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Abstract 

  

The econometric and hedonic analysis offers reliable input in property valuation, primarily for 

economic studies and the country’s revenue. However, the lack of spatial reliability in statistical 

analysis has become a serious debate among researchers. This research is carried out to review the 

current trend and pattern of literature and visualize the network of the authors, countries, and 

keywords applied in property valuation by emphasizing the application of spatial analysis in 

econometric and hedonic using bibliometric analysis. The increment of documents related to 

spatial analysis, especially the approach of Spatial Econometric (SE) and Spatial Hedonic (SH) in 

property valuation, has indicated the current interest of researchers around the globe. A few 

bibliometric analyses are done on the Hedonic Pricing Method (HPM) and property valuation 

issues. Still, the attention of the review on emphasizing the spatial element is limited. Three 

hundred ten (310) documents are involved in the bibliometric analysis related to the property 

valuation issue from the Scopus database. The methodology was according to the modified 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) to provide 

clarity in screening and filtering documents. VOSviewer, Harzing’s Publish or Perish (PoP), and 

Microsoft Excel are used to ease the analysis process. This research will provide a basis to unlock 

new research opportunities for scholars and assist property valuation practitioners with an efficient 

valuation approach with spatial application. An efficient property valuation approach would drive 

a comprehensive insight into supporting sustainable economic and living quality. 
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Introduction  

 

A commonly used model in residential property valuation is Hedonic Pricing Model (HPM) (Hu 

et al., 2011; Marrouch & Sayour, 2021; Jim & Chen, 2009; Mittal & Byahut, 2019), which 

originated by Lancaster (1966) based on consumer theory then formally formulated by Rosen 

(1974), with the concept of determining the price in equilibrium market. The HPM is the 

mathematical analysis determined based on the actual behavior with robust statistical and 

analytical tools (Aladwan & Ahamad, 2019). HPM can decompose the variables included in the 

model into quantifiable prices and quantities so that the comparisons of identical properties 

between various types of houses in different areas can be made (Norhaya Kamarudin et al., 2008). 

However, the limitation of the hedonic approach is the neglection of spatial information in the 

model, which caused it to be only a data-driven analysis instead of a model-driven (Anselin, 1988; 

Wen et al., 2017; Wen et al., 2020). Even though the houses are locationally immobile, the spatial 

neighbourhood and environment are strongly related to their value. The characteristics of spatial 

data consist of spatial dependence and heterogeneity, which will drive bias, inconsistency, and 

inefficient results when modeling it using standard linear regression (Anselin, 2001). Thus, spatial 

econometrics (SE) has been introduced by Anselin (1988), by emphasizing the spatial dependence 

and heterogeneity in spatial data. The econometric term is a statistical analysis of the economic 

trends to give practical substance to financial relationships (Spanos, 1986). In addition, the 

emergence of the neighborhood effect and the Geographical Information System (GIS) ability to 

provide geocoded data has opened broader reliability to spatial dependence and heterogeneity 

(Anselin, 2001). Therefore, the application of SE theory has been extensively used as a sub-set 

model to HPM in property valuation studies due to the limitation of the hedonic approach (Anselin 

& Lozano-Gracia, 2009). The application of SE in traditional HPM opened a new getaway to the 

Spatial Hedonic (SH) approach for an individual assessment in property valuation practice since 

the ability to accurately reflect the spatial dependence and optimize the traditional hedonic price 

model (Wen et al., 2020). 

Property valuation is establishing a market value of immovable property in the exchange. 

