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ABSTRACT

Mersin has been a prominent settlement in the Cilicia Region since antiquity, with its urbanization 
shaped by its port, trade and maritime identities, originating from a fishing harbor. The city’s 
development was primarily driven by trade and port activities, initially concentrated around 
Uray Street, the commercial hub, before expanding towards Atatürk Street, forming the urban 
spine. Over time, this historical fabric gave rise to distinctive urban spaces, with Uray Street 
emerging as a central element of urban identity. However, uncoordinated planning decisions 
and implementations have led to the erosion of original urban spaces, weakening the historical 
continuity between the city center and the Uray-Atatürk Street axis. The construction of a new port 
has diminished the significance of key focal points such as Customs Square, while the proliferation 
of shopping malls has undermined the area’s commercial fabric. Moreover, the deterioration of 
previously integrated transportation networks has fragmented vital public spaces, including 
Customs Square, Yoghurt Bazaar and Lovers’ Park, disrupting spatial continuity. Incompatible 
land use and inadequate planning have created undefined, disconnected spaces, obstructing 
pedestrian movement. Physical and spatial barriers such as driveways, parked vehicles, elevation 
differences, and insufficient shading exacerbate disconnection, while impermeable surfaces 
such as concrete and asphalt intensify the heat island effect, diminishing the area's functionality 
and livability. In response to these problems, urban transformation efforts accelerated with the 
Cumhuriyet Square and Atatürk Street Çamlıbel Urban Design Contest organized by Mersin 
Municipality in 2021. While the winning project, currently being implemented, prioritizes the 
restoration, sustainability and reinforcement of the urban spine, this study situates the scope and 
boundaries of the competition project, which primarily focuses on the Atatürk Street section, 
within the broader contextual framework of the Uray-Atatürk axis. By doing so, it provides a 
comprehensive analysis of the formation, spatial and functional characteristics of this axis, while 
also offering a holistic evaluation of the changes, interruptions and ruptures that have occurred 
over time. The methodology includes literature and archive research to identify extensive 
potential as well as defects and deficiencies. It also involves an analysis of urban mobility, public 
space reorganization, pedestrianization and transportation regulations, followed by an evaluation 
aimed at proposing a comprehensive solution package consisting of planning strategies and 
decision-making approaches related to spatial design. Offering strategies for the preservation 
and transformation of the urban spine, this study not  only provides design insights, but also 
serves as a model for other cities in urban planning and design.
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INTRODUCTION

The spine, a structural element in some living organisms, is 
defined as a structure that keeps the body upright. In oth-
er words, the spine connects all parts of the body from the 
head to the coccyx and serves as the main support (Gün-
cel Türkçe Sözlük, 2025). Based on this definition, Ekinci 
and Aktan (2017) adapted the structural characteristics of 
the spine to spatial contexts and examined them within 
the framework of the principles of bearing, binding, hier-
archy, support and axis formation. They stated that when 
the spine is positioned at the center of gravity, it assumes a 
load-bearing function within spatial structures and acts as 
a connector by linking at least two elements, structures, or 
functions. Additionally, they demonstrated that the spine 
establishes a hierarchy by organizing various urban func-
tions in a specific order, creating a composition and grading 
them within a spatiotemporal context according to spatial 
needs. They further stated that urban spines, which consti-
tute the densest areas of cities, serve to protect and sustain 
socio-economic values through economic, social, cultural 
and religious elements. Moreover, they emphasized that the 
urban macroform is shaped by the development of a linear, 
curvilinear, or topography-dependent axis.

Spine-shaped circulation systems have played a significant 
role throughout history in the shaping and planning of cit-
ies. This strong and aesthetically impactful urban design el-
ement can be observed in ancient Greek, Roman, medieval, 
Renaissance and Baroque cities; in 18th- and 19th-century 
European and American cities; in Brasília, the capital of 

Brazil; and in the planning of 20th-century capitals. Fur-
thermore, the spine-shaped structure is a key component 
of urban planning principles such as the Linear City and 
the City Beautiful Movement, both of which aim to define 
the ideal form of cities (Krier & Rowe, 1979). According to 
Krier (1979), a spine-shaped planning approach has con-
sistently served as an indicator of a civilization’s level of de-
velopment.

Urban spines have been used for various purposes in differ-
ent urban plans and have played various roles. Bacon (1967) 
defined the urban spine as a system of movement shaped 
by spatial elements with a strong influence and stated that 
it functions as a link between different urban areas. Fur-
thermore, according to Bacon (1967), urban spines should 
also be considered a tool for political influence. Mortaza-
vi (1997) stated that, in addition to their socio-economic 
functions, urban spines serve as a symbolic representation 
of the modern city, a commercial center, an open space, or 
a demonstration area.

Krier (1979) defines the concept of a “spine” as a central 
linear formation that structures the city’s layout. Spines are 
regarded as a strong element that integrates functionality, 
aesthetics and social order within the urban fabric. Accord-
ing to Krier (1979), the spine is not merely a transportation 
route but a fundamental component that upholds urban or-
der and social structure. As an element that unifies the city 
both physically and socially by integrating different areas 
with one another, the spine plays a central role in shaping 
the overall structure and identity of the city. Krier (1979) 

Rather than being confined to a theoretical literature review on the spine concept, it integrates theory with practice, analyzing how each 
spatial element constituting the spine is supported by physical, functional and social planning strategies. Through this approach, the 
study offers a perspective by elucidating the tangible manifestations of the spine concept within an applied framework. Additionally, 
it provides insight into the urban spine’s fundamental role in ensuring urban order, aesthetics and identity through both theoretical 
and practical approaches. Findings from the analysis of pedestrian movement dynamics revealed a gradual decline in foot traffic 
along the historically significant Atatürk-Uray Axis, disrupting this corridor’s continuity. Deficiencies in pedestrian connectivity were 
identified not only along the primary east-west axis but also on secondary north-south routes. To address these gaps, a comprehensive 
pedestrianization strategy, incorporating dedicated bicycle lanes, has been implemented along Atatürk-Uray Street. Additionally, 
infrastructure enhancements, including overpasses, bridges and pedestrian crossings, have been proposed to strengthen connectivity 
between Historic Uray Street, the newly developed People’s Garden and Atatürk Park. Extending from Uray Street, Atatürk Street 
serves as a crucial link within the contemporary urban structure, encompassing key historical landmarks central to the city’s core. 
Its integration, reinforced through enhanced horizontal and vertical connections, fosters a cohesive interplay of commercial, cultural 
and recreational functions, ensuring both spatial continuity and the preservation of historical identity. The area’s strong commercial 
character, inherited from Uray Street, has been harmonized with local dynamics by fostering interactions with prominent public 
spaces, particularly Cumhuriyet Square and Lovers’ Park. This strategy has resulted in high-quality, multifunctional urban spaces that 
enhance community engagement and urban vibrancy. In summary, the urban spine is crucial in shaping urban identity and ensuring 
city continuity. Its functions of providing structural support, connectivity, balance, reinforcement, and hierarchical organization 
should be comprehensively analyzed from a design perspective to address both micro and macro-scale urban contexts. The spine 
is not merely a facilitator of movement but also a system integrating physical, socio-cultural, and economic networks. This study 
demonstrates that strengthening the urban spine is not merely a theoretical framework but also a feasible and implementable strategy.

Cite this article as: Okumuş, E. Y. C., & Yıldırım, D. Y. (2025). Reconstruction of public space in the context of the continuity of the 
urban spine: Mersin Cumhuriyet Square and Atatürk Boulevard Çamlıbel urban design contest. Megaron, 20(4):445–461.
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perceives the spine not just as a transport corridor but as 
a medium for influencing the city’s aesthetic and social 
dynamics. Functioning as urban arterial routes, spines en-
hance connectivity and mobility by serving as linear con-
nectors that link different areas. Krier (1979) also argues 
that urban arterial roads should be distinguished by unique 
architectural features. By doing so, he asserts that the urban 
circulation system will become more defined and aestheti-
cally cohesive, ultimately imparting meaning, character and 
identity to the city.

Büyükcivelek (2012) defines the urban spine not only as a 
system that facilitates pedestrian and vehicular circulation 
but also as a collector and distributor that brings together 
various urban activities such as trade, public spaces, tour-
ism centers, business districts and educational institutions. 
Additionally, it connects major city entrances, including 
railway stations, airports and bus terminals. In this context, 
urban spines are described as forming an organized, legible 
and functional urban system. Lynch (1960) established a 
relationship between the spine and the city’s image by stat-
ing that urban elements are positioned along urban spines. 
Büyükcivelek (2012) emphasized that urban spines play a 
central role in shaping daily life. The concentration of social 
and economic activities on urban spines through a struc-
tured hierarchy, the integration of different urban systems 
within them and the outward expansion of these systems 
into the city underline the importance of spines in the pro-
cess of urban image formation.

To summarize, the urban spine primarily functions as a 
movement system while simultaneously serving as a con-
nector between spaces. Encompassing both pedestrian 
and vehicular circulation, it integrates social, cultural and 
economic aspects, forming a cohesive structure within the 
existing transportation network. Furthermore, its inclusion 
of elements such as squares, roads and signage contributes 
to urban order, enhances aesthetics and reinforces urban 
identity.

The research is grounded in the award-winning first-prize 
project developed by ECO.laud (ECO.laud, 2021) for the 
Cumhuriyet Square and Atatürk Boulevard Çamlıbel Urban 
Design Contest (Mersin Büyükşehir Belediyesi, 2021), or-
ganized by the Mersin Municipality. The competition brief 
emphasized the redesign of public spaces along Atatürk 
Street, a key urban corridor stretching from the northeast 
to the southwest of Mersin. This area includes Cumhuriyet 
Square and the historically vibrant Çamlıbel district, once 
a dynamic urban hub that had lost vitality due to the city’s 
westward and northward expansion. The brief emphasized 
the preservation of historical connections between these 
spaces, the maintenance of their distinct identities and the 
cultivation of a coexistence culture that reflects Mersin’s 
multicultural character, especially along Atatürk Street, 
which serves as Çamlıbel’s primary axis.

Both the competition brief and jury evaluations identified 
the site as a crucial component of Mersin’s urban spine, em-
phasizing its rich spatial qualities and untapped potential to 
physically and functionally reconnect the city. Urban anal-
yses supported these observations, revealing the area as a 
pivotal transition zone between the historic core and newer 
developments. Characterized by heavily used public spaces, 
including commercially active squares and streets, the find-
ings confirmed the competition site as a critical segment 
of the urban spine, bridging historical and contemporary 
urban layers. Consequently, the primary design objective 
was to reinforce Mersin’s fragmented urban spine through 
five key principles: bearing, binding, hierarchy, support and 
axis formation. These principles guided the sub-objectives, 
aligning with the competition’s focus on sustainability, 
identity preservation, mobility integration and cultural re-
vitalization.

