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Abstract: This study aims to examine the gender gaps in the use of urban space in Seoul, Korea,
to provide empirical evidence for urban planning for gender equality. We analyzed daily temporary
populations that were estimated using mobile phone data. We used the total, women’s, and men’s
temporary populations as well as the subtraction of the temporary population of men from that
of women (SMW) as dependent variables. We first conducted a visual analysis on temporary
population density using kernel density estimation and then conducted a further analysis using
spatial autocorrelation indicators and spatial regression models. The results demonstrate that:
(1) Temporary population patterns for women and men showed similarities in that both were larger
in business areas than in residential areas, which means that a large number of women were engaged
in economic activities like men; (2) the pattern for SMW showed the opposite, that is, women were
more active in residential areas and areas where neighborhood retail shops, cultural facilities, parks,
and department stores were easily accessible; and (3) both women’s temporary population and SMW
had spatial autocorrelation and thus showed clustering patterns that can be helpful in urban planning
for gender equality in Korea.
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1. Introduction

This study examined gender gaps in the use of urban space in Seoul, Korea, to provide empirical
evidence for urban planning for gender equality by studying the temporary population estimated
using mobile phone data. “Temporary population” refers to a population that exists in a certain area
during a specific period of time. This study specifically examined daily temporary population.

Gender equality is an ongoing issue that has been debated for over a hundred years, and its
importance is still increasing through global democratization and cultural change [1]. Establishing the right
relationship between men and women is essential for human sustainability [2]. The International Labor
Organization (ILO) declared gender equality “as a matter of human rights, social justice, and sustainable
development” [3] (p. 92). Gender issues continue to be discussed in most fields, including labor, education,
health, and politics. For example, the Global Gender Gap Report, which was first published by the
World Economic Forum, evaluates countries in four categories: Economic participation and opportunity,
educational attachment, health and survival, and political empowerment [4].

In the field of urban theory and planning, scholars began to criticize urban planners in the 1970s
for creating an urban environment that prioritizes men’s needs [5–7]. Since then, they have sought
alternative approaches to creating urban spaces that meet men and women’s needs equally [8–11].
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However, despite academic efforts devoted to gender equality, the practical application of gender
perspectives remains limited [12], which may be partially due to the lack of objective data evidencing
the disparities between women’s and men’s use of urban space [13]. Even if it is self-evident that
there is gender inequality in terms of access to and use of urban space, it is important to understand
how inequality occurs to provide practical alternatives for improvement. The ILO states that “gender
equality...does not mean that women and men have to become the same, but that their rights,
responsibilities and opportunities will not depend on whether they were born male or female” [3] (pp.
91–92); this means that gender equality is not nominal equality that treats men and women the same,
but rather true equality that reflects the needs of each on the premise that there are physical and social
differences between them. To incorporate true gender equality in urban planning, information on the
differences between men’s and women’s uses of urban space is first necessary, and the more detailed
the information, the more precise planning can be achieved. In other words, data on the scale of daily
life are needed to ensure changes at a level that people can perceive in everyday life.

Despite the need for objective data on gender differences in the use of urban space, there have not
been many empirical studies on how each gender uses urban space in everyday life. One of the major
reasons for the scarcity of research has been the difficulty of collecting micro and dynamic data that
capture people’s spatial behaviors in daily urban environments. Although some researchers have used
census data to investigate gender differences in spatial patterns in cities [14–16], census data, which are
collected every 5 or 10 years with a large census output area, provide little information to demonstrate
dynamic daily patterns at a micro-level.

To understand spatial patterns of daily life, dynamic information such as temporary population,
rather than static data such as residential populations found in census data, is required. Temporary
populations can be estimated indirectly from symptomatic indicators such as electricity use, or directly
by counting or surveying the number of people present at specific locations and times [17]. However,
indirect estimates have limitations in terms of accuracy, and direct estimates are too expensive to carry
out on a large scale for a long time. Only recently, large-scale collection of such data has become
possible in many countries with the development of information and communication technologies
(ICT), including mobile phones and Wi-Fi [17,18]; as a result, studies on temporary populations using
ICT data have begun to emerge [18].

Among the available ICT data, this study used mobile phone data to estimate temporary
populations by gender. Specifically, the mobile phone data, which provide real-time location information
of individuals, enable the analysis of detailed patterns in the use of urban space. In addition, temporary
populations can be estimated for various time ranges depending on the purpose of research, such as
the population in an hour, a day, a week, or a year [19]. We defined temporary population for this
study as the one-day population because this study aimed to analyze gender differences in daily use of
urban space.

Using daily temporary populations, this study sought to analyze how gender-specific differences
occur in the use of space, to develop and verify statistical models to explain spatial patterns, and to
deduce the causes of such differences. Specifically, kernel density was first used to visually analyze
the density of temporary populations. The spatial autocorrelation of temporary populations was
then analyzed using Moran’s I and local indicators of spatial association (LISA). Subsequently, spatial
regression models, such as a spatial lag model (SLM) and a spatial error model (SEM), were used to
analyze the influencing factors of temporary populations.

To derive implications for gender-sensitive planning, data on gender differences are necessary
instead of simply data on women. In the same culture, women and men can show largely similar
patterns in space use, and thus the importance is the difference in use, however small. Accordingly,
it is necessary to identify the behaviors and places where differences arise and to determine whether
the differences are due to unequal systems or inherent differences between men and women.

The case study area, Seoul, Korea, meets the purpose of the study in two ways. First, Korea is
a country where ICT is very advanced, and as of February 2020, Korea’s mobile phone penetration
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rate reached 129.3% and smartphone penetration rate reached 99.1% [20]. Therefore, it is possible to
estimate temporary populations using mobile phone data in Korea. Second, compared to Western
societies, there has been insufficient urban gender research in Korea. Thus, the empirical findings on
the gender gap in Korean cities provided by the study are expected to provide substantial contributions
to promote gender equality in Korea.

2. Literature Review

2.1. Gender and Urban Environment

2.1.1. Modern History of Gender Equality

Modern efforts for gender equality began in Western society in the late 19th century. The term,
“feminism” was coined in France in the 1880s and spread through Western countries by the early 20th
century [21]. Winning women’s suffrage was the major goal of the first-wave women’s movement at
this time. As a result of these efforts, in many Protestant countries, women won suffrage by 1920, but it
took more time in other countries, including Catholic countries [22].

The second wave of the women’s movement began in the United States in the 1960s and covered
broader issues, such as gender equality in workplace and home and the separation of sex and gender [23].
World War II had a great influence on peoples’ attitudes on gender issues [24,25]. On one hand, women
were forced to come out of their homes, as they filled the large labor shortage due to the war, and since
then, women’s entry into the labor market has continued to expand [25]. In addition, international
stability and economic affluence after the war contributed to increasing gender egalitarianism [26].
On the other hand, man-centered sociologists and media pursuing social stability after the war actively
spread the ideology stereotyping the role of women as housewives [25]. These conflicting effects of
World War II have continued until today and have spread throughout the world. That is, more women
are now working in the public domain, and gender-egalitarian attitudes have spread further, but still,
there are strong social expectations that take domestic labor as the responsibility of women even in
developed countries [27]. These trends are equally evident in Korea [28,29].