Market Value (MV), defined by International Valuation Standard (IVS), is “the estimated amount 

for which an asset or liability should exchange on the valuation date between a willing buyer and 

seller in an arm’s length transaction, after proper marketing and where the parties had each acted 

knowledgeably, prudently and without compulsion” (International Valuation Standard, 2022). A 

valuation can be referred to as the act or process of determining an asset or liability value estimate 

by applying the valuation standard (International Valuation Standard, 2022). Properties are valued 

for taxation, purchases, and investment. From the government’s perspective, taxation has been 

established as a vital source of the country’s revenue. According to OECD Tax Statistics, on a 

yearly average from 2010 to 2020, the percentage of revenue contributed by property tax in the 

US, UK, Canada, Australia, Japan, and Germany was around 12.9%, 12.3%, 11.9%, 9.7%, 9.2%, 

and 2.7% respectively of the total Gross Domestic Product (GDP) (Organization for Economic 

Co-operation and Development, 2021). The statistic demonstrated the substantial dependencies of 

many countries on property revenues; thus, it shows its importance in our daily life.  

This study is established to keep track of the published documents regarding spatial data 

and econometrics in the property valuation study. Among literature studies, the bibliometric 

analysis explores the prevailing knowledge base (Aria & Cuccurullo, 2017). Bibliometric analysis 

can provide a quantitative study using manuscript databases, journal collection, and worldwide 

search engines such as Scopus, Google Scholar, PubMed, Web of Science, and many more. It can 

provide a general overview and visualize the patterns and trends (Chen et al., 2016) in any field of 
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study. Bibliometric analysis has been published in many areas, such as health, tourism, 

bioeconomy, and geopolymer (Sweileh, 2022; Atsız et al., 2022; Ranjbari et al., 2022; Yang et al., 

2022). A few examples of bibliometric analysis of land development and valuation are also 

published, such as property valuation (Binoy et al., 2022), real estate rental market (Liu et al., 

2021), HPM (Jayantha & Oladinrin, 2020) as well as urban development (Lu & De Vries, 2021). 

However, no comprehensive bibliometric analysis of SE and SH as the application of the property 

valuation approach has been found and published in the literature review until now. Therefore, this 

article is prepared to establish a bibliometric analysis and study with the objectives of providing 

the following: 

i. the descriptive analysis of SE and SH in property valuation literature in trends and impact. 

ii. visualization analysis on the distribution of authors’ collaborations, countries, and 

 keywords co-occurrence. 

This article is organized by presenting a literature review followed by a review protocol, 

methodology, result, discussion, and conclusion. At the end of this article, the evolution through 

time and visualization results can be demonstrated to deliver the knowledge domain. 

  

 

Literature review  

 

Property valuation approach 

 

The most practical approach applied for individual residential by valuation practice is the 

comparison method globally and locally due to simplicity, a single unit of the subject property 

involved, and ease to be understanding (Kim et al., 2020; Abidoye et al., 2019; Rohana Abdul 

Rahman & Taher Buyong, 2012). However, this approach is vulnerable to human bias due to 

selecting other similar characteristics of properties to be compared with the subject property 

because it will depend on the experiences and knowledge of the valuer (Newell et al., 2010; 

Hishamuddin Mohd Ali et al., 2020). Thus, advanced methods/models were introduced to 

minimize human involvement but simultaneously imitate the process with the aid of computers 

and statistical procedures for decision-making. According to Pagourtzi et al. (2003), Artificial 

Neural Network (ANN), Hedonic Pricing Method (HPM), Spatial Analysis, Fuzzy Logic, and 

Autoregressive Integrated Moving Average (ARIMA) are considered the advanced valuation 

methods with the integration of mathematical and machine learning for the valuation process. 

Based on the literature, one of the commonly used models used in residential property 

valuation is HPM (Hu et al., 2011; Marrouch & Sayour, 2021; Mittal & Byahut, 2019), which 

originated from Lancaster (1966) based on consumer theory then formally formulated by Rosen 

(1974), with the concept of determining the price in equilibrium market. The review on HPM has 

received wide attention from many previous researchers (Usman et al., 2020; Owusu-Ansah, 2013; 

Herath & Maier, 2010; Xiao, 2017). The applications of HPM are popular due to their simplicity, 

successfully decomposed price attributes as well, and identification of how people are willing to 

pay for each of the property’s features (Jim & Chen, 2007; Jim & Chen, 2009; Jiang & Chen, 2015; 

Hu et al., 2011). However, the neglection of spatial dependence and heterogeneity has become a 

crucial issue due to the theory that each property may vary over space (Wen et al., 2017; Anselin, 

2001), and the significance of spatial dependence has been empirically proven in terms of 

neighbourhood spillover (Skevas et al., 2018) and the existence of clustered market segment rather 

than randomly distributed (Zhang et al., 2017; Ozyurt, 2014). It stands with the theory in 
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Geography by Tobler (1970), based on the likelihood model where nearby units are more likely to 

be related than distant ones. 

