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Abstract: This study analyzed the spatiotemporal distribution and driving factors of the floating
school-age population in Liaoning Province, China from 2008 to 2020 using county-level statistical
education data combined with spatial autocorrelation and the multiscale geographically weighted
regression model. The major findings are as follows. From 2008 to 2020, the distribution of the school-
age migrant population exhibited obvious spatial imbalance characteristics both in terms of the
number and proportion of school-age migrants. Specifically, the school-age migrant population was
concentrated in the municipal districts of large and medium-sized cities and continued to increase
over time in the suburbs of large and medium-sized cities. Over the past 12 years, the distribution of
the school-age migrant population in Liaoning Province exhibited significant spatial autocorrelation.
From the number of school-age migrants, the cold and hot spot area expanded. Conversely, from the
proportion of school-age migrants, the cold and hot spot area decreased gradually, whereas the cold
spot area became more diffuse. Regarding the driving factors, the quantity and quality of teaching
staff, the quality of teaching equipment and conditions, and the quality of the education environment
played a role in promoting or restraining the differentiation of the school-age migrant population
in Liaoning Province. Moreover, the degree of influence of the driving factors exhibited substantial
spatial differences.

Keywords: school-age migrant population; spatial pattern; MGWR; Liaoning Province

1. Introduction

China has a large, diverse, and complex school-age population, which is currently
experiencing profound changes to its social development and demographic structure [1,2].
Moreover, the educational space is diverse and unique [3]. The migrant school-age pop-
ulation of China refers to children and adolescents who have registered their household
in other provinces (districts and cities) and counties (districts) and travel to urban areas
or towns with their parents for compulsory education [4]. According to the “Statistical
Bulletin of the National Education Development in 2020”7, there were 156 million students
at the compulsory education stage nationwide (including 107.3 million elementary school
students and 49.1 million junior high school students). A total of 14.3 million children
were classed as relocated children, with 10.3 million enrolled in elementary schools and
3.9 million enrolled in junior high schools, accounting for 9.60% and 8.04% of the total
school-age population, respectively [4]. With the increasing population movement in
China and the widespread phenomenon of “children moving with them”, the education of
migrant children has received increasing attention from central and local governments at
all levels. As early as 1998, the former State Education Commission and the Ministry of
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Public Security jointly issued the “Interim Measures for the Schooling of Migrant Children
and Adolescents”, requesting local governments to actively solve the problem of schooling
for migrant children and adolescents. Article 12 of the “Compulsory Education Law of the
People’s Republic of China” stipulates the right of migrant children and adolescents to
receive compulsory education on an equal basis in the place where they enter. In 2011, the
State Council issued the “China Children’s Development Program (2011-2020)”, which
demands measures to ensure that migrant children receive equal access to compulsory
education. In 2012, the “Opinions of the State Council on Further Promoting the Balanced
Development of Compulsory Education” stated the need to ensure equal access to compul-
sory education for special groups and to ensure equal access to compulsory education for
children of migrant workers in cities. However, owing to the limitations of the education
system and the urban-rural dual socioeconomic structure, the educational integration of
migrant children remains a prominent issue in China [5].

Previous research into migrant populations around the world has noted the relation-
ship between labor mobility, human capital accumulation, and regional development [6,7].
In China, scholars have conducted detailed analyses of the evolution and geographical pat-
terns of migrant populations [8-10], the typical characteristics and distribution of migrant
populations in coastal and inland areas [11,12], and the temporal and spatial characteristics
of migrant populations in cities, suburbs, and fringe areas [13,14]. The extensive flow of
labor is also accompanied by a large increase in the school-age migrant population, whose
spatial distribution was first investigated in the 1960s [15,16]. This revealed a close rela-
tionship between population mobility and the allocation of regional compulsory education
resources [17], which is reflected by research into the impact of the allocation of educational
resources (such as the spatial layout of schools, the use of appropriate education scales,
and economic benefits) on the spatial distribution of school-age migrant populations [18].
Increasing attention has also been paid to the temporal and spatial characteristics of the
research objects, exploring the relationship between population pressure, residential differ-
entiation, and other factors [19] as well as the allocation of educational resources [20] by
introducing theories and methods relating to urban sociology and educational economics.