2.1.2. Gender in the Urban Planning Field

Modern urban planning and design were areas dominated by men and had little regard for gender
issues until the 1960s [5,30]. Planners and designers, taking the working male as the natural user of the
city, intentionally or unintentionally created cities reflecting patriarchal values. Fainstein and Servon
pointed out that even Jane Jacobs, one of the most influential women in planning history, showed little
explicit interest in gender issues [31].

From the 1970s, however, issues related to gender equality continued to be raised in the urban
planning field with the influence of the second-wave women’s movement [5,11,30,31]. First, scholars
questioned the separation of the public realm of work and the private realm of family, the former being
historically occupied by men and the latter by women. They criticized such a dichotomous approach
and stressed the importance of connections between home and workplace [31]. For this purpose,
the inclusion of women in the entire process of planning and development, including decision-making
and data collection, is important [32].

Sandercock and Forsyth’s argument for the distinction between practical and strategic approaches
is noteworthy in the context of actions aimed at realizing such gender-egalitarian planning. The former
is directly related to women’s experience and does not challenge existing social structures, while the
latter aims to alter the fundamentally unequal relationships between women and men [11]. Balancing
between both approaches is important in order to reflect women’s present and future needs in the
planning process.

In Korea, as in Western countries, the women’s movement for women’s overall rights and interests
has lasted for more than one hundred years [33], but full-fledged discussions on the creation and use
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of urban spaces from a gender-egalitarian perspective began only in the 2000s [34,35]. Since then,
policies such as “Women-Friendly City” have also been implemented to reflect women’s needs in
the creation and management of urban spaces [36,37]. Although many Korean studies on the subject
of gendered urban spaces have covered discourses on gender theoretically [38–41], there are not
many empirical studies on gender differences related to real urban spaces [42–46]. Some empirical
studies have examined the distribution of land uses after classifying land uses by gender according to
the traditional gender role ideology [46,47]. Others have investigated spatial preferences by gender
through surveys [42,44] or interviews [45]. These studies, however, have not dealt with actual gender
behavior in the use of urban spaces, which is the main subject of this study. In contrast, Son analyzed
data on actual behavior related to the use of spaces, that is, survey data about mobility in Seoul [43].
The study revealed that married women with children had less mobility than men in urban spaces,
while unmarried working women had the same or even higher mobility than men [43], which implies
that socially formed gender roles can have a greater impact on women’s lives than biological sex.

2.2. Temporary Population

Temporary population is defined, for this study, as a population that exists in a certain area
during a specific period of time. This definition was drawn up with consideration for the fact that this
study analyzed the estimated daily population from mobile phone data with dynamic information.
Temporary populations are not yet official population statistics in most countries, but are widely
used in many research areas [18]. Temporary population refers to various terms depending on
research purpose: Daytime population [48–52], seasonal population [53,54], service population [55,56],
and floating population [57–61].

Traditional and conventional population captures a population at a single point in time but ignores
the short-term dynamic movement of populations [62]. Although the temporary population does not
have a clear definition at the academic level, it is expected to be used more in a variety of studies
because it has the advantage of being able to capture short-term population movements.

Temporary populations are estimated using data from various sources, such as census data,
surveys, transportation, remote sensing, Wi-Fi, and mobile phone data. Census-based temporary
populations are generally estimated by adjusting the original census data using a variety of temporal
and spatial measures [48,50,63,64]. Census data have an advantage in estimating the temporary
population, such as daytime population, in that they represent entire populations in a certain region.
However, census-based temporary populations have limitations in that census data capture only
a snapshot of temporary populations on one day or night, every 5 or 10 years. Survey-based temporary
populations vary widely based on the target population, space range, and sample size [49,51,54,55].
Survey data have the advantage of being able to collect detailed information on the spatial and
temporal movement of the population. However, it is possible to have statistical errors in the process of
estimating temporary population in terms of sampling data. Transportation data collected by subway
passes or smart cards are mainly used for estimating the temporary population, such as diurnal
population [65,66]. These data have the advantage of having few errors, but their application may be
constrained to something like commuter analysis.

Advanced technology is increasingly being applied to the estimation of temporary population.
Remote sensing data can be an alternative source for temporary population [67,68], and so can Wi-Fi
data [69,70]. Some studies used mobile phone data like this study [71–74]. In particular, mobile phone
data can provide detailed information on short-term population changes in small areas; however,
as a commercially collected data set, they can be both difficult and costly to access [18].

In Korea, the Seoul Metropolitan Government conducted temporary population surveys from
2009 to 2015. Surveyors directly counted passers-by from 07:30 to 20:30 in a traditional manner at
10,000 points in downtown Seoul [57]. After the temporary population survey project, the Seoul
Metropolitan Government has released temporary population data extracted from mobile phone data in
cooperation with a telecommunication company, SK Telecom. In the past, the Korean government was
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passive in opening public data to protect personal information. Recently, however, the government has
been actively making public data available by shifting its policy toward fostering the big data industry.
Therefore, it is expected that more temporary population data become available as cooperation between
central/local governments and telecommunication companies is strengthened.

The temporary population in previous studies was typically used as an independent variable
of a regression model; it has explained a dependent variable, as shown in the following studies:
Sales amount of retail stores [75,76], the capacity of shelter [58], and the space accessibility of public
transportation [61]. However, few studies have been conducted in which temporary population was
used as a dependent variable of the regression model.

In studies involving temporary population survey data, the temporary population was affected
by the following factors: The density of workers, the locations of bus stops and subway entrances,
sidewalk width, and the number of road lanes [57], as well as land use, green density, bus stop density,
and spatial correlation [60]. In studies using mobile phone data, temporary population was affected by
the number of households, workers, subway stations, and bus lanes [77]. The men’s population was
found to be more negatively affected by air pollution than the women’s population [59].

Despite these studies, gender gaps in the use of urban space have not been fully studied in Korea.
In this regard, this study is expected to contribute substantially to promoting gender-sensitive urban
planning in Korea.