The evolution in econometrics literature has endlessly improved from time to time. 

Considering spatial effect has been one of the developments resulting in the spatial econometrics 

model. Due to that, Usman (2021) narratively reviewed SE theory and stressed that spatial 

dependence and heterogeneity in the property market severely influence property pricing 

approximation. However, the trends and patterns of SE or SH studies have yet to be revealed, 

especially in property valuation applications. Therefore, this study is essential to provide 

descriptive network analysis and visualization of publications and year trends. 

 

Database and software selection 

 

The online literature database is viral in the digital and internet of thing (IoT) era. Many literature 

search databases exist, such as Scopus, Web of Science (WoS), Google Scholar, Science Direct, 

and many more. For bibliometric research, Scopus has been commonly acknowledged as one of 

the best online databases (Baas et al., 2019) due to its ability in advanced profiling algorithms and 

manual curation, which confirms high precision. The employed review manuscripts with the 

Scopus engine can be found in (Binoy et al., 2022; Sweileh, 2022; Yang et al., 2022), which 

portrays its ability for descriptive analysis as well as spatial visualization. It also provides a high-

quality data source by introducing internal review processes to continually monitor the quality 

focus, such as processing, profile quality, completeness, and accuracy of source data (Baas et al., 

2019). Scopus offer access by Elsevier for scholarly materials in the field of life sciences, social 

sciences, physical sciences, and health sciences and consist of many types of sources such as book 

series, journals, conference articles, and trade journals. Although Aghaei Chadegani et al. (2013) 

did mention the competitiveness and comprehensiveness between Scopus and WoS, however 

Aghaei Chadegani et al. (2013) and Meho (2019) agree that Scopus provides more recent data than 

WoS. Therefore, the Scopus database will be used for this bibliometric analysis regarding SH or 

SE in the property valuation study. 

A few software can be employed for literature analysis to ease the process. The selection 

of the software should be dependent on the objective of the research. For instance, the bibliometric 

application software of VOSviewer, Microsoft Excel, Publish or Perish, Bibliometrix, and many 

more. Table 1 shows the bibliometric analysis that previous researchers have done by presenting 

the selected database, the number of analyzed manuscripts, and the application software for the 

study.  
Table 1. Example of bibliometric analysis by previous researchers 

 

Author/s Scholar 

database 

Number of Scholar 

materials 

Bibliometric 

analysis software 

employed 

Field of study 

Chen et al. (2016) WoS 637 (1996-2014) Citespace Emergy 

Sweileh (2022) Scopus 509 (1980-2020) Microsoft 

Excel,VOSViewer 

Health 

Atsız et al. (2022) WoS 60 VOSviewer Tourism 

Yang et al. (2022) Scopus 6776 VOSviewer Geopolymer 

Binoy et al. (2022) Scopus 1400 (1964– 2019) Bibliometrix R Property 

Valuation 

Liu et al. (2021) WoS 790 (2010-2020) CiteSpace Real Estate 
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Jayantha & Oladinrin 

(2020) 

Scopus 269 (1970- 2019) CiteSpace Marketing (HPM) 

Lu & De Vries (2021) WoS 6968 (1957- 2020) HistCite™, CiteSpac, 

VOSviewer, Map and 

Alluvial Generator 

Rural 

Development 

Tamala et al. (2022) Scopus 547 (1994-2021) VOSviewer Oil & Gas 

Assad & Bouferguene 

(2022) 