In line with this objective, the study initially focuses on 
Uray Street and Atatürk Street, which collectively form the 
city’s primary urban spine. These streets were analyzed with 
respect to movement, connectivity and functionality. To 
decode the spine’s structural logic, the study investigates 
its historical evolution, the planning interventions that 
influenced it, its spatial characteristics and its role within 
the broader urban system. Subsequently, transformations, 
disruptions and fractures along the spine were identified, 
leading to context-sensitive proposals for areas requiring 
restoration or reinforcement.

Developed within the scope of the competition, the study 
addresses spatial and functional fragmentation in Mersin’s 
historic center while incorporating key requirements from 
the brief, including social inclusivity, cultural revitalization, 
accessibility and sustainability. The jury commended the 
study’s spatial clarity, coherent integration of urban layers 
and contextual sensitivity, qualities that embody the theo-
retical underpinnings of the spine-based approach. The core 
design objective was to strengthen the compromised urban 
spine through five fundamental spatial principles: bearing, 
binding, hierarchy, support and axis formation. These prin-
ciples structured the design’s sub-objectives, aligning with 
both the competition criteria and urban analysis findings.

This study examines the urban spine as both a guiding de-
sign philosophy and a conceptual framework for address-
ing spatial challenges in urban environments. It positions 
Mersin’s urban spine through a comparative analysis of es-
tablished theoretical frameworks, including Bacon (1967), 
Krier (1979), Lynch (1960) and Ekinci and Aktan (2017). 
The analysis characterizes the spine not as a mere thor-
oughfare but as a multifunctional element central to the 
city’s structure, functioning as a load-bearing axis, a so-
cio-economic connector and a key factor in urban image 
formation. Methodologically, the study stands out for its 
use of location-based digital tools, particularly GPS mobil-
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ity data from the Strava application (Strava, 2021), which, 
through correlation with on-site observations, supported 
spatial analysis and facilitated evidence-based design de-
cisions. Thus, the study contributes both theoretically and 
methodologically to contemporary urban design, propos-
ing a context-driven yet scalable model that demonstrates 
how theoretical frameworks can guide practice in complex 
urban settings.

Events and Planning Decisions Affecting the Formation 
of Mersin’s Urban Spine
Mersin, situated along Turkey’s southern Mediterranean 
coastline, has served as one of the Cilician Region’s most 
prominent settlements since antiquity. The city’s urban-
ization process originated as a humble fishing settlement 
before progressively developing into a major port city, em-
bodying dual identities as both a commercial hub and coast-
al urban center. This maritime character, combined with 
subsequent planning interventions, proved instrumental in 
forming Mersin’s distinctive urban spine. Through compre-
hensive spatial analysis, this study not only identifies the 
city’s primary urban spine but also conducts an in-depth 
examination of Uray Street and its continuation as Atatürk 
Street, both of which constitute essential components that 
are intrinsically linked to the competition site.

The first stage of the study examines the transformation of 
the city’s spatial structure in relation to its port-city identi-
ty, along with the socio-economic dynamics, commercial 
activities and transportation networks associated with this 
identity. This analysis demonstrates how the urban spine 
initially emerged in the historic city center. The second 
stage investigates the evolution of this spine in connection 
with the city’s broader development, assessing Mersin’s 
morphological growth and urban planning processes to 
elucidate the spatial dynamics that influenced and modified 
the spine over time. Finally, the study conducts a detailed 
analysis of Uray Street and Atatürk Street, which are histor-
ically significant and still-active segments of Mersin’s urban 
spine, by evaluating spatial transformations within the area, 
encompassing existing, lost and altered spaces, as well as 
their current characteristics and future potential.

Mersin Port and its related trade activities have played a 
significant role in the establishment and growth of the city. 
Similar to other 19th-century Middle Eastern port cities, 
Mersin became a focal point due to the expansion of the 
capitalist economy and historical events driven by increas-
ing commercial activities (Selvi Ünlü, 2007). After the Tar-
sus and Kazanlı piers lost their function as harbors, Mersin’s 
economic and spatial development accelerated (Adıyeke & 
Adıyeke, 2004; Selvi Ünlü, 2007). Ünlü (2007) provides a 
broader perspective on the reasons for Mersin’s develop-
ment and lists the following factors: the increase in cotton 
production in Çukurova due to the American Civil War, 
migration to Mersin from Eastern Mediterranean cities and 

neighboring regions and the use of timber from the Taurus 
Mountains for the construction of the Suez Canal and the 
railway. During this period, significant changes took place 
in the city; maritime trade agencies were established and 
the consulates of several countries relocated from Tarsus to 
Mersin (Durak, 2006). As a result of these developments, 
Mersin developed a cosmopolitan socio-economic struc-
ture, particularly attracting non-Muslim communities to 
the city center. This port-driven transformation was further 
accelerated by the expansion of Mersin’s transport infra-
structure. In addition to maritime trade, infrastructure de-
velopments such as the Mersin-Adana paved road (built in 
1873), the Mersin-Adana railway (completed in 1886) and 
the Mersin-Silifke-Mut-Karaman road (constructed in the 
early 20th century) contributed to Mersin’s emergence as a 
key regional center (Akkaya, 2004).

The transformation and development of Mersin’s urban can 
be traced through the city’s planning processes. Mersin’s first 
urban plan was developed by Herman Jansen in 1938. The 
Jansen Plan aimed to highlight two key aspects of the city: 
the harbor, which was designed to boost commercial activ-
ities and the sea, reinforcing Mersin’s identity as a “Coastal 
City” (Ünlü, 2009). The area between İstiklal Caddesi and 
Efrenk (Müftü) Stream was developed in accordance with 
the core principles of the Jansen Plan. However, this plan 
proved inadequate in accommodating the rapidly growing 
urban population and the expanding city structure.

Mersin’s first comprehensive urban plan was developed by 
İller Bank, envisioning a westward expansion along İstiklal, 
Silifke and Atatürk Streets. This plan defined the macro-form 
of the city as a compact urban model, where residential den-
sity gradually decreased from the center to the periphery 
(Selvi Ünlü & Ünlü, 2008). The İller Bank plan was revised 
in 1976, yet the modifications failed to adequately regulate 
urban development. In 1980, a 1/25,000-scale urban envi-
ronmental development plan was formulated in collabora-
tion with the Ministry of Environment and Urbanization 
and Mersin Municipality (Hisarlı, 1988). Nonetheless, even 
this plan fell short in addressing Mersin’s rapid urbanization 
dynamics. Finally, the 1/25,000-scale Master Plan, developed 
by Mersin Metropolitan Municipality in 2008, aimed to alle-
viate pressure on the city center and establish a development 
corridor extending eastward toward the port (Figure 1).

From the city’s foundation to the present, Uray Street and 
Atatürk Street, which have constituted the city’s urban 
spine, have maintained their dynamic structure in the 
city center. This dynamism has extended to perpendicular 
streets such as Hastane Street and Çakmak Street, as well as 
parallel streets like Silifke and İstiklal Streets. This expan-
sion also occurred functionally, as the commercial identity 
of Uray Street gradually spread to adjacent streets.

A tram line built in 1910 played a crucial role in shaping 
Uray and Atatürk Streets as the spine of the historic city 
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center. The line originated from Customs Square, passed 
south of the Old Bazaar Area and extended to Mersin Ba-
zaar. From there, it followed Atatürk Street, turned onto 
Silifke Street near the Atatürk Museum and ended at Müftü 
Stream. It then rejoined Atatürk Street via an alternative 
route through the military zone before returning to Cus-
toms Square. However, under the French Administration in 
1921, the tram line was redeveloped from Customs Square 
to the Railway Station exclusively for freight transporta-
tion. In 1931, the entire tram line was dismantled and de-
commissioned (Develi, 1998). The disruption of the inte-
grated road-railway-maritime network that sustained and 
strengthened Mersin’s urban spine has had a dual effect: 
weakening both the historic city center’s functionality and 
the spatial influence of the urban spine itself.

Over time, urban interventions led to significant changes 
in the city’s spine. Due to land reclamation projects and the 
construction of new coastal roads, the Uray Street–Atatürk 
Street spine gradually shifted inland, weakening its connec-
tion with the harbour and shoreline. The development of 
new boulevards, parks and recreational areas altered the 
socio-spatial structure of the urban spine. Notably, the lack 

of both direct and indirect pedestrian connections between 
Uray Street and the harbour further reinforced this separa-
tion (Figure 2). The weakening connection between the ur-
ban spine and the city’s maritime identity zones, particular-
ly due to diminished pedestrian connectivity, has hindered 
the spine’s capacity for organic growth and integration, 
thereby limiting its systemic influence on the city.

Developing from the 19th century onwards, Uray Street be-
came Mersin’s main spine as the first urban development 
axis linking the Railway Station to Customs Square. Over 
time, this axis gradually expanded westward along Atatürk 
Street, leading to linear urban growth. Eventually, Uray 
Street merged with Atatürk Street and Kışla Street, forming 
the city’s linear spine.

As Krier (1979) pointed out, the urban spine contains 
high-image-value structures and focal points with diverse 
functions. However, over time, while some of these spac-
es have been preserved, others have been demolished and 
replaced with new buildings. This situation has directly 
influenced the impact of the urban spine on the city as a 
whole. In this section of the study, these spaces and their 

Figure 1. Historical development of Mersin and the CBD of the city (a) 1930s, (b) 1960s, (c) 1985s and (d) the 2000s 
(prepared by Z.S.Belge using 1/25.000 scaled recent base map from, base maps and reports prepared by the Municipality 
for planning activities from the archive of the Center for Mediterranean Urban Studies, Mersin University) (Belge, 2012).
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spatial components have been identified and the losses in-
curred have been documented. Through design decisions, 
the restoration of image values based on these losses aims to 
achieve physical, functional and social sustainability.
Upon initial examination of the urban spine, which is formed 
by Uray Street, Atatürk Street and Kışla Street, one observes 
that it features significant historical and commercial land-
marks. To the east of Uray Street stand the Railway Station and 
the Latin Catholic Church, built in 1846. Moving westward, 
the Old Government House, Sursok Han and Taş Han, con-
structed in 1871, are prominent, while Azakhan, once oppo-
site Sursok Han, was demolished in 1988. The Old Mosque, 
dating to 1870, remains intact. Uray Street also hosts Türki-
ye İş Bankası, T.C. Merkez Bankası and Garanti Bankası, re-
flecting its commercial significance. Atatürk Street begins at 
Hastane Street, where the Yoghurt Bazaar, now a park and the 
Metropol Skyscraper, a city landmark, are located. South of 
the Hastane-Uray intersection, Customs Square and Customs 
Pier once served as major trade and transport hubs but were 
replaced by Ulu Cami and Ulu Bazaar in the late 19th century. 
The historical port lay east of the city center, with shops lining 
the route between Customs Square and the Atatürk House/
Museum. Opposite the museum stood Akkahve, a key social 
venue, now the site of the Mersin Metropolitan Municipality 
building. West of the museum, the former People’s Garden, 
now Cumhuriyet Square, historically hosted cultural events 
and currently houses the Mersin Cultural Center, functioning 
as the People’s House (Selvi Ünlü & Ünlü, 2008).
The former People’s House now functions as a Cultural 
Center, accommodating the Mersin State Opera and Bal-

let. The Atatürk Statue establishes a spatial connection to 
Cumhuriyet Square, a significant public and ceremonial 
space framed by the Orthodox Church, the Cultural Cen-
ter and the Governor’s Mansion. Atatürk House visually 
complements the square from the east. The former People’s 
Garden, once located south of the statue, was replaced by a 
coastal road following land reclamation, leading to the cre-
ation of Atatürk Park in the 1980s. Redesigned in the 1990s, 
Cumhuriyet Square remains largely underutilized outside 
major events.