3. Data and Methods

3.1. Study Areas and Data Source

Seoul, the capital of Korea, serves as a national political, economic, and cultural center. It comprises
25 basic local governments called “gu,” which are similar to boroughs. The areas for this study are
gus where the three main centers of Seoul are located. As Figure 1 illustrates, the Seoul Master Plan
includes three main centers: Hanyang Doseong, Yeouido-Yeongdeungpo, and Gangnam [78]. Hanyang
Doseong is a historic cultural center that is home to many historic buildings and government buildings,
including Cheong Wa Dae (the Blue House) and Seoul City Hall, which spans Jongno-gu and Jung-gu.
Yeouido-Yeongdeungpo is an international financial center where financial companies are concentrated,
which is located at Yeongdeungpo-gu. Gangnam is an international business center with high-priced houses
and commercial places popular with young people, which spans Gangnam-gu, Seocho-gu, and Songpa-gu.
This study analyzed the use of space by gender for these six gus in Seoul using temporary population.
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Geovision, a division of SK Telecom, which is Korea’s largest telecommunication company,
provided temporary population estimates using mobile phone data. The data were collected based on
a pCell measuring 50× 50 m, which is a spatial unit that aggregates mobile phone signals, such as phone
use, text messaging, and data communication, excluding Wi-Fi use. The volume of the temporary
population was estimated on an hourly basis by pCell using an algorithm that Geovison developed.

Geovision released temporary population estimates for April, June, September, and December
2013 to the public to promote research through the Big Data Campus of the Seoul Metropolitan
Government. It did not provide hourly data on the temporary population by gender but only daily
temporary population data that summed hourly temporary population for 24 h by point, the coordinate
of pCell. Daily temporary population by gender can only be aggregated by age.

We selected daily temporary population data for September, when outdoor activities occur
frequently given the pleasant weather. To reduce volatility, we calculated the average of daily
temporary populations, which did not target any particular age group, but represented everyone who
used mobile phones. Through this process, 49,368 pCell points with daily temporary populations
by gender were built as a GIS-based database. The distribution of pCell points is affected by the
location of the mobile-communication repeaters of SK Telecom, which are installed with consideration
of population density, topography, land use, and so on. As seen in Table 1, Gangnam-gu has the most
pCell points with 23.6%, while Jung-gu has the fewest pCell points with 7.5%. By center, Gangnam
Center has 65.9% of the pCell points, more than the sum of the pCell points of Hanyang Doseong
Center and Yeouido-Yeongdeungpo Center.

Table 1. Distribution of pCell points.

Gu Num. of Points Percent Center Num. of Points Percent

Jongno-gu 5,620 11.4 Hanyang Doseong 9,333 18.9
Jung-gu 3,713 7.5 Yeouido-Yeongdeungpo 7,522 15.2

Yeongdeungpo-gu 7,522 15.2 Gangnam 32,513 65.9
Gangnam-gu 11,641 23.6

Seocho-gu 10,131 20.5
Songpa-gu 10,741 21.8

Total 49,368 100.0 Total 49,368 100.0

3.2. Description of Variables

3.2.1. Dependent Variables

This study empirically examined the use of urban space and factors influencing it by gender,
using daily temporary population. The total temporary population was first used as a dependent
variable to understand its general characteristics. The women’s temporary population was used to
derive the unique characteristics of women’s activities, and the men’s temporary population was also
used to compare to that of women.

We first analyzed the pattern of temporary populations using kernel density estimation (KDE).
As the distribution of the women’s temporary population was roughly similar to that of the men’s,
it was not easy to derive characteristics unique to women. To overcome this problem, we additionally
analyzed a relative indicator, the subtraction of men’s temporary population from women’s temporary
population (SMW). If the SMW is greater than zero in a certain area, women’s activities are greater
than men’s activities in that area.

Table 2 shows that the average of men’s temporary population is larger than that of women.
As a result, the average of the SMW is less than zero. Given that there are not many areas where
women’s temporary populations are absolutely larger than men’s, we were interested in finding areas
where the SMW is relatively larger than in other areas.
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Table 2. Descriptive statistics of variables.

Variable Variable Description Mean S.D.

Dependent variables
Total temporary population Sum of daily temporary population of women and that of men 425.40 677.63
Women’s temporary population Daily temporary population of women 188.06 308.20
Men’s temporary population Daily temporary population of men 237.32 375.90

SMW Subtraction of men’s temporary population from women’s
temporary population −49.27 115.91

Local dummy variables
Gangnam-gu Reference group 0.24 -
Jongno-gu 1 if Jongno-gu, 0 otherwise 0.11 -
Jung-gu 1 if Jung-gu, 0 otherwise 0.08 -
Yeongdeungpo-gu 1 if Yeongdeungpo-gu, 0 otherwise 0.15 -
Seocho-gu 1 if Seocho-gu, 0 otherwise 0.21 -
Songpa-gu 1 if Songpa-gu, 0 otherwise 0.22 -

Land use characteristics
Business density Number of businesses per hundred square meters by dong 0.21 0.27
Housing density Number of houses per thousand square meters by dong 4.56 6.91
Distance to detached house Distance from pCell point to the nearest detached house (m) 196.36 258.65
Distance to apartment Distance from pCell point to the nearest apartment (m) 110.21 166.08
Land price Average land price by dong (mil. KRW/m2) 4.48 2.92

Demographic characteristics
Population density Population per hundred square meters by dong 1.65 1.13

Child dependency ratio (Number of people aged 0 to 14/number of people aged 15 to 64)
× 100 by dong 16.65 5.08

Old-age dependency ratio (Number of people aged 65 and over/number of people aged 15 to
64) × 100 by dong 14.75 4.34

Commercial services
Distance to department store Distance from pCell point to the nearest department store (km) 2.36 1.56
Clothing retailers Floor area of clothing retailers by dong (1000 m2) 18.90 56.06
Real estate brokerages Floor area of real estate brokerages by dong (1000 m2) 3.44 3.19
Supermarkets Floor area of supermarkets by dong (1000 m2) 3.02 2.09
Hair beauty shops Floor area of hair beauty shops by dong (1000 m2) 3.72 5.54
Snack bars Floor area of snack bars by dong (1000 m2) 1.86 1.05
Bakeries Floor area of bakeries by dong (1000 m2) 3.29 2.97
Singing rooms Floor area of singing rooms by dong (1000 m2) 2.60 3.02
Computer game rooms Floor area of computer game rooms by dong (1000 m2) 1.38 1.49
Billiard rooms Floor area of billiard rooms by dong (1000 m2) 1.86 2.09

Public services

Density of cultural facilities Number of cultural facilities per hundred thousand square meters
by dong 0.29 1.29

Distance to park Distance from pCell point to the nearest neighborhood park (km) 0.17 0.16

Proximity to Public Transit
Distance to bus stop Distance from pCell point to the nearest bus stop (km) 0.24 0.21
Distance to subway station Distance from pCell point to the nearest subway station (km) 0.74 0.77

3.2.2. Independent Variables

According to existing studies, women’s use of urban space differs from men’s use [46,47,79,80].
Women often use private spaces, which are areas that support family care near residential areas,
while men mainly use public spaces as work spaces, which are external areas that produce social
goods [79]. Women use facilities related to childcare, consumption, culture, and leisure activities more,
while men use facilities related to work and entertainment more [46]. The temporary population patterns
are the results of these behaviors. The capacity and suitability of an area to support such behaviors
are important factors that affect the size of its temporary population. Accordingly, we examined the
influences of land use and demographic characteristics, commercial and public services, and proximity
of public transportation on temporary population. To do so, we established independent variables
based on our expectations of differences in women’s and men’s use of urban space at the neighborhood
level (i.e., variables measured by “dong”—the minimum administrative unit—and distance variables)
(see Table 2). Additionally, to examine the influence of each basic local government, dummy variables
using Gangnam-gu as a reference group were adopted. Gangnam-gu was used as a comparative
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standard because it has the largest number of companies and houses, which can influence the temporary
population by generating people’s movement to and from work and home.

