis patterns were dominated by consecutive and

intensifying cold spots, spatiotemporal persistent and intensifying hot spots.

Overall, these educational statistics and spatial analysis results provide

important insights into population and educational geography.

KEYWORDS

compulsory education, school student size, population distribution, education
urbanization, spatial pattern evolution, regional disparity, urban-rural disparity

1 Introduction

With the rapid development of industrialization and urbanization, population size and

demographic structure have undergone major changes (Wu et al., 2021; Liu T et al., 2022). This

hasmanifested as a decline in birth rate and number of births, resulting in a shortage of students.

In addition to the large-scale migration and flow of population, the population has moved from
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villages to towns, and from small and medium cities to large cities

(Wu, et al., 2019; Liu Z et al., 2022). Education urbanization is the

result of population urbanization and the dualization of urban and

rural education, which is reflected in the transfer of rural students to

urban schools (Fowler and Walberg, 1991; Mei et al., 2015; Ye et al.,

2019; Xu et al., 2021). This has a profound impact on the size and

structure of the compulsory education school-age population in big

cities (Ding et al., 2018). On one hand, school-ready children either

move with their migrant worker parents to study in another place or

they transfer to a central school with higher teaching quality and

become local left-behind children (Han and Yu, 2020). On the other

hand, the cross-scale flow of students from rural to urban areas in the

compulsory education stage has led to the continuous adjustment of

the number, scale and layout of schools (Kenny, 1982; Zhao et al.,

2022), and promoted changes in the distribution system, method and

scope of compulsory education schools (Zhao et al., 2012; Hamnett

and Butler, 2013). The spatiotemporal distribution of the educational

population forms the basic feature of educational development level of

a region or country (Zhao et al., 2020). Further, the increase or

decrease in the number of students in primary and secondary schools

is an important indicator of expansion or shrinkage of compulsory

education schools (Zhao et al., 2016). Therefore, scientifically

understanding the temporal and spatial evolution pattern of the

compulsory education population is important for promoting the

optimal allocation of educational resources and for sustainable

economic and social development.

Previous studies have measured the distribution

characteristics of the number of students in compulsory

education and the changes in the scope of school services

based on school size (Yang et al., 2018; Liu et al., 2020; Zhang

et al., 2020; Sajjad et al., 2022). Liu and Chen (2019) determined

that the number of students in individual schools can affect the

number of students in other schools through inter-school

interactions. Some studies selected big cities or villages as case

studies of typical regions, with interesting results. For example,

Yin et al. (2016) found that the proportion of non-Beijing

students in compulsory education in Beijing increased rapidly

between 2001 and 2015. Liu and Liu (2017) conducted an

empirical study in Biyang County, Henan Province from

2004 to 2016, and determined that the development in the

county center had a strong radiation effect on the

surrounding towns, resulting in a sharp decline in the number

of primary and secondary school students in rural areas, and a

concentration in the county center. In addition, some studies

have been based on a nationwide provincial scale. Among these,

based on the 1987–2014 “China Education Statistical Yearbook”,

Wu et al. (2018) selected the number of urban and rural students

in compulsory education, and investigated the temporal changes

and inter-provincial differences of China’s education

urbanization.

To summarize, extensive research has been conducted on

temporal changes and spatial differences in the number of

students in compulsory education in different regions, urban

and rural areas, and between schools. However, the geographic

interpretation of educational activities in existing research

remains limited and misunderstood (Hones and Ryba, 1972)

and analysis beyond the study area and across scales is lacking

(Zhang et al., 2022). Further, trend research based on large

research samples, a large research scope, and long-term time-

series distribution patterns is rare, which is highly important to

study the evolution law of population distribution. Geography

focuses on spatial distribution patterns, regional differences, and

scale correlations. It has a tradition of spatial analysis and map

language, which helps to understand the spatiotemporal

evolution of characteristics, such as population and cities, and

to fully comprehend the concept of regional development

differences and cross-spatial correlations; advancing civil

society and government decision-making (Yu et al., 2022a; Yu

et al., 2022b). For instance, Liaoning Province, a province with

significant changes in population structure and a relatively high

level of educational development, is undergoing a rapid

urbanization process. Thus, to a degree, Liaoning Province

represents the epitome of demographic changes and social

structural transformation in China. Therefore, the current

study is based on the statistical data of the development of

compulsory education in Liaoning Province. Here, we

construct a geographic database and combine mathematical

statistics and spatial analysis methods using different spatial

scales such as cities, counties, and towns, to analyze the

regional and urban-rural differences in the distribution of

students in compulsory education schools in Liaoning

Province. In addition, the temporal change characteristics and

spatial clustering and dispersion characteristics are investigated.

The innovation of this study is based on vast research samples

and rich research scales, and combining temporal information,

spatial information and attribute information of school data to

explore the evolution characteristics of the temporal and spatial

distribution of compulsory education students. This study

provides a new perspective for investigating the spatial

distribution of students in schools to help provide additional

case areas worldwide.

