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PrefacePreface

　In recent years, Area Studies have seen collaborations with Designs, such as Anthropology of 
Design and Design Anthropology. Behind the scenes, there is a growing interest in practice, which 
is another basic method, to interact with the area along with observation. On the other hand, in 
Design Studies, a phenomenon called 2nd Digital Turn is progressing due to contemporary digital 
technology. 
　In the 2nd Digital Turn, the empowerment of humans to think and express through computer 
programs and digital fabrications are included as one trend. Digital technologies such as personal 
computers and the Internet, which have been developed and popular since the second half of the 
20th century, have greatly changed our lives and society. The transformation of the world through 
digital technology is also called a digital turn. It has also created major changes in academics. The 
emergence of new measurements, recordings, and communication technologies is not unrelated to 
Area Studies as well. 
　This issue highlights the expansion of new research and new vision that emerges in the overlap 
between Area Studies and Design Studies through new digital technologies of our time and aims at 
creating new academic fields that can bring new perspectives to our world. In particular, focus will 
be given on the fieldwork shared by Area Studies and Architectural Design. 
　In both Area Studies and Architectural Design, collaborations between fieldwork and new digital 
technologies of our time have not yet been actively attempted. One of the reasons for this is that 
many digital technologies have been developed in a cycle of huge investments and their recovery 
by nations and companies, and are expensive and complex, and it is sometimes considered as 
the one which neglects or demolish the local context or local lives or deprives the knowledge 
nurtured from the areas and their lives which is respected and considered as the main objective 
of the fieldwork. This paper does not deny the risk of such aspects. At the same time, it is not 
appropriate to deterministically assert that digital technologies will always be like that.  
　There are various actors and paths in the development of digital technology. The movement 
of the digital technology pioneers since the late 1960s, such as Stewart Brand, Alan Kay and 
others created a laptop computer with the aim of making the computer as a tool that expands 
the ability of individuals to think and explore was one of the most cutting-edge challenges in the 
pursuit of individuals beings actively exploring and living their lives, which led to the formation 
and expansion of today's digital technology. Focusing on these aspects, digital technology does not 
necessarily stand out from the fieldwork that respects individuals and other existing things and 
their lives in the area, but rather it can be expected to expand the possibilities of fieldwork.
　The purpose of the research, which integrates Area Studies and Architectural Design, is to 
support individual and other existing things to explore and live their lives by themselves, while 
contributing to the formation of local dwelt environment which sustains the life of each existence. 
We should keep in mind that, from the explorations of the pioneers of digital technology to live 
their lives by themselves, companies such as GAFA have emerged and grown, and now they 
have become the global power to determine the lives of other beings, including us. But, instead 
of rejecting digital technologies, while paying attention to how individuals can contribute to the 
formation of local dwelt environment which sustains the life of each existence, these studies are 
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aiming to participate in the usage of digital technologies to contribute to creation of new directions 
of their usage and to contribute to the development of Practice-based Area Studies. 
　By the way, in contrast to Area Studies whose main purpose is to observe and understand 
the current situation, research that overlaps Area Studies and Architectural Design, or more 
broadly, Practice-based Area Studies, has a design aspect. In other words, the ultimate goal is 
for researchers of Practice-based Area Studies to be involved in the transition and formation 
of the situation on the premise of understanding the current situation. While fieldwork in Area 
Studies observes and understands the current situation, in research that overlaps Area Studies 
and Architectural Design, fieldwork consists of a series of processes from observation and 
understanding of the current situation to extraction of issues and possibilities, creation of ideas that 
solve issues and develop possibilities, and practice of realizing and returning the ideas to the field.  
　In the latter half of fieldwork, that is, in the process of creation of ideas that solve issues and 
develops possibilities, and in the process of practice of realizing and returning the ideas to the 
field, the step of forming models and prototypes and confirming their behavior in the local dwelt 
environments become important. Digital technologies such as simulation and digital fabrication 
have the potential to make this step much easier, and to support this step effectively. 
　Chapter 1 and 2 are examples from the first half of fieldwork in research that overlaps Area 
Studies and Architectural Design, that is, observation and understanding of the current situation 
and extraction of issues and possibilities. Chapters 3, 4 and 5 are examples related to the latter 
half of the phase, that is, creation of ideas that solve issues and develop possibilities, and practice 
of realizing and returning the ideas to the field. Chapter 6 is an example of the total process of the 
fieldwork of Practice-based Area Studies.
　This issue collects the research results that have been carried out in relation to the joint 
research projects, of "Center for Sharing Regional Information Resources and Promotion of 
Correlated Area Studies", A Joint Research Center of the Center for Southeast Asian Area Studies, 
Kyoto University, "Construction of Climate-responsive Dwelt Environment Database" (FISCAL 
2020) and "Construction of integrated simulation of climate-responsive living environment and 
cross-reference system of cases" (FISCAL 2021).

March 31st, 2022
                                                                                                                      　Editors  
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Chapter 1

Patterns of Co-presence in Contemporary Suburban Dwellings in Western Province, Sri 
Lanka with Special Reference to Long-Distance Online Field Studies

SEEKKUARACHCHIGE Mihiri Hirudini 

1. Background

　This paper discusses how the patterns of 
co-presence in contemporary suburban dwellings 
in Western Province, Sri Lanka, leading to social 
interactions were studied and clarified by two 
researchers in University of Tsukuba, Japan, with 
a long-distance online field study methodology.
　The paper is based on a study which clarifies 
the Conditions and Modalities of Places with 
Sense of Co-presence in Contemporary Sri Lanka. 
The overall object of this research is to create a 
harmonious society in Sri Lanka, where harmony 
has been repeatedly disturbed. For a harmonious 
society, social interactions are important. This 
research focuses on co-presence, which is identified 
as the base of Social interactions (Goffman,1963;Gid-
dens,1984). As the background for the social 
interaction, this study clarifies conditions and 
situations of places with “Co-presence” and “Sense 
of co-presence”, where different people coexist and 
interact with each other, in the context of Western 
Province, Sri Lanka.
　Basing on this research, this paper discusses 
the background theoretical understanding of 
co-presence and its effect on social interactions, 
current situation of social interactions in Sri Lanka, 
development of research methodology and analysis, 
which facilitated the long distance filed studies 
to study and clary the patterns of co-presence in   
Contemporary Suburban Dwellings in Western 
Province, Sri Lanka, leading to social interactions
　As the research was started in 2020 October, 
amidst the COVID19 pandemic and global travel 
restrictions, the researchers from Japan were 

unable to physically visit the selected case study 
premises in Sri Lanka and to physically engage 
in the field studies. Due to this, the researchers 
had to develop a long-distance online field study 
methodology, which facil itated the level of 
observations and interviews needed for the study 
to identify and clarify the patterns of co-presence 
in Contemporary Dwellings in Sri Lanka. 
　For the online field studies two types of 
research methodologies have been used. The first 
type of the methodology included online field study 
observations manually facilitated by a Teaching 
Assistant in Sri Lanka and the main intention 
of this methodology was recording the lifestyle 
and daily activity patterns of the residents and 
identifying the patterns of physical co-presence 
among the family members. 
　The second type of the methodology, which was 
developed after identifying the drawbacks of the 
first type, included usage of remote controllable 
CCTV cameras, minimizing the manual control of 
the TA. The second method was designed to gain 
more controllability of the observations for the 
main researchers in Japan and to obtain in-depth 
observations and records of the whole process of 
both physical on virtual co-presence among family 
members, including the generation, continuation 
and dissolution of each co-presence occurrence.  

1.1　Social Interactions in Sri Lanka
　Sri Lanka is a multi-ethnic, multi-cultural nation, 
where national harmony has been repeatedly 
disturbed by many conflicts among social groups. 
In the field of political stratification of Sri Lanka, 
there are three main ethnicities, namely Sinhala, 
Tamil and Muslim. In the field of social stratifi-
cation in Sri Lanka, five main social classes have 
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been identified (Riswan, 2014) These identified 
social classes are Upper class, Upper middle class, 
Middle middle class, Lower middle class, Lower 
class. These social classes are constituted with all 
three ethnicities, Sinhala,Tamil and Muslim.
　In the real-life situations social classes are 
dominant than ethnicities. Members within a social 
group have social interactions among themselves. 
Members from diff erent social classes have weak 
interactions. 
　Each group has its own lifestyle and patterns 
of co-presence. The differences between these 
lifestyles and patterns of co-presence, prevent 
developing social interactions between different 
social groups. In a pilot study of this research, it 
was identified that the members within a social 
group have social interactions among themselves 
and members from different social classes have 
weak interactions. 

1.2　Aim of the Research
The lifestyle and patterns of co-presence of each 

social group, which support their lives, have not 
been identified in previous studies. Each social 
group must have their own patterns to create 
social interactions with co-presence.
　Due to the Socio-economic history and the high 
level of impact on the dynamics of Sri Lankan 
society, this research has focused on the Lower 
middle class and the Upper middle class and has 

attempted to clarify the following three points. 
　1.  Lifestyle and patterns of co-presence inside 

these social groups
　2.  How these social groups are creating social 

interactions through co-presence 
　3.  The differences of point 1 and 2 between 

these two social groups and things which 
bridge and create social interaction between 
the two social groups 

This research is mainly focused on domestic 
places, in which a major part of the life is spent, to 
clarify the daily lifestyle.
1.2.1　Co-presence as the base of social interac-
tions

“Co-presence” is a sociological concept that de-
scribes the conditions in which human individuals 
interact with one another face to face, from body 
to body. Co-presence is the idea that the presence 
of other actors shapes the individual behavior, 
links macro- and micro-theorizing about social 
interaction.” (Mead, 1934; Cooley, 1956; Goffman, 
1963).
　By analyzing co-presence, Zhao (2002) extracted, 
“Mode of co-presence”, which refers to the physical 
conditions aff orded during co-presence, and 
“Sense of co-presence”, which refers to an individu-
al’s perceptions and feelings of being with others.
　To analyze the social interaction, understanding 
of co-presence is critical. “Goffman (1963) and 
Giddens (1984) explained that social interaction 

Figure 1　Main ethnicities and social classes in Sri Lanka
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is happening mainly through co-presence. The 
research focuses on co-presence to analyze social 
interaction. 

1.3　Selected Case Study Area
The intensive case studies have been focused 

on Sinhala Lower middle class which occupies the 
majority of the population and has the highest 
influence in the social dynamics of Sri Lankan 
society.  These Lower Middle Class, domestic and 
residential place field studies were conducted in 
suburbs of Western Province, Sri Lanka namely 
Korosduwa, Wadduwa. 
　Korosduwa is an immerging suburban residen-
tial area, located in Kalutara District, Western 
Province Sri Lanka, near to Wadduwa, and about 
33 km south of Colombo.
　As this area is a predominantly lower middle 
class residential area it was selected for the fi eld 
studies of this research. This area is consisted of 
single story detached permanent houses with their 
own gardens and a closely knit neighborhood. 

1.4　Long Distance Online Field Study Methodology 
In the development of Long Distance Online 

Filed Study Methodology, attention was given 
to 5 main factors, namely, 1. Online field study 
assistance with hired technical assistances (TAs) in 
Sri Lanka, 2. online observational and interviewing 

methods and usage of online platforms, 3. Data 
collection time periods 4. Confidentiality of data 
including safe data storage and transfer methods 
from Sri Lanka to Japan. 
　Data collection for family members’ co-presence 
patterns were done through
-　 Dwellers’ recognition on varieties and the fl ow 

of daily activities - obtained through interviews 
and questionnaires 

-　 daily activity records and co-presence occur-
rences - obtained through observations and 
interviews

-　 Each family member was observed, and each 
family member’s daily activities were recorded,

　　-　 in a fi ve-minute resolution from 6.00 (SLST) 
to 22:00 (SLST) (data pertaining to time)

　　-　 with reference to the type of activity he / 
she was engaged in (data pertaining to the 
activities) 

　　-　 at what place / room he / or she was at 
home during each activity (data pertaining 
to the spatial usage)

　　-　 with whom he / or she was with during 
each activity (data pertaining to the individ-
ual co-presence and interactions).

　The data of the activities, time, places, and the 
participants for the time from 22:00 (SLST) to 6:00 
(SLST) were taken through interviews. 

Figure 2　Selected Case Study Area
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2.　Pilot study 1 ‒ At Korosduwa (Sinhala 
Lower Middle class)

The main intention of this methodology was 

recording the lifestyle and daily activity patterns 
of each family member with reference to time, 
spatial usage, and activities, and identifying the 
patterns of physical co-presence among the family 
members. In this study observations were limited 
only to the physical co-presence.
　For the Pilot study a lower middle-class family 

 Figure 3　Neighborhood and residential building character of Korosduwa, Sri Lanka

was selected with their consent to participate in 
this research. The family consisted of five family 
members (Father, mother and 3 sons).
　On the day of the pilot study the Technical 
Assistant (TA) visited the selected house and 
recorded data from 6.00 SLST (9.30 JST) to 22 
SLST (1.30 JST). While the TA is in the pilot 
study house, the main researchers joined to the 
field studies via a Zoom meeting and observed 
the family members’ daily activities, movement 
patterns and engaged in the interviews with the 
family members. TA assisted the online meeting 
by showing the activities inside of the house from 
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her laptop and taking physical recordings.
　At the three main common places of this house, 
namely the living area, dining area, kitchen, and 
the verandah, which were identifi ed in the house 
plan analysis, the TA stayed to observe the 
activities. Private places, namely bedroom 1, 2, 
3, bathroom and the corridor were not directly 
observed through this observation. The data of 
such activities and the participants of each activity 
were taken through interviews.
　The interviews included periodic inquiries from 
the family members when the particular family 
members came back to the common places after 
going and spending time inside of the private 
places.  
　The data of the activities, time, places, and the 
participants for the time period from 22:00 (SLST) 
to 6:00 (SLST) were taken through interviews. 

2.1　Aim of the Research
The analysis was based on the domestic scale 

daily lifestyle in a weekly span. The analysis of 
pilot study data was done as per each family mem-
ber and as per the overall family. Both the induvial 
and family analysis had three sections with special 
reference to time analysis, activity analysis and 
spatial usage analysis to identify the co-presence 
patterns of each induvial and the family.
　From the pilot study observational data and 
interview data, it was identified that the house 
has three types of spaces namely, public spaces, 
semi-public spaces and private spaces. Public 

spaces included Living room and the verandah, 
where the family members and the visitors spent 
their free time. Semipublic spaces included the 
kitchen, dining room and the garage where all the 
family members gathered for specific functions 
such as cooking, cleaning etc. Private spaces 
included bedrooms and the bathroom which were 
individually used by the family members and 
where limited interactions occurred.  
　It was also observed that among these types of 
spaces, mostly the public and semipublic spaces 
have been used by the family members for diff er-
ent usages leading to co-presence and interactions. 
2.1.1　Co-presence occurrences in the family
　As co-presence is the presence of two or more 
individuals in a place, (Erving Goffman, (1963), 
Anthony Giddens (1984), co-presence was identifi ed 
by checking the presence of individuals in the 
same space (at spot places of the house) on this 
pilot study observation day.
　Additionally, usage of the same spot place has 
been considered. Co-presence within one spot place 
has been counted as one co-presence. Each co-pres-
ence occurrence is marked in a red rectangle and 
altogether 47 co-presence occurrences, generated 
by co-location, have been identifi ed. 
　Each individual member’s location in 30 minutes 
resolution was recorded in a table. The vertical 
lines of the following table show the length of a 
period an individual stayed in one place. Horizontal 
lines show each individual’s location at the same 
time.
　Horizontal line same colour patches, within 
a same time period, show co-location which is 
co-presence of the members and the number of 
individuals co-located at a moment. Vertical line 
same colour patches show how long the co-pres-
ence has continued.
2.1.2　Analysis of Copresence with reference to 
Co-activities
　Co-presence occurrences have occurred in 4 
diff erent scales of members, namely 2, 3, 4, 5. This 
family shows tendency in being co-presented in 2 

Figure 4　 Pilot Study Online Field Study Observation and interview Data 
Collection 
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Figure 5　Pilot Study House Plan and the Spatial Composition 
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Identifi ed Co-presence occurrences generated with co-location were marked in red rectangles and derived into a separate table without other 

background data.

Table1　Location Record of Family Members at Pilot Study House
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member groups or 4 member groups. (Prominent 
groups - Mother & Father’s co-presence, 2nd son 
& 3rd son’s copresence). Analysis shows that small 
groups tend to spend co-presence time in lengthy 
time periods (30 minutes), while larger groups tend 
to spend co-presence time in shorter time periods 

(5 minutes).
　To understand the characteristics of each 
co-presence occurrence and to understand the lev-
el of interaction created by the type of activities, 
family memebers’ activities were analyzed. 
　In the activity analysis all sub activities within 

Table2　Co-presence Record Generated from Co-location Record of Family Members at Pilot Study House
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Co-activities of the family members were identifi ed and marked in blue rectangles and derived into a separate table without other background data

a main activity were categorized as per the main 
activity. This analysis showed that most of the 
time the individual members have been engaged in 
the same activity which is hereinafter referred as 
co-activities. 
　Each individual member’s activities in 30 
minutes resolution were recorded in a table. The 
vertical lines of the following table show the length 

of a period an individual was engaged in one 
activity. Horizontal lines show each individual’s 
activities at the same time.
　Horizontal line same colour patches, within a 
same time, show co-activity which is co-presence 
of the members and the number of individuals 
who were engaged in a co-activity at a moment. 
Vertical line same color patches show how long a 

Table3　Activity Record of Family Members at Pilot Study House
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co-activity has continued. 
　Co-activities of the family members were 
identifi ed and marked in blue rectangles. But mere 
occurrences with co-activities do not guarantee 
co-presence as the crucial fact of “being present in 
one place” is not depicted through the co-activity 
tracing. 

2.2　Identification of Main two types of Co-pres-
ence - Co-presence with or without co-activities

Literature suggests that when individuals 
are engaged in co-activities at a same time, the 
possibility of social interactions is high, as they 
share the same activities, intentions, and space.
　To identify which co-presence occurrences 
are with co-activities and which co-presence 
occurrences are without co-activities, Co-activity 
occurrences table (blue rectangles) was overlapped 
with the co-presence created with co-location table 
(red rectangles).

Table4　Co-activity Record of Family Members at Pilot Study House
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Table5　Record of Co-presence with or without Co-activity 
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　From this, main two types of copresence 
occurrences were identified.
-　Co-presence with co-activities 
-　Co-presence without co-activities 
　From the pilot study family on the observation 
day, 34 occurrences of Co-presence with co-ac-
tivities have been identified and 13 occurrences 
of Co-presence without co-activities have been 
identified. Co-presence occurrences with co-ac-
tivities have a total of 72.3% with a total of 89.4% 
co-presence time with co-activities. Co-presence 
occurrences without co-activities only have a total 
of 27.3% with a total of 10.6% co-presence time 
with co-activities. Co-presence with co-activities 
have the highest percentage in all scales of 
individual groups.
　Co-presence occurrences timeline shows that 
their co-presence occurrences are mainly consisted 
of three-time segments. First segment is the 
Morning hours from waking up to going to work 
or school. In this time period the observed co-pres-
ence occurrences are very short, mostly including 
5 minutes time periods, and all family members 
have been presented in many co-presence 
occurrences such as the breakfast time, but the 
interaction level is low. The reason for the short 
co-presence occurrences with low interaction is 
the busy schedule of the individuals in the morning 
hours. 
　Second segment is the day hours between family 
members going to school or work in the morning 
to evening teatime. In this period mainly two 
member, more than 30 minutes length, co-presence 
patterns have been recorded. This is due to each 
family member focusing on their own tasks during 
daytime. 
　The third segment is between evening teatime 
to night sleeping time. In this time period lengthy 
(mostly including 30, 60 and 120 minutes periods), 
co-presence patterns have been observed with 2, 
4 and 5 member scales. During this period, it was 
observed that the co-presence occurrences are 
more relaxed and have high interaction among all 

the family members. Most of the family members 
are mainly engaged in relaxing activities and inter-
act with each other in a leisurely environment.
　Co-presence with co-activities having the highest 
percentage in all other scales of time, shows that 
when the individuals are engaged in co-activities, 
they spend more time in co-presence or more 
lengthy time periods allow the individuals to 
engage in co-activities. 
2.2.1　Identification of Functional and Repetitive 
Activities
　In the process of identifying the patterns of 
co-presence, activities with fixed functions and 
repetitions were identified and marked to under-
stand the fixity or flexibility of activities of each 
individual leading to co-presence. 
　Functional and repetitive activity record 
table was overlapped with the co-presence with 
co-activity table. With the overlapping, the table 
no.7 shows the level of fixity or flexibility of each 
co-presence occurrence with co-activity. 

2.3　Identification of four main types of Co-pres-
ence with co-activities
　In the analysis of co-presence with functional and 
repetitive actions, four main types of copresence 
types were identified.
　-　 A1 - Co-presence with functional and repeated 

activities  
　-　 A2 - Co-presence with not functional and 

repeated activities 
　-　 A3- Co-presence with functional and not 

repeated activities 
　-　 A4 - Co-presence with not functional and not 

repeated activities 
　In this family, on this day, there have been 34 
occurrences of Co-presence with functional and 
repeated activities, 13 occurrences with Co-pres-
ence with not functional and repeated activities, 
0 occurrences of Co-presence with functional and 
not repeated activities and Co-presence with not 
functional and not repeated activities. 
　In all the individual scale groups, co-presence 
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occurrences with functional and repetitive 
activities have the highest percentage (73%) of 
number of occurrences. Time spent on this type of 
co-presence occurrences have the second highest 
percentage (40.4%). Highest number of co-presence 
occurrences with functional and repetitive activi-
ties, have been identifi ed in the scale of 2-member 
groups.  (42.9% of total co-presence occurrences 
and 27.9 % of total co-presence time) 

　In all the individual scale groups, co-presence 
occurrences with not functional and repetitive 
activities have the second highest percentage (27%) 
of the number of occurrences. Time spent on this 
type of co-presence occurrences have the highest 
percentage (63.1%). Highest number of co-presence 
occurrences with not functional and repetitive 
activities have been identified in the scale of 
2-member groups.  (16.9% of total co-presence 

Table6　Record of Functional and Repetitive Activities
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occurrences and 54.5 % of total co-presence time)
　The analysis of co-presence types shows that the 
most common types of co-presence in the daily life 
are (A1) Co-presence with functional and repeated 
activities and (A2) Co-presence with not functional 
and repeated activities. 
　The other two types of co-presence occurrences 
The other two types of co-presence occurrences, 

(A3) Co-presence with functional and not repeated 
activities and (A4) Co-presence with not functional 
and not repeated activities, were not observed 
during the daily life of the family.
　But the interviews with the family suggested 
that they have annual festivals and sometimes 
sudden visitations of the relatives and at that time 
these types of co-presence patterns (A3 and A4) 

Table7　Record of Co-presence with Functional and Repetitive Co-Activities
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can be overserved. 
　In the pilot study, following characteristics of 
the types of co-presence of the family have been 
identified. 
A1 - Co-presence with Functional and Repeated 
Activities
　Usually, this type of co-presence was observed 
during morning teatime, breakfast preparations, 
morning preparations to go to school / work, when 
the individuals’ schedules were busy.
　This type of co-presence has a higher level of 
fixity and a lesser level of flexibility. Co-presence 
occurrences tend to be short and busy with more 
focused on the type of work / chores they are 
engaged in. It was observed that in this type of 
co-presence, the level of social interaction is deter-
mined by the extra amount of time each activity 
has.
A2- Co-presence with not Functional and Repeat-
ed Activities 
　 This type of co-presence was observed during 
the evening family teatime, evening family TV 
watching time while relaxing and conversing with 
each other. 
　This type of co-presence has a lesser level of 
fixity and a higher level of flexibility. Co-presence 
occurrences tend to be lengthy and relaxing 
with more focus on the co-presented members. 
In this type of co-presence, as the co-presence 
occurrences are more relaxed and flexible, the 
members act freely and have a chance to generate 
social interactions, regardless of the time span of 
the co-presence occurrence.
Non-repeated Co-presence Occurrences – Monthly 
or Annual Events
　In the daily observational studies, co-presence 
occurrences which relate to co-presence types, 
which are (A3) Co-presence with Functional and 
not Repeated Activities and (A4) Co-presence with 
not Functional and not Repeated Activities could 
not be observed as the field study observations 
were limited to the daily life of the family mem-
bers within a weekly span in their houses.
　From the interviews it was identified that these 

non-repeated co-presence occurrences, occurred 
randomly or as annual or monthly events. Hence 
these types of co-presence types are related to the 
monthly or annual lifestyle. 
A3 - Co-presence with Functional and not Repeat-
ed Activities
　This type of co-presence was not observed on 
the daily activities of the pilot study family, as this 
kind of co-presence would be generated during 
special festival time or in annual events. From 
the interviews it was revealed that this family 
experience this type of co-presence during the 
New Year, Wesak and family almsgivings. 
　As per their descriptions it was hypothesized 
that this type of co-presence has a moderate 
level of fixity and a moderate level of flexibility. 
Co-presence occurrences tend to be novel / rare 
and lengthy and prompt the members to start new 
social interactions. Furthermore, it was hypothe-
sized that in this kind of a co-presence type, the 
members act as per the function and the length of 
the function gives ample time for interactions. 
A4 - Co-presence with not Functional and not 
Repeated Activities
　This type of co-presence was also not observed 
on the daily activities of the pilot study family, 
as this kind of co-presence would be generated 
during a coincident or in an emergency such as 
when a sudden visitor comes to the house or when 
an unforeseen event like a natural disaster or an 
accident happens.
　From interview details derived from a descrip-
tion of a sudden event like a stranger’s visit to 
their house, it was hypothesized that this type of 
co-presence has no fixity and high flexibility. Mem-
bers can act freely as per the occasion and the 
Co-presence occurrences tend to be short. It was 
also hypothesized that in this kind of a co-presence 
type, social interactions tend to be more chaotic, 
abrupt, and distant.

