
sustainability

Article

A Cultural Heritage Framework for Preserving Qatari
Vernacular Domestic Architecture

Asmaa AL-Mohannadi, Raffaello Furlan * and Mark David Major

College of Engineering, Qatar University, Doha 2713, Qatar; a.al-mohannadi@qu.edu.qa (A.A.-M.);
m.major@qu.edu.qa (M.D.M.)
* Correspondence: raffur@gmail.com

Received: 30 June 2020; Accepted: 31 July 2020; Published: 6 September 2020
����������
�������

Abstract: Architecture and urbanism in the Arabian Gulf region, and specifically in the State of Qatar,
offer many scenes to observe the loss of urban identity and cultural heritage in the various components
of the built environment, including residential architecture. Many people attribute this to rapid
development in globalization and the adoption of Western standardization in planning and design
practice. Conversely, in the field of architectural sociology, scholars argue that socio-cultural factors
such as privacy, gender segregation, and hospitality are the important variables for determining the
spatial form of Islamic residential architecture. This research study aims to investigate the degree to
which the shaping of the spatial form in a sample of Qatari vernacular courtyard houses embeds
socio-cultural factors based on morphological analysis of human behavior and activities in domestic
space. The study utilizes space syntax analysis to explore the spatial connectivity of four Qatari
vernacular courtyard houses related to domestic functions as a realization of inhabitants’ system
of activities and a manifestation of culture as a way of life. The study’s findings shed light on the
spatial formation of Qatari vernacular courtyard houses as a realization of socio-cultural imperatives,
thus reflecting the essence of societal formation in the domestic architecture of old Qatari settlements.
The insights from this research study can help to contribute to a cultural heritage-framework for the
preservation of distinctive Qatari Vernacular Residential Architecture based on the analytical criteria
of housing spatial form, socio-cultural factors, and the interrelation between both.

Keywords: architectural identity; courtyard; cultural heritage; domestic space; house form;
space syntax

1. Introduction

In a globalized world, architectural identity becomes a fundamental question about a society’s
culture as a way of life as realized in its built environments. The issue revolves around the ability of
architecture to convey meaning and serve as a valuable reference to any defined community undergoing
urban and socio-cultural transformations. The built environment of the Middle East North Africa
(MENA) region and the Arabian Gulf cities are evolving, and so does the socio-cultural values of
people who live there. There is an acute awareness about the loss of cultural identity in the built
environment, which many people consider a rising urban threat affecting the regional architecture.
Many scholars advocate for a cultural heritage approach to the preservation of the distinctive Qatari
Vernacular Residential Architecture as a means of mirroring a resilient connection between populations
and culture as a way of life [1–3].

There appears to be a direct correlation between built form and the socio-cultural context in
domestic Islamic architecture. Traditional domestic architectural typologies such a courtyard houses
in the MENA region and Arabian Gulf demonstrate a clear relationship between socio-cultural
variables such as privacy, gender segregation, and hospitality [4–8]. It is well-established that
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the influence of socio-cultural factors on domestic form and space can serve as a substantive
manifestation of architecture’s ability to provide a societal identity across different regions and
eras [9–11]. In this sense, residential architecture is a valuable cultural heritage resource worthy of
preservation for future generations.

This paper addresses a gap in our knowledge about the manifestation socio-cultural variables in
the spatial form of Qatari vernacular courtyard-houses and the need to define better a cultural heritage
framework for the preservation of the distinctive Qatari vernacular residential architecture. The paper
deploys space syntax analysis of visual connectivity as realized in the domestic space of four Qatari
vernacular courtyard-houses, and the inter-relationship to inhabitants’ activities as a manifestation
of culture as a way of life in these houses, to address this gap in our knowledge. We support this
analysis by reviewing photographic documentation, technical reports, and the compiling of other
architectural material and cultural resources available in the historical record. The insights of the study
can help to define a cultural heritage framework for the preservation of distinctive Qatari vernacular
residential architecture based on objective criteria about house form and space, the socio-cultural
variables embedded within the physical object such as privacy, gender roles, and hospitality, and the
system of domestic activities in vernacular space. Such a framework can help to advocate for the
preservation of architectural identity in the residential built environments of the State of Qatar and the
broader MENA/Arabian Gulf region.

2. Literature Review

2.1. A Cultural Heritage Approach to Preserve Urban-Architectural Identity

Architecture and urbanism in many Islamic-MENA countries are useful scenes to observe the
loss of urban identity and cultural heritage both as a consequence of instability and massive-scale
destruction [12,13], or as a drawback of globalization and rapid urbanization. The first case is relatable
to urbanism in countries like Syria, Iraq, and Palestine, and the latter is the case of oil-producing
Gulf countries such as the UAE, Kuwait, and the State of Qatar as the focused scope of analysis in
this research paper. Thus, the loss of identity in the built environment is rising an urban challenge
to the sustainable development process that advocates for social and cultural sustainability besides
its economic motives. In the broader regional context, the loss of urban and architectural identity is
discernible in the various components of the built environment, including residential architecture and
places of dwelling.

For us to understand this loss of architectural identity, it is necessary to trace the history of
urbanism in the region. Socio-cultural and tribal traits governed the architecture of the primitive
societies in many Gulf cities, clearly following Islamic principles in building for establishing the
public and private realms. The result was compacted neighborhoods that resembled communal and
social values, notwithstanding the limits of finances, building material, and construction techniques
and know-how [14–16].

Meanwhile, Western planners aided by state ambitions introduced a form of urbanism to the
region geared towards fast urban development since the discovery of oil and the wealth generated
in the mid-1900s (Figure 1). Adham [17] explains that Doha’s most noticeable urban transformation
took place in the 1950s–1990s, in which modernization and foreign consultation overtook the planning
practice. Therefore, the alienation of the traditionally harmonized urban settlements resulted in the
inadequate integration of the urban fabric both physically and socio-culturally. Worse was the decision
to demolish valuable vernacular structures or early-modern buildings during this transitional period of
urbanism, leading to a significant loss of vernacular architectural heritage. Such demolition decisions
were either part of land acquisition to establish infrastructural projects or due to the expansion of
developments in traditional neighborhoods [18,19].



Sustainability 2020, 12, 7295 3 of 26

Sustainability 2020, 12, x FOR PEER REVIEW 3 of 26 

 
Figure 1. Evolution of Doha as a Gulf City [14] summarized by the Authors. 
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In this prospect, the International Council on Monuments and Cities (ICOMOS) explains cultural 
heritage as the “expression of the ways of living developed by a community and passed on from 
generation to generation” [20]. Much of the global debate on cultural heritage targets the conservation 
and sustainable management of heritage sites, where world-class organizations and NGOs play an 
advocacy role in the process [21,22]. 