Domestic research on the Chinese school-age migrant population has focused on
changes in the spatial structure of this population, the characteristics of spatial agglom-
eration and differentiation, and the factors driving these changes. For example, in the
three major regions of eastern, central, and western China as well as coastal and inland
regions, the spatial distribution of the school-age migrant population shows large regional
differences [21]. Based on the uncertain nature of migrant children from urban and rural
areas, the distribution of education in China is divided into three integration domains,
namely urban areas, rural areas, and urban—rural areas where a large number of school-
age migrant populations gather, to describe the distribution of the school-age migrant
population and the state of schooling [22]. These domains also enable in-depth analysis
of the regional differences in the school-age migrant population, with previous research
focusing on super large cities, large cities, national-level new districts, and small and
medium-sized cities among others, in order to reveal the distribution of the school-age
migrant population in different types of regions [23,24]. According to population flows and
distributions, cities can be divided into net inflow cities, approximately stable cities, and
net outflow cities [25] to further evaluate the scale and structure of the school-age migrant
population. It should be noted that research on the spatial distribution of the school-age
migrant population is typically based on data analysis at the prefecture level [26]. Thus,
although these findings are significant for guiding the allocation and planning of compul-
sory education resources, studies should also be performed at the county level to achieve a
more in-depth understanding of the spatial patterns and driving factors of the school-age
migrant population.

Existing county-level research has analyzed the influence of individual and family
factors on the choice of education location [27], with particular attention on the impact of
the family’s ability and willingness to move with the children’s school location [28]. How-
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ever, relatively little attention has been paid to the factors driving the spatial distribution
of the school-age migrant population. The factors driving the spatial mobility character-
istics of school-age children are typically the same as those for their parents [29], which
include factors such as the level of economic and social development, policy environment,
urban administrative hierarchy, location advantages, occupational types, and employment
opportunities [30]. The driving factors behind the formation and evolution of the spatial
distribution of migrant populations also vary over time. As the two key driving forces, the
government and the market promote each other, maintain checks and balances with each
other, and exert a continuous influence on migrant populations [31-33]. Thus, the flow
and spatial distribution of the school-age migrant population will inevitably be affected by
factors, such as the economic and social development level and policy environment of the
inflow area, and will be both promoted and restricted by government and market forces.

Therefore, research on the school-age migrant population in China has mainly fo-
cused on the spatial distribution and evolution of the school-age migrant population, the
implementation of educational policies for floating children and educational equity [34],
and the redistribution of educational resources for the school-age migrant population [35].
Moreover, the research perspective has shifted from the macro scale to the meso- and
micro-scales, reflecting the need for more in-depth analysis as well as an understanding
of the macroscopic distribution and dynamic trends of the school-age migrant popula-
tion [36]. More importantly, we must start from the meso- and micro-scales, reducing a
wide range of statistical data on the effect of specific differences within the region, and
carefully analyze the flow characteristics and driving factors of the school-age migrant
population within regions and the characteristics of differences within regions. Therefore,
this study uses spatial autocorrelation and other methods to quantitatively explore the
temporal and spatial evolution of the school-age migrant population in Liaoning Province,
China, from 2008 to 2020 from two aspects: the number and the proportion of school-age
migrants. Then, a multiscale geographic weighted regression (MGWR) model is used to
analyze the underlying driving factors.

2. Materials and Methods
2.1. Research Area

From 2008 to 2020, the number of students in compulsory education in Liaoning
Province, Northeast China, dropped from 3.8 million to 2.97 million, whereas the number
and proportion of school-age migrants rose from 200,000 to 263,000 and from 5.26% to
8.85%, respectively. The school-age population continues to exhibit both spatial and
temporal differentiation. Changes in the size, structure, and distribution of the school-age
population have a significant impact on the allocation of compulsory education resources.
Compulsory education resource allocation exhibits clear urban-rural differences, regional
differences, and redistribution processes. Liaoning Province has 14 prefecture-level cities,
100 municipal districts, counties (autonomous counties), and county-level cities as well
as functional parks, such as the Dalian Huayuankou Economic Zone, Anshan Economic
Development Zone, and Jinzhou Binhai New Area. To maintain the unity of administrative
divisions, the research object was set to 100 county-level administrative units in Liaoning
Province (Figure 1).

