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Pseudo human settlements in the information age is an important part of
human settlements geography, which has a comprehensive and profound
impact on urban production, life and ecology in China and even the world,
but the existing research on pseudo human settlements is still unclear, and
cannot meet the requirements of China’'s “digital-realistic fusion”, “network
power” and the construction of a beautiful China. Therefore, this paper starts
from the perspective of pseudo, based on the theory of the coupling system
of human settlements, and applies the entropy weight method, coupling
coordination model, geodetector and other methods and spatial technologies
to deeply analyze the spatial and temporal evolution of the pseudo human
settlements and the driving mechanism of the 14 cities in Liaoning Province
from 2011 to 2020. The results show that: 1) Liaoning Province's pseudo
human settlements in the time evolution of the overall quality of the main
theme of the rise, with the “Internet festival” node effect and significant
stage. 2) The spatial distribution is characterized by the geographical layout
of "1”-type high-quality development centers and concentric-circle spatial
distribution; and the trend surface shows a low uniformity pattern of "high
in the south-central part and low in the surrounding area”. 3) The degree
of system coupling and the degree of coupling coordination both show
a fluctuating upward trend, with the spatial heterogeneity characteristic of
“high in the central part and low in the surrounding area”. 4) Tool system
has become the emerging driving force, communication and social chat has
become the basic driving force, and life service is the invisible driving force;
communication class and community class are the important leading driving
factors. The study aims to enrich the research system of human settlements,
promote the development of the discipline of human settlements geography,
provide a new basis for the construction of human settlements in the new
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era, and respond to the demand for decision-making in the strategy of

network power.

KEYWORDS

pseudo human settlements, spatio-temporal dynamic evolution characteristics,
coupling coordination, nodal characteristics, concentric circular development, new

type of drive

1 Introduction

Since the 21st century, the Internet (Wehner et al., 2018), big
data (Przulj and Malod-Dognin, 2016), artificial intelligence (Noy
and Zhang, 2023) and other continuous development to promote
the Chinese and even the world’s cities in the digital economy, green
development, smart city (Ramaswami et al., 2016), beautiful human
settlements and other aspects of the construction of the city to
accelerate the pace of transition to modern cities. At the same time
has penetrated into all aspects of urban production, life, ecology,
subconsciously changing people’s cognition of time, space, people,
forms, patterns and other urban geographic phenomena and things
(Weigle et al., 2024). On the spatial scale, the Internet has broadened
the scope of peoples activities from real locations to the network
world constructed by big data (Musial and Kazienko, 2013), so that
human activities are not only limited to the specific field. On the
time scale, the instantaneous and dynamic characteristics of the
Internet also make the time series of pseudo human settlements
(PHS) more refined, diversified, and visualized (Feng, 2019). In
terms of content, the Internet drives the modernization of people’s
lifestyles, with major changes constantly occurring in shopping,
leisure and entertainment, socialization, and travel. Therefore, from
the perspective of urban reality alone, it is no longer possible
to comprehensively explain the “time”, “space” and “people” of
the human settlements (HS), their interrelationships and internal
mechanisms, and it is even more impossible to meet the needs of the
construction of the “new human-land relationship” in the context
of big data.

China’s development is currently at an important strategic
opportunity period, the application of Internet construction and
management is constantly improving, and the scale of the PHS
is expanding at an accelerated pace. However, to achieve the
socialist modernization goal of significantly narrowing the gap
between urban and rural regional development and the gap between
residents’ living standards, to meet people’s demand for a better
“three-state” human settlements (reality human settlements, pseudo
human settlements, imagery human settlements) life in the Internet
era (Tian et al., 2021c), to balance the scale of development of the
pseudo settlements among cities, and to build a “Community with a
Shared Future in Cyberspace” (Qiu et al., 2021) which is in line with
the world’s Internet development trend and the direction of human
social development, it is necessary to discuss the internal mechanism
of the “three-state” human settlements, especially the PHS.

HS is a gathering space for human survival and development,
carrying an important place for production, life and other functions
(Zhao et al., 2023). At the end of the 19th century and the beginning
of the 20th century, Howard’s idyllic city, that the area of human
settlements should be both urban and idyllic characteristics. Geddes
proposed urban planning, arguing that the natural environment is
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the basis of urban planning. Mumford put forward the regional
view and the natural view. With the continuous development of
cities, research on urban planning, urban space (Valjarevic et al.,
2021), environmental types (Gao et al., 2016) and other studies have
become increasingly rich, laying the foundation for the study of
human settlements. In the 1950s, the Greek scholar Doxiadis put
forward the “human settlement”, which takes human settlements as
the core object of research and includes two major factors, namely,
human beings and the environment. In the 1990s, Wu Liangyong
put forward the concept of “ science of human settlement 7,
which promoted the research and development of Chinas HS.
Human settlements science is a human settlement as the object of
study, focusing on exploring the interrelationship between people
and the environment science (Wu, 2001). As an open disciplinary
system, it has attracted the attention of many scholars. In terms of
spatiotemporal evolution and mechanism research, it mainly focuses
on the assessment of the scale of HS (Halik et al., 2013; Li and
Tian, 2015; Tian et al., 2021b), the study of the content of multi-
perspective HS (Cong et al.,, 2021; Songetal., 2021; Wang et al,,
2021), the study of HS evaluation methods (Xiong et al., 2007; Hu
and Wang, 2020; Oliveira et al., 2020), the study of the relationship
between nature and HS (Diaz, 2004; Nigst et al., 2014), the study
of the relationship between human activities and HS (Coway-
GOmez, 2007; Bradlow etal.,, 2011; Reinmann et al., 2016), and
the construction of HS index system (Zhang and Wei, 20063
Fang et al., 2020; Zhang and Li, 2021). Current studies reflect the
dynamic coordination, balance, and communication relationship
between humans as social subjects and the environment.

The term “pseudo environment” was first proposed by
Lippmann, which refers to the environment suggested to people
through selective processing of information by mass communication
media modeled on the real world (Lippmann, 1922). PHS is a
kind of information environment constructed by people with
the reality human settlements (RHS) as the base plate, based
on their own judgment and preference, with the help of media
such as cell phone clients, network ports, etc., using the big
data generated by daily network activities as the basis and using
the symbol system (Tian etal, 2024). It can be considered that
PHS is the evolution of pseudo environment to HS (information
environment to human settlements), and the extension of human
settlements to pseudo environment (reality to virtual extension).