Projecting the broad concept of cultural heritage into the MENA region triggers a highly 
intensified debate into the vital cultural assets of the Arab heritage and the rapidly evolving socio-
economic dynamics of the region [23]. The conservation of cultural heritage extends beyond the 
physical features to include the socio-cultural characteristics of the Arab society that are still part of 
everyday life. According to Hassan, Trafford, and Youssef [24], conservation of cultural heritage must 
consider the socio-cultural dynamics and the economic wellbeing of the communities, including the 
daily life rituals and activities specific to the socio-cultural setting. Such intangible cultural heritage 
assets include festivals, songs, literature, and the ‘flesh and blood’ of urban heritage [24]. 

Referring to the State of Qatar, its National Development Framework 2032 describes the 
principles for sustainable living in the 21st century. The emphasis of the spatial framework is to 
achieve compactness of city growth through traditional neighborhood development, livability, and 
cultural heritage. The development framework is strategized in qualitative and quantitative 
improvements of the city districts through utilizing energy efficiency and the most recent best 
practices in urban design and architecture, meanwhile conserving Qatar’s historical and cultural 
heritage [25]. This paper, therefore, attempts to define a cultural heritage approach for the 
preservation of the distinctive Qatari vernacular residential architecture in light of QNDF 2032 and 
Qatar National Vision 2030.  

2.2. A Cultural Heritage Approach for Domestic Architecture 

Regarding residential architecture, the upgrade from socially coherent courtyard houses in 
compacted walkable neighborhoods to modern multi-story villas in sprawling cities marks an 
interesting urban phenomenon not only in Qatar but also in many other Arabian and Islamic 
countries. In the past, the courtyard house was a widely spreading domestic typology across different 
climates and cultures in the world. Its form supports family and community life and proves its 
usefulness and popularity as a socially sustainable facet of architecture in traditional and historical 

Figure 1. Evolution of Doha as a Gulf City [14] summarized by the Authors.

Historic preservation efforts highly value the enhancement of the traditional urban fabric to
avoid the long-term loss of significant vernacular architectural heritage. The built environment of
historic urban landscapes is necessary to sustain the socio-cultural heritage of a community or society.
In this prospect, the International Council on Monuments and Cities (ICOMOS) explains cultural
heritage as the “expression of the ways of living developed by a community and passed on from
generation to generation” [20]. Much of the global debate on cultural heritage targets the conservation
and sustainable management of heritage sites, where world-class organizations and NGOs play an
advocacy role in the process [21,22].

Projecting the broad concept of cultural heritage into the MENA region triggers a highly intensified
debate into the vital cultural assets of the Arab heritage and the rapidly evolving socio-economic
dynamics of the region [23]. The conservation of cultural heritage extends beyond the physical features
to include the socio-cultural characteristics of the Arab society that are still part of everyday life.
According to Hassan, Trafford, and Youssef [24], conservation of cultural heritage must consider the
socio-cultural dynamics and the economic wellbeing of the communities, including the daily life rituals
and activities specific to the socio-cultural setting. Such intangible cultural heritage assets include
festivals, songs, literature, and the ‘flesh and blood’ of urban heritage [24].

Referring to the State of Qatar, its National Development Framework 2032 describes the principles
for sustainable living in the 21st century. The emphasis of the spatial framework is to achieve
compactness of city growth through traditional neighborhood development, livability, and cultural
heritage. The development framework is strategized in qualitative and quantitative improvements
of the city districts through utilizing energy efficiency and the most recent best practices in urban
design and architecture, meanwhile conserving Qatar’s historical and cultural heritage [25]. This paper,
therefore, attempts to define a cultural heritage approach for the preservation of the distinctive Qatari
vernacular residential architecture in light of QNDF 2032 and Qatar National Vision 2030.

2.2. A Cultural Heritage Approach for Domestic Architecture

Regarding residential architecture, the upgrade from socially coherent courtyard houses in
compacted walkable neighborhoods to modern multi-story villas in sprawling cities marks an interesting
urban phenomenon not only in Qatar but also in many other Arabian and Islamic countries. In the past,
the courtyard house was a widely spreading domestic typology across different climates and cultures
in the world. Its form supports family and community life and proves its usefulness and popularity as
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a socially sustainable facet of architecture in traditional and historical settlements, especially in the
MENA region [4,5,7,16]. Moreover, traditional houses are governed by Islamic and societal principles
that attribute to their form and function in response to environment-behavior interactions, leading to
homogeneity and harmony in the overall urban fabric (Figure 2).
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Cultural heritage directly relates to residential architecture as it majorly influences the architectural
form of the house and the activities within the household. In this section, we briefly review studies
in Indonesia as a south Asian Muslim-majority country. Studies highlight that the traditional
Acehnese house might extinct due to modernization and migration of native populations from rural
areas to cities. In light of architectural resilience and adaptation, the traditional Acehnese house
is effectively mitigating climatic disasters, adding further necessity to preservation of its valuable
cultural heritage [26]. The reviewed studies are relatable to the courtyard house scheme that represents
the architectural built heritage of Qatar and its endurance and effectiveness as a passive low-energy
structure, considering the climatic conditions in the country. The challenge is related to the inability to
reproduce the Qatari courtyard house scheme into modern residential architecture due to planning
regulations and other design-driven imperatives.

Consequently, it is necessary to investigate further the loss of architectural identity and advocate
for the preservation of cultural heritage, bearing in mind the increasing drawbacks of globalization and
standardization of the housing construction industry in the current era. The contemporary construction
of housing tends to reflect the requirements of a global market instead of local architectural identity
and cultural heritage. The challenge today is to ensure a development process that harmonizes local
requirements with enforced global imperatives and to preserve the valuable cultural heritage of the
courtyard house.

2.3. The Courtyard House: Socio-Cultural Factors in Human Activities

The courtyard house typology is one of the oldest forms of dwelling in the Arab world. It dates
back to the Graeco-Roman period, and Arabs later adopted the building typology and their collective
knowledge about tensile construction. Initially, inland Arab settlements consisted of tents surrounding
a common central core or space as a means of achieving security and endurance from desert climatic
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conditions [27]. Thus, the open space in the courtyard house was the result of a series of historical urban
transformations responding to a set of everyday socio-cultural and environmental necessities [28–30].
The contrast of solid and void between the thick exteriors and the open interiors responds to the
socio-cultural parameters of vernacular Islamic architecture as an introverted typology. According to
Alkhalidi [31], the interior of the courtyard house is the focus of attention in Islamic architecture, as it
symbolically represents status and identity. Meanwhile, the exterior of the courtyard house represents
homogeneity, blending with the social context as a way to establish a collective identity [31].

The spatial form of the courtyard house presents privacy, gender segregation, and hospitality as
influential characteristics in determining its internal configuration [32,33]. Such patterns are integral in
the distinctive family lineages and the Arab cultural heritage of the Arab-Muslim society. Privacy is
a leading main social and cultural parameter that affects the spatial form of courtyard houses [34].
Privacy is layered hierarchically from privacy from the neighbors’ dwellings to privacy between
family members within the household [35]. Islamic culture appreciates the individual’s right to have a
privatized space and supports the maintenance of personal privacy at home, leading to layered levels
of privacy prioritizing the privacy of the individual, family, and female guests followed by male guests
and then outsiders (Figure 3).
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Figure 3. Privacy in traditional Muslim homes [35,36].