2.2. Data and Processing

The student data employed in this study were predominantly derived from the
statistical data of government agencies and included the number of students in each school
in the province from 2008 to 2020, the number of children of migrant workers in cities,
and other statistical information, which provides detailed and reliable data support for
studying the school-age migrant population. Geographical data were obtained from the
Resource and Environmental Science Data Center of the Chinese Academy of Sciences.
ArcGIS 10.7 software was used to link the above-mentioned 12 periods (years) of student
system data and corresponding annual statistical data to the administrative division maps



Land 2021, 10, 1036

40f13

of the counties in Liaoning Province. Thus, we established a research database of the
school-age migrant population in Liaoning Province.

100 Counties of Liaoning
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Figure 1. Location of the study area.

2.3. Research Methods

Two measurement indicators were employed to reflect the status of the school-age
migrant population in a region. One was the number of school-age migrants, which
expresses the scale of this population, and the other was the proportion of school-age
migrants, which expresses the relative magnitude of this population.

2.3.1. Spatial Autocorrelation

Global spatial autocorrelation is typically used to determine whether a certain ge-
ographic phenomenon exhibits agglomeration characteristics in space and reflects the
similarity of the attribute values of spatially adjacent research units. Global Moran’s I is the
most common measure of global spatial autocorrelation [37,38]. Its value range is [-1, 1],
which indicates negative, positive, or no spatial correlation. Local spatial autocorrelation is
typically used to measure the degree of similarity or difference between the attributes of
a unit and its surrounding units and can reveal how spatial dependence varies with the
location. Based on the Queen adjacency principle of GeoDa software, the spatial weight
matrix is determined. If there is a common edge or point between two spatial objects, they
are considered to be adjacent and a weight of 1 is assigned; otherwise, a weight of 0 is
assigned. The Queen adjacency principle can express the distance between two regions
and the neighbor relationship with more detail.

2.3.2. Local G Coefficient

Among local spatial autocorrelation measures, the local G coefficient has a very
significant effect on the recognition of high-value agglomeration areas and can detect cold
spots and hot spots in different areas [39]. Considering that the areas of the counties and
districts in Liaoning Province are substantially different, this study adopts the Queen
adjacency principle to determine the spatial weight matrix in order to avoid an uneven
distribution of neighboring counties and districts caused by a large distance threshold.
Furthermore, in order to avoid the island of Changhai County having no neighbors, Jinzhou
District, Pulandian City, and Zhuanghe City were set as the neighbors of Changhai County.
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2.3.3. MGWR Model
The basic formula for the MGWR model is as follows [40]:
k
Yi =Y Buwj(ti, 0i)xij + ¢ ¢))
=1

where y; is the dependent variable of element i; x;; is the attribute value of the independent
variable j at position i; By, is the bandwidth used by the regression coefficient of the j-th
variable; (1;, v;) are the spatial coordinates of the i element points; and ¢; is the residual.
The MGWR model can be regarded as a generalized additive model [41], as follows:

yi = ifi + f(fi = ﬁhwjxi) 2)
=

in which the back-fitting algorithm can be used to fit each smoothing item. The back-fitting
algorithm first needs to initialize all the smoothing terms; therefore, it is necessary to make
a preliminary estimate of each coefficient in the MGWR model in advance. There are
generally four choices for initialization: classic GWR estimation; semiparametric GWR
estimation; least-square estimation; or setting all coefficients to zero. This study chose the
classic GWR estimate as the initial estimate. After the initial setting was determined, the
difference between the real and predicted values obtained by the initial estimation was
calculated, giving the initial residual.