With the booming development of the Internet, on the
basis of a large number of existing research on the RHS,
the relevant research on the PHS has also achieved certain
results, and its existing research mainly focuses on: 1) the
relationship between network space and real space: interaction
relationship research (Zhu et al., 2020), spatial behavior research
methods (Carneiro etal, 2019), and spatial pattern research
(Liu and Shi, 2016); 2) the relationship between network and
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real settlements: social relationship research (Xietal, 2021),
comparative studies (Luetal., 2008), spatio-temporal behavior
studies (Rout et al., 2021), visualization studies (Romano et al.,
2019), theoretical studies (Zhen etal., 2012); 3) the relationship
between PHS and RHS: spatial heterogeneity studies (Xue et al.,
2021), transformation studies (Shah et al., 2019), interactions (Lila
and Anjaneyulu, 2017); 4) the relationship between the virtual
city and real city: simulation models (Lee et al., 2008), theoretical
studies (Liu et al., 2008), practical approaches studies (Tian et al.,
2022). Previous studies on HS mostly focused on the RHS and
tended to make empirical analyses from multi-disciplinary fields,
multi-geographical scales, and multi-analysis methods. The research
on PHS mostly starts from the perspectives of psychology, media
science, and social science, while research on PHS from the
geographical level and measured from the perspective of spatio-
temporal coupling is relatively poor, especially in the study of
spatio-temporal differentiation characteristics, system coupling and
coordination, and internal driving mechanisms.

The relationship between the PHS and the RHS makes the
two closely integrated in the theoretical system. The development
of interdisciplinary subjects provides the theoretical basis and
reference for the model, motivation, and index of the spatio-
temporal dimension of PHS. The theoretical framework of PHS is
fused and includes 1) The paradigm of human settlement science
formed based on the human settlement studies of Dosadias and
the human settlement environment science of Wu Liangyon; 2)
the theoretical basis of the coupling and coordination of the
“three-state” human settlements, including reality, pseudo, and
imagery human settlements; 3) and metaverse, cyberspace and other
interdisciplinary achievements of the theoretical reference (Robison
and Crenshaw, 2002).

Based on the above theory, and in accordance with the principles
of integrity, hierarchy, operability, and scientific construction of
the index system, the conceptual expression of the spatio-temporal
evolution of the PHS is proposed: It is considered that the PHS
is a function of five systems, namely, contact (C), read (R),
entertainment (E), service (S), and tool (T), changing with time (t)
in a specific cyberspace scale (s).

This paper selects the Internet dynamic data of 14 cities in
Liaoning Province from 2011 to 2020, portrays the spatial and
temporal change characteristics of the PHS with the help of entropy
weighting method, uses the coupling coordination model to study
the coupling coordination of various subsystems, and analyzes the
trade-oft driving factors and the internal action mechanism through
geodetectors. The study can promote the coordinated development
of scale expansion and quality growth of pseudo-environment
among regions and will have theoretical and practical significance
for the governance of the world network system and the quality
development of the settlements. This is the initial year of China’s
“l4th Five-Year Plan” and the approval of the “l4th Five-Year
Plan” for the comprehensive revitalization of Northeast China. The
results also have applicability significance for promoting the full
development and balance of HS in Northeast China represented by
Liaoning. It is of practical significance to actively implement the
“Internet plus” strategy, and the results are expected to provide a new
perspective for the development theory of urban PHS, so as to better
serve the relevant optimization and regulation decisions of the “14th
Five Year Plan”
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2 Materials and methods
2.1 Data sources

Baidu has the largest number of Chinese search engine users in
the world. The Baidu Index open-source data (http://index.baidu.
com), which can significantly reflect the online search scale and
frequency of Baidu netizens, is used as the data source. Taking the
time series from 1 January 2011, to 31 December 2020, and taking 14
cities in Liaoning Province as the survey area, the daily survey of 37
indicators including WeChat, Today’s Headlines, and Tencent News.
Basic data were collected, and a total of 1,891,736 items of data were
acquired for 3,652 days.

It is worth noting that the larger the Baidu Index, the higher
the user group pays attention to things in the region’s spatio-
temporal conditions. The map data comes from the Resource and
Environmental Science and Data Center of the Chinese Academy of
Sciences (https://www.resdc.cn/).

2.2 Index system

The PHS evaluation index system is an important mechanism to
measure the quality, development status, and development trend of
the HS in a region. When selecting indicators and data, the following
five principles of indicator system design need to be grasped: 1) the
principle of integrity; 2) the principle of hierarchy; 3) the principle
of operability; 4) the principle of scientificity; 5) the principle of
objectivity and reality.

This paper designs a set of PHS indicator system based on the
similarity of the attributes of PHS and HS indicators with reference
to the research results on HS and PHS (Ying, 2011; Wang and Xu,
2017). The system mainly includes five macro layers, which are
contact, read, entertainment, service, and tool system. Because the
contents contained in each macro-layer are still relatively rich, the
division of intermediate layers is carried out in order to make it more
clear and concise. Under the principles of scientificity, typicality and
representability, with reference to the relevant literature (Pei et al.,
2019; Tian et al., 2021a; Yang et al., 2023) and combined with the
actual situation of Internet use in Liaoning Province, each macro-
layer is subdivided into 16 intermediate-layer indicators, such as
chatting category, news category, video category, and so on. At the
same time, each intermediate layer also includes 37 indicators such
as WeChat, Headlines Today, and Tencent video (Figure 1).

2.3 Methods

(1) Entropy weight method. Entropy is initially derived from
the thermodynamic concept in physics, mainly reflecting the
degree of chaos in the system, which is now widely used
in social and economic fields (Fang and Wei, 2001; Yuan
and Qi, 2013). Entropy weighting method is an objective
assignment method, which can evaluate the weights of
indicators in a complex matrix system based on objective data,
effectively avoiding the limitations of subjective assignment
method (Wang et al., 2013; Shun and Chen, 2019). The specific
calculation process is shown in Equations 1-4:
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FIGURE 1
The evaluation index system of urban PHS.
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Where: x; is the original data under the Baidu index; Xj; is the

value after standardization; x,,,, and x,,;, are the maximum and

n
minimum values in the original data, respectively. X is the primitive
matrix; P;; is the weight of the jth indicator in the ith city under
the year; E; is the entropy value of indicator; Wj is the weight of
item j index; PHS,) is the comprehensive score of pseudo human

settlements.

(2) Spatial trend surface. Spatial trend surface is a tool used
to model the spatial distribution and evolutionary trend of
geographic elements. Trend surface analysis can not only reveal
the spatial distribution of change of continuously distributed
phenomena on a surface area, but is also one of the main

Frontiers in Earth Science

04

methods for describing spatial trends (Zhang and Gong, 2013).
Assuming that Z;(X}, Y;) represents the quality of urban PHS,
the spatial trend surface is z;(x;,y;), The specific calculation
process is shown in Equation 5:

Z(Xp YY) = zi(xpy,) + & (5)

Where: (x;,y,) is the spatial coordinate; ¢; is the residual error
between the actual value and the trend value of PHSs. Common
polynomials in ArcGIS are 1 (prior), 2, and three orders. In this
paper, the spatial trend surface fitting of PHS is achieved based on
the second order.

(3) Coupling coordination model. The coupling coordination
model initially originated in physics, refers to the interaction
and influence between circuit elements or electrical networks,
through continuous development, the scope of application
has been very wide, commonly used in the study of
two or more systems interacting with each other, as well
as evaluating the coordinated development of the process
between each system (He et al., 2024).

. Coupling degree. By applying the capacity coupling coeflicient
model and comprehensive evaluation index to the five
systems of PHS, the Coupling degree model of each system
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TABLE 1 The classification criteria of coupling degree and coupling coordination degree.