Extending westward from Cumhuriyet Square, Atatürk 
Street, formerly known as Kışla Street, served as the main 
axis of the early 20th-century Çamlıbel Neighborhood. 
The street preserves several historic residences, including 
Chachati House, previously used as a kindergarten, along 
with the Police Department Lodgings and a bank. A wid-
ened section, known as Lovers’ Park, is also located along 
this route. Tall palm trees define the street’s perspective, 
while an eucalyptus grove marks the site of the former mili-
tary barracks, designated as a Grade II Natural and Histori-
cal Site. Across Müftü Stream, the Ministry of Environment 
and Urbanization is redeveloping the former Tevfik Sırrı 
Gür Stadium site into the People’s Garden, with a pedestri-
an bridge under construction to connect it to Atatürk Street 
(Mersin Büyükşehir Belediyesi, 2021). The visual elements 
of Mersin’s urban spine are detailed in Figure 3.

Design Space, Problems and Solution Objectives
The competition site has been designated as the Çamlı-
bel District, extending from Cumhuriyet Square to Müftü 

Figure 2. Competition area and its immediate surrounding projects (Mersin Büyükşehir Belediyesi, 2021).
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Stream. To enable a multifaceted and contextual analysis of 
urban-scale problems, priority has been given to identify-
ing and detailing the discontinuities along the urban spine 
stretching from Uray Street to Atatürk Street.

As a result of the studies, it has been determined that sig-
nificant distortions have occurred in the authentic urban 
identity of Mersin due to rapid and unplanned urbaniza-
tion. This deterioration is concentrated along the urban 
spine formed by the Uray-Atatürk Street axis, which con-
stitutes the historical core of the city. In particular, with the 
construction of a new port, key urban focal points such as 
Customs Square, which was once integrated with the port, 
have lost their function, while the emergence of shopping 
malls has weakened the strong commercial fabric of the re-
gion. The integration of rail, road and maritime transpor-
tation, which once supported the city’s infrastructure, has 
gradually deteriorated over time. Additionally, important 
public spaces along the spine (Customs Square, Yoghurt 
Bazaar, Cumhuriyet Square and Lovers’ Park) have become 
disconnected, resulting in a loss of spatial continuity and 
urban cohesion. 

In addition to these urban deteriorations, although Cum-
huriyet Square, Lovers’ Park and Atatürk Street exhibit di-
versity in terms of the city’s physical, functional and social 
characteristics, the lack of systematic planning in intersect-
ing areas and the presence of functions that do not support 
street and square usage have led to the emergence of un-
defined and fragmented spaces, which hinder pedestrian 

movement and disrupt holistic spatial order. Moreover, the 
absence of horizontal and vertical visual and spatial conti-
nuity has resulted in disconnected and unsafe passageways 
between the coast and the city. Pedestrian circulation is dis-
rupted by physical and spatial barriers such as roadways, 
parked vehicles, elevation differences and other obstruc-
tions. Furthermore, the lack of sufficient shading elements 
reduces user comfort while the extensive use of concrete 
and asphalt surfaces contributes to the urban heat island 
effect. These constitute fundamental problems that nega-
tively impact the active use of the urban spine, significantly 
diminishing the area’s functionality and livability.

All these problems have collectively contributed to signif-
icant urban degradation along the spine. Physical, func-
tional and aesthetic losses have accumulated, leaving key 
urban focal points dysfunctional and transportation net-
works fragmented. The once-cohesive continuity between 
focal points and streets has eroded, while pedestrian activi-
ty has declined noticeably. Furthermore, the functional and 
aesthetic integrity of spaces that connect the spine to vital 
urban features, including the sea and port, has significantly 
deteriorated. Most critically, some high-image-value spaces 
and their defining spatial elements have disappeared en-
tirely, while others have suffered a marked decline in their 
perceived value, weakening the overall urban character. In 
light of the urban problems identified, it becomes crucial to 
contextualize the significance of Mersin’s spine within es-
tablished theoretical frameworks.

Figure 3. Urban image elements in in Mersin City’s spine. Reproduced and adapted from (Selvi Ünlü & Ünlü, 2008; …).
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A comparative analysis against established theoretical 
frameworks positions Mersin’s urban spine not as a simple 
thoroughfare, but as a critical, multi-functional element 
central to the city’s structure. Its development appears 
organic, shaped by topography and history rather than 
formal planning, a phenomenon noted by Krier (1979). 
He views such spines as indicators of a civilization’s lev-
el and symbols of political will, not just planning targets. 
This spine aligns with Bacon’s (1967) definition of an ur-
ban spine as a movement system creating links between 
urban areas. It functions as a primary circulation corridor, 
dynamically shaped by the diverse commercial, adminis-
trative and cultural functions it contains. The structural 
analysis by Ekinci and Aktan (2017) provides a robust 
framework for understanding its qualities. Accordingly, 
Mersin’s spine acts as a load-bearing element at the city’s 
center of gravity, a connector between key zones and a 
hierarchical organizer of urban functions. It serves as a 
vital support line for daily life and defines the primary axis 
of the urban macroform. Furthermore, as emphasized by 
Mortazavi (1997) and Büyükcivelek (2012), the spine con-
stitutes a rich urban formation not only through its so-
cio-economic functions, which form the dynamic aspect 
of the city, but also through the abundance and diversity 
of public spaces that reflect its historical variety. These 
elements underscore the critical importance of the spine 
within the entirety of Mersin’s urban structure. This role is 
crucial for urban image formation, aligning with Lynch’s 
(1960) concept, as landmarks along the spine enhance the 
city’s legibility and identity. In essence, Mersin’s urban 
spine is a synthesizing element, integrating the theoretical 
qualities of load-bearing, connectivity, hierarchy and im-
ageability to form a foundational component of the city’s 
overall structure. This theoretical understanding provides 
the foundation for the proposed design strategies.

Within this framework, solution proposals have been de-
veloped to address these problems. For the rapidly grow-
ing and constantly changing city of Mersin, the most 
critical decision appears to be ensuring spatial continuity 
through strengthening, rehabilitating and reconnecting 
the existing urban spine. The primary strategy is to pre-
serve and reinforce the existing urban spine to ensure con-
tinuity. Guided by this objective, streets and open green 
space systems have been conceptually enriched through 
historical references, cultural/artistic interventions, cul-
tural landscapes and ventilation corridors, establishing a 
coherent urban identity. Furthermore, symbolic imagery 
has been strategically incorporated to enhance both the 
visual and functional legibility of urban space, while si-
multaneously strengthening the image value of the spine. 
To reinforce continuity along the spine, spatial integrity 
has been achieved through the creation of “opportunity 
corners” that emphasize nodal points and intersections, 
thereby enhancing the spine’s image value. The overar-

ching goal of this process is to enhance urban aesthetics 
and character, integrate historical, cultural, social, natural 
and touristic assets into urban life and develop a resilient 
and sustainable urban spine landscape through ecological 
restoration. Consequently, the proposed solutions funda-
mentally aim to reclaim Mersin’s distinctive “urban spine” 
as a core element of the city’s unique identity.

Analysis and Strengthening of the Urban Spine through 
Movement Dynamics
Establishing a robust movement system for the urban spine, 
thereby creating strong inter-district connectivity, has been 
identified as one of the design’s key subsidiary objectives. 
To achieve this, the study implemented a multimodal ana-
lytical framework combining traditional personal observa-
tions with digital tracking methodologies. Specifically, GPS 
data collected in 2021 from the Strava application, a fitness 
tracking platform that monitors outdoor activities through 
smartphone location services, were analyzed alongside other 
datasets. Strava Metro provides anonymized, aggregated and 
normalized records from millions of user activities captured 
via smartphones and personal GPS devices (Griffin & Jiao, 
2015). These passive and active forms of smartphone GPS 
tracking (SGT) have proven valuable for estimating visitor 
patterns and spatial behavior while requiring careful privacy 
considerations (Korpilo, Virtanen , & Lehvävirta, 2017).

To identify the city’s most heavily used pedestrian routes, 
digital traces were cross-referenced with GSM system data. 
Through correlation with on-site observations, important 
focal points and connections were identified. Notably, these 
spatial nodes align precisely with significant historical build-
ings along the street, including the Church, Chachati House, 
the Police Department Lodgings and the Bank Building. This 
congruence between movement patterns and architectural 
heritage demonstrates how these focal points maintain their 
symbolic significance through historical continuity while 
serving vital functions in contemporary urban mobility net-
works. The integration of modern tracking technologies with 
traditional observational methods has thus provided a com-
prehensive understanding of both the physical and perceptu-
al dimensions of the urban spine’s functionality.

An analysis of the collected data reveals that pedestrian 
movement within the urban fabric is concentrated horizon-
tally along İsmet İnönü Boulevard, İstiklal Street and the 
coastline, while it is concentrated vertically along Kuvayi 
Milliye Boulevard. Bicycle mobility, on the other hand, fol-
lows a different pattern from pedestrian movement and is 
primarily observed along Atatürk Street and Silifke Street, 
running parallel to the main axes (Figure 4).

An analysis of the research data identified disruptions in 
pedestrian flow, underutilization of circulation networks 
connecting the coast and city along the vertical axis and a 
lack of synergy among commercial, cultural, recreational 
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and food and beverage areas, despite their central location. 
In response, a pedestrianization strategy was implemented to 
enhance spatial cohesion, improve accessibility and support 
multifunctional urban use. Atatürk Street, with its strong 
pedestrianization potential, offers trade, culture, recreation 
and dining options within walking distance of the city cen-
ter. This initiative not only fosters public health by increasing 
physical activity but also revitalizes street culture, transform-
ing the area into a tourist attraction in Mersin, a city with 
significant tourism potential. The approach aims to advance 
the walkable city concept, extend pedestrian engagement 
and facilitate unrestricted movement through urban spaces. 
Additionally, inspired by historical documentation, bicycle 
use has been promoted as a sustainable, cost-effective and 
health-conscious mobility solution. The bicycle path from 
Atatürk Street was extended to Müftü Stream, connecting to 
the new People’s Garden and further linked to Uray Street 
and the coastal road No. 4302, forming a circular network 
encompassing key urban nodes. To reinforce street culture 
for both pedestrians and cyclists, urban interventions have 
introduced diverse public spaces, including communal green 
areas and individual seating along the street, while maintain-
ing spatial equity for commercial establishments.