Scopus 184 (2000-2021) Gephi, VOSviewer Water 

Distribution 

Source: Own study 

 

The use of Microsoft Excel, Harzing’s Publish or Perish (Harzing’s PoP), and VOSviewer 

in this article is for representing the results as established in the objectives. The application of PoP 

is helpful because it is easy to install and can be downloaded freely for the website 

(www.harzing.com/resources/publish-or-perish). It was developed by Anne Wil Harzing (Harzing, 

2007) and can be installed on Windows, macOS, or Linux. The software can obtain information 

related to citation and score index. VOSviewer will aid the function of constructing and visualising 

the networks. It is also a free downloaded software from the website (www.vosviewer.com) and 

requires Java version 8 or higher to be installed on the computer. 

 

 

Review protocol and methodology  

  

Review protocol 

 

In the application of systematic literature review (SLR) or metadata analysis, the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) diagram is fit to explain 

the research process (Moher et al., 2009; Glor, 2021). A transparent process should also be 

disclosed in the standard protocol for bibliometric review. Since the application of PRISMA is not 

limited to SLR (Moher et al., 2009), the authors proposed to use a modified version of PRISMA 

to establish clarity in the review protocol. Therefore, Figure 1 shows the research methodology 

employed for this study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Research methodology for article extraction 

Records included in bibliometric analysis 

Topic selection 

Keyword and search string 

Scope and coverage 

Records identification and screening 

Records removed and finalised 
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The focus topic is Spatial Econometric (SE) or Spatial Hedonic (SH) in the application of 

property valuation. The Boolean operator of “OR” is used to maximise the searching subset within 

SE and SH. In Scopus, a search has been done using the Article Title, Abstract, and Keyword. The 

first result found in the search came to 486 articles. The data was extracted on 1st March 2022. 

This strategy would allow the keywords found not only in the title but also in the abstract and 

keyword stated by the author/s of the articles and maximised the finding records. The full keywords 

that have been used to perform searching manuscript are: 

 

TITLE-ABS-KEY ( ("spatial econometric" OR "spatial hedonic" )  AND  ( "Property Valuation"  

OR  "real estate"  OR  valuation  OR  hous*  OR  residential) ) 

 

 During the list’s extraction in the Scopus database, there was no limitation on the duration 

of the year of publication applied, but the language was set to only English manuscripts. This 

would allow full coverage of terms in the topic in a globally accepted language. The document 

types included articles, conference papers, book chapters, books, and reviews. Conference review, 

editorial, and erratum were removed due to the minimal empirical content and only related to the 

introduction to the conference or proceeding. The first publication was found in 1996 by Meen G. 

in the Journal of Housing Studies. Hence, 444 articles are saved for scoping, identification, and 

screening to reveal the SE and SH application in property valuation. 

 Then, the identification and screening were made by reading through the abstracts. The 

unrelated issues, for instance, in the study of household income, wages, forest, or waste 

management, which were not related to property valuation, were removed from the list even 

though they used SE or SH. After a thorough abstract reading, 310 manuscripts were found and 

finalised for the bibliometric analysis. The refined list of 310 is exported to **.csv format for 

analysing using VOSviewer and **.ris format for Harzing’s PoP bibliometric analysis application. 

 

 

Results and discussion  

  

The results are prepared for achieving the objectives based on the descriptive analysis in the final 

documents by presenting the yearly publications trend, top twelve (12) in the most active author/s, 

affiliation, countries, and publication’s impact. Visualizing co-authorship, countries, and keyword 

networking provide the visualization analysis results. 
 