Couping degree

Coupling coordination

Degree
Advanced Coordination 0.90-1.00
High-level coupling 0.80-1.00 Good Coordination 0.80-0.90
Moderate Coordination 0.70-0.80
Primary Coordination 0.60-0.70
Running-in stage 0.50-0.80 Barely Coordination 0.50-0.60
Basic Inbalance 0.40-0.50
Mild Inbalance 0.30-0.40
Antagonism phase 0.30-0.50 Moderate Inbalance 0.20-0.30
Serious Inbalance 0.10-0.20
Low-level coupling 0.00-0.30 Extreme Inbalance 0.00-0.10

interaction is obtained, The specific calculation process
is shown in Equation 6:

511/5
C= 5{ [Ceo % Riyy X By % Sy % Ty | /[ Cg + Riyy + By + St + T }
(6)

Where: C is the coupling degree, and the range is [0,1]. When
C=0, it indicates that the five major systems or their internal
elements are in an unrelated state, and the PHS will develop in a
disorderly direction. When C=1, it indicates that the subsystems
are well coupling and tend to a newly ordered structure. According
to the median segmentation method, the coupling degree types are
divided (Table 1).

b. Coupling coordination degree. The coupling coordination
degree is to measure the similarity of system elements,
which reflects the coordination degree of mutual coupling

systems. The specific calculation process

is shown in Equation 7:

of various

D=VCxT, T= “C(x) +ﬁR(}’) + yE(Z) + 88(14) + HT(V) (7)

Where: D is the coupling coordination degree; T is the
comprehensive coordination index, and a«, B, y, §, and p are
undetermined coefficients. In this paper, the five systems are
given the same weight of 0.2. And the median segmentation
method is used to obtain the classification standard of coupling
coordination types.

(4) Geodetector. Geodetector is a statistical method based on the
theory of spatial dissimilarity to explore spatial dissimilarity
and reveal the driving factors, which is mainly categorized into
four detectors, namely, factor detection, interaction detection,
risk detection, and ecological detection (Qinetal., 2023;
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Qi et al., 2024). In this paper, we apply the factor detection tool
to quantitatively investigate the extent to which each driver
explains the quality of urban PHS. The specific calculation
process is as shown in Equation 8.

ZLlNhoi
No*

Where: the value range of q is [0, 1], the larger the value of q, the
stronger the explanatory power of driving factor X to PHS quality Y,

g=1- ®)

and the weaker it is otherwise; q=1 indicates that the driving factor
fully controls the spatial distribution of PHS quality Y, =0 indicates
that there is no relationship between them, a q-value means that X
explains Y to a q-fold extent.

3 Results

Taking the coupling and coordination of urban “three states”
human settlements as the theoretical support, and based on the data
obtained from the quality score of the PHS, a normative analysis
of the PHS is carried out to provide a new basis for grasping
the planning, construction, transformation and comprehensive
development of the PHS of the city. The research framework is
detailed in Figure 2.

3.1 The features of temporal process
evolution

3.1.1 Overall and node characteristics

(1) The overall trend: the rise and drop nodes of the PHS
with the reference of the long-term series, found that

frontiersin.org
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FIGURE 2

Urban Pseudo Human Settlements
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the quality of the PHS fluctuated and increased in the
past 10 years (Figure 3). The average value of 0.05580 in
2011 rose to 0.11039 in 2020 after two significant fluctuations
in 2015-2017. The two consecutive rose and fell during
the period produced two similar peak values, which were
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0.16011 in 2015 and 0.16684 in 2017 respectively. Individual
years showed alternating development and contraction, and
each city experienced at least one fluctuation, and individual
cities such as Shenyang, Dalian, Fuxin, Liaoyang, and Panjin
experienced two fluctuations. By comparison, it is found that
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FIGURE 3

The mean and standard deviation of urban PHS quality in
Liaoning province.

the contraction years are mostly concentrated in 2015 and
2017, which is also the peak stage of the development of PHS,
so it is judged that this period is an important node of the
change of PHS.

The node characteristics: using individual years as the
reference for the growth and decline of the PHS, it is found
that the PHS has an “Internet holiday” node effect. The PHS
gave rise to the Internet festival and showed an upward trend

)

in the period before and during this node, which was the peak
of the development of the PHS every year. In the period after
the special festival, there is a significant decline in the temporal
characteristics of the PHS. This phenomenon is mostly
manifested in e-commerce festivals with special meanings
given by merchants, such as “6.18", “11.11", “12.12", etc.,
which increase the usage and browsing volume of shopping
apps such as Taobao, Jingdong and Pinduoduo. These time
nodes increase the usage and browsing volume of shopping
apps such as Taobao, Jingdong and Pinduoduo. May Day
holiday, 11th National Day week, double holidays and other
rest days, peoples leisure time increases on tourism, travel,
shopping and other activities will increase the amount of
attention, people will query in the jittery voice, small red book,
etc., travel and card places, the use of gaode map, etc., planning
routes, in the tuan, hungry mou, and other platforms to choose
the food, the use of wechat, alipay, etc. Payment. There is an
obvious regularity in the impact of a series of activities carried
out by people at such time nodes on the PHS, i.e., the PHS
before and after the time nodes will be characterized by rising
and falling. This phenomenon is a unique rise and fall node
effect of the PHS in the context of the Internet.

3.1.2 Degree and classification characteristics

The degree of deviation of the PHS of 14 cities in Liaoning
Province from 2011 to 2020 shows a gradient characteristic
consistent with the average value: 1) The first gradient: from 2011
to 2015, the standard deviation of PHS fluctuated and increased,
which was the stage with the largest change in the overall standard
deviation. The standard deviation jumped from 0.08373 to 0.23484,
and there was a maximum point in the interval, which was also
the maximum point in 10 years, which reflected that there was a
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big gap among 14 cities in Liaoning Province at that stage. 2) The
second gradient: from 2015 to 2016, the standard deviation line of
the PHS in 14 cities began to decline and decreased from 0.23484 to
0.17238, which was also the node where the overall standard eviation
decreased for the first time. It reflected that the gap between the 14
cities in Liaoning Province began to narrow during this period. 3)
The third gradient: from 2016 to 2017, the standard deviation of
PHS in Liaoning Province rose gently, from 0.17238 to 0.18875, and
the maximum point appeared in the interval, which reflected that
the gap of PHS in 14 cities gradually increased, but the growth rate
was slow. 4) The fourth gradient: from 2017 to 2020, the standard
deviation of PHS decreased gently, from 0.18875 to 0.13338, and the
change value was low, which showed that the gap of PHS in 14 cities
gradually narrowed during this period.

Considering the annual variation of the deviation degree among
cities, it is found that the PHS is inconsistent in development among
different regions, and there are gaps between regions at different
levels. Combined with the scores of PHS in various cities over the
years, it can be found that the PHS presents a clear hierarchy and
can be divided into three types (Table 2): 1) In the core area, the
PHS scores fluctuate within the range of 0.4-0.6 (Shenyang, Dalian);
2) In the sub-core area, the PHS scores fluctuate within the range
of 0.06-0.4 (Anshan, Jinzhou, Fushun); 3) In the developing area,
the PHS scores fluctuate within the range of 0.04-0.06 (Yingkou,
Huludao and other 9 cities).