Along the pedestrian and bicycle paths, adjustments in 
direction and continuity have been implemented to en-
hance street perception for both pedestrians and cyclists 
while fostering their active engagement with street life. This 
design strategy improves the user experience by facilitat-
ing the development of clustered green spaces, individual 
seating areas and various functional zones on both sides 
of the street. Additionally, these spatial interventions have 
contributed to a more balanced distribution of commercial 
units and ensured spatial equity, while optimizing the effi-
ciency of public space utilization. In this context, integrat-
ing pedestrian and bicycle paths into street life constitutes 
a key design strategy that enhances urban mobility and fos-
ters social interaction (Figure 5).

Vehicular traffic in the area is redirected to the horizontal axes 
of İnönü Street and Silifke Street through vertical connec-
tions. In terms of accessibility, it is recommended to repur-
pose the shopping mall into an indoor parking facility, while 
the green areas opposite the military lodgings are proposed 
to be converted into a parking garage. Additionally, within 
the pedestrianized zone along Atatürk Street, a designated 
safety strip has been established to accommodate vehicle use 
when necessary. In the section where the medical center is 

Figure 4. Main pedestrian and bicycle axes identified through user-recorded GPS (Global Positioning System) movement 
traces in Mersin city center. Reproduced and adapted from ECO.laud, 2021.

Figure 5. Atatürk street pedestrianization project. Reproduced and adapted from ECO.laud, 2021.
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located, vehicle access via the Cengiz Topel Street connection 
has been maintained. At the end of Atatürk Street, a bridge 
has been constructed across the Müftü Stream, providing di-
rect access, particularly to the New People’s Garden (Figure 
6). All vertical connections have been integrated with the 
horizontal axis formed by the Uray-Atatürk Streets corri-
dor, which constitutes the urban spine. The spine has been 
reinforced by incorporating pedestrian-priority measures 
and integrating alternative transportation systems, such as 
cycling, along its entire length.

Identification and Enhancement Of Focal Points And 
Connections Along The Urban Spine
The urban development of Mersin, initially influenced 
by the Latin Orthodox Church and the Catholic Church, 
has expanded beyond the Müftü Stream, which serves as 
the city’s natural border today. In addition to this physical 

growth, the reorganization of Uray Street, the construc-
tion of the People’s Garden and the creation of green areas 
along the coastline have transformed Cumhuriyet Square 
and Atatürk Street into a significant transition zone. In 
this context, the urban spine extends westward from Uray 
Street along Atatürk Street. While this expansion supports 
the healthy growth of the city, it also requires the seamless 
and harmonious integration of spatial components along 
the spine. As part of this study, four primary zones were 
identified: Atatürk Street 1st District, Lovers’ Park, Atatürk 
Street 2nd District and Cumhuriyet Square. The design of 
these zones was elaborated to ensure physical, functional 
and ecological continuity (Figure 7).

Atatürk Street Zone 1 is designed with commercially orient-
ed functions, comprising retail and food and beverage units, 
thereby ensuring commercial continuity along the street 
while extending commercial activity and urban vibrancy up 

Figure 6. Protected roadway connections and proposed safety lane. Reproduced and adapted from ECO.laud, 2021.

Figure 7. Sub-areas of the competition area. Reproduced and adapted from ECO.laud, 2021.
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to the Müftü Stream. In the final segment, which extends to 
the Müftü Stream and where educational buildings are con-
centrated, commercial units such as book cafés and food and 
beverage spaces are proposed to cater to student needs. 

Lovers’ Park integrates cultural, artistic and recreational 
functions, including bookstores, cafes and food and bev-
erage units, seamlessly connected to the beach and sur-
rounding residential areas. This integration strengthens the 
link between the fisherman’s shelter, the coastline and the 
broader urban fabric, reinforcing the park’s place memory. 
The design preserves historical traces while emphasizing 
greenery, transforming the space into a vibrant cultural and 
artistic hub. Enriched with musical and artistic activities, 
the park attracts both residents and tourists by offering di-
verse functions and high-quality spaces. However, despite 
its historical significance, the park currently serves as a 
fragmented and unstructured parking lot. The proposed 
design aims to restore its identity by reinstating its dense 
green environment and reinforcing the strong natural bor-

der formed by trees. Originally conceived as a tranquil re-
treat, this function is preserved while enhancing the park’s 
spatial value through strategic interventions. A sequence of 
curated spaces has been introduced between the cultural 
and artistic zones near the bank building, the police de-
partment lodgings and Lovers’ Park, establishing a setting 
where nature and art intertwine. Additionally, commercial 
spaces such as sales units, cafes, bookstores and food and 
beverage establishments are incorporated, allowing public 
engagement in trade (Figure 8). 

Tourism-oriented commercial areas have been planned along 
the axis that connects Cumhuriyet Square via Road 4302 in 
the 2nd District of Atatürk Street. In this context, shops sell-
ing local goods, offices organizing sightseeing tours and busi-
nesses offering accommodation and car rental services have 
been designated. Additionally, the area’s tourism appeal has 
been enhanced by designing food and beverage venues with-
in corner shops, which are strategically positioned to blend 
with green areas and provide sea views (Figure 9).

Figure 8. (a) Historical view of Mersin Kışla Street (Agah Müzayede, 2022), (b) Historical view of Lovers’ Park (Mekânda 
Adalet Derneği, 2019), (c) Proposed design plan for Lovers’ Park (ECO.laud, 2021), (d) Aerial perspective of the proposed 
Lovers’ Park (ECO.laud, 2021).
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At Cumhuriyet Square, the vertical axis, which is defined by 
the People’s House and Atatürk Statue and extends towards 
the coast and the horizontal axis extending from Uray Street 
constitute the primary elements shaping pedestrian circula-
tion within the square. A key objective is to emphasize the 
People’s House, a significant landmark in the city’s skyline, 
by ensuring its harmonious integration with the surrounding 
greenery. Historically, the summer cinema (Parthe Cinema), 
situated within the People’s Garden, served as a focal point 
for social activities such as concerts, garden parties, dance 
events and dining gatherings. It also hosted official celebra-
tions following the proclamation of the Republic. This his-
torical and cultural heritage has been reinterpreted for con-
temporary use by enriching the square with multi-functional 
spaces, such as an amphitheater, a free activity meadow and 
playgrounds under trees, to accommodate diverse user needs 
and activities. Given Mersin’s hot climate, the square has 
been designed with more greenery and shaded areas, as hard 
surfaces contribute to the heat island effect. The goal is to 
mitigate this effect, preserve the square’s identity as a central 

gathering place and enhance its role as a vibrant public space 
beyond ceremonial events (Figure 10).

The urban spine features nodes of distinct character. While 
Cumhuriyet Square functions as a ceremonial ground, Lov-
ers’ Park holds the potential to be a significant recreational 
area for the city. Atatürk Street, which connects these nodes, 
plays a vital functional and social role. Consequently, the 
spine is strengthened not merely as a physical connector 
but also through its incorporation of functional integrity.

Ensuring Functional Continuity on the Urban Spine
The functions proposed throughout the street provide 
longer visiting times, aiming for functional diversity and 
high-quality outdoor spaces. In addition, the aim is to in-
crease the interface areas between citizens and outdoor 
spaces, thus giving citizens more chances to experience the 
city. In the distribution of functions, commercial places for 
eating and drinking are suggested at iconic locations that 
are remarkable for the user with existing historical build-
ings. Asiklar Park is envisioned to be a focal point where 

Figure 9. (a) Historical view of Mersin Kışla Street (Selvi Ünlü & Ünlü, 2008), (b) Historical view of Atatürk Street (Selvi 
Ünlü & Ünlü, 2008), (c) Proposed design plan for Atatürk Street (ECO.laud, 2021), (d) Aerial perspective of the proposed 
Atatürk Street (ECO.laud, 2021). 
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Figure 10. (a) The 1936 Hermann Jansen Plan for Mersin Atatürk Park (Selvi Ünlü, 2016), (b) The historical appearance 
of Mersin People’s House (Bozkurt & Geylani, 2017), (c) Proposed design plan for Cumhuriyet Square (ECO.laud, 2021), 
(d) Aerial perspective of the proposed Cumhuriyet Square (ECO.laud, 2021).

Figure 11. Proposed Functional Zoning of the Project Area. Reproduced and adapted from ECO.laud, 2021.
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culture, art, recreation and trade opportunities are offered. 
In this area, diverse functions such as resting, entertain-
ment, reading, eating and drinking are combined. Addi-
tionally, urban interfaces have been enhanced to strength-
en the engagement between residents and outdoor spaces, 
fostering greater interaction between users and the urban 
environment (Figure 11).

The intersection of the identified connections and focal 
points with the historical buildings of the street, namely 
the Church, Şaşati House, Police Departments Lodging 
and Bank Building, enabled these focal points to define 
their symbolic significance through the traces of History. 
Chachati Evi, is used as a kindergarten today and has a 
place in the public memory as Micky Mouse. The build-
ing was re-functioned as a “Children’s Library” that re-
mained special for children, while serving more partici-
pants. Thus, on the one hand, the place of the building in 
the collective memory was preserved; and on the other 
hand, the children would experience an architecturally 
rich and historical building, spreading the awareness of 
conservation.

In order to support the artistic and cultural structure of the 
city, the aim is to use the Police Department Lodgings for bal-
let, dance and music courses and the Bank Building to serve 
as a space for painting and sculpture workshops and cours-
es. In addition, the building between them is designed as a 
multi-purpose space that supports open-air events such as 

exhibitions and shows, ensuring continuity in social interac-
tions and connecting social activities (Figure 12). The impact 
of the urban spine has been enhanced by reinforcing the visual 
prominence of its high-image-value historical structures, no-
tably the historic Şaşati House, Police Departments Lodging, 
Bank Building, Community Center and Orthodox Church.

RESULTS

The urban spine is designed to serve both the entire city and 
specific districts, fulfilling roles such as structural support, 
connectivity, hierarchy formation and spatial cohesion. Es-
pecially in rapidly growing cities such as Mersin, this spine is 
recognized for ensuring a seamless transition from the past 
to the future by integrating seamlessly with the urban fab-
ric. An examination of Mersin reveals that its urban spine, 
shaped by spatial dynamics, has evolved into a structure that 
now triggers new spatial dynamics and determines the city’s 
developmental direction. The city’s relationship with the sea, 
its topography and its strong horizontal interaction with oth-
er coastal cities have ensured this development occurs along 
the spinal axis. The initial spine structure formed by its port 
city origins and the city’s growth integrated with this spine 
are clearly discernible. In Mersin, it has been observed that 
this spine, which extends from Uray Street to Atatürk Street 
and expands westward, continues to evolve and expand, in-
fluencing both horizontal and vertical urban axes.

