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Abstract

The primary purpose of this study is to identify spatial distribution patterns of co-authoring 
activities in Korean cadastral science. The analysis showed that a small number of researchers 
played an essential role in the Korean cadastral co-authorship network. In particular, some authors 
not only had a significant influence on other nodes in the network but also served as 
intermediaries between researchers. Moreover, the distance between researchers influenced 
co-authorship decisions to a limited extent. This study differs considerably from previous studies 
in that it used spatial analysis techniques to identify spatial distribution patterns of co-authoring 
activities. However, this research is limited in that it applied only 2019 data to determine the 
spatial distribution pattern of co-authoring activities. We can overcome this limitation if we analyze 
the spatial distribution patterns of co-authoring activities using multi-year data in future studies.

  

Keywords: spatial distribution patterns, cadastral co-authorship network, node, co-authorship 
decisions, intermediaries,  distance

1. Introduction

Co-authoring is one of the most representative 

forms of intellectual collaboration in academic 

research. Co-authorship ties involve at least two 

researchers in the process of conducting research, 

which can produce higher-quality research 

results than when individuals do research alone 

(Hudson 1996). However, despite the advantages 

of co-authoring, scholars in the past had difficulty 

in collaborating with colleagues in their field. In 

other words, in the analog era, scholars had to 

meet in person at a specific location to make a 

co-authoring plan and allocate the research 

workload according to this plan. In that era, 

academic collaboration among scholars was 

subject to considerable constraints of time and 

space. However, the Internet Revolution, which 
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began at the end of the 20th century, has helped 

researchers overcome time and space barriers in 

co-authoring (Nurhas et al. 2018). That is, the 

teleconferencing, e-mail, and real-time chat 

features brought by the Internet Revolution enable 

researchers to communicate with peers in their 

field anytime, anywhere in the process of co- 

authoring.

Today co-authoring has become a common 

trend in almost all disciplines. Cadastre research, 

which covers new technology areas such as GIS 

and GPS, is no exception. That is, many 

researchers in the field of cadastre today are 

co-authoring with their peers to promote 

academic development and collaboration. By 

analyzing co-authoring patterns in a field, 

researchers can quickly examine the current 

situation of their areas and predict their future 

development directions. In general, researchers 

mainly use non-spatial analytical methods to 

investigate co-authoring patterns in specific 

fields. In other words, many scholars use social 

network analysis techniques to construct co- 

authorship networks and then find out who are 

the central players in academic collaboration in 

the field and who are the mediators that connect 

each researcher. In the area of cadastre, some 

researchers have attempted a co-authorship 

network analysis to examine the degree of 

collaboration among researchers (Park et al. 2015).

However, analyzing the degree of collaboration 

among researchers using only social network 

analysis has limitations because it does not take 

into account spatial variables. Of course, due to the 

development of Internet technology, considerable 

time and space barriers have been overcome in the 

co-authoring process. However, there are still 

some cases where face-to-face contact between 

researchers is yet required in some academic 

fields. It is especially true for cadastral research, 

where field experiments are needed. Therefore, it 

is also essential to understand how the authors are 

distributed in space and how they interact in 

space. That is, the question arises of how the 

spatial distance between researchers affects 

co-authoring. In response to the demands of the 

times, some researchers examined how researchers 

in a particular field are distributed in space, and 

what kinds of spatial interactions occur between 

them. However, few studies have analyzed how 

co-authoring activities are distributed in the 

geographical area and how each researcher interacts 

in space. Therefore, this research attempts to 

identify spatial distribution patterns of co-authoring 

activities in the field of cadastral science using 

local spatial autocorrelation. This study created 

the following research questions to achieve the 

primary purpose. Research Question 1: Which 

nodes play a vital role in the co-authorship 

network in the field of cadastral science?  

Research Question 2: Where are the nodes that 

play a crucial role in the co-authorship network of 

the cadastre research field? Research Question 3: 

How does spatial distance affect co-authoring 

activities?
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2. Literature Review

2.1. Non-spatial Distribution Patterns of 
Co-authoring Activities

Co-authorship network analysis is the method 

that researchers use the most to analyze the 

non-spatial distribution pattern of co-authoring 

activity. Co-authorship network analysis is based 

on social network analysis. In general, a network 

consists of nodes and edges. An edge is a straight 

line segment that connects two nodes in a network 

(Hoefer et al. 2005). If a node in a network is 

connected to many other nodes through edges, 

that node is influential. Thus, social network 

analysis is an analysis method that identifies 

which nodes are connected to other nodes via 

edges, and which nodes are prominent on the 

network. As in social networks, nodes in the 

co-authorship network mean authors and edges 

signify co-authoring activities. Thus, if a node in a 

co-authorship network is connected to many 

other nodes through edges, it means that the 

author is actively participating in co-authoring 

activities with other researchers.