Descriptive analysis 

  

Based on Figure 2, the active publication was found within the current decades, which involved 

15 and above publications. The highest publication was in 2018, followed by 2020, with 30 and 

28 manuscripts published. In 2022 alone, until March, there are already ten (10) documents, which 

might indicate the positive prospect for increasing publication in the coming months.   
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Source: Own study 

 
Figure 2. The yearly trend of publications 

 

a.  Top authors and institutions 

 

From the analysis of the most active authors, it was found that twelve (12) authors are listed as the 

most active by a tiny gap. The highest number of total documents published was five (5) are Herath 

S. (2013 [2], 2015 [2], 2021[1]), Legros, D.(2014[3], 2016[1], 2017[1]), Polyakov, M. (2013[2], 

2014[1], 2015[1], 2016[1]), Wen, H. (2014[1], 2017[1], 2018[1], 2020[2]), and Yang, L (2018[1], 

2019[2], 2020[2]) which represents 1.61% of document from the total 310. Whereas another seven 

(7) authors had published four (4) documents, whose are Anselin, L. (2001[1], 2008[1]. 2009[1], 

2010[1]), Cho, S.H. (2005[1], 2011[2], 2012[1]), Dube, J. (2012[1], 2014[1], 2016[1], 2017[1]), 

Li, W. (2014[1], 2015[1], 2016[1], 2017[1]), Paez, A. (2008[1]. 2009[2], 2010[1]), Theriault, M. 

(2003[1], 2012[1], 2014[1], 2017[1]) and Zhang, L (2014[1], 2017[1], 2018[1]. 2020[1]) which 

represents 1.29% from the entire documents. Interestingly, Herath S. published two out of five 

documents as a single author. 

From all twelve (12), the contribution of the top three authors is discussed. Herath S. had 

shown interest in the implication of various types of distance to be considered in identifying the 

proximity to the property values. The finding contributed to the effective transportation 

infrastructure planning in the urban area. He also highlighted the Spatial Durbin Model (SDM) as 

the best among Spatial Lag Model (SLM) and Spatial Error Model (SEM) in 2015’s articles when 

addressing the problem of omitted variable bias in Vienna, Austria because of the ability to allow 

small scale neighbourhood effects. Herath S. is found to focus on the issue of spatial dependence 

in hedonic analysis. Legros, D., on the other hand, had published documents as the co-author and 

concentrated on the spatial-temporal elements in SH to evaluate the neighbourhood and spillover 

effects. His contribution to the finding is also towards effective transportation infrastructure 

planning. Besides, Polyakov, M. focused on the marginal benefits of environmental assets such as 

natural parks, forest land, and urban tree canopy to the property values. Evaluation of the 

preference in the environmental matter would provide information in increment of the property 

value when located on adjacent public space and vice versa. The spatial reliability information 

benefits all the important hedonic information of the property values. 
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Table 2 shows the result of the top twelve (12) authors in the SE and SH approach related 

to proper valuation publication and their affiliation and origin country.  

 
Table 2. Top twelve authors 

 

AN TD % Affiliation Country 

Herath, S. 5 1.61 University of Technology Sydney, Architecture & 

Building, Sydney 

Australia 

Legros, D 5 1.61 Laboratoire d'Économie de Dijon (LEDi), Dijon France 

Polyakov, 

M. 

5 1.61 Manaaki Whenua - Landcare Research, Lincoln New Zealand 

Wen, H. 5 1.61 College of Civil Engineering and Architecture 

Zhejiang University, Center for Real Estate Studying, 

Hangzhou 

China 

Yang, L. 5 1.61 Southwest Jiaotong University, Department of Urban 

and Rural Planning, Chengdu 

China 

Anselin, L. 4 1.29 Center for Spatial Data Science, Chicago United States 

Cho, S.H 4 1.29  The University of Tennessee, Knoxville, Department 

of Agricultural and Resource Economics, Knoxville 

United States 

Dubé, J. 4 1.29 Université Laval, Quebec Canada 

Li, W. 4 1.29 Texas A&M University, College Station United States 

Páez, A. 4 1.29 McMaster University, School of Earth, Hamilton Canada 

Thériault, M. 4 1.29 Université Laval, Quebec Canada 

Zhang, L. 4 1.29 Zhejiang University, Department of Civil Engineering, 

Hangzhou 

China 

AN= Author’s name 

TD= Total document 

    Source: Own study 

 

The most active institution recorded on this topic was the University of Hong Kong which 

contributed ten (10) documents, followed by Arizona State University, Universite de Bourgogne, 

McMaster University, and Universite Laval with six (6) documents. Another six institutions had 

five (5) contributed documents: Zheijiang University, University of Tennessee, Heriot-Watt 

University, Texas A&M University, UNSW, and University of Western Australia. Table 3 shows 

the result of the top 11 institutions with the number and percentage of the contributed documents.  

