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ABSTRACT

Background and objective: A great deal of previous research has highlighted the value of educational and cultural facilities

embedded in housing prices, by taking a large spatial area as the focus, such as the city or district level. However, few 

studies have investigated the extent to which educational and cultural facilities influence the formation of housing prices 

from an accessibility perspective. This study aims to identify the value of educational and cultural facilities embedded in

the housing prices in Seoul Metropolitan City with a focus on the concept of the residents’ neighbourhood and accessibility.

Methods: To this end, this research used a spatial regression model with educational and cultural facilities as the 

independent variables and housing prices as the dependent variable. The model assessed the accessibility of cultural and 

educational facilities by considering geographic effects. 

Results: The findings are as follows. First, the spatial error model was found to be the best fit for multi-unit housing, while

the spatial lag model was more appropriate for single-unit housing and apartments. Second, private educational facilities

and art museums had positive effects on single- and multi-unit housing prices, while historical sites had a negative effect.

Finally, private educational facilities positively influenced apartment prices, whereas public libraries and urban park areas

had a negative effect. 

Conclusion: These findings indicate that the accessibility of educational and cultural facilities reflects residents’ 

preferences and needs, which will ultimately influence housing prices.
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Introduction

How is housing appraised? Are the physical character-

istics of housing the only indicators of its value? While these 

have been ongoing questions in housing research, many re-

searchers have also discussed housing prices per se or in 

relation to locational characteristics (Dong et al., 2019; Li 

et al., 2019; Wittowsky et al., 2020). In reality, housing prices 

reflect not only the physical characteristics of a house itself 

but also the various elements of its location and surrounding 

environment (Adair et al., 2000; Dong et al., 2019; Lan et al., 

2018; Li et al., 2019; Zahirovic-Herbert and Gibler, 2020). 

In particular, the neighbourhood plays an important role 

(Bramley et al. 2008; Lan et al., 2018; Wittowsky et al., 2020), 

in that housing prices vary significantly among different sub-

markets segmented according to accessibility (Adair et al., 2000; 

Feng et al., 2020; Ki and Sung, 2020; Sung and Ki, 2021).

Previous Seoul-based case studies, which mainly focused 

on how urban public facilities affect housing prices over a 

large area, such as a residential district (Jin and Sohn, 2005; 

Kim, 2012; Kim and Lee 2007; Lee, 2010), have primarily 

addressed the extent to which access to educational facilities 

influences housing prices. Further, recent studies on cultural 

facilities and green spaces have explicitly demonstrated that 
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residents appreciate residential areas with access to cultural 

facilities and green spaces, and that housing prices vary ac-

cording to this accessibility (Kang, 2014; Park et al., 2017; 

Sung and Ki, 2021; Yim and Kim, 2020; Yuan et al., 2020).

But thus far, few studies have explored urban public fa-

cilities in terms of accessibility within the residents’ immediate 

neighbourhoods; namely, the area covering a radius of approx-

imately 700 meters from one’s residence. In particular, cultural 

and educational facilities in close proximity (i.e., located at a 

psychologically comfortable walking distance from a resident’s 

dwelling) have been rarely considered (Oh, 2014). Therefore, 

this study aims to analyse easily accessible educational and 

cultural facilities, following Ki and Sung (2020), to bridge the 

abovementioned research gap in housing studies. Specifically, 

it addresses the lack of studies on housing price formation 

by employing the concept of accessibility for residents, thereby 

contributing to housing policy.

The remainder of this paper is organized as follows. In the 

next section, we discuss the research methods and processes 

based on a review of the related literature to determine the 

theoretical background and analysis framework. In Section 

3, this study presents and interprets the research results, 

and Section 4 provides the conclusions and implications 

of the findings.

Research Methods

Study framework

Previously, the main location factors that have been iden-

tified as influencing housing prices included accessibility 

of the central business district (CBD), transportation costs, or 

the spatial pattern of amenities in a city. Specifically, the Alonso- 

Muth-Mills (AMM) urban economic model suggests a mon-

ocentric urban structure, in which housing prices close to the 

CBD are higher than their suburban counterparts due to the 

additional transportation costs for accessing the CBD (Kulish 

et al., 2012). However, this model does not work effectively 

in a polycentric spatial structure because it fails to consider 

certain complex behaviours (Wittowsky et al., 2020).

Brueckner et al. (1999) suggested that, unlike in the AMM 

model, the spatial pattern of amenities can determine the hous-

ing prices in a city. In particular, wealthy people prefer 

central locations or urban centres, which provide better amen-

ities over suburban areas, and this phenomenon increases 

housing prices in central locations (Cai et al., 2020). Similarly, 

Van Duijn and Rouwendal (2012) revealed that, within a 

local context, the majority rule and preferences of residents 

are likely to determine the level of public goods provided. 

This can thus influence the attractiveness of a neighbour-

hood, and in turn, housing prices (Dong et al., 2019).