2 Materials and methods

2.1 Study area

Liaoning Province is located in the southern part of northeast

China (Figure 1). As an important old industrial base in China,

Liaoning Province has recently faced a profound economic and

social transformation, and its population structure has

undergone drastic changes. From 2010 to 2020, the regional

and per capita GDP increased from 1,389.6 billion yuan to

2,511.5 billion yuan and from 31,888 yuan to 57,713 yuan,

respectively. Liaoning Province has entered a stage of negative

population growth to become a society with fewer births and an
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aging population, and the population has demonstrated a

historical trend of change. The main contradiction in

population development has shifted from population number

to population structure. The 2010 and 2020 census data showed

that the permanent population of Liaoning Province declined

from 4,374.63 ten thousand to 4,259.14 ten thousand, whereas

the urbanization rate increased from 62.10% to 72.14%. The

number of students in compulsory education in Liaoning

Province decreased from 345.48 ten thousand in 2010 to

296.84 ten thousand in 2020. Due to the regional and urban-

rural differences in the level of social and economic development,

the population flow has exhibited a trend from villages to towns,

and from small towns to large cities. The number of students

studying in different locations during the compulsory education

stage has increased from 22.95 ten thousand in 2010 to 26.26 ten

thousand in 2020. By the end of 2020, Liaoning Province had

jurisdiction over 14 prefecture-level cities including Shenyang

and Dalian, 100 county-level administrative districts, and

1,350 township-level districts. Based on the administrative

divisions of Liaoning Province by the end of 2020 and the

“Liaoning Provincial Statistical Yearbook 2021”, this study

delineated 23 non-agricultural municipal districts,

36 agricultural municipal districts, 41 counties (Figure 1).

Among these, non-agricultural municipal districts refer to

municipal districts that do not involve agriculture, rural areas

and farmers. Agriculture-related districts and counties refer to

municipal districts or counties that involve agriculture, rural

areas, and farmers. According to the “Regulations on Statistical

Division of Urban and Rural Areas” approved by the State

Council of People’s Republic of China and the “China

Counties Statistical Yearbook (2021),” we delineated

Chengguan towns and agricultural towns to delineate urban

and rural areas at the town scale. Among them, Chengguan

towns and subdistricts were generally urban areas with a

relatively developed economy and agglomerated population,

and a high level of urbanization in the county, whereas

agricultural towns and streets were primarily rural areas with

relatively important primary industries.

2.2 Data source

The data acquired in this study included basic geospatial data

and socioeconomic statistics of Liaoning Province (Table 1). Data

preprocessing included determining school lists and school

coordinates as well as the extraction of student information.

The school list was determined according to the research scope of

compulsory education schools, and the reserved school type

codes were 211 (primary school), 218 primary school teaching

points, 219 (primary school classes attached), 311 (junior middle

school), 312 (nine-year consistent system school), 319 (with

ordinary junior high school classes), and 345 (twelve-year

consistent schools). To determine school coordinates, we first

compared and analyzed information from the Baidu map

(https://map.baidu.com/), Baidu search engine (https://map.

baidu.com/), and Google Earth satellite images to confirm the

FIGURE 1
Location of Liaoning Province, China.
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geographic location of each school. Then, we obtained the BD-09

geographic coordinates of each school using the Baidu Map

Coordinate Picking System (https://api.map.baidu.com/).

Finally, we used the Baidu Map APIs (forward and reverse

geocoding function) provided by the Baidu Map Open

Platform (https://lbsyun.baidu.com/) to convert the BD-09

geographic coordinates into WGS1984 geographic coordinates.

To extract student information, we used 2020 as the standard

year to identify 14 prefecture-level cities, 100 county-level

administrative units, and 1,530 town-level administrative units

in Liaoning Province. Then, we used Microsoft Excel 2019 and

ArcGIS 10.7, according to the gender, source and education stage

of the students, to summarize the number of students in each

school into their respective research unit.

2.3 Research methods

We used data from Liaoning Province between 2010 and

2020 in this study. First, a multi-dimensional analysis of the

population, gender structure, student source composition, and

education stage of primary and secondary school students was

performed based on educational statistics and geospatial data,

and using demographic methods. Next, using standard

deviational ellipse and the center of gravity transfer method,

the spatial evolution characteristics of primary and secondary

school students at the municipal scale were analyzed. Third,

using the one-stage decomposition method of Theil indices, the

regional difference characteristics of primary and secondary

school students at the county level were analyzed. Finally,

using the emerging spatiotemporal hotspot analysis method,

the emerging spatiotemporal distribution pattern of primary

and secondary school students at the township level was

analyzed. The technical route of this study is shown in Figure 2.

2.3.1 Standard deviational ellipse
Standard deviational ellipse, a classical method to analyze

the directional characteristics of spatial distribution, primarily

uses the center, long, and short axes as the basic parameters to

quantitatively describe geographical elements and was first

proposed by Lefever (Lefever, 1926). In physics, the “center of

gravity” refers to the point of action where the force exerted on

each point in the object produces a resultant force. The

direction of the deviation of the center of gravity indicates

the “high-density” part of the distribution of students in the

school, while the migration of the center of gravity reflects the

aggregation and displacement law of students in the study

area. The size and declination angle (major semi-axis) of the

standard deviation ellipse reflects the concentration and

dominant direction of the spatial distribution pattern of

school students, respectively. Using the spatial difference of

the standard deviation ellipse and the center of gravity of

students in Liaoning Province reflects the distribution

characteristics of students in the two-dimensional space

and identifies the core gathering area of students. This

study used an ellipse with one standard deviation, which

covered approximately 68% of the study element amount.

The formula used is as follows (Bai et al., 2021):

�x � ∑n
i�1
wixi/∑n

i�1
wi, �y � ∑n

i�1
wiyi/∑n

i�1
wi (1)

tan θ � ⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣⎛⎝∑n
i�1
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i y
2
i −∑n

i�1
w2

i y
2
i
⎞⎠

+

�����������������������������⎛⎝∑n
i�1
w2

i y
2
i −∑n

i�1
w2

i y
2
i
⎞⎠2

+ 4∑n
i�1
w2

i x
2
i y

2
i

√√ ⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦/2∑n
i�1
w2

i xiyi

(2)

TABLE 1 Data sources and descriptions.