  
Table 3. Top 11 institutions 

Institution TD % Country 

1. University of Hong Kong 10 3.22 China 

2. Arizona State University 6 1.94 United States 

3. Universite de Bourgogne 6 1.94 France 

4. McMaster University 6 1.94 Canada 

5. Universite Laval 6 1.94 Canada 

6. Zheijiang University 5 1.61 China 

7. University of Tennessee 5 1.61 United States 

8. Heriot-Watt University 5 1.61 United Kingdom 

9. Texas A&M University 5 1.61 United States 
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TD= Total document 

   % of  the contributed documents out of 310 

                  Source: Own study 

 

b. Publication impact  

 

Harzing’s PoP is beneficial for analysing the publication’s impact. It is essential to acknowledge 

the date of Scopus data collection since the citations counted are subjected to the Scopus updates. 

Table 4 shows the citation metrics for the 310 filtered documents. 

 
Table 4. Citation metric 

 

 

 

 

 

 

 

 

 

 

 

 

      Source: Own study 

 

All filtered documents are gathered from 1996-March 2022, which took about 26 citation 

years. The total citations from all the documents are 7113, on average, 273 and 23, cites per year 

and cite per paper, respectively. On average, 2-3 authors are involved in contributing one piece of 

paper, which indicates the authors’ networking. H-index and G-index for the articles are 44 and 

71, respectively. The H-index displays the level metric that measures the productivity and citation 

impact of the publications initially used for an individual scientist or scholar. At the same time, 

the G-index is a rank of a set of articles in decreasing order of the number of citations they received 

(Harzing, 2007).  

Figure 3 shows the number of authors per contributed document. The highest total number 

of authors per document is seven (7). The highest number of authors in one document was duo 

authors, which were about 107 documents, and the single author published 50 documents. 

 

10. UNSW 5 1.61 Australia 

11. University of Western Australia 5 1.61 Australia 

Citation metrics 

Publications years 1996-2022 

Citation years 26 

Papers 310 

Citations 7113 

Cites per year 273.58 

Cites per paper 22.95 

Authors per paper 2.70 

h-index 44 

g-index 71 
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   Source: Own study  
 

Figure 3. Number of authors in contributed documents 

 

 

The highly cited documents were also determined with their total citation and citation per 

year, as shown in Table 4. It was found that J. Geoghegan, L.A. Wainger, and N.E. Bockstael 

(1997) had the highest total citation, with 421 and 16.84 citations per year on average, which 

empirically highlighted the result of SH application. They highlighted the spatial heterogeneity in 

traditional hedonics with the application of GIS and landscape indices developed by landscape 

ecologists to provide a better model of how people value the land around their homes. On the other 

hand, L. Anselin got the highest citation in applying SE in the valuing environment as the economic 

resource and about the spatial effect in the econometrics model. Based on Table 5, seven (7) out 

of ten (10) documents are related to the application of SH, and three (3) others are regarding SE. 

