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Abstract: In China’s rural renewal, the regional characteristics of rural traditional houses are often
ignored. Local governments and real estate developers have distorted the perception of traditional
buildings, damaging their sustainability. This paper analyzes the traditional rural houses of Jinhua
and Quzhou, Zhejiang, China, based on space syntax. Its objective is to demonstrate concretely the
regional characteristics of architecture through quantitative analysis. By summarizing the comparison
of various variables, these characteristics can be further expressed. This will allow us to better
understand the wishes of local residents for living space in a more accurate and quantified manner.
As the subject of this study, 34 typical buildings are examined in 19 villages. According to the analysis
of the RA, integration, and control values of space syntax, each room in these buildings is calculated.
The courtyard, the hall, and the main room are chosen as the principal research areas. In addition,
the exterior space is considered to be a key factor. As a result of this study, it is found that rural
traditional houses in Jinhua and Quzhou have their own regional characteristics. These characteristics
are presented as differences between the above-noted spaces in different comparative analyses and
are consistent with the actual situation. It enables the rural traditional houses to be scientifically
and quantitatively analyzed, which can be helpful for architectural renewal. As a consequence, it is
possible to support the sustainability of rural buildings using data analysis, as well as safeguard the
personalized rights and interests of local residents regarding housing.

Keywords: space syntax; quantitative analysis; comparative study; rural traditional houses

1. Introduction

In the field of Chinese rural traditional architecture, research has existed for more
than 90 years. The focus of the research is constantly changing. Researchers have recently
focused on the regional characteristics of traditional rural houses [1-4], because local
governments and real estate developers tend to stereotype traditional rural houses, which
ignores regional characteristics and further destroys the cultural landscape. To a certain
extent, the subjective perspective associated with a humanistic interpretation obscures an
objective understanding of rural areas” actual conditions. On the contrary, a comparative
study using quantitative analysis will efficiently analyze the internal reality of traditional
rural buildings.

In China, the government plans and regulates cities, while rural areas have long
been under collective self-governance. The construction of residential buildings in cities is
dominated by the government and real estate developers. However, residents in rural areas
still have complete autonomy in terms of the design and construction of their homes. The
organization of space is a material component of the social form, and this is particularly
evident in rural China [5]. Through the self-construction of houses, residents” will can
be fully expressed in the spatial environment [3]. However, in recent years, the influence
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of the government and capital on rural areas has been increasing. Despite space being a
sociocultural construct [6], the discourse power of residents regarding living spaces has
gradually diminished. Some designs for new rural areas have replicated urban residential
areas, only continuing the rural style in visual elements such as building facades. One
important factor contributing to this issue is that the cultural attributes of space are difficult
to quantify and analyze. It allows the government and capital, to a greater extent, to
reconstruct the actual spatial demands of residents according to their desires. Therefore,
exploring the sustainability of rural architecture in China through quantitative analysis can
help residents gain more discourse power in creating their living spaces.

Zhejiang is a relatively prosperous province in China. In recent years, due to the need
for rural development policies and the demand for rural tourism in the capital market,
rural areas in Zhejiang are facing challenges. The new rural architecture often only pursues
rustic elements in terms of visual effects while severely neglecting spatial organization.
Although these visual elements achieve the effect of a “novel and beautiful countryside” in
terms of promotion, the lack of internal logic in spatial organization poses a challenge to
the original living habits of residents. In response to the abovementioned issues, this article
selects Jinhua and Quzhou as research objects. The research aims to verify the differences
in the spatial structure of rural architecture in these two places through space syntax and
statistical analysis. It will combine the regularities revealed in quantitative analysis with
regional sociocultural factors, and it will further contribute to the sustainable development
of rural architecture.

Space syntax is a theory that explores the spatial order characteristics of society [7]
(pp- 29-30), and it has also been extensively applied in the study of residential architecture [8-10].
It aligns well with the research on traditional residential architecture in China. Chinese
culture emphasizes the concepts of “home” and “interpersonal relationships”, which are
mainly reflected in rural residential spaces [11]. Rural residents express their most gen-
uine life aspirations by fully autonomously defining and creating the forms of their living
spaces. This makes dwellings a key focus in studying sustainable residential architecture
in China [12]. Space syntax establishes the correspondence between forms and functions,
seeking the relationship between buildings and societies [13] (pp. 288-291). The forms of
habitation are the objects of investigation in space syntax, as they are used to reveal how peo-
ple’s life aspirations are concretely manifested in the spatial organization of buildings [14]
(pp- 288-291). Over the years, a large amount of research on residential architecture has
adopted the analytical models of space syntax [15-18], and various analysis methods have
emerged. These methods include exploring spatial configurations through numerical val-
ues such as integration values and statistically processing these values [19-22], as well
as employing a perspective from graphic representation to articulate the spatial social
logic behind dwellings through topological relationships [23-26]. Considering a wealth of
research literature, space syntax is a highly influential research method for analyzing the
inherent logic of space and exploring sustainability.

This study compares traditional rural houses in Jinhua and Quzhou of Zhejiang
through the quantitative analysis of space syntax. It focuses on the differences in spatial
organization between the two regions’ buildings and provides explanations in conjunction
with regional culture. From an architectural perspective, rural residences are important
research subjects in traditional Chinese architecture. Exploring the relationship between
their spatial forms and sociocultural factors using space syntax can provide a more precise
interpretation of architectural culture. From a sociological standpoint, investigating the
spatial logic of rural residences can provide a data model to support residents’ living
aspirations. It demonstrates a concern for the sustainability of the rural living environment
in China.
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2. Materials and Methods
2.1. Materials
2.1.1. Research Area

This study focuses on the rural traditional houses located in Jinhua and Quzhou, China.
Both Jinhua and Quzhou are situated in the Jinqu basin, which lies in the western region of
Zhejiang. The Jinqu basin is a strip-shaped area with an east-west trend, and its latitude,
landform, hydrology, and climate are quite similar (Figure 1). Thus, the constructed
“socio-spatial” relationship is more reliable since natural variables are eliminated.