Co-authorship network studies can be divided 

into micro-level and macro-level studies. Macro- 

level research attempts to explain the structure of 

a co-authorship network using macro-level 

metrics such as mean distance, clustering 

coefficient, and degree distribution. Newman 

(2001) used macro-level metrics such as average 

degree and clustering coefficient to identify the 

structure of a scientific collaboration network. His 

findings show that the clustering coefficient is 

very useful in identifying clusters in co-authorship 

networks. Liu et al. (2005) also used cluster 

analysis to identify groups hidden in co- 

authorship networks. Their research shows that 

clusters are being formed around the institutions 

to which researchers belong in the co-authorship 

network. However, some researchers have focused 

on the microscopic aspects of co-authorship 

networks because macro-level metrics alone 

cannot adequately explain the structure of 

co-authorship networks (Hou et al. 2008; Yan et 

al. 2009). Many researchers today use social 

network analysis to identify who is the most 

influential author and who acts as a mediator 

among other researchers. In particular, quite a few 

scholars have attempted to determine prominent 

authors in co-authorship networks using such 

micro-level metrics as degree centrality, closeness 

centrality, and eigenvector centrality. In particular, 

Hou et al. (2008) analyzed the characteristics of 

co-authorship networks in the scientometrics 

field using micro-level metrics such as degree 

centrality, closeness centrality, and betweenness 

centrality (Yan et al. 2009). Their findings show 

that micro-level analysis is instrumental in 

identifying collaborative centers in co-authorship 

networks. 

Yan et al. (2009) also attempted an analysis of 

co-authorship networks at the micro-level. They 

tried to examine the co-authorship network using 

data from the library and information science (LIS) 

field. Their findings show that micro-level 

centrality metrics are closely related to citation 

counts. In the end, their results confirm that the 

nodes connected to many other nodes through 
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edges in the co-authorship network are influential 

in the co-authorship network. Some researchers 

have also established co-authorship networks in 

their field. And then, they have tried to reveal how 

network metrics such as degree centrality, 

closeness centrality, and eigenvector centrality 

affect research performance (Abbasi et al. 2011). 

The results show that the normalized degree 

centrality has a positive effect on research 

performance. Park et al. (2015) also analyzed the 

characteristics of co-authorship networks in the 

Korean cadastre sector using micro-level metrics. 

The results of their analysis show that several 

institutions and individuals play a pivotal role in 

the co-authorship network of cadastre in Korea.

2.2. Spatial Distribution Patterns of 
Co-authoring Activities

The information revolution has recently allowed 

researchers to overcome some of the temporal and 

spatial limitations of co-authoring (Barrett 2002; 

Nurhas et al. 2018). However, in some academic 

fields, co-authoring still requires face-to-face 

contact between peers. In particular, in the area of 

cadastre where field experiments are essential, 

more direct communication between researchers 

is necessary than in other fields. Therefore, spatial 

distance is an important variable when researchers 

consider co-authoring with other colleagues. 

Therefore, to properly investigate the structure 

and characteristics of co-authorship networks, we 

must analyze how co-authors are distributed in 

space. To overcome these challenges, some 

researchers conducted various types of spatial 

analysis by adding geographic coordinates to 

bibliographic data. In particular, Frenken et al. 

(2009) call this academic trend “spatial scien-

tometrics.” In other words, spatial scientometrics 

is the study of how geographic location affects the 

creation of knowledge (Apolloni et al. 2013).

Frenken et al. (2009) reviewed existing litera-

ture on spatial scientometrics and proposed a new 

framework for analysis based on proximity. Some 

researchers also used a kernel density map to map 

the paper's performance ratings (Bornmann et al. 

2013). The kernel density map displays the density 

of objects in different colors, so readers can easily 

find where the high-quality papers are concen-

trated by looking at this map. Other researchers 

also implemented the Louvain algorithm to 

investigate how co-authoring activity is 

distributed in space. The Louvain algorithm is an 

algorithm that identifies communities based on 

modularity in a network. Apolloni et al. (2013) 

used the Louvain algorithm to determine how 

co-authoring activities in Europe are distributed 

in space. Their findings show that co-authorship 

communities in Europe were almost identical to 

borders in 2001, but co-authorship communities 

were formed internationally across borders in 

2007.