Regarding land use characteristics, business density and housing density of each dong were
included as independent variables to represent workers’ activities and residents’ activities, respectively.
Calculation of the business density includes all profit and nonprofit businesses that perform production,
sales, and service activities: Stores, offices, restaurants, schools, hospitals, churches, social welfare
facilities, and so on. Temporary population is expected to be large in commercial areas but small in
residential areas. Particularly in Korea, women’s participation in economic activities is relatively low.
The women’s labor force participation rate is 52.7%, while the men’s is 74.1%, as compared to the
OECD’s average for women’s labor participation rate, 64.0% [81]. Therefore, we expected more men
and fewer women in commercial areas; we also expected a lower SMW in those areas. To examine
the effects of housing type, the distance from each pCell point to the nearest detached house and
the distance from each pCell point to the nearest apartment house were included as independent
variables. In addition, land price was included to represent land use conditions, given that land prices
are generally higher in commercial areas than in residential areas.

Regarding demographic characteristics, considering that there are more women in areas with
more children, the child dependency ratio was included as an independent variable. The old-age
dependency ratio was also included to reflect the low activity of the elderly. The variable of population
density was measured by residential population density because Korea’s official population is managed
by the resident registration system. Thus, in residential areas, population density is likely to be higher
than in other areas. We expected that women are relatively active in high-population-density areas.

Regarding commercial services, the distance to the nearest department store was included because
women are more likely to visit department stores than men (women’s visiting rate: 29.8%; men’s:
25.9%) [82]. The floor areas of small businesses by dong were included to micro-analyze the influence
of various commercial services. Small businesses mean neighborhood stores where people visit for
daily needs. The types of small businesses were classified according to the Korean Standard Industrial
Classification Table [83]. Clothing retailers, hair beauty shops, snack bars, and bakeries—which are
expected to have a positive effect on SMW because women are generally more interested in fashion,
beauty, and food than men—were included in the analysis. In addition, singing rooms, computer
game rooms, and billiard rooms—which are expected to have a negative effect on SMW given that
men typically visit these places more—were included.

Regarding public services, the floor areas of cultural facilities, such as theaters, music halls,
assembly facilities, museums, art galleries, memorials, and libraries, were included because women
typically visit cultural facilities more than men. Because women tend to have more leisure time than
men in Korea and are, therefore, more likely to visit parks, we included the distance from each pCell
point to the nearest park.

Public transportation is a major means of moving people on a large scale throughout Seoul. Bus
stops and subway stations play an important role as centers of public transit service. Points near these
facilities are expected to have a higher temporary population, whereas points farther away from these
facilities are expected to have a lower temporary population. However, little is known about the effect
of the gender gap on temporary populations. To examine this fact, we included the distance from each
pCell point to the nearest bus stop and subway station as independent variables.

3.3. Methods

This study examined influencing factors for three kinds of temporary populations: Total, women’s,
and men’s temporary populations. SMW was also analyzed to understand the differences in women’s
and men’s activities.
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The ordinary least squares (OLS) method was used as a basic model to examine the relationship
between temporary populations and independent variables. OLS regression can be written as follows:

y = Xβ+ ε (1)

where y is an n× 1 vector of observations on temporary populations as a dependent variable; X is an
n× k matrix of observations on independent variables; β is a k× 1 vector of regression coefficients to be
estimated; and ε is the n× 1 vector of error terms with N

(
0, σ2I

)
.

The temporary population data are likely to have spatial autocorrelation in that the data are built
based on pCell points that have similar location conditions when they are adjacent to each other. Spatial
autocorrelation refers to the correlation among values of a single variable that is strictly attributable
to their relatively close locational positions on a two-dimensional surface [84]. The positive spatial
autocorrelation shows that high values tend to be close to high values and low values tend to be
close to low values. Spatial autocorrelation is usually analyzed by using Moran’s I. If the positive
spatial autocorrelation exists in the data, local clustering is generally observed. Local clustering can be
effectively mapped using the local indicators of spatial association (LISA) suggested by Anselin [85].

OLS regression does not consider spatial autocorrelation. Therefore, we used the spatial regression
model to consider spatial autocorrelation. This model has several forms, but two forms are generally
used: The spatial lag model (SLM) and the spatial error model (SEM). SLM assumes that spatial
autocorrelation exists among values of a dependent variable. It is formulated as follows:

y = ρWy + Xβ+ ε (2)

where y, X, β, and ε are the same as in the OLS regression; W is the n× n spatial weight matrix; and ρ
is a spatial autoregression coefficient.

The SEM assumes that there is a spatial autocorrelation among residuals. The SEM is formulated
as follows:

y = Xβ+ u, u = λWu + ε (3)

where y, X, W, β, and ε are the same as in the SLM regression; λ is a spatial autoregression coefficient
of the residuals; and u is an n× 1 vector of residuals. The SLM and SEM estimate parameters using the
maximum likelihood method.

In general, model selection is determined by the Lagrange Multiplier (LM) test. If the LM-Lag
statistic is significant, SLM is selected, and if the LM-Error statistic is significant, SEM is selected.
If both statistics are significant, model selection is determined by comparing the Robust LM-Lag
statistic and Robust LM-Error statistic in the Robust LM test. The goodness of fit of the models can
be compared using the Log Likelihood (LogL), Akaike Information Criterion (AIC), and Schwarz
Criterion (SC). An increase in LogL decreases AIC and SC, which means that the goodness of fit of the
model is improved.

4. Results

4.1. Kernel Density Analysis

To analyze the patterns of temporary populations, kernel density mapping was performed using
KDE of ArcGIS. As shown in Figure 2, the deeper the red color, the larger the temporary population
was, and the deeper the blue color, the smaller the temporary population was. Regarding SMW,
the deeper the red color, the more active women’s use of space was than men’s, and the deeper the blue
color, the less active women’s use of space was. Figure 3 is a zoning map that shows land use patterns
of Seoul. By comparing Figures 2 and 3, we found the relationship between temporary population and
land use.