Jiangsu
Province

Shanghai

Anhui Province

Beitigy . ,Zhejnand
) /~(_Provinge

Quzhoy | Jinhua

D) __&Shanghai Jiangxi Province

S Zhejiang Province —~_
Y i/ 2
/ J

| /) Fujian Province

Figure 1. Location map for Jinhua and Quzhou.

Quzhou and Jinhua share a geographical border, but they are socially and culturally
distinct. A large number of people moved to Jinhua during the Qin Dynasty, causing the
fusion of Han culture and Wu Yue culture [27]. Furthermore, the plain water town culture
in northern Zhejiang and the coastal culture in eastern Zhejiang have had a profound
influence on the Jinhua area [28]. As a result of combining various cultures, Jinhua, located
in the heart of Zhejiang, has also developed its own unique regional culture, of which Wu
Theory is a typical example [29]. Its ideological core is heavily influenced by Zhejiang’s
business philosophy [30]. In addition, it encourages Jinhua to further develop an economic
and social structure with regional characteristics [31]. In general, Jinhua’s social and cultural
focus is on diversity and integration, and its rural model is geared towards cluster benefits.

Quzhou is a valley plain located at the intersection of the Zhejiang, Fujian, Jiangxi,
and Anhui provinces [32]. It has an important waterway system [33]. Since ancient times,
it has been an important transportation hub between the provinces [34]. According to
its transportation status, the Confucius clan moved south to Quzhou during the Song
Dynasty, which positioned Quzhou as an important cultural center [35]. Further, the
traditional Chinese culture of “approaching the saints” led to a greater number of cultural
exchanges in Quzhou [36]. Thus, Quzhou has gained a large influx of residents from a
variety of provinces [37]. Quzhou, which is located on the fringe of the Zhejiang Province,
has gradually developed its own social and cultural characteristics. In contrast to Jinhua,
Quzhou focuses more on establishing small families and fostering personal development.

Jinhua and Quzhou have both experienced population influxes and cultural blending,
and their original social cultures have changed accordingly. Changes in Jinhua take place
in clusters rather than individuals. In its rural settlements, the emphasis is placed on
the mutual exchange of the community, emphasizing a sense of collective wisdom and
responsibility. In contrast, Quzhou focuses on the individual. Its rural settlement pattern
consists largely of scattered distributions of small families. In conclusion, the two areas
share the same root but have developed their own regional characteristics in the course of
history.

2.1.2. Research Object

Based on the completeness and primitiveness of traditional architecture (referring
to documents from the Provincial Agricultural Office and Provincial Department of Con-
struction), this study examines 19 traditional villages in Jinhua and Quzhou. For 34 repre-
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sentative rural traditional houses, analysis is conducted through site visits, mapping, and
modeling.

At the same time, in the selection of samples, this study takes architectural style as
the primary criterion. When a village has multiple residential buildings consistent in style,
this study selects only the most typical architecture as samples. This is because the level of
architectural preservation varies among different villages, and this study considers that
each architectural style should carry equal weight in subsequent analysis, regardless of the
number of remaining structures.

Through long-term surveys and interviews, based on the descriptions of living sce-
narios provided by the residents themselves, we categorized the interior spaces of the
buildings into the following categories: courtyard (C), hall (H), main room (M), wing room
(W), transition (T), kitchen (K), and other room (O). Among them, courtyard (C), hall (H),
and main room (M) spaces appear in all samples and are, therefore, the main focus of this
study’s analysis. Additionally, in order to explore the difference between residences in a
closed state (only accessible to internal members) and an open state (accessible to external
visitors), the exterior (E) is also included as an object of investigation in subsequent analysis
(as is shown in Tables 1-3).

Table 1. Research buildings and their sources.
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Table 2. Labels corresponding to each space.
Functions Courtyard  Hall Main Room  Wing Room Transition Space  Kitchen =~ Other Room  Exterior

Codes C H M w T K @] E

Table 3. Spatial relationship.
Plan Spatial Relationship Spatial Relationship (with Exterior)

Jinhua

Sample

Quzhou

Sample

It is important to note that, to gain a more authentic understanding of the actual
conditions of rural residences, the definition of the spaces mentioned above is not primarily
based on the observations of the researchers with their architectural expertise but rather on
the descriptions provided by the residents. As this information pertains to the residents’
personal privacy, the article cannot provide the floor plans and specific locations of all
the interviewees’ residences. To further protect the personal privacy of the interviewees,
certain spaces with specific functions have been categorized under the main room, other
room, and miscellaneous spaces.

2.2. Methods

When analyzing the spatial aspects of residences, space syntax typically employs three
paths: axis (one-dimensional organization), convex (two-dimensional organization), and
isovists (visual fields) [14] (pp. 39—40). This study adopts the convex research model as
it is widely used in the study of residential architectural spaces [38,39]. The convex map
transforms the architectural floor plan into a topological map of individual spatial nodes
(such as the earlier mentioned Table 3: the connection between exterior and interior spaces).
It further calculates each spatial node’s RA (relative asymmetry) value, Int (integration)
value, and control value.