 
Table 5. Highly cited documents 

 

No Authors Title Model Year Publication TC C/Y 

1 J. Geoghegan, 

L.A. Wainger, 

N.E. Bockstael 

Spatial landscape indices 

in a hedonic framework: 

An ecological economics 

analysis using GIS 

SH 1997 Ecological 

Economics 

421 16.84 

2 D.M. Brasington, 

D. Hite 

Demand for environmental 

quality: A spatial hedonic 

analysis 

SH 2005 Regional 

Science and 

Urban 

Economics 

236 13.88 

3 L. Anselin, N. 

Lozano-Gracia 

Errors in variables and 

spatial effects in hedonic 

house price models of 

ambient air quality 

SH 2008 Empirical 

Economics 

189 13.5 

4 L. Anselin Spatial effects in 

econometric practice in 

environmental and 

resource economics 

SE 2001 American 

Journal of 

Agricultural 

Economics 

177 8.43 

5 J.P. LeSage What regional scientists 

need to know about spatial 

econometrics 

SE 2014 Review of 

Regional 

Studies 

157 19.63 
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6 J.P. Cohen, C.C. 

Coughlin 

Spatial hedonic models of 

airport noise, proximity, 

and housing prices 

SH 2008 Journal of 

Regional 

Science 

130 9.29 

7 W.-C. Liao, X. 

Wang 

Hedonic house prices and 

spatial quantile regression 

SH 2012 Journal of 

Housing 

Economics 

114 11.4 

8 J.M. Grove, D.H. 

Locke, J.P.M. 

O'Neil-Dunne 

An ecology of prestige in 

New York City: 

Examining the 

relationships among 

population density, socio-

economic status, group 

identity, and residential 

canopy cover 

SE 2014 Environmental 

Management 

108 13.5 

9 R.J. Armstrong, 

D.A. RodrÃguez 

An evaluation of the 

accessibility benefits of 

commuter rail in Eastern 

Massachusetts using spatial 

hedonic price functions 

SH 2006 Transportation 105 6.56 

10 A. Atreya, S. 

Ferreira, W. 

Kriesel 

Forgetting the flood? An 

analysis of the flood risk 

discount over time 

SH 2013 Land 

Economics 

103 11.44 

 TC=Total citation 

 C/Y=Citation per year 

Source: Own study 

 

Visualization analysis 

 

The visualization of networks was carried out by using VOSviewer software. According to 

(Sonnenwald, 2007), collaboration is driven by the opportunity to open new knowledge and seek 

expertise for the problems or issues. This study has visualized the network by co-authorship, 

countries, and keywords. 

a. Co-authorship networking 

For co-authorship networking, the counting method is set where each author weighs one (1). The 

threshold of the minimum number of documents for an author is set to 1 to represent the full links 

of the authors, even if the author only produced one document. The highest number of links are 

found, consisting of 36 authors with total link strength of 90. Link is referred to the co-occurrence 

between the items. Figure 4 represents the highest consisted authors in the link connection. The 

variety of sizes of the circle depicts the number of produced documents. Yang. I, who had 

published five, and Li. W, with four documents (among the active authors), had collaborated with 

another three and four clusters, respectively. The thickness of the line in Figure 4 shows the link 

strength. There are eight (8) total clusters were found in the connection, represented by eight 

different colors. 
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Source: Own study 

 

Figure 4. Co-authorship visualization network 

 

b. Countries’ networking 

On the other hand, Figure 5 shows the countries networking within the dataset. Using one (1) 

minimum number of documents of a country and zero (0) minimum number of citations per 

country as the thresholds, all 47 countries are counted for the country networking calculation. 

United States (US), China, and Canada show the top three total link strengths with 29, 17, and 14, 

respectively. They also provided the highest number of documents in the dataset, 114, 37, and 22, 

respectively. The evolution of Hedonic and SE was initiated by Sherwin Rosen (1974) and Luc 

Anselin (1988) from the US and received remarkable attention from many researchers, especially 

in economic and valuation studies. Personally, Sherwin Rosen had been listed as the sixth most 

cited in the Journal of Political Economy’s history with the article entitled “Hedonic Prices and 

Implicit Markets: Product Differentiation in Pure Competition” in 1974, which offers the 

fundamental understanding of the fields of economy, environmental, labor, and public by matching 

buyers and sellers of multidimensional goods (Greenstone, 2017). On the other hand, according to 