So far, this research has reviewed the existing 

literature on non-spatial and spatial distribution 

patterns of co-authoring activities. The literature 

review shows that this research has the following 

differences from earlier studies. First, unlike the 

existing cadastral research, this study identified 

the distribution pattern of co-authoring activities 

using not only non-spatial analysis but also spatial 
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analysis. This research belongs to spatial sciento-

metrics, in which geolocation information is added 

to scientometrics. Second, this study has a big 

difference from the previous studies in that it 

performed a LISA (Local Indicators of Spatial 

Association) analysis to identify the spatial 

distribution patterns of co-authoring activities. 

The LISA analysis is a typical analytical method 

used to measure local spatial autocorrelation. The 

LISA analysis classifies spatial objects into 

High-High, Low-Low, High-Low, Low-High, and 

Not Significant classes according to their attribute 

values (Matkan et al. 2013). Where High-High and 

Low-Low mean spatial clusters and High-Low 

and Low-High signifies spatial outliers, respectively 

(Anselin  1995).

4. Methodology

3.1. Data Collection

This study collected bibliographic information 

of all papers published in the Journal of the 

Korean Society of Cadastre between January 1, 

2019, and December 31, 2019, to create a 

co-authorship network in the field of Korean 

cadastral science. As a result of reviewing the 

collected bibliographic information, this study 

confirmed that 33 papers were published in the 

Journal of the Korean Society of Cadastre during 

2019. As can be seen in Table 1, 13 of these papers 

were one-author papers, and 20 were papers 

written by multiple authors. Therefore, this study 

included only 20 papers authored by two or more 

authors in the co-authorship network analysis.

3.2.  Co-authorship Network  Creation

To conduct a co-authorship network analysis, 

researchers must first create a co-authorship 

network using bibliographic information. This 

study built a co-authorship network for cadastre 

research in Korea using Gephi 0.9.2, software for 

social network analysis. Co-authorship network 

creation using Gephi 0.9.2 is a two-step process. 

In the first step, researchers have to create nodes 

in the network. In a co-authorship network, nodes 

represent researchers who have contributed to the 

writing of a paper. This study assigns a unique ID 

to all researchers participating in the joint 

research. The second step in co-authorship network 

creation is to connect the nodes with edges. In a 

co-authorship network, edges represent co- 

authoring activities. Thus, this study connects all 

researchers who participated in co-authoring 

activities with edges. Therefore, the co-authorship 

network created in this study belongs to the 

directed network.

3.3. Co-authorship Network Analysis

One of the aims of this research was to 

Types of Papers Frequency Percentage (%)

Single-author 13  39.40

Two-author 12  36.36

Three-author  7  21.21

Four-author  1   3.03

33 100.00

Table 1. Frequency Distribution by Research 
Type
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investigate who are the most influential researchers 

in the Korean cadastral co-authorship network 

and who are the most active mediators among 

researchers. To achieve this goal, this researcher 

used the cadastral research co-authorship network 

built in the previous stage to obtain the degree 

centrality, betweenness centrality, and closeness 

centrality (Zhang et al. 2017), which are micro- 

level network metrics. Since the co-authorship 

network created in this study is a directed 

network, the degree centrality is divided into 

in-degree centrality and out-degree centrality 

(Jones et al. 2011). 

 

3.4. Geocoding and Creating Proportional 
Symbol Maps

This study assigned geographic coordinates to 

nodes of the co-authorship network constructed 

in the previous step to identify spatial distribution 

patterns of co-authoring activities. Transforming 

an address or business name into coordinates on a 

map is called geocoding. If a researcher assigns 

location information to non-spatial data, he can 

perform various spatial analysis on the data using 

GIS. Besides, Gephi 0.9.2 can convert nodes and 

edges of a network with location information into 

shapefiles. This research used Gephi 0.9.2's Export 

SHP feature to export the co-authorship network 

built in the previous step into a shapefile. 

In this study, the nodes and edges of the 

co-authorship network transformed into shapefiles 

are displayed on the map using QGIS. Because the 

co-authorship network does not contain spatial 

variables, the researchers did not know how far 

apart the nodes in the network were in space. 