As such, one of the most prominent factors in choosing a 

residence is the housing price, because it reflects residents’ 

public facility preferences (Decoville and Klein, 2020; Lan 

et al., 2018; Li et al., 2019; Wittowsky et al., 2020). Many 

scholars have found that housing prices are influenced by 

public facilities, with their benefits being evaluated according 

to their accessibility (Lan et al., 2018). Therefore, the spatial 

distribution of public facilities determines their accessibility 

for residents, while the place of residence seems to affect 

public infrastructure services and satisfaction with service 

accessibility (Decoville and Klein, 2020). Consequently, location 

and accessibility have proven to be crucial factors in explaining 

residential housing prices (Yuan et al., 2020), because amenity 

services within walking distance of residential dwellings influ-

ence nearby housing prices (Wittowsky et al., 2020).

To consider the actual factors related to location and ac-

cessibility, the Korean Ministry of Land, Infrastructure, and 

Transport (MOLIT) suggested basic infrastructure and mini-

mum standards for living (Government of the Republic of Korea, 

2018a). Based on these criteria, Seoul Metropolitan City (2019) 

provided clear guidelines under the 2030 Community Plan re-

garding what types of public facilities should be provided 

within a 10-minute walking distance from a residential dwell-

ing (Table 1).

Recently, the Korean government implemented the concept 

of residents’ immediate neighbourhood in real-life settings 

under a three-year plan for providing community social over-

head capital (SOC). According to the Office for Government 

Policy Coordination of South Korea (Government of the Republic 

of Korea, 2019), community SOC is designed to improve 

the lives of residents by providing public services in the areas 

of culture, sports, childcare, education, and welfare.

Recent studies have emphasized the roles of educational and 

cultural facilities, with a focus on resident accessibility within 



Minki Sung and Junghoon Ki

Journal of People, Plants, and Environment Vol. 24, No. 5, 2021∙531

the SOC concept (Lan et al., 2018; Li et al., 2019; Sagger 

et al., 2021). Li et al. (2019) confirmed that public service 

amenities (educational facilities, urban parks, and hospitals) 

and their accessibility significantly shape the housing mar-

ket, claiming that educational and cultural facilities (parks, 

educational facilities, and private service amenities such 

as museums) increase housing prices in inner-city areas 

(Li et al., 2019). Sagger et al. (2021) adopted hedonic pric-

ing methods using housing prices to evaluate the benefits 

of cultural facilities (historic buildings, archaeological sites, 

art museums, museums, and libraries) to society, and re-

vealed that access to cultural facilities has many benefits. For 

example, Arts Council England argued that people value a 

visit to a local gallery at an average over GBP 5, while 

Historic England suggested that households value the his-

toric character of their local street at approximately GBP 

7.80 per year (Government of the United Kingdom, 2021). 

However, Lan et al. (2018) argued that the benefits of edu-

cational and cultural facilities on housing prices vary with 

locational characteristics.

A plethora of recent Seoul-based case studies have dem-

onstrated that housing prices are associated with educa-

tional and cultural facilities, with a focus on accessibility 

(Cho et al., 2020; Ha and Lee, 2013; Kim et al., 2015; 

Kim and Kim, 2019). For the element of educational facili-

ties, Ha and Lee (2013) revealed that housing prices are 

most significantly influenced by a house’s proximity to a 

private educational facility. Similarly, Kim and Kim (2019) 

and Cho et al. (2020) suggested that the number of private 

educational facilities and their cluster areas have positive 

influences on apartment prices. In addition, the accessibility 

of public libraries is related to housing prices in Seoul, 

implying that public libraries can positively or negatively 

influence housing prices by their accessibility. Kim et al. 

(2015) claimed that the location of public libraries should 

be determined using the concept of psychologically com-

fortable walking distance from a resident’s dwelling.

Regarding cultural facilities, Kang (2014) claimed that 

Seoul residents tend to live in the city to enjoy the benefits 

of urban public facilities, such as art museums and urban 

parks. Furthermore, he suggested that museums are essential 

urban public facilities for increasing people’s satisfaction 

with their residences. In particular, urban museums and art 

galleries have demonstrated their social benefits as high- 

quality public spaces within communities (Lord and Blankenberg, 

2016; Weill, 2002), which could improve residents’ environ-

mental satisfaction, and consequently, increase the prices of 

neighbouring housing. Park et al. (2017) also found that 

housing prices in Seoul vary depending on urban park acces-

sibility, emphasizing that access to an urban park on foot is 

essential to increasing the monetary value of houses. However, 

Sung and Ki (2021) revealed that urban parks could also 

negatively influence residents’ environmental satisfaction, 

as noise arising from a nearby urban park may adversely 

affect housing prices.