2.4　Conclusion of the Pilot Stud
　In this pilot study the lifestyle and daily activity 
patterns of each family member with reference to 
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time, spatial usage, and activities were recorded 
and the patterns of physical co-presence among 
the family members were identified.  In this 
study, online co-presence was not observed in 
detail. But in the data analysis it was clear that 
online co-presence observations are also needed to 
understand the overall co-presence patterns of the 
family. 
　From the field studies of the pilot study, four 
main types of activities which consist of the whole 
life and the daily lifestyle, were identified. These 
identified four types of activities are co-precense 
with co-activities (being in one place while doing 
the same activities), Co-presence without co-
activities (being in one place while doing the same 
activities), Mono-presence with co-activity (not 
being in one place while doing the same actiivity), 
Mono-presence whithout co-activity ( not being 
in one place while not doing the same activities.) 
From these four types of activities, which consists 
of the whole life, two main types of co-presence 

have been identified. They are Co-presence with 
co-activity and co-presence without co-activity.
　With the identification of these two main 
types of co-presence it has been observed and 
hypothesized that Co-presence of co-activities has 
higher possibility of creating social interaction 
than the Co-presence without co-activities. Hence 
activities with Co-presence and co-activities were 
studied in detail.   
In the detailed study, four main types of co-
presence with co-activity have been identified 
and the characteristics of these four types of co-
presence with co-activity have been analyzed. 
　By analyzing the characteristics of these 
four main types of co-presence with co-activity, 
following hypothesis on formation of social 
interactions through co-presence were derived. 
A1 - Co-presence occurrences with functional, 
repeated activities (e.g., chores/ work – morning 
preparations of breakfast, school work)have higher 
level of fi xity and lesser level of fl exibility. In case 
the members have to complete the activity in a 
short term, the chance of social interactions is 
limited. In case the members have suffi  cient time 
to complete the functional activity, the members 
can have extra time for activities, which are not 
directly connecting to the task of the functional 
activity and can have the chance of social interac-
tions. 
A2 - Co-presence occurrences with not functional, 
repeating activities (e.g., leisure activities / hobbies 
– evening teatime, TV watching and conversing 
time) have lesser level of fixity and higher level 
of flexibility. Members can act freely and have a 
chance to generate social interactions, regardless 
of the time span of the co-presence occurrence. 
A3 – Co-presence occurrences with functional, not 
repeating activities  (e.g. special events / functions 
– New year festival, Wesak, family alms giving 
function)have a moderate level of fi xity and moder-
ate level of fl exibility. Members can act as per the 
function and the novelty / rarity of the functions 
prompt to start of social interactions. Co-presence 
occurrences tend to be lengthy.

Figure 6　 Identifi ed Main Two Types of Co-presence 

Figure 7　Identifi ed Four Types of Co-presence with Co-activities 
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A4 – Co-presence occurrences with not functional, 
not repeating activities (e.g. co-incidence / acci-
dent / unexpected occasion – unexpected visit of a 
visitor)have no fi xity and high fl exibility. Members 
can act freely as per the occasion. Co-presence 
occurrences tend to be short. Social interactions 
tend to be more chaotic, abrupt and distant. 
2.4.1　Advantages of the Data Collection Method-
ology of the Pilot Study

Zoom meetings provided extended time periods for 
the fi eld study online observations and interviews, thus 
allowing the main researchers to be connected to the 
data collection process throughout the period. 

　As the TA and one of the main researchers 
from University of Tsukuba were able to commu-
nicate in Sinhala, the native language of the pilot 
study family, conducting in-depth interviews and 

gathering data had no language barriers.
　The physical presence of TA, who is a neighbor 
of the selected Pilot study family helped to gain 
trust and consent of the family for the research. 
2.4.2　Disadvantages of the Online Data Collec-
tion Methodology of the Pilot Study  

In this pilot study it was identifi ed that having 
only one camera from TA’s laptop or the mobile 
phone is not enough for the fi eld studies as when 
TA moves with the camera to show one activity, 
other activities of the family were not visible. 
　Another main disadvantage was that the 
constant physical presence of TA affected the 
natural family activities and the behaviors of the 
pilot study family. This hindered the opportunity 
to observe the natural lifestyle of the residents, 
which was the main objective of the fi eld studies.

Figure 8　CCTV camera locations & viewing areas at Case Study No.2 house 　(Generated from Space Syntax – Depthmap software – Isovist maps) 
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　Another significant disadvantage identified in 
the data analysis period was that this methodology 
has no constant video recording facility of all the 
family activities. Due to lack of detailed lengthy 
video recordings of the co-presence occurrences 
the analysis was limited to identifying the main 
four types of co-presence and their characteristics. 
But could not analyze the body language, verbal 
communications other detailed aspects of the 
co-presence types. 　
　Furthermore, the observational methodology 
was not designed to facilitate the observations 
of online co-presence of the members. But in the 
data collection and analysis stage it was clear that 
online co-presence of family members also vital to 
analyze the whole process of co-presence of the 
family members.  

3. Intensive Case Study methodology ‒ At 
Korosduwa (Sinhala Lower Middle class)

　The main intention of this methodology was 
to record and analyze the whole process of each 
type of co-presence which includes Generation, 
continuation, and dissolution of co-presence in 
each occurrence and to record and analyze the 
body language / actions and reactions and the 
verbal communications / actions and reactions 
of the family members during each co-presence 
occurrence. For this, the lifestyle, daily activity 
patterns and each type of co-presence occurrences 
of each family member with reference to time, 
spatial usage, and activities were observed in 
detail. In this study, observational analysis included 
both the physical co-presence and online co-pres-
ence to record and clarify the whole process of 
co-presence, which includes both physical and 
online co-presence. 
　When moving into intensive case studies the 
online field study methodology was modified to 
mitigate the disadvantages and problems identifi ed 
in the pilot study. 

　In this paper, the observational data received 
from Case study No. 2, which is a lower mid-
dle-class family in Korosduwa, will be used. The 
family consisted of six family members (Father, 
mother and 3 daughters and one son). The TA 
of this field study is the second daughter of this 
family. 
　In these intensive case studies three 3600 CCTV 
cameras, which were remote controllable, and 
which allowed recording and broadcasting live 
3600 videos and audios, were used for more fl exible 
and thorough observations. Through these detailed 
observations the overall process of co-presence 
occurrences, from its generation to dissolution was 
observed. 
　On the first day of the intensive case studies, 
before 6.00 SLST (9.30 JST) the TA (second daugh-
ter of the family) placed the three CCTV cameras 
at the case study house. CCTV no.1 was placed in 
the living room. CCTV no. 2 (a) was placed in the 

Figure 9　 Case Study Online Field Study - Observation Data Collection 
System– Day 1

Figure 10　 Case Study Online Field Study - Interview Data Collection 
System– Day 2
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kitchen. CCTV no. 3 (a) was placed in the dining 
area when the residents were using or dining 
in that room. In certain times, CCTV no. 2(b) or 
CCTV no. 3(b) (which are the same CCTV no. 2 
and 3 cameras), was placed in the verandah when 
the family members were using the verandah. 
Whether to use CCTV camera No.2 or 3 in the 
verandah was decided by the fact whether there 
was any family member in the kitchen or dining 
room. The CCTV cameras were moved from the 
kitchen or dining room only if there was no family 
member in those spaces. Placing and moving of 
CCTV cameras were done by the TA.
　These locations inside of the house was 
identifi ed as the most commonly used spaces of a 
Sinhala Lower Middle Class from the pilot studies. 
Hence the CCTV cameras were placed at those 
locations.
　Online fi eldwork and observations started from 
6.00 SLST (9.30 JST) to 22 SLST (1.30 JST). At 
the time of online fi led work, the TA’s laptop was 
connected to the CCTV camera controlling app 
and it acted as the main hosting and upstreaming 
device. Through the CCTV camera application, 
main researchers from Japan were able to observe 
all three viewing areas, family activities, behavior 
happening in those areas and the whole process 
of co-presence (generation, continuation, and 
dissolution) at once. 
　Family interviews were taken on the next day 
by the TA to avoid disturbing the natural family 
activities on the observation day and the main 
researchers joined to the interviews via a zoom 
meeting. The methodology used on the second 
day online interviewing process was similar to the 
pilot study methodology but limiting only to the 
interviews.

3.1　Analysis of Intensive Case Study Data
In the first stage, analysis of intensive case 

studies has been mainly done through qualitative 
in-depth observational analysis and in-depth 
interview analysis.
　In the intensive case study analysis ,  al l 

co-presence occurrences, including physical and 
online co-presence occurrences, were analyzed 
in detail and the whole process from start to 
end in the main four types of co-presence with 
co-activities were identified. Furthermore, the 
body language / actions and reactions and the 
verbal communications / actions and reactions 
of the family members during each co-presence 
occurrence were also analyzed to clarify the level 
of interaction in each co-presence type.
　Following co-presence occurrences, which belong 
to each type of four co-presence patterns, were 
selected for detailed analysis. 
　Repeated Co-presence Occurrences Identifi ed in 
the Daily Life Observation study 
3.1.1　A1 - Co-presence with Functional and 
Repeated Activities (e.g., Morning cooking time)

As identified in the pilot study and the case 
study no. 2, morning hour preparation work be-
longs to Co-presence with functional and repeated 
activities category (A1). 
　Generation of co-presence - In this co-presence 
occurrence, mother was cooking alone in the 
kitchen and the eldest daughter joined later to help 
mother to cook. That created co-presence with 
co-activity. Both of them have fi xed function that 
is cooking and cleaning and as per the interviews, 
the eldest daughter regularly helps mother to pre-
pare breakfast. Hence this co-presence occurrence 
has become a “Co-presence with Functional and 
Repeated Activities”.  
　Continuation of co-presence - While being in 

Figure 11 　 Morning Cooking time on a weekday (Case Study Family 2)  
– Day 1
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co-presence, mother and the eldest daughter are 
more focused on quickly preparing breakfast and 
cleaning. 
　Body language of mother and daughter looks the 
same where both of them are standing and quickly 
performing the tasks related to cooking and clean-
ing. Standing and rapidly moving bodily actions 
show that they are in a hurry. Furthermore, they 
are not facing or looking at each other and as both 
of them are looking at different sides and doing 
their tasks solely focused on them.
　Verbal communication between the mother and 
daughter are limited to short sentences which are 
related to the instructions and matters related to 
cooking. Furthermore, they talk in a high pitch as 
they are in a hurry to complete the task.
　 This kind of body language and verbal commu-
nication shows that their Level of social interaction 
is low as they are heavily focused on the cooking 
and cleaning related functions.
　Dissolution of co-presence – After 30 minutes 
of helping mother to prepare breakfast and clean 
the kitchen, the eldest daughter left the kitchen 
in a hurry to go and get ready for work. With 
her leaving the kitchen, this short co-presence 
occurrence ended in a hurry.
　The observational analysis shows that this 
co-presence occurrence has a higher level of fi xity 
and a lesser level of flexibility with a short and 
busy time period.
3.1.2　A2- Co-presence with not Functional and 
Repeated Activities (e.g., Evening teatime)

In both the pilot study and the case study no. 2, 
Evening teatime was identified as a Co-presence 
with not Functional and Repeated Activities 
occurrence (A2).  
　Generation of co-presence - In this co-presence 
occurrence, father was sitting on verandah in a 
leisurely manner. Mother joined father in verandah 
and continued to leisurely converse. 
　Continuation of co-presence – For about 30 
minutes mother and father were conversing with 
each other. After 30 minutes, mother went to the 
kitchen and prepared tea and after 10 minutes 

brought tea for both father and mother. For anoth-
er 30 minutes they were drinking tea and relaxing 
in the verandah till the third daughter came home 
from an evening class.    
　Body language of the father and mother looked 
relaxing as they were comfortably seated in big 
verandah Chairs in the verandah overlooking the 
garden, for a long period of time.
Both were resting their arms on the arm rest of 
the chairs and have placed their legs in a stretched 
or a comfortable position. Both were looking at 
the garden and conversing with each other while 
drinking tea.
　Verbal actions included long soft conversations 
where both were talking with each other about 
their activities on that day and  some news about 
a relative’s family. The conversations were free 
flowing and did not have a specific topic. The 
reactions to each other’s remarks / statements 
were soft and slow. Conversations happened in low 
pitch voices.
　Dissolution of co-presence – Mother went into 
the house with the third daughter while father 
was still in the verandah without any hurry to 
leave the place. 
　This co-presence was lengthy and relaxing and 
had active social interaction between father and 
mother. The interviews revealed that father and 
mother repeatedly had this co-presence occurrence 
of evening teatime. The observational analysis 
shows that this co-presence occurrence has a 
lesser level of fi xity and a higher level of fl exibility. 

Figure 12　 Early evening relaxing time / Teatime on a weekday 
(Case Study Family 2)
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Members act freely and have a chance to generate 
social interactions, regardless of the time span of 
the co-presence occurrence. 
Non-repeated Co-presence Occurrences – Monthly 
or Annual Events
　In the daily observational studies, co-presence 
occurrences which relate to co-presence types, 
which are (A3) Co-presence with Functional and 
not Repeated Activities and (A4) Co-presence with 
not Functional and not Repeated Activities could 
not be observed. 
　From the interviews it was identifi ed that these 
non-repeated co-presence occurrences, occurred 
randomly or as annual or monthly events.
A3 -  Co-presence with Functional  and not 
Repeated Activities (e.g., Preparation of Christmas 
delicacies)
　From the in-depth interviews it was found out 
that there are few functional annual events which 
this family celebrates. They are Christmas, New 
Year festival, Easter, Wesak and Birthdays of 
the family members. As they are functional and 
non-repeated activities, co-presence occurrences 
which occurs from them belong to “Co-presence 
with Functional and not Repeated Activities (A3)” 
category. 

　In 2021 December while the fi eld studies were 
ongoing, this family’s co-presence in Christmas 
was observed. In this paper, the co-presence occur-
rence created with the preparation of Christmas 
delicacies are discussed. 
　Generation of Co-presence – On the day before 
the Christmas, mother and father started making 
the Christmas delicacies and the whole family 
joined to help them. Mother had an annual list 
of delicacies to make, and the activities were 
arranged per that.
　Continuation of co-presence – From morning to 
noon all the members helped in preparing the del-
icacies and they were conversing with each other 
happily. Though the whole co-presence occurrence 
was relaxed, each member had a specifi c task to 
be completed in the delicacy making process. 
　Body language of the family members included 
relaxed yet moderately fast actions, such as clean-
ing, preparations, storing of delicacies. All of them 
were in a group setup, in which they were facing 
each other in close proximity. Playful teasing of 
each other, loud laughs were observed.
　Verbal actions included lively conversations 
about Christmas gifts, Christmas day night mass, 
family parties and school and work holidays. 
Conversations were filled with laughs. All family 
members were actively participating in the con-
versations and the pitch was moderate.
　Dissolution - Before the lunch Christmas 
delicacies were prepared and stored for the usage 
on the Christmas day. After the storage, family 
members, except mother, left the preparation area 
and went for other Christmas decoration activities.  
After everyone left the kitchen, mother cleaned 
the place alone. 
　The observational analysis shows that this 
co-presence occurrence had a moderate level of 
fixity and a moderate level of flexibility. Co-pres-
ence occurrence was novel and 4 hours long and 
prompted the members to have active social 
interactions. 
A4 - Co-presence with not Functional and not Re-
peated Activities (e.g., A sudden visit to a distant 

Figure 13　 Preparation of  Christmas delicacies on the 
Christmas day (Case Study Family 2)
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relative’ s house)
The interviews with family members revealed 

that Co-presence with not Functional and not 
Repeated Activities (A4) are rare in their life. As 
coincidences or sudden activities in their life, they 
identifi ed that rarely they have sudden uninvited 
relatives coming to their house and the family 
members suddenly visiting distant relative’s 
houses without prior notice.
　But this type of co-presence was not directly 
observed by the main researchers and observa-
tions were limited to the photos and videos of the 
occasion shown by the family members.
　During Christmas time, while going for Christ-
mas shopping, the family members had visited a 
distant relatives house. In this research the details 
of this occurrence were gathered only from the 
family members descriptions derived from the 
interviews and family photos and videos taken 
at the moment by the family members. Direct 
observations were unable to make. 
　Generation of co-presence- Family had abruptly 
visited a relative’s house and the relative was not 
aware of their visit.
　As the details obtained through the interviews 
and the photos and videos provided by the family 
this co-presence occurrence had had no fixity 
and had had high flexibility. Members had acted 
freely as per the occasion and the Co-presence 
occurrence had been short. Social interactions look 
more chaotic and abrupt.
3.1.3　Advantages of the Online Data Collection 
Methodology of the Intensive Case Studies  
　The CCTV cameras  a l l owed  the  ma in 

researchers to obtain multiple viewing areas with 
remote controllability, providing fl exible observing 
opportunities. They also provided simultaneous 
observations of all three common places of the 
house.  
　This online observation method was more 
eff ective as after some time the family members’ 
awareness of the CCTV cameras reduced, and 
they started to behave freely. This allowed the 
main researchers to observe their natural family 
activities and behavior, which was needed to 
identify the co-presence patterns of the residents 
inside of their house.
　Conducting online observations on a separate 
day and online interviews on another day allowed 
the researchers to observe the natural behavior 
of the family members, as their activities and the 
daily life patterns were not disturbed with online 
interviews on the day of online observations. Hav-
ing one whole day for online interviews provided 
enough time, preparations and focus for in-depth 
interviews. 
　Furthermore, the detailed video and audio 
recordings of the family members activities 
allowed to have in-depth analysis of characteristics 
of co-presence patterns, body language and verbal 
actions of the members and the level of social 
interactions during each occurrence. 
　 This method was more complicated and 
required some technical knowledge of installing, 
placing, and using of the remote controllable 3600 
CCTV cameras and the hosting and upstreaming 
applications recommended for the cameras. Han-
dling of these additional devices and the facilitating 
the hosting and upstreaming center device added 
extra responsibilities to the TA. 
　Moreover, there is a high ethical consideration in 
this method of data collection as the sensitive data 
of the family should be safeguarded and the family 
members’ privacy should be protected.
Having only a unilateral observation, in which the 
main researchers were observing the family mem-
bers, while the family members could not see the 
main researchers was a problem. To mitigate this 

 Figure 14　 A sudden visit to a distant relative’ s house 
(Case Study Family 2)
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problem in the next case studies, it is proposed to 
have a laptop connected to a Zoom meeting, which 
shows the main members from Japan engaged in 
the live observations of the family, so the family 
members also can interact with them.
3.1.4　Disadvantages of the Online Data Collec-
tion Methodology of the Intensive Case Studies 
　Acquiring consent from the residents for this 
method was difficult as most of the residents did 
not like to be under CCTV surveillance, controlled 
by a remote party. 
　Furthermore, the online viewing areas were 
limited only to the camera view coverage area and 
the family members movements from one space to 
another space were not clearly observed.　
　In the same way the observations were limited 
to the inside of the house and the garden area and 
did not extend above the boundary wall of the 
land. This prevented observations of other back-
ground data such as the neighborhood character, 
interaction between the family members and the 
surround environment and other neighbors. 