However, when assigning location information on 

a co-authorship network, researchers can import 

this data into the GIS to calculate the distance 

between nodes, as well as perform other spatial 

analyses. In other words, this process transforms 

the domain of research from scientometrics to 

spatial scientometrics. This study created propor-

tional symbol maps for degree centrality, between-

ness centrality, and closeness centrality using the 

“Graduated Size” function of QGIS. This research 

calculated the distance between one co-author 

and other co-authors using QGIS's distance 

measurement function and then obtained their 

average value. 

3.5. Local Indicators of Spatial Association 
(LISA) Analysis

One of the objectives of this research was to 

investigate how spatial distance influences the 

decision of co-authoring. This study performed 

LISA analysis using GeoDa, software for spatial 

analysis to achieve this goal. To perform LISA 

analysis using GeoDa, researchers must first 

import the co-authorship network nodes file 

saved in the shapefile form in the previous step. 

The second step in the LISA analysis using GeoDa 

is to create a weight file using the weight manager. 

The important thing is to add the correct ID 

variable. In this step,  this research added an ID 

variable called “Poly_ID”. The next step in creating 

the weight file is to add the Contiguity Weight and 

Distance Metric. At this stage, this study set “Queen 

Contiguity” as Contiguity Weight and “Euclidean 
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Distance” as the Distance Metric. The third step of 

the LISA analysis using GeoDa is to perform the 

LISA analysis using “univariate local Moran's I”.  

At this stage, this study used “distance between 

co-authors” as a variable for analysis. LISA 

analysis using GeoDa's univariate local Moran's I 

allows researchers to generate LISA cluster maps, 

LISA significance maps, and Moran scatter plots.

4. Results

4.1. Research Question 1

The research question 1 was about which node 

plays a central role in the co-authorship network 

of the Korean cadastre field. To answer the 

question, this researcher created a co-authorship 

network and computed micro-level metrics such 

as degree centrality, betweenness centrality, and 

closeness centrality (Zhang et al. 2017).

4.1.1. Degree Centrality

Degree centrality is a metric that researchers 

often use to analyze network features. Degree 

centrality is calculated using the number of all 

edges connected to any node in the network. Since 

the co-authorship network created in this study is 

a directed network, we can calculate both 

in-degree centrality and out-degree centrality. 

In-degree centrality refers to the popularity of a 

node, and out-degree centrality signifies the 

influence of a node on other nodes. Since the 

research question presented in this study was to 

identify influential nodes in the co-authorship 

network, this study used out-degree centrality to 

investigate the influence of nodes.

Figure 1 shows the co-authorship network of 

the Korean cadastre field. In this figure, the size of 

the node is proportional to its out-degree centrality 

value. As can be seen from the figure, the vertices 

with the highest out-degree centrality in the 

Korean cadastral co-authorship network were 

Hong  Sung Eon.  Also, nodes such as Kim Jae 

Myeong, Kim Yun Ki, Lim Keo Bae, and Park Won 

Ui have higher out-degree centrality values than 

other nodes in the network (Table 2). Therefore, 

we could confirm that the vertices that had a 

significant influence on other vertices in the 

Korean cadastral co-authorship network in 2019 

are Hong Sung Eon, Kim Jae Myeong, Kim Yun Ki, 

Lim Keo Bae, and Park Won Ui.

4.1.2. Betweenness Centrality

Betweenness centrality is a method of detecting 

the magnitude of influence that a node exerts on 

the flow of information in a network. This method 

is often used by researchers to find nodes that act 

as bridges in the network. In general, betweenness 

centrality is calculated using the shortest distance 

between nodes. When moving from one node on 

Figure 1. Cadastral Co-authorship Network
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the network to another node on the other side, 

there is the shortest path between them (Bassett 

et al. 2006). However, if there is a node that must 

pass when moving using the shortest path, the 

betweenness centrality value of this node must be 

high. Table 2 shows the nodes with high between-

ness centrality values   in the cadastral co- 

authorship network. As can be seen from the table, 

the node with the highest value betweenness 

centrality in the Korean cadastral co-authorship 

network was identified as Hong Sung Eon. 

Besides, the node, Kim Jae Myeong, was analyzed 

to have higher betweenness centrality values   than 

other nodes. The result of this analysis shows that 

Hong Sung Eon is the most active mediator in the 

Korean cadastral co-authorship network.