Moreover, historical sites, as important urban public amen-

ities, and the proximity to an historical building are asso-

ciated with residents’ quality of life and well-being, which 

consequently influence housing prices (Ahlfeldt et al., 2012; 

Maeer et al., 2016; Moro et al., 2013; Rudokas et al., 2019; 

Smith et al., 2017). For example, Maeer et al. (2016) sug-

gested that visiting historical sites has a significant positive 

effect on life satisfaction. This was supported by Reilly et 

al. (2018), who claimed that visiting historic sites can be 

Community Planning Level Category Explanation Accessibility

2030 Seoul Metropolitan City Community Plan 

(Seoul Metropolitan City, 2019)

Residents’ immediate 

neighbourhood (dong)
Education

Private educational facility

10 minutes on footPublic library

Urban park

Basic infrastructure and minimum standards for living 

(Government of the Republic of Korea, 2018a)
Residential district (gu) Culture

Art museum
20 minutes by car

Museum

Note: Reconfigured based on basic infrastructure and minimum standards for living (Government of the Republic of Korea, 2018) and the 

2030 Seoul Metropolitan City Community Plan (Seoul Metropolitan City, 2019). Urban parks include small parks, children’s parks, and 

neighbourhood parks.

Table 1. Combined results of the 2030 Community Plan for educational and cultural facilities
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beneficial to individual health and well-being, thereby af-

fecting housing prices (Rudokas et al., 2019). Thus, accessi-

bility to historical sites has numerous positive benefits, such 

as improving people’s quality of life and well-being, which 

consequently influence housing prices (Rudokas et al., 2019; 

Sagger et al., 2021).

Thus, these previous studies have demonstrated that acces-

sibility plays an important role in the influence of educa-

tional and cultural facilities on housing prices. Previous re-

search has identified educational facilities as including both 

private educational facilities and public libraries, while lo-

cal cultural facilities include art museums, museums, his-

torical sites, and urban parks (Ha and Lee, 2013; Kang, 

2014; Kim and Kim, 2019; Park et al., 2017; Sung and Ki, 

2021). Museums and art museums are regarded as different 

facilities according to the ‘Museum and Art Gallery Support 

Act of South Korea’ (Government of the Republic of Korea, 

2018b). However, these studies did not consider the concept 

of residents’ immediate neighbourhood, which is neither quan-

tifiable nor embodied. Thus, this study aims to investigate 

the effects of educational and cultural facilities on housing 

prices using the concept of residents’ immediate neighbour-

hood (radius of 700m from their residence; Table 2).

This study employed a community index based on a 10- 

minute walking distance as residents’ neighbourhood concept 

(Table 2) to determine the value of educational (private educa-

tional facilities and public libraries) and cultural (art museums, 

museums, historical sites, and urban parks) facilities embedded 

in housing prices in Seoul, with a focus on the concept of 

accessibility. Among the cultural facilities, urban parks rep-

resent a health-related factor in the broad context of culture.

Proximity to residents’ immediate neighbourhood (radius of 

700m from residence) is closely associated with easy access 

to educational and cultural facilities. The residential sub-dis-

tricts (dong) analysed in this study are generally similar (Table 

2), while the residential district (gu) encompasses a relatively 

wider area, to which the concept of residents’ immediate 

neighbourhood is difficult to apply (Table 2). Adair et al. 

(2000) suggested that accessibility does not elucidate varia-

tions in housing prices at the district level but has a discernible 

submarket-level effect. Furthermore, the structure of local 

housing markets indicates that physical housing type is the best 

criterion for defining submarkets (Adair and McGreal, 1994).

Research area

This study designates the unit of analysis as residents’ 

immediate neighbourhood, which is similar in area to a 

dong - a Korean administrative unit (see Fig. 1 and Table 2). 

An accurate analysis is impossible without space considerations. 

Therefore, we use Geoda 1.14 software to take advantage of 

spatial regression models. The spatial data we analysed were 

sourced from the Census of Statistics at the Korean Geographic 

Statistical Information Service (http://kosis.kr/eng/).

This study aims to determine the effects of facility loca-

tion on the education and cultural aspects of 424 dongs 

in Seoul. Public libraries and private educational facilities 

represented the educational factor, while for the cultural as-

pect, we examined the influence of art museums, museums, 

and historical sites, which have scarcely been covered in 

previous studies (Sagger et al., 2021). Moreover, we explored 

whether the accessibility of urban parks affects housing prices.

As previously mentioned, the spatial unit of analysis is 

the dong, and we examined housing prices in each of the 

424 dongs in Seoul. Single-unit housing, multi-unit housing, 

and apartment prices were used as dependent variables to 

Category Radius Area Administrative units Transportation Implication

Residents’ immediate 

neighbourhood
700 m 1.5 km2 Dong

(1.7 km2)
On foot

Residents can cover the area on foot (10-minute walking 

distance from residence)

Small neighbourhood unit 2 km 12 km2

Gu

(24 km2)

Bicycle

Village bus

Local transportation available in the area (Distance from 

residence of 30 minutes on foot or 8 minutes by bicycle)

Medium neighbourhood unit 5 km 77 km2 Van/car

City bus

The spatial range beyond which residents do not perceive an 

area as their neighbourhood

Large neighbourhood unit 9 km 250 km2 Subway Average distance travelled by subway

Note: Reconfiguration based on the content of Table 7 in Oh (2014) and actual map measurement results.