Data box Data name Data description Data source

Education statistics School information
statistics

School name, school identification code, school type code Education department of Liaoning Province

Student information
statistics

Number of students (including the number of boys, the
number of girls, the number of students in the primary
school, the number of students in the junior high school,
and the number of children of migrant workers who moved
to cities)

Administrative division
data

Administrative
division data

Administrative division name and code, administrative
division adjustment document, prefecture-level city
government resident

Liaoning Provincial geographic information public service
platform (https://liaoning.tianditu.gov.cn/), Ministry of
civil affairs of the People’s Republic of China (http://www.
mca.gov.cn/), “Brief book of administrative divisions of the
People’s Republic of China” over the years

Digital line map (DLG)
data

1:1 million vector
map data

River, coastline China national geographic information center (http://www.
webmap.cn/)

Digital elevation model
(DEM) data

ASTER GDEM V02 30 m*30 m DEM data US national geological survey website (https://www.usgs.
gov/)
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σx �
�����������������������������
2∑n
i�1
(wi~xi cos θ − wi~yi sin θ)2/∑n

i�1
w2

i

√
(3)

σy �
�����������������������������
2∑n
i�1
(wi~xi sin θ + wi~yi cos θ)2/∑n

i�1
w2

i

√
(4)

~xi � xi − �x, ~yi � yi − �y (5)
S � πφxφy (6)

o � (α − β)/α (7)

In the formula, n is the number of units; (�x, �y) is the

barycentric coordinate of the area; (xi, yi) is the latitude and

longitude coordinates of the unit; wi is the weight value of the

unit i; θ is the azimuth angle of the ellipse; σx, σy are the standard

deviation of the ellipse axis x and axis y, respectively; ~x, ~y are the

coordinate deviation of each unit to the center of gravity; S is the

area of the ellipse; O is the oblateness of the ellipse that reflects

how flat the ellipse is. The size of O is determined by the major

semi-axis α and the minor semi-axis β of the ellipse, with a value

between 0 and 1. When α � β, the ellipse becomes a circle; when

β decreases and α increases, the ellipse becomes flat; when β � 0,

α � 1, the ellipse becomes a line.

2.3.2 Theil indices
Theil indices can be broken down into independent inter-

group and intra-group gaps and are widely used to measure

relative differences in phenomena such as economic

development, income distribution, and population distribution

(Xu et al., 2005; Yan and Bian., 2008). The expression is as

follows:

T � ∑m
i�1
(pi
p
) × log(pi/p

si/s) (8)

where,m is the number of county-level administrative units, and

the value of is 100; p is the number of students in Liaoning

Province; pi is the number of students enrolled in the sub-region

i; s is the area of Liaoning Province; si is the area of the sub-region

i. The larger the value of Theil indicesT, the greater the difference

in the distribution of students in different regions; on the

FIGURE 2
Flow diagram of this study.
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contrary, the smaller the value of Theil indices T, the smaller the

difference in the distribution of students in different regions.

If the sub-region is used as the basic space unit, Theil indices

T can be decomposed in one stage. Therefore, the overall

differences in Liaoning Province are broken down into the

differences between three sub-regions (non-agricultural

municipal districts, agricultural-related municipal districts, and

agricultural-related counties) and the differences between

county-level administrative units within the three sub-regions.

Then, the formula for calculating Tprovince, which represents the

overall difference in the distribution of students in Liaoning

Province, is as follows:

Tprovince � ∑m
i�1
∑n
j�1
(pij
p
) × log(pij/p

sij/s) (9)

where: pij is the number of students in county-level

administrative unit j of sub-region i; sij is the area of county-

level administrative unit j of sub-region i; n is the number of sub-

regions, and the value of n is 3.

If the interregional difference of the sub-region i is defined as:

Tarea � ∑n
j�1
(pij
pi
) × log(pij/pi

sij/si ) (10)

Then the Theil indices Tprovince in Eq. 9 can be

decomposed as:

Tprovince � ∑m
i�1
(pi
p
)Tarea +∑m

i�1
(pi
p
) × log(pi/p

si/s)
� ∑m

i�1
(pi
p
)Tarea + Tzone � Tcounty + Tzone (11)

where: pi is the number of students in the sub-region i; si is the

area of the sub-region i; Tzone is the difference in the distribution

of students between the 3 sub-regions; Tcounty is the difference in

the distribution of students in each county-level administrative

unit within the three sub-regions. The essence of Tcounty is the

weighted average of the absolute differences in the distribution of

students in each county-level administrative unit in the three

sub-regions, and the weight is the proportion of each sub-region

in the number of students in Liaoning Province.

2.3.3 Emerging hot spot analysis
Emerging hot spot analysis refers to the generation of a

space-time cube of time and space NetCDF as input by specifying

neighborhood distance and time step to perform Getis-Ord G*
i

hotspot analysis on sequence data in spatiotemporal data one-by-

one, and use Mann-Kendall trend analysis to evaluate hot and

cold spot trends in spatiotemporal data. The space-time cube

model employs a two-dimensional coordinate axis to represent

the spatial position of geographic elements, a one-dimensional

time axis represents the change of geographic elements with the

change of time step and uses the geometric features of the time

dimension to express the process of geographic phenomena

changing with time. The space and one-dimensional time are

then combined into a three-dimensional space-time cube

(Langran, 1989; Huang et al., 2015).

Hot spot analysis is often used to reveal the spatial

agglomeration features of a local area and identify statistically

significant spatial clusters of high values (hot spots) and low

values (cold spots). The calculation formula of Getis-Ord G*
i is as

follows (Getis and Ord, 1992):

Gi(d) � ∑n
j�1
wij(d)xj/∑n

j�1
xj (12)

In the formula: wij(d) is the spatial weight matrix, i ≠ j.

Gi(d) is the degree of correlation between the statistic of the

research unit i and the adjacent research unit j. The formula for

normalization of Gi(d) is:

Z(Gi) � [Gi(d)] − E(Gi)��������
VAR(Gi)

√ (13)

where: E(Gi) and VAR(Gi) represent the mathematical

expectation and theoretical variance of Gi, respectively. When

Z(Gi) is positive and significant, it indicates that the attribute

values of the units around the research unit i are relatively high,

and the research unit i belongs to the hotspot area; when Z(Gi) is
negative and significant, it means that the attribute values of the

units around the research unit i are low, and the research unit i

belongs to the cold spot area.