One outcome of privacy is gendered spatial segregation, which in itself is a highly influential
pattern in the spatial form of Muslim houses [37]. The level of gender segregation tends to vary
between cities in the MENA region, as it has been subject to different interpretations of religious norms,
economic conditions, specific socio-cultural circumstances, and identity guidelines. Such differences
enriched the urban history of Muslim cities, as seen through the variety of courtyard house models
and design forms of domestic spaces, subjecting architecture to local imperatives [38–40].

Consequently, hospitality was a fundamental trait of the Arab culture in pre-Islamic Arabia.
Islam further approved it as an ethical value and a unifying attribute in the Muslim community [27,41].
Embracing the socio-cultural characteristic of hospitality gives rise to the Majlis space in the early
primitive tents and the traditional courtyard houses. Majlis spaces appear in most contemporary houses
as well, indicating that hospitality is still an active practice of the culture. Meanwhile, Sharon Nagy [42]
explains that the essential cultural traits of earlier societies as hospitality and generosity are recently
“weakening with miscegenation and materialism” [42] (p. 131). This argument sheds light on the
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inadaptability of contemporary dwellings to cultural heritage, raising fundamental concerns on
socio-cultural sustainability of present-day residential architecture.

In terms of human activities, the courtyard house presents common socio-behavioral phenomena
with a response to its formative scheme and architectural configuration, such as privacy, personal space,
and territoriality [43]. Most domestic activities take place within the protected core of the courtyard,
which is surrounded by small rooms and enclosed spaces preserved for private family uses.
Bekleyen and Dalkil [44] clarify that the courtyard houses of the hot-arid regions establish strict
territoriality as a human-behavior phenomenon. It includes the privatization of space created for
introversion and separation of public and private functions [44] (p. 908).

Regarding vernacular courtyard houses in Qatar, Sayigh, and Marafia [45] conducted a study
in the late 1990s to quantify and analyze the vernacular architecture of Qatar. They referred to the
indigenous passive techniques used in courtyard houses to restore thermal comfort as a means to
climatically mitigate for heat during summer days [45] (p. 26). Such techniques relate to spatial form
and physical layout of the buildings. In the past, courtyard houses within compact neighborhoods
shared thick mud walls resulting in mutual shade and improved thermal comfort within the interior
space (Figure 4). The interior space, however, surrounded an open-air courtyard that resembled the
core of the housing unit, both physically and socially [46–48].

The intermediate spaces surrounding the courtyard are important in the analysis of vernacular
courtyard houses in Qatar. Among the most valuable architectural elements that presents in discussion
of the courtyard typology is the iwan. According to Petruccioli [4], iwan is a Persian term that
translates into liwan in Arabic, which best describes a space closed by walls on three sides and open
on the fourth side. It is usually vaulted and arched while it opens into a courtyard or hall from one
side. Thus, Qatari people refer to the iwan as “liwan” in the local dialect, proving that the iwan is a
widely spreading architectural form not only in Islamic architecture, but also in Parthian and Sassanid
architecture [49]. The origin of the iwan might raise a debate over its evolutionary process and whether
it originally evolved as a local product or was imported as a universal model [4,49].
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Figure 4. Old house in Al-Asmakh zone, rendered (a) and the recent situation (b) [50].

Based on the previous discussion of the three socio-cultural factors of privacy, gender segregation,
and hospitality in the Arab and Gulf regions, similar manifestations are observable in the social context
of Qatar. Qatar is a traditional Muslim country and is a gender-divided society. The spatial form of the
Qatari vernacular courtyard house interrelates to social patterns of privacy and gender segregation
in precise ways in terms of entries, courtyard ratio and form, location and arrangement of spaces
and rooms, proxemics and other spatial configurations [51]. In terms of hospitality, it is the spatial
existence of preserved areas for visitors and invitees within the household, which are common in the
Qatari courtyard house. Majlis units were not large in the past. Instead, they were small, secured,
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and humble spaces, modestly decorated to present generosity of the household owners and provide
visitors with adequate space within the existing formal and financial limits [27,34].

In terms of activities within the courtyard house, we refer to the archeological references that
studied physical evidence of the material culture of old Qatar. In her recent archeological study about
Islamic archaeology in Qatar, Hicks [52] presents activities within residential houses of Qatar based on
evidence dating back to the 18th century through to the early 20th century. The study sheds light on the
activities of women within domestic compounds at three key sites in Northern Qatar. Such activities
relate to evidence for ephemeral courtyard structures and midden material as spaces used by women
to cook, prepare food, socialize, and perform other domestic activities [52].

Socio-cultural background and environment-behavior activities relate significantly to the formation
and spatial arrangement of the typical traditional Qatari household of the courtyard typology,
where archeological remains signify the vital linkage between the spatial formation of traditional
settlements and socio-cultural aspects of the society. Archeological remains also provide a valuable
reference to the nature of activities performed in the courtyard house and the effect of the architectural
scheme on the behavioral aspect of dwellers and inhabitants. Besides preserving the vernacular
domestic architecture of Qatar through archeological and architectural conservation/preservation, it is
significant to protect the valuable cultural heritage and intangible resources of the old Qatari society,
specifically those related to the activities associated with the courtyard housing scheme.

2.4. Spatial Form and Culture as a Way of Life

The disciplinary context of this paper revolves around the spatial form of the house and culture,
which is intensively theorized by Amos Rapoport [9]. Rapoport establishes the correlation between
spatial form and the influence of culture and human activities on architecture. He further explains the
construction of a society based on a collective agreement that defines its tradition approved by time,
activity, and public consensus. He argues that when society abandons a traditional form, it will
eventually disappear due to the collective social power of acceptance and rejection. Rapoport [9,53]
defines the act of building a house as the creation of a social unit of space to prove that house form is a
consequence of socio-cultural and physical factors. He argues it is valid to state that the relationship
between house and culture is direct and holistic considering the dynamic socio-cultural background
and the immediate effect of socio-cultural patterns on house form and configuration. Rapoport and
Kent [54] also theorize the system of activities related to the spatial arrangement of the house as means
to express the lifestyle of occupants, therefore the aggregated culture [55]. The system of activities
branches into six sub-components concerning time, people, and setting. We can summarize the system
of activities and sub-components as reviewed in the literature (Figure 5).Sustainability 2020, 12, x FOR PEER REVIEW 8 of 26 
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Following the discussion of the spatial form and cultural lifestyle, it is necessary to refer to the
basic essence of the discipline considering the relationship between people and places. Among the
timeless contributions to the analysis of place as the setting of environment-behavior experience is the
book Place and Placelessness by Edward T. Relph [56]. Relph argues that place is a naïve and variable
expression of geographical experience. Major components utter the expression of place including (i) the
idea of location in site and situation, (ii) nature and culture, (iii) circulation and spatial interaction,
(iv) localization, (v) historical component, and (vi) meaning. Moreover, the nature of culture and
spatial interaction are amongst the determinants of a place, proving that a place is a source of collective
identity urging people and communities to develop place attachment. In Relph’s theory, the formation
of place consists of the physical setting, activities, and meanings. Human activities are essential in
giving a place its meaning within a specific environmental context from a human-environmental
point of view [56,57]. The purpose of restating such theories is to provide the proper disciplinary
framework to understand how socio-cultural factors manifest themselves in the spatial form of Qatari
vernacular courtyard houses. The aim is to define a cultural heritage approach for the preservation
of the distinctive Qatari vernacular residential architecture through analytical methodologies and
simulation, which we discuss in the following section.