Google Scholar, Luc Anselin’s citation records are more than 83000 with a 95 h-index, making 

him listed among the most influential person in the spatial and econometric issue of studies. His 

book entitled “Spatial Econometrics: Methods and Models” alone, published by Springer Science 

and Business Media in 1988, had received more than 15000 citations which shows the significant 

impact on the body of knowledge. Even though both manuscripts are not listed among 310 filtered 

documents from Scopus used in this bibliometric analysis, the effect of both might be the reason 

behind the most significant influence of the US in the SE and SH fields. 
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Source: Own study 

 

Figure 5. Countries networking 

 

c. Keywords networking 

The co-occurrence of the keywords is analyzed to visualize the authors’ listed keywords. Before 

examining the keywords, the standardization of the terms is essential. The variety of keywords for 

the same definition is avoided to enhance the clarity in the network later. For example, “hedonic 

pricing method, HPM, hedonic pricing regression, hedonic price model or hedonic pricing 

approach” are changed to “hedonic pricing” to standardise the keywords used. “Spatial 

econometric or Spatial econometrics” are also standardized to “spatial econometric.” The process 

is done to all 310 documents. When analyzing the keywords, the threshold is set to five (5), then 

two previous visualization analyses. This is done to avoid too many clusters which had low co-

occurrence. It was found that 23 out of 871 keywords met the tolerance. Table 6 shows the top ten 

of the highest total link strength calculated in VOSviewer with the occurrence number. 

Table 6. Keywords co-occurrence 

Keyword Total link strength Occurence 

Hedonic Pricing 185 123 

Spatial econometric 156 142 

House price 109 64 

Spatial hedonic 70 78 

Real estate 44 26 

Spatial autocorrelation 34 23 

Spatial analysis 28 16 
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         Source: Own study 

 

 

Source: Own study 

 

Figure 6. Keywords networking 

 

Figure 6 represents the keywords networking in the SE and SH field-related studies in property 

valuation applications. The figure indicates the evolution of the hedonic pricing interest to the 

spatial application among researchers. The earliest subfield established by hedonics evolved by 

considering the spatial element represented in yellow colors (meaning the latest subfield) that 

emphasized the interest in the current issues. 

 

 

Conclusion 

 

The application of hedonic pricing has shown a significant impact in understanding the preference 

of buyers and sellers in the context of economic interaction. Even though hedonic pricing is said 

to be an intelligent and validated analysis (Agimass et al., 2017; Hausman, 2012), yet is facing 

Spatial dependence 19 14 

Spatial error model 17 9 

Spatial heterogeneity 16 7 
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serious debate among spatial and regional key players. The application of spatial elements cannot 

be left behind due to the problem of spatial autocorrelation, heteroscedasticity, spatial 

heterogeneity, and spatial bias (Haniza Khalid, 2015; Suriatini Ismail, 2006). Through the concept 

of spatial econometrics introduced by Anselin in 1988, the foundation to deal with the 

understanding of spatial heterogeneity and dependence brought more accuracy in econometrics 

valuation application.  The empirical evidence of spatial dependence and spatial heterogeneity can 

be seen in many published articles (Ozyurt, 2014; Wang et al., 2019; Laszkiewicz et al., 2022; 

Wen et al., 2017; Hui et al., 2016; Foelske & van Riper 2020) where they had successfully 

examined the positive spatial correlation toward the property values. Suriatini Ismail et al. (2008) 

and Nur Asyikin Mohd Sairi et al. (2021) proved the critical existence of spatial 

autocorrelation/dependence in hedonic analysis in Malaysian house price studies and suggested 

that the appropriate statistical steps must be taken when applying hedonic regression. The 

bibliometric analysis that has been conducted showed the limitation of spatial studies for hedonic 

property valuation applications, especially in Malaysia, although it received wide attention 

worldwide. The finding from this would encourage more research opportunities by providing a 

new gateway, particularly in the contribution of spatial analysis to provide more effective property 

valuation, especially in understanding the market demand and forecasting appropriate valuation 

market for property key players, investors as well as property buyers especially in tailoring supply 

and demand in the property field. 
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