4. Conclusion

　This paper discusses the background theoretical 
understanding of co-presence and its effect on 
social interactions, current situation of social 
interactions in Sri Lanka, development of research 
methodology and analysis, which facilitated the 
long distance filed studies to study and clary the 
patterns of co-presence in   Contemporary Sub-
urban Dwellings in Western Province, Sri Lanka, 
leading to social interactions. The field studies 
were based on the domestic scale daily lifestyle in 
a weekly span.  
　In the field study, two online field work method-
ologies were experimented in the domestic level of 
Sinhala Lower middle class.
　The first method was manual online field study 
implemented in the pilot study, with the assistance 
of a TA. The main intention of this pilot study 
was recording the lifestyle and daily activity 

patterns of each family member with reference to 
time, spatial usage, and activities, and identifying 
the patterns of physical co-presence among the 
family members leading to social interactions. In 
this study observations were limited only to the 
physical co-presence. 
　From the field studies of the pilot study, two 
main types of co-presence have been identified 
as Co-presence with co-activity and co-presence 
without co-activity. 
　From these two types of co-presence patterns, it 
was observed and hypothesized that Co-presence 
of co-activities have higher possibility of creating 
social interaction than the Co-presence without co-
activities. Hence the Co-presence and co-activities 
type was studied in detail.   
　In the detailed study, four main types of co-
presence with co-activity have been identified 
and the characteristics of these four types of 
co-presence have been recorded and analyzed. 
Following are the identified four main types of co-
presence with co-activity.  
A1 - Co-presence occurrences with functional, 
repeated activities (e.g., chores/ work – morning 
preparations of breakfast, schoolwork) have higher 
level of fixity and lesser level of flexibility with low 
level of social interactions which depends on the 
extra time remaining for the members to complete 
their specific “function”. Co-presence occurrences 
are short and busy.
A2 - Co-presence occurrences with not functional, 
repeating activities (e.g., leisure activities / hobbies 
– evening teatime, TV watching and conversing 
time) have lesser level of fixity and higher level 
of flexibility with a high chance to generate social 
interactions. Co-presence occurrences are long and 
relaxing.
A3 – Co-presence occurrences with functional, 
not repeating activities (e.g. special events / 
functions – New year festival, Wesak, family alms 
giving function) have a moderate level of fixity 
and moderate level of flexibility, which prompts 
the members to start new social interactions. 
Co-presence occurrences tend to be lengthy.
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A4 – Co-presence occurrences with not functional, 
not repeating activities (e.g. co-incidence / accident 
/ unexpected occasion – unexpected visit of a 
visitor) have no fixity and high flexibility where 
Social interactions tend to be more chaotic, abrupt 
and distant. Co-presence occurrences tend to be 
short.  
　In the analysis it was identified that in daily life 
with a weekly span, only two types of the above 
mentioned 4 types of co-presence with co-activities 
can be seen. They are, A1 - Co-presence occur-
rences with functional, repeated activities and A2 
- Co-presence occurrences with not functional, 
repeating activities,
　But in this pilot study methodology it was diffi-
cult to observe and analyze the whole process of 
co-presence occurrences from the start to end with 
the detailed characteristics of co-presence patterns 
and the details regarding the body language and 
verbal actions of the members in each co-presence 
occurrence.
　When moving into intensive case studies the 
online field study methodology was modified to 
mitigate the disadvantages and problems identified 
in the pilot study. 
　The second online fieldwork methodology was 
developed to identify how social interactions are 
created at domestic places. The main intention of 
this methodology was to record and analyze the 
whole process of each type of co-presence which 
includes Generation, continuation, and dissolution 
of co-presence in each occurrence and to identify 
the body language and the verbal interactions of 
the members in each co-presence occurrence. In 
this study observational analysis included both the 
physical co-presence and online co-presence. This 
methodology included intensive case studies with 
CCTV camera in-depth observations. 
　From the analysis of the case studies, it was 
identified that the whole process of co-presence, 
including the Generation, continuation, and 
dissolution of co-presence, is determined by type 
of co-presence pattern including the functionality  

and the regularity of the activity and available 
time period for the co-presence occurrence. 
　As per the detailed observations, following char-
acteristics, including the body language and verbal 
actions, of the  main two types of co-presence with 
co-activities (A1 and A2), which can be seen in the 
daily life, were identified.
A1 - Co-presence with Functional and Repeated 
Activities (e.g., Morning cooking time)
　In this type, generation, continuation, and 
dissolution of the co-presence occurrence happen 
rapidly as the co-presence occurrences are short 
and busy.
　Body language is tensed and mostly include 
standing or rapidly moving positions. The mem-
bers are not concerned about facing or looking 
at each other and they are more focused on the 
task. Verbal communications are limited to high 
pitch, short sentences, which are related to the 
instructions and matters related to cooking / the 
function.
A2- Co-presence with not Functional and Repeat-
ed Activities (e.g., Evening teatime)
　In this type, generation, continuation, and 
dissolution of the co-presence occurrence happen 
slowly as the co-presence occurrences are long and 
relaxing.
　Body language is relaxing and comfortable 
mostly including seated or lying down positions. 
Verbal actions include low pitch, long and soft 
conversations where the members actively talk 
with each other.
　Furthermore, the developed Long Distance 
Online Field Study Methodologies provided an 
opportunity to virtually engage in the field studies, 
during the COVID19 travel rustication period. It 
was clear that the improved online field study 
methodology with CCTV cameras at the site made 
the case study subjects to behave naturally in their 
houses and provided recorded data for in-depth 
analysis.  
　But there were some disadvantages which 
included difficulty in acquiring consent from the 
residents for CCTV observations and recordings, 
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limitation of online viewing areas to the camera 
coverage areas resulting in limitations to observe 
background data of the family including the sur-
rounding area of the house and more complications 
in handling the CCTV cameras.
　Moreover, there is a high ethical consideration in 
this method of data collection regarding the safety 
of the privacy and sensitive data of the family. 
Having only a unilateral observation, in which only 
the main researchers were able to see the family 
members where the family members could not see 
the main researchers, was a problem in building 
interactions among researchers and the family 
members of the case study. 
　Therefore, it is noted that in this kind of an 
online field study, human mediation is required to 
control the viewing areas, safe data transfer and 
to connect systems to facilitate the requirements 
of the main researchers as well as the members of 
the case study houses. 
　With these identified research results and issues, 
the next stage of the research is proposed to 
have further case studies and analysis to compare 
the patterns of copresence of Sinhala Lower 
Middle-Class dwellings in Western province Sri 
Lanka and to extend the field study area to the 
neighborhood level to understand how these identi-
fied co-presence patterns in the domestic level are 
transferred to the neighborhood level, facilitating 
social interactions between the members. 
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Chapter 2

Experiments on Creation of Virtual Fields for Mutual Interaction: Remote studio courses 
on Colombo, Sri Lanka, and Kawagoe, Japan

YAMADA Kyota

1．Area Studies, Architecture and Their 
Fieldworks

　Since 2009, I have been conducting fieldwork in 
the South Asian and Indian Ocean worlds.
Having conducted fieldwork as an architectural 
specialist until 2009, the fundamental question of 
my research has been how a consistent process 
from fieldwork to architectural design is possible. 
Around 2000, it was pointed out that there is a 
difference between the nature of the research 
activities to understand the area and the design 
activities but no solution has been found to solve 
this gap. From the standpoint that design is 
about creating novelty, some even argued that in 
extreme cases, activities to understand the area 
did not contribute to design. 
  One of the goals of architecture is to realize 
a living environment that supports human life 
through physical and artificial interventions. I 
myself had the hypothesis that if I could construct 
a model of the area which explains the physical 
composition of the area and its transition based on 
people and their activities, the model would enable 
architecture to design in conjunction with the 
area at a level that could not be realized before, 
and that the area model would be an effective 
and basic tool for practicing architectural design. 
The study of urban tissue which had been created 
during the 1960s was a pioneering research 
method aiming at similar goals and it has been 
established as a basic method. An urban tissue 
is a group of buildings and the streets they face. 
urban tissues show distinctive patterns in each 
area. An urban tissue is a physical composition 

that supports human activities in daily life, and at 
the same time, it is a physical composition that is 
constructed, modified, and formed through human 
activities. Therefore, urban tissues have become 
the object of many studies as a mirror of daily 
life, and their compositional principles have been 
deciphered.
  While paying respect to the research of urban 
tissues, it does not deal with people and their lives 
which are the starting points of architecture. It 
has been about half a century since the research 
of urban organizations was created, but it has not 
been seriously reviewed till now, which I identified 
as a problem. In cases where people are treated, 
people are regarded as an average and abstract 
existence. It is different from a concrete human 
being who acts in the context of a series of lives. 
The author thought that the problem preventing 
consistency from fieldwork to architectural 
design is not the difference between the research 
activities to understand the area and the design 
activities, but the fact that the image of concrete 
people and their lives, which should be the starting 
point of architecture, are entirely left blank, and 
that this problem will be solved if the image of 
concrete people and their lives are clarified. The 
image of concrete people and their lives is rather 
directly related to the architectural design concept.
  I desired to capture people and their lives 
in everyday life and it was the background 
of my shift from architecture to area studies. 
Architectural fieldwork, such as the research 
of urban tissues, sets the spatial scope of the 
research, among other things, and elucidates the 
change of physical composition over time within 
that range. A specific pattern of the change of 
physical composition over time can be found in 
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a specific period. The period found here is set as 
the time range of the research. In the fieldwork 
of architecture, there is a tendency to treat the 
research object and the research method as an 
established one. The spatial scope set as a field 
tends to be treated as a given one. In the research 
of the urban tissue, the urban block has been 
established as the basic spatial scope set as the 
field. In contrast, in the fieldwork of area studies, 
the initial field is the entry point for approaching 
the object, and several fields are set and explored 
with varying scope and focus until the entire range 
of the object to be solved is covered and a solution 
to the object is obtained. Whereas architectural 
fieldwork deals with the finite and stylized scope 
in which solutions can be expected, fieldwork in 
area studies can be said to be a design problem 
with no scope restrictions in advance. 
  A field is an interface for an observer to interact 
with the real world by setting an object and its 
scope to be handled by the observer in the real 
world, reducing the components of the real world 
and unpredictability and fluidity. Judgment as 
to whether the scope is appropriate is based 
on whether or not the scope is effective in 
capturing the target object. Since the target of the 
observation of the urban tissue is the change of 
the physical composition of the building and the 
street over time, the urban block is appropriate 
for the scope of observation. On the other hand, 
observations of urban tissues cannot target people 
and their lives, which should be the starting point 
of architecture. In fieldwork for people and their 
lives, it is necessary to set the corresponding scope 
of observation. 
  In area studies, I have studied the dynamics of 
the specific area in the historical area of Colombo 
(Sri Lanka), which is generally recognized as 
informal settlements, through interaction between 
people and physical compositions in daily life. 
During this time, it was a valuable experience to 
explore a method of describing events based on 
the actor-network theory, which treats the world 

as a heterogeneous network which consists of 
people, things, and words, and a method of setting 
a suitable scope for the field at the Graduate 
School of Asian and African Area Studies, Center 
for Integrated Area Studies and Center for 
Southeast Asian Area Studies, Kyoto University. 
The spatial scope of the field was not set in 
advance, and the route of the movement of the 
dweller in the life was traced. While tracing the 
route of the movement of dwellers, I went back 
and forth between the Colombo city, various parts 
of South India, Dubai (UAE), Singapore, various 
parts of Malaysia, Bangkok, Yangon, Mandalay, 
Hong Kong, and various parts of Japan, and caught 
the networks of discrete living environments 
constituting their daily lives. And, by setting 
several different spatial scopes such as Colombo 
city, Ceylon Island, and Indian ocean, and time 
scopes and by capturing and combining the 
dynamics of the target area and its inhabitants 
which is related to the dynamics of a wide space-
time, a dynamic model of the area has been drawn. 
(YAMADA (2012, 2013, and 2016)). 

2. An Experiment on Design-Oriented 
Virtual Fieldwork 1: Rehabilitation Design 
of Colombo Historical Area Studio Course 
in Japan

　Since moving to design studies in 2018, as a 
practice to verify the hypothesis that a model 
of the area starting from concrete dwellers and 
their lives enable the designs linked to the area 
in architecture, a studio course for undergraduate 
students have been conducted on the issue of 
designing local facilities that realize rehabilitation 
of the historical area of Colombo (Sri Lanka), 
which has been my field since 2004 (Fig. 1, 2). 
Students who have taken the studio course 
have never actually visited the historical area 
of Colombo. I provided a dynamic model of the 
area through the interaction between human 
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Figure 1　The Selected Residential Area of Colombo Historical Area Figure 2　The Studio Course on Colombo Historical Area

Figure 5　A Special Lecture of Professor Mohan Pant 

Figure 3　Photographs of the Site Figure 4　Plans and Cross-sections of Buildings of the Site

activities and the physical composition, which was 
constructed through the fieldwork done so far, 
and accumulated photographs, videos, and plans 
and cross-sections of the buildings of the site 
(Fig. 3, 4). In addition, special lecturers from Sri 
Lanka and other countries were invited to give an 
international lecture to deepen the understanding 
of the target area (Fig. 5).
  The dynamic model of the area is based on 
the knowledge and materials obtained from 
the research, and it is a reconstruction of the 
mechanism by which the physical composition of 
the region is born, starting from concrete dwellers 
and their lives. The observer's understanding of 
the area was strongly reflected, but it was based 
on the viewpoint as one of the residents and it is 
an interface in which designers gain a secondary 
understanding of the elements that make the daily 
life, including the actions, intentions, and meanings 
of the dweller, and the systems consisting of those 
elements. Based on that understanding, it is an 
interface which allows designers to explore new 
ways of engaging between people and the area 
and the architecture that supports them. Special 

lectures have the same effect. It is a material 
to overcome the restriction of not being able to 
meet people who live in the area in person. The 
photographs, videos, and plans and cross-sections 
of buildings of the site are a concrete record of 
the physical configuration of the subject site and 
how it appears and they are less influenced by 
the viewpoint of the observer who conducted 
the f ieldwork. In order to understand the 
photographs, videos, and plans and cross-sections 
of the buildings of the site, the attitude to explore 
them actively and connect them to each other 
was necessary. As a result, these materials allow 
designers to reconstruct the physical composition 
of the target area three-dimensionally and to read 
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Figure 6　Student Design Proposal No. 01 Figure 7　Student Design Proposal No. 02

Figure 9　Student Design Proposal No. 04

Figure 8　Student Design Proposal No. 03

the target area from their own points of view.
  The students who participated in the studio 
course were enthusiastic about the experience 
of getting to know the region deeply and feeling 

close to it by gaining an understanding of specific 
dwellers and their lives from the dynamic model of 
the area and special lectures and then connecting 
their findings with the various discoveries made 
by them by exploring photographs, videos, and 
plans and cross-sections of the buildings of the 
site. While the question remains as to how much 
students could have got out from the perspective 
of the observer, who actually conducted the 
fieldwork, and constructed their own perspectives, 
students were able to conduct secondary fieldwork, 
so to speak, by combining a dynamic model of the 
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area with photographs, videos, and plans and cross-
sections of the buildings of the site.
  The design proposals made by the students were 
based on their own understandings of dwellers’ 
lives and physical features of the area, and were 
attractive and close to the local community (Fig. 
6, 7, 8, 9). Additionally, an attachment to the area 
and a desire to visit the site was created among 
the students. When the students' design proposals 
were introduced to a local acquaintance via online, 
he was surprised at students’ understandings on 
the lifestyles of the local dwellers and commented 
that he was moved by the wonderful proposals. 
From there, the local dwellers and I have been 
working together to hold an exhibition by 
displaying models and panels of the works in the 
target area. The exhibition was planned to be held 
in August 2020 but had to be postponed due to 
covid-19, which prevented gaining the necessary 
permission from the Sri Lankan Police. 

3．Extending Design-oriented Virtual 
Fieldwork

　The global infection of COVID-19 from 2020 
has created great difficulty in area studies. I 
myself could not go to the field of Colombo, so I 
was only able to contact the local acquaintances 
online. Under these circumstances, I thought that 
some people, who are interested in fieldwork in 
Japan, might be in trouble because they could not 
come to their fields where I am currently living. 
Therefore, I thought that there might be a way 
of area studies to build a mechanism and contents 
that can virtually perform fieldwork in my area 
and share it with people in remote areas.
  I began exploring in 2020 how to develop 
and extend the method of virtual fieldwork 
I experimented at the studio course for the 
Historical Area of Colombo, which modeled remote 
areas and brought them to his own region, to 
create a dynamic model of my own area and 

deliver it to a remote place. Since 2020, during 
the COVID-19 disaster period, my lab has been 
experimenting with virtual fieldwork methods that 
connect fields and observers with online videos, 
as described in the Chapters 1 and 5. With online 
virtual fieldwork, though, observers cannot go 
directly to the site, they can explore in response to 
the field and in real time to obtain primary data of 
the field. Observers can also interact with specific 
local people.
  Therefore, a more comprehensive design-
oriented virtual fieldwork system was conceived 
to develop the virtual field experience and the 
ability of exploration by combining the online 
virtual fieldwork method with a secondary virtual 
fieldwork method consisting of a dynamic model 
of the area and data of physical environment 
of the area, which was validated in the studio 
course for the Historical Area of Colombo.The 
data set for the secondary virtual fieldwork was 
renamed as “The Offline Virtual Field Kit” in 
contrast to the Online Virtual Fieldwork. Finally, 
in addition to 1. an offline virtual field kit and 2. 
online virtual fieldwork, 3. online meetings (Zoom, 
Slack, and etc.) as a place to discuss and practice 
design issues was added and the system of the 
studio course based on virtual fieldwork was 
composed as “Tsukuba Virtual Fieldwork Studio 
Course Package” (Fig. 10). The Tsukuba Virtual 
Fieldwork Studio Course Package was applied to 
the international joint design workshop held from 
January to February 2022, targeting Kawagoe, 
one of the most significant historical cities in the 
Kanto region, with the theme of regenerating the 
Saraswati By-street ( 弁天横丁 ).

4．An Experiment on Design-Oriented 
Virtual Fieldwork 2: Tsukuba Virtual 
Fieldwork Studio Course Package at 
Kawagoe Saraswati By-streeet

　　Figure. 11 is an outline and a schedule of the 
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workshop. 60 students, 11 faculty members 
and TAs from the University of Tsukuba, the 
Université Grenoble Alpes (France) and the 
Politecnico di Milano (Italy) participated this 
workshop. Figure 12 shows the data set which 
consists the offline virtual field kit. Whereas the 
studio course for the Colombo Historical Area used 
a dynamic model of the area and photographs, 
videos and plans and cross-sections of the buildings 
of the site as reference materials, this workshop 
used the 360 ° videos which convey the scenery 
when a person walks on the spot and the 3D 
laser scanned spatial data which convey the 
physical composition of the street space instead of 
photographs, videos and plans and cross-sections 
of the buildings of the site. For the collection of 
the materials in the historical area of Colombo, it 
took more than 10 years, but by simplifying the 
materials, the collection of materials in Saraswasti 
By-street, Kawagoe was completed within one and 
a half years.
　In the online virtual fieldwork, the design of 
an interactive real-time broadcasting system 
was mainly carried out by Professor Toshimasa 
YAMANAKA of the Degree Program in Design 
to which I belong and Rakuten Mobile, Inc., which 
is conducting special joint research projects with 
Professor YAMANAKA. At the site, the video was 
moved while shooting with Richo θ 360 ° cameras 

Figure 10　Tsukuba Virtual Fieldwork Studio Course Package

and the video was distributed with Richo's online 
conference system. Students in remote areas were 
able to observe the 360 ° landscape in real time 
by participating in the online conference. The 
observer was able to operate the video landscape 
displayed on the screen of a personal computer 
or a smartphone with his / her finger to see the 
landscape in the desired direction independently 
of the moving direction of the camera. In addition, 
a system was prepared in which the position of 
the 360 ° camera was displayed on a map of the 
site via GPS (Fig. 13, 14). Multiple 360 ° cameras 
were set for the distribution using the online 
conference system, and each 360 ° camera moved 
on a different route centered on Saraswati By-
street. The settings of spatial-temporal scope, 
observation targets (buildings, streets, bird's-eye 
view of the landscape), components (inviting local 
people to participate, etc.) and observational route 
of the field were designed by me to keep the link 
with the offline virtual field kit. At the same time, 
distribution of a simpler interactive broadcasting 
system via a Zoom video with a smartphone fixed 
to a gimbal was performed. 
  When a feedback survey with questionnaire was 
done with the participants from the Université 
Grenoble Alpes and the Politecnico di Milano about 
their experience in participating in the online 
virtual fieldwork, they expressed that they were 
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Figure 12　Data Set of Offline Virtual Field Kit

Figure 11　The Outline and Schedule of International Joint Design Workshop in 
Kawagoe

the position of the 360 ° cameras on the map 
received the second highest evaluation. With 
that, the effectiveness of the system that helps to 
identify one's observation position without getting 
lost, even in a foreign land, to which the observer 
has never visited was confirmed. At the same 
time, although it was a simple system, the zoom 
broadcasting video was also highly evaluated up to 
the same level of the 360° videos, as that allowed 
the observers to enter the houses or stores and 
interview some specific dwellers and hear the 
stories from them. 
  From the viewpoint of the fieldwork, one of the 
evaluation points was how close to the field an 
observer can conduct independent observations, 
establish his / her own original hypothesis related 
to the dynamics of the area, and verify his / her 
own hypothesis through observations in a form 
closer to the field. From this point of view, the 

surprised and excited by the fresh experience 
and gave great feedback (Fig. 15). In particular, 
the 360 ° videos that can be operated by oneself 
were highly evaluated. The system that displays 
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following two devices were particularly effective. 
The first was the 360° camera and the conference 
system. With a 360 ° camera and a conference 

system, observers were able to move around a 
wide area with the camera and simultaneously 
operate each screen to see the direction they 
want to see. This gave them room to hypothesize 
and explore for verification by themselves, at a 
distance from the viewpoint provided by the guide, 
unlike a fixed tour, which follows the guide. The 
second was the participation of Saraswati By-street 
residents, store managers, and NGO officials as 
members of the field (Fig. 16, 17). When the video 
was broadcasted, explanations were given about 
Saraswati By-street’s buildings and activities from 
the local point of view, and a chance for direct Figure 15　A Scene at Université Grenoble Alpes During the Workshop

Figure 16　An Explanation of the Area by a Local Expert During the Virtual Fieldwork

Figure 13   360 Interactive Broadcasting System supported by Rakuten Mobile, Inc. Figure 14   The interface of the 360 Interactive Broadcasting System
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interviews with specific dwellers to listen to the 
stories of those involved and to ask questions was 
offered. That was an opportunity to understand 
Saraswati By-street from the local context.
  In this case, online virtual fieldwork was 
conducted only for 90 minutes. Since it takes time 
for participants to proactively observe the field 
from their own perspective, and it is necessary to 
ask questions in interviews, it would have been 
more effective if the organizers were able to 
conduct the online virtual fieldwork for a longer 
time period, such as for a half a day. On the other 
hand, in the online virtual fieldwork, since the 
number of people who actually visit the target 
area does not physically increase, it was confirmed 
that even if a large number of people participated, 
it was possible to implement it without destroying 
the original calm street atmosphere. On the other 
hand, to acquire a deep understanding of the 
dwellers, their lifestyles, and physical composition 
of the target area, deep reading of a dynamic 
model of the area, lectures, and discussions 
are necessary, and there is also an upper limit 
required for the number of participants from such 
a viewpoint. While continuing to improve the 
structure of Tsukuba Virtual Fieldwork Course 
Package with the aim of supporting independent 
and deep explorations, the author would like to 
share virtual fields with remote collaborators and 
explore the ideal way of architectural design based 
on the fieldwork. 
  The resulting works of the International 

Figure 17　An Interview with a Local Shop Owner

Figure18　A Presentation of the Resulting Work of the Workshop by Université 
Grenoble Alpes at International Creativity Studies Festival

Figure19　A Presentation of the Resulting Work of the Workshop by Politecnico di 
Molano at International Creativity Studies Festival

Figure 20　A Presentation of the Resulting Work of the Workshop by University of 
Tsukuba at International Creativity Studies Festival

Collaborative Design Workshop were presented 
at the International Creativity Studies Festival, 
organized by the Degree Program in Design, 
on February 18 and 19 2022. There were 138 
participants from six countries in two days. 
Figures 18-20 are the resulting works and their 
presentation scenes.

5．Further Considerations

　At the symposium "Area Studies in Corona 
Disaster" held by CIRAS Center, Center for 
Southeast Asian Area Studies, Kyoto University 
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in February 16 2021, it was pointed out that the 
difficulties that arise in area studies due to the 
inability to visit the actual field are not limited to 
the restrictions on field research, but also to the 
difficulties which arise while building mutual trust 
with the strangers through the non-face-to-face 
communication methods.
  When I carried out the studio course based on 
the Tsukuba Virtual Fieldwork Studio Course 
Package, I had one hypothesis and an expectation 
that the virtual f ield, which was seriously 
constructed by a researcher of area study, induces 
enthusiasm to its explorers, or participants, and 
at the same time brings deep local experience, 
great discoveries in the area and the excitement 
that accompanies them. This excitement would 
stimulate participants' desire to converse and 
through the conversation, shared experiences 
would be formed, which lead to the creation of 
mutual trust even via online.
  It is natural that the author learned from the 
implementation, but what is more important in the 
workshop was the experience as a whole and it 
should be noted that the contents, communication 
methods and the moderation process during 
the workshop were also not that simple. After 
the workshop, four graduate students from the 
Université Grenoble Alpes continued their master's 
research at Sarasawti By-street, Kawagoe. I will 
continue to examine the pros and cons of how 
much the experience of Virtual Field has created 
a shared experience among unfamiliar people and 
has developed a relationship of trust through the 
interviews with the participants. 
  Finally, this paper looks back on how the 
observers (workshop participants) interacted with 
local stakeholders. I tried to share the situation 
as much as possible by sharing survey data with 
local dwellers, store managers, and NGO personnel 
and inviting them to international presentations of 
resulting works. In addition, I am planning to hold 
a presentation of resulting works of the workshop 

at the site and the feedback perspectives 
and design proposals will contribute to the 
regeneration of Saraswati By-street. On the other 
hand, during the virtual fieldwork, I attempted 
mutual communication between the observers and 
local stakeholders through interviews, but since 
the local shopkeepers and NGO personnel could 
not see the observers, there were no opportunities 
for the local stakeholders to ask questions from 
the observers. The future challenge is to develop 
a system to support mutual communications, 
through methods such as setting up monitors at 
the site to project the image of the observers and 
preparing and sharing self-introduction materials 
in advance.
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Chapter 3

Reconstruction of the Spatial Composition and Microclimate of “Siheyuan” in Qing 
Dynasty, Beijing Through Cross Disciplinary Research: Towards clarification of the 
climate responsive mechanisms of vernacular architecture
JIANG Guangbo　

1. Introduction

1.1　Research Purpose
　It is well known that vernacular architecture 
has formed a complex cl imate adaptat ion 
mechanism in history. These mechanisms can 
create comfortable climate conditions, low energy 
consumption and a comfortable experience. 
　The main purpose of this study is to interpret 
the climate adaptation strategies and experience 
of improving comfort displayed by vernacular 
architecture, and to accumulate them as a method 
that can be transferred to today's architectural 
design.