3. Materials and Methods

3.1. Scope of the Investigation

The study aimed to investigate the extent to which the spatial form and distribution of Qatari
vernacular courtyard houses embedded three predefined socio-cultural factors. It does so by analyzing
the spatial form in a small sample of courtyard houses to identify with the three socio-cultural factors
in reference to human activities. Thus, the investigation aligns with the analysis of human behavior
or activities within traditional courtyard houses. Since human activities are expressions of culture as
a way of life, the spatial form of vernacular houses expresses culture simultaneously. The research
paper presents four selected vernacular courtyard houses and analyses them in terms of (i) spatial
arrangement, (ii) predefined socio-cultural factors, and (iii) human activities (system of activities).

3.2. Procedure Adopted to Answer the Research Question

3.2.1. Literature Review

The authors referred to vernacular house plans archived in books that are both primary and
secondary sources to cover the historical analysis [58–60]. The authors also approached governmental
authorities working in the architectural conservation sector, such as Qatar Museums, the Ministry of
Culture and Sports, and the Private Engineering Office to document old housing plans and detailed
architectural drawings. All of the vernacular housing plans appear in The History of Qatari Architecture
1800–1950 [51], which is one of the few references archiving and documenting traditional Qatari
vernacular architecture.

With reference to the literature review of this paper, the authors explored the selected houses
based on a cumulative approach, using common knowledge about traditional architecture in the State
of Qatar and Gulf region to understand the spatial configuration of these vernacular houses and further
analyze the effect of socio-cultural aspects on the process of house formation. Amongst the most
useful theoretical references are academic papers and proceedings exploring socio-cultural patterns
in the Arab Gulf homes [34,36,61], chronological exploration of housing typologies in the Arabian
Gulf [14,62,63], and recent comparative assessments of vernacular and modern Qatari houses [8,32,33].

3.2.2. Applied Methodology: Space Syntax

The research deploys space syntax methodology as a supportive analytical tool to quantify spatial
patterns in houses (see Appendix A for more detailed information about space syntax representations
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and measurements). Space syntax is a well-established methodology and tool available as interactive
computer software programs to provide an objective description and analysis of spatial configuration in
floor layouts, including houses and residential buildings [64–68]. The paper utilizes the standard space
syntax software program (Depthmap0.5x) to analyze the pattern of visual connectivity and integration.
The outcome was a series of visibility graph analysis diagrams (VGA) that uses color-coding, where red
indicates the highest connectivity/integration. In contrast, blue means the least connected/most
segregated (see Appendix A for more information about VGA).

3.2.3. Methods of Data Collection (Oral and Visual Data)

We collected general historical knowledge through oral and visual data, including attendance
at seminars and architectural talks about traditional architecture in Qatar, such as the seminars
featuring Eng. Ibrahim Jaidah, Eng. Mohammed Ali Abdulla, and the 2010 Aga Khan Awards for
Architecture in Doha (Figure 6). These seminars and talks provided a first-hand approach to detailed
information on the aspirations and challenges of the historical urban development of the city of Doha
and glimpses of urbanism before the discovery of oil. The Department of Architecture and Urban
Planning, College of Engineering at Qatar University organized most of these lectures through a
collaborative academic seminar series.
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In terms of visual data, the authors re-drew the courtyard houses from the reports and surveys
of old buildings by the former National Supreme Council for Culture and Arts in Qatar (currently
known as the Ministry of Sports and Culture) in addition to other consultant collaborators [50,69].
The drawings focused on the courtyard scale and connection to the various spaces in each house.
The selection of the courtyard houses involved several criteria, including the availability and clarity of
floor plans and architectural references, time of construction, location of the housing unit, and other
functional and dimensional measures.

3.2.4. Methods of Data Analysis and Findings

Unit of Analysis: The paper presents four selected case studies of vernacular Qatari courtyard houses.
Most of the vernacular houses were built during the 1930s–1940s, where the patterns of social activities
and household arrangements are predictable with reference to the socio-economical background of the
era (Figure 7).

Criteria for Analysis: The study analyses the courtyard houses in terms of (i) spatial form,
(ii) socio-cultural factors, and (iii) human activities or system of activities. (i) Spatial form comprises
the study of the public use areas mainly for daily activities and private use areas for night activities.
It also covers the architectural elements such as entrances, courtyard style and ratio, room typologies,
transitional and intermediate areas, and other physical aspects. Accordingly, to test and validate
the influence of (ii) socio-cultural factors as criteria for analysis, namely privacy, gendered spatial
segregation, and hospitality, the sample of vernacular courtyard houses were examined in terms of
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internal configuration and graphically analyzed in terms of visibility graph analysis and connectivity
using space syntax as a simulative tool. In the results section of this paper, the authors present
visibility graphs of the ground floor levels only while they considered the cumulative spatial analysis
of first floor levels and the outdoor areas—whenever applicable—especially in the cases of Faraj Al
Ansari house and Ismail Mandani house. Further, the authors established correlations between the
analytical/graphical results and the socio-cultural factors to evaluate the embedment of such factors
on housing spatial form. In terms of (iii) the system of activities (refer back to Figure 5), the analysis
involved both the activities related to spatial arrangement for public and private use areas as well as
the analysis of the relation to the three socio-cultural factors. In this way, the relationship was found to
be clear and coherent.
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Figure 7. Floor plans of case study Qatari courtyard houses for visibility graph analysis (VGA) Analysis
with courtyard indicated in light gray and rooms in dark gray by the Authors. (a) Noura Bint Saif
House (b) Faraj Al Ansari House, (c) Al Jaber House, (d) Ismail Mandani House. NOTE: House plans
were not set to a common scale and oriented after Jaidah and Bourennane, 2009.