The results of kernel density analysis are summarized as follows. First, patterns of women’s and
men’s temporary populations were similar. Generally, they were large in commercial areas and small
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in residential areas. Therefore, the women’s temporary population alone has limitations in terms of
deriving gender gap characteristics. Second, SMW showed a pattern that is almost the inverse of
the total temporary population pattern. Women were relatively more active in residential and green
areas than in commercial areas, while men were more active in commercial areas than in residential
areas. Most areas where women outnumbered men were areas with small temporary populations or
residential areas. This result might reflect the tendency of women to stay near their residential areas.
Third, SMW, a relative indicator, tended to be the inverse of the total temporary population, an absolute
indicator, but not in all areas. Among the areas with a large temporary population, there were areas
where the women’s temporary populations were larger than men’s. This phenomenon was noticeable
near areas where department stores are located.
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The overall patterns of total, women’s, and men’s temporary populations were examined through
kernel density. As the spatial pattern of women’s temporary populations was generally similar to
that of men’s and total temporary populations, it was difficult to derive the unique characteristics
of the temporary population pattern of women when analyzed separately. However, SMW showed
relatively prominent characteristics for women’s use of urban space by focusing on the differences
in women’s and men’s temporary populations. Despite these results, an analysis that relies solely
on the visualization of data may be subjective, and thus, it was necessary to specifically verify our
expectations of women’s use of urban space through empirical analysis using statistical models.

4.2. Spatial Autocorrelation

4.2.1. Moran’s I

A spatial weighted matrix was first established to analyze the spatial autocorrelation of temporary
populations. Two criteria, spatial contiguity and spatial distance, are generally used to establish
a spatial weighted matrix. We used the threshold distance method, which is a type of spatial contiguity
that identifies all points in the threshold distance as spatial neighbors. All points were located at
the intersection of a 50 × 50 m grid. The threshold distance was set to 70.8 m, slightly larger than
50
√

2 m, to include four points in the diagonal direction as well as four points in the vertical and
horizontal directions.

Moran’s I was applied to the spatial weighted matrix to analyze the spatial autocorrelation of
temporary populations. Values of Moran’s I measured by the ArcGIS program ranged from 0.41 to 0.57
(Table 3). These results showed that all of the temporary population data had spatial autocorrelation.
In particular, SMW had the highest value of 0.57, indicating strong spatial autocorrelation.

Table 3. Results of Moran’s I.

Variable Moran’s I z p-Value

Total temporary population 0.44 144.26 0.000
Women’s temporary population 0.41 136.70 0.000

Men’s temporary population 0.46 151.32 0.000
SMW 0.57 185.71 0.000
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4.2.2. Local Indicators of Spatial Association

LISA maps using the GeoDA program are shown in Figure 4. When the value of a point and the
values of the points surrounding it are high together, the point appears in red, and when the value
of a point and the values of the points surrounding it are low together, the point appears in blue.
The LISA maps of total, women’s, and men’s temporary populations are similar.
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Red points were clustered in the commercial areas of Hanyang Doseong, Yeouido-Yeongdeungpo,
and Gangnam centers; blue points were prominent in residential areas on the outskirts of all three
centers. SMW had a different pattern from the total, women’s, and men’s temporary populations.
The LISA pattern of SMW was characterized by red points prominent in residential areas and blue
points clustered in commercial areas. This pattern is almost the inverse of the total, women’s, and men’s
temporary populations.

4.3. Results of Spatial Regression Analysis

From the results of the spatial autocorrelation analysis previously conducted, we confirmed that
temporary populations had spatial autocorrelation. Therefore, the two spatial regression models that
can consider spatial autocorrelation, the SLM and SEM, were used for the analysis.

Applying OLS to the four temporary populations, we found that the statistics of the LM test were
all significant, and thus, the introduction of the spatial regression model is valid. However, because
the results of the robust LM tests were all significant, model selection became difficult (see Table A1).
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Therefore, we attempted to select the most appropriate model by comparing the goodness of fit. In all
four models, the SLM had the largest LogL and the smallest AIC and SC, and thus, we selected the
SLM as the most appropriate model (see Tables 3, A1 and A2).

Going forward, the SLM is used to describe the relationship between dependent and independent
variables. The results of the SLM are shown in Table 4. Spatial autoregression coefficients (ρ) were
significant for all models, confirming that the total, women’s, and men’s temporary populations as
well as the SMW data had spatial autocorrelation, which means that there existed local clustering
phenomena, as shown in the LISA cluster maps of Figure 4. In other words, this means that areas located
around areas with large temporary populations tended to have large temporary populations. From
the perspective of urban planning for gender equality, clustered patterns in the women’s temporary
population and SMW have important meanings in that clustered patterns make it easier to support
women’ needs in planning land use and facilities than scattered patterns.

Table 4. Analysis results of the spatial lag model (SLM).

Variable
Total Women’s Men’s SMW

Coef. z Coef. z Coef. z Coef. z

Constant 143.29 *** 5.56 67.85 *** 5.68 73.75 *** 5.24 −8.51 ** −2.15

Jongno-gu 41.81 *** 3.44 21.54 *** 3.83 20.26 *** 3.06 0.12 0.06
Jung-gu 24.10 * 1.74 8.47 1.32 15.52 ** 2.06 −6.36 *** −2.99
Yeongdeungpo-gu 19.25 * 1.81 8.14 * 1.65 11.18 * 1.93 −2.98 * −1.82
Seocho-gu −10.77 −1.21 −4.32 −1.05 −6.42 −1.32 2.04 1.49
Songpa-gu −58.03 *** −5.87 −25.14 *** −5.49 −32.60 *** −6.05 7.43 *** 4.88

Business density 168.14 *** 10.96 69.01 *** 9.72 98.17 *** 11.72 −27.85 *** −11.76
Housing density −0.37 −1.02 −0.13 −0.76 −0.24 −1.20 0.10 * 1.75
Distance to detached house 0.01 0.84 0.01 0.93 0.01 0.73 0.002 0.07
Distance to apartment 0.07 *** 3.59 0.03 *** 3.03 0.04 *** 3.97 −0.01 *** −4.53
Land price 24.36 *** 18.11 10.28 *** 16.54 13.99 *** 19.04 −3.62 *** −17.44

Population density 3.99 1.21 4.99 *** 3.25 −0.83 −0.46 4.63 *** 9.04
Child dependency ratio −0.40 −0.56 0.04 0.12 −0.40 −1.03 0.37 *** 3.40
Old-age dependency ratio −2.88 *** −3.01 −1.68 *** −3.78 −1.18 ** −2.26 −0.33 ** −2.24

Distance to department store 4.02 * 1.49 1.25 1.00 2.75 * 1.86 −1.30 *** −3.13
Clothing retailers 0.05 0.89 0.08 *** 2.78 −0.02 −0.68 0.08 *** 8.54
Real estate brokerages 2.43 ** 2.50 0.63 1.39 1.79 *** 3.36 −1.01 *** −6.74
Supermarkets −8.77 *** −4.83 −4.46 *** −5.30 −4.32 *** −4.36 0.10 0.35
Hair beauty shops −1.50 *** −2.75 −0.54 ** −2.12 −0.95 *** −3.18 0.37 *** 4.36
Snack bars −1.40 −0.44 0.88 0.60 −2.14 −1.23 2.52 *** 5.14
Bakeries 6.10 *** 5.20 3.20 *** 5.89 2.90 *** 4.54 0.09 0.52
Singing rooms 2.96 *** 2.62 1.31 ** 2.50 1.65 *** 2.68 −0.33 ** −1.92
Computer game rooms 6.40 *** 3.01 2.82 *** 2.86 3.61 *** 3.11 −0.81 *** −2.46
Billiard rooms 0.28 0.18 −1.04 −1.43 1.24 1.45 −1.88 *** −7.74