TheMann-Kendall trend analysis method is a nonparametric

statistical test method for testing independent space-time column

series. For a time series with a sample size of n, the trend test

statistic is as follows (Zhu et al., 2019):

S � ∑n−1
i�1

∑n
j�i+1

sgn(xj − xi) (14)

sgn(xj − xi) � ⎧⎪⎨⎪⎩ 1 xj > xi
0 xj � xi
−1 xj < xi

(15)

When the statistic follows a normal distribution, the variance

is as follows:

Var(S) � [n(n − 1)(2n + 5)]/18 (16)

sgn(xj − xi) � ⎧⎪⎨⎪⎩ (S − 1)/ ������
Var(S)√

S> 0
0 S � 0

(S − 1)/ ������
Var(S)√

S< 0
(17)

Corresponding z-scores and p-values were obtained using

Mann-Kendall trend analysis. If the z-score was greater than 1.65,

it indicates that the time series was in an upward trend, that is, the

number of primary and secondary school students increased

annually; if the z-score was less than −1.65, it infers that the time

series was in a downward trend, that is, the number of primary

and secondary school students decreased annually; if the z-score

is greater than 1.65, it indicates that there was no significant
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change in the number of primary and secondary school students

with time series. The significance level was determined according

to the range of the p-value. According to z-scores and p-values,

the significance of cold and hot trends in the number of primary

and secondary school students was classified into several

categories such as new, consecutive, intensifying, persistent,

diminishing, sporadic, oscillating, historical, 16 hot and cold

patterns, and no pattern detected (Li et al., 2021).

3 Results

3.1 Changes in overall characteristics of
Liaoning Province

Figure 3A shows that the number of primary school students

in Liaoning Province decreased from 218.25 ten thousand to

196.61 ten thousand, representing a decrease of 9.99%, and was

accompanied by a decline in the sex ratio from 113.42 to

109.24 between 2010 and 2020. Figure 3B demonstrates that

the number of junior high school students in Liaoning Province

decreased by 21.22% from 127.23 ten thousand to 100.23 ten

thousand, and was accompanied by an increase in the sex ratio

from 110.07 to 111.11. We observed that the number of students

in primary and junior high schools experienced an initial

fluctuation followed by a slight increase. We determined that

the ratio of primary to junior high school students rose from

1.72 to 1.96. In general, a reducing trend in the scale of primary

and secondary school students in Liaoning Province occurred. In

recent years, the number of students in school has remained

stable, and the downward trend has been curbed. In addition, the

imbalance between males and females has been alleviated to a

certain extent.

Figure 4A shows that from 2010 to 2020, the number of local

primary school students in Liaoning Province decreased from

201.48 ten thousand to 178.64 ten thousand, a decrease of

11.34%, accompanied by a decline in the sex ratio from

111.69 to 108.32. Figure 4B shows that the number of local

students in junior high schools in Liaoning Province decreased

by 23.38% from 62.92 ten thousand to 48.21 ten thousand,

accompanied by an increase in sex ratio from 108.25 to

110.25 during the study period. We determined that the

number of local students in primary and junior high schools

initially fluctuated and decreased before becoming stabilized. The

ratio of number of local students in primary schools to that in

junior high schools rose from 1.66 to 1.94, suggesting that

Liaoning Province has faced the increasing issue of low

birthrate which has impacted compulsory education since the

beginning of the 21st century.

Figure 5A shows that from 2010 to 2020, the number of

migrant students in primary schools in Liaoning Province

increased by 7.22% from 16.77 ten thousand to 17.98 ten

thousand, accompanied by a decrease in the sex ratio from

136.70 to 118.74. Figure 5B shows that the number of migrant

students in junior high schools increased from 6.18 ten thousand

to 8.28 ten thousand, an increase of 34.02%, with a decrease in the

sex ratio from 153.42 to 121.09. We observed fluctuation in both

the number of migrant students in primary and junior high

schools. The ratio of migrant students in primary schools to those

in junior high schools declined from 2.71 to 2.17. This finding

indicates a trend of increasing population mobility in Liaoning

Province, withmore children attending nearby schools, andmore

girls given this opportunity. Moreover, this suggests that the

schooling needs of children of migrant workers have been met,

and more children, especially girls, are no longer excluded. These

further highlights that in addition to the exclusion issue of

FIGURE 3
Inter-annual changes and gender composition of Liaoning Province’s primary and secondary school students from 2010 to 2020.
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children in rural areas, the issue of urban migrant children

requires attention.

As shown in Figure 6, the number of local students in urban

areas was slightly higher than in rural areas in 2010, with the

absolute scale being almost double that of rural areas in 2020.

Over the past 10 years, the vast majority of students from

different areas have been concentrated in urban areas, and

this trend is becoming increasingly evident. We found that

the number of local students in urban areas declined slightly

before 2017 and then remained stable. After 2017, the number of

urban and rural students exhibited an increase of 8.77% over the

10 years. However, the number of local students in rural areas

continued to decline, with a 41.97% decrease over the 10 years.

Similarly, we observed a fluctuating upward trend in the number

of migrant students in urban areas, whereas in rural areas a

fluctuating downward trend occurred, with an increase of 15.93%

and a decrease of 21.25%, respectively. Overall, a gap between

urban and rural areas appears to be growing as urban areas have

been attracting the school-age population, leading to the

continuous loss of students in rural areas. This is becoming

an increasingly serious issue.

