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Abstract: Problem statement: This study was to analyze the concept of spatiattion in courtyard
house layout and its influence to the cultural audtial activities. Themes such as integration,
segregation, accessibility and zoning of the bogddspace layout are required to be deliberated, in
order to achieve further understanding about thedish social and cultural benchmarks (norms) that
might have affected by the spatial configurationhaf house layout#&pproach: The study was based
on the analysis from selected samples of courthangse layouts in Erbil city, through adopting the
theory of space syntax and its techniques (gamralysia method). The purpose was to interpret and
identify the mutual relationship between space sodal life through both scales of spatial-funcéibn
analysis. Functionally, illustration and classifioa of the key zones and sectors of the house;
spatially, measuring the main syntactic charadiesi®f spatial systems (house layouts)and trainglat

it to numerical data in order to identify their exff that forming spatial patternResults. The
functional approach for the design of residentisglces had a clear impact on the method of formation
and organization of residential spaces (functiosedtors) through the indicators of physical and
intellectual change that affected the nature oh@eous social interaction in the traditional Ksind
courtyard houses in the city of Erbonclusion: Social variables and factors stemming from the
customs and traditions of the community have actlim|pact on the residential function through the
way of forming and configuration of its interiorages, which had supported by discovering Genotypic
spatial-functional patterns of house layouts (stsayple).
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INTRODUCTION but it may be inherent in the spatial systemsfit§é¢ie
results of this methodology give the function and
Concepts of spatial configuration had beenactivity a spatial dimension by numerical values of
reflected in architectural theory and applications,specific social interpretations (Steadman, 1983;
because it provides a number of evidence abouiaspat Hanson, 2003). The architectural literatures had
patterns for different societies. In this conteitillier adopted the issue of the functional approachesugjtro
and Hanson (1989) and Hillier (1999; 2008) has teain different views of knowledge about the recruitmenht
to the emergence of clear evidence emphasizing thgpaces to understand how people use their residlenti
weakness of traditional previous interpretationatth environments through the classification of the ydalil
based on probabilities, considering the architettur activities of residents within certain areas andezo
forms and spaces as an accidental product of atgeit (spatial sectors) reflecting the functional appheescfor
causes, such as climatic, topographic and ecolbgicalifferent architectural trends.
factors; without taking into account the socialtéac
Hillier (1999; 2008) in his studies has adopted theThe case and the sample: When intending to study the
theory of space syntax that had been developedrby h analysis of interior domestic spaces in the traddl
in Bartlett School of Architecture in University (lmge  houses, the initial question was what sample ofs&su
London (UCL). The methodology of space syntaxmight be appropriate as data. Kurdish courtyards@su
based on the actuality through the concept of abati in the old part of Erbil city (Erbil citadel) haveeen
configuration as a relationship between the archital chosen as a case for analysis, in order to achieve
interior spaces, with an emphasis on theresearch objectives. The principal strategy for the
interrelationship between socio-spatial systemssé¢h sampling has been to select non-random sampled abou
social relations are not only involved in this matetion,  10% of the total traditional courtyard houses, agditg
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to the purposive sampling method due to considerati configuration is a fundamental relation of form and
regarding the methodology of study (Sekaran, 2002)space, which is appropriated in the processes,ghw
Thus, it has been selected a sample consist of (3®uildings are transformed from bodily objects t@iab
courtyard house layout during the period 1900-1930and cultural objects (Hillier, 1999). The physical
These house layouts had been documented and drawfements in the buildings are clustered to create a
by the researcher throughout a survey to the dlidofi  particular form; accordingly, the purpose of builgliis
Erbil. to order the space and the physical component is a
means of access to that goal. While the spaceewreat
MATERIALSAND METHODS the special relationship between the function aoulas
meaning in the building, so the spatial configumatof
The methodology of space syntax theory and itduilding is an organization for the relationships
techniques through a licensed software programméetween individuals. Thus, the space can take its
(syntax exe.) from University College London (UCL) distinctive shape by doing two senses:
will be applied for measuring the characteristids o
different spatial configuration of courtyard hous€éee « Organizing of individuals (people) in the space
reasons for adopting this methodology in dealinthwi through the organization of their relations with
these characteristics can be identified as follows: each other, depending on the degree of separation
or aggregation
* Analyzing the spatial relations in terms of theibas « Self organization of space through buildings,
properties such as (Symmetry-Asymmetry, boundaries, paths, zones and so on; thus, the
Distributedness-Nondistributedness) in physical environment of the society takes a
interpretation the characteristics of differenttida particular style. In both senses, society acquires
configuration and thus facilitates the process of  definite and recognizable spatial order (Hilliedan
analyzing and comparison between these various Hanson, 1989) Spatial configuration is a
spatial systems compilation of spaces as tangible and defined
 Combines the physical and social indicators to  construction in a particular form, which leads to
explain the spatial systems of the buildings (house generate certain relations between inside andensid