Density of cultural facilities −2.70 −1.29 0.67 0.69 −3.26 *** −2.85 3.28 *** 10.16
Distance to park 41.61 ** 2.31 14.01 * 1.68 27.22 *** 2.77 −11.48 *** −4.13

Distance to bus stop −161.13 *** −10.48 −74.23 *** −10.43 −86.52 *** −10.32 13.83 *** 5.86
Distance to subway station −32.16 *** −6.72 −13.86 *** −6.26 −18.12 *** −6.95 4.22 *** 5.73

Rho (ρ) 0.50 *** 100.09 0.48 *** 95.36 0.51 *** 104.87 0.59 *** 134.16

R-squared 0.33 0.30 0.35 0.45
N 49,368 49,368 49,368 49,368
Log likelihood −383,688 −345,585 −353,858 −292,122
AIC 767,434 691,229 707,775 584,302
SC 767,690 691,484 708,030 584,558

Notes: * p < 0.1; ** p < 0.05; *** p < 0.01.

When looking at local dummy variables, it is important to recall that Gangnam-gu is a reference
group and that the value of the dependent variable is the daily temporary population of each point.
Looking only at signs of estimated coefficients, Jongno-gu, Jung-gu, and Yeongdeungpo-gu were larger
for the women’s temporary population than Gangnam-gu but smaller for the SMW, while Seocho-gu
and Songpa-gu were smaller for the women’s temporary population but larger for the SMW. This pattern
was closely related to population distribution. Each gu’s population ratio compared to total population
is as follows: Songpa-gu, 28.5%; Gangnam-gu, 23.2%; Seocho-gu, 18.6%; Yeongdeungpo-gu, 17.1%;



Sustainability 2020, 12, 6481 14 of 22

Jongno-gu, 6.9%; and Jung-gu, 5.7%. The gus with large populations have large residential areas,
which might have a negative effect on the women’s temporary population similar to men’s, but a positive
effect on the SMW. The coefficients of Songpa-gu, which has a larger population than Gangnam-gu,
had the opposite signs of those of Yeongdeungpo-gu, which has a smaller population. Furthermore,
this explanation may also apply to comparisons between centers. Women’s temporary populations of
Hanyang Doseong and Yeouido-Yeongdeungpo are larger than that of Gangnam, while the SMWs
of Hanyang Doseong and Yeouido-Yeongdeungpo are smaller. This pattern is also attributed to
the fact that the population of Gangnam is larger than those of the other centers: Gangnam, 70.3%;
Yeouido-Yeongdeungpo, 17.1%; and Hanyang Doseong, 12.6%. However, the above explanation has
limitations in that some gus (i.e., Jung-gu and Seocho-gu) were not significant with respect to the
women’s temporary population and others (i.e., Jongno-gu and Seocho-gu) were not with respect to
the SMW.

According to the analysis of land use characteristics, business density had a positive effect on
the women’s temporary population, as well as on the total and men’s temporary populations, and a
negative effect on SMW. Housing density had negative effects on total, women’s, and men’s temporary
populations, but the effects were not significant. Nevertheless, housing density had a positive effect
on SMW. Considering that business density and housing density represent workers’ and residents’
activities, respectively, the results showed that women are more in the commercial area, like men,
but less in the commercial area and more in the residential area. Distance to detached house was
not significant, while distance to apartment was significant in all models. Apartments are located in
large-scale residential areas that have strong residential characteristics, but detached houses are often
found in residential areas mixed with commercial use, which likely affected the results. Land price had
positive effects on total, women’s, and men’s temporary populations, but a negative effect on SMW,
which was the same as business density, but the opposite of housing density. This might be because
land prices are generally higher in commercial areas than in residential areas.

Regarding the effect of demographic characteristics, an increase in population density influenced
an increase in the women’s temporary population and SMW. Population density was higher in
residential areas with more residents, and this positively affected the women’s temporary population
and SMW. Child dependency ratio was not significant for the total, women’s, or men’s temporary
populations. Nevertheless, it had a positive effect on SMW, which is related to the fact that women
are more in charge of childcare than men. An increase in old-age dependency ratio was attributed to
a decrease of all temporary populations, including SMW. Because the elderly are less mobile and use cell
phones with less frequency, the more elderly were in a location, the lower the temporary population.

According to the analysis of commercial services, distance to department store had no significant
influence on the women’s temporary population, but had a significant influence on the total and men’s
temporary populations as well as SMW. Distance to department store had a negative effect on SMW
because the men’s temporary population decreased as a department store became closer. This result
confirmed our expectations. Regarding small businesses, significant variables for the women’s model
are interpreted as follows: Clothing retailers, bakeries, singing rooms, and computer game rooms
had positive effects, while supermarkets and hair beauty shops had negative effects. Different results
appeared for SMW: Clothing retailers, hair beauty shops, and snack bars, which are closely related to
women’s activities, had positive effects, while real estate brokerages, singing rooms, computer game
rooms, and billiard rooms, which are largely men’s activities, had negative effects.

According to the analysis of public services, the density of cultural facilities, which was closely tied
to women’s activities, had a significantly negative effect on the total and men’s temporary populations,
but a significantly positive effect on SMW. As parks were generally located close to residential areas,
the increase in distance to park increased the total, women’s, and men’s temporary populations,
but decreased SMW.

According to the analysis of public transit proximity, both the distance to bus stop and distance
to subway station had significantly negative effects on the total, women’s, and men’s temporary
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populations. However, they had positive effects on SMW, which was closely tied to the fact that men
are more active near bus stops and subway stations.

5. Discussion

The results of the analyses demonstrated the effects of two conflicting ideologies (or trends)
related to the gender roles discussed in the literature review (Section 2.1.1): One is the increase in
women’s inflow into the public domain and the spread of gender-egalitarian attitudes [26], and the
other is the continuing influence of traditional gender role ideology [27]. This study was able to
observe the influences of both trends by using absolute and relative indicators together: Total, men’s,
and women’s temporary populations as absolute indicators, and SMW as a relative one. On one hand,
temporary population patterns for the total, women, and men showed similar patterns in that both
men’s and women’s temporary populations were larger in business areas and smaller in residential
areas, which infers that a large number of women, like men, are participating in economic activities.
These results are consistent with existing studies dealing with the changes in the women’s labor
market in Korea [28,29]. On the other hand, SMW, a relative indicator, showed the opposite patterns of
the absolute indicators described above, reflecting the influence of traditional gender role ideology
emphasizing women’s responsibilities in household affairs. SMW was larger in residential areas and
smaller in business areas. This result is in line with the results of Son’s study, which state that married
women with children are less mobile due to their high responsibility for household chores [43].