As shown in Table 2 and Figure 7, the rotation angle of the

standard deviational ellipse of primary and secondary school

students fluctuated within the range of 41–52° for a long period of

FIGURE 4
Inter-annual changes and gender composition of Liaoning Province’s primary and secondary school local students from 2010 to 2020.

FIGURE 5
Inter-annual changes and gender composition of Liaoning Province’s primary and secondary school foreign students from 2010 to 2020.
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time, indicating that the distribution of primary and secondary

school students mainly follows the northeast-southwest

direction. In particular, the rotation angle of the standard

deviation ellipse exhibited a decreasing trend, from 51.152° in

2010 to 41.657° in 2020. We also recorded an area of the standard

deviational ellipse that was slightly changed, whereas the size of

the ellipse remained stable. The aggregation area of primary and

secondary school students exhibited a tendency of moving

towards coastal areas. In addition, the influence of Dalian and

Shenyang on the distribution of primary and secondary school

students in Liaoning Province gradually increased. We

determined that the major semi-axis primarily fluctuated in

the range of 181–186 km, indicating an expansion trend.

Whereas, the short semi-axis fluctuated in the range of

131–136 km, showing a shrinking trend. Based on the changes

of the long and short semi-axes, we found that the distribution of

primary and secondary school students exhibited a continuous

expansion trend in the north-south direction and a continuous

contraction trend in the east-west direction. Moreover, the flat

rate exhibited a continuously increasing trend from 2010 to 2020,

indicating that the distribution area of primary and secondary

school students in Liaoning Province was approximately circular,

with a flattening trend.

Judging from themovement trajectory of the center of gravity

(Table 2; Figure 7) from 2010 to 2020, the distribution center of

gravity of primary and secondary school students in Liaoning

Province shifted by a total of 12.022 km, with an apparent trend

of moving south to west. More specifically, from 2010 to 2012, we

determined that this moved 1.049 km in a west–south direction,

from 2013 to 2017 it moved 7.172 km in a west-southwest

direction, and from 2018 to 2020 it moved 3.802 km in a

south-east direction. In conclusion, from 2010 to 2012, the

center of gravity showed a westward dominant moving

direction, with a shorter moving distance, whereas from

2013 to 2020, the center of gravity demonstrated a southward

dominant moving direction, with a longer moving distance. This

southward moving trend of the center of gravity became

increasingly obvious with time.

3.2 Variation characteristics of prefecture-
level division scale

Table 3 shows that in 2010 and 2020, Shenyang and Dalian

ranked as the top two for the number of students; moreover,

these were the only two cities with an increase in student

numbers. We observed that the number of students in the

remaining 12 prefecture-level cities decreased by 10%. This

finding demonstrated the obvious siphon effect of Shenyang

and Dalian, highlighting the significant differences and serious

imbalance between cities. In 2020, except for Shenyang, Dalian,

and Yingkou, the proportion of primary school students in the

remaining 11 prefecture-level cities was lower than the average of

Liaoning Province. This suggests that the number of students in

these 11 prefecture-level cities will be insufficient in follow-up

supply and is facing huge pressure from the weak natural growth

of the school-age population. In 2020, Dalian had the highest

proportion (almost 25%) of migrant students. Moreover, the

number of migrant students in Dalian was nearly half of that in

Liaoning Province, indicating that Dalian, as the most

economically developed city in Liaoning Province, has great

advantage in attracting population. However, it also

experiences the pressure of migrant children attending school.

In addition, we determined that the scale of migrant students in

Shenyang was relatively large and associated with a high

proportion. Whereas, the other 12 prefecture-level cities are

experiencing enormous pressure from the loss of school-age

population. In 2020, the number of female students was

significantly lower than that of male students, and the gender

ratio was severely unbalanced. Among them, Chaoyang City had

the highest gender ratio, which is related to the low level of local

economic and social development and the prevailing ideology of

“prefer sons to daughters.” Conclusively, Dalian and Shenyang

are facing the pressures associated with the supply to primary and

secondary schools, whereas the remaining 12 prefecture-level

cities are suffering with a reduced number of students enrolled in

school.

In order to effectively observe the changes in the distribution

centers of primary and secondary school students in various

prefecture-level cities in Liaoning Province, as well as the relative

positions of the centers of gravity and administrative centers

which are represented by the prefecture-level city governments in

different years, we calculated the coordinates of the center of

gravity of the distribution of students in primary and secondary

schools in prefecture-level cities in 2010 and 2020 and their

distance from the administrative center (Table 4). According to

Figure 7 and Table 4, the distance between the distribution center

FIGURE 6
Urban-rural differences and regional source composition of
Liaoning Province’s primary and secondary school students from
2010 to 2020.
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TABLE 2 Inter-city differences in the number of Liaoning’s primary and secondary school students in 2010 and 2020.

Prefecture-
level
city

Students
in 2010

Students in 2020 Primary school students in
2020

Migrant school students in
2020

Male
students
in 2020

Female
students
in 2020

Sex ratio
(female =
100)

Number
of people
(10,000 people)

Number
of people
(10,000 people)

Increase
from
2010
(%)

Number
of people
(10,000 people)

Proportion
(%)

Number
of people
(10,000 people)

Proportion
(%)

Number
of people
(10,000 people)

Number
of people
(10,000 people)