1.2　Research object
　The representative vernacular architecture in 
north China – Siheyuan( 四 合 院 ) (Figure 1) has 
been chosen as the research object.
　The figure 2 shows the layout of a typical 
Siheyuan. The four buildings of a Siheyuan are 
normally positioned along the north–south and 
east–west axis. The building, which is positioned 

to the north while facing south, is considered as 
the main house (“ZhengFang” 正房 ). The buildings, 
which are adjoined to the main house while facing 
east, and west are called side houses (“XiangFang” 
厢 房 ). The building that faces north is known as 
the opposite house (“DaoZuo” 倒 座 ). There is a 
courtyard in the middle. 
　The layout of the simple courtyard represents 
traditional Chinese morality and Confucian 
ethics. In Beijing, the four buildings in the single 
courtyard receive different amounts of sunlight. 
The northern main building receives the most, 
thus serving as the living room and bedroom of 
the owner or head of the family. The eastern and 
western side buildings receive less and serve as 
the rooms for children or less important members 
of the family. The southern building receives the 
least sunlight, and usually functions as a reception 
room and the servants' dwelling, or where the 
family would gather to relax, eat or study. 
　Usually, each building is divided into an odd 

Figure2　  The plan layout of Siheyuan (Mei Lanfang's former residence)
Wang, S. R. (2002). Xuan Nan Hong Xue Disposition (宣南鸿雪鸿
志 , Chinese edition). China: China Architecture and Architecture 
Press, pp.276.

Figure1　A model of Siheyuan, JIA, J. (2009), p. 29.
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number of rooms. The middle room is called the 
"MingJian"( 明 间 ), the two sides of the room are 
called the "CiJian"( 次 间 ), and the rooms further 
away are called the "ShaoJian"( 稍 间 ). As shown 
in the picture, the main house is divided into 
5 rooms, from west to east: “XiShaoJian”( 西
稍 间 ), “XiCiJian”( 西 次 间 ), “MingJian”( 明 间 ), 
“DongCiJian”( 东次间 ), “DongShaoJian”( 东稍间 ). 
Usually “MingJian” is a living room, “CiJian” is a 
bedroom, “ShaoJian” is a room for other functions 
such as a teahouse, a study.
　This layout dates back to the Xia Dynasty 
in 1600 BC and can be seen in the unearthed 
ruins of the Erlitou Palace of the Xia Dynasty. 
There is a building on the north side of the 
courtyard, surrounded by corridors on all sides. 
In the 1970s, an archaeological team excavated 
the site of a Yuan dynasty residential building 
called “Houyingfang”( 后 英 房 ) in Beijing, which 
is considered to be the prototype of Siheyuan. A 
budding form emerged in the Xia Dynasty, and it 
was developed in the Yuan Dynasty. In the Qing 
dynasty, the Siheyuan form we see today was 
formed (Figure 3).
　In addition, the central axis of Siheyuan is 
endowed with special significance. The east side 
corresponds to "Wen"( 文 ) and the west side 
corresponds to "Wu"( 武 ). Generally speaking, 
"Wen" on the east side is endowed with higher 
cultural value than "Wu" on the west side.

1.3　Previous Research
　The study of Chinese architectural history has 
always been centered on monumental buildings. 
After Liu Dunzhen published  『中国住宅概論』in 
1956, he began to turn his attention to vernacular 
architecture. After the 1980s, the research on 
the vernacular architecture of Siheyuan became 
more prominet. Zhao Zhengzhi 「元大都平面計画
復 原 の 研 究 」 (1979) is a pioneer in the research 
of block division method, which is closely related 
to Siheyuan. For the existing courtyard, Wang 
Shiren conducted a field survey, and his results 
were included in 『宣南鴻雪図志』 (2002) and 『東華
図志』 (2005). In 2009, Jia Jun published 『北京四合
院 』.Taking Beijing as the center, he has studied 
the urban space composition of Siheyuan. In Japan, 
studies on siheyuan have increased since 2000, and 
the results have been published in a number of 
books. Including『北京の四合院　過去・現在・未
来』(2008). This book contains the research results 
of Masaki Fujikawa and Yasushi Kamikita, who 
identified the Siheyuan as a component of the 
urban composition of Beijing and discussed the 
transformation of the Siheyuan as the urban space 
changes from various perspectives.
　Although there are so many related research, 
three main problems can be identified in the study 
of Siheyuan in the history of Chinese architecture.
1.  Most of the examples of Siheyuan cited in the 

Figure3　Schematic diagram of the evolution process of Siheyuan
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literature do not explain their construction 
period. As mentioned earlier, the layout of 
Siheyuan has a development process. Hence 
the Siheyuan of different dynasties are different 
from each other.

2.  It is not clear according to what dimensional 
system Siheyuan was built. 

3.  The illustrations in many books are not based on 
real buildings, they are drawn based on theories.

　In recent years, interest in passive design 
techniques of vernacular architecture has led to 
research on the thermal environment analysis 
of Siheyuan. Some studies have simulated the 
thermal environment of Siheyuan and analyzed 
its indoor cl imate characteristics .  Climate 
simulation program was constructed to analyze 
and reconstruct the thermal environment of 
nonexistent buildings. However, the uncritical use 
of the research results of architectural history in 
the establishment of the Siheyuan model leads to 
the following two problems:
1.　 The model used is based on the data of an 

uncertain Siheyuan.
2.　 The lifestyle and heating system are based 

on the present, which is different from the 
situation of Siheyuan living in the past.

1.4　Research Methods
　In order to solve the five problems mentioned 
above, this study has combined the three different 
majors of "architectural history", " Area studies" 
and " environmental engineering" (Figure 4).
　From the perspective of Chinese architectural 
history, this paper analyzes maps and summarizes 
the dimensional proportion of Beijing blocks and 
Siheyuan space in Qing Dynasty by using previous 
research results, and constructs the space model of 
Siheyuan.
　From the perspective of Chinese architectural 
history, this paper constructs the heating 
equipment model of Siheyuan in Qing Dynasty 
according to the previous records. From the 
perspective of area studies, people, who have 

experience in using this heating equipment, are 
interviewed through questionnaires to understand 
its usage mode and recover life scenes that reflect 
how they are used.
　Finally, from the perspective of environmental 
engineering, a computer program was constructed 
and run to simulate the thermal environment of 
the constructed model, analyze and understand 
the experimental results and grasp the climate 
adaptation strategies.

2. Dimensional System and Model Construc-
tion

　In the first part of the research methodology,. 
based on the research of the architectural history, 
this research clarifies the dimensional system of 
Siheyuan, and how to build a model.

2.1　 Dimensions of Building Site
　According to Zhao's research, during the Yuan 
dynasty's urban planning (Figure 5), the width of 

Figure4　 Integration of three major research areas - architectural 

history, area studies, environmental engineering 
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a standard building site was 43 Chi( 尺 ) , which 
is about 13.545 meters. It can be considered that 
the basic composition of blocks of Beijing of Qing 
Dynasty followed that of Yuan Dynasty and 
remained basically unchanged. So, in this research 
the width of the building site has been set to the 
standard Siheyuan 43 Chi.

2.2　Determine the measurement object
　Today, some Siheyuan built in the Qing Dynasty 
have been preserved. However, due to the impact 
of COVID-19, it was impossible for the main 
researchers to go to Beijing for mapping. The 
selected research solution was to make secondary 

Left:　Table1　 Summary of 4 cases

Middle:　Figre6　  Location of 4 cases (map of 　

Beijing in Qing Dynasty)

Top:　Figure5　 Yuan Dynasty Beijing block 

planning diagram
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measurements using measured drawings.
　The first step was to screen eligible measured 
drawing cases. For this two criteria have been 
used. First is the width of the building site 
which should be closer to 43 Chi. Second is the 
construction period which should be in Qing 
Dynasty. 
　In this way, 5 eligible Siheyuan measured 
drawing cases were found (Table 1). 
　Figure 6 shows a map of Beijing in Qing 
Dynasty. 5 cases are located in the location shown 
in the picture. Of these, three are in the outer city 
of Beijing and two are in the inner city. The inner 
cities were inhabited by the Manchus, who were of 
the same clan as the ruler, and 
some houses in the inner cities were more 
luxurious than those in the outer cities.

2.3　Measuring the size
　Every case was thoroughly measured. As shown 
in the figure 7, this is the main house of case 1-1. 
The width, height, column diameter, wall thickness, 
column height and roof slope of each room in the 
main house were measured. These data were 
recorded in a table to find out the size system 
of Siheyuan and verify whether the size system 
quoted in textbooks is suitable for civil Siheyuan.　
 

2.4　Discovery of the Size System
In this paper, the main house has been taken 
as an example to show the specific content. 
Measurements were recorded for each part of 6 

main houses in 4 cases (Figure 8), including plan 
data and elevation data. The plan data included: 
the width of each room, the depth of the main 
house, the width of the front porch, the diameter 
of the columns, and the thickness of each wall. The 
elevation data included: the height of the base, the 
height of the sill wall, the height of the columns, 
the dimensions of the various parts of the roof 
timber structure.
　Dimensions were measured by a Chinese tradi-
tional unit of measurement, "Chi"( 尺 ). The length 
of each Chi varies from dynasty to dynasty. There 
is no unified official conclusion on the specific con-
version relationship at present. It can be seen in 

『清代量度単位探究』 that if the ruler is converted 
into mm, there are three possibilities, that 1 Chi is 
315mm, 320mm and 325mm. In order to determine 
the conversion relationship, the dimensions of the 
main house of example 1-1 measured in millimeters 
by 315, 320 and 325 were divided, and determined 
that the 315mm is the nearest integer to 1 Chi. 
The one that comes closest to the 1 Chi was 
315mm and hence 315mm was considered as equal 
to 1 Chi.
　With this table, the dimensional characteristics 
of each part can be summed up more easily. For 
example, the dimensional characteristics of the 
width of the MingJian in the main house can be 
easily determined. Six values that are approximate 
multiples of 0.5 were taken and they ranged from 
9.5 Chi to 11 Chi. The largest width of a MingJian 
is 11 Chi, and there are three of them.

Figre7　 Measurement photos of Case 1-1(The left picture is the plan of the main house and theright picture is the facade of the main house)
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　Through this method, some size systems have 
been summed up. Systems include two aspects. 
First, it is the range. For example, a main house 
usually consists of five rooms. The rooms in the 
middle are between 9.5 and 11 Chi wide. The 
width of the rooms on either side is between 
8 and 10 Chi. The second is the relationship of 
proportion. For example, the width of the room in 
the middle is wider than the width of the room on 
either side. The ratio of the width to the length 
of the building site is 2 to 3 or 1 to 2. The ratio of 
width to length of the courtyard is 2 to 3 or 1 to 2.

　Through measurements, it was found that the 
rooms on the west side were more spacious. As 
mentioned above, the east and west sides were 
given the meaning of "Wen" and "Wu" respectively. 
Unlike the Han, the Manchus, who established the 
Qing Dynasty, attached more importance to the 
west side of the room than to the east, reflecting 
their cultural values.

2.5　Building 3D Models
　After summarizing some basic rules of the 
size system, the 3D model of Siheyuan was built 

Table2　 Reference table of measurement results

Figure8　 The data of each part of the main house, and the data analysis chart of the Mingjian of the main house
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according to these systems. Since the width 
and length ratio of the building site are 2 to 3 
and 1 to 2, the plan model of the Siheyuan was 
also established according to the two different 
proportions.
　Firstly, when the width and length ratio of the 
building site is 2 to 3, the Siheyuan model plan was 
constructed by dividing into seven steps (Figure 9):
　　 　The first step was to calculate the size 

of the building site. Since the width of the 
building site was set at 43 Chi and the width 
to length ratio was 2 to 3, the length of the 
building site was calculated to be 64.5 Chi.

　　 　The second step was to determine the 
width of each room in the main house and the 
opposite house. The room in the middle of the 
main house is 9.5 Chi wide at most, and the 
other four rooms are 8 Chi wide. The widths 
of the rooms of the opposite house are not 
constant. In this model, the same layout as the 
main house was applied.

　　 　The third step was to determine the depth 
of the side houses and the width of the 
courtyard. There were two cases. The width 
of the courtyard is the maximum, and the 
depth of the side houses is the minimum. The 
width of the courtyard takes the minimum 
value, and the depth of the side houses take 
the maximum value.

　　 　The fourth Step was to calculate the length 
of the courtyard. The ratio of the width to 
length of the courtyard is also 1 to 2 and 2 to 
3. Therefore, the length of the courtyard has 
four situations as shown in the figure.

　　 　The fifth step was to determine the depth 
of the main house and the opposite house.

　　 　The sixth step was to determine the width 
of each room of the side houses, as well as 
the distance between the main house, the side 
houses and the opposite house.

　　 　The seventh step was to remove the 
condition that does not meet the condition. Get 
the final Siheyuan plane model.

　In a similar way, the layout of Siheyuan with a 

width to length ratio of 1 to 2 was deduced (Figure 
10).
　Then, on the basis of the plan model, the 
elevation model was generated. There were 8 
steps to generate the elevation model (Figure 11):
　　 　The first step was to determine the height 

of　the base.
　　 　The Second step was to determine the 

height of the column.
　　 　The Third step was to determine the height 

of "beam + 1/2 purlin".
　　 　The fourth step was to determine the roof 

slope according to the proportions of the lift. 
　　 　The f i f th step was to bui ld interior 

partitions
　　　  The sixth step was to determine the size of　
　　the sill wall.
　　 　The seventh step was to determine the 

eave length. 
　　　 The eighth Step was to determine the 
　　height of the bounding wall. 
　Finally, 4 3D models of Siheyuan were obtained 
(Table 3). Their differences are mainly reflected in 
the ratio of width to length of the building site, the 
number of courtyards, the ratio of width to length 
of the courtyard, and the number of rooms in the 
side houses.

3. Reconstruction of “Kang” and Life 
Pattern Using “Kang”

3.1　Introduction
　Now, Beijing's Siheyuan has been restored and 
protected as a material cultural heritage. But 
unfortunately, due to the advent of new heating 
systems and lifestyle changes, the former heating 
equipment has not been retained. In the book 『北
支 の 住 宅 』, there is a record of "Kang"( 炕 ), the 
heating equipment of the Siheyuan in Beijing in 
the Qing Dynasty. The function of the kang is 
similar to that of a bed, but because of its ability 
to generate heat, people spend time on the kang 
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Figure9　The formation process of Siheyuan plane (when the width and length ratio of the building site is 2 to 3)

Figure10　 The formation process of Siheyuan plane (when the width and length ratio of the building site is 1 to 2)

Figure11　 The formation process of Siheyuan elevation model

Table3　  4 types of Siheyuan 3D models and their characteristics
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in winter, even when they are not sleeping. So 
far, there was such a problem in the simulation 
experiment of the indoor environment of Siheyuan, 
that was, the simulation experiments have been 
carried out without kang. In this research, it was 
considered that the function of kang in regulating 
indoor climate and temperature, especially in 
winter, cannot be ignored. So, to simulate and 
reproduce the real indoor thermal environment of 
Siheyuan in Qing Dynasty, the research should not 
only have the space model of Siheyuan, but should 
also consider the use of the heating system at that 
time. From the perspective of regional studies, this 
chapter firstly refers to the studies of dwellings 
in and around Beijing in the early 20th century, 
immediately after the Qing dynasty, in order to 
create a modelling of the kang. This is followed 

by interviews and observations on the pattern of 
life using kangs, and the modelling of energy input 
patterns into kangs.

3.2　Making Models of Kang
3.2.1　The location of the Kang
　Japanese scholars Murata and Kurata have 
noted the location of kang when they investigated 
the Siheyuan (Figure 12). It can be seen that kang 
is usually placed in Cijian and Shaojian.
　The kang in Cijian is usually near the courtyard.
　The kang in Shaojian is near the outer wall.
3.2.2　 Structure and Materials
　ITO, also a Japanese scholar, collected the 
plan and sections of a kang in his book “The 
Residence of the North Branch”. It provides 
valuable reference materials for understanding the 

Figure12　    A plan of the siheyuan with kang

　　　　　 Murata, J. (1938). Houses in northern China ( 北支の住宅 , 　

Japanese edition). Houses, 226.

Figure13　 A construction drawing of kang

 　　　　　  Ito, T. (1943). Houses in northern China ( 北支蒙疆の住居 , 

Japanese edition), Japan: OUBUNDOU Publishers Inc. pp.53.
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Figure14　Interview Scene, Yungang town, Datong city

Figure15　A photo of a questionnaire

Figure17　coal fire pit of Kang

Figure16　Food preparation in a room with Kang
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structure and size of kang. As can be seen from 
the figure 13, kang is mainly made of bricks. There 
is a flue opening, in which objects are placed to be 
burned. After burning, hot air will circulate in the 
flue in the kang, so as to heat up the kang, and the 
smoke will be discharged to the outdoor through 
the chimney.

3.3　Restoration of Usage Method
3.3.1　Fuel
　Kangs are no longer used in Beijing today, but 
kangs continued to be used in some areas of the 
surrounding provinces until the second half of 
the 20th century, and are still used in rural areas 
today. So, we interviewed people in those areas 
(Figure 15). The locations of the survey were 
mainly Shenyang, northeast of Beijing, Datong, 
west of Beijing, and Inner Mongolia, north of 
Beijing.
3.3.2　Heating time
　According to the questionnaire survey, the 
use of kang can be divided into cooking kang 
and non-cooking kang according to whether they 
participate in cooking. Meanwhile, in addition to 
kang, heating equipment may also use the stove.
　Since there is no mention of stove in the 
questionnaire in Inner Mongolia, it seems that only 
kang is used as heating equipment. This is similar 
to Qing Dynasty Beijing, so in this research the 
burning time of Inner Mongolia has been used as a 
template to simulate the use of Beijing.
　In Inner Mongolia, the kang for cooking is 
heated for one hour from 5 to 8 in winter, one hour 
from 11 to 12, and one hour from 17 to 18. The 

non-cooking kang in the living room (equivalent 
to the kang in Cijian of the main house) is heated 
for two to four hours between 16:00 and 20:00 
in winter. In the bedroom, the non-cooking kang 
(equivalent to the kang in Shaojian of the main 
house) heats for two to four hours between 16:00 
and 20:00 in winter.
　In the Qing Dynasty, the kang used for cooking 
in Beijing Siheyuan was not usually installed in the 
main house, so only the heating of the kang used 
for non-cooking was considered in the simulation 
experiment of the indoor climate environment in 
the main house in winter. This is Pattern A.
　In a case in Inner Mongolia, the bedroom will 
also be heated in the morning, and the bedroom 
will be used as a living room during the day. In 
other words, if there are people in the living room 
during the day, one can consider adding a heated 
kang to raise the indoor temperature. According 
to this idea, it can be inferred that Cijian of the 
Siheyuan in Beijing during the Qing Dynasty may 
also have heated kang in the morning and during 
the day. This is pattern B.
3.3.3　Calculation of heat
　According to the questionnaires, heating the 
kang for non-cooking uses 1.5 to 2 kilograms of 
coal per hour. Since building a simulation requires 
input of energy per square meter, not weight, 
some conversions were required and 1.5 kilograms 
per hour was taken as the minimum.
　First, kilograms per hour were converted into 
watts. By removing the floor area of the kang, the 
energy required per square meter to add the kang 
to Cijian and Shaojian was identified. Cijian needs 
726.4 watts per square meter and Shaojian needs 
414.1 watts per square meter.
Suspended ceiling
　In addition, it was also found in the questionnaire 
survey that the room with kang has a suspended 
ceiling with stick paper on the wooden keel 
(Figure 18). This is thought to reduce the indoor 
air flow and create a layer of air insulation in the 
attic. Buildings in the Forbidden City of the Qing 
Dynasty had suspended ceilings, so in this research 

Figure18　The traditional suspended ceiling of siheyua
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it was assumed that the courtyard houses of the 
Qing Dynasty also used suspended ceilings to 
improve indoor comfort.

4. Constructing A Simulation Experiment 
System 

　By i n t eg ra t i ng  t he  f i nd i ng s  f r om the 
architectural history research in Chapter 2 and the 

regional research in Chapter 3, an environmental 
engineer ing s imulat ion was performed to 
reproduce the microclimate, which means air 
condition, inside Siheyuan of Qing Dynasty 
in Beijing. By constructing a program with a 
computer, a system for simulation experiment was 
built with reference to a comprehensive space 
model of the building, the physical properties of 
various materials, the impact of the environment 
and climate on the building (Figure 19).

Figure19　  The space model of the building, the physical properties of various materials, the impact of the environment, work together to form indoor climate

Figure20　Annual temperature in Beijing derived from EPW climate data
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　Through the "Rhino" and "Grasshopper" 
computer software, Siheyuan space model was 
produced. The indoor heat source kang was 
built through the "ladybug" plug-in and then 
construction and material data, climate data, 
ventilation and air leakage data were imported 
to it. By carrying on the simulation experiment 
calculations, the result visualization was finally 
calculated.
　The visualization results are dated January 12. 
It can be seen from Figure 20, that the outdoor 
temperatures in January were the lowest of the 
year, and the 12th was one of the coldest days of 
the month. In addition, the temperature did not 
change significantly in the days before and after 
January 12, which was a period of stability.
　On January 12, the lowest temperature was 
-12.5 degrees Celsius at 6 am. After that, the 
temperature gradually increased. At 4 pm, the 
temperature reached to the highest level of the 
whole day, -5 ℃ . Then the temperature drops 
gradually.

5. Interpretat ion of The Simulat ion 

Results

　5.1 Pattern A
　First, attention was given to the Pattern A. 
This result reflects the living condition of the main 
house of Beijing Siheyuan in Qing Dynasty. The 
main house has five rooms, and there are kang in 
Cijian and Shaojian. The heating time of kang is 
from 16:00 to 20:00 and  has a suspended ceiling.
　The results were exported every three hours, 
so each group consists of eight graphs, each 
representing an average of one hour. To make the 
calculation easier, the number of air changes inside 
the kang was set to 0.
Pattern A-1(Heated kang, with suspended ceiling)
　Following are the first set of pictures (Figure 
21). This set of graphs shows the average indoor 
temperature. In order to show the situation inside 
the kang at the same time, a position 0.5 meters 
above the ground was chosen.
　In the picture from 7 to 8 o 'clock, the room 
temperature in the westernmost room was 4-6 
℃ , the lowest among the five rooms, while the 
room temperature in the middle was 14-16 ℃ , the 
highest among the five rooms. At this time, the 

Figure22　Radiant temperature (Heated kang, with suspended ceiling)

Figure21　Air temperature (Heated kang, with suspended ceiling)
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temperature is the lowest in a day, the outdoor 
temperature is -12.5℃ , the temperature difference 
between indoor and outdoor reaches the lowest 
16.5-18.5 ℃ and the highest 26.5~28.5℃ , indicating 
that the system is effective in improving the 
environmental temperature.
 The room temperature in the middle is higher 
than that on the two sides, presumably because of 
the heat transfer generated by the kang on both 
sides. The indoor temperature of the two rooms on 
the east side is higher than that of the two rooms 
on the west side. It is speculated that there is 
northwest wind in Beijing in winter, and the cold 
wind makes the temperature of the room on the 
west side lower.
　The second group shows radiation temperature 
(Figure 22). Even in the room on the west side, 
where the radiation temperature is the lowest, 
the temperature stays at 6 to 10 degrees Celsius 
throughout the night, indicating that the kang, 
with its high heat storage capacity, has improved 
indoor comfort. The radiant temperature of the 
two rooms on the east side is higher than that of 
the two rooms on the west side. The reason should 
be the same as room temperature, which is caused 
by the northwest wind in winter.
　The third group shows the indoor temperature 
and radiation temperature of the westernmost 
room and the western Shaojian (Figure 23 and 
24). It can be seen from the figure that the heat 
insulation effect of the ceiling is obvious.
In addition, the radiation temperature within 
0.2m from the kang surface is 2-4 ℃ higher than 
other places. It can be seen that people feel more 
comfortable when sitting on the surface of the 
kang.
　The  f o u r t h  g r oup  s h ows  t h e  s u r f a c e 
temperature of the kang (Figure 25). As can be 
seen from the figure, the temperature reaches 
its maximum value from 22:00 to 23:00, and then 
gradually decreases, but it is still higher than 
room temperature (3-5 ℃ higher than room 
temperature), which further verifies the conclusion 

that people feel more comfortable when sitting and 
lying on the surface of kang.
Pattern A-2(No heated kang, no suspended 
ceiling)
　Then the indoor temperature and the indoor 
radiation temperature were simulated under the 
condition of "no Suspended ceiling, kang is not 
heated" (Figure 26 and 27). This is the case with 
the Siheyuan now protected as a historical relic.
　As can be seen from the picture, the indoor 
temperature is only 6 degrees Celsius when it 
reaches the highest point of the whole day. Most 
of the time the temperature in the room is around 
zero degrees Celsius. If other heating measures 
are not taken, the comfort level of people cannot 
be satisfied.
Pattern A-3(Heated kang, no suspended ceiling)
　Next, a simulation experiment was conducted 
under the condition of " heated kang and no 
suspended ceiling " (Figure 28 and 29). As can be 
seen from the picture, the temperature of each 
room in this condition is 4~8℃ lower than that of 
"with suspended ceiling and heated kang". Thus, 
the suspended ceiling plays an important role in 
raising the indoor temperature.
Pattern A-4(No heated kang, with suspended 
ceiling)
　After that, a simulation experiment of "with a 
suspended ceiling, kang is not heated" (30 and 31) 
was conducted. It can be seen that although the 
suspended ceiling can raise the indoor temperature 
a little, the interior is still not comfortable because 
there is no heated kang. 
　Next, a model of the main house with only three 
rooms was made and a simulation experiment 
was conducted. When investigating Siheyuan 
dimensional system, it was found that the main 
house of Siheyuan consists of 5 rooms. It was 
questioned that, besides the large population of 
each household in Qing Dynasty, whether it is 
also related to the improvement of indoor climate 
conditions? With this question in mind, a simulation 
experiment was carried out on the main house 
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Figure26　Air temperature (No heated kang, no suspended ceiling)

Figure27　Radiant temperature (No heated kang, no suspended ceiling)

Figure25　Surface temperature of Kangs (Heated kang, with suspended ceiling)

Figure23　Air temperature of western Shaojian (Heated kang, with suspended ceiling)

Figure24　Radiant temperature of western Shaojian (Heated kang, with suspended ceiling)
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with only three rooms.
　As can be seen from the figure 32 and 33, the 
temperature of the rooms on both sides at this 
time is 2-4 ℃ lower than that of the rooms on both 
sides of the main house of the five rooms. The two 
outermost rooms of the five rooms can be used as 

an insulation space to raise the room temperature 
and make it more conducive to living.
　To sum up, following points can be seen from 
the simulation experiment:
　1.  The northwest wind in winter will lower the 

indoor temperature of the west room.