Table 2. Comparison between residents’ immediate neighbourhood and the corresponding administrative units
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identify housing price determinants. Housing prices were 

calculated by dividing the total housing sale price by the 

total number of houses sold in 2016. Housing price data 

were sourced from an open system of the Land and Transport 

Department (https://rt.molit.go.kr/pre.html), while the corre

sponding independent variable data were obtained from Seoul 

Open Data Plaza (https://data.seoul.go.kr/). The analysis period 

ends in 2016 for both datasets.

Rationales used in choosing spatial regression model

There are several methodological approaches to evaluating 

housing prices worldwide. Among them, the hedonic price 

model is a popular tool that has been adopted by many 

researchers. With three homogeneity assumptions for housing 

products - freedom to enter and exit the housing market, 

perfect information of housing products, and housing market 

equilibrium - the model has been widely used to analyse hous-

ing prices (Abidoye and Chan, 2017; Chin and Chau, 2003), 

and has been adopted for property price appraisals in different 

real estate markets worldwide. Its major advantage is the sim-

plicity of comparing the value of real estate with property price, 

while its weakness is related to the difficulty of building ex-

perimental and control groups and the lack of consideration 

for the spatial effect of neighbouring areas.

Housing is a type of real estate with a geographical location, 

and is also considered a commodity with multidimensional 

socioeconomic, environmental, and physical characteristics 

(Chun, 2016). Housing has various interactions with the built 

environment, such as educational and cultural facilities, parks, 

or green spaces. Chun (2016) found a spatial correlation ow-

ing to the interaction between housing prices and adjacent 

housing prices. Kim and Chung (2010) also anticipated a 

high spatial autocorrelation in apartment prices, because most 

apartments collectively manage and use residential facilities 

within unit dwellings.

Therefore, this study utilized a spatial regression analysis 

to determine which educational and cultural factors affect 

housing prices. For this purpose, we adopted a spatial lag 

model (SLM) and a spatial error model (SEM) instead of 

an ordinary least squares (OLS) linear regression model.

We used spatial data on educational and cultural facilities’ 

tangible assets and geographical locations. Therefore, a location- 

based analysis was adopted to avoid a lack of consideration for 

spatial dependence and heterogeneity, as in the OLS method 

(Rey et al., 2016; Wittowsky et al., 2020). The assumption of 

independence between the observation and error values of the 

dependent variables in the OLS method can be inaccurate 

when spatial autocorrelation occurs from spatial dependence. 

Fig. 2 presents the results of an analysis of the global and 

local Moran’s I, which suggest that every dependent variable 

in this study has spatial autocorrelation. Therefore, we analysed 

the data using spatial regression models to control for the 

spatial dependence.

Spatial regression analysis was employed to consider the 

spatial dependence of the geographical data. The spatial re-

gression model is expressed as follows:

Y = β0 + βx + ρwy + ε,

Fig. 1. Geological map of Seoul in relation to the concept of the resident immediate neighbourhood.
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where Y denotes the housing price, x is a matrix of observations 

on the explanatory variables, and ρwy is the spatial lag (or 

error) variable. ρ assesses the degree of spatial correlation and 

w is the spatial weights matrix. The value of ρ ranges be-

tween -1 and 1, with ρ = 0 signifying no spatial correlation. 

Under a positive ρ, housing prices are expected to be higher if 

spatially adjacent housing prices are higher, while ε is a vector 

of the independent and equivalently distributed error terms 

(Ward and Gleditsch, 2008).

Spatial regression models include SLM and SEM, which 

use spatial regression dependencies and spatial regression 

errors, respectively. We determined which model was more 

suitable by comparing them with the results of the OLS model. 

The OLS model was tested for suitability under the assumptions 

of normality, equal variability, and spatial independence of 

errors (Park and Ham, 2018). Similarly, the spatial depend-

encies of dependent variables and regression model error 

terms were examined using the Lagrange multiplier (LM) lag 

and error. If the LM lag and error are meaningful at the 5% sig-

nificance level, the null hypothesis of the spatial independence 

of dependent variables and error terms is rejected. If only one 

of either the LM lag or error is statistically significant, selecting 

a more adequate model should be considered. If both values 

are significant, the robust LM lag and robust LM error statistics 

test functions are used for reselection, as a last resort (Park 

and Ham 2018). Park and Ham (2018) relied on the log-like-

lihood, Akaike information criterion (AIC), and Schwarz 

criterion (SC) results to determine the suitability of spatial 

regression models. Compared to the results of the OLS mod-

el, the model with a higher log-likelihood and lower AIC 

and SC was considered appropriate.

To determine the effects of educational and cultural factors, 

we used the number of public libraries and private educational 

facilities as a proxy for the educational factor (independent 

variable). Regarding the cultural factor, art museums, museums, 

historical sites, and urban parks are used as independent 

variables. Table 3 and Table 4 present detailed statistical 

information for the independent and dependent variables.

Results and Discussion

As shown in Fig. 3, we illustrated housing prices and 

their independent variables using ArcGIS 10.8. On average, 

the number of private educational facilities was large (31.65) 

and showed a high standard deviation (17.74) compared 

to other facilities. Fig. 3 also shows that private educational 

facilities tend to be clustered in the south-eastern part of 

Seoul, where housing prices are generally higher regardless of 

the housing type. However, public libraries had a relatively 

low standard deviation (1.26), implying that a similar number 

of public libraries are distributed across districts, as can 

also be seen in Fig. 3.