3.1.3 Stage characteristics

The average value of the PHS quality shows a gradient
characteristic from 2011 to 2020, which is manifested in the
following four stages: 1) 2011-2015 was the first gradient stage. The
quality of the PHS increased from 0.05580 in 2011 to 0.16011 in
2015. The broken line showed a steady increase, and the PHS index
developed steadily, with a significant rate increase during the period.
2) 2015-2016 was the second gradient stage. The quality of the PHS
dropped from 0.16011 in 2015 to 0.14164 in 2016. The broken line
began to decline, and the PHS index contracted for the first time,
with the first peak appearing in the interval. 3) 2016-2017 was the
third gradient stage. The quality of the PHS rose from 0.14164 in
2016 t0 0.16684 in 2017. The broken line showed a rise again, and the
PHS index began to develop for the second time, with extremely low
points in the interval. 4) 2017-2020 was the fourth gradient stage,
in which the PHS continuously decreased from 0.16684 in 2017 to
0.11039 in 2020, and the broken line showed a continuous decline,
and the PHS index shrunk at a lower level, with the second peak in
the interval.

Analysis of the generation mechanism: (1) The continuous
improvement in the quality of the PHS from 2011 to 2015 is the result
of the interaction within the five major systems (Figure 4). Although
the five major systems developed to different degrees during the 10-
year period, they all showed an upward trend, thus causing the PHS
to show an upward trend. During this period, the significant change
in the rising rate of read, entertainment, and tool systems in 2013 was
the reason for the accelerated development rate of the PHS in that
year. 2) From 2015 to 2016, the PHS of Liaoning Province showed
a downward trend for the first time. The contact, entertainment,
service, and tool systems began to decline, with the highest point
and inflection point in the overall trend. Although the read system
showed an uptick, it did not interfere strongly with the general trend,

frontiersin.org


https://doi.org/10.3389/feart.2024.1454572
https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org

Lietal.

10.3389/feart.2024.1454572

TABLE 2 The standard of urban pseudo human settlements quality in Liaoning province.

Pseudo human settlements classification

Classification standard

The core area of PHS 0.4-0.6 Shenyang, Dalian

The sub-core area of PHS 0.06-0.4 Anshan, Jinzhou, Fushun

The developing area of PHS 0.04-0.06 Yingkou, Huludao, Dandong, Panjin, Fuxin
Chaoyang, Liaoyang, Tieling, Benxi

0.3

0.25
]
202
>
2
F o015
o
£ o1
S

0.05

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Year
uContact ~Read =Entertainment = Service =Tool

FIGURE 4
The changing trend of five systems of urban PHS in Liaoning Province
in 2011-2020.

so the PHS still showed a downtrend. 3) From 2016 to 2017, the
PHS experienced a second rise. The reason was that compared with
the decline of the read system and tool system, the development
of contact, entertainment, and service systems were stronger. 4)
From 2017 to 2020, the PHS experienced a second decline. The
reason was that among the five major systems, read and service
systems continued to decline, while the contact, entertainment, and
tool systems declined after one fluctuation. Although the PHS has
stages and deviations in individual time periods also with isolated
contraction points, the progress of it is still the main theme.

The influence of the above five major systems on the overall
trend side reflects the fact that netizens’ network activities generate
different trends and tendencies under different conditions of time,
space, and economic levels. Through a cross-sectional comparison
of time in different years, with reference to the total value of GDP
and the extent of Internet infrastructure construction in 14 cities
in Liaoning Province in that year, it was found that the PHS was
closely related to economic conditions and the level of Internet
interaction, and had a significant indicative effect on the local
economic condition: When the residents are at a lower income level,
the demand of Internet users for PHS mainly focuses on contact,
read while the demand for entertainment, service and tool systems
is less, especially for shopping and travel under the indicators of
service system. However, after the residents” income has increased
significantly, the network demands of netizens have shown a trend
of diversification. The PHS has transformed from the leisure and
entertainment-oriented type in the early stage to the life service type
and entertainment-diverse type, which reflects the dynamic changes
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of the five systematic trends of PHS of netizens with the proportion
of economic levels.

3.2 Evolution of spatial distribution

3.2.1 Characteristics of spatial differentiation

In order to distinguish the spatial differences of the PHS in
14 cities of Liaoning Province from 2011 to 2020, and ensure the
balance between the change of median value and extreme value,
ArcGIS geographic information technology was adopted, and the
geometric separation method was used to optimize the category
scope and generate the geographic distribution map of pseudo
human settlements. In addition, in order to make the differences
between areas with similar scores obvious on the geographical map,
the extreme values are divided into six ranges and labelled with
different colors, and the final results are shown in Figure 5.

(1) Spatial pattern characteristics of regional differentiation.
During the past 10 years, the PHS in 14 cities of
Liaoning Province showed obvious regional differentiation
characteristics in the process of dynamic change. The quality
of PHS in central and southern Liaoning, represented
by Shenyang and Dalian, has maintained a high level of
development and is in a leading position. Jinzhou to the west of
Shenyang, Fushun to the east of Shenyang, Anshan to the south
of Shenyang, and to the north of Dalian are at a relatively high
level. The PHS in the other nine cities fluctuates with different
frequencies over the years.

Specifically, in 2011, the PHS showed that Shenyang was the
center to drive the surrounding Fuxin, Jinzhou, and Fushun to high-
quality development. This area, together with Anshan and Dalian,
formed the “T”-shaped Liaoning Province PHS Development
Center. At the same time, the central and southern Liaoning areas
are in a stepped divergence state with central Liaoning at the top,
showing the first-level ladder represented by Shenyang, Anshan,
and Dalian; the second-level ladder represented by Fuxin, Jinzhou,
and Panjin; and Chaoyang, Huludao is represented by a three-
level ladder. In that year, the quality of PHS in Eastern Liaoning,
represented by Tieling, Benxi, and Dandong, was weak; From 2012
to 2014, the driving effect of central Liaoning on the northern
Liaoning region was obvious; In 2015, the competitiveness of the
PHS in Northwest Liaoning, represented by Fuxin, fluctuated and
declined, while the development of the PHS in south and central
Liaoning maintained its leading position. East Liaoning, represented
by Fushun, Benxi, and Dandong, made significant progress, but
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FIGURE 5
The spatial evolution of urban PHSs in Liaoning Province in 2011-2020.
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still has a gap with the middle Liaoning region; In 2016, the PHS
in southwestern Liaoning fluctuated significantly, and the regional
advantages decreased. In terms of geographical distribution, the
“T”-shaped PHS development center of Liaoning Province, centered
on Shenyang, Dalian, and Anshan, coexisted with Huludao and
Fushun; From 2017 to 2019, the PHS in southeastern Liaoning
developed again from 2017 to 2019 after a short trough; In 2020, the
fluctuation in south Liaodong decreases and the PHS resumes the
“T” core development trend. Except for the central Liaoning region,
the development of the PHS in other regions has a trend of moving
from the north to the middle and then to the south.

