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KEYWORDS Abstract Despite its close connection to many of the problems related to uncloaking hidden
Social network structures of settlement aggregation in China, researchers have shown limited interest in
analysis; quantifying and analyzing the social force. In this study, a sociogram approach for studying
Spatial pattern; the social force in settlement aggregation was proposed and tested. Genealogies in different
Clanship; historic periods were used as the raw data for tracking blood relationships. The strengths of
Settlement the approaches are the extraction and visualization of historical sources. Social force repre-
aggregation sents the effect of the environment on the behavior of person, and it evokes the people’s moti-

vation to act as a reaction to information he/she obtained from the environment. It is believed
that the processes of settlement aggregation are the results of the social field acting on the
behavior of the person. The sociogram model calculated by computer showed that it has the
capability of describing the self-organization processes of settlement aggregation.
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1. Introduction Zhang, 1986; Li and Chen, 2011; Zhao, 2015). While previous
studies have centered on technical aspects of ancestral
How to uncloak the hidden structure of settlement aggre-  Puildings, Wang (1991) also discussed the major impacts of

gation? A series of papers describe aspects of a generic social forces in the evolution process of settlement. Clan

mechanism through which the ancestral or family hall puts its culture is the most distinctive characteristic of the tradi-

imprint on the spatial pattern of the settlement (Dong, 1986;  tional Chinese family, and clanship is the backbone of the
family culture (Dong, 1986; Zhang, 1986; Wang, 1991; Li and

Chen, 2011; Zhao, 2015).The social force of clanship is based
on the social activities of the clan, which is a cultural system
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clanship. Accompanied by the expansion of clan, most set-
tlements were developed from the bottom up on many
spatial scales and over different time intervals (Batty, 2005)
Bottom up is originated from a theory of self-organization,
which is the central property of complex systems. From the
perspective of the spatial development of settlement, the
formation and improvement of spatial structure of settle-
ment is not the result of planning or design by the local
government but is spontaneously formed by the interaction
of complex social forces. The clanship is the invariant
element of social force that drives the process of settlement
aggregation. To impress the social force of clanship, the
notion of relationship of clan is first outlined, and then the
evolved spatial pattern of settlement is presented based on
the methods of social network analysis to quantitatively
analyze and test therelation between the spatial patternand
clanship. The relationship of clan is not simply a decisive
process of ensuring that the descendants of a clan can live
together efficiently and sustainably but a means of actually
operating process that drive the spatial pattern in an effec-
tive way.

We proposed that the locations of ancestral and family
halls reflect relationships within the clan in terms of the
spatial mechanism of settlements. The street networks,
extended with the construction of the family halls flexibly,
constitute the skeletal structure of the spatial pattern. The
residential buildings of clan members were built around the
family halls to form the building group, which fills the space
at different densities.

How to define the relationship of clan accurately? The
social network perspective focuses on relationships among
social entities and seeks to model these relationships to
depict the structure of a group. The analysis will illustrate
the capability of network analysis and visualizations for
uncovering and identifying the settlement’ structural
properties. A critical assessment of the results obtained by
social network analysis techniques in their historical
context confirms their validity and reliability (Elo, 2015).
The main objective of the study is to explore the following
questions;

1. What is the driving force of settlement aggregation in
China?

2. In what ways can the interaction of clan members in-
fluence the spatial structure of settlement?

3. What is the relation between clan and the evolving
settlement landscape?

The structure of this article is as follows. Section
two discusses the hypothesis of spatial pattern. We
introduce a theory of social force and method of social
network analysis. Section three consists of modelling
methods of relationship focusing on basic concepts of
social network analysis. In section four, a case study of
the aggregation process of Xidi settlement is adopted to
validate the hypothesis of relation between clan and
spatial pattern of settlement. The analysis of case
study and discussions on findings of the case follows.
The article will conclude with a critical assessment of
the findings in application of the social network analysis
in spatial research.

2. Hypothesis of spatial pattern
2.1. Theory of social force

Settlement aggregation refers to the process of human
settlements, which consists of two parts from different
points of view. For the social point of view, it is a process of
forming a society composed of people. From the perspec-
tive of physical form, it is a process of forming a physical
settlement composed of natural or artificial elements with
its surrounding environment (Wu, 2001).