The RA value assesses the interrelation between the selected spatial node and the
other nodes. The selected node serves as the reference point, and the average number
of steps from the other nodes to the reference point, known as the mean depth (MD), is
calculated. The MD reflects the efficiency of reaching other system parts from the selected
node. When the MD is 1, regardless of whether from the reference point to other nodes or
from other nodes back to the reference point, the depth is 1, indicating symmetry (Figure 2).
Generally, the reference point and the remaining system are asymmetric (Figure 3). In
the most extreme case, the MD equals N/2 (Figure 4). To better compare this asymmetry,
spatial syntax mathematically converts the MD into the RA. The RA value ranges from 0 to
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1. A higher RA value indicates lower interaction efficiency between the selected reference

point and the rest of the system. In residential buildings, nodes with higher RA values are
less easily reached.

Remainin
9 1 Depth X (N-1) Nodes= N-1
Nodes

Selecting
Node

Total Depth = N-1

Figure 2. Depth map under complete symmetry.

3 Depth X 4 Nodes=12

Remaining 2 Depth X 3 Nodes=6
Nodes

1 Depth X 3 Nodes=3
Selecting
Node

Total Depth =3+6+12=21

Figure 3. Depth map in general spatial form.

(N-1) Depth X 1 Node

(N-2) Depth X 1 Node

Remaining
Nodes :
2 Depth X 1 Node
1 Depth X1 Node
‘selectng |
Node Total Depth =N(N-1)/2

Figure 4. Depth map under complete asymmetry.

Total Depth

eanDepth = N_1

MD -1

RA(Relativized Asymmetry) = N

2

(N is the total number of spatial nodes in the system).

The integration value is derived from the RA value calculation. In analyzing RA values,
the system’s total number of spatial nodes, N, can influence the numerical values. The
spatial syntax theory introduces a pyramid-shaped pattern to account for this influence. It
calculates its corresponding p-value, which represents the expected value of the system for
any given N [7] (pp. 112-114). The real relative asymmetry (RRA) is obtained by dividing
the RA by the p-value. In order to establish a positive correlation between the numerical
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value and spatial integration, the reciprocal of the RRA is denoted as the integration (Int)
value [40].

The difference between the RA value and the Int value lies in whether the influence of
the system’s scale is removed, but their commonality is that they both analyze the system as
a whole. In contrast, the control value focuses on the local level. When a node is connected
to n other nodes, the node assigns 1/n to each connecting node. The control value of
the selected node is obtained by summing the values assigned to it by its neighboring
nodes [7] (p. 109). This study simultaneously uses RA values, Int values, and control
values to analyze the data and compares the analysis results of different values. This
comprehensive comparative study of the materials combines the characteristics of different
values to provide a comprehensive analysis.

After completing all the calculations, the average, main room, courtyard, and hall
values are further used for regression analysis. The first regression analysis explores the
interrelationships among the main room, courtyard, and hall. It aims to investigate the
associations between these three types of spaces. The second regression analysis examines
the regression relationship between the three types of spaces mentioned above and the
average value. It aims to explore the relationships between these three types of spaces
and the general spatial characteristics. The exterior is included as a variable in all the
analyses, representing the state of the building (whether it is open to external visitors). The
comparison of RA value and Int value analysis results is used to verify the influence of the
system’s scale on the inherent patterns of architectural space. The comparison of RA value
and control value analysis results allows for contrasting the differences between the overall
and local perspectives. Based on these comprehensive comparisons, the objective of this
study is to provide a systematic analysis of the research materials(Table 4).

Table 4. Research pathway schematic.

Regression Analysis Value Variable
M ¢ Relative Asymmetry
\ / With Exterior
H
M C H Integration
\ | / Without Exterior
AVG
Control

The article also employs the Justified Plan Graph (JPG) as a supplementary illustration
to further elucidate the patterns presented in the data [14] (pp. 25-28). The JPG serves as a
visual representation of the spatial configuration, specifically exploring the relationships
between each functional space of the system and every other space. It builds upon the depth
graph and further showcases the relationships between various points and the selected
points. By utilizing the JPG, the integration of data patterns with real-world scenarios can
be presented more intuitively (Tables 5 and 6).

Table 5. JPG legend.

Functions

Courtyard

Hall Main Room  Wing Room Transition Space  Kitchen = Other Room Exterior

Legend

C

H M W T K O E
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Table 6. Illustration of the Justified Plan Graph (JPG).

Floor Plan Justified Plan Graph
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All the above analyses and calculations were performed using DepthMap 10 (Windows
Version 10.08.00r) software. It is a widely used analysis tool for space syntax that assists in
generating JPG images and calculating various metrics by inputting relevant architectural
information. This study further added legends, auxiliary lines, and explanatory notes
based on the software analysis to enhance the visual clarity of certain figures and tables.

After completing all the analyses, this study will summarize and generalize the archi-
tectural plan features of Jinhua and Quzhou. Furthermore, the extracted patterns will be
utilized in the exploration of applications. This study will select several newly constructed
rural architectural plans led by government and real estate entities for comparative analysis.

3. Results
3.1. Case Study
3.1.1. Analysis of the RA Value

In the scatterplot analysis of RA values, the data scatter between Jinhua and Quzhou
is an apparent binary distribution (except for the “Hall—courtyard” scatterplot). Then,
this study takes the average value of individual rooms as an indication of general space.
The binary distribution is powerful in the regression analysis of the main function room
(main room, courtyard, hall) versus the general space (average value). It is clear evidence
of individual architectural features in these two areas (Tables 7 and 8).

Table 7. RA value scatterplot matrix analysis (with exterior).

C H AVG
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Table 7. Cont.

M C H AVG

AVG

Note: golden marks are Jinhua data points, and blue marks are Quzhou data points (The same representation
applies to the subsequent scatter plots as well).