Shenyang 52.07 61.18 17.49 42.22 69.01 5.99 9.79 32.14 29.04 111.65

Dalian 46.31 51.80 11.87 36.67 70.79 12.30 23.75 27.04 24.76 109.22

Anshan 28.95 23.05 −20.37 15.00 65.08 0.77 3.34 11.98 11.07 108.29

Fushun 14.01 10.89 −22.25 7.15 65.68 0.49 4.47 5.65 5.24 107.89

Benxi 10.81 7.64 −28.02 5.00 65.42 0.37 4.82 3.99 3.65 109.17

Dandong 20.52 13.11 −36.09 8.59 65.53 0.43 3.27 6.74 6.38 105.66

Jinzhou 25.39 16.76 −33.98 10.68 63.74 0.69 4.13 8.67 8.09 107.13

Yingkou 19.91 17.23 −13.47 11.61 67.38 0.92 5.34 8.99 8.24 109.06

Fuxin 15.81 11.08 −29.92 6.94 62.67 0.48 4.33 5.83 5.25 110.89

Liaoyang 15.90 10.07 −36.65 6.40 63.55 0.46 4.55 5.22 4.85 107.80

Panjin 12.09 10.72 −11.37 6.62 61.73 0.71 6.60 5.63 5.09 110.42

Tieling 24.82 15.83 −35.69 9.63 60.85 0.75 4.73 8.25 7.58 108.74

Chaoyang 32.88 26.60 −19.11 16.93 63.64 0.95 3.56 14.28 12.32 115.83

Huludao 26.42 20.88 −20.95 13.17 63.06 0.96 4.60 11.01 9.88 111.42

Total 345.48 296.84 −14.08 196.61 66.24 26.26 8.85 155.40 141.45 109.86
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of primary and secondary school students in 14 prefecture-level

cities in Liaoning Province (2010–2020) and the administrative

center narrowed, with all shifting in the direction of the urban

administrative center. The administrative center is often an

economic and cultural center and this finding reveals that the

center orientation of the distribution of students in schools was

FIGURE 7
Gravity movement and standard deviational ellipse for Liaoning Province’s primary and secondary school students from 2010 to 2020.

TABLE 3 Standard deviational ellipse parameters for Liaoning’s primary and secondary school students from 2010 to 2020.

Year Longitude/° Latitude/° Migration
distance
(km)

Major
semi-
axis
(km)

Minor
semi-
axis
(km)

Flattening Rotation
angle/°

Ellipse
area
(10,000 km2)

2010 122.410 41.108 Null 180.191 135.854 0.246 51.152 7.690

2011 122.406 41.106 0.415 180.342 135.462 0.249 50.991 7.674

2012 122.399 41.104 0.634 180.506 135.288 0.251 50.992 7.671

2013 122.388 41.092 1.678 180.826 134.186 0.258 49.403 7.622

2014 122.383 41.082 1.195 181.572 133.906 0.263 48.344 7.638

2015 122.381 41.076 0.725 182.098 133.746 0.266 47.782 7.651

2016 122.380 41.069 0.751 182.877 133.543 0.270 47.034 7.672

2017 122.379 41.060 1.064 183.581 133.262 0.274 46.131 7.685

2018 122.379 41.044 1.759 184.283 132.509 0.281 44.461 7.671

2019 122.381 41.029 1.725 184.964 132.021 0.286 43.173 7.671

2020 122.385 41.010 2.076 185.861 131.315 0.293 41.657 7.667
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TABLE 4 Gravity parameters of the number of primary and secondary school students in 14 prefecture-level cities in Liaoning Province from 2010 to 2020.

Prefecture-level
city

Center of gravity in 2010 Center of gravity in 2020 Migration
distance (km)

Longitude/° Latitude/° Distance from
administrative
center (km)

Longitude/
°

Latitude/
°

Distance from
administrative
center (km)

Where:
distance
change (km)

Where:
distance
increase (%)

Shenyang 123.277 41.895 28.701 123.333 41.852 22.242 −6.458 −22.503 6.660

Dalian 121.923 39.267 47.646 121.804 39.175 33.551 −14.096 −29.584 14.431

Anshan 122.872 40.920 22.932 122.896 40.927 21.380 −1.552 −6.766 2.184

Fushun 124.233 41.860 23.452 124.173 41.872 18.405 −5.048 −21.523 5.144

Benxi 124.169 41.274 47.144 124.175 41.283 47.130 −0.014 −0.030 1.114

Dandong 124.265 40.311 35.321 124.275 40.270 30.686 −4.635 −13.122 4.635

Jinzhou 121.538 41.383 47.430 121.446 41.335 38.196 −9.235 −19.470 9.344

Yingkou 122.343 40.469 20.334 122.310 40.460 19.892 −0.441 −2.171 3.019

Fuxin 121.863 42.153 22.107 121.850 42.137 20.119 −1.988 −8.993 2.081

Liaoyang 123.175 41.279 5.142 123.185 41.269 4.140 −1.002 −19.493 1.331

Panjin 122.071 41.126 45.962 122.065 41.111 44.506 −1.455 −3.167 1.680

Tieling 124.011 42.649 53.129 123.992 42.606 48.146 −4.983 −9.379 5.049

Chaoyang 119.991 41.443 44.570 120.010 41.424 44.055 −0.516 −1.157 2.576

Huludao 120.360 40.630 40.833 120.380 40.625 39.297 −1.536 −3.761 1.766
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strengthened, with the students in primary and secondary

schools showing a trend of flowing out from the edge and

into the center. We detected that the center of gravity

migration distance was the longest in Dalian, reaching

14.431 km, followed by Jinzhou (9.344 km) and Shenyang

(6.660 km). This indicates that the distribution of primary and

secondary school students in these cities has undergone a

relatively drastic change in the centripetal direction, revealing

clear educational urbanization in which rural students are first

concentrated in urban schools.