Doxiadis (1968) proposed the concept of force-mobile,
which means the structure and morphology of settlements
are the result of a combination of forces (Doxiadis, 1968;
Wu, 2001). These forces are the foundation for the anal-
ysis of settlement structure. Dong (1986) argued the influ-
ence of clanship, which belongs to one type of social force,
in the settlement aggregation. Wang (1991) discussed that
clanship is the core social force that provides an intrinsic
logic, whereas the natural force imposes an external logic
that creates the boundary of settlements.

The clan hall is a symbol of the clan’s organization, and
is the largest and highest-ranking building in a settlement.
Classified by the level of clan social organization, including
an ancestral hall, branch clan hall, small branch hall and
family hall, clan halls served as important places that were
mainly used for worship, family meetings, and celebrations.

2.2. Method of social network analysis

Since the late 1990s, humanists and social scientists have
shown an increasing interest in network analysis, a devel-
opment that has resulted in the emergence of new con-
cepts and methods (Elo, 2015). Network analysis has
potential power to uncloak hidden structures from histori-
cal textual materials with the help of graphical tools. The
focus of social network analysis is on exploring and under-
standing the structures and internal relationships among
elements or actors, not just on presenting the connections
between actors. The sociogram, or network diagram, has
become a mainstay of social network visualization (Scott,
2000). Network diagrams can be used to represent the re-
lationships between individuals in a group creating a “pic-
ture” in which persons are represented as points and
relationships are represented by lines between these
points. From the point of view of management science,
social network analysis is a tool that allows for strategic
study of important networks within an organization, to
recognize informal groups and to work with important
groups to facilitate effective collaboration (Aydin, 2018).
Huang (2017) applied the method of social network analysis
in the field of urban and rural planning.

In sociology, the relationship is determined between
ancestral halls and the form of settlements based on
empirical evidence; since everybody knows what “rela-
tionship” means, it can be used without a precise defini-
tion. Yet, social network analysis has developed methods
that attempt to formalize the notion of a social group, and
these methods can test specific hypotheses about the net-
work’s structural properties that arise in the course of
model testing. Therefore, our hypothesis, as tested by the
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network model was that the sites of halls of different hi-
erarchies are clues to the spatial evolution of ancient set-
tlements. Social network methods will be further
developed for testing hypotheses and exploring the symbi-
otic relationship between theory and method.

2.3. Hypothesis of spatial pattern

The hierarchical relationship of clan system shapes the
invariant element of social force that drive the process of
settlement aggregation. Thus, the sites of ancestral halls of
different hierarchies are metaphors for exploring the evo-
lution of settlement aggregation. Halls were divided into
several hierarchical structures consisting of the ancestral
hall, branch hall, small branch hall, and the family hall. The
spiritual and psychological centers of each branch of the
clan were formed through these hierarchical structures,
and the process of generating the spatial pattern of the
settlements also involved such hierarchical structures. The
construction in the process of settlement aggregation
generates a spatial pattern that is self-similar in that the
hall occurs at different scales (see Fig. 1). The self-similar
is mainly reflected through small branch family members’
houses that were always located around their family hall,
and family halls around branch hall, and branch halls
around the ancestral hall. In the end, the ancestral hall
became the activity center of settlement. The self-similar
pattern can be seen in many ancient settlements in Anhui
province of China.

Therefore, settlements were built from the bottom-up.
Street system grew organically around Settlement Centre,
which consisted of ancestral hall and ancillary buildings.

777777777777777777777777777777777

(family
Vhall

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

1 ancestral hall

Fig. 1  Self-similar structure of spatial pattern.