4.1.3. Closeness Centrality

Closeness centrality is based on the assumption 

that the more critical nodes in a network, the 

shorter the distances to other nodes will be (Cohen 

et al. 2013).  The closeness centrality of a node in a 

network can be calculated by averaging the 

distance of the shortest path from the node to all 

other nodes and reciprocating the value (Rochat 

2009). Therefore, the higher the closeness centrality 

value of a node, the shorter the average distance to 

the other nodes of this node. In other words, we 

can infer that nodes with high closeness centrality 

are connected to many nodes around them. This 

phenomenon is also apparent in the co-authorship 

network created in this study. As can be seen in 

Table 3, nodes with high degree centrality and 

betweenness centrality values such as Hong Sung 

ID Author Indegree Outdegree Degree Betweeness-Centrality

n5 Hong, Sung Eon 7 7 14 38

n15 Kim, Jae Myeong 4 4 8 6

n19 Kim, Yun Ki 4 4 8 0

n27 Lim, Keo Bae 4 4 8 0

n31 Park, Won Ui 4 4 8 0

n0 Ahn, Jong Wook 3 3 6 0

n4 Choi, Yun Soo 3 3 6 0

n35 Park, Moon Jae 3 3 6 0

n2 Cho, Byung Hyun 2 2 4 0

n3 Choi, Ik Soo 2 2 4 0

n6 Im, Jun Hyuck 2 2 4 0

n7 Jang, Dae Gi 2 2 4 0

n8 Ji, Jong Duck 2 2 4 0

n13 Kang, Won Il 2 2 4 0

n16 Kim, Heung Cheol 2 2 4 0

n24 Lee, Don Sun 2 2 4 0

n25 Lee, Hyun Joon 2 2 4 0

n26 Lee, Young Jae 2 2 4 0

n33 Park, Ki Heon 2 2 4 0

n38 Sung, Yeon Dong 2 2 4 0

n39 Um, Jung Sup 2 2 4 0

Table 2. Researchers Ranked According to Degree and Betweenness Centrality
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Eon and Kim Jae Myeong were identified as having 

high closeness centrality values as well. However, 

although many of the nodes did not have high 

degree centrality value and betweenness centrality 

value, their closeness centrality values were high. 

Thus, we could confirm that the degree centrality 

value, the betweenness centrality value, and the 

closeness centrality value do not necessarily move 

in the same direction.

4.2. Research Question 2

Study Question 2 was about where the nodes 

that play an essential role in the cadastral co- 

authorship network are located spatially. This 

study created proportional symbol maps using 

QGIS's “Graduated Size” function for degree 

centrality, betweenness centrality, and closeness 

centrality to answer this question.

4.2.1. Degree Centrality

Figure 2 shows the proportional symbol map for 

out-degree centrality. Compared to Figure 1, we 

can see that the number of nodes and edges in 

Figure 2 is greatly reduced. It happens because 

many nodes are located at the same location. As 

can be seen in Figure 2, among nodes of the 

Korean cadastral co-authorship network, nodes 

ID Author Indegree Outdegree Degree Closeness-Centrality Betweeness-Centrality

n5 Hong, Sung Eon 7 7 14 1 38

n15 Kim, Jae Myeong 4 4 8 1 6

n19 Kim, Yun Ki 4 4 8 1 0

n27 Lim, Keo Bae 4 4 8 1 0

n31 Park, Won Ui 4 4 8 1 0

n2 Cho, Byung Hyun 2 2 4 1 0

n3 Choi, Ik Soo 2 2 4 1 0

n7 Jang, Dae Gi 2 2 4 1 0

n8 Ji, Jong Duck 2 2 4 1 0

n16 Kim, Heung Cheol 2 2 4 1 0

n25 Lee, Hyun Joon 2 2 4 1 0

n33 Park, Ki Heon 2 2 4 1 0

n38 Sung, Yeon Dong 2 2 4 1 0

n39 Um, Jung Sup 2 2 4 1 0

n1 Cho, Jun Hyun 1 1 2 1 0

n11 Kang, Han Bit 1 1 2 1 0

n14 Kim, Hong Gwang 1 1 2 1 0

n17 Kim, Jun Hyun 1 1 2 1 0

n18 Kim, Sun Ju 1 1 2 1 0

n20 Kwon, Kee Wook 1 1 2 1 0

n21 Lee Seong Won 1 1 2 1 0

n22 Lee, Beom Gwan 1 1 2 1 0

n23 Lee, Chang Kyung 1 1 2 1 0

n28 Moon, Ji Young 1 1 2 1 0

n29 Oh, Jung Seok 1 1 2 1 0

n34 Park, Min Ho 1 1 2 1 0

n37 Shin, Hyun Sun 1 1 2 1 0

n40 Yoo, Seon Jong 1 1 2 1 0

Table 3. Researchers Ranked According to Closeness Centrality
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with a high degree centrality value are concen-

trated in Cheongju City and its surrounding areas. 