3.3. Overall Methodological Framework/Research Design

The illustration below summarizes the Cultural Heritage Framework developed for and arising
from the findings of this study (Figure 8).
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4. Results

4.1. Vernacular House-Case Study 1: Noura Bint Saif House|Al Asmakh, Doha|Built around 1930

Spatial Form: (a) Public Use Spaces: The house is a single-story house with a large courtyard
(Figure 9). Sand covers the courtyard grounds and consists of three main blocks, including the guest
section (north side) with limited windows on both the street-facing and the courtyard-facing façade;
the eastern corner (newly added section), and the main household section with seven rooms. The house
is accessible from two entries: the main north gate and the northwest gate that exhibits a slight
bent-entrance as a characteristic of Islamic vernacular architecture. (b) Private Use Spaces: The house
has an L-shaped plan with multiple private rooms surrounded by a three-meter-wide covered porch,
arcaded and decorated in simple geometric Islamic patterns. The rooms range from bedrooms,
guests’ bedrooms, and service areas to interior seating areas. Blocks and rooms on the southeast corner
were built at a later stage. The main gate opens into the courtyard of the house while the north-west
wooden gate is closer to the guest section where the Majlis is situated. It, therefore, maintains the
family’s privacy whenever guests access the Majlis space.
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4.2. Vernacular House-Case Study 2: Faraj Al Ansari House|Msheireb, Doha|Built around 1935 

Figure 9. (a) Layout with courtyard indicated in light gray and rooms in dark gray and (b) visibility
graph analysis (VGA) of Vernacular House, Case Study 1 showing integration in a range from red
(integrated) through orange, yellow, green, light blue to blue (segregated) (Source: Authors).

Socio-cultural Factors: (a) Privacy: High connectivity is observed in the spacious central courtyard,
signifying its low privacy. Connectivity gradually reduces around the arcades and the porch area. All the
rooms within the L-shaped arrangement illustrate low connectivity, as each room only connects to the
central courtyard. A related pattern to consider is the gradual yellow shades behind the columns of
the porch, which indicate that behind the column, there is reduced connectivity due to visual privacy.
(b) Gender Spatial Segregation: Dedicating a secured entrance to guests only, who could be male, clearly
relate to the patterns of gender segregation. The areas connecting the gate to the courtyard represents a
gradual connectivity pattern, where connectivity is lower by the door and increases with the approach
towards the center of the courtyard. Thus, if an outsider stood by the main gate, the household would not
be visually exposed, and the privacy of the family would be maintained. (c) Hospitality: The main gate on
the north wall exhibits slightly higher connectivity compared to the rest of the gates and household rooms,
indicating its functionality as an access point requiring lower privacy due to function. Compared to the
northwest wooden entrance, the main north gate is more connected and might support the usage of the
northwest wooden door as guest entry without disturbing the privacy of the family.

System of Activities: (a) Public Use Spaces: The courtyard is the setting for public use activities.
The nature of activities performed in the courtyard ranges from social such as gatherings of family
members or gatherings over meals due to the absence of dining rooms in the old house and the cultural
norm of meeting over the three meals. Family members shared some of the meals. m have their
meal areas in a separate, secured space if involving more men and relatives. Most of the gatherings
might occur in the intermediate spaces surrounding the courtyard, rather than in the center of the
courtyard itself. Besides climatic factors such as exposure to direct sunlight, especially during the
daytime, the intermediate covered porches were favored for social activities and food preparation,
mostly performed by women in the morning hours. It is also valid to refer to the courtyard as a
playground for the kids and the children of the family due to the sand ground cover instead of hard,
paved material. (b) Private Use Spaces: All the small rooms are accessible via the porch, adding further
emphasis on their private use. Some of the rooms are internally connected via small doors to ensure
security and privacy of use. The guest section as well involves three rooms, indicating that in some cases,
visitors could be relatives and family members of both genders, who require separation and privacy
by gender. Thus, the meaning of the courtyard corresponds to its visual connectivity and spatially
accessibility to the different rooms of the household, even to the secured bedrooms and personal spaces.
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4.2. Vernacular House-Case Study 2: Faraj Al Ansari House|Msheireb, Doha|Built around 1935

Spatial Form: (a) Public Use Spaces: The house is accessible from four entries: three from the
east and one from the south (Figure 10). The main entrance is the largest eastern entry, while the other
two entrances from the south lead to staircases. A large courtyard centralizes the house surrounded by
a concrete porch. The architectural features of the house’s façade include the typical assortment of
small windows and few air-catching rectangular openings. At the same time, the roof of the interior
rooms utilizes vernacular beams known as danchal [50]. (b) Private Use Spaces: The ground floor
consists of nineteen rooms. The staircases that lead to the first floor are privatized for family use only.
The privatized staircase that is directly accessible from the street might be used by the household
owner’s son and his family, reflecting an extended-family pattern and the need for spatial growth.
Within the private rooms, there is an absence of windows that open to the street or the neighborhood.
Meanwhile, all the private rooms directly opened into the intermediate porch space that accessed the
open-air courtyard [51].Sustainability 2020, 12, x FOR PEER REVIEW 14 of 26 
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Figure 10. (a) Layout with courtyard indicated in light gray and rooms in dark gray and (b) visibility
graph analysis (VGA) of Vernacular House, Case Study 2 showing integration in a range from red
(integrated) through orange, yellow, green, light blue to blue (segregated) (Source: Authors).

Socio-cultural Factors: (a) Privacy: In the VGA analysis graph, connectivity gradually increases
from the private rooms on the edges toward the core of the house, where the porch presents an
intermediate connection to the highly connected central courtyard. Entry points gradually open
into the porch, which entirely opens into the main courtyard of the house. This sequence of spatial
arrangement reflects the color-coded layout of connectivity. Within the courtyard itself, some areas
are less connected than others, due to visual barriers and physical blocks such as the small landscape
features and palm trees. (b) Gender Spatial Segregation: The entry points on the east and south
demonstrate low connectivity, responding to the socio-cultural pattern of gender segregation to avoid
direct exposure of the household to the public street. Dedicating a separate staircase entry might
also refer to a gender spatial segregation pattern related to extended family, as mentioned previously.
(c) Hospitality: Due to the unclarity of the Majlis section or spaces in the collected references, the authors
expect that one of the rooms in the upper northern section might be a Majlis room. These rooms are
near to the main entrance and spatially arranged with doors and partitioned walls inside.

System of Activities: (a) Public Use Spaces: The intermediate space surrounding the courtyard
is the center of activities. Such spaces include covered porches and arcades decorated with simple
ornaments and modest architectural features. The most intermediate circulation spaces comprise no
less than a third of the total house area. In the VGA analysis graph, connectivity is the highest in clear
areas of the open-air courtyard. Yet, most of the yellow to light green shaded areas are intermediate
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connectors. The nature of activities in such spaces involves shaded circulation, on-ground seating areas,
gatherings, and leisure spots for the family members. This pattern of courtyard style and ratio supports
family activities and the full spatial utilization of the house during different climatic conditions. In the
central courtyard, there are planters of shading trees that provide a pleasant view and an enhanced
microclimate. (b) Private Use Spaces: The private rooms are spacious and accessible mainly through
single doors. In the VGA analysis graph, the range of blue that radiates from the door indicates that
the room is slightly exposed when the door is open, yet the corners of the rooms are always private.
These patterns support storage activities in such private rooms, or the allocation of the bed within
the bedroom to avoid visual disturbance. Thus, the meaning of intermediate spaces is not limited to
architectural connectors, but rather gradual elements of the housing spatial form that secure other
private areas and allow inhabitants a flexible utilization of each space, within the accepted limits
of privacy.