Regression analysis was carried out for various functional rooms. Their goodness-of-fit
values are as follows (with the exterior/without the exterior): 0.7220/0.5882 (courtyard-
main room), 0.3099/0.7076 (hall-main room), and 0.0708/0.5927 (hall-courtyard). From
the data, it can be found that the courtyard has a high correlation with the main room.
Moreover, the variable exterior has a positive impact on it. Combined with the field
investigation, Jinhua rural traditional houses are usually connected to the exterior during
the day. Furthermore, inside the building, from the perspective of people’s life situations,
the boundary between the main room and the courtyard is relatively vague (Table 9).

Table 8. RA value scatterplot matrix analysis (without exterior).

M C H AVG
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Table 8. Cont.

C H AVG

%

AVG

Table 9. Regression analysis of main room, courtyard, and hall, based on the RA values of Jinhua.

C-M H-M H-C

y =0.7625x + 0.0724
R*=0.3099

y.= 0.2643x + 0,0815
R? =0.0708

With Exterior
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Table 9. Cont.

C-M H-M H-C

y = 0.8321x

R? = 0.5882
y = 0.8916x + 0.041

R?=0.7076

y=0.7521x-0.0072
R? =0.5927

Without Exterior

Considering the JPG, regardless of whether the courtyard or the main room is taken
as the root, connected nodes appear at a certain depth (the red highlighted area in Table 10).
These interconnected nodes indicate a certain sequential relationship in their corresponding
functional aspects. The depth from the courtyard to this group of nodes is generally lower
than when the main room is taken as the root. This again reflects that the residential build-
ings in Jinhua emphasize social spaces, as they allow quicker access to various functional
nodes starting from the public space of the courtyard.

Table 10. Jinhua Examples of JPG (Root C and M).

Floor Plan Root C Root M

ST T o 1
— CoT . —— .M ™M T—T—T—O—O—O—T| e N [/
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Compared to the values of C-M, the opposite goodness-of-fit of hall-main room reflects
another characteristic. When the exterior is not considered, it increases from 0.3099 to 0.7076.
Combined with reality, Jinhua rural houses will completely enclose the buildings on special
occasions, such as weddings. During those times, the entrance to the exterior will be closed,
and the building will be in a relatively closed state.

From the JPG, regardless of the overall complexity, the figures based on the hall
and the main room show high similarity (Table 11). From the perspective of residents
movement paths, the hall and the main room are at the end. Their preceding spaces are
often the same. This implies that the hall and the main room correlate certain behavioral
events for residents. Combined with the context of Chinese culture, the hall and the
main room were significant ritual spaces during these times. Additionally, they have a
connected relationship in cultural rituals. The above interpretation may provide a partial

understanding of the data.

Table 11. Quzhou Examples of JPG (Root H and M).
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W [ ) ¥ L
(4] I (8]
M 1 M

| N\ [ 4
w 1 w o w m. T \\o\ 7v o w T T\ o w
B VNN VN
. | T\M w e T T H\ M C T
| »57 = Ig>] N\~ /4
W W
BANEesssa P BA |
o 1 4 M H M
i T 0O 0 0O W W w w 0O 0 0O W W W w
._':%J' won M 'L;H T/{W//—\WQ\ 1/1% w T/évj—/{w\r\/ié\%j\ w
W  7 gl \\c NT \\T/ H\D\\\\M\\T\T/
-2 L. .C . L / \\\
W L_| < [1 w \\ e \% ‘ /
H'\:'*' g_‘u[_' [} ‘.—uh —.\T'_' -i’ 1"
N ‘l  —
o3 6 H M
7 | 1 ° "
::’;l'é{MI\il H \1[ \1}§ . O\T o\T

0]4 K
S KR n
5] B

.—(TT 1 ;b
oTfo| (u. fo
0 ) T
g _._0_ C

LQ dpte— _:—’1:
(0] Ho[o 0]0[0}&
,_Q_% 03 6 M
QO .

\‘// \\,/
\l//////
/\/// ///

\|//////

/\\//// ///

T

\\\///
|

M

The goodness-of-fit of the hall-courtyard is also affected by the exterior. Although both
are communal spaces, they have different functions in the spatial system. The association
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of the two in a closed architectural system is elevated when the connection to the exterior is
disconnected. Moreover, the hall and courtyard show their specificity when the building is
open to the outside.

All data are relatively low in the regression analysis of the general space versus the
other three space classes, except the average value-the value of the hall (with the exterior).
Their goodness-of-fit is 0.6235. It means that compared with the common rooms, the
properties of the main room and courtyard in the space system are unique. Moreover, when
connected with the exterior, the hall tends to be a general space in the system. Although
the hall is in a particular position on the central axis from the plan view perspective, this
particularity disappears in some cases in the analysis of spatial topological relationships.
It breaks our empirical cognition of hall in traditional architecture Considering the JPG,
regardless of whether the courtyard or the main room is taken as the root, connected nodes
appear at a certain depth (Table 12).

Table 12. Regression analysis of general space and three other kinds of space, based on the RA values
of Jinhua.

AVG-M AVG-C AVG-H

With Exterior

Without Exterior

y =0.1591x +0.1767

To sum up, it is evident that the exterior is an essential variable in the data analysis
of Jinhua. First, the main room is strongly associated with the courtyard if the building
is connected with the exterior. Otherwise, the main room is strongly associated with the
hall. Secondly, the courtyard and hall show differences when the building is connected
with the exterior; otherwise, the two types of space show similarities. Third, the hall on the
central axis will weaken its specificity and tend to be a general space when the building is
connected with the exterior.

In Quzhou, the results of data analysis are different (Table 13). The regression analysis
of the main room, courtyard, and hall showed a weak correlation. Moreover, the goodness-
of-fit rises slightly when the building is closed without an exterior. These are entirely
different from the situation in Jinhua. Considering the actual situation of Quzhou, its
traditional rural houses are basically in a self-closed state. There is little interaction between
various buildings, and the connection with the exterior is disconnected. The rural culture
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that pays attention to personal development makes its architecture pay more attention to
the monomer.