layouts) and between inside and outside (Nesbitt, 1996).
» The ability to evaluate and modeling of different These relations are numerous and varied, either to
formal and spatial characteristics be a functional relationship (visual-kinetic), whic

can be achieved through the element of physical
Space syntax is an approach developed for contact (doors), or visual relationships, which can
analyzing spatial configuration. It aims to deserib be identified through visual linkage (Mustafa,
spatial models and represent these models in a 2010)
numerical and graphical form; i.e., to interpred¢rthon
a scientific basis (Hanson, 2003; Dursun and Saglam Classification of spatial-functional sectors (zones) of
2003). The relation between the obtained datdhe house: For the classification of spatial-functional
(numerical results) in the measuring of syntacticsectors of the house, it is necessary to referegwipus
characteristics of spatial configuration of diffetre studies, which conducted on this aspect speciicall
house layouts will be evaluated in order to idgntife ~ such as the study of Gottlieb (1968), which clasdif
effect of these characteristics concerning the iapat the spatial sectors into three functional zonesngj,
configuration of layouts on its genotypic patterns. sleeping and service; while, Great Britain Ministfy
Housing and Local Government (1969) has divided the
Spatial configuration in architecture: Space is a spaces into five functional areas such as: Livitiging,
reflection of apparent objective, the elaboratioh o sleeping, kitchen and utility; as for Pollowy (19Has
social and mental processes, whether of individuwal classified the main sectors within three functiomadas
society. Societies differ not only in the type dfygical are: Family, private and service spaces; the swfdy
forms, but also in the privacy degree of spatialSpence (1985) classified the spaces and activities
configuration as a prominent cultural dimensionyite four functional zones are: quiet, noisy, dining émunal
Strauss, 1967; Karlen, 2009). Ordering of spacthés spaces for reception and living; as for Talcetttal.
purpose of building, not the physical object itséff  (1986) have classified the spatial sectors intaeehr
this sense, buildings are not just objects, bufunctional areas: Living, sleeping and service sgac
transformations of space through objects. ThereforeHowever, most of these studies have directly adeabs
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the functional activities in terms of occupancy yonl

through virtual models of the daily experiences of

residents, without any clear standards can be adopt

for testing and measuring. Hence, there is a need t
adoption empirical studies, which depend in theirSpatial scale: Based on the methodology of the theory
methodology on applicable and tangible methods sucbf space syntax, the measuring of the spatial syste
as applications and techniques of space syntaxytheo depends on the following indicators:

such as the studies of Amorim (1997; 2001) which

classified the spatial sectors into four functiosedtors:
Social, private, service and the mediator (traoisil)

sectors. Amorim (1997; 2001) has addressed the
functional zones and occupancy together, through th

actual patterns of the experience of daily living,

depending on clear standards gives comprehensie an
accurate results can be applied to test our local

community. From this standpoint, the objective luft
study is to test the Kurdish traditional courtydmalise
layouts in the old city of Erbil, in order to addsethe

changes which may take place in the layout of moder

houses, through the detection of genotypic pattefns
their spatial-functional systems to indicate th&stxce
of the influence of socio-cultural changes.