Usually Settlement Centre was planned by the leaders of
clan in early stages according to the theory of Feng Shui,
which represents the Chinese understanding of the natural
environment and the well-being of those living in it. Ac-
cording to the theory of Feng Shui, when the clan leader
selected the location of settlement, the site of the ances-
tral hall was determined before the site’s other buildings.
The site of the ancestral hall conformed to the natural
geographical environment (Xidi genealogy of Qing dynasty;
Dong, 1986; Zhang, 1986). Following these rules not only
established the important position of the ancestral hall, but
also the activity center of settlement. At the local level,
there was more conscious planning and design of street
systems particularly in developments which were self-
contained for purposes of the actual construction them-
selves (Batty, 2005). Strangers tended to be guided to the
settlement center of ancestral hall. Access to local resi-
dential houses was forbidden by the closed facades and
narrow streets that tended to limit visibility and movement
in Chinese settlements. The social elements embedded in
the space made it easy for strangers to get lost due to a lack
of space cognition. However, such a self-centered spatial
character provided the settlement with a defensive secu-
rity function. To understand the formation of the social
space in settlements, we next explore the social force of
the clan system that helped to shape it.

3. Modelling of relationship

One of the primary uses of social network analysis is to
quantify the “important” actors in social networks. There
are a variety of measures designed to describe and measure
the properties of “actor location” in a social network. Ac-
tors who are the most important are usually located in
strategic locations within the network (Wasserman and
Faust, 1994). The actors of our network model are the
people who are recorded in genealogies or historical ma-
terials in different historic periods of settlement. The his-
torical materials include genealogies in different dynasties,
records of conversations of clan leaders, and the research
results about clan of Xidi settlement. By analyzing the re-
lationships of members of a clan in social network, clues
can be discovered about important families.

3.1. Data matrix of the relation

The primary matrix used in social network analysis is called
the adjacency matrix, or sociomatrix, because the entries
in the matrix indicate whether two nodes are adjacent or
not. One-mode network is created with the size of g * g
sociomatrix for the kin relationship of clan. The graph
showing the ties between actors is not directed. For
example, if a tie between one actor and the other is pre-
sent, it goes both from n; to n; and from n; to n;; thus,
Xij=1, and X;;=1. Fig. 2 provides the sociomatrix for the
example of Xidi settlement. Acronym abbreviation repre-
sents analytic generation name in the matrix of the
network model.

In the kin relationships of a large clan system, there are
two kinds of relationships; direct relationships and collat-
eral relationships. In a direct relationship, if actor N; has
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Fig. 2

three sons, actor N,, actor N3, and actor N4, then the ties
among actor N4, actor Ny, actor N3, and actor N4 are indi-
cated by lines connecting them. If actor N4 has a son, actor
Ns, then this tie is indicated by a line connecting actor N4
with actor Ns. The relationships of brothers are not
considered in direct relationships. In a collateral relation-
ship, the relationships of brothers are considered. If actor
N4 has three sons, actor N,, actor N5, and actor N4, then the
ties among actor N, actor N;, actor N, are added (see
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direct relationship

Fig. 3

Sociomatrix of Xidi settlement in UCINET.

Fig. 3). The analysis of collateral relationships could be
used to understand the process of ancestral halls group
because people with closed collateral relationship always
live together.

3.2. Centrality measure for important people

In order to find the most important people in a clan, mea-
sures reflecting which "actors” are at the “center” of the
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Direct relationship and collateral relationships.
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clan group were looked for. Central actors must be the most
active in the sense that they have the most ties to other
actors in the graph. There are a variety of measures
designed to present the differences of important and
non-important actors. Centrality measures were chosen
because of the nondirectional relations of matrix. We used
UCINET (version 6) software for social network data to
analyze network information presented in sociomatrices.
The network group degree centralization measure is
(Wasserman and Faust, 1994):

Cp = 7_1[Co(n™) — Cp(ny)]
maxy_;_,[Co(n™>) — Cp(n;)]

Cp(n;)is the degree centrality of vertex n; in the equation.