Figure28　Air temperature (Heated kang, no suspended ceiling)

Figure29　Radiant temperature (Heated kang, no suspended ceiling)

Figure30　Air temperature (No heated kang, with suspended ceiling)

Figure31　Radiant temperature (No heated kang, with suspended ceiling)
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　2.  A main room with five rooms is warmer than 
a main room with three.

　3.  The ceiling can be used as an insulation 
layer, reducing the volume of indoor air and 
improving the temperature of the room.

　4.  The heat conduction between kang and 

human is the key to improving human 
comfort.

5.2　Change the air exchange rate and increase 
the heating time of kang
　The results of the simulation experiments just 

Figure32　Air temperature, only has three rooms (Heated kang, with suspended ceiling)

Figure33　Radiant temperature, only has three rooms (Heated kang, with suspended ceiling)

Figure34　Air temperature, the ventilation is considered (Heated kang, with suspended ceiling)

Figure35　Radiant temperature, the ventilation is considered (Heated kang, with suspended ceiling)
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shown are all carried out under the condition of zero 
air changes, but this is not consistent with the fact that 
the heat inside the kang is actually discharged to the 
outside through the chimney. Therefore, on the basis 
of Pattern A, a new simulation experiment was carried 
out with the addition of air exchange.

　As shown in the figure 34 and 35, the indoor 
temperature is 2~8 ℃ between 7 and 8 o 'clock 
when the temperature is the lowest .  The 
temperature is relatively low and does not meet 
the comfort needs of the human body.
　After that, the simulation experiment of Pattern 
B, based on the consideration of the ventilation, 
was carried out. In Cijian two hours of burning 
time between 5am and 6am and 11am and 12am 
were added.
　As shown in the figure 36 and 37, when the 
temperature is the lowest from 7 to 8 o 'clock, 
the indoor temperature of the three rooms in 
the middle is 14-20 ℃ , which makes people feel 
comfortable. After getting up, people will do 
activities in the three rooms in the middle.
　Therefore, this research indicates that the 
heating time of kang in the main room of Siheyuan 
in Qing Dynasty should be morning, noon and 
evening in winter.

6. Conclusion

　This cross-disciplinary study was carried out by 
combining findings from three different academic 
areas: Chinese Architectural History, Chinese 
Area Studies, and Environmental Engineering. By 
integrating the knowledge gained from the three 
different academic areas, through simulation, the 
indoor air condition of ZhengFang of the Siheyuan 
of Qing Dinasty, Beijing during the winter was 
clarified and its comfort was evaluated. In the 
particular research area, the dimensional system of 
Siheyuan of Qing Dinasty, Beijing was clarified, and 
records on the lifestyle using “kang” were created.   
　The results of the simulation revealed the 
following four points.
　1． Seasonal winds from the northwest had 

affected the indoor air conditions, and 
western rooms had had lower air and 
radiation temperatures than the eastern ones.

　2． In the plan which consists of five spans, 
which was common in ZhengFang, the spans 
of both ends had acted as heat insulating 
layer to the outside and the air temperature 
and radiation temperature in the central 

Figure36　Air temperature, the ventilation is considered (Heated kang, with suspended ceiling), Pattern B

Figure37　Radiant temperature, the ventilation is considered (Heated kang, with suspended ceiling), Pattern B
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three spans had been kept higher than that 
of the plan consists of only three spans. 

　3． The paper-covered suspended ceiling, which 
had reduced the indoor air volume and 
which at the same time had created an attic 
insulation layer, is an effective mechanism 
for keeping the indoor air temperature and 
radiation temperature high.

　4． If charcoal for Kang had been burned in 
an amount of 1.5 kg per hour, it had been 
possible to keep the air temperature of most 
of the rooms above 20 degrees Celsius by 
burning it three times in the spans beside the 
central span: 1 hour in the morning, 1 hour in 
the afternoon and 2 hours in the evening and 
4 hours in the evening in the end-spans.

　From the above findings following suggestions 
for the conservation of Siheyuan of Beijin as 
cultural heritage buildings and suggestions for the 
architectural designing in contemporary Beijin can 
be derived. 
　Currently, the conservation of the Siheyuan 
of Beijin as a cultural heritage building is solely 
focused on its physical form. Reconstructing 
the Kang and their burning methods, which 
are forgotten today, enables comprehensive 
conservation, including the thermal environment 
of the time and the unique experiences it brings. 
The heat conduction between Kang floor heating 
system and people is considered to be the key to 
the comfortable experience unique to Siheyuan 
of Qing Dinasty, Beijing. The suggestions for 
architectural design in contemporary Beijing are 
as follows. It is desirable to place a main living 
room on the east side where the air temperature 
and the radiation temperature are higher than the 
west side. In addition, the establishment of an air 
insulating layer between the main living room and 
the outdoor can be an effective mechanism to keep 
the air temperature and the radiation temperature 
of the main living room high. 
　The  c o n s t r u c t i o n  o f  mod e l s  a n d  t h e 
implementation of simulations on computers are 

effective media for integrating findings in different 
research areas. The model of the dwelling which 
was created by extracting several elements and 
their systems from the real field and the results of 
their simulations can be described as the virtual 
field which was reconstructed from the real field 
at the scale of a dwelling. By manipulating the 
parameters of the model, the possible appearances 
of the field which are different from the present 
can be explored, such as the past or the future. 
The characteristics of the fields can be analyzed 
from the simulation results. The findings obtained 
from this model and simulation are different 
from the findings from individual research areas, 
and they bring a new perspective to us. The 
new perspective has the potential to create new 
research areas that will renew our perception of 
the world. 
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Chapter 4

Proposed Model House for the Low-income Parents of Samanera Theros in Rural 
Villages in Sri Lanka: An example of village culture, construction system, and micro-
climate simulations integrated in architectural design  
YAMADA Kyota, SEEKKUARACHCHIGE Mihiri Hirudini,  JIANG Guangbo

1.Background

　The aim of this project was to develop a model 
house for the low-income parents of Samanera 
Theros in rural villages in Sri Lanka. In 2021 
this project was introduced to YAMADA Kyota 
laboratory in University of Tsukuba by a Sri 
Lankan thero, who is the chief monk in Sri 
Sambuddhaloka Vihara, Tsukuba, Japan. As per 
the thero, the construction of these model houses 
is funded by the donations of the Sri Lankan 
Buddhists living overseas. 
　When developing the model house design, 
there were three key factors which needed to be 
considered.

　• 　 Designing a model house addressing the 
village culture

　•　Construction system
　• 　 Micro-climate simulations integrated in 

architectural design  
　The micro-climate formation mechanism of 
the model house was devised, and micro-climate 
simulations were carried out using the findings of 
the climate-responsive dwelt environment database 
and the simulation program discussed in Chap. 3.

1.1　Designing a Model House Addressing the 
Village Culture
　When designing a model house for the low-
income families in rural villages in Sri Lanka, their 
social, economic, and cultural lifestyle had to be 
considered to understand their spatial needs and 

Figure 1　3D Image of the Proposed Model House
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priorities. The facts that they are living in rural 
villages, and one of their children have become 
a Samanera Thero, indicated that these families 
are traditional Sinhala Buddhist families with 
traditional Sinhala Buddhist cultural values.
　Hence a special attention was given to their 
needs and preferences when designing this house 
and with that, following spatial requirements were 
incorporated to the design brief.
　•　Verandah
　•　Livingroom
　•　Kitchen
　•　Master bedroom 1
　•　Guest bedroom / children’s bedroom 1
　•　Bathroom
Verandah
　A verandah was incorporated into this house, 
because verandah is a prominent and a required 
part of Sri Lankan traditional architecture. The 
main need of a verandah in a rural Sri Lankan 
house is to welcome and converse with the 
informal visitors, neighbors, or acquaintances. 
Hence, verandah is essential as it is a place which 

enhances interpersonal relations, which the 
residents value and depend on.
Livingroom 
　A comparatively large living room was provided 
in this house design, as in the rural Sri Lankan 
context, living room is the place where the family 
gathers, watch TV, study as well as where they 
entertain formal or important guests. Furthermore, 
living room is used for special functions such as 
alms giving, new year festivals, house weddings 
and funerals which are a part of the Sri Lankan 
Sinhala Buddhist rural lifestyle. 
Kitchen
　In the design, a traditional kitchen with a 
chimney for a firwood stove was proposed as in 
this rural set up, gas cookers or electric induction 
cookers are very rare. Moreover, by considering 
the traditional lifestyle, the kitchen was placed at 
the back of the house, which is closer to the family 
well and the backyard, which are excessively used 
in rural cooking. 
Two Bedrooms
　Two adjoining bedrooms were designed, as one 

Figure 2　Overall Design Framework for the Proposed Model House
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Figure 3　Proposed Plan for the Model House

room is for the parents and the other room is for 
the children or occasional visitors.
Bathroom
　An attached bathroom was provided to the 
house design, but it was located at the back of 
the house design, next to the rear door. This was 
due to the fact that, in rural traditional setup 
bathrooms in the midst of the house or at the front 
of the house are considered as inappropriate. 
1.1.1 Providing Flexibility for Future Extensions 
and Personalization
　In this house design, due to the project 
budgetary restrictions and the low-income of the 
families only two bedrooms were provided in the 
initial design. 
　When the local village culture was taken into 
consideration, it was noted that, the villagers tend 
to add unplanned extensions to their houses when 
their children grow and they need an additional 
space and when the family’s economy improves. 

These unplanned extensions are very common in 
rural context as the land areas are big and there 
are no governing laws pertaining to the residential 
constructions in rural areas. But these unplanned 
extensions most of the time look haphazard and 
unfinished.
　By considering these factors and to give the 
residents an opportunity to add a part to their 
house when their children grow up and their 
economy is improved, which gives them a sense 
of ownership and a sense of personalization, the 
design gave provision for a future extension. (Refer 
Figure No.2 and Figure No. 3) 
　This future extension was facilitated both in the 
spatial composition (in plan form) as well as in the 
structural design. 

1.2　Construction system
　In the design process of the model house, special 
attention was given to the structural stability of 
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the building. For the structural stability, corner 
pillars, a ground beam, and a ring beam at the 
height of 2450 mm (8’) were implemented in the 
structural design. 
　It should be noted that the ring beam and the 
corner pillars of the future extension part was 
proposed to be constructed in the first stage 
itself. With that the house structure is tied as one 
structure from the beginning onwards and any 

Figure 4　Proposed Future Extension of the House

future extension part will not have to be connected 
to the structure separately. This will prevent any 
damages on the building structure and weakening 
of the structural stability. 
　Moreover ,  for the safety measures ,  the 
chimney in the kitchen, which bears the load 
of the water tank, at the back of the house was 
designed as a separate structure. Therefore, the 
chimney structure had separate corner pillar, a 

Figure 5　Structural Design
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ground beam and a ring beam at the height of 
5200mm (17’).  Not connecting the chimney to 
the main structure allows chimney structure to 
independently bear any unforeseen soil settlements 
under the chimney structure due to the weight 
of the water tank, without damaging the main 
structure.

1.3　Micro-climate Simulations Integrated in 
Architectural Design  
　When designing the house, special attention was 
given to the indoor thermal comfort also. As Sri 
Lanka is a hot and humid tropical country, indoor 
thermal comfort is a very important aspect.
　The house was designed allowing natural 
ventilation and cross ventilation by providing an 
effective number of openings and keeping the 
internal partition walls short without sealing or 
separating each room. 
　Furthermore, the building materials were 
selected by considering their cooling effect and the 
support for indoor thermal comfort. Hence, for the 
walls mud bricks were selected to minimize the 
concrete mass, and for the roof Calicut mud roof 
tiles were selected. 
　Moreover, the surrounding was proposed to be 

covered by natural shading from big trees and the 
ground to be covered by greenery to minimize 
the daytime heat reflection, resulting in a low 
reflective albedo, to support the indoor thermal 
comfort.
　The design effect on thermal comfort was 
analyzed through a computer-generated indoor air 
temperature analysis. For this, a program for a 3D 
model simulation was constructed by Grasshopper 
software.
　In the indoor air temperature analysis, two 
3D models with two different roof types were 
simulated to understand which type of roof design 
is more suitable for the hot and humid tropical Sri 
Lankan climate. 
　For both of the roof design types (Option 1 and 
Option 2), an indoor air temperature analysis was 
run and  the indoor air temperature of each space 
was analyzed under different conditions.
　These different conditions include, 
　-　 indoor air temperature when all windows are 

closed for the whole day – when building is 
located towards North South Orientation – 
without 15m height tree shade 

　-　 indoor air temperature when all windows are 
closed for the whole day  – when building 

Figure 6　Design strategies for indoor thermal comfort
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Figure 7　Cross Section of the Roof - Option 1

Figure9 　Indoor air temperature analysis of option 1

is located towards East West Orientation - 
without 15m height tree shade

　-　 indoor air temperature when all windows are 
opened from 7 a.m. to 5 p.m. – when building 
is located towards North South Orientation - 
without 15m height tree shade

　-　 indoor air temperature when all windows are 
closed for the whole day – when building is 
located towards North South Orientation - 
with 15m height tree shade
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Figure 8　Cross section of the Roof - Option 2

Figure10　Indoor air temperature analysis of option 2
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　-　 indoor air temperature when all windows are 
opened from 7 a.m. to 5 p.m. – when building 
is located towards North South Orientation 
- without 15m height tree shade - with 15m 
height tree shade

Indoor Air Temperature Analysis Results
　In the indoor air temperature analysis of 
both the design options, following results were 
observed.　　
　The highest indoor air temperature is created 
in the condition when all windows are closed for 
the whole day and when the building is located 
towards East West Orientation - without 15m 
height tree shade.
　The second highest air temperature is noticed 
when all windows are closed for the whole day and 
when the building is located towards North South 
Orientation - without 15m height tree shade.
　The third highest air temperature is noticed 
when all windows are closed for the whole day and 
when the building is located towards North South 
Orientation - with 15m height tree shade.
The fourth highest (the second lowest) air 
temperature is noticed when all windows are 
opened from 7 a.m. to 5 p.m. and when building is 
located towards North South Orientation - without 
15m height tree shade.
　The lowest air temperature is noticed when 
all windows are opened from 7 a.m. to 5 p.m. and 
when building is located towards North South 
Orientation - with 15m height tree shade.
　Furthermore, the indoor analysis of roof type 
option 1 and roof type option 2 shows that Option 
2 with the split-level roof has a lower indoor air 
temperature under all the conditions. Therefore, it 
is anticipated that this type of roof is more suitable 
for this climatic condition. But as this project was 
under tight budgetary restrictions, roof type option 
1 with a simple gable roof was selected as it is 
more cost effective.
　This analysis clearly indicates that following 
three key factors are very important for the 

maximum effective indoor thermal comfort in a Sri 
Lankan house.
　-　Correct building orientation 
　-　 Openings for proper ventilation and cross 

ventilation
　-　Adequate level of natural shading with trees
　-　 A suitable building form design with special 

reference to the roof shape and the height

2.Conclusion

　When all these aspects are considered, it can be 
concluded that when developing a house design 
for a rural setting in Sri Lanka, following four key 
factors must be given special consideration. 
　•　 Designing a model house addressing the 

village culture
　•　 Providing flexibility for future extensions and 

personalization
　•　 Ensuring the structural stability of the house 
　•　 Providing passive thermal comfort inside of 

the house
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Chapter 5

Analysis and Reconstruction of the Algorithmic Composition of the Muqarnas of the 
Main Gate of the Ottoman Mosque Atik Valide (Istanbul, Turkey): Creation of new 
geometric forms
HONG Haolin

1. Introduction

1.1　Purpose of the Study
　This study targets muqarnas, which are a 
characteristic component of Islamic architecture, 
but the method of making them is not always 
clear. Based on measured data, the study uses 
computer modelling of muqarnas in historical 
architecture to decipher their construction 
methods and intentions. At the same time, by 
reorganizing the compositional methods based 
on new intentions, new forms that develop from 
the muqarnas are explored. The analysis and 
reconstruction of the algorithms that generate the 
forms of muqarnas are central to the discussion.

1.2　Formative Techniques of Muqarnas
1.2.1　What is Muqarnas
　Muqarnas is a structural  as wel l  as an 
ornamental element of architecture which has 
been especially developed in Islamic Architecture. 
It is often used in the corners of square rooms and 
domes. Schematically, a muqarnas is a row of small 
horizontally aligned surfaces stacked vertically in 
layers." (Fukami, 1998, p12) There are two types 
of roles for muqarnas: structural and decorative. It 
can be said that this is a finding from an analysis 
of existing historical buildings.
　In the structure, it is a corbelling technique and 
the muqarnas takes the load as a frame. When it 
is used to place a circular flat dome on a square 
room, the corners of the room are made into a 
polygonal shape by stretching out the corbelling 
steps from the corners of the room, and the 
corners of the square are brought closer to the 

dome. That polygon supports the load of the dome 
to be placed on top. 
　 In decoration, it takes the form of a group 
of small surfaces formed by a geometric order 
that approximates a curved surface. Muqarnas 
are often used in domes and vaults, where the 
large, curved surfaces of the dome and vault 
are approximated by horizontal rows of small 
surfaces that are parts of the muqarnas, stacked 
vertically. When the dome is placed on top of the 
muqarnas, it forms a transition between the two 
that continuously joins the curved surfaces of the 
dome and the walls of the cubic chamber, creating 
an integral interior space. When a dome or vault is 
built on a muqarnas, a complex ceiling is created 
by a group of small surfaces rising from the lowest 
level to the apex of the uppermost level.
1.2.2　Formative techniques of Muqarnas
　From the standpoint of developing muqarnas' 
formative techniques and creating new forms, 

Figure 1　 Planar projection plan of muqarnas, main gate of Atik Valide 
Mosque, Istanbul, Turkey. Author

Figure 2　 Muqarnas vaulting in the iwan entrance to the Shah Mosque in 
Isfahan, Iran. Wikimedia (2009)
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knowledge about the process of constructing 
muqarnas is of interest.
　It is known that muqarnas had a designer, 
who drew a two-dimensional drawing, i.e., a plane 
projection, and then followed the procedure of 
making it three-dimensional. Planar projection 
plans have centrality and share the characteristics 
of axial symmetry or symmetry. 
　Muqarnas was made of overlapping layers.
　In contrast to this purely geometric design 
approach, when constructed as a real object, it 
depends on the physical properties of the materials 
and requires a corresponding method and 
approach.
　Focusing on this phase of construction and 
understanding muqarnas’s formative techniques as 
a combination of the construction method and the 
ideas behind it, it can be pointed out that different 
approaches exist, depending on the physical 
properties of the materials.
　While both approaches have the expression of 
layered layers in common, there are two types 
of construction methods used by muqarnas. The 
differences in construction methods stem from 
the materials. The first is the stone and brick 
construction method. The parts are assembled 
horizontally, and then the resulting assembly 
of parts is stacked vertically. The second is the 
plaster construction method. A support frame is 
made of wood or plant stems on the back, to which 
polygonal wooden boards with uneven surfaces 
representing the cross-section of each layer are 
fixed. Plaster is applied to form small surfaces 

connecting the tops of the uneven surfaces of the 
upper and lower wooden boards. 
　It can be inferred that the thinking behind the 
different construction methods differed accordingly. 
The construction method using stones and tiles 
is based on the idea of piling up unitized building 
blocks to obtain a curved surface. On the other 
hand, the plaster construction method starts from 
a curved surface, divides it into layers, and then 
further divides the layers into smaller surfaces. 
The former is an inductive approach, while the 
latter is a deductive approach.　
　In this research the smallest unit of muqarnas, 
which form each micro surface, is defined as a 
muqarnas part. Parts have different shapes, and 
the main shape consists of a vertical part like 
a wall and a surface with curvature like a roof 
(Figure3). The classification of parts is explained in 
Section 2, 2.1.

1.3　Prior Studies and Precedent Work
　In order to program the formative technique 
of muqarnas and to derive a new shape of 
muqarnas, previous studies on formative technique 
of muqarnas and studies on its reconstructing 
method with a computer program as a basis will 

Table 1　Ideas behind construction methods of muqarnas

Figure 3　Example of parts of muqarnas. Prof. Dr. Gerhard Reinelt, Prof. 
Dr. Jan P. Hogendijk. (2006)
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be summarized in this research.
1.3.1　Historical Studies on the Perspective of 
Design
　Fukami, N. (1998)., (2013)., (2017)., TAKAHASHI, 
S. (1970s)., Necipoğlu, G. (1995).,　YVONNE, D. 
(1992)., Notkin, I.I. (1995)., Yasser, T. (2003)., and 
Harb, U. (1978). are the historical studies related to 
design of muqarnas.
　However, the designers and craftsmen are gone, 
and there are only a limited number of examples 
that show how and with what philosophy the 
mukarnas were made. Many mysteries remain 
about the method of building muqarnas.
1.3.2　Studies of Composition and Modeling 
Based on Computer
　YAMADA, G. (2020)., Asli Agirbas · Gulnur 
Yildiz. (2020)., Prof. Dr. Gerhard Reinelt, Prof. Dr. 
Jan P. Hogendijk. (2006)., Guéna, François. (2013)., 
and Mohammad Ali Yaghan. (1997). are studies of 
muqarnas through computer technology.
　Since the 2000s, a new research project 
combining architectural history and computers 
has been conducted to solve the mystery of 
muqarnas’s formative techniques.
　This research focuses on the clarification of the 
existing muqarnas’s formative principles from 
an interest in architectural history. Research 
that focuses on production and aims to elucidate 
the formative principles of muqarnas’, and to 
develop the formative principles that decipher 
the production of a new muqarnas, has not been 
conducted.
1.3.3　Works Created Using the Formative 
Principle of Muqarnas
　Some of the works that are said to have been 
produced by using formative principle of muqarnas 
include the following.　
　Muqarnas (2019-) Michael Hansmeyer: The 
appearance is flamboyant. However, it is not stated 
what aspects of Muqarnas’s modeling principles 
were used. Rather than using the principles of 
muqarnas, it is thought that the work was inspired 
by muqarnas.
　Folding Muqarnas, Ghazal Abbasy-Asbagh: 

A Case Study: It is a variant of the existing 
muqarnas. The shape of the centrality of the 
muqarnas is taken as a single unit, and the 
units are arranged successively. For each unit, 
a parallelogram deformation of the plane of the 
muqarnas is added, giving rise to a new form. 
However, the muqarnas is a given unit, and 
new forms are not derived by manipulating the 
components of the muqarnas and the way the 
elements are combined. It has a showy decorative 
effect.
　StalacTile, Tessellated Manifolds(2010): This 
work transforms a part of muqarnas and adds 
transparent material and color to use it as a ceiling 
decoration. Although it is a new form, it is thought 
that the artist used a method of cutting it out of its 
entirety to attach it to the ceiling of a room.
　Non-Modular Muqarnas(2017) : This work 
maintains the symmetry of the joint relationship 
of the muqarnas and the drawings, and changes 
the horizontal and vertical length ratio of the small 
curved surfaces that make up the muqarnas, as 
well as the curvature of the curved surfaces, to 
reach a new form.
In the works created by using formative principle 
of muqarnas, a new modeling technique that 
focuses on parts has not yet been explored. This 
study explores the possibility that thinking in 
terms of the order of parts and their combinations 
can give rise to new forms that are free.