Figure 12. Proposed street descriptions for Lovers’ Park and its surroundings integrating culture, arts and recreation 
functions.
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Specifically in Mersin, the urban spine defined by Uray-
Atatürk Street has served as the commercial, administrative, 
cultural and social spine of the city center from the past to the 
present day. Mersin’s urban spine possesses a versatile charac-
ter that interconnects different functions. This is evident in the 
recreational focal spots (Lovers’ Park, etc.), ceremonial areas 
(Cumhuriyet Square, etc.) and rich public formations located 
along the same axis. Furthermore, strong connections between 
commercial, social and cultural functions are observed along 
the spine. Although new horizontal and vertical connections 
have been introduced, the spine has maintained its integrity. 
Beginning at Uray Street, this spine expands westward, es-
tablishing a functional hierarchy encompassing commercial, 
religious and cultural elements. Mersin’s status as a port city 
has contributed to the formation of a linear urban spine along 
the horizontal axis, further reinforcing this spatial structure. 
Throughout the city’s transformation, this spine, extending 
from the port inward, has emerged as a crucial zone preserv-
ing Mersin’s historical memory, mirroring its cosmopolitan 
character and accommodating diverse functions, including 
religious, commercial, entertainment and accommodation 
purposes. It is understood that urban spines are not mere-
ly transportation corridors but also accommodate a stock of 
buildings with varied functions and diverse open public spac-
es. This multifunctionality further enhances the spine’s impact 
on the entire city. In Mersin, alongside historic public spaces 
representing the city’s public realm, new recreational areas are 
observed to be integrated into this system. The urban spine 
formed by Uray-Atatürk Street is instrumental in shaping the 
city’s identity through its historical, social and cultural spaces 
that embody diverse aesthetic perspectives and dynamic social 
interactions. Additionally, as it is integrated with various trans-
portation networks, including railway and maritime systems, 
this spine establishes a robust mobility network within the city.

The jury’s first-prize evaluation confirms that the study 
effectively addressed the core requirements of the com-
petition, including social inclusivity, cultural revitaliza-
tion, accessibility and sustainable material use, through a 
spine-oriented design strategy. The clarity of the spatial sys-
tem, the integration of urban layers and the contextual sen-
sitivity reflect the theoretical premise of the urban spine as a 
framework that organizes movement and space while gen-
erating meaning and identity. The study therefore offers a 
validated example of how theory can be applied in complex 
urban conditions, demonstrating the value of theory-driv-
en design in contemporary planning practice.

These findings indicate that the urban spine is a significant 
determinant of the city’s development trajectory. Initially 
functioning primarily as a transport connector following 
Mersin’s establishment as a port city, the urban spine has 
gradually acquired functional diversity through the incor-
poration of additional uses. Furthermore, by hosting his-
torical structures that represent cultural continuity and a 
deep-rooted past, the urban spine has played a key role in 

preserving the city’s integration with its historical identity. 
However, this critical role has recently come under pressure 
due to rapid urban transformation.

Amid rapid urbanization, land reclamation efforts and 
port relocation in Mersin, the influence of the existing 
urban spine on the overall urban fabric has diminished. 
The effects of this transformation are distinctly observable 
on Atatürk Street, a key segment of Mersin’s urban spine. 
A major issue in the area is that the historic Uray Street-
Atatürk Street spine, which embodies the city’s physical, 
social, cultural and political heritage, serves as a connective 
axis linking public spaces and buildings within a structured 
urban framework that ensures spatial balance. However, it 
lacks adequate physical, functional and social integration 
with newly developed urban areas.

Connecting the Urban Spine with Enhanced and 
Continuous Pedestrian Mobility
An analysis of movement dynamics revealed that the once-
strong pedestrian flow along the Atatürk-Uray Axis has 
gradually diminished, disrupting the continuity of the urban 
spine. Pedestrian connections were identified as weak not 
only along the east-west axis but also in the north-south di-
rection. Therefore, a comprehensive pedestrianization strate-
gy was implemented along Atatürk-Uray Street, additionally 
supported with dedicated bicycle lanes. Furthermore, over-
passes, bridges and pedestrian crossings were proposed to 
enhance connectivity between Historic Uray Street and the 
recently developed People’s Garden and Atatürk Park.

Maintaining the Continuity of Key Focal Points and 
Connections on the Urban Spine
Atatürk Street, which extends from Uray Street and hosts 
numerous historical sites forming the city’s core, serves as 
a crucial link within the newly emerging urban fabric. This 
connection holds significant potential both in its imme-
diate context and broader urban network. The continuity 
of the urban spine has been reinforced by integrating this 
area, which accommodates a mix of commercial, cultural 
and recreational functions while possessing high public 
potential, through enhanced horizontal and vertical linkag-
es. Continuity and spatial integrity have been preserved by 
safeguarding its historical significance and physical legacy 
within the city’s collective memory.

Maintaining Functional Continuity on the Urban Spine
The goal is to preserve the strong commercial character in-
herited from Uray Street while ensuring harmony with the 
area’s dynamics. Through enhanced interaction with key 
public spaces such as Cumhuriyet Square and Lovers’ Park, 
high-quality open urban spaces offering diverse function-
alities have been designed. Thus, the engagement between 
residents and public spaces has been strengthened, revital-
izing the area’s vibrancy.
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Findings indicate that the urban spine plays a crucial role 
in shaping urban identity and ensuring urban continuity. 
Its functions, including providing structural support, con-
nectivity, balance, reinforcement and hierarchical organi-
zation, should be comprehensively analyzed from a design 
perspective to address both micro and macro-scale urban 
contexts. The spine is not merely a conduit for movement 
but also an integrative system of physical, socio-cultur-
al and economic networks. This study demonstrates that 
strengthening the urban spine is not merely a theoretical 
concept but also a practical and implementable strategy. 
Ultimately, this study concludes that protecting and devel-
oping the urban spine provides significant benefits for sus-
tainability, spatial cohesion and balanced urban growth in 
rapidly expanding cities.

Although the concept of a “spine” is associated with dif-
ferent ideas across disciplines, it is fundamentally defined 
as a central axis formed through continuity. According to 
Ekinci and Aktan (2017), a spine possesses qualities such as 
load-bearing, connectivity, establishing hierarchy, provid-
ing support and forming an axis. At the urban scale, Bacon 
(1967) characterized the urban spine as a movement sys-
tem creating links between urban areas defined by spatial 
elements, while Krier (1979) viewed it as a political force 
and a symbol of civilization; traits observable in the char-
acter of Mersin’s urban spine.

As noted by Krier (1979), the spine in Mersin is not a plan-
ning target but rather a result of the city’s development and 
topography. Mersin’s urban spine, as indicated by Bacon 
(1967), not only houses diverse functions but also defines a 
robust movement system generated by these functions. As 
emphasized by Mortazavi (1997) and Büyükcivelek (2012), 
the spine represents a rich formation not only through its 
socio-economic functions, which constitute the city’s dy-
namic aspect, but also through the number and diversity 
of public spaces embodying its historical variety. These ele-
ments underscore the spine’s critical importance within the 
entirety of Mersin.
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ABSTRACT

Using the cognitive mapping method, this research examines the spatial and cognitive factors 
shaping children’s perceptions of the journey from home to school and interprets the results 
from the perspective of the architectural discipline. Conducted with 52 first-grade students 
(22 girls, 30 boys) from a primary school in Istanbul, it analyzes children’s drawings through 
mapping typologies and Kevin Lynch’s five elements-paths, edges, districts, nodes and 
landmarks (1960). Drawing on Piaget’s theory of cognitive development (1954) and Hart & 
Moore’s concept of spatial thresholds (1973), the method integrates qualitative interpretation 
of drawings with quantitative Pearson’s chi-square testing, situating the study within broader 
research on mobility, gender, and environmental perception. Three mapping typologies 
were identified: scattered, linked, and patterned. Most children produced scattered maps, 
suggesting fragmented spatial understanding, whereas those living closer to school included 
more paths in their drawings, highlighting the role of proximity in spatial perception. Some 
gender-related patterns were observed within this sample (n=52) for example, relatively more 
structured maps among some girls and more scattered layouts among some boys. Given the 
small sample and the limited power of Pearson’s chi-square tests with sparse categories, these 
should be treated as exploratory, sample-specific tendencies rather than generalizable effects.
Beyond these statistical tendencies, the analysis of developmental thresholds revealed that, 
most children demonstrated emergent heterocentric spatial perception features at 6–7 years 
(within the domicentric stage, early signs only), corresponding to meso-environments, 
with fewer displaying egocentric (micro-environment) or Euclidean (macro-environment) 
perspectives. Given that the sample is 6–7 years old, heterocentric indicators are interpreted 
as early/emergent features rather than full stage attainment. These results highlight the 
transition from domicentric to heterocentric spatial understanding. Ultimately, the study 
provides insights into the interplay of spatial cognition, gender, and proximity in shaping 
children’s maps, offering practical implications for designing child-oriented urban and 
architectural environments that foster spatial understanding and cognitive development.

Cite this article as: Demirkusak, O., Sahin, M., & Canakcioglu, N. G. (2025). Exploring the 
transition from domicentric to heterocentric environments: Children’s cognitive thresholds 
in urban spaces. Megaron, 20(4):462–480.
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INTRODUCTION

The home and its surrounding environment contribute to 
human emotional and psychological well-being, serving 
as both shelter and foundation for early development. The 
home space represents a critical area for children in the 
sensory-motor stage, the first stage of Piaget’s theory of 
cognitive development (1954). Children begin to under-
stand and interact with their environment at this stage. This 
progression and transition highlights the importance of an 
interdisciplinary approach that integrates environmental 
psychology, sociology, pedagogy, and architecture, as archi-
tecture plays a key role in meeting children’s evolving needs 
and ensuring their seamless integration with their environ-
ment. Since the 1960s, both architecture and psychology 
have examined how spatial organization and environmental 
design affect children’s cognitive and social development. 
Both disciplines provide complementary perspectives on 
the interaction between design and human development, 
revealing how physical environments influence cognitive 
and social processes, particularly in childhood develop-
ment. Foundational sociological concepts such as Cooley’s 
(1909) distinction between primary and secondary envi-
ronments and Tönnies’s (1887) notions of Gemeinschaft and 
Gesellschaft provide the groundwork for understanding hu-
man-environment relations. Building on these sociological 
foundations, environmental psychology further explains 
how spatial organization influences behavior. Subsequent 
theories - including Hall’s (1966) and Altman’s (1975) ex-
plorations of personal space, Bronfenbrenner’s (1979) eco-
logical systems framework, and Oldenburg’s (1989) theory 
of the “third place”- further elucidate how spatial contexts 
shape social interaction, behavior, and a sense of belonging. 
These foundational theories also implicitly emphasize the 
importance of designing environments that nurture chil-
dren’s cognitive and social development.