As for cultural facilities, art museums, museums, and 

Fig. 2. Global and local Moran’s I analysis results; MULTI: multi-unit housing, SINGLE: single-unit housing, APT: apartment.
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Variable
Dong (sub-district)

Average Standard deviation Max Min

Dependent 

variable
Price by housing type

Multi-unit housing 249688516.3 155834809.2 1100000000 104363359.5

Single-unit housing 831456068.7 617399014.6 4288716364 190000000

Apartment 517997051 290439973.6 1956893793 183663265.3

Independent 

variables

Educational factor

Public library 1.43 1.26 20 0

Private educational 

facility
31.65 17.74 195 0

Cultural factor

Art museum 0.11 0.57 7 0

Museum 0.26 1.14 11 0

Historical site 0.35 3.16 49 0

Number of urban parks 6.05 2.53 27 0

Urban park area 0.06 km2 (4%) 0.97 14.55 km2 (80%) 0.00003 km2 (0.01%)

Note: All independent variables are expressed per 10,000 population. Urban park areas are expressed as a proportion of the total sub-district (dong) area. The 

unit of housing price is Korean won.

Table 4. Descriptive statistics of independent and dependent variables

Variables Definition

Dependent 

variable

Price by 

housing type

Multi-unit housing

Real estate transaction 

price

Housing types are classified as follows: single-unit 

housing, multi-unit housing, or apartment. Single- and 

multi-unit housing tends to be occupied by less affluent 

families, whereas relatively affluent families reside in 

apartments (Kang et al., 2019). More than half of the 

population (50.7%) in Seoul resides in apartments (Kang 

et al., 2019). Furthermore, Jeon (2015) suggested that 

most residents in Korea prefer apartments because an 

apartment complex that has access to educational and 

cultural facilities is more attractive than single- or 

multi-unit dwellings when raising children.

Single-unit housing

Apartment

Independent 

variables

Educational 

factors

Public library
Number of public libraries 

in Seoul

Public library means a library established and operated by 

local government for information, reading activities, and 

cultural activities by the public. The libraries we 

employed as an independent variable are local public 

libraries, not university or special libraries, specially built 

for residents.

Private educational facility

Number of registered 

private academies and 

study centres in Seoul

Private educational facilities in this study are categorized 

into two types: those with curricula that facilitate entrance 

into prestigious universities and those providing lifelong 

or vocational education.

Cultural factors

Art museum
Number of art museums in 

Seoul
The reason for distinguishing museums from art museums 

is that the Museum and Art Gallery Support Act of South 

Korea (Government of the Republic of Korea, 2018b) 

considers them to be different.
Museum

Number of museums in 

Seoul

Historical site
Number of historical sites 

in Seoul

In this study, historical sites cover every historical 

property registered by central and local governments. In 

South Korea, historical sites can be categorized into three 

types: nationally assigned cultural properties, city 

assigned properties, and nationally registered properties.

Number of urban parks
Number of urban parks in 

Seoul

The park concept we employed in this study includes 

parks established and managed within the urban residents’ 

immediate neighbourhood structure; it includes 

small-sized, children’s, and neighbourhood parks.
Urban park area Urban park areas in Seoul

Table 3. Definitions of independent and dependent variables
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historical sites are primarily clustered in the centre of Seoul 

(Fig. 3), because the centre of Seoul has a number of nationally- 

recognised historical sites, such as Gyeongbokgung, Deoksugung, 

and Changgyeonggung, where relevant museums and art mu-

seums tend to be clustered together. Additionally, except for the 

centre of Seoul, relatively more museums and art museum are 

located in the south-eastern part of Seoul than in other areas, thus 

showing a similar spatial pattern to private educational facilities.

We confirmed the robustness and reliability of the models 

using a collinearity test to identify the correlation between the 

independent variables. The test revealed a variance inflation fac-

tor below 10 for each independent variable (Table 5), meaning 

the independent variables were not correlated.

We adopted an exploratory data analysis approach to select 

the most suitable spatial regression model for this study. To this 

end, we examined the appropriateness of each model using the 

Jarque-Bera, Breusch-Pagan, Koenker-Bassett, and White test 

statistics. Subsequently, the optimal model was determined using 

the conformity index among the OLS model, SLM, and SEM. 

Model selection and suitability depended on the values of R2, 

log-likelihood, AIC, and SC. The most reliable model was 

determined using increasing values of R2 and log-likelihood 

and the decreasing values of AIC and SC (Lee and Noh 2013). 

When these values pointed to different conclusions, the final 

model was identified by examining the LM (Seo et al., 2016). 

Further, if the final model provided a statistically significant 

result for rho (SLM) or lambda (SEM), this was used to 

explain the spatial spillover effect (Seo, 2014).