3-1

Co(m) =d(m) => Xj=> X;i 3-2
j j
A proposed standardization of the measure is:
/ d(n;)
CD(ni) = gj 3-3

Another important index to describe the centrality is
betweenness centrality. Freeman (1979) suggested that an
actor is central if they lies between other actors on their
geodesics.'Freeman (1979) shows that the group between-
ness centralization index is:

1 [C(n™™) — Cy(ny)]
(g-1)

Cp= 3-4

and

CB(n;) = Zgjk(ni)/gjk

Jj<k

3-5

While gj(n;) is the number of geodesics linking the two
actors that contain actor i. A proposed standardization of
the measure is:

Ca(m) = 26s(m)

CEECE) 36

3.3. Cliques measure for subgroups

A subgroup defines the actors in any subset, and all the ties
among them. Locating and studying subgroups using specific
criteria have been important concerns in social network
analysis. Cliques are an important part of the description of
the social network structure. A clique in a graph is a
maximal complete subgraph that contains three or more
nodes. A clique consists of a subset of nodes that are
adjacent to all of the actors in the clique. It has well-
specified mathematical properties, and captures much of
the intuitive notion of a cohesive subgroup. Cohesive sub-
groups are theoretically important because social forces
operate through direct contact among subgroup actors,
through indirect contact transmitted via intermediaries, or

' Geodesic, or shortest path, linking the central nodes to the
other nodes must be as short as possible.

through the relative cohesion within, as compared to
outside, the subgroup (Knoke and Yang, 2008).

By looking for clique relationships in the network
model, the list of closed families can be discovered.
Usually, the site of halls of closed ties families that chose
to live together form the ancestral group, while the sites
of halls of loose-jointed families are far away from each
other.

4. Xidi settlement as a test case

4.1. Background of test case

Settlements are built from the bottom-up in China, and
are the product of individual decisions on many spatial
scales and over different time intervals (Batty, 2005). Xidi
settlement is an ideal site for the model because of its
preserved historical information from the bottom-up. In
the large cities of China, plans for cities have been pro-
posed with a top-down method to solve perceived prob-
lems, although most cities developed historically from a
bottom-up settlement. Top-down approaches based on
models that attempted to simulate the entire organiza-
tion of the city in analogy to classical gravitation are
being supplanted by theories emphasizing the way in
which uncoordinated global patterns define the size and
shape of cities in familiar ways (Batty, 1995). Bottom-up
approaches based on self-organizing structures emerged
from local actions. Like most settlements in other coun-
tries, settlements of China occurred without any central
planning yet settlements continue to function, often
quite effectively without any top-down control. They
actually evolved their own coordination from the bottom-
up (Batty, 2005). Xidi settlement was a good case study to
explore the process of settlement aggregation from
bottom-up because of its scale, population and preserved
historical buildings.

4.2. Data collection

A database and historical documentation were assembled
to support the modelling of clan relationships. Sources of
the genealogies in different historic periods of Xidi include
the Ming dynasty in A.D. 1565; Qing dynasty in A.D. 1720;
Qing dynasty in A.D. 1756; and the Qing dynasty in A.D.
1826. The multiple source database included topography,
economic and population information, topographical survey
drawings of the settlement, archaeological investigation,
aerial photography, and historical records of the settle-
ment. Topographical survey drawings of the settlement
were supported by the local government of Xidi county.
Historical maps provided source material for mapping
changes in the process of settlement aggregation. Fig. 4 is
the genealogy of the Xidi settlement. Abbreviations
represent analytic generation names in the matrix of the
network model. For example, the fourteenth generation
was called “Shi Heng Gong,” is represented as “SHG.”.

A social network analysis model was developed for this
study to investigate its utility in constructing the relation-
ship of clan system and spatial pattern. The model uses a
basic kinship of clan in the past six hundred years, which
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Fig. 4 Genealogy of the Xidi settlement (Zhang, 1986).

spanned from Ming dynasty to the Qing dynasty. A set of
actors is defined by the most important clan members
involved in the development of the settlement from the
Ming dynasty to the Qing dynasty.

4.3. Network analysis results

4.3.1. Centrality measure analysis in clanship

The definition of actor centrality is that central actors must be
the most active in the sense that they have the most ties to
other actors in the network model (Freeman, 1979). A cen-
trality measure for an actor could be the degree of the node,

and the equation for the degree of node is showed in equations
(3-2). The results of group centralization measure from the
matrix in Fig. 2 was calculated and is shown in Fig. 5 and Fig. 6.