Among the above indicators used in this study, SMW is particularly noteworthy. We confirmed the
usefulness of SMW with the following results. The kernel density patterns and the signs of coefficients
of the SLM for women’s and men’s temporary populations were quite similar, and, therefore, it was
difficult to identify women’s use patterns of urban spaces from that analysis. However, the analyses of
SMW demonstrated where women were relatively more active by focusing on the differences between
women’s and men’s activities. Particularly, we found gender differences in the use of urban space
at the local and neighborhood levels, which were in line with existing studies examining gender
differences related to urban spaces [37,42–44,80]. At the local level, the women’s temporary populations
in Hanyang Doseong and Yeouido-Yeongdeungpo were larger than in Gangnam, while SMW was
larger in Gangnam than in Hanyang Doseong and Yeouido-Yeongdeungpo; this is likely because
Gangnam has more residential areas than the other locations, and, therefore, more women’s activities
are expected in Gangnam. At the neighborhood level, women’s activities appeared in the following
ways, depending on the characteristics of neighborhoods. Similar to men’s temporary population,
the women’s temporary population was large in business districts and near subway stations, but small
in residential areas. However, SMW demonstrated the subtle differences between where women’s and
men’s activities occurred; SMW was larger in areas with more dwellings, more children, and more
neighborhood retail, such as clothing stores, beauty shops, and restaurants, as well as closer to parks,
department stores, and cultural facilities. These results affirm Garcia-Ramon’s statement that women
“spend more time outdoors, carrying out tasks which are mostly related to family affairs and domestic
work” [87] (p. 216), and also coincide with the results of Korean studies that uncovered women’s
preference for urban spaces related to upbringing and leisure [37,44]. However, as Son’s study
suggested [43], such results might be caused by socially formed gender roles rather than biological sex.
Son revealed in her study analyzing survey data about mobility in Seoul that married women with
children had less mobility than men in urban spaces, while unmarried working women had the same
or even higher mobility than men.

In addition, both women’s temporary populations and SMW had spatial autocorrelation and,
therefore, showed clustering patterns (see the LISA cluster map in Figure 4). This is an improved
result from the result of Yun et al.’s study [60] analyzing temporary population survey data and
demonstrating that temporary populations had spatial correlation, in that this study conducted a more
accurate analysis with 49,368 data points, while Yun et al. used 10,000 data points. In terms of urban
planning for gender equality, clustered patterns of women’s temporary populations and SMW have
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important meanings, particularly with regard to practical approaches for gender-egalitarian planning,
as Sandercock and Forsyth suggested [11]. That is, clustered patterns make it easier to support women’s
present needs in planning land use and facilities than do scattered patterns. A strategic approach that
aims for a fundamental change of social structure that produces gender inequality may require more
than physical planning to satisfy present needs.

6. Conclusions

In this study, we examined gender gaps in the use of urban space in Seoul, Korea to provide
empirical evidence for urban planning for gender equality. We analyzed daily temporary populations
collected from mobile phone data. We used the total, women’s, and men’s temporary populations and
SMW as dependent variables, with a particular focus on the women’s temporary population and SMW,
which subtracts men’s temporary population from women’s temporary population. We first made
a visual analysis of temporary population density using KDE, and conducted further analysis using
spatial autocorrelation indicators and spatial regression models.

The key findings are summarized as follows. First, temporary population patterns for women and
men showed similar patterns in that both temporary populations were larger in business areas than
in residential areas, which means that, like men, a large number of women are engaged in economic
activities. Second, the pattern for SMW showed the opposite patterns, that is, women were more
active in residential areas and areas easily accessible to neighborhood retail shops, cultural facilities,
parks, and department stores. Finally, both women’s temporary populations and SMWs had spatial
autocorrelation and, thus, showed clustering patterns.

This study contributes to urban planning for gender equality in Korea by analyzing how
gender-specific differences occur in space use, explaining spatial patterns, and deducing the causes
of such differences. This study has the same limitations related to representativeness of data and
different patterns of mobile phone use as other studies analyzing mobile phone data. As Gauvin
warned, first, data may not be representative of the population being studied due to the market share
of the telecommunication company providing the data; second, people’s patterns of use of space are
inferred through their patterns of mobile phone use [80]. Further studies analyzing mobile phone
data from other telecommunication companies may contribute to addressing the issues related to
the former limitation, and those analyzing temporary population collected by field survey may help
solve the latter limitation. The study also has another limitation related to data. Geovision collected
mobile phone data on an hourly basis, but released limited data compiled on a daily basis to the
public. Therefore, we could not analyze space usage patterns by gender on an hourly basis. However,
the Korean government is demanding that private telecommunications companies release more and
more information to the public, so it is expected that it will be possible to analyze hourly data in the
near future. Finally, this study, as an exploratory study, analyzed the overall patterns of space use by
gender observed at local and neighborhood levels, and gave little consideration to the detailed spatial
qualities each place has. However, such spatial qualities must also be considered in order to propose
practical urban policy alternatives for public spaces, and future studies focusing on a specific place
and analyzing the spatial qualities of that place may complement such a limitation.
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Appendix A

Table A1. Analysis results of ordinary least squares (OLS) regression.

Variable
Total Women’s Men’s SMW

Coef. t Coef. t Coef. t Coef. t

Constant 295.84 *** 10.11 158.41 *** 9.82 136.41 *** 10.17 −21.62 *** −4.46

Jongno-gu 74.35 *** 5.39 36.64 *** 4.82 37.67 *** 5.96 1.04 0.46
Jung-gu 41.60 *** 2.65 27.82 *** 3.21 13.84 * 1.92 −14.00 *** −5.37
Yeongdeungpo-gu 34.10 *** 2.83 20.18 *** 3.04 13.99 ** 2.53 −6.22 *** −3.11
Seocho-gu −24.01 ** −2.37 −14.47 *** −2.60 −9.56 ** −2.06 4.92 *** 2.94
Songpa-gu −111.29 *** −9.92 −64.57 *** −10.45 −46.69 *** −9.07 17.87 *** 9.60

Business density −0.91 ** −2.19 −0.59 ** −2.57 −0.32 * −1.69 −67.7 *** −23.53
Housing density 0.02 1.08 0.01 0.91 0.01 1.21 0.27 *** 3.85
Distance to detached house 0.13 ** 5.90 0.08 *** 6.71 0.05 *** 4.81 0.001 0.34
Distance to apartment 47.45 *** 31.45 28.05 *** 33.75 19.42 *** 28.07 −0.03 *** −8.99
Land price −1.05 −1.30 −0.97 ** −2.19 −0.06 −0.17 −8.63 *** −34.51