Research analysiss The research uses two scales,

which are functional and spatial scale. Both scakes
be summarized as follows.

Functional scale: According to this measurement,
functional zones (sectors) can be classified imor f
key types as follows, (Fig. 1):

e Social sector (S): Including spaces of living, doi

Mediator or transitional sector (M): Connecting
this sector to the functional sectors with eacltenth
such as corridors and stairs

Integration Degree of space Real Relative
Asymmetry (RRA): This variant is associated with
property of (symmetry-asymmetry), which reflects
the (Relative Depth) of space in relation to thet re
of spaces in the system; it is a global measurement
(Hillier, 1993). An integration degree of space can
be calculated in accordance to the following steps.

Firstly: Calculating the Mean Depth of Space (MD) as
follows:

and reception, this group of spaces allows for
continuous interaction among the inhabitants and

visitors
(P): Including bedrooms and®

Private sector
studying spaces, which assure the necessary

seclusion of the family and its members

Service sector (Se): Including the activities edat
to the reproduction and maintenance of a dwelling’s
life such as Kkitchen,
accommodation

storage and servants’

Create a Justified-Graph by putting the intended
space to measure its relative depth at the base of
the layout as a key space (root space); the other
spaces are then aligned above it in levels acogrdin
to how many spaces one must overtake through in
order to arrive at each space from the root space.
Each space in the system representing by a small
circle, while the permeability between spaces are
represented by linked lines, (Fig. 2a-c)

The depth of each space is calculated in the graph
from the root space, where the depth of each space
represented by the number of spaces that should
pass through to transition from the root space to
any space in the system

The depth (1) means that the space is linked
directly to the root space, while the depth (2)
means that there is one mediator space between
that space and the root space and the depth (3)
means the existence of two mediator spaces and so
on, according to a formula (1):

Service M.D = ZD (1)
K-1
Where
M.D = Mean Depth of space from the root space
> D = Total magnitudes of the depth for all spages i
the building from the root space
K = Total number of spaces in the graph

Private

Secondly: Calculating integration value of space

Relative Asymmetry (RA): This value expresses the
Fig. 1: Classification of the key functional sectors relative depth of that space from all others in gheph

(zones) of the house (Amorim, 1997)
562
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A 2(MD-1)
K-2

R. 2

Where:

R.A = Relative Asymmetry, integration value of spac
M.D = Mean Depth of space

K = Total number of spaces in the graph

Roof

Justified graph
(©

Fig. 2: A justified graph (c) to represent housgolat
(a, b)
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The integration value of space Relative Asymmetry
(RA) thus expresses numerically a key aspect of the
shape of a justified graph from that space. Intégra
values (RA) vary between (0) for maximum integnatio
that is no depth (high-functional efficiency) arij for
maximum segregation, that is a maximum depth (low-
functional efficiency) (Hillieret al., 1987a; Onder, 2002;
Zako, 2005). The measurements of integration apthde
using the exterior space (of the house) as a paatesin
relation to the rest spaces in the spatial sysfEhe
Depth is a local scale, refers to the number ofialis
kinetic steps, which separate a determined spaoetfie
front door (entrance). This idea refers to the amdntal
experience of buildings through the succession
(sequence) of the functional sectors (zones) witha
house, which could help to understand the imprassio
people to the concept of front and back. As welthas
relationship between open spaces for visitors andet
spaces that are specified to the inhabitants (Ntonte
1997; Toker and Toker, 2003).

Thirdly: Calculating the Real Relative Asymmetry
(RRA): The value of RA, resulting from the Eqg. 2 must
be adjusted for numerical comparison between theesp
of different spatial systems (house layouts); wagrhe
value of R.A. for each space in the system is aeljus
with its value in the depth graph in a Diamond-tbp
pattern, or a Pyramid-shaped pattern (Fig. 3).