The other important index of centrality measurement is
betweenness centrality, which is the interactions between
two nonadjacent actors. Equations (3-4) presents the group
betweenness centrality measure of the network model. The
index of betweenness centrality in the UCINET was calcu-
lated and is shown in Fig. 7 and Fig. 8.

Comparison of the degree centrality index and
betweenness centrality index, shows that 6 important
people of the clan got high scores of index as follows:
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Centrality Measures
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Degree centrality measure in Direct relation of clan.

Centrality Measures

60.000

50.000

40.000

Fig. 6
SHG, TJG, TJG2, JFT, TCG, HWG.

While SHG belongs to the fourteenth generation of clan
TJG, TJG2 belongs to the fifteenth generation of clan
JFT, TCG belongs to the sixteenth generation of clan
HWG belongs to the eighteenth generation of clan

According to the historical data (Zhang, 1986; Duan and
Jie, 2009), the region of the family halls of the above 6
important people (see Fig. 9) in the early period of Qing
dynasty and late period of Qing dynasty was outlined. SHG
is the most important one who belonged to the fourteenth
generation of clan and his family hall became the ancestral
hall of settlement. Due to the excessive number of

30.000

20.000

10.000

- 11
SHG e & TG IFT ZF SF EF WF R2G LF 26 uG prde} s& HWG RG SLG SQG

Degree centrality measure in collateral relation of clan.

descendants, JFT had become the main branch of the clan
and the branch family halls extended from the north to the
west of settlement in the late period of Qing dynasty.
Comparing Fig. 9a with Fig. 9b, the process of settlement
aggregation can be clearly outlined.

The six important people represent the main members
of the family branch. Due to the increased population of
SHG branch, family members (JFT and his descendants)
migrated to the west part of the settlement, then the
settlement activity center was developed from one to two
centers. The spatial structure had undergone tremendous
changes from a single core to two cores.

The above analysis results show that the analysis of
“important people” offers a promising perspective for
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developing new research methods for the analysis of the
social network of language capable of tackling and
extracting the important relationship information based on
clanship data. Another phenomenon in the process of set-
tlement aggregation is the emergence of family halls,
which means that the family halls with close relationship
gradually merge to form the group of family halls. Next, we
analyze the subgroups (cliques) analysis of clanship.

4.3.2. Subgroup analysis in clanship

The notions of subgroup or clique are widely used in the social
sciences, particularly in social psychology and sociology. In
social network analysis, the notion of subgroup is formalized
by the general property of cohesion among subgroup members
based on specified properties of the ties among the members.
According to clique definition in 3.3, the results of our network
model reveals the following relations in UCINET:

1. The clan system consisted of two large subgroups.

One group was the branch of TJG, and the other was the
branch of TJG2 (see Fig. 5). Both groups were the de-
scendants of generation 14, SHG, who was connected to two
large cohesive subgroups. Subgroup 1 had nine branches,
whereas subgroup 2 had four branches (see Fig. 10a).

2. There were 15 cliques among the direct relative actors.
The 15 cliqgues among the direct relatives were calcu-

lated by UCINET as follows (Clique Participation Scores
showed in Table 1):

TRG SF WF LF EF prde} 226 uze HWG

8

Betweenness centrality -node betweenness index in collateral relation of clan.

1 SHG TJG JFT ZF
2 SHG TJG JFT EF
3 SHG TJG JFT SF
4 SHG TJG JFT WF
5 SHG TJG JFT LF
6 SHG TJG TCG
7 SHG TJG2 RZG SBS
8 SHG TJG2 XZG
9 SHG TJG2 ZZG
10 SHG TJG2 LZGc
11 SHG TJG RZG SBS
12 SHG TJG XZG
13 SHG TJG ZZG
14 SHG TJG LZG
15 SHG JFT ZF HWG

There were 6 cliques among the collateral relative
actors.