Table 6 displays the analysis results of the OLS model, 

SLM, and SEM using multi-unit housing prices as the de-

pendent variable. First, we examined the results of the OLS 

model using the Jarque-Bera, Breusch-Pagan, and White test 

statistics. The Jarque-Bera test statistic is 1733.0079 (p < .05), 

which signifies an abnormality in the spatial autocorrelation 

test of error terms. Furthermore, the Breusch-Pagan (19.1758, 

p < .05) and White (60.6184, p < .05) test statistics indicate 

heteroscedasticity in the error term. Therefore, this test points 

to spatial regression models instead of the OLS model.

By examining the results of the spatial regression model 

analysis, we selected the more suitable model between the 

SLM and SEM. The R2 value (0.085678) of the SEM is 

more robust and higher than that of the SLM. The log-like-

lihood value of the SEM (-8,560.70) is higher and their AIC 

and SC are lower than those of the SLM. Consequently, we 

considered the SEM more suitable and found that private 

educational facilities and art museums positively influence 

the prices of multi-unit housing, whereas historical sites 

have a negative effect.

Fig. 3. Spatial distribution of housing prices and the corresponding independent variables for Seoul.

Independent variable Tolerance Variance inflation factor

Public library 0.697 1.435

Private educational facility 0.981 1.019

Art museum 0.491 2.037

Museum 0.657 1.521

Historical site 0.561 1.782

Number of urban parks 0.652 1.534

Urban park area 0.810 1.234

Table 5. Collinearity test results for the independent variables
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Table 7 presents the analysis results of the OLS model, 

SLM, and SEM using single-unit housing price as the de-

pendent variable. The Jarque-Bera test statistic of 1286.0811 

(p < .05) signifies an abnormality in the spatial autocorrelation 

test of error terms. Therefore, this test leads to spatial re-

gression models instead of the OLS model. Using the results of 

the spatial regression model analysis, we selected the more suit-

able model between SLM and SEM. The R2 value (0.303476) 

of the SLM is higher than that of the SEM, and is also more 

robust. Additionally, the log-likelihood value of the SLM 

(-9,084.95) is higher and their AIC and SC are lower than 

those of the SEM. Furthermore, the likelihood ratio test of 

the SLM generates statistically significant results, indicating 

it is more suitable than the SEM.

For this reason, the SLM was considered the most suitable 

model based on the analysis results. The SLM results reveal 

that educational (private educational facilities) and cultural 

(art museums) factors exert positive influences on single- 

unit housing prices. However, historical sites adversely affect 

single-unit housing prices.

Table 8 shows the analysis results of the OLS model, SLM, 

and SEM using apartment price as the dependent variable. 

The Jarque-Bera test statistic of 1,008.7673 (p < .05) signifies 

an abnormality in the spatial autocorrelation test of the error 

term. Moreover, the Breusch-Pagan test statistic (26.1987, 

p < .05) indicates heteroscedasticity in the error term. Therefore, 

spatial regression models are preferrable to the OLS model.

The spatial regression model analysis allowed the most 

suitable model between the SLM and SEM to be selected. 

The R2 value (0.171330) of the SLM was more robust and 

higher than that of the SEM. Moreover, the log-likelihood 

value of the SLM (-8,803.23) was higher and the SC lower 

Dependent variable (multi-unit housing) OLS SLM SEM

Constant 2.53016e + 008*** 2.30529e + 008*** 2.52693e + 008***

Educational factor
Public library -1.14233e + 007 -1.18353e + 007 -1.21706e + 007

Private educational facility 548281** 546127** 544701**

Cultural factor

Art museum 8.81226e + 007*** 8.72462e + 007*** 8.69073e + 007***

Museum 4.83881e + 006 6.14577e + 006 6.9372e + 006

Historical site -1.37727e + 007*** -1.39005e + 007*** -1.39798e + 007***

Number of urban parks -1.28692e + 006 -1.21817e + 006 -1.16495e + 006

Urban park area -0.996065 -0.957873 -0.914984

Rho 0.0890597

Lambda 0.092414

R2 0.081162 0.085508 0.085678

Adj. R2 0.065664

Log-likelihood -8561.41 -8560.71 -8560.70

Akaike information criterion 17138.8 17139.4 17137.4

Schwarz criterion 17171.2 17175.9 17169.8

Koenker-Bassett 3.5660

Breusch-Pagan 19.1758** 18.8382 18.8002

White test 60.6184**

Moran’s I 1.3146

Lagrange multiplier (lag) 1.4785

Robust LM (lag) 0.0085

Lagrange multiplier (error) 1.4964

Robust LM (error) 0.0265

Likelihood ratio test 0.23762 1.4261

Note:* p < .05, ** p < .01, *** p < .001. OLS: ordinary least squares; SLM: spatial lag model; SEM: spatial error model; LM: Lagrange multiplier.

Table 6. Analysis of multi-unit housing
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than that of the SEM. For this reason, the SLM was re-

garded to be the most suitable based on the analysis results. 