3. Results
3.1. Overall Distribution of the School-Age Migrant Population

According to the distribution of the school-age migrant population in Liaoning
Province, combined with the manual classification method in ArcGIS 10.7, the 100 counties
in this study were divided into five categories (Figure 2). In general, the spatial distribution
of the school-age migrant population in Liaoning Province was extremely unbalanced over
the study period. The absolute number of school-age migrants was high in several coun-
ties (districts), and the relative proportion of school-age migrants was high in municipal
districts, neighboring counties, and cities. However, for most counties and districts, the
number and proportion of school-age migrants were relatively low, and decreased in the
following order: municipal districts > county-level cities > counties (autonomous counties).

3.1.1. Number of School-Age Migrants

In 2008, areas with a large number of school-age migrants were concentrated in the
suburbs of metropolitan areas, such as Shenyang and Dalian, Ganjingzi District, Jinzhou
District, Hunnan District, Yuhong District, and Lushunkou District. By 2013, counties and
districts with a large school-age migrant population were still predominantly distributed
in municipal districts. Haicheng, Wafangdian, Zhuanghe, Donggang, and other economic
and populous cities also exhibited an increase in their school-age migrant populations.
The data for 2020 revealed no major changes in the spatial distribution characteristics of
the school-age migrant population. Notably, the number of school-age migrants in Jinzhou
District, Ganjingzi District, Dadong District, Huanggu District, Lianshan District, Shuangta
District, Yinzhou District, and other municipal districts maintained a rapidly increasing
trend over the 12-year study period. Conversely, the trend in some districts (such as Xigang
District and Bayuquan District) remained approximately stable, whereas that in other
districts (such as Yuhong District and Sujiatun District) decreased over the study period.

3.1.2. Proportion of School-Age Migrants

In 2008, the school-age migrant population represented more than 10% of the total
school-age population in 18 counties and districts. The 10 counties with the largest propor-
tion of school-age migrants were all municipal districts of Dalian or Shenyang. The only
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exception was Changhai County, which is an island county. Most counties (county-level
cities and autonomous counties) exhibited a relatively low proportion of school-age mi-
grants, indicating clear spatial differentiation. By 2013, most municipal districts had a
high proportion of school-age migrants, whereas most counties (county-level cities and
autonomous counties) still had a low proportion, revealing clear differences between urban
and rural areas and between regions. In 2020, the spatial distribution of the proportion
of school-age migrants was the same as that in 2013, with counties with low proportions
enclosing counties with high proportions. Moreover, counties with high proportions
were spatially concentrated and contiguous, whereas counties with low proportions were
relatively scattered.
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Figure 2. Spatial distribution of the school-age migrant population in Liaoning Province from 2008 to 2020: (a—c) number of
school-age migrants and (d-f) proportion of school-age migrants.

3.2. Spatial Autocorrelation Characteristics of the School-Age Migrant Population

Figure 3 shows the global Moran’s I estimates of the number of school-age children,
the number of school-age migrants, and the proportion of school-age migrants among the
total school-age population from 2008 to 2020. In the entire study period, all global Moran’s
I estimates were greater than zero, and all p-values were less than 0.001. This indicates
a significant positive global spatial correlation between the proportion of school-age mi-
grants and the school-age migrant population among county units. This proves that spatial
differences in the distribution of the school-age migrant population between regions are
objective, and that the school-age migrant population has a significant spatial agglomer-
ation effect. Throughout the study period, the global Moran’s I estimates of the number
and proportion of school-age migrants were approximately consistent, first increasing then
decreasing. Inflection points occurred in 2010 and 2012; however, the changes were not
very large. This shows that the distribution of the school-age migrant population among
counties exhibited a certain degree of spatial diffusion as well as spatial agglomeration;
however, the overall spatial correlation pattern remained relatively the same as that in 2008.
From 2008 to 2015, despite a similar trend, the global Moran’s I estimate of the number of
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school-age migrants was lower than that of the proportion of school-age migrants. In 2015,
these two areas appeared to overlap, with the global Moran’s I estimate of the number of
school-age migrants becoming slightly higher from 2015 to 2020. It is worth noting that the
global Moran’s I estimate of the total school-age population increased significantly over
the study period, with the degree of spatial autocorrelation showing an opposite trend to
the distribution of the school-age migrant population. Thus, the spatial distribution of the
school-age population may have a certain influence on the uneven spatial distribution of
the school-age migrant population.