The 6 cliques among the collateral relatives were
calculated by UCINET as follows (Clique Participation Scores
showed in Table 2):

1 SHG TJG JFT ZF EF SF WF LF

2 SHG TJG JFT ZF HWG

3 SHG TJG TJG2 TRG

4 SHG SQG SLG

5 SHG TJG2 TCG RZG XZG 7ZZG LZG
6 SHG TJG2 TCG RZG SBZ

According to the historical data (Zhang, 1986; Duan and
Jie, 2009), the region of the family halls group, which
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Legend:

E Main street

@ Site of family hall

Early period of Qing dynasty

a

Legend:

E Main street

@ Site of family hall

Late period of Qing dynasty

Fig. 9 The region of family halls of important people in the early and late period of Qing dynasty.

corresponds to the results of the analysis above in the
period of Qing dynasty (see Fig. 10b) was outlined.

We can conclude that due to the residential migration
of the main branch members, the descendants’ resi-
dences developed around the main members of the family
and gradually formed interconnected residential cliques.
These cliques outlined the new spatial structure of
settlement.

4.4, The relation between analysis results and
space structure of settlement aggregation

One important feature of the model is its analysis of rela-
tionship, as the result of individual personal behavior, that
is susceptible to the physical, social, economic, and cul-
tural landscape. The locations of family halls (important
people) determined the orientation of spatial
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Legend:

- Center of Acitivity

E Road shaped by residents house

- Ancestral hall
] Familyha

Clique of clan
(DClique for Direct clique,
CClique for Collateral clique

“
( I\ Subgroup of clan

Subgro

Center of Acitivity

Road shaped by residents house
Ancestral hall

Family hall

Clique of clan

oful Jiif B

(DClique for Direct clique,
CClique for Collateral clique

Fig. 10 The spatial pattern of settlement shaped by cliques of clan.

development, while the locations of the cliques determined
the spatial skeleton of the settlement structure. The
development of two large subgroups, which were composed
of several closely related cliques, was consistent with the
evolution of the settlement space. The descendants of the