The home, as the primary environment, forms the founda-
tion of children’s earliest social experiences and identity de-
velopment. Within Piaget’s (1954) cognitive development 
framework, a secure environment supports emotional at-
tachment and the emergence of self-awareness. Expanding 
on this view, Hart and Moore (1973) conceptualized spatial 
cognition through four developmental thresholds: egocen-
tric (0–3), domicentric (3–8), heterocentric (8–12), and Eu-
clidean (12+). These stages illustrate the progression from 
immediate, home-centered experiences toward broader and 
more abstract spatial systems. In this study, Piaget’s cogni-
tive stages (pre-operational 2–7; Concrete operational 7–11; 
Formal operational 11+) and Hart & Moore’s spatial stages 
are treated as distinct but complementary frameworks. The 
participant group (ages 6–7) corresponds primarily to the 
late pre-operational/early Concrete and domicentric stages; 
any heterocentric elements observed are considered early 
or emergent rather than fully realized characteristics.

As children gradually move beyond the familiarity of the 
home environment, the school emerges as the first social 
extension of their spatial world, marking the beginning of 
their interaction with structured public spaces. Schools, as 
secondary settings, represent children’s first experiences 
with broader social structures and norms. Tönnies’ (1887) 
conceptualization of the transition from natural will (home 
space) to rational will (school space) emphasizes the critical 
role of this process in children’s cognitive and social devel-
opment and their interactions with public spaces. Piaget’s 
model of cognitive stages provides the foundation for un-
derstanding how children perceive and represent their en-
vironments.

Lynch (1960) introduced the basic concepts of paths, edges, 
nodes, districts, and landmarks in environmental orienta-
tion, which form the basis of spatial mapping.

Another contribution about the subject, Appleyard (1970) 
categorized children’s maps into scattered, linked, and pat-
terned types., while Ladd (1970) classified children’s neigh-
borhood maps as graphic, schematic, connected, and nodal 
maps. Hart and Moore (1973) described spatial develop-
ment through egocentric, domicentric, heterocentric, and 
Euclidean stages.

Later research (İmamoğlu, 1979; Herman, 1980; Doherty & 
Pellegrino, 1985) emphasized age, socioeconomic context, 
and environmental exploration as key influences on spatial 
awareness.

Since the 2000s, research has increasingly explored how 
children’s spatial cognition interacts with environmental, 
social, and individual variables such as mobility, gender, 
socioeconomic background, and environmental legibility. 
These studies collectively emphasize that cognitive map-
ping is shaped by freedom of movement, family support, 
and neighborhood characteristics, highlighting the dynam-
ic relationship between spatial experience and development 
(see also Ünlü & Çakır, 2002; Risotto & Tonucci, 2002; 
Yavuzer, 2003; Öztürk, 2009; Çanakçıoğlu, 2011; Türel & 
Gür, 2019; Burkut & Köseoğlu, 2022; Coşkun & Kaymaz, 
2022).

Cross-cultural and contextual perspectives have further 
enriched this field, revealing how social belonging, cultural 
identity, and environmental familiarity influence children’s 
representations of space (see also Thommen et al., 2010; 
Mohsenin, 2011; Koç, 2012; Park & Kim, 2012; Damayanti 
& Kossak, 2016; Gillespie, 2010; Öztürk, 2015; Den Besten, 
2017; Baksi, 2018; Rzhanova et al., 2020; Seyhan, 2021; 
Lowrie et al., 2022).

Building upon these cumulative findings, this study exam-
ines the cognitive mapping abilities of first-grade primary 
school students in Istanbul during their daily journeys from 
home to school and how these abilities influence spatial 
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thinking thresholds. The research draws on the cognitive 
mapping typologies of Appleyard (1970), Lynch (1960), 
and Downs & Stea (1973), as well as Piaget’s (1954) theory 
of cognitive development. The environments on the routes 
that children regularly use between home and school are 
analyzed, from housing to creating child-centered spaces 
and even implementing urban-level planning concepts.

Within the continuum of primary (home) and secondary 
(school) environments, this study investigates how these 
domains are perceived and represented in children’s spa-
tial cognition. The question thus arises as to how these set-
tings manifest themselves in the child’s perceptual world. 
Building on Hart and Moore’s (1973) spatial organization 
stages, this study investigates how the boundaries of pri-
mary and secondary settings are interpreted within ego-
centric, domicentric, and heterocentric stages, and how 
these perceptions relate to Piaget’s (1954) age-based devel-
opmental stages.Within this framework, variables such as 
gender, mode of transportation, and school proximity are 
examined for their influence on children’s spatial percep-
tion. Supported by Tönnies’ (1887) distinction between 
Gemeinschaft (community) and Gesellschaft (society), the 
study explores how spatial design can facilitate children’s 
transitions between home and school environments. This 
interdisciplinary approach aims to contribute to the de-
velopment of inclusive and supportive spatial models that 
align with children’s cognitive and social growth.

By addressing these relationships empirically, the study not 
only clarifies children’s perceptual thresholds but also con-
textualizes them within the broader framework of environ-
mental design. Analyzing children’s heterocentric spatial 
perceptions might offers a foundation for understanding 
the relationship between developmental psychology and ar-
chitectural design. Despite extensive research on children’s 
cognitive development and spatial mapping, further work is 
needed to examine diverse cultural and urban contexts and 
to translate findings into child-centered design strategies.

While previous studies have explored children’s transitions 
from domicentric (home-centered) to heterocentric (urban 
and social) spaces, few have connected these shifts to architec-
tural or urban design practice. Addressing these gaps, this study 
aims to deepen the understanding of the spatial and environ-
mental factors that shape children’s cognitive development.

Integrating Tönnies’s (1887) Gemeinschaft–Gesellschaft 
framework, the study examines how spatial design can sup-
port children’s transitions between community (home) and 
society (school).

THEORY

The 6-7-year-old age group examined in this study is po-
sitioned at the intersection of Piaget’s pre-operational and 
concrete operational stages and on the threshold of Hart & 
Moore’s domicentric and heterocentric stages. Therefore, 
this group bears traces of both home-centered perceptions 
and early urban environmental sensitivities.
This framework is based on Piaget’s (1954) theory of cog-
nitive development and Hart and Moore’s (1973) stages of 
spatial perception. According to Piaget, children interact 
with their environment through knowledge and experience 
and progress through four developmental stages. Chil-
dren’s cognitive development is influenced by biological, 
cultural, and experiential factors; adaptation processes oc-
cur through assimilation and adaptation (Ormrod, 2013; 
Wadsworth, 2015). The age categories used in this study are 
summarized in the Table 1 below:
Standardization Note: Piaget and Hart and Moore are dis-
tinct frameworks and are not treated as equivalent. The 6–7 
year old group examined in this study is positioned at the 
intersection of Preoperational/Concrete (Piaget) and on the 
threshold of Domicentric (Hart–Moore), with emergent 
heterocentric features possible but not assumed as full stage 
attainment.
For consistency, scale references are standardized as follows: 
Egocentric & Domicentric=micro; Heterocentric=meso; 
Euclidean=macro.
Figure 1 illustrates the four spatial stages of environmental 
cognition- egocentric (0-3 years), domicentric (3-8 years), 
heterocentric (8-12 years), and Euclidean (12+ years) as 
conceptualized by Hart and Moore (1973) building on 
Piaget’s developmental framework.
Building on previous section, the transition from domicen-
tric to heterocentric perception, reflecting children’s early 
movement from home-centered to city-oriented spatial 
understanding. This shift also mirrors a broader transition 
from community to society.

Table 1. Cognitive development and spatial perception stages according to Piaget (1954) and Hart & Moore (1973)

Hart and Moore’s Stages Piaget’s Cognitive Stages Key Spatial and Cognitive Traits

Egocentric Space (0-3) Sensorimotor (0-2) Immediate bodily interaction; no external references.

Domicentric Space (3-8) Preoperational (2-7) Home-centered awareness is characterized by early symbolic thought.

Heterocentric Space (8-12) Concrete Operational (7-11) This involves interaction with larger environments and logical reasoning.

Euclidean Space (12-14) Formal Operational (12+) Abstract reasoning; structured and metric understanding.
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The literature highlights age, gender, socioeconomic status, 
and transportation in shaping spatial perception. Studies 
show that walking enhances spatial awareness (Herman, 
1980), mobility fosters better mapping skills (Risotto & 
Tonucci, 2002), and sociocultural context influences envi-
ronmental cognition (Gillespie, 2010; Nikitine-Den Besten, 
2010). Research also indicates gender differences in spatial 
tasks (Ünlü & Çakır, 2002; Rzhanova et al., 2020) and links 
socioeconomic status to differing preferences and cognitive 
responses to indoor vs. outdoor environments (Baksi, 2018; 
Öztürk, 2009, 2015).

Within these contextual influences, cognitive maps serve as, 
cognitive maps serve as key indicators of children’s spatial 
understanding. Appleyard (1970) categorized them as scat-
tered, linked, or patterned. Empirical studies (e.g., Park & 
Kim, 2012) show sequential maps dominate children’s rep-
resentations, with increased complexity and environmen-
tal awareness associated with age and mobility. This study 
adopts cognitive mapping to explore how children perceive 
urban settings and whether digitalization is shifting devel-
opmental thresholds toward earlier ages.

METHOD

Before presenting the methods, the research design is out-
lined as a qualitative–quantitative mixed strategy, linking 
theoretical inquiry with an empirical case study to ensure 
consistency between data collection, analysis, and the 
study’s overall aims.

Research Design and Methods
This research begins by establishing a theoretical background 
and then developing a hypothesis. Building on this founda-
tion, preparations for cognitive mapping are conducted, with 
a selected case study as the basis for data collection. The data 
is then analyzed, and the results are evaluated to test the ini-
tial hypothesis. Each stage is carefully interconnected, facil-
itating a systematic examination of the theory from its con-
ceptual groundwork to the analysis of findings; see Figure 2.

The overall research process is structured as illustrated be-
low Figure 3.

Based on this methodological structure, the case study has iden-
tified significant correlations around the following questions:

Figure 1. Mental and spatial relationship in the child’s perception (Ünlü & Çakır, 2002; 
adapted from Hart & Moore, 1973).
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•	 What are the cognitive and spatial boundaries of environ-
mental and imaginative elements perceived by children at 
home or on their way to school and in their surroundings?

•	 According to Piaget (1954), what types of environmen-
tal image parameters do children present during the late 
pre‑operational/early concrete period (6–7 years), and 
how do these relate to Hart and Moore’s domicentric 
stage (3–8 years) with emergent heterocentric features?