1.4　The Research Subject
　In the 16th century, Islamic architecture was 
developed, and the Ottoman muqarnas is one of 
the representatives of this developed technology.
　muqarnas can be found all over the world, and 
as the technique has spread to different regions 
and developed over time, the shapes and rules of 
muqarnas have also changed. However all existing 
muqarnas are drawings with solutions, in which 
a three-dimensional form is always generated 
given a planar projection. This study aims to 
create a new muqarnas with drawings, without 
just imagining  the completed shape of muqarnas,  
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by extracting the rules for generating three-
dimensional forms from the planar projections of 
the conventional muqarnas examples, and to create 
a new muqarnas in a wide range of space and 
time. Among the cases, this study will focus on 
the muqarnas of the main gate of the Atik Valide 
Mosque, an example of an Ottoman muqarnas 
currently in Turkey. The reason for this is that the 
paper Asli Agirbas · Gulnur Yildiz. (2020)., which is 
based on the muqarnas of Atik Valide, refers the 
systematized way of drawing. Another reason is 
that Atik Valide's muqarnas has both star-shaped 
and pentagonal parts.
　muqarnas can be found all over the world, and 
as the technique has spread to different regions 
and developed over time, the shapes, and rules 
of muqarnas have also changed. While existing 
muqarnas are drawings with solutions, in which 

a three-dimensional form is always generated 
given a planar projection, this study aims to 
create a new muqarnas with "drawings without 
solutions" by extracting the rules for generating 
three-dimensional forms from planar projection of 
conventional muqarnas examples, and to create 
a new muqarnas in a wide range of space and 
time. Among the cases, this study will focus on 
the muqarnas of the main gate of the Atik Valide 
Mosque, an example of an Ottoman muqarnas 
currently in Turkey. Atik Valide's muqarnas has 
both star-shaped and pentagonal parts which 
represent the characteristic   progress of the 
development of muqarnas.

2. Muqarnas Embodiment Process

Figure 4　 Image of muqarnas embodiment process. Author.
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　In this section, the parts have been organized as 

units of compositional elements of muqarnas and 
the compositional principle of muqarnas, referring 
to previous studies.
　
2.1　Muqarnas Components and Joining Rules
2.1.1　 Parts of Muqarnas 
　Muqarnas are systematically created in a 
geometric order. The three-dimensional form of 
Muqarnas is composed of multiple parts that are 
continuously assembled horizontally and stacked 
vertically in layers. The parts of the same layer 
have the same height.　
　In this paper, the parts of muqarnas are 
classified into 5 major categories according to the 
position of the vertex. This is because they play 
different roles in terms of modeling.
　The first is the cell. In terms of abstraction, 
a part is a cell, if one of its vertices is in a high 
vertical position (top) and the other vertices are in 
a low vertical position (bottom). From the plane, 
there are square cells and triangle cells. Cells 
connect the upper level, which has fewer vertices, 
to the lower level, which has more vertices, i.e., 
they spread the muqarnas from top to bottom. 
For "cell" parts, see "Dold-Samplonius, 1992, page 
226. A cell is a shape that is curved (a roof) over 
two vertical surfaces (a facet) and is called a sail 
(a byat). There are also pyramidal parts without a 
cell or a curved surface. In this study, pyramidal 
parts are treated as the same as curved cells.
　The second is the intermediate element. In 
terms of the abstracted form, a part with one 
vertex in a low vertical position (bottom) and 
the other vertices in a high vertical position 
(top) is an intermediate element. From the plane, 
there is a square intermediate element and a 
triangle intermediate element. The "intermediate 
element" part refers to "Harb, 1978, page34"; the 
one connecting the curved surfaces (roof) of two 
adjacent parts is an intermediate element.
　Among the intermediate elements, there is a 
special part called a fletching part. The plane 

figure of the fletching part is a concave rectangle, 
and its plane figure and 3D shape are uniquely 
determined. This characteristic of the arrow vane 
part provides a hint to the constructor to identify 
the outline of the layers when reading the plane 
design drawings. For the designer, it is also an 
important part that separates the layers.
　The third is a vertical plane. A part with one 
vertex in a lower vertical position (bottom) and 
two vertices in a higher vertical position (top) and 
a straight-line segment in the plane is a vertical 
plane. In other words, it is a part that has a solid 
body but no figure on the plane. The form of the 
vertical plane part is referred to FUKAMI, N. 
(1997). p27.
　The fourth is a semi-tunnel vault. The number 
of vertices is four, and from the perspective of the 
abstracted form, a part with two of its vertices in 
a low vertical position (bottom) and the other two 
vertices in a high vertical position (top) is a half-
tunnel vault. When viewed from the plane, only 
a rectangular half-tunnel vault is present. The 
shapes of the vertical plane parts are referred to 
FUKAMI, N. (1997). p27.
　The fifth is the horizontal plane part. It is 
mainly polygonal and star-shaped and is used as 
a hanging ornament. The number of vertices is at 
least 4, and the vertices are all in the same vertical 
position. When viewed from the plane, they 
serve to increase the size of the layers, and when 
viewed from the vertical, they serve to increase 
the curvature of the large surface approximated 
by muqarnas. Horizontal surface parts are mainly 
represented as planes, umbrella-like shamse and 
hanging ornaments.
　The 5 larger types can be further classified by 
eight types. Cells are triangles and two types of 
quadrilaterals, intermediate elements are triangles, 
three types of convex and concave quadrilaterals, 
vertical surfaces are one type, half-tunnel vaults 
are one type, and plane parts can also be grouped 
in one type. In all, there are 8 types. The concave 
rectangle part is called an arrow vane part.
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　The extant muqarnas can be described as a 
combination of 8 different parts of these five major 
categories.
2.1.2　 Layers,  Layer Lines and Joining of 
Muqarnas 
　Vertically up, layers are stacked on top of each 
other to form a three-dimensional muqarnas.
　The joining of horizontal part combinations is 
that the parts are joined by sharing a ridge line 
with their neighbors. The joining of vertical upper 
layer stacking is the joining of two-layer lines next 
to each other, with the lower layer line of the 
upper layer sharing the upper layer line with the 

upper layer line of the lower layer. If the parts 
next to each other do not share a ridge line at the 
joint, there will be a chipped area with no solid at 
the joint, which is a break. The parts of muqarnas 
are joined without a tear.
　The three-dimensional form of muqarnas 
was generated from a plan view. The only 
correspondence between the plan and the three-
dimensional form is in the type of parts and the 
joining rules. In other words, when the plan is 
created, the shape of the three-dimensional object 
is automatically determined.
　

Table2　Types of parts of muqarnas. Author. 
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2.2　The Design Process of Muqarnas
　The des igner  f i r s t  d raws  a  rec tang l e 
corresponding to the dimensions of the dome, 
sketches the outline of the front edge of each 
horizontal layer, and then imagines its three-
dimensional image based on traditional rules of 
thumb, designing it in stages. (THE TOPKAPI 
SCROLL-GEOMETRY AND ORNAMENT IN 
ISLAMIC ARCHITECTURE page 46)　

2.3　The Planning Process of Muqarnas
　Muqarnas is used for domes and vaults. To 
reach the target dome shape, the dome is divided 
into several layers, and each layer is stacked 
to approximately a large, curved surface. The 
number of layers is considered to vary depending 
on the role, height, materials, construction method, 
technique, and design. Muqarnas that play a 
structural role tend to have larger parts and fewer 
layers than those that play only a decorative role.

3.Deciphering the Compositional Principle 
through the Reconstruction of Muqarnas.

　In this section, we will construct a program 
to start up muqarnas by generating parts 
and stacking them in layers from the existing 
muqarnas and its planar projection plan. By 
analyzing the defects that occur in the process of 
building the program and their solutions one by 
one, the procedure and principles of construction 
of muqarnas are deciphered.

3.1　Drawings and Three-dimensional photos of 
the Research Subject
　The actual muqarnas is a half-dome, but as some 
parts of the half-dome are cut in half, the plan view 
is compensated for the shape of the parts and a 
plan view of the whole dome is used. 

3.2　Reference of the Foundation to Reconstruct 
Muqarnas
　In this section's reconstruction of Atik Valide's 

Top:　Figure5　Generation process of muqarnas. Author.

Left:　 Figure6　 Divide the dome into layers and draw outlines for each 
layer. Necipoğlu, G. (1995). P26.

Right:　 Figure7　Design parts for each layer. Necipoğlu, G. (1995). P26.
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Muqarnas and the creation of the plan projection 
plan is based on Asli Agirbas · Gulnur Yildiz. (2020).  
The development of the program is referenced in 
YAMADA. (2020).　
  In terms of planar projection plans, Asli Agirbas 
· Gulnur Yildiz. (2020) describes a method for 
creating planar projection plans by creating 
intersecting elliptical shapes with point symmetry 
and connecting the points of intersection.
　For three-dimensional generation, the same 
mechanism is used as in YAMADA. (2020). 
The parts of the muqarnas are oriented. For 
example, although they are the same square in 
plan, the shape of this part changes throughout 
the muqarnas depending on which of the four 
corners it faces. Similarly, the shape of the type 
also changes, depending on whether it is a cell 
or an intermediate element, even if it is the 
same rectangle in plan. The paper referred to 
above uses a mechanism for generating a three-

dimensional projection by classifying the parts 
and organizing their orientations to derive the 
correct three-dimensional shape from the planar 
projection. This section uses the same mechanism 
to reproduce Atik Valide's muqarnas.
　
3.3　Purpose of the Reconstruction of Muqarnas
　In terms of analysis of the actual samples, 
a muqarnas is composed of several  parts 
stacked on top of each other. From the point 
of view of the process of making a muqarnas, 
the three-dimensional form is derived from the 
comprehension of the planar projection drawing. 
Therefore, the comprehension of the planar 
projection drawing is the identification of the 
three-dimensional form of the parts by using the 
formative principle of the muqarnas to correspond 
the three-dimensional form of the parts to the two-
dimensional figure of the parts depicted in the 
planar projection drawing.
　However, unlike the process of creating 
a muqarnas from a planar project ion ,  the 
reproduction of the muqarnas of the main gate of 
the Atik Valide mosque, described in this section, 
involves knowing the planar projection of the 
muqarnas and the three-dimensional shape in 
advance. The aim is to find out how to design a 
program that can be used to derive the known 
three-dimensional shape from the known planar 
projection. The aim is to decipher muqarnas' 
formative principles by reproducing them in this 
program.

3.4　Parts Used in the Muqarnas of the Main Gate 
of Atik Valide
　Six types of parts used in the muqarnas of the 
main gate of Atik Valide. (Table3)
　
3.5　Hints to Determine Shapes of Parts
　The 6 types of muqarnas' parts planographic 
figures are triangles, convex rectangles, concave 
rectangles, polygons with a number of vertices of 
more than 4(hereafter abbreviated as polygons).

Figure8　Atik Valide main gate muqarnas. Asli Agirbas. (2020)

Figure 1　Planar projection plan of muqarnas, main gate of Atik Valide 
Mosque, Istanbul, Turkey. Author
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　Of these, the triangular and convex rectangles 
are either two or more of the cell and intermediate 
elements. Also. The properties of each interior 
angle of triangles and convex rectangle are the 
same, and each vertex has no direction. Thereby, 
in terms of the direction in which the parts face, 
there are three possibilities in triangle parts 
and four possibilities in convex retangle parts. 
Therefore, there are six patterns of triangle parts 
and eight patterns of convex quadrilateral parts.
　In contrast, the concave rectangles has only one 
corresponding part, the intermidiate element, and 
the concave retangle is a directional figure and is 
limited to one direction in which the part faces. 
Therefore, as a part, the concave rectangle in the 
plane projection diagram is uniquely identified 
from only a single figure. Concave rectangle parts 
are called flecthing shaped parts. Polygons in 
planar projection diagrams can also be uniquely 

identified as parts and from three-dimensional 
shapes. Therefore in this study, the flecthing parts 
and the polygon parts are specified, based on 
them, the program to operate the determination of 
shpaes of their suroundding parts are constructed 

Table3　Parts used in muqarnas of main gate of Atik Valide. Author. 

Figure9　Fletching parts and polygon parts shown in planar projection 
plan. Author.

Figure10　Polygon parts. Author. Figure11　Fletching parts. Author. 
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and the compositional principles of muqarnas are 
comprehenced. 

3.6　Procedures of the Program of Reconstruction
　Procedures of the program of reconstruciton of 
the main gate of Atik Valide Mosque are shown in 

figure12. 

3.7　Discussion of the Reconstruction
　In this section, the program with steps to 
resolve the troubles happened during the 
generation of shapes of parts, joining of part to 

Figure12　Flow chart of program of reconstruction of muqarnas of the main gate of Atik Valide. Author.
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part, the formation of layers and joining of layer to 
layer in the progress of construction of program 
will be explained.   
  In order to generate three-dimensional form of 
muqarnas through planar projection plan, there are 
3 necessary steps, which are determination of the 
shape of each part, classification of which layers 
each part belongs to and assigning height to each 
layer.
  For the first step, the shape of each part can be 
determined by two specific types of parts, which 
are fletching parts and polygon parts. Therefore, 

the following procedures are created. Firstly, 
parts whose shapes can be determined by joining 
relationships with fletching parts are identified. 
Secondly, parts whose shapes can be determined 
by joining relationships with polygon parts are 
identified. By treating center point of planar 
projection plan as infinitely small deformation 
of polygon parts, all parts of muqarnas can be 
identified through using the 2 specific parts, which 
are fletching parts and polygon parts.
  For the second step, by focus on the bottom 
segment of cell parts, the layer-line of each layer 

Figure13　 Model generated in reconstruction. Author. 
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is determined. The lower layer line of each layer 
is formed by connecting outline of the bottom 
segment of each cell part and polygon parts. Parts 
enclosed by two layer lines are located in the same 
layer. 
  For the third steps, height of each layer is 
assigned. Within the several layer-lines which 
are determined in the second step, referring to 
the feature that the inner part is located in a 
higher layer, each layer composed by all parts are 
assigned with a height. 
  Among the types of shapes of the parts, there 
were two strong shapes, fletching parts and 
polygon parts, that served as the reference 
on determination of shapes. Their shapes can 
be generated automatically without additional 
information once the planar projection plan is 
drawn.  By using these two types of parts, the 
shapes of their surrounding parts are determined, 
which ultimately construct the overall shape of 
muqarnas. It can be inferred that this is one of 
the methods of forming muqarnas. These two 
types of parts will be called “shape-determining 
parts” in this study. And all types of parts can 
be divided into two classifications, which are 
shape-determining parts with a higher hierarchy, 
and non-shape-determining parts, with a lower 
hierarchy, in terms of process of generation.
  What is more, since upper layer line and lower 
layer line is form by the connection of either 
top segment or down segment of parts that 
belong to that layer, once the shapes of parts are 
determined, the shape of each layer is determined. 
Jobs of different types of parts are shown on the 
Table5.
  The rules of types of parts and joining rules are 

used to specify the overall shape of muqarnas. 
The rules of types of parts and joining rules 
of parts are formative principles of muqarnas. 
Based on this formative principle, once the planar 
projection is determined, the overall shape of the 
muqarnas will be determined automatically. It can 
be climbed that this program which automatically 
generates the overall shape by certain rules shows 
relationship to the order of God that can generate 
the whole world.

4.Generation of new Form by reorganizing 
-Referred Compositional Pinciples of 
Muqarnas

　This section is about design of a program 
to generate new shapes of muqarnas on a free 
unsymmetrical planar projection plan whose 
shapes of parts cannot be identified automatically, 
based on understanding of the compositional 

Table4　Jobs of shape-determination in each direction. Author. 

Table5　Classification of types of parts based on traditional muqarnas
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principles of muqarnas and program developed in 
Section 3.

4.1　Key to Generate New Shape of Muqarnas
　Based on Section 3, it is clear that among all 
types of parts, parts that serve as reference in 
planar and three-dimensional aspects, can be used 
to determine parts surrounding them, and finally 
construct the overall shape of muqarnas. Because 
of that, the method described above is attempted 
to try to generate a new shape of muqarnas with 
free planar projection plan. Thereupon, demands 
to determine the shape of a single part based on 
different shape-determining parts may be batting 
against each other. When that happens, the 
determination of shape of that part follows one 
of the demands, and a tear of joining parts will 
occur. These two shape-determining pars have the 
power to lead the directions of shape-generation 
of their surrounding parts. However, without 
understanding the full portrait of them, placing 
them in a free planar projection plan leads to the 
appearance of tears. 
  Thus, the key to construct the shape of 
muqarnas is shifted from using shape-determining 
parts to how to join parts to generate an overall 
shape of muqarnas with no tears. Base on it, 　
Muqarnas can be constructed by repeating these 
steps: generating parts, joining the parts, forming 
layers, and joining the layers. The key point in this 
process is how the parts are determined. 
  Although the focus on shape-determination is 
shifted, the shape of different types of parts, and 
existence of layer remain. In Section 4, developing 
new programs to construct new shapes of 
muqarnas is still based on features of muqarnas.  
 
4.2　General Program of Generation of Muqarnas
　By putting the focus on joining parts with no 
tears, a new general program is designed. In terms 
of operation, muqarnas can be constructed by 
repeating these steps progressively: generating 
parts, joining the parts, forming layers, and 

joining the layers. To develop these steps to a 
more general level, forming layers can be treated 
as forming and assembling parts horizontally 
while joining layers can be treated as forming 
and assembling parts vertically. Because of this 
transition, the construction becomes forming and 
assembling in two directions with no hierarchy 
instead of forming basic units to complex 
assemblies progressively. In a word, the general 
program of constructing muqarnas is based on 
repetition of forming and assembling parts until 
shapes of all parts are created. 
  In order to start the generation of shape of parts, 
unlike the traditional muqarnas, which has clear 
frame serves as the starting and a center serve 
as the end point of formation in order to complete 
the overall shape, muqarnas with free planar 
projection plan needs a starting or ending given by 
manually.
  In terms of parts, according to classification in 
Section 3, seven types of parts are classified with 
two hierarchy, which are rectangle cells, rectangle 
intermediate elements, triangle cells, triangle 
intermediate elements, a semi-tunnel vaults, 
fletching parts, and polygonal parts. 
  Like the operation, the classification of types of 
parts needs to be developed to a more general 
level, parts cannot be treated with different 
hierarchy. To satisfy this, the planar figures of 
rectangle parts and fletching parts are treated as 
quadrangle parts. Therefore, there are three types 
of planar figure of parts, which are quadrangle, 
triangle, and polygon. The three planar figures 
are corresponding to six types of shapes which 
are quadrangle cell, quadrangle intermediate 
element, semi-tunnel vault, triangle cell, triangle 
intermediate element, and polygon parts, shown in 
Table6.
  Firstly, the top layer line of the highest layer 
manually is set by giving a 3d coordinate to 
each vertex of this layer line. Parts with vertices 
shared with the known layer line are specified, 
and among them, shapes of parts with enough 
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shape-determining conditions are determined. 
Those parts are placed in layers they belong to. 
Once shapes of parts are determined newly, their 

coordinates of vertices become new information 
to fulfil the shape-determining conditions of other 
parts. By repeating these procedures, the general 

Table6　 Classification of types of parts at a general level

Table7　 General program of shape-determination
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program of shape-determination is design and 
shown in Table7.
  By applying two different joining rules, two 

methods of shape-determination are created, which 
leads to two different types of forms of generation 
which are Type 1 and Type2.

Table8　  The method of determination of shape of Type 1

Table9　  Table9 The program of shape-determination of Type 1
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4.3　Type 1 
4.3.1　Program of Type 1
　Program of Type 1 puts relationship between 
parts and layer line as the fundamental rule of 
the shape-determination. Because of the sharing 
of layer line between the adjacent layers, it is 
guaranteed that an overall shape of muqarnas with 
no tears can be generated if each layer, which is 
each assembly of parts, shows no tears. 
　Since the relationship between parts and 
layer lines is the fundamental rule of Type 1, 
the hierarchy is brought back in the operation. 
Therefore, the classification of parts where seven 
types exist is used in Type 1. Generating parts, 
joining the parts, forming layers, and joining the 
layers happen progressively and repeatedly in 
program of Type 1.

　Location of vertices of parts are either on the 
upper layer line or lower layer line of the same 
layer. Once locations of certain vertices of a part 
are clarified, the other vertices of this part will be 
located automatically on the layer line other than 
the vertices clarified were located on. By this way, 
enclosed layer lines of each layer are generated 
sequentially from the top to the bottom. This 
characteristic of shape that stacking layers one on 
the other are shared both in the reconstruction of 
Atik Valide, which is a traditional muqarnas and 
Type 1. 
　The method of determination shape of Type 
1, based on relationships with upper layer line is 
shown in Table8.
　By setting the top layer line of the highest layer, 
the generation of shapes starts. Table9 shows  
program of shape-determination of Type1.

Figure14　Planar projection plan of Type 1
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Figure15　The overall shape of Type1

Figure16　The overall shape of Type1



88 　

4.3.2　The Planar Projection Plan and Model of 
Type 1
　The planar projection plan is created by the 
following steps. Firstly, planar figure of polygon 
are placed randomly. Secondly, by adding triangles 
or quadrangles around polygons, figures of star 
are created. Finally, by drawing quadrangles and 
triangles, all planar figures are connected in a plan. 
In this case, planar figures of feltching part are not 
used in order to aviod tears due to inconsistency 
between intention and placement of them. The 
paln is shown in Figure14.
　The overall shape of Type 1 is shown in 
Figure15 and Figure16.
4.3.3　Evaluation of Type 1　
　A similar shape compared to the traditional 
muqarnas, with a smooth and continuous surface 
is generated. Through the process of generation, 
the lack of freedom is observed in Type 1. After 
assigning the coordinates of the top layer line 
of the highest layer, the shape of each part is 
determined even with a single vertex shared with 
each layer line. Since that, the overall shape is 
determined automatically once the assignment of 
coordinates of the first layer line finished. 
  Through the reconstruction of muqarnas in 
Section 3 and the construction of Type 1, the 
automatic generation of the overall shape of 
muqarnas seems to correspond to the monotheistic 
Islamic ideology. The diverse worlds are formed in 
an order determined by God. The world emerges 
at the point of beginning, into the future, in a 
fundamental order determined by God. 'One and 
many', and 'fundamental order' are expressed 
in muqarnas. Complex forms of muqarnas are 
generated by simple types of parts and joining 
rules. Different blueprints and the same rules 
can generate a variety of forms. Also, a three-
dimensional form is uniquely determined by a two-
dimensional blueprint, the type of parts and the 
rules for joining them. The generative process 
seems to correspond to the generation of the world 
in the divine order.