sixteenth generation JFT developed towards the west side
of the settlement and formed a new settlement center,
while the descendants of the sixteenth generation TCG
centered around the original settlement center. The set-
tlement center gradually evolved from a single center to a
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Table 1  Clique Participation Scores of Direct Relation of clan.
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
SHG 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
SQG 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
SLG 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
TJG 1.000 1.000 1.000 1.000 1.000 1.000 0.250 0.333 0.333 0.333 0.500 0.667 0.667 0.667 0.750
TJG2 0.250 0.250 0.250 0.250 0.250 0.333 1.000 1.000 1.000 1.000 0.750 0.667 0.667 0.667 0.250
TRG 0.250 0.250 0.250 0.250 0.250 0.333 0.250 0.333 0.333 0.333 0.250 0.333 0.333 0.333 0.250
JFT 1.000 1.000 1.000 1.000 1.000 0.667 0.250 0.333 0.333 0.333 0.250 0.333 0.333 0.333 1.000
TCG 0.500 0.500 0.500 0.500 0.500 1.000 0.750 0.667 0.667 0.667 1.000 1.000 1.000 1.000 0.250
ZF 1.000 0.750 0.750 0.750 0.750 0.667 0.250 0.333 0.333 0.333 0.667 0.250 0.333 0.333 1.000
EF 0.750 1.000 0.750 0.750 0.750 0.667 0.250 0.333 0.333 0.333 0.667 0.250 0.333 0.333 0.500
SF 0.750 0.750 1.000 0.750 0.750 0.667 0.250 0.333 0.333 0.333 0.667 0.250 0.333 0.333 0.500
WF 0.750 0.750 0.750 1.000 0.750 0.667 0.250 0.333 0.333 0.333 0.667 0.250 0.333 0.333 0.500
LF 0.750 0.750 0.750 0.750 1.000 0.667 0.250 0.333 0.333 0.333 0.667 0.250 0.333 0.333 0.500
RZG 0.250 0.250 0.250 0.250 0.250 0.667 1.000 0.667 0.667 0.667 1.000 0.667 0.667 0.667 0.250
XZG 0.250 0.250 0.250 0.250 0.250 0.667 0.500 1.000 0.667 0.667 0.500 1.000 0.667 0.667 0.250
ZZG 0.250 0.250 0.250 0.250 0.250 0.667 0.500 0.667 1.000 0.667 0.500 0.667 1.000 0.667 0.250
LZG 0.250 0.250 0.250 0.250 0.250 0.667 0.500 0.667 0.667 1.000 0.500 0.667 0.667 1.000 0.250
HWG 0.750 0.500 0.500 0.500 0.500 0.333 0.250 0.333 0.333 0.333 0.250 0.333 0.333 0.333 1.000
SBZ 0.250 0.250 0.250 0.250 0.250 0.667 1.000 0.667 0.667 0.667 1.000 0.667 0.667 0.667 0.250
Table 2  Clique Participation Scores of Collateral Relation grid lines from the edge of the area (Hillier, 2002). On the
of clan. contrary, in Chinese settlements, strangers tended to be
1 2 3 4 5 6 guided to the major activity center of ancestral halls. Ac-
SHG 1.000  1.000 1.000 1.000 1.000 1.000 cess to local residential houses was forbidden py.the. glqsgd
facades and narrow streets that tended to limit visibility
QG 0.125 0200 0250 1.000 ~0.143  0.200 and movement in Chinese settlements. The social elements
SLG 0.125 0.200 0.250 1.000 0.143 0.200 . . )
T1G 1.000 1.000 1.000 0333 028  0.400 embedded in the space made 1’t easy for strangers to get
TJG2 0.250 0400 1.000 0.333 1.000 1.000 lost due to a l;ck of space cogm.tlon. However, such a §elf-
TRG 0250 0.400 1.000 0.333 0286  0.400 centergd spatla! charact.er provided the settlement with a
JFT 1.000 1.000 0.500 0.333 0.143 0.200 defensive security function.
TCG 0.125 0.200 0.500 0.333 1.000 1.000 .
ZF 1.000 0.500 0.500 0.333 0.143 0.200 5. Conclusion
EF 1.000 0.500 0.500 0.333 0.143 0.400
SF 1.000 0.500 0.500 0.333 0.143 0.200 This article sought to exemplify how social network analysis
WF 1.000 0.500 0.500 0.333 0.143  0.400 could be applied to the research of spatial pattern in order
LF 1.000 0.500 0.500 0.333 0.143 0.200 to uncloak hidden social structures in a settlement. It offers
RZG 0.125 0.500 0.500 0.333 1.000 1.000 powerful tools for identifying the most important people and
XZG 0.125 0.500 0.500 0.333 1.000 0.800 cliques in the social network structure based on the kinship.
721G 0.125 0.500 0.500 0.333 1.000 0.800 The most important people, which is analyzed from socio-
LZG 0.125 0.500 0.500 0.333 1.000 0.800 gram approach, was always the main member of the branch
HWG 0.500 0.500 0.500 0.333 0.143 0.200 clan. Their residential site selection determined the spatial
SBZ 0.125 0.500 0.500 0.333 0.571  1.000 structure of settlement. The cliques, which were created

double center, which is an important spatial characteristic
in the process of settlement aggregation (see Fig. 9b). The
morphology of the settlement changed from the linear
structure to a massive structure that could accommodate
more people. Behind the morphological transformation is
the social force of the two large subgroups that are both
interconnected and competing.

The spatial pattern of settlements shaped by clanship is
less intelligible than patterns of settlement in other cities
of the world. The space of settlements in developed
counties was always easily permeable to strangers, with
public spaces in central areas accessible by following street

from direct or collateral relation of clan, also shaped the
spatial form characteristics. The archaeological sites of clan
hall are seen as connected objects which link the data
analysis results of clanship and spatial evolution of the
spatial structure of the settlement, and through the selec-
tion of sites of clan halls, we can better understand the role
of clanship in the process of spatial evolution. Further,
comparisons with the historical archaeological remains of
family halls illustrated the reliability of the results produced
by the new methodology. The relationship of clan is operated
as social force to drive the process of spatial pattern in an
effective way in the evolution of settlement.

The social network analysis could be used to analyze the
social-structural relation based on the data gathered from
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the investigation. Within the research of urban form, the
analogies between the structure of urban form and the
social structure of the urban population have always been
ignored. The migration of different district populations
radically transformed the internal makeup of a city. The
future task of researchers will be to study the relationship
between urban form structure and social structure among
various populations, as well as the impact of changes in
social demographic structure on urban forms.
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