The results reveal that the educational factor exerted both 

positive (private educational facilities) and negative (public 

libraries) influences on apartment prices. This finding is 

important, because while public libraries were statistically 

significant in the spatial regression model, they were insig-

nificant in the OLS one. This indicates that spatial re-

gression analysis considers spatial effects and must be ap-

plied to measure the spillover effects of sites with a specific 

space.

Dependent variable (single-unit housing) OLS SLM SEM

Constant 6.52325e + 008*** 5.36521e + 008*** 6.5393e + 008

Educational factors
Public library -2.79845e + 007 -2.76873e + 007 -2.86462e + 007

Private educational facility 2.79395e + 008*** 7.4858e + 006*** 7.5038e + 006***

Cultural factors

Art museum 258232550.280*** 2.68802e + 008*** 2.68357e + 008***

Museum 6.32358e + 007 6.68108e + 007 6.65248e + 007

Historical site -3.71002e + 007*** -3.78481e + 007** -3.84802e + 007**

Number of urban parks -6.80577e + 006 -6.92999e + 006 -6.8878e + 006

Urban park area -6.46759 -5.90286 -5.8235

Rho 0.0890597

Lambda 0.10986

R2 0.293818 0.303476 0.298736

Adj. R2 0.281906

Log-likelihood -9087.08 -9084.95 -9086.07

Akaike information criterion 18190.2 18187.9 18188.1

Schwarz criterion 18222.5 18224.3 18220.5

Koenker-Bassett 2.5375

Breusch-Pagan 12.4651 11.8637 2.0222

White test 41.6741

Moran’s I 1.5495

Lagrange multiplier (lag) 4.6786*

Robust LM (lag) 3.9209*

Lagrange multiplier (error) 2.1215

Robust LM (error) 1.3638

Likelihood ratio test 4.2727* 2.0222

Note: * p < .05, ** p < .01, *** p < .001. OLS: ordinary least squares; SLM: spatial lag model; SEM: spatial error model; LM: Lagrange multiplier.

Table 7. Analysis of single-unit housing

Dependent variable (apartment) OLS SLM SEM

Constant 4.76082e + 008*** 4.84887e + 008*** 4.76125e + 008***

Educational factors
Public library -2.39781e + 007 -2.39659e + 007* -2.39323e + 007*

Private educational facility 2.5649e + 006*** 2.56447e + 006*** 2.5631e + 006***

Cultural factors

Art museum 4.78958e + 007 4.83697e + 007 4.81688e + 007

Museum 3.89872e + 007 3.87268e + 007 3.88224e + 007

Historical site -5.82057e + 006 -5.82256e + 006 -5.81122e + 006

Number of urban parks -678318 -668196 -678375

Urban park area -6.0852** -6.10283** -6.09184**

Table 8. Analysis of apartments
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Conclusion

We analysed Seoul Metropolitan City’s dong-unit data-

base and obtained the following results. First, while the 

SEM is suitable for analysing multi-unit housing prices, 

the SLM is suitable for single-unit housing and apartment 

prices. Second, private educational facilities and art museums 

have positive influences on most housing prices, while historical 

sites have a negative influence. Finally, public libraries and urban 

park areas have negative effects on apartment prices. Thus, this 

study can imply that historical sites, public libraries, and urban 

park areas can be interpreted as less influential factors in 

housing prices compared to private educational facilities 

and art museums.

Table 9 presents a comparison of our research results with 

those of Ki and Sung (2020). Both studies adopted the same 

independent variables but at different spatial scales: the res-

idents’ immediate neighbourhood (dong) and the residential 

district (gu), respectively. The test of the SLM is more robust 

in terms of residents’ immediate neighbourhood (dong) analysis, 

especially between single-unit housing and apartments, sug-

gesting that the most proximate public facilities can be con-

sidered a relevant factor in explaining residential housing 

prices, which is also consistent with the results of Wittowsky 

et al. (2020).

Based on this comparison, we suggest the following policy 

implications. First, private educational facilities positively 

influence all types of housing at the gu and dong levels, 

which is a finding consistent with most of the previous studies 

(Cho et al., 2020; Ha and Lee, 2013; Kim and Kim, 2019). 

The residents of Seoul closely associate private educational 

facilities with students’ academic performance and consider 

them as essential educational facilities (Ha and Lee, 2013). 

Consequently, parents of students tend to relocate close to 

private educational facility clusters (Park and Lee, 2011) to 

allow easy access to education for their children, thereby 

positively influencing housing prices in Seoul at both the 

gu and dong levels.

Second, art and general museums have positive effects on 

the prices of all housing types in a residential district (gu). 

Art museums have a positive effect on single- and multi-unit 

housing prices in residents’ immediate neighbourhood (dong). 