4.4　 Type 2 
4.4.1　Program of Type 2
　Type 1 is based on the relationship between 
parts and layer line. That program depends on 
a regulation that layer line is an enclosed set of 
straight line segments. However, this regulation 
also leads to the lack of freedom of shapes in Type 
1. In order to enlarge the freedom of shapes, the 
regulation about layer line is eliminated, which 
means that diverse shapes of layer lines are 
allowed. And the diversity of shapes of layer lines 
may lead to a larger possibility in shapes of parts.   
  The method of determination of shape of Type 2 
based on relationships between a part and a part 
is shown in Table10.
　By setting the top layer line of the highest layer, 
the generation of shapes starts. Table11 shows the 
program of shape-determination of Type 2.
4.4.2　Problems of Generation and Supporting 
Joining Rules of Type 2
　Decreasing the number of limitations lead to a 
lack of condition to determine the shapes of the 
parts, the generation stopped at a very early step. 
In order to continue the generation, supporting 
joining rules are added. There three types of 
additional supporting joining rules were identified. 
The first one is based on a shape-determining part, 
the fletching part. The second one is the additional 
conditions to form typical parts of muqarnas. 
The third one is a method to generate new types 
of parts that has not been seen in traditional 
muqarnas. They are shown in Table12.
　The first and second additional joining rules are 
based on the traditional muqarnas, and these new 
conditions let the generation continue. However, 
due to absent of hierarchy of forming layers 
and joining layers, layers are formed neither 
progressively nor continuously. Because of that, 
some parts which belong to a lower layer were 
formed before the formation of the parts that 
belong to a higher layer. What is more, parts with 
a span over several layers are formed, and it led 
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to the appearance of the space that cannot be 
filled by parts used so far. Therefore, the third 
supporting joining rule is introduced. As a result, 
broken layer lines are formed.
4.4.3　The Planar Projection Plan and Models of 
Type 2
　By adding planar figures of fletching parts, the 
planar projection plan of Type 2 is created. The 
plan is shown in Figure18.
　The overall shape of Type 2 is generated by 
the program of shape-determination of Type1, it is 
shown in Figure19 and Figure20.

4.4.4　 Evaluation of Type 2
　The process of generation, which is shown in 
Figure21, 22, and 23, is not a concentric diffusion 
process, but a process in which certain areas are 
generated first, follows by generation in three 
directions, and finally the spaces in between are 
gradually filled in. 
During the progress of generation, the possibility 
of shapes of parts that are not determined in the 
early stage is accumulated step by step. Parts 
formed in a lower layer leads to the allowance 
of generation of a multi-layer-height part which 

Table10　 The method of determination of shape of Type 2 

Table11　The program of shape-determination of Type 2
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belongs to a higher layer. What is more, the multi-
layer-height parts also lead to a generation of 
parts with shapes that do not exist in a traditional 
muqarnas. 
  From a two-dimensional perspective, a program 
was created to generate new muqarnas formations 
with free planar projection diagrams. Conventional 

muqarnas are a part of architecture, such as 
corners, domes, and vaults, and most of the planes 
are symmetrical, point-symmetrical, or other forms 
of symmetry. It is thought that new forms of 
muqarnas, or forms with the nature of muqarnas, 
can respond to more flexible conditions.

Figure17　The flow chart of step 1.-3. of program of shape-determination of Type 2
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Table12　The program of shape-determination of Type 2

Left:   　Figure18　The planar projection plan of Type 2
Right:　Fighure19　The overall shape of Type 2

4.5　 Conclusion of Generation of New Form 
The geometric form generated in this paper can 
be described as a development of muqarnas, 
or another form developed from muqarnas. By 
analyzing and examining algorithms through 
computer, it become possible to generate new 

geometric forms that do not directly duplicate 
the forms of historical buildings but are rather 
developed from regularity of historical buildings 
and extended to today's architecture.
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Figure21　Starting stages of the process of generation of 
Type 2, types generated around the layer line set manually

Figure20　The overall shape of Type 2

Figure22　The process of generation of Type 2, showing 
three directions of generation

1

2

3

4



93
Chapter 5　 Analysis and Reconstruction of the Algorithmic Composition of the Muqarnas 

of the Main Gate of the Ottoman Mosque Atik Valide (Istanbul, Turkey)

5.An Architectural Work Based on the 
Algorithm Developed 

  “Muqarnas Pavilion: Amakubo boat 
house”(Figure24, 25), which is author’s graduation 
design, is a work based on studies of this paper. 
By using the program of shape-determination of 
Type2, Author succeeded in generating the form 
of “Muqarnas Pavilion” from a planar projection 
plan with design intention. 
  Modeling created virtually can made in real 
space through digital fabrication technology using 
3d printers.

Figure23　The final stage of process of generation of Type 2

Figure25　A daytime view

Figure24　A night view
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Chapter 6

The Network Turn in Fieldwork and Architectural Design: A local cultural center project 
and an online relief project during the COVID-19 crisis in the historical area of Colombo, 
Sri Lanka
YAMADA Kyota

1. A Contact from Colombo in Corona 
Disaster

  On 2nd September 2021 , Mr. Z, an acquaintance 
of the Colombo historical area which is my 
research field, contacted me via an online 
communication application for the first time in 
a while. It started with the usual greetings, but 
when he started to talk about his recent lives, the 
description soon made the author realize that a 
food crisis had occurred and was getting worse in 
the historical area of Colombo. In this 4th lockdown 
throughout Sri Lanka, economic activities were 
stopped due to movement restrictions and it was 
quite difficult for workers in the area to find stable 
work. Therefore, there was no income and food 
could not be bought. During the first and second 
lockdowns and intermittent curfews in between, 
wealthy shop owners, who have their shops in the 
wholesale district, distributed foodstuffs to their 
neighbors by their own expenses. People who 
attend the mosque raised money and distributed 
money for living expenses to families who were 
living in the same mosque area. There was a 
support for living expenses from the government 
too. But at this time there was no support from 
the government. Since they also could not do their 
business due to the continued lockdowns and 
curfews, wholesaler owners also were unable to 
afford donations this time. 
  It was thought that there was not much time left, 
so the author decided to collaborate with Mr. Z on 
a project to support household food and children’s 
learning for the households in the historical area of 
Colombo in which the household of Mr. Z was also 

included. Mr. Z proposed to support neighboring 
60 houses by distributing them foodstuffs. These 
60 houses corresponded to the most important and 
basic unit for his and his household’s survival. As 
described below, he and his household were able 
to maintain their lives during this crisis situation 
by receiving various types of support through the 
ties among these 60 households. The relationships 
between the households played a decisive role 
in maintaining their lives. This paper calls these 
ties between households that consisted of this 
particular household a “neighborhood network”. 
It can be confirmed that the lives of individual 
households were deeply depending on the mutual 
support they received through the neighborhood 
network.
  When providing support, Mr. Z said that if only 
some selected households are supported, the other 
households that did not receive support would 
blame him for not selecting them to receive the 
support. Mr. Z had such an experience when he 
was entrusted to distribute zakat from a Saudi 
person in Ramadan (Yamada (2013)). Mr. Z guided 
the person to all houses of his neighborhood 
network and the person distributed the money 
to the houses. At that time one house could 
not receive the distributed amount of money 
since Mr. Z could not reach any member of 
that house despite his efforts. The person in the 
household that did not receive the distribution 
was dissatisfied with Mr. Z, who managed the 
distribution of the money, and a serious argument 
ensued between the two. These incidents were 
sometimes observed to even lead to a breakdown 
of communication between their households.
  There are regular and preferential distributions 
of survival goods and information between a 
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particular group of people and their households 
that make the neighborhood network. Distributions 
take place through regular mutual communication 
re lat ionships between one household and 
another. A particular group of people and their 
households are composed mainly of people from 
several different kinship groups. Within the 
neighborhood network, a “neighboring relatives’ 
network” which is smaller than a neighborhood 
network and whose members are relatives can 
be found. In a “neighboring relatives’ network”, 
more survival-related goods and information are 
preferentially distributed. The distribution of goods 
and information through neighboring relatives’ 
and neighborhood networks acts to ensure the 
survival of households and their residents in a 
time of crisis, as observed in the cases in Section 
3 below. Neighboring relatives’ networks and 
neighborhood networks can be considered as non-
physical common support which offer grounds for 
survival of their members and their households. In 
the historical area of Colombo, a close relationship 
between the neighborhood networks and the 
expansion of concrete spaces is observed, and 
spatially, the densely populated alleys of dwellings, 
called “lanes”, are the places where neighborhood 
networks are formed (Yamada (2017)).
  Each of the dwellers in a group of households 
themselves ,  l inked by a constant  mutua l 
communication relationship, also have the 
recognition, or assumed to have the recognition, 
that they are mutually supportive and depend on 
each other for their lives. Based on this recognition, 
it is established as a value / norm among the 
members of the networks who are connected with 
regular mutual communication relationships that 
they themselves should contribute to the lives of 
others with whom they mutually depend on for 
their lives, and through this, to the neighboring 
relatives’ network and neighborhood network 
(for specific examples, see Yamada (2016)). Then 
there is the value / norm that if one receives a 
support from another member, he or she will take 

the opportunity to return the support to the one 
who supported him or her, and the lending and 
borrowing of supports are accumulated in the 
history of relationships between members and 
their households through the stories relating to 
specific events (Yamada (2016)).
  The distribution of support is an important 
aspect of his / her contribution to the lives of 
those who share their lives with him / her. The 
case of the distribution of zakat in Ramadan, in 
which Mr. Z was involved, shows that there is a 
value / norm that the distribution should be made 
equally to households or members of households 
within the scope of the applicable network, such as 
a neighboring relatives’ network, a neighborhood 
network, etc. Distribution is a meticulous act, and 
Mr. Z's case shows that to whom distribution 
was provided and to whom distribution was 
not provided can lead to the breakdown of the 
neighborhood network and the neighboring 
relatives’ network.
  Each time a member makes a contribution to the 
lives of another member, who is sharing life with 
him/her, at an occasion a support is needed, the 
continuation of the life of the supported member 
and his/her household become possible. The 
supports which are mutually provided increase 
the mutual trust and dependence, which in turn 
increases the probability of the repetition of 
the next support. And as long as the support is 
repeated, each member and their household can 
continue their life. Neighboring relatives’ networks 
and neighborhood networks are an autopoiesis 
system in which the components (mutual support 
between concrete members) are generated 
through the actuations (implementation of support), 
and the mutual trust between concrete members 
are generated together with the actuations which 
act as positive feedback, so that the components 
generate the next components, which in turn 
generate the reparative actuations iteratively.
  Mutual supports among members are sustained 
over the long term as mutual trust is reproduced 
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through the mutual supports among members, 
and are accumulated in members over their lives, 
and accumulated in households over generations. 
Mutual trust between people, which is the basis of 
neighboring relatives’ networks and neighborhood 
networks, is called “Nambikkai” and is recognized 
as an important asset.
  This suggests that when sustaining the life 
of a household, there are ways to support the 
household alone, but in the long run, supporting 
the neighborhood network or the neighboring 
relatives’ network is more reliable. And the case 
of the distribution of zakat in Ramadan, in which 
Mr. Z was involved, shows that in supporting the 
neighborhood network or the neighboring relatives’ 
network, it is essential to preserve the totality of 
the communication and the relationships of trust 
among households without destroying them. Mr. 
Z's proposal to support all 60 households was based 
on his concern not to damage the relationships 
among the households. When providing supports, 
it is natural that the implementer has his own 
intentions, and depending on the intentions of the 
implementer, the applicable scope can be a single 
household, a network of neighboring relatives, 
or a network of neighborhoods. However, it was 
assumed that the residents of the historical area 
of Colombo would expect a reasonable scale of 
support, since this support is coming from abroad.
  If the support was not provided to all the 
households in the neighborhood network, but only 
to Mr. Z's own household or to his household's 
neighboring relatives' network, it would have 
raised suspicions among other members that Mr. 
Z was inducing benefits to his own household or 
his neighboring relatives' network, which might 
be considered as a violation of the value / norms 
which is making up the neighborhood network. 
Since this support was particularly important for 
survival, it was possible that the mutual trust 
between Mr. Z and some of the households which 
are forming the basis of the networks could be 
undermined. The possibility could not be ruled out 
that the choice of to which households food should 

be distributed might even redefine who would be 
the households who support the life of Mr. Z for 
the rest of his life, or even for the generations of 
his children. The author has also been a temporary 
dweller in the lane where the dwellers, who form 
this neighborhood network, live and has engaged 
with the dwellers. It was also desirable to the 
author, who temporary becomes a member of the 
neighborhood network, to have the neighborhood 
network in the applicable scope of support.
  As a reference for considering how to carry out 
the project, I also informed a student from Sri 
Lanka about the situation in the historical area of 
Colombo and asked her opinions. She said that she, 
too, had only communicated with her relatives and 
close acquaintances and had no idea that these 
things were happening in the historical area of 
Colombo. She also replied to my question on how 
to solve this matter that the popular idea is that 
if someone faces difficulties in his or her life, the 
local network in which he or she resides should 
support him or her through its self-help efforts, 
and that it would be difficult to accept the idea 
to support a person who belongs to a different 
living network. She also told her recognition that 
there was a recognition and actuality that if once 
such a supporting relationship was formed, the 
relationship is expected, by people who were 
supported, to continue with responsibility. Of 
course, she also pointed out the uniqueness of the 
historical area of Colombo, which is "generally" 
perceived by Sri Lankan citizens as a center of 
all kinds of underground activities and injustice, a 
place to be avoided and given little attention. She 
commented that if the project emphasizes that 
the target audience is Sri Lankans rather than 
residents of the Historic District of Colombo, and 
that if such recognition can be obtained, there is a 
possibility of receiving support from citizens of Sri 
Lanka.
  Not only in the historical area of Colombo but 
in Sri Lanka, and in the rest of South Asia, the 
government partly plays a role of supporting the 
lives of people, but a more fundamental part is 
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played by the neighborhood networks. Along with 
the lockdown, economic activities, government 
offices, and schools were closed and with that, the 
circuit of social connections was also closed, and 
the neighborhood networks came to be responsible 
for the distribution of the goods and information 
related to the lives of their dwellers. Implementing 
the lockdowns essentia l ly meant that the 
government was leaving lives of people in the 
hands of their respective neighborhood networks. 
In a conversation with Mr. Z, if what he told was 
correct, it was revealed that the intermittent 
lockdowns and curfews have led the weakest 
neighborhood networks and neighboring relatives’ 
networks to reach their limits of their ability to 
support the lives of their dwellers in the historical 
area of Colombo. 
  The above things indicated that the crisis in 
historical area of Colombo is developing in a 
place that is difficult to be covered by the safety 
network of Sri Lankan society. The author himself 
is living in distant from Sri Lankan society, and it 
was felt that he had a role to play because of his 
position.
  However, a personal support for the 60 houses in 
the neighborhood network only by the author was 
considered too large for him and unsustainable. 
Since it was impossible to say how serious the 
situation would become or how long it would 
continue, and the possibility that support would 
continue to be needed in the future had led the 
author to believe that it would be desirable to 
establish a neighborhood network in the author's 
vicinity that would provide support. Although a 
commission fee was required, the author decided 
to carry out the project via a crowdfunding with 
the aim of making the project known to as many 
people as possible and in the hopes of creating 
a place for support via online. The author had 
previously talked to an expert about crowdfunding 
in relation to another project, and had heard 
that the ability to raise the target amount of 
funds depended on the ability of the members 

of the project and their acquaintances to get the 
necessary publicity or attention via online. Since 
the author rarely uses social networking services 
and has no online presence, the author decided 
to set a goal of half of the total amount needed 
for this first project, assuming that the amount 
of donations would be small, and to donate the 
remaining half by himself to make the project 
feasible to be carried out.

2. Crowdfunding Online Relief Project in 
the Historical Area of Colombo during  the 
COVID-19 Crisis

  In order to raise funds through crowdfunding, 
it was necessary to post a project plan on a 
dedicated website, so the author and Mr. Z 
hurriedly discussed on the online meeting 
application and shared a general situation of the 
historical area of Colombo and Sri Lanka. Then, 
Mr. Z hurriedly went around the wholesale shops 
street to confirm and record the kinds, sales units 
and prices of necessary foodstuffs, and collected 
various photographs as research materials showing 
the actual situation and sent them to the author. In 
the meantime, Mr. Z and the author continued to 
hold regular online meetings. And while checking 
the objective situation of Sri Lanka with the 
student from Sri Lanka in the author’s laboratory, 
the author summarized Mr. Z's research materials 
and discussions during this time and completed 
the project proposal showing the problems faced 
by the neighborhood network in the historical area 
of Colombo and their solutions. It took about two 
weeks from the decision to implement the project 
to the completion of the proposal. After that, it 
took about another two weeks for the website 
operator’s review. Approximately one month after 
the decision to implement the project, the following 
article was posted on the website.

＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊
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We are Searching for Supporters of Self-learning  
Children and Our Lives Under the Locked-down 
City Colombo

Introduction of Myself and the Historical Area of 
Colombo
  My name is Z. I was born in this Historical Area 
of Colombo and has been living here for 50 years. 

I have a family of 4. I am living with my two 
children and wife. I am working as a Nattami (a 
worker specialized in transporting heavy goods). 
Daily earning from my transportation work is the 
main income of my family (Fig.1).
  Our area has been developed as a center of 
wholesale shops and hard-workers which supports 
distribution over the country and the Indian Ocean. 
Many “Lanes”, the alleys with tenements or the 
alleys on squatted lands flanked by small houses, 
have been shaped as hard-workers’ dwellings, 
forming high dense area. With the removal of the 
planned economy and the end of the civil war, job 
options, other than hard-workers, appeared. Even 
though, our lives are still not easy.
  Our area has been used as film shooting sights 
because of its exceptional landscape (Fig.2). Scene 
settings assigned are always miserable, namely 
the slum of Calcutta where Mother Teresa was 
living, or Dhakka, the capital city of Bangladesh, 
devastated after the independence war. Few 
people care about us. Though our earnings and 
lives are unstable and sometimes we almost lost 
our ways, we are searching how we should live.
Daily Lives under the 4th Lockdown
  The Streets are quiet since most of the shops 
are closed (Fig.3). Income is quite limited since the 
opportunities for work disappeared. Cart-based 
Food Sellers come everyday but cannot obtain any 

Figure 1　My Two Children and I

Figure 2　Landscape of Our Area in September 2021
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item without money. 
  Dwellers have been helping each other to support 
their lives.
 The 1st lockdown began on 2020.03.20. It lasted 

until the end of June. Two or three weeks after the 
lift of the lockdown, another curfew was imposed 
and after the lift of the curfew other curfews 
were continuously imposed until the beginning 

Figure 3　Wholesale Market Before and After the Lockdown
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of the 2nd lockdown (2020.10-11). During this 8 
months with continuous lockdowns and curfews 
(2020.03-11), shop owners made donation and 
distributed food bags to dwellers. People gathering 
at local mosques raised money and distributed 
to us. There were also some supports from the 
government for living expense. At the time of the 
3rd lockdown (2021.05-06), people who could still 
afford distributed food bags to dwellers by their 
expense. But the support considerably decreased. 
And at this 4th lockdown (2021.08-), everyone is 
exhausted and no longer strong enough to support 
dwellers.
The Way our family and neighbouring Families 
Stay Alive
  Only several days in one week, I find some small 
work which is not even sufficient for family’s one 
day eating. Since everyone is in similar condition 
and can imagine my family's situation, occasionally 
some friends give some money without saying. 
Sometimes I receive foodstuffs from other friends. 
Relatives share their balance food of the day with 
each other (Fig.4).
 By combining these supports, we are keeping our 
lives. Lives of Families around here are Like This. 
Everyone is living in the same condition.

Children and Us Continue Learning Voluntarily for 
Our Future
  Present lockdown condition is similar to the 
curfew during the civil war 12 years ago. But 
harder since when it will be lifted is unclear and it 
will be repeatedly ordered. 
  In spite of this difficult situation, children 
voluntarily started to teach each other and are 
keep learning. For this one and a half years, 
after March 2020, our school has been physically 
shutdown. Neighboring children gather in the 
house in the lane and are connecting to internet 
online classes run by volunteer teachers (Fig.5). 
We are Living in One Connected World

Figure 4　Sharing of Surplus Meals with Relatives Figure 5　Children Started Self Learning by Themselves

Figure 6　Meal with Shared Gravy and Side Dishes
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  One day we have one dish.  Another day we may 
have two dishes.
  Every dish is made from helps from others (Fig.6).
By giving and receiving, we are confirming our 
lives on each other and thanking the world which 
is made by every one’s contribution and making us 
alive.
Searching Supporters for Our Souls (SOS)
  But the long-lasting lockdown is gradually 
making our lives unstable. Some weak families 
started to borrow money just for food while they 
are uncertain if they can afford to repay or not. 
It will irreversibly brake their lives, especially 
children’s futures. 
  We are grateful if you give your hand to the 
place we are living and give a little support for us 
to manage children's studies and our lives.
Goods Required 1
  We want to offer some food to children and 
sustain their learning place first. 
For this activity, we need following goods for one 
week. These are for one time meal and one time 
tea per one day for 10 children.
Rice 5kg, Potato 2.5kg, Onion 2kg, Chili Powder 
500g, Masala Powder 440g, Dhal 500g, Coconut 
Oil 1bottle, Coconut Powder 900g, Salt 1pack, Tin 
Fish 1can, Dry Noodle 1.2kg, Wheat Flour 3kg, Tea 
600g, Milk Powder 800g, Sugar 1kg (total Rs.8545) 
(Fig. 7).
Goods Required 2
  We want to sustain lives of families in the lane 
and the neighborhood. Following items are not 
sufficient by itself but irreplaceable. By combining 
with neighbors’ occasional help, one family can 
manage their lives for between one week to two 
weeks. We need these items for 60 houses of our 
lane and the neighborhood.
 Rice 5kg, Potato 2.5kg, Onion 2kg, Chili Powder 
250g, Masala Powder 220g, Salt 1pack, Dry Noodle 
0.8kg, Wheat Flour 1kg, Tea 600g, Milk Powder 
400g, Sugar 1kg (total Rs.4175).
  You and I have never met each other. Though, 
we believe that trying to support someone when 

we know they are in need is human nature.
 May I Ask You to be Our Supporter?

Prospect and Vision of the Project
  Some people say that our area is a centre of 
underground trade. In the past, many young 
people lost their lives in conflicts of interest 
between those involved in such activities. Conflicts 
have broken the friendship between families and 
created hate. We will not pass on these unhappy 
relationships to our children's generation. The 
current lockdown situation is difficult, but it is 
reawakening a sense of mutual support between 
families that had been scarce. This restored sense 
of mutual support will help to rebuild our area 
after the lockdown.
  Learning opens up the future for children and 
brings parents together, who have hated each 
other, for their children's future. Our activity is 
quite small, but we want to support children’s 
voluntary learning and sustain lives of families 
in our lane and neighborhood as a basement of 
learning and want to make this activity as a seed 
of happines for the future our area.
＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊

Figure 7　 Foodstuffs Available at Neighboring Wholesale and Retail 
Shops
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  The author received supports from acquaintances 
and also from people who he did not know directly, 
and unexpectedly he was able to receive a full 
donation of the target amount and implemented 
the project (Fig.8, 9). Now belatedly he is preparing 
a "disaster cooking recipe that one can make in the 

event of a disaster" as a reward for the support.