Table 13. Regression analysis of main room, courtyard, and hall, based on the RA values of Quzhou.

C-M H-M H-C

With Exterior

y = 0.4184x + 0.1208
R? = 0.1534

Without Exterior

Further, the above three categories of space are compared with the mean for regression
analysis. The goodness-of-fit between the main room and the average value is 0.8167/0.9400
(with the exterior/without the exterior). The main room’s relevance is strong, especially
when the building is not combined with the exterior. The main room strongly correlates
with the general room, reflecting that the host has strong control over the building. This
is consistent with the social culture of the Quzhou countryside Considering the JPG,
regardless of whether the courtyard or the main room is taken as the root, connected nodes
appear at a certain depth (Tables 13 and 14).

Table 14. Regression analysis of general space and three other kinds of space, based on the RA values
of Quzhou.

AVG-M AVG-C AVG-H

Q@

y=1.4951x-0.0714
R?=0.8167

y =0.1939x + 0.1462
R?*=0.022

)

With Exterior
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Table 14. Cont.

AVG-M AVG-C AVG-H

@
y = 1.4974x - 0.1033
R?=0.94

y=0.2911x +0.107

R? = 0.0356

Without Exterior

y = 0.1864x + 0.1683
R? = 0.0166

From the JPG, the cases in Quzhou exhibit a typical tree-like structure (Table 15).
Unlike Jinhua, they do not form interconnected clusters. Considering the actual situation,
residents spend most of their time in the main room and only go to specific spatial nodes
for special events before returning to the main room. Since the connection to the exterior is
closed, these activities are not disrupted by external visitors.

Table 15. Quzhou Examples of JPG (Root M).
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When the data of Quzhou and Jinhua are combined, it will be found that their dif-
ferences are reflected in response to variables. The exterior is a crucial variable. From the
data, it is the critical reason for the difference. Moreover, combined with reality, the rural
buildings in Jinhua and Quzhou are also obviously different.

3.1.2. Analysis of the Integration Value

Compared with the Ra value, integration value analysis removes the influence of
building volume. From the scatterplot matrix, the law of the binary distribution remains.
However, in detail, there is some variation in the scatter of the two areas. The regional
features respond to the building volume in detail, but the overall differences between the
two regions are unaffected (Tables 16 and 17).

Table 16. Integration value scatterplot matrix analysis of various spaces (with exterior).

C H AVG

AVG




Buildings 2023, 13, 1507 17 of 33

Table 17. Integration value scatterplot matrix analysis of various spaces (without exterior).
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In the integration regression analysis of Jinhua Group, the goodness-of-fit values
for the courtyard—-main room, hall-main room, and hall-courtyard are 0.3547/0.3171,
0.0067/0.0744, and 0.3774/0.0018, respectively (with the exterior/without the exterior). For
the RA values, they were 0.7220/0.5882, 0.3099/0.7076, and 0.0708/0.5927, respectively
(Table 18).
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Table 18. Regression analysis of main room, courtyard, and hall, based on the integration values of

Jinhua.

C-M H-M H-C

With Exterior

Without Exterior

The goodness-of-fit of the courtyard versus the main room varied (RA—0.7220/0.5882,
integration—0.3547/0.3171). The change in goodness-of-fit due to the exterior was signif-
icantly attenuated in the analysis of integration values. This means that the effect of the
building volume takes precedence over the exterior for some correlations.

Moreover, the goodness-of-fit between the hall and the main room is significantly
weakened (RA—0.3099/0.7076, integration—0.0067/0.0744). After removing the influence
of the building volume, the connection between the hall and the main room disappeared.
Therefore, it can be seen that the building volume is a necessary condition for some
correlations.

The goodness-of-fit of the hall and courtyard also changed significantly (RA—0.0708/0.5927,
integration—0.3774/0.0018). The data results show that the role of the exterior in the two
cases is opposite. This means the building volume and exterior influence the interaction
between the hall and courtyard.

The goodness-of-fit with general space also changes. In RA analysis, the goodness-
of-fits of main room-average value, courtyard-average value, and hall-average value are
0.084/0.1157, 0.0021/0.0241, and 0.6235/0.0052 (with the exterior/without the exterior), re-
spectively. In integration analysis, they are 0.3152/0.3042, 0.3400/0.4042, and 0.1693/0.0013,
respectively. The influence weight of the building volume is removed, and the relevance
between main room/courtyard and general space is enhanced. This shows that the spatial
characteristics of the main room and courtyard depend on the building volume (Table 19).
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Table 19. Regression analysis of general space and three other kinds of space, based on the integration

values of Jinhua.

AVG-M AVG-C AVG-H

With Exterior

Without Exterior

y = 0.6873x + 0.163
R? = 0.3042 =

From the JPG, the impact of volume within the Jinhua cluster can be visually demon-
strated. Taking the exterior as a root, a simulation of external visitors entering the interior
space of the building is conducted (Table 20). The hall space is generally located at the
deepest depth, while there are multiple other spatial nodes within the depth where the
courtyard is located. Both of these features rely on an adequate number of spatial nodes
within the system.

Table 20. Jinhua Examples of JPG (Root E).
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Table 20. Cont.
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In the integration value analysis of the Quzhou group, the correlation changes of the
three types of space, courtyard—main room, hall-main room, and hall-courtyard, are not
apparent. They are 0.0702/0.001, 0.2328/0.2480, and 0.0053/0.0035, respectively (with the
exterior/without the exterior). Compared with the data of Ra value analysis (0.0180/0.2882,
0.0620/0.0240, 0.0315/0.1534, respectively), only the hall-main room value has increased.
After removing the influence of building volume, the hall and main room show some
correlation, and the exterior no longer plays a role (Table 21).