1.0 ¢

06 | tommt?” e

Global Moran's [ index statistics

04 F
0.2
0.0 L A A A A A A L A L A L J
2008 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
—ea=School-age = Number of school- Proportion of school-
population age migrants age migrants

Figure 3. Spatial autocorrelation of the number and proportion of school-age migrants in Liaoning
Province according to Global Moran’s I.

The local G coefficient method was used to detect the local relevance of the distribution
of the school-age migrant population in various counties and districts in Liaoning Province
with the aim of analyzing the evolution characteristics of the spatial pattern of cold and hot
spots (Figure 4). From 2008 to 2020, the distribution of the school-age migrant population
showed strong spatial evolution characteristics and maintained relatively stable regional
differences. On the one hand, the hot spots were mainly concentrated in the municipal
districts of Dalian and showed a trend of continuous expansion, and the cold spots were
mainly distributed in western Liaoning and Liaondong. On the other hand, Shenyang
was gradually separated from the cold spots, whereas the size of the cold spot area in
Liaodong region expanded. The distribution of both the number and proportion of school-
age migrants reflected the obvious spatial differentiation between cold spots and hot
spots. However, cold and hot spots related to the number of school-age migrants exhibited
gradual expansion and concentration, whereas those related to the proportion of school-age
migrants gradually decreased; these are mainly distributed in the municipal districts of
most prefecture-level cities.



Land 2021, 10, 1036

8of 13

a. Number of school-
age migrants in 2008

49

0 100km - R
| E— ;

d. Proportion of school-
age migrants in 2008

>
0 00km .~ W
% i

[ 1 Neighborless

Figure 4. Spatial agglomeration of the school-age migrant population in Liaoning Province from 2008 to 2020: (a-c) number

3 .

c. Number of school- A
age migrants in 2020

b. Number of school-
age migrants in 2013

0 100km - " i
I k

e. Proportion of school-
age migrants in 2013

f. Proportion of school-
age migrants in 2020

)

0 100km . -3 <7 0 W0km -
N h I % i

[ Not Significant

(] High (] Low
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3.3. Factors Driving the Spatial Differentiation of the School-Age Migrant Population
3.3.1. Variable Selection and Preprocessing

According to current literature and statistical data, six driving factors were selected
from three categories (Table 1). Among them, the teacher-student ratio and the number
of teachers (persons) with intermediate and above professional and technical titles reflect
the quantity and quality of teaching staff; the monetary value of teaching equipment
(yuan) and the number of books (books) reflect the quality of the teaching equipment and
conditions; and the area of green spaces (m?) and gymnasiums (m?) reflect the quality
of the educational and recreational environment. After standardizing the original data,
the goodness of fit indicator, R?, was 91.7%, and variance inflation factor (VIF) was less
than 7.5, which was suitable for regression analysis.

3.3.2. Model Estimation Result

The average value of the regression coefficient of the MGWR model reflects the
degree of influence of different driving factors on the school-age migrant population
in 2020. The degree of influence decreased in the following order: number of books
> teaching equipment value > green area > teacher-student ratio > number of teachers
with intermediate and above professional titles > gymnasium area (Table 1). However,
the bandwidth of books and teaching equipment was much smaller than that of other
variables; thus, they were more sensitive to changes in a regional scale and were considered
local variables. All other variables were considered global variables, indicating that their
spatial effects were not significant. The results showed that the signs of the regression
coefficients of all independent variables were positive and negative; thus, they were not
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spatially stable. Moreover, the regression coefficients showed a large fluctuation trend,
indicating an unstable influence on the distribution of the school-age migrant population.

Table 1. Statistical description of the MGWR model regression coefficients, indicating the degree of
influence of different variables on the school-age migrant population.