4.3. Vernacular House-Case Study 3: Al Jaber House|Al Asmakh, Doha|Built 1935

Spatial Form: (a) Public Use Spaces: The house is in one of the most valuable residential
districts in old Doha, namely the Al Asmakh neighborhood. The significance of the area lies in its
proximity to Doha’s old port and the active commercial centers so that access to the market and other
public spaces was historically assured. The house has a typical architectural configuration with its
walled courtyard and L-shaped room arrangement (Figure 11). The house entrance represents
its only decorative architectural feature in addition to the high-walled fence surrounding the
courtyard. (b) Private Use Spaces: The house consists of eight rooms with a simple architectural style.
Bathrooms locate in the corner where the north-east bathroom was originally built over a well. A raised
porch leads to the private rooms in addition to shaded iwan. The rooms have typical traditional roofs
of organic beams.
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Figure 11. (a) Layout with courtyard indicated in light gray and rooms in dark gray and (b) visibility
graph analysis (VGA) of Vernacular House, Case Study 3 showing integration in a range from red
(integrated) through orange, yellow, green, light blue to blue (segregated) (Source: Authors).

Socio-cultural Factors: (a) Privacy: This house presents extreme connectivity, where intermediate
spaces are only indicative of the porches and iwans. It is related to the spacious area covered by the
open-air courtyard and the minimal space occupied by rooms and other functional areas, resulting in
less privacy in the courtyard. Surrounding the household with a high fence wall might raise the need for
extreme visual privacy to cover the wide-open space. (b) Gender Spatial Segregation: The existence of a
separated room and a bathroom near the entrance might signify a pattern that relates to gender spatial



Sustainability 2020, 12, 7295 15 of 26

segregation. The separated room might belong to domestic workers in the house, who could be male.
It also could be a small Majlis space dedicated to male visitors. (c) Hospitality: The main entrance to
the south reveals high connectivity to the rest of the household. Meanwhile, the khokha design of the
door prevents a direct exposure to the household and allows visitors to access in a respectful manner.
The design of the khokha door regulates access to the household in a flexible way; family members
and guests use the small door individually, while the large door is used for services, piles, and other
larger packs. In addition, rooms are located relatively far from the main entry point, reducing exposure
and maintaining the family’s privacy.

System of Activities: (a) Public Use Spaces: The courtyard is clearly the setting for public
activities. It has a large outdoor seating area and a shading tree in addition to the wells. Such elements
add further value to the courtyard while supporting its use for gatherings, leisure, and plantation.
(b) Private Use Spaces: Porches and circulation spaces regulate the use of private rooms on the rear end
of the courtyard. The private rooms have minimal exposure due to spatial location and architectural
elements. Even for rooms that face the main entrance, their side entrances prevent them from direct
visual exposure and maintain their privacy. The room located on the west that opens immediately
to the courtyard is kitchen space. Part of the kitchen is un-roofed, where the activity of cooking and
grilling takes place, allowing smoke and smells to escape and maintain the olfactory privacy of the
private rooms.

4.4. Vernacular House-Case Study 4: Ismail Mandani House|Al Asmakh, Doha|Built around 1940

Spatial Form: (a) Public Use Spaces: This two-story house has an entrance gate at the
south-western corner (Figure 12). The courtyard is a trapezoid surrounded by fifteen rooms on
the ground floor, while only four rooms occupy the first floor. As a socio-economic trend, wealthy
families in the old Qatari society usually construct their houses in two levels due to financial
affordability. The main access to the house is through its south-western entrance beside a Majlis room.
The house plot mostly allocates to family uses occupying the northern, eastern, and southern walls.
(b) Private Use Spaces: The courtyard has two iwans, which are vaulted rectangular spaces walled on
three sides and open on one side. The first floor is accessible through a concrete staircase leading to
four rooms. An arcaded porch surrounds some of the upper floor rooms.
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Figure 12. (a) Layout with courtyard indicated in light gray and rooms in dark gray and (b) visibility
graph analysis (VGA) of Vernacular House, Case Study 4 showing integration in a range from red
(integrated) through orange, yellow, green, light blue to blue (segregated) (Source: Authors).

Socio-cultural Factors: (a) Privacy: The courtyard exhibits a high connectivity pattern to the
surrounding spaces. The rest of the spaces, including the entrance to the southwest, have low
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connectivity, which might contradict the purpose of entry at this location. Considering the socio-cultural
pattern of privacy in the spatial form of Muslim homes, “entrance doors in traditional Muslim homes
are placed away from the main street and not directly facing the opposite neighbors” [35] (p. 15).
The intermediate spaces of the iwans present a medium-connectivity pattern, which proves their
functionality as mediating spaces that utilize the internal configuration of the house to support privacy,
rather than imposing temporary solutions such as furniture or screens. (b) Gender Spatial Segregation:
The allocation of the Majlis section adjacent to the main entrance is a spatial solution to allow male
visitors immediate access into the space, securing the house sanctity. In addition, first floor rooms were
likely used by women and children due to the existence of seating areas with parapets and blinds to
avoid exposure. (c) Hospitality: The house has two Majlis spaces; one is the main guest room next to
the entrance. The other Majlis room on the first floor in a well-ventilated and climatically pleasant area,
supporting its sure as an occasional guest reception space.

System of Activities: (a) Public Use Spaces: The ground floor level is the setting for public
use spaces. The courtyard represents an open space unifying the plot. The main entrance opens into
an iwan, which might be the setting for public gatherings and family gatherings. Behind the iwans of the
ground floor are private rooms that maintain their visual and functional privacy. Shared public services
also occupy the ground floor level, such as bathrooms, lobbies, and kitchen. (b) Private Use Spaces:
The first-floor rooms are the settings for private use spaces. The courtyard house has four upper
floor rooms and a spacious roof covered with a high parapet. Roofs were part of the social life of
the old Qatari family; they were mostly used as recreational spaces and sleeping spaces during the
summertime since the night breeze is cooler at elevated levels. Thus, the meaning of the roof could
be an alternative living area that supports family leisure and creates the anticipated linkage between
residential architecture and climatology.

4.5. Comparative Analysis Based on Relational (Unjustified) Graphs

We present here a brief analysis of the similarities and differences between the four houses.
A possible comparative aspect is the relational graphs in (Figure 13), based on convex spaces for the
ground floor plans (see Appendix A for more information on convex spaces).