Table 21. Regression analysis of main room, courtyard, and hall, based on the integration values of

Quzhou.

C-M

H-C

With Exterior

0766x + 0.6028
1=0.2328

Without Exterior

y =-0.0098x + 0.7114
R*=0.001

® i ®

y=-0.0194x + 1.7967
R1=0.0035
y=0.0511x +0.6028
R?=0.248
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In the regression analysis with the general space, the goodness-of-fit values are as
follows: 0.5649/0.7287, 0.0709/0.0073, and 0.4835/0.6863 (main room-average value,
courtyard-average value, and hall-average value, respectively). They are also differ-
ent from the data in Ra value analysis (0.8167/0.9911, 0.0043/0.0356, 0.0220/0.0166).
The goodness-of-fit between the main room and the average value decreased but still
showed a high correlation. Moreover, the average hall value increased significantly (RA:
0.0220/0.0166, integration: 0.4835/0.6863). This shows that the spatial characteristics of the
hall largely depend on the role of the building volume for the traditional rural houses in
Quzhou. This is the exact opposite of Jinhua (Table 22).

Table 22. Regression analysis of general space and three other kinds of space, based on the integration

values of Quzhou.

AVG-M AVG-C AVG-H

With Exterior

Without Exterior

y = 0.5954x + 0.0637
R*=0.7287

From the JPG, Quzhou exhibits a predominantly tree-like structure (Table 23). Taking
the hall as a root, the courtyard is generally separated by one depth. However, the spatial
nodes in deeper depths are more likely to form rings as the volume increases, disrupting
the pure tree-like structure. In real-life scenarios, buildings with relatively smaller volumes
are less likely to exhibit complex variations, which allows for a closer alignment with the
residents” habits. The residential buildings in Quzhou are not generally open to external
visitors, and their design revolves around the residents” habitual living patterns, which
further explains their characteristics.
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Table 23. Quzhou Examples of JPG (Root H).

Floor Plan Root H
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Overall, after removing the influence of the building volume, the architectural spatial
attributes of Jinhua and Quzhou have been affected. These effects differ in many details.
Moreover, one of the spaces that deserve attention is the hall. In the integration analysis,
compared with the RA analysis, the association between the hall and the main room
decreased in the Jinhua group but increased in the Quzhou group. However, common to
both changes is that the effect of the exterior becomes weaker after the change, whether
the goodness-of-fit is increased or decreased. This means that the building volume is the
critical variable causing the correlation between the hall and the main room, and its priority
is greater than the influence of the exterior.

In addition, compared with RA analysis, the goodness-of-fit between the main room
and general space (average value) changes in integration analysis. The values increased in
Jinhua and decreased in Quzhou. So, the effect of this variable of building volume on the
spatial characteristics of the main room is opposite for each area.

In the integration analysis, the traditional rural houses of Jinhua and Quzhou are still
distinct from each other’s characteristics. Moreover, with the help of integration analysis,
the influence effect of the building volume is observed. The force of the exterior variable
also changes. This means that traditional rural houses have a complex spatial mechanism,
and there is an interaction between various variables.
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3.1.3. Analysis of the Control Value

Control value analysis is a supplement to the Ra value and integration value. The
average value in the control analysis does not need to be considered (based on its mathe-
matical definition, it is constant to 1), so the analysis focuses on the relationships among the
main room, courtyard, and hall. From the overall analysis based on the scatterplot matrix,
the data points from Jinhua and Quzhou still show a binary distribution pattern. Notably,
the distribution of the data points in the Jinhua Group is more clustered (Tables 24 and 25).

Table 24. Control value scatterplot matrix analysis of various spaces (with exterior).
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Table 25. Control value scatterplot matrix analysis of various spaces (without exterior).
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In the control analysis of the Jinhua group, the goodness-of-fit values for the courtyard—
main room, hall-main room and hall-courtyard are 0.1800/0.2167, 0.0173/0.0296, and
0.3292/0.0627, respectively (with external /without external). Among them, the goodness-
of-fit of the hall-courtyard deserves attention. It significantly differed from the RA analysis
(RA—0.0708/0.5927, control—0.3292/0.0627). In the RA analysis, the goodness-of-fit
decreased when combining the exterior, indicating that the association between the hall
and courtyard in the system was weak in this condition. In contrast, the control analysis
focusing on the control ability of the spatial node in part showed opposite results. This
further illustrates that the relations between the courtyards and the hall are complex in
the traditional rural houses of Jinhua. The system/part is also one of the critical variables
(Tables 26 and 27).
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Table 26. Regression analysis of main room, courtyard, and hall, based on the control values of
Jinhua.
C-M H-M H-C
=
g
-
L
%
28}
S
=
y =0.1942x + 0.5662
R? =0.3292
y=0.1359x + 0.1013 y=0.0143x+0.1837
R#=0.18 R?=0.0173 ..J
=
g
—
L
=
25}
5
S
S
g y=0.16x+0.5195
y = -0.0504x + 0.2167 R*=0.0627
y=0.2135x + 0.0798 R? =0.0296
R?=0.2167 g 8
- &
Table 27. Control value analysis.
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Table 27. Cont.
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Note: red represents the selected spatial base points (courtyard, hall), blue represents spaces controlled by both
selected spaces, and green represents spaces controlled by a single selected space.

From the survey of Jinhua rural society, the hall and courtyard are important com-
munication spaces, but their functions differ. The hall focuses on communication within a
single building, while the courtyard focuses on communication between multiple buildings.
However, for the operation of the communication function, both depend on controlling
other spatial nodes in the part. The results of the regression analysis of control values also
illustrate it.