•	 How does the domicentric stage (3–8, Hart and Moore) 
shape cognitive learning or understanding of spatial 
boundaries at ages 6–7 years, and which emergent het-
erocentric features appear?

•	 What are the effects of transportation types and itiner-
aries between home and school on children’s percep-
tions of environmental image parameters?

All drawings are coded and organized in three steps: (1) Each 
drawing is examined for the presence or absence of Lynch’s 
five elements and Appleyard’s mapping typologies. (2) Iden-
tified elements are categorized (e.g., type of boundary, type 
of landmark) and entered into structured coding sheets. (3) 
Scores and categorical values are transferred into a dataset for 
statistical analysis. This systematic procedure ensured consis-
tency and comparability across all 52 participants.

Coding is performed by the first author. Inter-coder agree-
ment reached 87%, which is considered satisfactory for 
qualitative-quantitative mixed coding.

All coding data are first compiled in a Microsoft Excel file. 
This file included both independent variables (e.g., gen-
der, transportation type, parental education, screen time, 
distance) and dependent variables (e.g., Lynch’s elements, 

Figure 3. Research diagram.

Figure 2. Methodological framework of the study.
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Appleyard’s typologies, Hart and Moore’s thresholds). The 
finalized dataset was then exported into an SPSS file, form-
ing the basis for statistical analyses.

Variables and Analysis
Expected frequencies met chi-square assumptions (>80% 
of cells >5); therefore, Pearson’s chi-square was applied, and 

Table 2. Independent and dependent variables for Pearson’s chi-square analysis

Variable Type Variable Name Description

Independent Variables Gender Categorical variable representing the student’s gender (girl/boy).

Type of Transportation Mode of transportation used between home and school (e.g., 
walking, private vehicle, school bus).

Home–School Distance (km) Measured distance (in kilometers) between the child’s home and 
school.

Parental Education Level Educational attainment level of parents, categorized for analysis.

Screen Time Average daily screen exposure of the child, used as a cognitive 
engagement indicator.

Dependent Variables  
(Based on Lynch’s Urban  
Image Elements)

Boundaries (Presence/Absence) Indicates the presence of spatial boundaries such as ground 
lines, fences, roofs in children’s drawings.

Boundaries (Categorical) Categorical classification of drawn boundary elements (e.g., 
enclosed gardens, property lines).

Landmarks (Presence/Absence) Identifies whether children represented distinctive landmarks 
such as home, school, sun.

Landmarks (Categorical) Types of landmarks drawn (e.g., natural, architectural, 
symbolic).

Nodes (Presence/Absence) Indicates the presence of spatial nodes such as intersections or 
gathering points.

Nodes (Categorical) Classification of node types (e.g., junctions, squares, 
courtyards).

Paths/Lines (Presence/Absence) Determines whether sequential or connecting paths are drawn 
between elements.

Paths/Lines (Categorical) Types of drawn paths (e.g., straight route, fragmented lines, 
circular paths).

Regions/Districts (Presence/Absence) Identifies spatial zoning or grouping, such as green areas, 
parking, building clusters.

Regions/Districts (Categorical) Categorization of districts based on function (e.g., residential, 
educational, recreational).

Theoretical Constructs Mapping Typology (Appleyard) Classification of children’s drawings into mapping types 
Scattered / Linked / Patterned.

Cognitive Development Threshold  
(Hart and Moore)

Developmental classification based on spatial complexity and 
organizational hierarchy in drawings
Egocentric / Domicentric / Heterocentric / Euclidean.

Figure 4. Case study area (Google Earth, 2025).
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Fisher’s exact test was not required. Descriptive frequency/
percentage tables were used to cross-check robustness (see 
Table 2).

This approach allowed for a detailed analysis of how spatial 
elements in children’s drawings relate to cognitive mapping 
processes. The dependent variables in this study encompass 
a range of spatial and cognitive elements, assessed for their 
presence or absence and categorized based on mean scores. 
These include edges and landmarks (such as home or school 
representations), areas or districts, topological nodes (like 
rooms or domains), and paths or lines, all recorded in tally 
sheets. Additionally, the study evaluates the type of map-
ping used and a cognitive development threshold, both 
categorized similarly to assess developmental insights. This 
approach allows for a detailed analysis of how these spatial 
elements relate to cognitive mapping processes.

Case Study Description
In line with this methodological structure, the study fo-
cuses on a specific sample group—primary school children 
residing in the metropolitan city of Istanbul.The research 
aims to shed light on the environmental factors shaping 
children’s perceptual world. It aims to examine how various 
environmental and imaginal influences impact the cogni-
tive and perceptual development of 6-7-year-old children, 
particularly within the context of their daily experiences 
between home and school; see Figure 4.

The research was conducted at a primary school in Kadıköy, 
Istanbul with a sample of 52 first-grade students, including 
22 girls and 30 boys.

Data Collection Procedure
Children were asked to draw their homes and schools in two 
stages: first using lead pencils and then blue pencils. This 
method enabled the analysis of memory processes in early 
and later stages. Drawings were completed under the super-
vision of the class teacher and the researcher over two days.

Parents provided sociodemographic data regarding gender, 
mode of transportation, screen time, home–school dis-
tance, and parental education. Distances were categorized 
into three groups: 0–4 km, 5–7 km, and 8–40 km.

Analysis Framework
Children’s drawings are initially examined through Lynch’s 
(1960) spatial elements (paths, edges, districts, nodes and 
landmarks) and Appleyard’s (1970) typologies (scattered/
linked/patterned). A standardized framework for scale 
mapping and typology is adopted to ensure consistency 
across interpretations. Micro-scale corresponds to egocen-
tric and domicentric stages, meso-scale to heterocentric, 
and macro-scale to Euclidean. Non-framework terms (e.g., 
allocentric) are avoided, and Appleyard’s triad is uniformly 
retained as scattered/linked/patterned.

This standardization ensured that the analysis remained 
theoretically grounded while guaranteeing comparability 
across the different spatial representations produced by the 
children.

Illustrative Case
To exemplify the process, Table 3 below presents the data 
coding for a 6-year-old girl (Participant 11) who drew her 
home-to-school route; see Figure 5.
Table 3 shows the variables and their values used in the 
coding process of Participant 11’s drawing representing her 
journey from home to school.

Participant 11, A Girl’s Route Mapping Interpretation
The drawing analysis in Figure 6 represents the spatial jour-
ney of a 6-year-old child (Participant No: 11) between home 
and school. The child illustrates the daily routine using key 
visual elements, notably placing a ground line as a bound-
ary separating the home, school bus, and school buildings. 
Home and school are represented as landmarks, while the 
route connecting them forms a sequential pattern. The rep-
resentation indicates a “linked type” mapping typology, re-
flecting a heterocentric spatial perception.

Landmarks Home and School
The child represents “home” and “school” as clear land-
marks (Count: 2), indicating the early recognition of fixed 
reference points within their environment. A path connect-
ing these landmarks reflects a linked-sequential mapping 
typology (Appleyard Typology), where spatial awareness 
emerges through direct experiential references rather than 
abstract reasoning. This aligns with Hart and Moore’s het-
erocentric stage of spatial perception (1973). These stable 
points also signal developing spatial permanence, associat-
ed with late memory.

Path and Route
The presence of boundaries (fences and roads, Count: 2) 
reinforces the concept of spatial partitioning. However, un-
derstanding of nodes remains limited, with only one vague-
ly suggested by a crowd in front of the school. By linking 
home and school on the same plane, the child reflects Ap-
pleyard’s “linked-sequential mapping” typology. 
Edges (fence, road, home–school boundary) illustrate this abili-
ty to divide space—an indicator of late-memory abstraction.
Node: The group of people near the school functions as a 
nascent nodal point, showing emerging awareness of com-
plex spatial functionality (late memory).
The drawing omits complex relational elements such as 
road networks and functional intersections, suggesting that 
relational spatial logic is still forming.
Natural features (Cloud, butterfly, bird, tree); these are 
simple environmental elements directly observed by the 
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child, reflecting early memory based on visibility. Animals 
(cat and dog); familiar and concrete figures from everyday 
life, belonging to early memory.

Human figures (Approx. 12 in total); friends, family, or 
groups of people are represented based on direct experience 
rather than abstraction, thus linked to early memory.

School bus (Transportation type: 2); a routine and directly 
observed feature of daily life, categorized as early memory.

Emotional content (Smiling faces); simple emotional mark-
ers derived from observation, indicating early memory.

Collectively, these details show emerging social awareness 
while remaining concrete and observational. The draw-
ing methodology is inductive (child-centered, sponta-
neous structure). The privacy threshold is categorized as 
semi-public (Category: 3), implying an intermediate sense 
of accessibility and openness. Overall, the drawing illus-

Figure 5. Home-to-school drawing of participant 11.

Figure 6. Interpretation of participant 11, a girl’s route map.
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trates an observational and fragmented spatial represen-
tation, where immediate experience shapes the environ-
mental image.

Early-memory elements dominate (nature, animals, vehi-
cles, people), while late-memory elements appear in the 
home–school link, path, boundaries, and node, indicating 
emerging relational abstraction. These findings support the 

gradual progression of spatial understanding through cog-
nitive growth and environmental interaction.