Analysis of the generation mechanism: Shenyang and Dalian,
as the leading provincial capital cities in Liaoning Province, have
significant advantages in terms of the population, the number of
Internet users, the degree of construction of big data, and the
degree of Internet penetration, so the quality of the PHS is more
superior and has a more advantageous degree of development
than other cities in Liaoning Province. In the western region of
Liaoning represented by Chaoyang and Huludao and the eastern
region of Liaoning represented by Benxi City, the PHS is developing
slowly due to the relatively backward economic level, weak Internet
popularity, and other factors. Anshan City is under the influence of
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Shenyang and Dalian, and has great potential for the development
of the PHS.

(2) The characteristics of hill-shaped dominant spatial patterns.
The PHS in Liaoning Province has been in dynamic changes
in the past 10 years, but the overall structure shows a structure
that is dominated by Shenyang, Anshan, and Dalian, and
diverges in all directions. Geographical distribution presents
a hill-shaped feature, which is the spatial structure of the
central area decreases in a step-like manner toward the east
and west. During this period, although the lower value areas
in the west, represented by Chaoyang and Huludao, the high
value areas in the center, represented by Shenyang, Anshan
and Dalian, and the lower value areas in the east, represented
by Tieling, Fushun, Benxi and Dandong, declined to varying
degrees on the time scale, the overall PHS quality landscape
remains relatively stable.

3.2.2 Trend surface characteristics

Based on the trend surface analysis in the ArcGIS geostatistical
analysis method, the mathematical surface is used to simulate the
spatial distribution and variation trend of the PHS quality, and the
results are shown in Figure 6. In which, the positive direction of the
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FIGURE 6

The trend surface analysis of urban PHS in Liaoning Province in 2011-2019.

Z.  The quality of PHS
East-West fitted curve
——— North-South fitted curve

X-axis indicates the true east direction, the positive direction of the
Y -axis indicates the true north direction, and the Z-axis indicates
the quality of PHS. In the fitting curve, the east-west direction is the
green line and the north-south direction is the blue line.

(1) Overall, from 2011 to 2019, the quality of PHS in Liaoning
Province showed a low uniformity pattern of “high in the
south-central part and low around” The fitting curve is
relatively smooth, the spatial change trend of PHS is relatively
balanced, and the trend analysis results are consistent with the
spatial pattern characteristics of the study area.

(2) Thereis an obvious “U” distribution pattern in the north-south
direction. From 2011 to 2019, the trend surface of PHS had the
same direction in the north-south direction, and the quality
of PHS in the south was stronger than that in the north, but
the significance of the gap between the north and the south
changed dynamically with the years.

Specifically, from 2011 to 2015, the quality gap of PHS in the
north and south showed a decreasing trend; From 2015-2019, the
significance of the gap between the north and the south decreased
again, which indicated that the construction degree of PHS in the
southern part of Liaoning Province was higher than that in the
northern part, but the dominance was gradually decreasing.

(3) There is an arch-shaped distribution pattern in the east-west
direction. From 2011 to 2019, the trend surface of the PHS
is more consistent in the east-west direction, showing the
spatial characteristics of “high in the middle and low in the
east and west’, indicating that the quality of the PHS in the
central region is more advantageous than that in the eastern
and western regions. From 2011 to 2015, the dominance of the
central region decreased, while the quality curve of the eastern
and western regions slowed down; From 2015 to 2017, the
dominance of the central region rebounded, leading the quality
curve of the eastern and western regions to climb; From 2017
to 2019, the dominance of the central region dropped again,
while the quality curve of the eastern and western regions
slowed down.
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3.2.3 Hierarchical characteristics

(1) The hierarchical characteristics of a “dual-core” dominant city.
From 2011 to 2020, the PHS of Liaoning Province presents
a “dual-core” dominant spatial feature centered on Shenyang
and Dalian. The PHS in Shenyang and Dalian have been at a
high level all the time, and both of them are located in the
core area, and their PHS quality scores kept between 0.4 and
0.6, which is about 10 times higher than the range of the sub-
core area of the PHS. The development and shrinking nodes
in Shenyang and Dalian were consistent with the development
and shrinking nodes of the PHS in Liaoning Province. The two
have laid the foundation for the overall development trend of
Liaoning Province, reflecting the great influence of provincial
capital cities on the PHS in the province. At the same time,
as the center cities, they have divergent and driving effects
on the development of PHS in other cities, so they are the
development centers in Liaoning Province.

The hierarchical characteristics of a “triple sub-core” city.
Anshan is an inter-mediate city linking Shenyang and Dalian,
while Jinzhou and Fushun border Shenyang. The special
geographical location and the level of Internet interaction
make it obvious that the core area of the PHS has an impact
on the three cities. The scores of Anshan, Jinzhou, and Fushun
range from 0.06 to 0.4. As sub-core areas, they have a clear
advantage over the PHS, but the gap between them and the
“dual-core” areas is still large, which proves the hierarchical
character of the PHS.

Concentric  circular development model. Comparing
the geographical positions of the core area, sub-core
area, and developing area of the PHS in 14 cities of
Liaoning Province, it is found that the geographical space
presents the concentric distribution of “core area—sub-core
area—development area” (Figure 7). The northern part of
Liaoning Province takes Shenyang City as the core area of
latitude, and most of the years have the characteristics of
the PHS quality ladder of Shenyang > Anshan, Jinzhou,
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FIGURE 7
The concentric circles of urban PHS in Liaoning province.
Fushun > Chaoyang, and Huludao; The southern part of degree tended to be stable and balanced, and the similarities
Liaoning Province takes Dalian as the latitude core area, and among the systems tended to be consistent.
most years have the ladder-like characteristics of Dalian > (2) There is a system coupling contraction point. 2015 is the
Anshan, Yingkou, Dandong > Panjin, Liaoyang and Benxi. contraction point of system coupling. The growth rate of
The development model that reflects the PHS is also centered coupling degree of this node system decreased significantly,
on cities with high levels of economic construction, high- and the coupling coordination degree increased rapidly and
level Internet development, and high-level infrastructure then decreased moderately in time development. The five
construction, driving the hierarchical development of areas systems of PHS experienced the hill-shaped transformation of
with low dominance. This has a similar relationship with the “Inblance -Coordination-Inblance”.
development model of the RHS, which effectively reflects the (3) The coupling degrees among cities are all on the rise, and

synchronicity and consistency of the development theory of
the PHS and RHS.

3.3 System coupling and coordination

3.3.1 Time process characteristics of coupling
and coordination degree

Overall, the coupling degree and coupling coordination degree
of the PHS in Liaoning Province from 2011 to 2020 both show a
fluctuating upward trend, and the coupling degree changes more
significantly, indicating that the correlation within the five systems
gradually increases and the similarity of system elements enhances.
The type of coupling degree in Liaoning Province has undergone a
transformation from the antagonism stage to the running-in stage to
the high-level coupling stage, and the type of coupling coordination
has undergone a transformation from moderate inbalance to mild
imbalance, barely and primary coordination, and then fell back to
mild imbalance (Figure 8).