As a general pattern, all four courtyard houses have a central, integrated space that represents the
courtyard where visibility is a maximum. Thus, the pattern proves to support the argument of this
paper that courtyards are central in the social and spatial arrangement of traditional Qatari domestic
functions. Another common noticeable pattern is the intermediation of iwans and porches that create
a gradual level of visibility, refining the high connectivity of the courtyard as we approach to the
surrounding private rooms and bedrooms. Most of the private rooms in the four houses connect
indirectly to the courtyard through such iwans and porches, adding further emphasis about the
value of the socio-cultural factor of privacy and its excessive influence on the spatial form of the
courtyard house.

In terms of other spaces, we treated the thresholds between several rooms as separate small spaces
due to the thickness of walls in traditional Qatari construction as in the cases of Saif, Al Jaber and
Mandani houses. This fact leads to the possibility of creating further central nodes branching from the
main courtyard, which supports the need for growth and family expansion as a socio-cultural practice.
To summarize the comparative analysis based on relational graphs, the main point is even though
the courtyard house model seems relatively simple, the spatial layout in such houses are capable
of extreme sophistication and differentiation of room types for privacy, gender, and function based
on design.
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5. Discussion and Conclusions

The study investigated the extent to which the spatial form and distribution of old Qatari
vernacular houses of courtyard typology embedded societal patterns and values of the society.
The paper offers a cultural-heritage framework to preserve the distinguished vernacular residential
architecture in Qatar. The investigation includes the analysis of human behavior and activities within
selected courtyard houses to prove the embedment of socio-cultural factors in the spatial form of
the houses. The paper presents four courtyard houses and analyses them based on clearly-defined
criteria of analysis, including the (i) spatial form, (ii) socio-cultural factors of privacy, gender spatial
segregation and hospitality, and (iii) system of activities. Thus, the outcome of the analysis indicates a
strong interconnection between the three criteria, which are common in the presented cases yet take
altered approaches based on each houses’ architectural and spatial dynamics. The outcomes of the
research paper validate the hypothesis that the spatial form of these vernacular houses does express
culture as a way of life where human activities are necessary as a source of cultural understanding.
Thus, the cultural heritage framework for the preservation of vernacular architecture in Qatar is not
limited to the built form but also involves intangible, socio-cultural, and behavioral aspects.

The findings help to support the social sustainability of architecture in Qatar, marking the progress
of housing as a phenomenon contributing to the country’s sustainable urban development. Through a
multi-layered methodology that includes the utilization of space syntax and theory and tool, the research
study presents an assessment of vernacular houses in Qatar about spatial form, socio-cultural patterns,
and human activities. The findings shed light on the influence of privacy, gender segregation,
and hospitality on the overall built form of the vernacular Qatari housing unit, which in turn has
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an impact on the nature of activities carried out by household inhabitants. Also, vernacular houses
are highly governed by Islamic and cultural norms, which represent typical architectural trends in
the region.

The cases from the past indicate that the relationship between local inhabitants and the
courtyard space within the house is strong since a significant part of the daily domestic as well
recreational activities occurred in the areas adjacent to the main courtyard in addition to the central
courtyard itself. Besides socio-cultural factors, we may attribute other reasons for the existence
of climatic moderation techniques bordering the courtyard, such as vaults and porches, and native
vegetation, which offers opportunities for the gradual patterning of visual connectivity in the household.
Thus, the spatial formation of the courtyard house establishes a core for outdoor high connectivity
activities, while creating intermediate spaces to filter the visual connectivity and allocate privatized
areas in the secured, less-connected parameter of the house plot.

The architectural sociology of housing in Qatar requires further attention due to the challenges
of contemporary architecture. It also requires establishing references to historical built structures
and analytical studies of vernacular architectural trends and forms as a source of cultural heritage
knowledge. Until recently, problems of residential architecture have emerged as the disturbance of the
built form, unresponsive foreign plans of residential architecture as well as local dissatisfaction with
the poorly integrated modern villas continuously readapted to meet the socio-cultural needs of their
inhabitants. Socio-spatial relationships in the housing unit profoundly influence the development of
Qatari residential architecture. It is especially true in the contemporary era, where locally intensive
practices are crucial to reviving the urban identity of cities and settlements. To maintain civic identity
in social and architectural terms, the following aspects of socio-spatial design should assume a higher
priority in new housing:

1. Maintaining the privacy of the housing unit through architectural interventions that are designed
based on careful data collection about human behavior and anticipated user activities, along with
proper precedent analysis. The design must avoid reactive solutions that result in formative
difficulties and inharmonious built form in addition to avoiding loss of architectural solidity and
simplicity established by the vernacular models of housing in Qatar.

2. Gender segregation is a cultural norm of Qatari society, despite recent global debates advocating
for gender equality and rights in other social and urban contexts [70]. It is a social norm long
practiced in Qatar in a peaceful, thoughtful manner, leading to clear behavioral and socio-cultural
activities that influenced the spatial form of the vernacular architecture in a constructive approach.

3. Importing/copying forms from vernacular architecture has to be rethought in the contemporary
context. Recently, many contemporary houses have copied certain architectural elements as
decorative touches on the housing facade. Yet, there is a lack of design schemes that integrate the
courtyard typology into contemporary layouts or allow owners and dwellers to establish coherent
utilization of all spaces and spatial areas in an adaptive manner. For instance, the spacious
areas assigned for Majlis units are mostly idle and underutilized due to occasional social
events. Such spaces could become more adaptive through innovative architectural and interior
design solutions.

6. Contribution to Knowledge

The research study contributes to our knowledge about the socio-spatial study of housing
environments in Qatar and the MENA/Arab Gulf region, which faces a rarity of research interest and
publications. It also defines a cultural heritage framework to preserve the distinctive Qatari vernacular
residential architecture, based on a clear set of analytical criteria. Thus, this research study merges the
gap between residential architecture and sociology by providing the missing linkage in the context
of Qatar. In terms of the study’s originality and applicability in other contexts outside the MENA region,
the authors believe globalization causes similar trends and challenges across the world, especially
those concerning vernacular architecture and cultural heritage preservation. Thus, we assume the
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methodology to be applicable in the international level, serving as an assessment method and a tool to
shed light on the marginalized local practices and to support socio-cultural sustainability.

7. Limitations and Implications for Practice and Advancement of Research

The study has limitations in terms of the representativeness of the selected units of analysis.
The number of housing units selected for review, limited to four vernacular examples, might affect
the reliability of the findings in this paper. However, there is a scarcity of archived material and
architectural references documenting vernacular houses in Qatar since the field of historical building
preservation and conservation is relatively new to the country. Another reason for this relates to the
unclarity of the courtyard style and ratio in some vernacular houses that the authors collected and
reviewed, which would limit the analysis in terms of connectivity and spatiality urging the authors to
select the most obvious cases with a clear courtyard-to-room or solid-to-void ratio.

In the results section, the authors present the visibility graph analysis (VGA) of the ground floor
levels only, which might present a possible limitation. Most of the courtyard houses in old Doha had
no more than a ground level due to the constrains of construction and affordability. Meanwhile, it was
common that some wealthy families would add first-floor levels to their houses as we confirmed in the
second case of Faraj Al-Ansari house and the fourth case of Ismael Mandani house. Thus, the authors
limit the VGA of these houses to the ground floor level only while they consider the cumulative
analysis of the rooftop and the first-floor levels when applicable.