In particular, art museums positively affect social and edu-

cational environmental satisfaction, and in turn, residential 

environmental satisfaction (Ki and Sung, 2020). For example, 

a recent study (Han, 2020) suggested that art museums have 

Dependent variable (apartment) OLS SLM SEM

Rho -0.0169392

Lambda -0.006901

R2 0.171184 0.171330 0.171206

Adj. R2 0.157204

Log-likelihood -8803.26 -8803.23 -8803.253223

Akaike information criterion 17622.5 17624.5 17622.5

Schwarz criterion 17654.9 17660.9 17654.9

Koenker-Bassett 6.2613

Breusch-Pagan 26.1987*** 26.0083*** 26.1088***

White test 36.1292

Moran’s I -0.0090

Lagrange multiplier (lag) 0.0560

Robust LM (lag) 0.2264

Lagrange multiplier (error) 0.0083

Robust LM (error) 0.1787

Likelihood ratio test 0.0528 0.0079

Note: * p < .05, ** p < .01, *** p < .001. OLS: ordinary least squares; SLM: spatial lag model; SEM: spatial error model; LM: Lagrange multiplier.

Table 8. Continued
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gained in popularity as art education program venues for 

nearby elementary schools. Therefore, the art museums in Seoul 

serve not only as exhibition spaces but also as educational 

facilities. Additionally, another study (Seresinhe et al., 2016) 

showed that the image of art represented by art museums 

can affect housing prices. These findings indicate that the 

accessibility of art and general museums reflects residents’ 

needs and preferences, and in turn, influences housing prices.

Third, public libraries negatively influence apartment prices 

at both the gu and dong levels. This implies that the percep-

tion of public libraries needs to change from ‘book lending 

library’ to ‘community cultural complex’ (Noh and Kim, 2019). 

Notably, residents regard public libraries as community spaces 

for cultural activities (Seoul Metropolitan City, 2019). If public 

libraries do not meet their expectations, they lose their appeal 

and fail to motivate residents to work within the community 

for cultural reinforcement (Adkins and Hussey, 2006), which 

would have an adverse effect on apartment prices. Although 

apartment residents accept public libraries as a type of edu-

cational facility, they consider them less important than pri-

vate educational facilities. Therefore, public libraries are re-

quired to serve as both educational and cultural facilities for 

residents. Enduring efforts and prompt support from both local 

and central governments are necessary to achieve this con-

version for public libraries. Beyond this, policy-makers could 

adopt measures to transform public libraries from basic fa-

cilities to complex systems with various educational and 

cultural programs (Gu, 2019; Seoul Metropolitan City, 2019).

Fourth, historical sites negatively influence the prices of 

most housing types, at both the gu and dong levels. Historical 

sites are often perceived as a hindrance to local physical 

development (Been et al., 2014) because the disadvantages 

of construction restrictions appear to outweigh their cultural 

benefits, thus adversely affecting social environment sat-

isfaction (Ki and Sung, 2020). In other words, historical 

sites fail to attract public interest as cultural heritage sites 

(Hyundai Research Institute, 2018), due to the lack of under-

standing of the inherent value and information they provide 

(Korea Cultural Heritage Administration, 2018). To address 

this, public efforts must be made to improve the quality of the 

interpretive content of signs, interpretation of cultural heritage, 

and relevant cultural programs to help residents appreciate 

the value of historical sites.

Finally, urban park areas negatively affect the prices of all 

housing types at the gu level, and of apartment prices at 

the dong level. Although urban parks were initially created to 

meet residents’ needs (Kim et al., 2006), negative external-

ities, such as noise or disturbances from frequently used com-

munity sports facilities in the park, can cause inconvenience 

to residents, adversely affecting cultural environmental sat-

isfaction (Ki and Sung, 2020) and in turn, the housing pri-

ces in the area (Lin, 2016). For instance, apartment resi-

dents often register civil complaints against park users due 

to noise disturbances (Sung and Ki, 2021). In particular, 

considering that most apartments in Seoul Metropolitan 

City have their own green spaces, urban park areas - which 

negatively affect apartment prices at the dong level - seem 

unnecessary. Therefore, urban park planners must find al-

ternative means to minimize negative externalities, such as 

employing landscape treatments to screen out disturbances 

(More et al., 1988).

Despite the significance of this study, we acknowledge its 

limitations. First, we assumed that the ‘other location factors’ 

in the spatial dataset are similar, because Seoul’s dong-level 

Dependent Variables
Spillover Effects of Independent Variables

Best Model Positive Effects Negative Effects

Residents’ immediate 

neighbourhood 

(dong)

Multi-unit housing SEM Private educational facility, art museum Historical site

Single-unit housing SLM Private educational facility, art museum Historical site

Apartment SLM Private educational facility Public library, urban park area

Residential district 

(gu)

Multi-unit housing SEM Private educational facility, art museum, museum Historical site, urban park area

Single-unit housing SEM Private educational facility, art museum, museum Historical site, urban park area

Apartment SEM Private educational facility, art museum, museum Public library, historical site, urban park area

Note: SLM: spatial lag model, SEM: spatial error model.

Table 9. Comparison of research results
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spatial characteristics share many common elements, such as 

population, housing structure, and CBD accessibility. Second, 

this study used cross-sectional data from 2016 without con-

ducting a time-series analysis, owing to a lack of longitudinal 

data. Spatial dependence in apartment transaction prices could 

vary over boom or bust periods (Hyun and Milcheva, 2018), 

and this aspect should be examined in future research using 

additional data.
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