The depth of diamond shaped representing an
intermediate situation between the maximum mean
depth of space, when the spaces are organizedein th
linear sequence in relation to the root space (as
mentioned above) and the least mean of the depgim wh
all spaces are linked directly with the root spgddier
and Hanson, 1989). Thus, the Real Relative Asymmetr
(RRA) can be calculated by the following formula:

R.R.A=M

K

®3)

Where:
R.R.A = Real Relative Asymmetry of space
R.A = Relative Asymmetry of space

Fig. 3: Diamond-shaped graph used to calculate the
integration of spaces (Hillier and Hanson,
19809; Hillieret al., 1987b)
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DK = Relative Asymmetry of space from a Diamond- Accordingly, these spaces form sub-complexes
shaped graph types. A sub-complex is a system formed by a sjpdice
RRA = A more sensitive measure of building layouts a particular type and the adjacent and non-adjacent
, cells, which qualify the particular space. In Fhy.
R.R.A value varies around thg number (1); vaIue%paces 7 and 6 form a (a-type sub-complex); spaces
of less than (1) refers to the most integratedespand 7 gnq 1, a (b-type sub-complex): spaces 2, 3 aaddl

less segregation in the system, while the valuas th spaces 4, 5 and 1, a (c-type sub-complexes); finall
more than (1) refers to the most segregated SPacgpaces 1 to 5, a (d-type sub-complex).

(Hillier and Hanson, 1989; Shoul993; Sungur and

Distribution of sub-complex patterns of spaces tha

Cagdas, 2003). The relations between functional mentioned earlier can be used in the distributibthe

activities express themselves in space throughiapat \,gious key sectors of the house according to Amori
relationships between spaces of the house, aceptdin (1997: 2001) studies as follows:

an assumption that the properties of integratiod an
segregation are the indicators of the efficiencgdce

and an indication of the type of functional use the’
spaces, which occupied by residents. The social
interpretation of (RRA) refers to the importance of*®
space with regard to the user (Hilliet al., 1987a;

Onder, 2002; Zako, 2005). ¢

Type of space: Measuring the type of space depends on
the classification of spaces into four types basedhe
typological characteristics of these spaces (thg ofa
linking the spaces with each other through openings
such as doors and entrances), which meet the funadti
requirements of occupancy and movement (Hillier,
1999). Accordingly, the classification of spaces, a
follows: .

» (a-type-space): Single linked space called a dead-
end cell, like space 7 (Fig. 4a-c). Its relative
position does not allow through movement and for
that reason privileges as a functional occupation

Social sector: Including spaces of living, dining

and reception

Service sector: It includes spaces of a kitchen,
storage, laundry, sanitary spaces (baths andgpile

Both social and service sectors are located within
the (c-type sub-complex) and (d-type sub-
complex). They have the role of integration the
spatial system, which means minimizing the depth
of spaces

Private sector: including bedrooms and studying
spaces, located within the (a-type sub-complex).
Increasing the depth of spaces (minimizing the
integration of the system)

Mediator or transitional sector: including spaces
between various sectors, located within the (c-type
sub-complex), connecting sectors with each other

The mediator space is the only element to appear i

rather than movement, such as bedrooms and studfree different topological situations as follows.

spaces

e (b-type-space): Has two links,

intermediatesFirstly: As (c-type sub-complex), maximizing the depth

accessibility between two spaces, adding depth tof the spatial system of the house.

the system, as space 6 (Fig. 4b and c)

*  (c-type-space): Has more than one link and lie intosecondly: As (b-type sub-complex), it connects the
rings where the number of spaces is the same g§3in sectors to the private one.

the number of connections, they lie into rings, as
spaces 2, 3, 4 and 5 (Fig. 4b and c)