(1) The development trend is good, but there is a gradual trend.
From 2011 to 2020, the coupling of PHS systems in Liaoning
Province showed a development trend, with the coupling
degree significantly increasing from 0.3980 to 0.9862, and
the coupling coordination degree gradually increasing from
0.2032t0 0.3902, indicating that the interdependence of the five
systems was strengthened, the system structure and correlation
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the gap is weakening, but there are differences in growth
rates. Based on the magnitude of coupling degree changes,
the coupling changes of the PHS can be divided into four
categories: The first category is the high coupling degree
development area, including Shenyang, Dalian, Tieling, and
Benxi, with the fastest coupling degree development and
the strongest system orderliness; The second category is
the medium coupling degree development area, including
Chaoyang, Yingkou and Fuxin, with faster coupling degree
development and slightly weaker system orderliness changes
than the first echelon; the third category is the coupling degree
secondary development area, including Jinzhou, Fushun,
Huludao and Anshan, with slower coupling development
and system orderly changes; the fourth category is the low
coupling development area, including Panjin, Dandong and
Liaoyang, with small coupling changes and weak inter-system

interactions.

3.3.2 Spatial pattern characteristics of
coordination degree

(1) Spatial differentiation of coupling and coordination degrees
of the five major systems. Although the type of coupling
coordination degree in Liaoning Province has changed from
moderate imbalance to mild imbalance, barely and primary
coordination, and then back to mild imbalance, it is found
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that the internal structure of the system between regions
is quite different, and each region is always in a state
of imbalance of different strengths. Shenyang experienced
a transition of “serious-nearly-moderate” imbalance, Dalian
experienced a transition of “serious-moderate” imbalance,
Anshan experienced an alternation of “serious-extreme”
imbalance, and the rest of the cities were in a state of extreme
imbalance, but there is a weakening trend (Figure 9).

(2) Regional heterogeneity. From 2011 to 2020, although all cities
have different degrees of growth, the centre of the PHS
coupling coordination is always in the central part of Liaoning,
showing the spatial heterogeneity characteristic of “high in
the centre and low in the surroundings” At the same time,
this central dominant pattern has changed from “multiple-
ternary-dual”. The multi-coupling and coordinating leader-
ship represented by Shenyang, Dalian, Anshan, Fuxin, and
Jinzhou gradually transformed to the three-city-dominant
type of Shenyang, Dalian, and Anshan, and finally formed
a binary system with Shenyang and Dalian as the core
dominant pattern.

3.3.3 Coordinated development characteristics
of coupling systems

The five major systems have strong and weak supporting and
restrictive effects on the development of high-quality PHS, forming
a hierarchical relationship of coordinated development among the
systems, which is manifested as the spatial differentiation of the
five major systems. Understanding the coordinated development
of inter-regional systems is helpful to reveal the level of system
coupling and coordination. According to the quality values of the
five systems from 2011 to 2020, the high, medium, and low levels of
high-quality development of the five systems of PHS are expressed,
and six corresponding relationship types are obtained (Table 3),
among which the left to right represent C, R, E, S and T systems
respectively. (In Table three, L, M, and H represent low, medium,
and high respectively).
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(1)

The coordinated development level of the five major systems
varies significantly. The coordinated development level of C,
and S systems are significantly higher than that of R and E
systems, and the T system is at the intermediate level. With the
improvement of the construction of the PHS, the development
of each system has undergone a three-stage transformation of
“low-medium-high”. In this process, the rising level of C, S
systems is significantly higher than that of other systems. The
regions represented by Shenyang and Dalian have experienced
systematic high-level coordinated development for the first
time, with the middle and high grades accounting for 42.9%
and 28.6% of the province respectively. The R, E, and T systems
are in the middle and low levels of coordinated development.
When the tool system is at the medium level, it accounts
for 21.4% of the whole province. The spatial differentiation
of the coordinated development level may be the result of
the comprehensive effects of the economic development stage,
residents’ cultural level and local policy trends.

There are obvious spatial differences and gradient
characteristics in the corresponding relationship of
system development. Shenyang and Dalian, as high-
quality development areas of PHS, have the corresponding
relationship of “H-M-M-H-M", and the coordination degree
among systems is at the highest level among all cities; Anshan
and Jinzhou, as the transition zone between high-level system
coordination and low-level system coordination, basically
maintain the level of coordinated development among systems
at a medium level, showing a “medium-low” staggered
correspondence type, and the moderate development of
systems is the main structure; Fu-shun, Dandong, and Yingkou
are the transition zones from low-to-moderate coordination
to low-level coordination. The coordinated development level
of the system is basically low-level, with a few moderate
developments. Benxi, Fuxin, and other places are in a state
of low system coordination, and the development of each
system is at a low level, but there are differences in the quality
development among systems, among which Panjin’s life service
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FIGURE 9
The spatial pattern of urban PHS coordination degree in Liaoning Province in 2011-2019.
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system and Huludaos communication and social service
system have a tendency to moderate transition.

The above characteristics reflect that the quality development
of the five systems of PHS is not a synchronous process, and the
development level of each system tends to be coordinated with the
improvement of the construction degree of urban PHS, resulting in
different system correspondences between regions.

3.4 Mechanism analysis

The Geodetector is a tool used to analyze the spatial stratification
quality and spatial pattern attributes (Luoetal, 2016). The
coefficient of variation method is used to select two indicators
that have a greater impact on the PHS in the five major systems
for detection. The detection factors are WeChat and Zhihu in the
contact system, Headlines Today and Tencent News in the read
system, Bilibili and Kuaishou in the entertainment system, Ctrip
and Are You Hungry (Hungry) in the service system, Baidu and
Alipay in the tool system.

3.4.1 Factor analysis

The running results of factor detectors in Geodetector
show that (Table 4), in the same year, the macroscopic systems
represented by different index factors have significant differences
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in the influence and interpretation degree of PHS. In the five-
time cross-sections, Headline Today, Kuaishou, and Hungry are
important factors influencing the high-quality development of the
PHS. In 2011, it was mainly influenced by two factors, Headlines
Today and Kuaishou; In 2013, Alipay’s ability to influence increased
significantly; In 2015, Kuaishou and Hungry continued to have
a significant influence; In 2017, Hungry and Today’s Headlines
continued to have a high influence status; In 2019, it was more
influenced by the Today’s Headlines, Baidu and Hungry factors.
Taken together, the high quality of the PHS development is the result
of the factors acting with different intensities on the subsystem drive.

3.4.2 Systematic analysis

The quality of PHS has changed due to the strength
of the interpretation of each index element. Based on the
systematic analysis (Table 5), the five major systems have different
explanatory abilities to the PHS. In 2011, the systems with the
strongest explanatory power of PHS were the contact system
and entertainment system. In 2013, they were the tool system
and entertainment system. In 2015, they were the entertainment
system and service system. In 2017, they were the read system
and entertainment system. In 2019, they were the tool system and
read system.

Specifically: (1) In the contact system, China Mobile > Weibo
> QQ > WeChat, which are the dominant influencing factors
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TABLE 3 Corresponding relationship, coupling degree and coupling coordination degree of coordinated development of PHS.