Compared with Jinhua, the goodness-of-fit is significantly lower in the regression
analysis of control values in the Quzhou group. It was similar to the results in the analysis
of RA values. Combining the RA and control values, it can be found that the system/part
is not a significant variable for Quzhou. No matter the system or the part, the association
between rooms is not apparent (Table 28).

Table 28. Regression analysis of main room, courtyard, and hall, based on the control values of
Quzhou.

C-M H-M H-C

With Exterior

y = -0.0416x + 0.42
R?=0.1902

® v -0.0099x + 2.7487
R?=0.0001

o 5 ®

- g ©

Without Exterior

y =-0.0216x + 0.3582
R? = 0.0444

@ D

y =0.0354x+2.1109

R?=0.0026

y=-0.0147x +0.3418
R? =0.0426
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Control value analysis is an essential supplement to Ra value analysis, focusing on the
differences between systems/parts. It further proves the spatial relationships of Jinhua and
Quzhou. The relationship between the hall and the courtyard has been further revealed for
Jinhua. Although their positions differ in the whole space system, they are partly related
to space organization. Moreover, each functional space in the Quzhou group is still in
a low-correlation state. Whether considering the whole system’s relevance or the part’s
control force, the spatial nodes are relatively independent.

3.2. Exploration of Applications

Through a case study, the architectural plan characteristics of Jinhua and Quzhou
have been validated and analyzed. This will provide valuable references and reflections
for the design of new vernacular architecture. This study selected a subset of architectural
plans of new vernacular buildings for a further exploration of applications. The data for
this study were sourced from selected floor plans in the architectural design collections of
Jinhua and Quzhou’s new vernacular buildings. These floor plans represent partial design
proposals for renovating vernacular houses in the selected villages (Figure 1). The chosen
floor plans consider traditional spaces, such as courtyards and halls, making them suitable
for comparative analysis with the data from traditional floor plans.

From the architectural plans, the overall style of new vernacular houses combines
the characteristics of traditional rural houses and modern homes while offering more
possibilities in spatial arrangement (Table 29). From the perspective of modern housing, a
greater variety of layout options can provide residents with more diverse choices. However,
when examining the organizational patterns of traditional vernacular house plans, these
additional layout options often originate from the designer’s rich design thinking. They
may not necessarily respect the inherent attributes of the region.

To further validate the differences between the floor plans of new and traditional
buildings, this study calculated the RA values for each node in the floor plans (Table 29).
In contrast to the analysis of Jinhua and Quzhou in the case study, most of the data in the
calculations above do not fall within the range of either the Jinhua or Quzhou group. To
further investigate this deviation, this study continued with the analysis pattern of the
scatterplot matrix and sequentially inserted each case into the analysis matrix of the case
study for exploration.

Table 29. Examples of new vernacular houses and RA values.
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In the original scatterplot matrix, the data from the Jinhua and Quzhou groups have
their respective distribution ranges. Taking the example of the courtyard—main room
regression analysis in the RA value scatterplot matrix analysis with the exterior (Table 6),
the data points for the Jinhua group are mainly distributed within the ranges of courtyard:
0.05-0.2 and main room: 0.1-0.35, while the data points for the Quzhou group are mainly
distributed within the ranges of courtyard: 0.09-0.25 and main room: 0.26-0.56. However,
when the data for the floor plans of the new buildings are loaded, it is found that they are
mostly not within the range of either the Jinhua or Quzhou group (Table 30).

The RA value scatterplot matrix analysis (with the exterior) (Table 6) is a matrix plot
that displays the bivariate distribution of data points for Jinhua and Quzhou. The triangle
markers represent the data points corresponding to the floor plans of the new buildings.
This matrix plot provides a more visual representation of the distribution of data points,
allowing for a more intuitive observation of the relationship between the contemporary
and traditional floor plans.
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Table 30. The distribution of the new samples in the original regression analysis.

M

C H

Note: the original regression analysis is the Table 6 RA value scatterplot matrix analysis (with exterior), and the
green triangles represent examples of new vernacular houses.

The analysis above is suitable for comparing and analyzing individual design schemes
one by one to investigate whether they adhere to the spatial patterns of traditional residen-
tial floor plans in the region. The analysis pathway of the JPG can be employed for studying
a batch of schemes. This study created JPG representations of the selected architectural
floor plans and examined the distribution of spatial nodes in terms of their depth. When
observing from point E as a reference, it was found that each sample’s courtyard and main
room are distributed across various depths. As a comparison, the courtyard in the Quzhou
group generally had a depth of 1, while the main room in the Jinhua group typically had a
depth of 4 or 5 (located at the deepest level). This again confirms that the new vernacular
buildings do not possess the spatial characteristics of either Jinhua or Quzhou floor plans
(Figure 5).

Considering that the design and construction of new vernacular houses are constantly
evolving, the corresponding architectural floor plans are also being updated. Therefore,
this study cannot provide qualitative descriptions for all the new vernacular houses but
can only conduct dynamic and selective sample analysis. However, it provides a detection
pathway and methodology for such analysis. Analyzing the distribution of data points
in the scatterplot provides a more intuitive visualization of whether a new building is
closer to the Jinhua group or the Quzhou group or if it is significantly different from both.
Building upon this analysis, further revisions can be made at a detailed level by integrating
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the findings with the JPG. As part of the results of this study, the aforementioned detection
model can be an effective tool for future rural architectural design.
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Figure 5. New Vernacular Houses of JPG.