To strengthen the outcomes of the research study, we recommend further study based on more
case study samples, which would enrich the discussion and improve the outcomes of the space syntax
analysis, thus enhancing the reliability of the findings in this paper. The list below (Figure 14) illustrates
other vernacular Qatari houses as a recommendation for further investigation. It would provide a
future opportunity for researchers and architects to examine the houses in terms of the socio-cultural
imperatives and to test the replicability of the methodology.
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the research.

Finally, instead of selecting individual housing units, it is recommended to perform the analysis
on a neighborhood scale where aspects of the urban fabric become part of the study. Such elements



Sustainability 2020, 12, 7295 20 of 26

could involve the street level, solids and voids, public spaces, and other important components of the
urban morphology and the contextual socio-cultural interconnections.
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Appendix A About Space Syntax

Our built environment is both a product of society and an influence on society. Space syntax is
an international research program of academics and practitioners scientifically investigating spatial
networks from the single building to entire metropolitan regions to better understand the role of built
space in society [64,68,71,72]. Founded in the late 1970s and early 1980s by Bill Hillier, Julienne Hanson,
John Peponis, Alan Penn, and many others in The Bartlett at University College London, space syntax
has developed a set of techniques for the simple representation and mathematical measurement of
architectural and urban space over the last 40 years [11,68,73–77]. Today, the international space syntax
community composes hundreds of researchers and practitioners in more than forty countries around
the world.

Representations in space syntax are usually plan-based using objective, easily understood
constraints of the built environment for the most generic of human uses such as movement, occupation,
and visibility because we are forward-facing, bipedal creatures normally bound by gravity [71,72]
(Figure A1). A point in space is the simplest notion on which to build a geometry with no size,
only position. The number of points in any space will be infinite without a resolution—defining the
bounds of a space and ‘size’ for the points—such as the average standing area of a normal human
being (0.28 m2) [77]. Movement tends to be linear because we are bipedal, forward-facing creatures
bound by gravity. The axis or line of sight and movement (e.g., axial line) represents an idealization
because a line is a set of points having a length but no width or depth. The matrix of longest and fewest
(i.e., most strategic) lines of sight and access completely covering all spaces of a built environment
as defined by its built surfaces (walls or facades) is the axial map [68]. The axial map is the most
common reference to a ‘space syntax model’ for forecasting (60–80% accuracy) of pedestrian and
vehicular movement in the urban environment [75,76]. The occupation of space tends to be convex
where everyone can see and be seen by everyone else such as a group of people gathered in a circle or
a room. All points are visible to all other points in a convex space. The collection of all convex spaces
composing a built environment is the convex map, which tend to be more useful for the analysis of
buildings [64,71,74]. The potential for seeing and moving is a visual field, which is visible and accessible
space from which we might see or move as defined from a point or set of points such as a line of sight
and movement or convex space [73]. The matrix of all visual fields from a gridded set of points to all
others in a built environment is a visibility map [77]. Space syntax uses combinations of these simple
descriptions—point, line, space, field—to create layered representations of the built environment.
We can measure the matrices of these representations using topological graph theory to mathematically
quantify the configurational relationship of all spaces—point, line, space, visual field—to all others or
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within a set range. Configuration is a relational system where any local change in a system can have
global effects across that system to varying degrees dependent on the size of the system relative to the
significance of the change itself within that system [71] (Figure A2).
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Figure A2. The basics of configurational measurements using topological graph theory where (top
row) two objects labelled A and B are similarly-related until (middle row) the introduction of a third
object labelled C (such as the surface of the Earth). All three objects now have different configurational
relationships based on connection or permeability, as represented (bottom row) in the justified graphs
where the object is represented as a node and their relation as a line (Source: Major, 2018 after
Hillier, 1996) [71,72].

Configurational measures offer a scientific basis to implicate or dismiss the designed spatial
network as a factor in social, functional, and/or cultural outputs. Space syntax software also incorporates
metric parameters such as the length of streets/street segments and the plan area/perimeter surface area
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of visual fields. Over four decades, researchers have developed a diverse number of configurational
and metric measures using space syntax. Some are more useful than others, and sometimes it can take
years of testing to confirm or refute their usefulness. It can be overwhelming for those unfamiliar with
space syntax. Generally, the most useful are:

Connectivity is a simple measure of how many other spaces does a single space immediately
connect to within the network.

Integration is the relativized mean depth of a space in relation to all other spaces in a network
based on changes of direction using connectivity (see above). It represents how integrated/shallow or
segregated/deep is a space within a spatial network. It demonstrates the pattern of ‘to-movement’ for
those spaces most likely used for journeys from anywhere to everywhere else in the spatial network.
Researchers can set the radii of integration measures based on specified parameters such as global
integration (radius = n) and local integration (radius = 3).

Modeling for Visibility Graph Analysis (VGA)

Space syntax software can conduct Visibility Graph Analysis (VGA) based on the matrices of all
visual fields as defined by points in space of a plan, be it at the building or urban level. VGA can
calculate both metric and configuration parameters of the visual fields. This type of analysis requires a
closed system. This means defining a reasonable boundary for an urban area or building. In the case
of buildings, this is usually a simple decision based on drawing a boundary around the plan without
any access of the outside world, as if locking all the doors providing access the exterior. In the case
of urban areas, the drawing of the boundary tends to follow the same rules of thumb for defining
boundaries in the axial mapping of urban case studies, i.e., topographical barriers such as coastlines or
mountains, major transportation corridors such as highways and major roads, railroad lines, and other
urban elements such as large parks and green belts. The larger the metric area of the model, then longer
the processing takes for the computer software, so careful selection of a bound for the plan is an
important consideration. The spatial network requires realistic constraints. The computer establishes
a grid over a plan where each grid element represents a ‘point’ in space. It is possible to define the
metric area of this grid element representing a point in space. The smaller the metric area of a grid
element, the longer the processing time for the various metric and configurational measurements using
visibility graph analysis.

For example, the grid element representing a point in space for visibility graph analysis of Radwani
House in Doha, State of Qatar is 0.5 m × 0.5 m or 0.25 m2. This is about the same as the standing
area occupied by an average human being (0.28 m2) (Figure A3). This model of Radwani House
eliminates the central well and marginal elevation changes from the plan for a representation of pure
visibility, i.e., everything you can see but not necessarily everything you might have to navigate in
movement through the house such as walking around the well or stepping up (two steps or ~40 cm)
to the veranda. The computer then virtually draws the 360º visual field from each grid element in
space and calculates metric and spatial characteristics using topological graph methods. The computer
colors the measurements in a range from red to orange, yellow, green, light blue to dark blue where red
represents high/near and dark blue represents low/far, depending on the specific measurement [77].
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