Corresponding relationship type

Coupling degree

Coupling coordination degree

Shenyang 0.8515 0.2912
H-M-M-H-M
Dalian 0.8650 0.2021
M-M-M-M-M Anshan 0.7846 0.0928
M-L-L-M-M Jinzhou 0.7417 0.0614
M-L-L-M-L Fushun 0.7694 0.0533
Dandong 0.7538 0.0516
L-L-L-M-L
Yingkou 0.7788 0.0554
Benxi 0.7287 0.0367
Fuxin 0.7911 0.0385
Liaoyang 0.7947 0.0404
L-L-L-L-L Panjin 0.7692 0.0440
Tieling 0.7419 0.0447
Chaoyang 0.7562 0.0461
Huludao 0.7445 0.0502

TABLE 4 The driving factor of urban PHS (q) among 14 cities in
Liaoning province.

PHS 2011 2013

PHSI1 0.9872 0.9729 0.9498 0.9740 0.8708
PHS2 0.9860 0.9760 0.9490 0.9742 0.8806
PHS3 0.9892 0.9751 0.9520 0.9769 0.9851
PHS4 0.7304 0.9745 0.9512 0.9740 0.9829
PHS5 0.9846 0.9766 0.9525 0.9722 0.8840
PHS6 0.9879 0.9743 0.9877 0.9743 0.8684
PHS7 0.9841 0.9732 0.9508 0.9718 0.8818
PHS8 0.9860 0.9733 0.9614 0.9846 0.9846
PHS9 0.9850 0.9755 0.9507 0.9748 0.9865
PHSI10 0.6145 0.9799 0.9477 0.9746 0.9830

of communication, community, and social chat, respectively. The
former two are developing, while the latter is shrinking; (2) In the
read system, Tencent News > Today’s Headlines > Moji Weather,
Tencent News and Today’s Headlines are the dominant influencing
factors of information category, and weather is the dominant
influencing factor of weather category, among which Tencent
News is developing; (3) In the entertainment system, Kuaishou
> QQ music > Tencent video, Kuaishou and QQ music belong

Frontiers in Earth Science

14

TABLE 5 The driving system of urban PHS in Liaoning province.

Systems of PHS 2011 2013 | 2015

Contact 0.9866 0.9744 0.9494 0.9741 0.8757
Read 0.8598 0.9748 0.9516 0.9754 0.9840
Entertainment 0.9862 0.9754 0.9701 0.9732 0.8762
Service 0.9851 0.9732 0.9561 0.9782 0.9332
Tool 0.7998 0.9777 0.9492 0.9747 0.9847

to the dominant influence factors of music and entertainment,
while Tencent video belongs to the dominant influence fac-tors of
video, all of which are in the contraction stage; (4) In the service
system, 58.com > Meituan > Amap > JD.COM, among which
58.com and Meituan belong to the leading influencing factors of
life service, Amap belongs to the leading influencing factors of
travel, and JD.COM belongs to the leading influencing factors of
shopping and is in a shrinking trend; (5) In the tool system, QQ
Browser > Alipay, QQ Browser is the dominant influence factor
of search system category, Alipay is the dominant in-fluence factor
of financial management category, and both of them are in the
devel-opment trend.

3.4.3 Mechanism analysis

(1) Tool system and read system are the emerging driving forces
for the high-quality development of PHS. From 2011 to
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2020, the influence of the tool system and read system on
PHS has been continuously enhanced. The tool system is an
important medium for life service, software management, and
application in PHS, and the read system is a new driving
source for information acquisition and dissemination in PHS.
Generally speaking, both of them have always been in a
high-scoring position, showing a steady and positive trend,
which has further promoted the deepening and integrity of the
construction of PHS and played a leading role.

(2) Contact and entertainment system are the basic driving forces
for the high-quality development of the PHS. Based on the
system to which the detection factor in the geographic detector
belongs, from 2011 to 2020, the communication, social, and
audio-visual entertainment system in Liaoning Province has
always been in an upper-middle position, until 2019, the
explanatory power weakened, and the scores of the system’s
PHS dropped to 0.8757 and 0.8762 respectively. It shows that
the two are the basic driving forces to maintain the stable
development of PHS.

(3) Service system is the invisible driving force for the
development of PHS. From the results obtained by the factor
detector, it can be found that the influence q of Ctrip and “Are
you hungry” on the development of the PHS in the service
system is relatively stable, and the quality of the PHS in the
system fluctuates from 0.9332 to 0.9851, with a stable but not
obvious explanatory power, indicating that from 2011 to 2020,
the residents living service takes the Internet constructed PHS
as the base plate, the degree of reliance on the service system
is relatively stable, and the system becomes the invisible driver
of the quality development of the PHS.

(4) From 2011 to 2020, the core dominant system of the PHS
has undergone a dynamic transformation from contact system,
entertainment system to tool system and read system. The
essence of the transformation of the core domination system
is the internal transformation of urban residents’ demands
for “smart cities” When basic psychological needs such as
communication, social chat, music and entertainment are met
through the Internet, residents will make in-depth use of
information reading, work and study, financial investment, etc.
Contact and entertainment have become the basic systems
to maintain steady development, while tool system and read
system have begun to accelerate their expansion in the network
sector as emerging needs. Each system is based on human
will as the starting point and foothold to penetrate each
other and complement each other in the process of updating
(Figure 10).

4 Discussion

HS is the cornerstone of human survival and development, and
its quality directly affects the quality of people’s daily life, the speed
of social progress and the balance of natural ecology. Most of the
existing researches are conducted from a realistic perspective in
terms of indicator system (Liu et al., 2022), management framework
(Adeniran et al., 2021), resilience (Tang and Long, 2022), and
sustainability (Wang and Chiou, 2019). However, in the context of
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the informationization era, PHS has become an important part of
social development, this paper starts from the pseudo perspective,
based on the “three states” human settlements theoretical system,
and researches the spatial-temporal dynamics of the PHS in
Liaoning Province and the driving mechanism.

The results of the study found that its temporal development
has obvious nodal characteristics, and festivals, holidays, and e-
commerce festivals bring certain fluctuating influences to the
PHS, which corresponds to the studies of Zhan et al., (2024) on
the heterogeneity of intercity travel time of the residents in the
Yangtze River Delta region, and Zhang, (2021) in the study of
the transition from “6.18”to “ 11.117: the study of e-commerce
festivals corresponds. It shows that specific time nodes have a great
influence on people’s lives. The PHS in Liaoning Province during

the study period generally presents a “1”

geographical layout with
Shenyang, Anshan and Dalian as the main body, which is consistent
with the overall distribution pattern of Guan etal.'s (Guan et al.,
2022) comprehensive suitability evaluation of urban HS in Liaoning
Province, and Li etal's (Lietal, 2019) study on the suitability
of urban HS in Liaoning Province, even though there are subtle
differences.