Population density −5.55 *** −5.11 −2.34 ** −3.90 −3.18 *** −6.39 11.32 *** 18.13
Child dependency ratio 333.42 *** 19.22 200.55 *** 20.99 132.82 *** 16.69 0.91 *** 6.76
Old-age dependency ratio 7.54 ** 2.00 −1.89 −0.91 9.42 *** 5.46 −0.86 *** −4.77

Distance to department store 0.15 ** 2.23 −0.02 −0.45 0.17 *** 5.37 −3.07 *** −6.03
Clothing retails 5.08 *** 4.60 3.76 *** 6.17 1.34 *** 2.63 0.19 *** 16.36
Real estate brokerages −16.45 *** −7.98 −8.26 *** −7.28 −8.18 *** −8.65 −2.43 *** −13.24
Supermarkets −2.83 *** −4.56 −1.86 *** −5.44 −0.97 *** −3.40 0.08 0.24
Hair beauty shops −4.29 −1.19 −5.20 *** −2.61 0.96 0.58 0.89 *** 8.66
Snack bars 11.78 *** 8.85 5.76 *** 7.85 6.02 *** 9.86 6.14 *** 10.25
Bakeries 5.50 *** 4.27 3.18 *** 4.49 2.33 *** 3.95 0.26 1.20
Singing rooms 12.55 *** 5.19 7.23 *** 5.43 5.35 *** 4.83 −0.85 *** −4.00
Computer game rooms 1.15 0.65 2.86 *** 2.90 −1.71 ** −2.08 −1.89 *** −4.70
Billiard rooms 7.08 ** 2.31 5.08 *** 3.00 2.02 1.43 −4.56 *** −15.39

Density of cultural facilities −4.46 * −1.87 −6.01 *** −4.59 1.56 1.43 7.57 *** 19.20
Distance to park 73.93 *** 3.61 51.14 *** 4.53 22.83 ** 2.43 −28.33 *** −8.33

Distance to bus stop −315.88 *** −18.16 −174.98 *** −18.27 −140.95 *** −17.67 34.05 *** 11.80
Distance to subway station −63.05 *** −11.63 −36.69 *** −12.29 −26.33 *** −10.59 10.36 *** 11.52

R-squared 0.13 0.14 0.12 0.18
N 49,368 49,368 49,368 49,368
Log likelihood −388,381 −358,936 −349,904 −299,678
AIC 776,818 717,927 699,865 599,411
SC 777,065 718,174 700,111 599,658
LM-Lag 11,887.5 *** 12,871.3 *** 10,927.2 *** 19,054.4 ***
LM-Error 11,696.1 *** 12,650.2 *** 10,763.5 *** 18,618.7 ***
Robust LM-Lag 206.2 *** 235.6 *** 178.9 *** 452.0 ***
Robust LM-Error 14.7 *** 14.5 *** 15.2 *** 16.3 ***

Notes: * p < 0.1; ** p < 0.05; *** p < 0.01.

Table A2. Analysis results of spatial error model (SEM).

Variable
Total Women’s Men’s SMW

Coef. z Coef. z Coef. z Coef. z

Constant 367.82 7.94 162.31 *** 7.75 201.41 *** 7.78 −40.17 *** −4.79

Jongno-gu 77.41 *** 3.38 37.71 *** 3.65 39.78 *** 3.10 −3.52 −0.83
Jung-gu 59.13 *** 2.25 20.33 * 1.72 39.40 *** 2.68 −19.96 *** −4.08
Yeongdeungpo-gu 17.56 0.87 7.65 0.84 10.40 0.92 −2.70 −0.72
Seocho-gu −12.59 −0.74 −5.04 −0.66 −7.57 −0.79 2.58 0.81
Songpa-gu −105.52 *** −5.58 −43.25 *** −5.08 −62.20 *** −5.87 20.06 *** 5.67

Business density 305.43 *** 11.03 123.5 *** 9.87 181.49 *** 11.74 −55.93 *** −11.15
Housing density −0.16 −0.34 −0.05 −0.25 −0.10 −0.39 0.03 0.44
Distance to detached house 0.02 0.95 0.01 0.96 0.01 0.90 −0.002 −0.46
Distance to apartment 0.13 *** 3.64 0.05 *** 3.08 0.08 *** 4.01 −0.03 *** −4.49
Land price 41.53 *** 18.12 17.22 *** 16.56 24.32 *** 19.05 −6.94 *** −17.10
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Table A2. Cont.

Variable
Total Women’s Men’s SMW

Coef. z Coef. z Coef. z Coef. z

Population density 9.9 1.63 9.81 *** 3.58 0.14 0.04 8.93 *** 8.09
Child dependency ratio −1.54 −1.18 −0.25 −0.42 −1.20 −1.63 0.93 *** 3.89
Aged dependency ratio −6.33 *** −3.70 −3.31 *** −4.28 −2.91 *** −3.05 −0.27 −0.88

Distance to department store −0.67 −0.13 −1.3 −0.56 0.67 0.23 −2.19 −2.28
Clothing retails 0.08 0.73 0.12 ** 2.48 −0.04 −0.72 0.15 *** 7.51
Real estate brokerages 3.13 ** 1.99 0.79 1.11 2.35 *** 2.69 −1.36 *** −5.05
Supermarkets −14.82 *** −4.55 −7.49 *** −5.08 −7.33 *** −4.03 −0.07 −0.11
Hair beauty shops −2.6 *** −2.58 −0.92 ** −2.01 −1.67 *** −2.96 0.70 *** 3.79
Snack bars −5.36 −0.94 0.36 0.14 −5.52 ** −1.74 5.63 *** 5.51
Bakeries 10.47 *** 4.98 5.4 *** 5.68 5.08 *** 4.33 0.17 0.45
Singing rooms 5.03 ** 2.43 2.2 ** 2.36 2.86 ** 2.48 −0.58 −1.55
Computer game rooms 8.99 ** 2.35 3.94 ** 2.28 5.19 ** 2.43 −1.25 −1.81
Billiard rooms 0.26 0.09 −2.03 −1.57 2.27 1.42 −4.24 *** −8.16

Density of cultural facilities −5.89 * −1.78 −0.04 −0.03 −5.76 *** −3.14 4.97 *** 8.81
Distance to park 72.77 ** 2.16 24.01 1.58 48.58 *** 2.58 −22.97 *** −3.70

Distance to bus stop −297.1 *** −10.60 −131.67 *** −10.41 −165.63 *** −10.57 35.21 *** 6.88
Distance to subway station −66.35 *** −7.36 −27.49 *** −6.77 −38.78 *** −7.68 11.36 *** 6.80

Lambda (λ) 0.49 *** 99.25 0.48 *** 94.60 0.51 *** 103.94 0.59 *** 133.34

R-squared 0.32 0.30 0.34 0.45
N 49,368 49,368 49,368 49,368
Log likelihood −83,774 −345,658 −353,958 −292,308
AIC 767,605 691,372 707,973 584,672
SC 767,851 691,619 708,219 584,919

Notes: * p < 0.1; ** p < 0.05; *** p < 0.01.
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