In particular, Hong Sung Eon, the node with the 

highest degree centrality value, has co-authorship 

ties with authors all over the country and is 

leading co-authoring activities in the Korean 

cadastre field. Besides, some researchers have 

co-authorship relationships with other nearby 

researchers, while others are actively promoting 

academic collaboration with researchers living in 

long distances. As discussed above, we can infer 

that the cadastral researchers in Korea consider 

not only the spatial distance between researchers 

but also the human relations between researchers 

when deciding to co-author.

4.2.2. Betweenness Centrality

Figure 3 shows the proportional symbol map for 

the betweenness centrality. Betweenness centrality 

is, in a sense, a measure of the influence that one 

node has on the propagation of information over a 

network (Liu et al. 2005). As a result of the 

analysis, only two nodes in our cadastral 

co-authorship network had a positive between-

ness centrality value. However, the remaining 31 

nodes had a betweenness centrality value of 0,  

signifying that they did not act as bridges in the 

co-authorship network. 

As can be seen in Figure 3, Hong Sung Eon, the 

node with the highest betweenness centrality 

value, was located in Cheongju. Cheongju is not 

only located in the center of Korea in terms of 

geography but also the location of Cheongju 

University's Department of Land Management, 

which plays a pivotal role in the field of Korean 

cadastral science. Due to these geographical and 

educational advantages, researchers in the region 

are actively participating in joint research, and 

Hong Sung Eon is leading the process.

4.2.3 Closeness Centrality

Figure 4 shows the proportional symbol map for 

closeness centrality. The spatial distribution 

pattern of closeness centrality is different from 

those of degree centrality and betweenness 

centrality. As can be seen in Figure 4, nodes with 

high closeness centrality values   are mainly 

concentrated in Seoul and Daegu. In particular, we 

Figure 2. the Proportional Symbol Map for
Out-degree Centrality

Figure 3. the Proportional Symbol Map for 
Betweenness Centrality
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can easily see that the closeness centrality of the 

nodes located in the metropolitan area is higher 

than those of nodes located in other regions. Since 

closeness centrality is based on the assumption 

that the more essential nodes are, the shorter the 

distance to other nodes is, it is natural that the 

closeness centrality values of nodes in Seoul, 

where many researchers are concentrated, are 

very high. Closeness centrality is also closely 

related to research question 3. Thus, researchers 

can infer how the distance between authors 

influences co-authoring decisions only by 

examining the spatial distribution pattern of the 

closeness centrality values.

4.3. Research Question 3

Research Question 3 relates to how spatial 

distances between researchers influence co-authoring 

decisions. This study performed a LISA analysis on 

nodes of the co-authorship network shown on the 

map to answer this question. Using GeoDa's local 

Moran’s I, researchers can easily create Moran 

scatter plots, LISA cluster maps, and LISA 

significance maps.

4.3.1. Moran Scatter Plot

Figure 5 shows the Moran scatter plot. In this 

figure, the x-axis represents the average distance 

from each node to all other nodes, and the y-axis 

represents the weighted average of the average 

distances from each node to adjacent nodes 

(Anselin  2003).  As can be seen in Figure 5, the 

Moran's I value derived using the LISA analysis 

was not very high at 0.092. In general, Moran's I 

value is distributed between –1 and 1. A Moran's I 

value of -1 means that nodes with different values  
 are completely clustered in space. A Moran's I 

value of 1 signifies that nodes with similar values  
 are completely grouped in space. On the other 

hand, if Moran's I is 0, there is little local spatial 

autocorrelation among spatial objects. The Moran 

’s I value derived from this study signifies that 

co-authoring activities in the Korean cadastral 

field are clustered in a limited range in space. 

Thus, we can infer that distances between 

researchers have a limited effect on co-authoring 

decisions.