* (d-type-space) has more than two links and lies
into more than one ring, as space 1. It allows
choice for movement and increases accessibility to
the graph (Fig. 4b and c)

J

I

)

-

I -
(D)
OPNY

\i/
v QO DO © QOO
xi \/\/\ }\/\L /%
> 9

(a)

Fig. 4a-c: Classification of spatial patterns (igp#or a
virtual house layout (Hillier, 1999; Amorim,
1997; 2001)
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Fig. 5: Sub-complexes classification of spatialtgrais

of the house (Hillier, 1999; Amorim, 1997,
2001)
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Thirdly: As (d-type sub-complex), when connecting e
spaces in the same sector such as social andioceser
sectors. Furthermore, it becomes as a buffer zone,
increasing the depth of the spatial system andtsol
the service sector; when located between the main
sector (entrance social sector)and service sethd,
may transform it from a service sector within aype
sub-complex), to a service sector within a (a-tgpbk-
complex) (Amorim, 1997; 2001). Global charactecssti
of spatial systems depend on the local configunatib
cells or types of the existing spaces in the sysiem
other words, depth minimizing processes will tend
locally to (a-type complexes) and globally to (gey
complexes), while depth maximizing processes will
tend globally to b-type complexes and locally toam
residual (c-type complexes). Essentially, a-angpet .
spaces create integration, while (b-and c-typekepa
create segregation. In more general terms, segoagat
in the building can be achieved by the sequencing o
spaces in any spatial system (Hillier, 1999)..
Consequently, we can conclude that through the
application of the indicator analysis (space typased

on the social interpretation, can obtain a cleatupe of
how the distribution of functional activities inrtes of
occupancy and movement in the building, because the
movement in the spatial complex will be from alrtga

of the system to all other parts.

RESULTS

The indicator of space type: The results reveal the
presence of spaces in both of social and servic®rse
always within one ring or more. The spaces of tivin
and kitchen can be categorized into two types ateg:
C-type and d-type. With regard to the space in tige

The service sector can be categorized into two
types: A service sector (kitchen), it seems as a
shallow sector in 100% of the samples; the service
sector (bathrooms and toilets) seems in semi-
shallow depth about 36.8 and 36.1% for the deep
cases of samples

The samples show coherent spatial patterns, while
the kinetic paths permeate the service sector
(kitchen) and the social sector (living). Thus be
distributed and controlled by mediator spaces
(Table 2)

Theindicator of integration: This indicator has shown
the following results:

The functional sector is the most integrated sector
in the spatial structure of the house (100%),
according to the integration values which ranging
between (0.25-0.75)

The service sector is a segregated and semi-
segregated functional sector, about 88.8% of the
samples and the integration values ranging between
(0.75-1.76); except the samples of the type (Il)
number (4), where the service sector has emerged
as an integrated functional sector according to the
integration values, which ranging between (0.25-
0.47)

The private sector is the most segregated fundtiona
sectors in the spatial structure, about 88.8% with
integration values ranging between (1.127-1.76);
except the samples of the type (5) number (4),
where the private sector has emerged as semi
integrated about 11.11%, with integration values
ranging between (0.36-0.47) (Table 3)

constitutes 13.8% of the samples, while the space itaple 1: The indicator of space-type for the fumdl sectors of

type (d) constitutes 86.11% of the samples. Asttier

house layout

bathroom space, it has appeared in all samplegpef t
(a). This can be explained socially, living andchin
spaces representing surfaces for contact between

residents and visitors, allow a penetration movemenpatterns M1 M2 M3 S1

Functional sectors

through it to ensure its functional integrationpaslic 7
activities such as sitting, chatting and watching2
television. The private sector appears in type (af
forming 100% of the samples. The private sector,
represents segregated spaces does not allow pgenretra g
movement, to provide more privacy and a high degree