Variable Bandwidth Mean STD Min Median Max
Teacher-student ratio 99.000 —0.024 0.009 —0.038 —0.025 —0.002
Number of teachers 86.000 —0.036 0.037 —0.071 —0.058 0.054

Books 43.000 0.752 0.276 0.555 0.685 1.613
Teaching equipment 68.000 0.081 0.079 0.023 0.034 0.305
Greening land area 79.000 —0.019 0.044 —0.072 —0.029 0.117
Gymnasium area 93.000 —0.445 0.011 —0.466 —0.445 —0.414
Intercept 47.000 —0.112 0.057 —0.255 —0.113 0.009

3.3.3. Analysis of Model Estimation Results

In this study, a Gaussian MGWR model type, adaptive bisquare spatial kernel, golden
section bandwidth searching, and AICc optimization criterion were used. In the MGWR
model, the research units exhibited spatial and temporal differences in their undetermined
coefficient estimates. The larger the value, the greater the driving strength of the explana-
tory variable on the dependent variable, and vice versa. To more intuitively reflect the
relationship between the proportion of school-age migrants and the driving factors, the
ArcGIS natural breakpoint method was used to show the degree of influence of the driving

factors (Figure 5).
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Figure 5. Spatial distribution of regression coefficients in the GTWR model in 2020: (a) teacher-student ratio, (b) number of
teachers, (c) monetary value of teaching equipment, (d) number of books, (e) area of green spaces and (f) area of gymnasiums.

Regarding the influence of teachers on the distribution of the school-age migrant pop-
ulation, the regression coefficient of the teacher-student ratio decreased from the southeast
to the northwest of Liaoning Province. The spatial distribution trend of the regression coef-
ficient of the number of teachers with intermediate and above professional and technical
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titles was approximately opposite to that of the teacher-student ratio, indicating an opposite
influence of the quantity and quality of teachers. Therefore, the metropolises represented
by Dalian and Shenyang should optimize the structure of the teaching team according to
differences between the central city, suburbs, and counties under the jurisdiction of the
outer suburbs. Overall, compared with the number of teachers, the quality of teachers
attracts a greater school-age migrant population.

As for the impact of teaching equipment and conditions on the distribution of the
school-age migrant population, the spatial trends of the regression coefficients of the value
of teaching equipment and the number of books indicated restraining and promoting roles
on the agglomeration and distribution of school-age migrants, respectively. However, the
opposite trend was observed in Chaoyang and Fuxin City, whereas Dalian showed a double
promotion effect. Thus, the teaching conditions of Dalian’s primary and secondary schools
are highly attractive for the school-age migrant population. Therefore, Chaoyang and Fuxin
City are advised to make corresponding adjustments to attract more school-age migrants.
Opverall, the better the teaching conditions, the higher the proportion of school-age migrants.
The quality of the teaching conditions is an important driving factor promoting the spatial
agglomeration and distribution of the school-age migrant population.

Lastly, the spatial variation characteristics of the influence of the educational and
recreational environment on the distribution of the school-age migrant population are
shown in Figure 5. According to the spatial trend of the regression coefficient of the
area of green land, green areas in Dalian, Dandong, Shenyang, and other cities promoted
the school-age migrant population. Conversely, in Chaoyang City, Jinzhou City, Fuxin
City, and other cities, green areas reduced the school-age migrant population. Regarding
the area of gymnasiums, a dividing line was observed from Fuxin City and Dalian City,
where the distribution of gymnasiums promoted and restricted the school-age migrant
population on the east and west sides of this line, respectively. Overall, the amount of green
space in the educational environment had a greater impact than recreation on attracting
school-age migrants.

4. Discussion

Against the background of population migration in China, limitations in the education
management system have led to the insufficient, untimely, and unreasonable allocation
of educational resources in the territories. Therefore, it is necessary to guide compulsory
education resource allocation to adapt to changes in the school-age population and achieve
a truly balanced allocation of compulsory education resources [42,43]. This should involve
implementation of a dynamic balance plan for dealing with changing trends in the school-
age population, especially the school-age migrant population, strengthening reforms of
the educational resource supply side, adjusting the supply of primary and secondary
school degrees in a timely manner, promoting “spatial matching” between the school-age
population and educational resources, and formulating reasonable compulsory education
development planning and spatial layouts [44].