3.3 Variation characteristics of county-
level division scale

Theil indices T between Liaoning Province, non-agricultural

municipal districts, agricultural municipal districts, agricultural

counties, and the Theil indices T between the three major

regions from 2010 to 2020 were calculated by taking the county-

level administrative unit as the research unit and using the one-stage

decompositionmethod of Theil indices. Figure 8 reveals the regional

composition of the relative differences in the distribution of primary

and secondary school students in Liaoning Province on a county-

level division scale, as well as the changing process of differences

between the three major regions and within each region. The results

demonstrate that when 2013 and 2017 are set as the boundary, the

difference in the distribution of primary and secondary school

students in Liaoning Province as a whole exhibited a trend of

shrinking in the early stage, stability in themid-term, and expanding

in the later stage. The change trend of the distribution difference of

primary and secondary school students between the three regions

was almost the same as Liaoning Province, while the change trend of

the distribution difference within the three regions presented

different trends. Specifically, from 2010 to 2020, the relative

differences in the distribution of primary and secondary school

students in non-agricultural municipal districts and agricultural-

related municipal districts showed an expanding trend, while the

relative differences in the distribution of primary and secondary

school students in agricultural counties exhibited a narrowing trend.

In order to reveal the correlation of their changing trends, we further

calculated the Kendall correlation between the Theil indices T

between Liaoning Province, non-agricultural municipal districts,

agricultural municipal districts, agricultural counties, and the Theil

indices T between the three major regions from 2010 to 2020. A

two-sided test was performed at the significance level α � 0.05. The

results showed that Liaoning Province and the three regions were

highly significant, while Liaoning Province and non-agricultural

municipal districts, agricultural-related municipal districts, and

agricultural-related counties were not significant. This indicates

that the relative trend of the distribution of primary and

secondary school students in Liaoning Province and the three

major regions were essentially equal.

The contribution of regions to the overall difference in

Liaoning Province first decreased from 55.87% (2010) to

46.99% (2017) and then increased to 52.92% in 2020

(Figure 8). The contribution of non-agricultural municipal

districts and agricultural municipal districts increased from

17.63% to 13.84% in 2010, respectively, to 22.07% and 19.31%

in 2017, and then decreased to 20.17% and 18.27% in 2020,

respectively. The contribution of agricultural counties to the

overall difference in Liaoning Province first increased from

12.66% (2010) to 13.25% (2012), and then decreased to 8.64%

in 2020. Therefore, from 2010 to 2020, the contribution of the

differences between the three major regions to the changes in the

FIGURE 8
One-stage nested decomposition of Theil index of the distribution of students in primary and secondary schools of Liaoning Province from
2010 to 2020.
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overall differences in Liaoning Province first declined and then

increased, remaining at approximately 50%. This indicates that

the expansion of the overall difference change in Liaoning

Province was largely due to the uneven distribution among

the three regions. The distribution of primary and secondary

school students is unbalanced among the county-level

administrative units in non-agricultural municipal districts

and agricultural-related municipal districts, and there are large

differences between county-level administrative units. However,

the distribution of students in primary and secondary schools

among the county-level administrative units in the agriculture-

related counties and districts is relatively balanced, and the

differences between the county-level administrative units are

relatively small.

3.4 Variation characteristics of town-level
division scale

Using the Space-Time Pattern Mining (STPM) toolbox of

ArcGIS Pro2.5 with the “Create Space Time Cube From Defined

Locations” tool, and setting the time step interval to 1 year, we

created the space time cube of the number of primary and

secondary school students. This represented the changes in

the number of primary and secondary school students in each

township and street over time. Subsequently, we used emerging

hot spot analysis to analyze the emerging spatiotemporal hot spot

patterns. Based on Mann-Kendall trend analysis, we calculated a

z-score of −2.647 and a p-value of 0.008, which indicated that

with time, the overall change trend in the number of primary and

secondary school students in Liaoning Province was decreasing.

According to analysis of the emerging spatiotemporal

hotspots (Figure 9), we determined that the number of cold

spots (595) for the primary and secondary school students in

Liaoning Province from 2010 to 2020 was higher than the

number of hot spots (362). In particular, hot spots were

concentrated in the areas along the line from Shenyang to

Dalian in central Liaoning Province. Conversely, cold-spot

areas were concentrated in the eastern and western regions of

Liaoning Province. Interestingly, hot and cold spot areas were

separated by areas with no cold-spot pattern. Specifically, we

identified 287 intensifying hot spots, with characteristics of

FIGURE 9
Emerging hot spot analysis of Liaoning Province’s primary and secondary school students from 2010 to 2020.
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aggregation distribution. Intensifying hot spots were mainly

distributed in municipal districts of Shenyang City, municipal

districts of Dalian City (except Pulandian district), Anshan City,

Yingkou City and its surrounding areas, and a small number in

Tieling City, Fuxin City, Chaoyang City, Jinzhou City, and

Huludao City. This finding showed that in the past 11 years,

significant hot spots were detected in at least 10 of the years,

accompanied by a significant increase in the number of primary

and secondary school students. We identified 60 persistent hot

spots, mainly in Liaoyang City, Anshan City, and Yingkou City.

These areas maintained a large number of primary and secondary

school students for a long time, retaining an unaltered intensity

of hot spots over time. We also detected 10 consecutive hot spots

scattered in Gaizhou county-level city under Yingkou City, and

Pulandian District under Dalian City, indicating that the number

of primary and secondary school students in these areas had

always been high. Historical hot spots were detected in a total of

five township-level administrative units, which are located in

Liaozhong District under Shenyang City, Panshan County under

Panjin City, Wensheng District and Liaoyang County under

Liaoyang City, and Liaoyang County under the jurisdiction of

Liaoyang City. These five township-level administrative units

were not significant hotspots in recent years, but have been

hotspots for a long time previously. We also identified

463 consecutive cold spots, which were widely distributed in

the eastern and western regions of Liaoning Province, indicating

that the number of primary and secondary school students in

these regions had always been small. In particular, we detected

99 intensifying cold spots, mainly located in Chaoyang City,

Huludao City, Fuxin City, Jinzhou City, Tieling City, and Fushun

City. This finding demonstrates that in the past 11 years,

significant cold spots in urban and rural areas were present

for at least the last 10 years, and accompanied by a significant

increase in the number of primary and secondary school

students. We further detected 32 new cold spots, which were

widely distributed and scattered in Tieling, Dandong, Fuxin, and

other prefecture-level cities. The number of students in primary

and secondary schools in these areas was low for the first time in

2020, and no area exhibited a new high value for the number of

students in primary and secondary schools. Liushan subdistrict,

Xinfu District, and Fushun City were the only sporadic cold

spots. This finding indicated that in the past 11 years, the number

of primary and secondary school students was high for most of

the years.