Figure 4. the Proportional Symbol Map for
Closeness Centrality Figure 5. Moran Scatter Plot
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4.3.2. LISA Cluster Map

Figure 6 shows the LISA cluster map for the 

average distance of co-authoring activity in the 

Korean cadastre field. As can be seen from the 

figure, 31 nodes of the Korean cadastral co-author-

ship network were not significant, two nodes 

belonged to the High-High group, and six nodes 

belonged to the Low-Low cluster. However, 

among the Korean cadastral co-authorship network 

nodes, the nodes belonging to the Low-High and 

High-Low groups, which are spatial outliers, were 

not found. These results show that the geograp-

hical distance between authors influences the 

co-authoring decision making within a limited 

range. In other words, some Seoul researchers 

belonging to the Low-Low Cluster are conducting 

academic collaboration with authors living in their 

surroundings. On the other hand, researchers in 

the Honam region, which belongs to the High- 

High group, were found to participate in 

co-authoring activities with remotely located 

authors. However, in this figure, we should pay 

special attention to the fact that the number of 

nodes belonging to the not significant group is 31, 

the largest. These findings suggest that researchers 

consider factors such as human relationships as 

well as the geographical distance between 

researchers when making co-authoring decisions.

4.3.3. LISA Significance Map

Figure 7 shows the LISA significance map for 

the average distance of co-authoring activity in 

the Korean cadastral field. The results show that 

the null hypothesis that the geographic distance 

between researchers is irrelevant to the co- 

authoring decision is rejected to a limited extent 

(Anselin 2003). As can be seen in the figure, three 

nodes were statistically significant at p = 0.05, 

four nodes at p = 0.01, and one node at p = 0.001. 

Thus, for these eight nodes, the null hypothesis 

that the geographic distance between authors is 

independent of the co-authoring decision is 

rejected, and the alternative hypothesis that the 

geographic distance between the researchers is 

related to the co-authoring decision is accepted. 

However, for the remaining 31 nodes, the null 

hypothesis that the geographic distance between 

authors is independent of the researchers' 

co-authoring decision was not rejected. Therefore, 

the findings show that only eight authors in the 

Korean cadastral co-authorship network are 

affected by the distance in making co-authoring 

decisions. However, from these findings, we can 

infer that 31 researchers in the not significant 

group consider factors other than the distance in 

determining to co-author.

                        

Figure 6. LISA Cluster Map
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5. Discussion

5.1. Research Question 1

This study conducted a co-authorship network 

analysis to identify academic collaboration 

patterns in the Korean cadastral field. Co- 

authoring is a representative form of academic 

collaboration. The results of the analysis show that 

a small number of researchers play a pivotal role in 

the Korean cadastral co-authorship network. 

Nodes with degree centrality values were concen-

trated in some areas such as Cheongju. This bias is 

thought to occur because academic collaboration 

is mainly carried out between professors and 

students of some universities or between seniors 

and juniors of other universities. Also, in terms of 

betweenness centrality, this bias was even more 

severe. In other words, only two researchers were 

active mediators in the Korean cadastral co- 

authorship network. However, the distribution 

patterns of closeness centrality differed signifi-

cantly from those of degree centrality or 

betweenness centrality. In other words, unlike the 

fact that nodes with high degree centrality or 

betweenness centrality are concentrated in local 

cities such as Cheongju, nodes with high closeness 

centrality were concentrated in Seoul.

The findings of this research indicated that the 

influence of a few researchers in the Korean 

cadastral co-authorship network is enormous. The 

concentration of co-authoring activity is not 

desirable for the healthy development of the 

cadastral field. Originally, the primary purpose of 

co-authoring is for researchers to expand the 

scope of knowledge and contribute to the 

development of their fields. However, the current 

co-authoring activity pattern centered on a few 

authors does not correspond to the original 

intention of co-authoring. Therefore, for the 

healthy development of the field of cadastral 

science, researchers should actively co-author 

with authors from other fields or those with less 

human relations.

5.2. Research Question 2

Geographically, co-authoring activities are also 

concentrated in some regions. First, nodes with 

high degree centrality values are focused on 

Cheongju University and its surrounding areas. 

The spatial distribution pattern of nodes with high 

betweenness centrality values   is more distorted 

than that of nodes with high degree centrality 

values. However, spatial distribution patterns of 

nodes with high closeness centrality values   differed 

significantly from those of degree centrality or 

betweenness centrality. The fact that nodes with 

high values   of all types of centrality metrics are 

Figure 7. LISA Significance Map
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concentrated in a specific area shows that the 

academic collaboration in the Korean cadastral 

field is unbalanced regionally. As mentioned 

above, co-authoring activity is a typical form of 

academic collaboration, so for the Korean cadastral 

field to develop regionally in a balanced manner, 

we must quickly escape from the regional 

imbalance of co-authoring activity.