The study of spatial patterns is useful for revealing the essential
properties of space, exploring the interactions between space and
human activities, and promoting the understanding and practice
of urban and regional development. At present, there have been
many international studies on spatial patterns, such as Balsa-
Barreiro and others (Balsa-Barreiro etal., 2021) on population
dynamics on a local scale, Huynh and others (Huynh et al., 2018)
on the comparison of the spatial pattern of urban systems, and
Yan and others (Yan et al., 2024) on the spatial pattern of China’s
nighttime economy, which have all mentioned to varying degrees
the influence of people on spatial patterns.

People are the main driving force of social life, and there
are differences in driving strength and behavioral preferences
among various groups, such as people’s own will, population
migration, urban planning and other factors have a great impact
on the evolution of spatial patterns and the distribution of
spatial patterns in the region. Ulloa-Leon and others (Ulloa-
Leonetal,, 2023) have developed a study on healthy cities
from the perspective of “15-min city” and the elderly, Wang
and others (Wang etal,, 2024) have developed a study on the
interactive effects of human settlements and population migration
from the perspective of disaster prevention, and Maswoswere
and others (Maswoswere et al., 2023) studied town planning and
development from the perspective of disaster prevention.

This paper researches the spatio-temporal dynamic evolution
characteristics and driving mechanism of urban HS in Liaoning
Province from the perspective of pseudo, and although some
meaningful conclusions have been obtained, there are still
deficiencies: @ Although this paper systematically researches the
development characteristics of the PHS, the development of the
PHS is rooted in the RHS and is influenced by the RHS, and it
lacks the research on the interaction relationship between the two.
In the future, we should carry out research on the coupling and
coordination of PHS and RHS. @ The article has not yet taken into
account the population factor behind the data, and the behavioral
preferences of individuals will affect the composition of the data,
such as the difference between youth groups and elderly groups,
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FIGURE 10
The driving mechanism of the PHS.

healthy groups and disabled groups. In the future, the subjects of
PHS research should be further refined, such as for college students,
special groups and other subjects of the subdivided research. ® As
a branch of human settlements science, PHS is a cross-disciplinary
research field involving geography, sociology, psychology and
other disciplines, and the research on PHS should emphasize the
transformation of the research form into a “three-state” human
settlements and interdisciplinary research.

5 Conclusion

Under the background of informationization, with the
continuous development of big data, artificial intelligence, Internet
of Things and so on, the development of PHS has been given a good
opportunity for development. The construction and improvement
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of the HS is related to the residents’ daily life and their own interests,
and the PHS is an important part of the HS in accordance with
the development of the times. Liaoning province is the outlet
of Northeast China, rich in sea and land resources, and as the
only outlet province of Northeast Asian hinterland connecting
Asia and Europe, Liaoning province is the key gateway to the
world in Northeast China (Lietal., 2024). Therefore, this paper
takes Liaoning Province as the study area, and investigates the
spatial and temporal dynamic evolution characteristics of the
PHS in 14 cities in Liaoning Province from 2011 to 2020, as
well as the characteristics of the couping coordination of the
system and the internal driving mechanism. In order to enrich
the multiple changes of the HS, improve the research model of
the coupling and coordination of the “three states” of the human
settlements, promote the development of the discipline of human
settlements geography and the coordinated development of cities,
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and provide reference and new ideas for the research in the
field of PHS.

(1) Evolution characteristics of time process: 1) Overall and node
characteristics: Taking the long time series as a reference, the
quality of the PHS shows a fluctuating upward trend over
a 10-year period. Taking individual years as a reference, the
PHS has the node effect of “Internet festivals’, in which the
PHS before and after a certain time node is characterized by
an obvious increase or decrease. This phenomenon is mostly
manifested in e-commerce festivals with special meanings
given by merchants, such as “6.18”, “Double Eleven” and
“Double Twelve”, as well as the May 1 long vacation and the
11th National Day Week, Double holidays and other netizens
network active time period, and the regularity is obvious,
there are every year; 2) Deviation degree and classification
characteristics: From 2011 to 2020, the deviation degree of PHS
showed gradient characteristics consistent with the average
value, and experienced two significant fluctuations in the past
10 years, with deviations among cities in the province; The
PHS shows obvious hierarchy, which can be divided into
three types: core, sub-core, and development areas; 3) Stage
characteristics: From 2011 to 2020, the average quality of PHS
showed gradient characteristics, and the five major systems
had obvious influences on the overall trend. The PHS has
transformed from the leisure and entertainment-oriented type
in the early stage to the life-service type and entertainment-
rich type, and the network demands of netizens have shown a
diversified trend.

(2) Evolution characteristics of spatial pattern: 1) Regional
differentiation characteristics: From 2011 to 2020, the PHS
showed obvious regional differentiation characteristics. Except
for central Liaoning, the development of PHS in other areas
has a trend of moving from the north to the middle and
then to the south. The high-quality development center has
always maintained the “1” geographical layout with Shenyang,
Anshan, and Dalian as the main bodies; It presents the
characteristics of a hill-type dominant spatial pattern, which
is, the spatial structure of the central area decreases in a step-
like manner from the north to the south; 2) Trend surface
characteristics: The trend surface of the PHS shows a low
uniformity pattern of “high in the central and southern regions
and low in the surrounding areas”, with an obvious “U”-
shaped distribution pattern in the north-south direction, and
an obvious arch-shaped distribution pattern in the east-west
direction; 3) It shows the spatial characteristic of the hilly type
and produces the hierarchical characteristics of “dual-core”
dominant city, “triple sub-core” city and concentric circular
development model.

(3) Characteristics of system coupling and coordination: 1) The

coupling degree and coupling coordination degree of the

PHS system showed a fluctuating upward trend; The type

of coupling degree in Liaoning Province has experienced

the transformation from antagonism stage to running-in
stage to high-level coupling stage, the type of coupling
coordination degree has changed from moderate imbalance to

mild imbalance, barely and primary coordination, and then

fell back to mild imbalance; 2) In terms of time distribution:
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The coordination degree of the system is developing well, but
there is a gradual slowing trend, and there is a contraction
point of system coupling. The coupling degree among cities
is on the rise, and the gap is weakening, but there is a
difference in growth rate; 3) In terms of spatial distribution:
The internal structure of the system between regions is quite
different and has obvious differentiation characteristics. Each
region is always in a state of imbalance of different strengths.
The PHS coupling coordination center of Liaoning has the
spatial heterogeneity characteristics of “high in the central part
and low in the surrounding areas”, and this central dominant
pattern has changed from “multiple-ternary-dual”.
(4) The PHS is the result of multiple systems and factors, the
changes in various systems and factors reflect residents’
humanistic needs. Tool and read system become the emerging
driving force, contact and entertainment system become the
basic driving force, and service system is the invisible driving
force; Communication, community, information, life service,
financial management, etc. are important dominant factors;
The level of coordinated development of contact system and
service system is higher, and the corresponding relationship of
urban system development has a gradient feature.

The research on the spatio-temporal evolution trend and
driving mechanism of PHS reflects the multi-change trend of
HS and improves the research model of “three-state” human
settlements coupling and coordination. The research results can
provide reference and new ideas for the research and coordinated
development of PHS-related fields.
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