4 Discussion

This study explores the spatial distribution characteristics of

compulsory education students at different scales over time, as

well as regional and urban-rural differences. Although the trend

of population concentration in compulsory education helps to

achieve the agglomeration effect, it has caused unfair allocation of

compulsory education resources (Zheng et al., 2011), and

aggravated the social and economic development between

different regions and urban and rural areas. Differences

strengthen the phenomenon of educational grouping,

hindering the mobility of social classes (Song et al., 2021), and

pose an important challenge to the quality and balanced

development of urban and rural compulsory education. First,

the population facing compulsory education is constantly

flowing from rural areas to concentrate in urban areas. In

order to allow more school-age children to receive equal

education, reasonable plans and supporting measures should

be given for the decommissioning of rural schools, and

compulsory education schools in central urban areas should

be added or expanded. Secondly, the uneven distribution of

the population in compulsory education is an inevitable

phenomenon in the process of social and economic

development. The new-type urbanization construction must

adhere to the concept of “people-oriented” and “serving the

family”, and accelerate the process of urbanization of the

floating population. Finally, due to the impact of low fertility

and low birthrate, the number of students in primary and

secondary schools has been reduced, the number of students

in school has declined significantly, and the risk of population

structure imbalance in compulsory education has increased.

Thus, it is necessary to continuously improve the safety

awareness of population development, build a fertility-friendly

society, and achieve a long-term balanced development of the

population with compulsory education.

This study surveyed thousands of compulsory education

schools and millions of students in Liaoning Province and

assigned them spatial attributes. Spatial panel data was formed

and a geographic database was established through combinations

with administrative division data in 2020. Next, we analyzed the

spatiotemporal distribution characteristics of primary and

secondary school students in Liaoning Province from 2010 to

2020, and identified emerging local characteristics based on the

overall characteristics. Our findings were compared with the

traditional hotspot analysis method, such as local indictor of

spatial association (Local Moran’s I, LISA), Getis-Ord G*
i , and

SatScan. The emerging hotspot analysis technology has the

advantages of dynamic analysis and improved refinement, and

can show the evolution process of student distribution hotspots

in both time and space dimensions. This study inevitably had

some limitations. First, due to data limitations, our study only

covers Liaoning Province. In view of China’s complex

geographical environment and obvious regional differences, it

is necessary to investigate the distribution of compulsory

education students in other regions of China in the future,

and to further analyze the influencing factors and driving

mechanisms behind the changes in the distribution of

compulsory education students. Secondly, our study did not

compare or analyze other data, such as permanent population

data provided by the statistics department, household
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registration population data provided by the public security

department or mobile phone data provided by telecom

operators (Wu et al., 2020; You et al., 2021; Zhuo et al.,

2022). Finally, it did not consider the sensitivity of

methodology parameters. Thus, the correlations and

differences in the distribution of different groups should be

analyzed in the future.

5 Conclusion

Based on the theory and methods of spatial statistics,

including emerging spatiotemporal hotspot analysis and the

standard deviational ellipse method, as well as other methods

such as Theil indices, the temporal and spatial variation

characteristics and trends of the distribution of primary and

secondary school students, and regional and urban-rural

differences, in Liaoning Province from 2010 to 2020 were

investigated. Our main findings were as follows:

(1) The number of students in primary and secondary

schools in Liaoning Province has declined but stabilized in

recent years, and the gender imbalance has been alleviated to

a certain extent. The reduction in the scale of students in

secondary schools was greater than that in primary schools.

The number of migrant students has also grown rapidly,

whereas the gender ratio has dropped.

(2) The distribution of primary and secondary school

students in Liaoning Province mainly followed a northeast-

southwest distribution, exhibiting a trend of spatial shrinkage.

The distribution center of primary and secondary school students

in Liaoning Province primarily moved to the south, with the

agglomeration area showing a tendency to move to coastal areas.

From 2010 to 2020, the distance between the distribution center

of primary and secondary school students in 14 prefecture-level

cities in Liaoning Province and the administrative center were

narrowed, and the directivity of the center was strengthened,

demonstrating the characteristics of outflow from the edge and

inflow to the center. Among them, the most typical prefecture-

level cities for education urbanization were Dalian and Shenyang.

(3) There was evident inter-city, regional and urban-rural

differences in the scale of primary and secondary school students

and their changing trends in Liaoning Province. Shenyang and

Dalian exhibited a large-scale, rapid growth, and a high

proportion of migrant students. The number of primary and

secondary school students in other cities, most of which are local,

has decreased, and this decline has been relatively intense. There

were obvious regional differences among non-agricultural

municipal districts, agricultural-related municipal districts, and

agricultural-related counties. Urban areas have absorbed a large

number of primary and secondary school students, and there is a

serious loss of primary and secondary school students in rural

areas.

(4) Consecutive cold spots and intensifying cold spots were

the main emerging spatiotemporal hot spot patterns of primary

and secondary school students in Liaoning Province, with the

cold spot areas being mainly located in the eastern and west-ern

regions of Liaoning Province. Hot spots were mainly located in

the dual-core with their axis area consisting of central urban

areas of Shenyang prefecture-level city and central urban areas of

Dalian prefecture-level city in Liaoning Province, and were

mainly manifested as emerging spatiotemporal persistent and

intensifying hot spots.
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