5.3. Research Question 3

This study used LISA analysis to investigate 

how the distance between researchers affects the 

determination of co-authoring. The results 

indicate that the distance between the authors 

influences the co-authoring decision to a limited 

extent. In particular,  the spatial distance between 

researchers in Seoul has some influence on the 

decision to co-author. However, in the case of 

influential authors in the co-authorship network, 

geographical distance did not significantly have 

effects on their co-authoring decisions.  Therefore, 

to properly identify factors influencing co- 

authoring decisions in the field of cadastral 

research, authors must include not only 

geographic distances between authors but also 

variables such as human relationships in the 

analytical model. Besides, when using two or more 

variables in the analysis as described above, it is 

preferable to use bivariate LISA analysis or spatial 

regression analysis.

6. Conclusion

The primary purpose of this research was to 

identify spatial distribution patterns of co- 

authoring activities in the Korean cadastral 

science field. This study created three research 

questions to achieve this goal. The results of the 

analysis showed that a few researchers played a 

crucial role in the Korean cadastral co-authorship 

network. In particular, some authors have not only 

had a tremendous impact on other nodes in the 

network but also played an important role as 

mediators between researchers. And influential 

researchers in the Korean cadastral co-authorship 

network were concentrated in specific regions. 

Besides, the distance between the researchers 

affected co-authoring decisions in a limited range. 

However, distance did not have a significant effect 

on the co-authoring decision of most researchers.

This research can contribute to the cadastral 

science field in a couple of ways. First, unlike 

previous studies, this study can contribute to the 

field of cadastre in that it identified the spatial 

distribution pattern of co-authoring activities 

using spatial analysis techniques. This research is 

significant in that it introduces a spatial 

scientometrics approach to cadastral research by 

adding spatial dimensions to the cadastral 

co-authorship network. Second, this study can 

contribute to the field of cadastral research in that 

it carried out LISA analysis to investigate how the 

distance between researchers affects co-authoring 

decisions.

However, despite its usefulness and advantages, 

this study has the following limitations. First, it is 

not easy to generalize the results of this research 

in that it performed only a cross-sectional analysis 

of the  2019 data. In other words, the spatial 
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distribution pattern of co-authoring activity in the 

field of cadastre can vary from year to year. 

Therefore, in future studies, researchers will be 

able to overcome this limitation if they create and 

compare co-authorship networks by year. Second, 

this research is limited in that it only identifies the 

effect of distance between researchers on co- 

authoring decisions. As pointed out in this study, 

not only the distance between researchers but also 

human relationships among authors can have a 

significant impact on co-authoring decisions. 

Therefore, it will be a good research topic to 

investigate the influences of both distance and 

human relations on the co-authoring decision by 

using Bivariate LISA analysis or spatial regression 

analysis.
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초 록

본 연구의 주된 목적은 한국 지적 과학 분야 공동 저술 활동의 공간분포패턴을 식별하는 것이다. 분
석 결과 소수의 연구자들이 한국 지적 공동 저작 네트워크에서 중요한 역할을 수행 한 것으로 나타났
다. 특히 일부 저자는 네트워크의 다른 노드에 막대한 영향을 미쳤을 뿐만 아니라 연구자 간 중재자 
역할을 충실히 수행하였다. 또한 한국 지적학 공동 저술 네트워크의 영향력 있는 연구자들은 특정 지
역에 집중되어 있었다. 게다가, 연구자들 사이의 거리는 제한된 범위에서 공동 저작 결정에 영향을 미
쳤다. 본 연구는 공간 분석 기법을 사용하여 공동 저작 활동의 공간 분포 패턴을 식별했다는 점에서 
기존의 연구들과 큰 차이가 있다. 그러나 본 연구는 공동 저작 활동의 공간 분포 패턴을 식별하기 위
해 2019년도 데이터만을 사용했다는 점에서 한계를 지니고 있다. 이러한 한계들은 우리가 향후 연구
에서 복수 년도 자료를 이용하여 공동 저작 활동의 공간 분포 패턴을 분석한다면 극복할 수 있을 것
이다.

주요어 : 공간분포패턴, 지적공동저술네트워크, 노드, 공동저술의사결정, 중재자, 거리