3. Looking Back on Crowdfunding Projects

  After carrying out the relief project in response 
to the COVID-19 crisis, the author noticed the 
following three points that need to be considered if 
the author ever carries out a project in the future.
  The first is the time required from the decision 
to implementation. When crowdfunding is used, 
it is necessary to consider the difference between 
the grace period before responding to the situation 
and the period required to carry out the project 
by crowdfunding. Because it was a relief project 
for a crisis that required urgency, the period 
of solicitation was set as a short period of one 
month, but it was about two months after the 
author decided to implement the project.  The 
food situation still remained difficult at that time, 
and food distributions were implemented when 
effective. But the lockdown had been lifted when 
the project was feasible, and the most severe time 
had passed.
  Second, the project would need to incorporate 

Figure 8　Foodstuffs Being Carted by Mr. Z

Figure 9　Foodstuffs Distributed to Dwellers
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different elements, such as the policy of the 
website, other than originally conceived concerns 
when obtaining outside funding. In particular, 
since the project was carried out in connections 
with Sri Lanka and Japan, it was necessary to 
propose an understanding and ethical response 
for both parties when preparing the proposal. 
For example, in the historical area of Colombo, 
as mentioned above, the unit of support for the 
crisis on lives of dwellers was considered to be 
the neighborhood network. On the other hand, the 
crowdfunding site was explicitly and implicitly 
based on the assumption that people with equal 
levels of economic need would be able to obtain 
equal support. Here, the modern vision of society, 
that is, an atomistic society in which there is no 
connection between people, was assumed, and 
ethics of such a society are premised. On the 
other hand, in the system of the historical area of 
Colombo, where each dweller contributes to the 
survival of his/her own neighborhood network, 
and each neighborhood network guarantees the 
lives of its dwellers in situations where food 
is not sufficient for everyone, distributing food 
to people in different neighborhood networks 
without distributing food to dwellers in his/
her neighborhood network poses a challenge to 
the system and ethics of the local society. Since 
the route, through which support is delivered, 
was developed by the people belonging to each 
neighboring network through self-help efforts and 
the recipients are the first people belonging to the 
neighboring network. 
  Therefore, as a method of implementing the 
project, it was written on the website that the 
households to whom the food might be distributed 
were distributed with an online survey to check 
whether they needed food. The project was carried 
out in the form of food distribution in the two 
lanes which constituted the neighboring network, 
connecting with Mr. Z online. Food was distributed 
while confirming that there is a similar need, which 
is suitable for crowdfunding requirements, and it 

is a response to the requirements of the historical 
area of Colombo where food was distributed 
in the unit of neighboring network. It can be 
expected that some distribution will be given to 
people belonging to other neighboring networks 
from acquaintances belonging to the supported 
neighboring network, and as a result, some effect 
on the stability of a wider area will be expected. 
This response, which is far from the possible 
solution in civil society that everyone in need 
receives equal support, will be evaluated in various 
ways depending on one’s position. Besides, this is 
a good point, but while considering the description 
on the crowdfunding website, additional researches 
on the current situation were repeatedly carried 
out and this led to a reconsideration of the project, 
which was originally intended to simply distribute 
foodstuffs, as a project with children's learning as a 
central issue.
  The third is about continuity. In order to carry 
out the project continuously, it is desirable that 
the project is completed by receiving occasional 
donations from supporters who are not too much 
burdened by the donations. This time, the project 
received support from people who had no direct 
acquaintance, but the majority of the support the 
project received came directly from acquaintances 
to whom the author sent information. It is not 
possible to ask acquaintances for support every 
time, but it is necessary to have a way to reach 
people who have no direct acquaintances and 
obtain understanding and support. In addition, 
the project was carried out as an emergency 
relief project. Whether or not to continue these 
kinds of projects which mix dwellers’ daily life 
and researcher’s daily life at normal time, needs 
to be examined. The conclusion must depend on 
the attitude of the parties involved on how the 
relationship between each other should be. On the 
other hand, there is simply a physical problem, 
since the projects will be carried out while Mr. Z 
and the author are working as usual.
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4． Evaluation of the Neighborhood 
Network Which Worked as the Basis of 
Survival under the COVID-19 Crisis

  In parallel with the creation of the website for 
the crowdfunding project, the author conducted 
fieldwork with Mr. Z using an online meeting 
application to assess the role of the neighborhood 
network and the neighboring relatives’ network in 
supporting the lives in times of a crisis. Through 
the online meeting application , the author and 
Mr. Z, for about a month, recorded the details of 
when, where, how much, from whom, and to whom 
his household obtained or sent foodstuff, cash, and 
work which were essential for survival.
　Spatially, the neighborhood network corresponds 
to the local dwelt environment discussed in 
Yamada (2017)(Fig. 10,11) . In the following, 
referring to the five places and their network that 

consist the dwelt environment of historical area 
of Colombo identified in Yamada (2017) - the lanes, 
the wholesale markets, the mosques, the tea stores, 
and the lodges – the paper will discuss through 
which of the five places the foodstuff, cash, and 
work of the household of Mr. Z flowed in or out of. 
And the paper will also discuss which networks 
of places supported to what extent the survival 
of the household of Mr. Z under crisis conditions. 
However, since overseas travels were prohibited 
during the lockdown, the lodges, which were 
the places relating to the flow of things from/to 
overseas, were closed, leaving only four places that 
constituted the dwelt environment.
Foodstuff:
  Mr. Z's household is one of the least economically 
well-off households in the neighborhood network. 
They received the leftovers of the previous day's 
meal from their relatives in the Lane, either 
consecutively during the period or once every 
few days. Food is the most important factor 

Figure 10　Distribution of Places of Different Types in the Constitute Historical Area of Colombo
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contributing to survival in a crisis situation like 
this one time. It turns out that the lane with 
relatives is the main place to receive foodstuffs 
(Fig. 12). In addition, food bags were sometimes 
distributed from the shop owners in the wholesale 
markets where the relatives of the Lane work. 
At the junction where the tea shop is located, Mr. 
Z sometimes received foodstuff when he met an 
acquaintance. Although the distribution of foodstuff 
from Mr. Z’s household to other households was 
limited, but they sometimes kept further leftovers 
of meals received from relatives and offered them 
to another relative, an uncle who occasionally came 
from outside the neighborhood network.
Cash: 
  Mr. Z often received cash when he met an 
acquaintance at a junction with a teashop(Fig. 
13). Also, he sometimes received cash when he 
met an acquaintance on the street of a wholesale 
market. Mr. Z said that acquaintances would give 
him money based on their understanding of his 
situation, and that he never asked for it himself. 
On the other hand, Mr. Z mentioned that he did 
not need to go to the junction on days when he 
had work, indicating that the junctions, where the 
teashops are located, were the main places where 
he could expect to receive money and that he 
went there with the intention of getting support 
when he needed it. Although it was not observed 
during this period, cash may be distributed to 
households in neighborhood network by a shop 

owner, who goes to the mosque in neighborhood 
and who worships together there. In normal times, 
it was observed that the money was borrowed in 
advance from the boss of a shop in the wholesale 
market where Mr. Z was mainly working and 
having a Nambikkai relationship, which will be 
described later, with his boss. But this route of 
obtaining cash was not observed during lockdown 
when there was no work itself. Given the observed 
continuous increase in goods prices and the 
irregular availability of cash in this case, the role 
of cash for obtaining foodstuff was supplementary 
and not comparable to that of foodstuff itself. 
However it is the most versatile resource that can 
be used not only for foodstuff but also for daily 
necessities such as soap, toothpaste and etc. Not 
only that, cash is necessary and essential for fees 
for communications, water supply service, and 
electricity supply service which are critical in the 
life in the city.
Work:
  The work was obtained through three different 
paths. The first path is from his boss of the 
shop in the wholesale market with whom Mr. 
Z was having a Nambikkai relationship(Fig. 
14). Nambikkai is a Tamil word that means a 
relationship of mutual trust and dependence 
between two parties. Under normal circumstances, 
it can be expected to receive requests for 
loading and unloading work and delivery work 
on a regular basis through the boss with whom 

Figure 11　Five Places and Their Network Which Constitute Local Dwelt Environment
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a Nambikkai relationship is constructed. This 
path will usually provide a minimum stable life 
to the worker and his household. Regular work 
contributes most to the sustainability of life of the 
dweller and his household, and at the same time 
it enables the dweller and his household to have 
certain ability to control their lives along with 
their will. Therefore, the Nambikkai relationship 
is valued. However, under the lockdown situation, 
the work of loading and unloading was limited, 
and it was impossible to earn enough income from 
the work from the boss with whom a Nambikkai 
relationship was constructed.. Therefore, the 
second and third paths, which allow workers 
to get jobs on an irregular basis, were actively 
used. The second path is the introduction of 
acquaintances. Among the loading and unloading 
workers “Nattamis”, the one who has a Nambikkai 

relationship with his boss is called the “Head 
Nattami” and he is entrusted with the distribution 
of the loading and unloading work. Sometimes 
a Head Nattami who lived in the same lane as 
Mr. Z or who were an old acquaintance of Mr. 
Z in the wholesale market would introduce him 
to the work. On the other hand, sometimes Mr. 
Z also introduced the work of the shop where 
he is the Head Nattami to acquaintances in his 
Lane. However this second path is irregular 
and unstable, and Mr. Z has no control over the 
situation. The third path was when Mr. Z would go 
to a store in the wholesale market where he had 
worked before and get a temporary job from the 
boss. As mentioned above, the Head Nattami is in 
charge of the work, but if Head Nattami is absent 
from the store and there is an urgent need for 
work, he may be able to get some credibility by 
having worked there before and be able to connect 
to the work. This is a way to look for work in the 
wholesale market when there is no work at all.
  Each of the three different places is serving 
as a path for the influx of different resources 
that support survival: foodstuff, cash, and work. 
And by being organized as a combination of 
these places, the local dwelt environment, or 
neighborhood network, played a critical role during 
an emergency. It can be seen that the local dwelt 
environment consists of a combination of places 
where foodstuff, cash, and work can be obtained 
in an emergency. All resources come through 
relationships of mutual trust that have been built 
up to that point in time. Based on the awareness 
that relationship of mutual trust is an asset and 
that it is a fundamental element that forms the 
basis of his survival, when Mr. Z introduces a job 
to someone, he paid attention to how to preserve 
the relationship of trust between him and his boss 
and neighbors and avoid damaging them.
  Work can be found to be the only pathway that 
provides a steady opportunity to obtain resources 
for survival from non-relatives. If one can build a 
relationship of mutual trust with his boss, work 

Figure 12　Places Relate to Flow of support by Foodstuff

Figure 13　Places Relate to Flow of support by Cash

Figure 14　Places Relate to Flow of support by Work
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will lead to the acquisition of money, including 
advance borrowings, and the provision of food, 
and it will be a relationship that brings about the 
possibility of responding to various situations in 
survival.
  It was confirmed that building a relationship of 
mutual trust with his boss required a guarantor 
and a referral to ensure that the person deserved 
his trust. As a guarantor for Mr. Z's personality, 
the author sometimes talked to his boss in 
maintaining the relationship of mutual trust 
between Mr. Z and his boss.
  While mutually trusting relationships are 
important, there are also opinions that even if you 
work so much every day to build the relationship, 
you will only get 5 kg of rice in an emergency like 
this.
  Why Mr. Z had contacted the author through 
the online meeting application was because he 
could no longer support his life in the local dwelt 
environment, and out of necessity, he was forced 
to open up a new path and a new place (Fig. 15). 
This food distribution to the entire houses of 
the neighborhood network will be recorded in 
the history of mutual trust between each of its 
residents and Mr. Z. It will also be an asset for Mr. 
Z and his household to expect future assistance.

5. The Network Turn in Fieldwork: 
Shifting the Way the World is Described 
from Space to Network

  The COVID-19 epidemic has prevented people 

from moving through physical space to visit 
actual fields, but on the other hand, it has created 
a situation where everyone uses online meeting 
media and other social media to communicate with 
each other regardless of spatial separation.
  Through online meeting tools, it is difficult to 
make research on the physical space of a concrete 
place. On the other hand, a spatial view of the 
world has the limitation that it is difficult to 
capture the connections, or networks, between 
different points of separation. 
  While it has been usual to set space as an object 
and its scope for a field, it is also possible to set a 
group of networks as an object and its scope for a 
field.
  If the object of the field and its scope are the 
network, an online meeting media that can 
connect regardless of spatial separations can be 
a useful media, which allows the researchers to 
confirm the connections between people and their 
activities extended across spatial separations 
with the conversations and images it provides, 
for conducting fieldwork. By considering the 
network as the object of fieldwork, it is clear that 
the network is not limited to the research site, 
which has usually been called the field, but is 
seamlessly connected from the research site to 
the researcher's place of residence. The network 
between the research site and the researcher's 
place of residence, and even the network that 
the researcher has in his/her place of residence, 
emerge as a new research subject.
  Furthermore, the network-tracing perspective 
demands the researchers to treat both intangible 
and online virtual entities and physical objects as 
equal constitutive elements of the chains of the 
network, and it offers them a new view of the 
world. Taking advantage of the online meeting 
media, which has drawbacks in dealing with space 
but is well suited for dealing with networks, and 
actively exploring ways to take advantage of 
these media, has the potential to make a shift on 
researchers’ sense and their way of seeing and 

Figure 15　A New Place Created and Connected for New Flow of Support 
by Foodstuff
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interacting with the world to the one based on 
networks.
  The quest for direct connections and networks 
between individuals represented by the internet 
and the quest for communication therein have 
been other motivations for the development of 
digital technology, along with the quest for support 
for life of each individual through the creation 
of the laptop computer. One consequence of the 
world’s digital turn will be the world’s network 
turn.
  By the way, a world based on networks has 
always existed and still exists today. The South 
Asia and Indian Ocean World, including Colombo, 
is a representative example of a world that has 
been established on the basis of networks. In the 
South Asia and Indian Ocean World, a network-
based way of l ife has played an important 
role that does not necessarily coincide with 
the modernization of the 20th century, which 
promoted the formation of a world based on space. 
The author believes that the perspective from 
the local society, where these characteristics are 
particularly prominent, can contribute to relativize 
the modern world and provide a clue to get a 
prospect on the future of our lives and the world.
  Reflecting on the findings of the online fieldwork 
in Colombo, it can be said that in the dwelt 
environment of the historical area of Colombo, as 
seen in the distribution of foodstuff, cash and work 
in the lane, the Nambikkai, or mutual trusting 
and depending relationship between two parties, 
is a key element of the local dwelt environment, 
which consists of a set of different types of places 
and their network, and at the same time, it is a 
fundamental principle that supports each dweller’s 
life. Mutual trusting and depending relationships 
create roles for each party such as loading, 
unloading, and delivery, as well as requests 
for these work (See also Yamada (2021), which 
analyzed the network of trading activities in a 
wholesale market as an autopoiesis system.).
  The system of local societies based on mutual 

trust and dependence on relationships between 
two parties and the roles created from these 
relationships to be played by them are similar to 
the Jajmani system observed in rural India in the 
first half of the 20th century. This system can 
be considered to have developed from the local 
system called Rājākariya (Sri Lanka), Kāṇi/ Mīrāsi 
(South India), and Vatan (North India) which are 
further back in time.
  Though names for each region are different, 
these are the systems sharing a common principle 
of individual survival and at the same time social 
formation that pervades pre-modern South Asia 
(Mizushima T. (2008), Kotani H. (2010)), namely 
that individuals can have a place and exist in 
the system of local society by obtaining a role 
in it. Land, resources, and income are granted in 
conjunction with having a role. As long as the role 
is fulfilled, the individual can continue to live there 
and the local society is maintained.
  In the historical area of Colombo, people 
sometimes say that they are Nambikkai, and 
that their relationship with another one is more 
important than money or land. Because roles are 
created out of mutual trust and dependence on 
relationships, as it has been already seen, this 
relationship is recognized as the most fundamental 
asset that sustains the lives of those who live in 
the local dwelt environment and the local society. 
At the same time, not a single relationship of 
mutual trust and dependence, but the combined 
network of these relationships acts as the non-
physical common support which offers grounds for 
people's lives.

6. The Network Turn in Architecture

  Throughout the 20th century, architecture, which 
was involved in the formation of the world through 
its physical composition, had taken space as its 
fundamental concept and explored its expression 
and experience. What will architecture look like 
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when the world's digital turn and network turn 
transforms the object of the search into a network? 
It should be something that has not been imagined 
so far. In the following, the author will continue the 
discussion based on the findings and practices of 
fieldwork in the historical area of Colombo. Based 
on the findings obtained from fieldwork, the author 
has been collaborating with local dwellers on a 
project to open a local learning center for children 
in the historical area of Colombo since 2011. Mr. Z 
was the main local person involved in the project.
  The system of the local society in the historical 
area of Colombo, based on the basic principle of 
mutual trusting and interdepending relationship 
between the two parties and the role that arises 
from them, differs from the principle of survival of 
individuals and societies on which land ownership 
is the basis of private property, which was 
popularized during the British colonial period 
after the end of the 18th century and became 
the mainstream worldwide today. It differs in the 
point in which the maintenance of the right is 
guaranteed by the law of the nation regardless of 
mutual trust and the role. The historical area of 
Colombo is called an informal settlement because 
it has the widest and most densely developed 
historical principles of the area, which are different 
from the mainstream of the modern world. Due 
to the limited application of the law of the state 
that has jurisdiction over the public territory, the 
range of discretion for each individual and living 
environment is wide, and it can be said to be the 
ultimate world of autonomy. The solution of things 
is explored based on values / norms, relationships 
with mutual trust, and roles, regardless of 
stable statutory law. Perspectives from different 
values and norms based on each role are 
presented and tested through the discussions, 
and the framework for problem setting changes 
dynamically, and the solutions found along with it 
change rapidly. Solving things require mediation 
between different perspectives and the solutions 
presented from them, and there are frequent and 

widespread situations in which creativity must be 
demonstrated. 
  Architecture is also formed through this 
process (see Yamada, 2016 for details). This is 
because in a community based on mutual trust 
and dependence on relationships and the roles 
that arise from them, there are multiple parties 
who have different rights to one land or a thing 
according to their respective roles. Therefore, it 
has the potential to create a different architecture 
from the modern architecture that is born from 
the design process in which owners and designers 
make arbitrary decisions within the scope of 
land ownership and within the scope of stable 
statutory law. In the construction of local learning 
center for children, the existing structure of 
the non-physical connection of mutual trust and 
dependence on relationships between people, 
which is the principle of individual survival and the 
constitutive principle of the dwelt environment, 
are diverted and converted into a physical 
way of support by connecting new beams and 
columns to the existing structure to transfer 
and support the loads each other as a whole, 
thereby reducing materials and costs and creating 
the necessary space. This construction method 
makes it possible to avoid unnecessary use of 
resources and reduce the amount of money and 
effort required for construction. When the family 
members increase or marry, the construction or 
extension of the house becomes necessary. In 
this area, constructing or extending a house is 
the biggest challenge for each household, which 
has to be attempted in one generation or several 
generations. Reducing the amount of money and 
effort required for construction and extension 
directly leads to a reduction in the degree of 
difficulty faced by the households.
  Specifically, the upper floor of the one-story house 
where Mr. Z lives was chosen as the proposed 
site for the local learning center. By borrowing 
the RC structures of the existing buildings from 
the owners and residents of the buildings on both 
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Figure 16　Initial Design for Local Learning Center: Putting a Floor on 
New Beams which Connect Existing Structures

the sides of Mr. Z's house and constructing a new 
group of RC beams between the two structures, 
the small-scale independent structures were 
converted into one large structure, and the RC 
floor was placed on the new beam to make it an 
activity surface of the local learning center, and 
the design was made to support this with the 
newly born large structure (Fig.16). The strength 
of the structures of the buildings on both sides, to 
afford the new construction load, was researched 
and confirmed in light of the basic manner of 
construction of RC structures in Colombo, and 
at the same time it was also confirmed that the 
proposed construction method did not deviate 
from the building law. Preparations were made 
with permission from the owners and residents 
of the buildings on both the sides to borrow the 
structures and to connect the beams there. The 
residents on both the sides are relatives of Mr. Z's 
wife, and it can be said that there is a supportive 
relationship with mutual trust. In addition, one of 
the residents' buildings was rebuilt from brick to 
RC, and at the time of rebuilding, a part of the 
wall adjacent to Mr. Z's house was removed and 
used as a formwork, and the RC column was made 
there. The construction was realized by installing 
the pillars. It means that the existing structure 
was also realized through a relationship of trust 
and support, and the lending and borrowing 
relationship of supports were embedded in the 
materials realized with the memory.
  The focus of the design was on the standards of 
the new beams and the connection rules between 
the new beams and the existing structures as 
networks of columns and beams. Inadequate 
strength of new beams and joining methods, or 
inadequate strength of the structure created 
by joining new beams, does not only mean that 
despite the money and effort expended necessary 
floors cannot be acquired, but that it may even 
irreparably damage the existing structure, which 
is the base for the lives of the current household 
members. The decisions were made carefully in 

consultation with a structural designer and with 
reference to the standards and joining rules of the 
existing structure's columns and beams, as well 
as the relevant construction regulations. It was a 
solution unique to the historical area of Colombo, 
which obtains maximum space with minimal 
intervention. 
By the way, when it was finally time to start the 
construction, and when it was reconfirmed with 
the owners and the residents of the buildings on 
both the sides, the owner of the building which 
was rebuilt with the support of Mr. Z and his wife, 
was concerned about the strength of his structure, 
and withdrew his permission to connect the 
beams. It can be said that the role of protecting 
the place of survival of the household as the head 
of the householder was expressed rather than the 
role of supporting each other as relatives.
  S ince the structure for  the connect ing 
disappeared and one end of the new proposed 
beams lost their support, a set of new supports 
for them were conceived and discussed at the 
site by the parties involved, with the help of the 
member standards and connecting methods that 
had been studied. Each beam end that is no longer 
supported was proposed to be supported by a new 
column. Columns can bve extended downwards 
to the allowable length. From the top of the new 
column, a new beam is extended towards another 
adjacent new column to connect the columns 
together. The columns are arranged at intervals 
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Figure 17　 A New Structure Emerged Through a Self-Organizing Process in which Structural Units were Generated Recursively: 
Non-self-standing Architecture with Cantilevered Structure

Figure 18　A Structural Unit, Its Standards and Connecting Rules
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equal to or less than the allowable length of the 
beam to form a column row. To prevent buckling, 
at the lower end of the column, the beam extends 
in a direction perpendicular to the column so that 
it connects to the existing structure and adjacent 
new columns, and the beam is supported by a new 
column.  
  In other words, as a structural unit (Fig. 18) in 
which three basic units that serve as columns 
and beams were assembled into a shape that 
combines pseudo-orthogonal triaxes consisting of 
two cantilevered beams and one pillar supporting 
them. The procedure of connecting them by 
adding a new structural unit to the lower and 
deep directions was repeated based on a new 
beam that carries the RC floor, which is the 
active surface of the local learning center. The 
process was completed when it was repeated 
until it was grounded downward, and in the 
depth, direction it was repeated from one end 
of the site to the other. The basic structural 

unit requested the next structural unit based on 
the standard, and the procedure in which the 
structural units were connected according to the 
connecting rules between the two, in other words 
the algorithm, was repeated, and the structural 
unit was self-organized to fill the void with the 
height of the new beam at the starting point and 
the size of the site frontage and depth, and the 
outline of the structure emerged (Fig. 17). By 
acquiring a structural unit, the new structure 
became a self-organizing structural system that, 
when an expandable gap was created it expands 
horizontally and vertically while repeating the 
procedure of increasing the number of structural 
units and connecting them one after another 
and connecting with the existing structures. A 
structural system, which expresses the total 
system of the algorithm clearer than the single 
beam that was originally planned to be created, 
based on the dynamic changes in the preconditions 
at the site and the examination by the parties 

Figure 20　 The New Structure Stands with Support from the Existing 
Structure: The Nucleus of the Physical Common Support

Figure 19　Self-build Construction of Structural Units, September 2017
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concerned with the idea of responding to the new 
situation, appeared there. 
  The newly constructed structure is a minimum 
structure in which three basic structural units 
are connected in the depth direction and two 
basic structural units are connected in the 
height direction  (Fig. 19, 20). It cannot stand 
on its own and can only exist if the end of the 
beam on the non-column side is connected and 
supported by another structure. At first glance, 
the new structure appears to be a general rigid 
frame structure composed of orthogonal triaxial 
members. However, the structure is accumulation 
of structural units produced in the form. The form 
is generated by the surrounding conditions, that 

is the physical form of the area as defined by the 
physical form of the existing structure's column 
spacing, beam height, spacing and orientation 
between the structures, and etc., which are formed 
in the course of daily lives of the dwellers. It takes 
the form of a pseudo-grid and expands, since the 
form is also influenced by present legal system and 
production system, that is the near-rectangular 
site shape, the near-planar walls possessed by the 
preceding structures, the planes and right angles 
of the plywood and square timbers that serve as 
the formwork, and etc.
  This new structure is a physical  common 
support while the neighboring network consists of 
mutual trust and supportive relationships is a non-

Figure 21　 Extension of the Neighborhood Made by Recursion of Structural Units and Joining Them to a New 
Structure: A New Structure as the Physical Common Support that Expands
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physical common  support, and the neighbors can 
add new partial structures to create the active 
surface they need. The structure was actually 
added and expanded in this way (Fig. 21). In this 
way, an architecture that does not stand on its 
own and does not have the whole picture and the 
completed form was born. Created from fieldwork 
that captures the world as a network, this type of 
architecture could not have been realized by the 
common sense of modern architecture. Although 
simple, it is an unprecedented type of architecture 
that is generated through a network and embodies 
a network.
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