3 Private 4 Service 5 Social 6 Mediators
S2 Sel Se2 Se3 P1 P2

d d d c a a

d d d c a a a

d d d c a a a a

d d d d c a a a a

d d d c c a a a a

d d d d d a a a a

d d d c c a a a a

of control because of the nature of these spacéshwh

allocated to specific activities such as sleepimlgi a Table 2: The spatial depth of the functional sexcfor study samples

studying (Table 1) Type M1 M2 M3 S1 S2 Sel Se2 Se3 PL P2
1 1 3 2 2 4 4
P . 2 1 3 2 2 3 4 4
Theindicator of depth: 3 1 3 5 5 3 4 s 4
e The social sector represents one of the mos@ 1 g i g g 2 g i g
functional shallowness sectors, about (100%) of the 1 3 4 2 2 4 5 4 5
samples 7 1 3 4 2 4 2 4 5 4 5
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Table 3: Integration (RRA) values of the functiosattors for study samples

Type Space Number RRA Type Space Number RRA
1 S 4 0.588 5 m2 5 0.454
m2 5 0.784 s 4 0.817
m1l 2 0.980 sel 3 0.817
sel 3 1.176 m3 7 0.817
p 6 1.175 pl 6 1.180
se2 7 1.175 ml 2 1.180
c 1 1.961 ml 8 1.180
2 s 4 0.436 p2 9 1.543
m2 5 0.726 se3 10 1.543
ml 2 0.871 [ 1 1.906
sel 3 1.016
se2 6 1.307 6 m2 5 0.545
se3 7 1.597 S 4 0.726
p 8 1.597 sel 3 0.726
c 1 1.961 m3 7 0.817
3 S 4 0.338 pl 6 1.180
m2 6 0.676 ml 2 1.180
m1l 2 0.789 se2 8 1.180
sel 3 0.901 p2 9 1.543
pl 5 1.127 se3 10 1.543
se2 7 1.127 c 1 1.906
se3 8 1.465
p2 9 1.465 7
c 1 1.577 m2 5 0.377
4 m2 6 0.545 sl 4 0.753
S 4 0.726 sel 3 0.753
sel 3 0.908 m3 7 0.753
m3 8 0.908 pl 6 1.055
ml 2 1.089 s2 8 1.055
se2 7 1.271 se2 9 1.055
pl 5 1.452 ml 2 1.130
p2 9 1.634 p2 10 1.431
se3 10 1.634 se3 11 1.431
c 1 1.816 c 1 1.808
Table 4: Genotypic spatial-functional patterns ofi$e layouts CONCLUSION

No. of Inherent genotypic  Pattern (according
Percentage samples pattern to J. graph)
66.66 24 s<se<p 2
22.22 8 S = se<p 56,7
11.11 4 s<se=p 1,3, 4

The Results has revealed three genetic functional
patterns of spatial structure for the study sar(ipéble 4
and 5). Accordingly, these genotypic patterns Hasen
organized in descending order as shown in (Table 4)

DISCUSSION

Social variables and factors stemming from the
customs and traditions of the community have actlire
impact on the residential function, as they areabsm
(as the intellectual side of the building) to idhce the
formation of residential spaces (as the materi sif
the building). It is a reciprocal process, not omly
tendency of architects themselves (functional
approaches), but it has a genotypic informationctvhi
reflects faithfully the local architectural featarwithin
the time period covered by the search.

566

The most important conclusions reached by this

study can be summarized as follows:

The social sector is the most functional integrated
sector, more important and less shallow in relation
to residents and visitors; this gives an explamatio
for the role of this sector in providing surfaces f
connection between residents and visitors through
public social activities such as watching televisio
chatting and receiving visitors

The private sector is the most segregated sector,
less important and the most deepness regarding the
residents only; it provides connection between
them through special activities such as sleeping,
relaxation and study

The service sector is a variable sector in itsigpat
relations with both of previous sectors (social and
private sectors); where varies between a segregated
sector provides personal activities such as bathing
and washing and semi integrated sector providing
the activities of storage, food preparation (cogkin
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