4.1. Overall Distribution of the School-Age Migrant Population

With large-scale population movement, educational issues related to the influx of
school-age migrant populations require urgent attention. Thus, the research perspective
must change from external to internal, from superficial to in-depth, and from a macro-
to meso-scale in order to analyze specific regional differences in the school-age migrant
population. However, the regularity of large-scale data may not be universal for small-scale
spatial regions. This study used government agency student data from 2008 to 2020 to
reveal the temporal and spatial differentiation characteristics of the school-age migrant
population on the county scale and to analyze the detailed flow characteristics of the school-
age migrant population within the region. The results of this study provide insights into the
reasonable distribution of educational resources in the study region and the development
planning and spatial layout of compulsory education.
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4.2. Factors Driving the Spatiotemporal Differentiation of the School-Age Migrant Population

The driving factors of the school-age migrant population govern changes in the
school-age population and the balanced allocation of educational resources. This study
used the MGWR model to analyze the degree of influence of the teaching staff, school
conditions, and educational/recreational environment. The results revealed significant
spatial differences in the strength and trends of factors affecting the distribution of the
school-age migrant population. The traditional geographic weighted regression model uses
a local regression fitting method to estimate the parameter vector at each observation point
and detect the spatial variation in the regression coefficients of various factors; however,
it does not directly consider the spatial dependence between factors [45,46]. Conversely,
the MGWR model represents an improvement on the traditional model as it cancels the
assumption that all modeling processes are on the same spatial scale. By deriving the
optimal bandwidth vector, different modeling runs can be performed on different spatial
scales, which solves the requirements of multivariate spatial data for different spatial
scales, and more effectively recognizes the heterogeneity of multivariate data in spatial
dimensions [47,48].

4.3. Study Limitations

In this study, subjective factors inevitably affected the selection of driving factors.
Moreover, cultural, economic, and policy factors are difficult to quantify, and some in-
fluencing factors were inevitably omitted, which should be addressed in future research.
Furthermore, the distribution of the school-age migrant population exhibited significant
urban-rural and regional differences. According to this small-scale survey of differences in
the distribution of the school-age migrant population between major urban areas, suburbs,
and the outer suburbs of metropolises, the findings of this study have significant impli-
cations for the balanced allocation of urban compulsory education resources. Therefore,
followup research will be conducted in the future.

5. Conclusions

This study analyzed the spatial distribution characteristics of the school-age migrant
population in 100 counties and districts in Liaoning Province using spatial autocorrelation
methods. We also selected six representative driving factors from three categories, i.e.,
the quality and quantity of teachers, the quality of teaching conditions, and the amount
of green land and recreational facilities, and used a multiscale geographically weighted
regression model to analyze the driving force behind the distribution of the school-age
migrant population in a multidimensional manner. The main conclusions are as follows.
Both the number and proportion of school-age migrants in Liaoning Province exhibited
highly uneven spatial distribution characteristics and were concentrated in the districts
of various cities, especially Dalian and Shenyang. From 2008 to 2020, the school-age
migrant population continued to increase in the suburbs of large and medium-sized cities;
however, the number and proportion of school-age migrants in many counties remained
relatively low. Additionally, over the 12-year study period, the distribution of the school-
age migrant population in Liaoning Province exhibited significant spatial autocorrelation.
Regarding the number of school-age migrants, hot spots were mainly concentrated in the
municipal district of Dalian, whereas cold and hot spots exhibited continuous expansion
and concentration. Conversely, regarding the proportion of school-age migrants, cold and
hot spots decreased in area, whereas cold spots became more diffuse. The MGWR model
results revealed spatial differences in the factors affecting the distribution of the school-age
migrant population. The different driving factors exhibited different degrees of influence
and different influence trends on the distribution of the school-age migrant population in
Liaoning Province.
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