4. Conclusions and Discussion

This study discusses the traditional rural houses in Jinhua and Quzhou. Their regional
characteristics are proved based on the quantitative analysis of the RA value, integration
value, and control value of space syntax. Specifically, their regional spatial relationships
mainly involve the spatial characteristics of nodes, such as the main room, hall, and court-
yard. This means that their regional characteristics are based on the common traditional
elements of Chinese architecture, which are selectively expressed under specific condi-
tions. Moreover, one of the critical condition variables is the exterior. Through various
comparative studies, the following conclusions are obtained:

(1) There are quantifiable comparisons between the spatial relationships of Jinhua and
Quzhou traditional dwellings in many details. The variables involved in these comparisons
include (a) with the exterior /without the exterior, (b) considering building volume/not con-
sidering building volume (Ra value/integration value), and (c) overall relationship/local
control force (Ra value/control value). The familiar, quantifiable, and traditional Chinese
spatial language is selectively expressed, showing the characteristics of the two regions’
folk houses.

Among them, the exterior is the critical variable. The spatial relationships of the
Jinhua formation depend very much on the connection between the building and exterior,
consistent with the actual situation of Jinhua rural settlements. Quzhou’s response to this
variable is the opposite, and its rural architecture is relatively self-closed.

(2) The correlation between the courtyard, hall, and main room mainly characterizes
the Jinhua area. Moreover, the relationship between the courtyard and the hall deserves
special attention.

The courtyard and hall have a clear division of labor in the overall spatial system,
which depends on the exterior (in the Ra value analysis, the combination of the exterior
harms its goodness-of-fit, 0.0708/0.5927, with the exterior/without the exterior). However,
in the spatial organization of local areas, they show a state of cooperation (in the analysis
of the control value, the combination of the exterior has a positive impact on its goodness-
of-fit). The courtyard and hall are public spaces in traditional buildings, and data analysis
shows that they have a detailed presentation when carrying space functions.

In addition, these two types of spaces are also distinguished in their association with
the main room. The main room was strongly associated with the courtyard when the
exterior was combined (for RA analysis, its goodness-of-fit is 0.7220/0.5882, with the
exterior/without the exterior). Moreover, the correlation between the main room and
the hall is the opposite (its goodness-of-fit is 0.3099/0.7076, with the exterior/without
the exterior). It corresponded well with the reality of Jinhua. In the rural society of
Jinhua, the hall is generally used as the communication center within the family, while
the courtyard is an essential carrier of neighborhood relations. The two correlations (main
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room—courtyard, main room-hall) show differences when taking the exterior as the variable,
which is consistent with the actual situation of rural life.

(3) The characteristics of rural residential buildings in Quzhou mainly lie in the
correlation between the above three types of functional space and general space. Without
the exterior, the correlation between the main room and the general space is very significant
(in RA analysis, without the exterior, the goodness-of-fit of “average value-the value of
main room” is 0.9911). It is consistent with the actual situation in Quzhou. The traditional
rural houses in Quzhou pay attention to personal space. Few portals lead to the exterior,
and they are usually closed. The owner of the folk house has total power over the building,
so the main room space has been given special attention. In addition, the building volume
also impacts its spatial relationships (compared with RA analysis, in integration analysis
without the exterior, the goodness-of-fit decreased to 0.7287).

(4) The traditional rural architectural features of Jinhua and Quzhou are the selective
expression of the specific primary space language in different environmental conditions.
Under the control of various variables, the characteristics and correlations of various
spaces are changing. This means that human activities will have a quantitative and refined
substantive impact on the evolution of spatial characteristics. Different rural systems
determine the expression of architectural features and affect the degree. They offer crucial
guidance and help for the archaeology and restoration of traditional rural buildings and
the sustainability of buildings in rural renewal.

(5) In the application exploration, when using the same quantitative analysis model to
process the floor plans of new vernacular buildings and importing them into the charts of
Jinhua and Quzhou, it is found that the majority of the new buildings do not conform to the
characteristics of either Jinhua or Quzhou. This indicates that the selected new vernacular
buildings lack consideration for regional characteristics. From a constructive perspective,
this detection method can be used to assess existing new vernacular buildings. It can help
designers determine whether the design aligns effectively with the regional architectural
style regarding the floor plan.

Based on the above conclusions, it can be found that the spatial relationships of
traditional Chinese rural houses can be analyzed scientifically and quantitatively. A model
based on space syntax can explore the spatial patterns of traditional residential floor plans
and present them through intuitive data and charts. It also guides the design of new
vernacular housing, particularly in integrating regional characteristics. The sustainability
of region-specific residential architecture is important, especially for countries like China,
with complex geographical environments and diverse populations. This article is a response
to this proposition, but aspects can still be further explored. Although this study involved
extensive visits to traditional rural houses in Jinhua and Quzhou, some samples could
not be included in the research materials due to factors such as rural migration and aging
buildings. Furthermore, while the spatial divisions were based on the residents’ living
patterns, it is important to note that individuals within a single household may have
different spatial usage preferences. Apart from the residents” identities, various factors,
such as seasons, weather conditions, and festive activities, can also influence the use of
spaces. Based on the actual research findings, these factors contribute to the variability of
architectural floor plans. An ideal experimental design would consider all variables and
examine each stage in the evolution of the buildings. This remains an area that requires
further efforts in current research.

In summary, this study represents a practical application of space syntax in addressing
the issue of architectural sustainability. It does not provide an immediate, direct, or
complete solution to the challenges faced by rural architecture in China. However, it offers
a range of practical perspectives and pathways. This research focuses on the expression
of rural residents’ living aspirations at the spatial level. This is crucial because, in the
process of rural modernization, indigenous residents are gradually losing their autonomy
in building their own houses. One of the objectives of the researchers is to provide concrete
data support through quantitative analysis for the housing floor plans that meet the needs of
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residents while incorporating regional characteristics. This serves as a means of protecting
local architecture and offers assistance to the residents themselves.
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