Participant 36, A Boy’s Route Mapping Interpretation
The drawing in Figure 7 represents the spatial perception of 
a child who depicts his environment through a catalog-like 
arrangement of distinct elements. The composition follows 

Table 3. Data coding for Participant 11’s home-to-school route

Variable Value

Participant No 11

Gender 1¹

Type of Transportation 2²

Daily Screen Time (Hours) 2³

Screen Time Category 2³

Out-of-Home Activity Frequency 2⁴

Out-of-Home Activity Category 2⁴

Home–School Distance (km) 1⁵

Home–School Distance Category 1⁵

Home–School Travel Time (min) 12

Home–School Travel Time Category 2⁶

Neighborhood Type 2⁷

Parental Education Level 3⁸

Lynch’s Elements – Edges Present¹⁰; Total Category: 2⁹

Lynch’s Elements – Landmarks Present¹⁰; Total Count: 2; Category: 2⁹

Lynch’s Elements – Districts Present¹⁰; Total Count: 2; Category: 2⁹

Lynch’s Elements – Nodes Present¹⁰; Total Count: 1

Lynch’s Elements – Paths/Lines Present¹⁰; Total Count: 2; Category: 2⁹

Spatial Representation Typology (Appleyard) 2¹¹

Virtual World Integration 2¹²

Nature Attributes Present¹⁰; Total Count: 8; Category: 3¹³

Emotional Attributes Present¹⁰; Total Count: 4; Category: 3¹³

Human Attributes Present¹⁰; Total Count: 12; Category: 3¹³

Drawing Methodology 1¹⁴

Cognitive Development Threshold (Hart and Moore) 3¹⁵

Privacy Threshold 3¹⁶

a. Gender: 1=Girl; 2=Boy; b. Type of Transportation: 1=Walking; 2=Vehicle Travel; c. Screen Time: 1=0–2 hours; 2=3–4 hours; 3=5–6 hours; d. Out-
of-Home Activity Frequency: 1=0–2 hours; 2=3–4 hours; 3=5–6 hours; e. Home–School Distance: 1=0–4 km; 2=5–7 km; 3=8–40 km; f. Home–School 
Travel Time: 1=0–12 min; 2=13–24 min; 3=25–50 min; g. Neighborhood Type: 1=Urban Center; 2=Planned Urban Area; 3=Suburban Area; h. Parental 
Education: 1=Primary; 2=Secondary; 3=Undergraduate; 4=Postgraduate; i. Lynch’s Elements Categories: 1=Basic; 2=Moderate; 3=Complex; j. Presence/
Absence: 0=Absent; 1=Present; k. Appleyard Typologies: 1=Scattered; 2=Linked; 3=Patterned; l. Virtual World Integration: 1=Absent; 2=Present; m. 
Attributes (Nature, Emotional, Human): 1=Low; 2=Medium; 3=High; n. Drawing Methodology: 1=Inductive; 2=Deductive; o. Cognitive Development 
Thresholds (Hart and Moore): 1=Egocentric; 2=Domicentric; 3=Heterocentric; 4=Euclidean; p. Privacy Thresholds: 1=Private; 2=Semi-private; 
3=Semi-public; 4=Public.
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a scattered mapping typology (Appleyard 1970), with mul-
tiple landmarks placed independently, without continuous 
routes or a connecting ground line. This scattered structure 
indicates an early stage of heterocentric perception, where 
places are cognitively recognized and named but not yet in-
tegrated into a relational system.

The child includes a series of symbolic buildings, a “park” 
gate, a car, trees, and two human figures. The use of labels 
and names on buildings emphasize recognition and mem-
ory coding rather than sequential representation. The 
absence of a defined path suggests that relational spatial 
abstraction is still developing.

Landmarks and Emotional Markers
The drawing features multiple landmarks—at least five dis-
tinct buildings, some labeled with words, and a “PARK” 
entrance. The symbolic use of writing demonstrates the 
child’s effort to identify and codify specific places, re-
flecting permanence and advanced spatial awareness. 
Such labeling processes are associated with late memory.

Path and Route
No connecting path or ground line is depicted between the 
landmarks. The scattered typology highlights the absence 
of sequential mapping and emphasizes the listing of places 
rather than their interconnectedness. This indicates that re-
lational spatial logic remains limited.

Edges and Nodes
The drawing omits explicit dividing elements such as roads, 
fences, or boundaries, showing that the concept of spatial 
partitioning is not yet present. The “PARK” entrance func-
tions as a symbolic node, serving as an access or gathering 
point. In the absence of routes, this node remains isolated, 

reflecting an emerging awareness of nodal function.

Early Memory Elements
Natural features (trees, decorated tree): simple environmen-
tal symbols directly observed, categorized as early memory.

Human figures (2): large, central figures reflect social 
awareness but are not integrated into a wider spatial con-
text (early memory).

Vehicle (car): drawn as an isolated object without a road 
network (early memory).

Late Memory Elements
Labeled buildings: writing on facades shows symbolic cod-
ing and permanence (late memory).

Park entrance: functions as a symbolic gateway and node 
(late memory).

Building facades (doors/windows): the regularized archi-
tectural representation suggests structural abstraction be-
yond simple observation (late memory).

The drawing methodology is additive and enumerative, 
with elements placed individually rather than relation-
ally integrated. The privacy threshold corresponds pri-
marily to public/semi-public domains (shops, institu-
tions, parks), with no representation of private domestic 
interiors.

In this drawing, early-memory elements dominate in natu-
ral and social features, while late-memory elements appear 
in labeled buildings, the park gate, and structured facades, 
reflecting growing symbolic abstraction.

Overall, the child demonstrates the ability to recognize, 
name, and codify multiple landmarks but has not yet estab-
lished systematic spatial connections between them. This 

Figure 7. Interpretation of participant 36, a boy’s route map.
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scattered typology and symbolic labeling together suggest 
a transitional heterocentric stage, where places are recog-
nized but relational logic is only beginning to form.

Comparison of Spatial, Social, and Emotional Elements 
in Two Mapping Styles
Table 4 below comparatively demonstrates how the draw-
ings of two students evolved into different cognitive map-
ping typologies in terms of spatial, social, and emotional 
components. Specifically, the female student’s drawing ex-
hibits a relational and connected structure, while the male 
student’s drawing is more object-oriented and based on a 
scattered typology.

Participant 11 (girl) demonstrates a more integrated de-
piction of routes, landmarks, and boundaries, indicating 
an early heterocentric tendency in which relational spatial 
abstraction begins to emerge. Participant 36 (boy) primar-
ily emphasizes naming and cataloging landmarks without 
showing relational connections, reflecting a symbolic, la-
bel-based memory stage. These individual patterns repre-
sent variations within the sample rather than gender-spe-
cific tendencies.

RESULTS

Pearson’s chi-square tests are applied to all cross-tabulated 
variables using IBM SPSS Statistics 28.0. The frequency dis-
tributions within contingency tables are checked to verify ad-
equate cell counts, and statistical significance is set at p<0.05. 
As the minimum frequency requirements are satisfied across 
categories, no Fisher’s Exact tests are performed. These pro-
cedures ensure the robustness of the reported correlations. 
The analyses reveal the relationships between children’s 
drawings and the independent variables (gender, mobility, 
home–school distance, and parental education), as presented 
in Figure 8, highlighting how these factors affect children’s 
spatial perceptions and cognitive development.

In the analysis of children’s drawings cognitive maps, the dis-
tribution of cognitive image analyses under the home-school 
route analysis can be explained in Figure 8 as follows:

Boundaries-Edges: The distribution shows that 98% of 
the examined students included boundaries in their early 
memory drawings, while 2% did not. These ratios indicate 
that students commonly reflect the concept of boundaries 
in their cognitive maps. According to early memory in the 
students’ drawings, boundaries such as ground lines, sky 

Table 4. Comparative Table of Cognitive Mapping Features

Category Participant 11 (Linked Mapping),  
A Girl Student

Participant 36 (Scattered Mapping),  
A Boy Student

Landmarks (Late) Home and School clearly depicted as fixed 
reference points (2 landmarks).

Multiple labeled buildings, “PARK” entrance; 
naming/writing shows symbolic coding.

Path/Route (Late) Linked-sequential mapping (Appleyard Type 
2); path connects home–school.

No connecting route; scattered typology, places 
listed individually.

Edges (Late) Fences, road, home–school boundaries 
represented; spatial partitioning visible.

No edges or boundary elements; spatial partitioning 
absent.

Nodes (Late) Crowd in front of school acts as an emerging 
node.

“Park” entrance functions as symbolic node, but 
isolated.

Natural Features (Early) Clouds, butterfly, bird, tree (Count: 8). Simple tree and decorative “Christmas tree.”

Animals (Early) Cat and dog included. No animals.

Human Figures (Early) ~12 people; smiling faces, social awareness. 2 large figures; central placement but limited social 
context.

Transportation (Early) School bus (Transportation type: 2); daily 
routine symbol.

Car without road; isolated object.

Emotional Content (Early) Smiling faces → positive affect, emerging social 
awareness.

Absent (no clear emotional indicators).

Privacy Threshold Semi-public (Category 3). Public/semi-public; institutional/park spaces 
dominate.

Mapping Typology Linked, relational connections emerging. Scattered typology, catalog/enumerative layout.

Cognitive Development 
Thresholds

Heterocentric Heterocentric

Drawing Methodology Inductive Inductive

Memory Balance Mix of early + late Early dominates (objects, people), with pockets of 
late memory (labels, symbolic coding).
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boundary lines, garden fences, building roofs, and building 
frames are more frequently included.

Landmarks: The home environment is accepted as the first 
landmark and the school environment as the second land-
mark in the children’s drawings. The distribution shows that 
86% of the examined students included these landmarks in 
their primary early memory drawings, while 14% did not. 
These ratios indicate that students reflect the concept of 
landmarks in their cognitive maps.

Areas-Districts: The urban areas located between home 
and school, including home gardens, school yards, shop-
ping areas, and parks, are examined in the drawings. This-
distribution indicates that 90% of the examined students’ 
memory drawings were present for districts, while 10% 
were absent. These ratios show that the students have the 
concept of districts and areas in their maps.

Nodes: Nodes are the intersections of roads and streets 
near home and school. The distribution indicates that 92% 
of the examined students did not include nodes in their 
drawings, while 8% did. These results show that nodes are 
predominantly absent in the students’ drawings. Nodes and 
junctions are elements expected in children’s drawings as 
extensions of heterocentric space and Euclidean space (see 
Ünlü & Çakır 2002).

Paths-Lines: Roads, streets, and connecting elements be-
tween home and school were examined. The distribution 

indicates that 68% of the examined students did not include 
roads/lines in their drawings, while 32% did. This shows 
that lines (roads) are less frequently observed in the stu-
dents’ drawings. This outcome may be expected as it indi-
cates that higher age groups typically deal with projective 
and Euclidean spatial solutions.

Mapping Typologies: The drawing typologies vary accord-
ing to children’s spatial responses. Based on Appleyard’s 
(1970) spatially dominant maps, the scattered typology 
includes drawings with unconnected, free-floating objects. 
The linked typology features paths or connecting lines be-
tween the home and other elements, while the patterned 
typology shows organized groupings of connected elements 
forming district-like areas.

According to this typological analysis, on an urban scale, 
based on the mapping data analysis, 54% of the children’s 
drawings fall under scattered mapping, 16% under linked 
mapping, and 30% under patterned mapping. This result 
shows that spatial perception is relatively higher at this 
age threshold, and the presence of patterned typology as a 
secondary level demonstrates that children transition from 
scattered to patterned drawings at this age. The fact that 
children from this age group use spatial mapping typolo-
gies, as defined by Appleyard (1970), more than sequential 
typologies suggests that they need more time to place ex-
periences and information sequentially and consecutively. 
This aligns with Piaget’s (1954) theory, which shows that 

Figure 8. Correlation overview.
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the children in the pre-operational stage still need to be 
ready for sequential and consecutive drawings related to the 
concrete operational stage.

Cognitive Thresholds: This analysis is based on Hart and 
Moore’s (1973) approach and their definitions of children’s 
spatial cognition theory development. According to the 
distribution, 64% of the examined children are at the hete-
rocentric cognitive development stage threshold, indicating 
a solid perception of their homes and surroundings (meso 
environment). Because heterocentric is theorized as 8–12, 
these findings are interpreted as early/emergent features at 
ages 6–7. The next threshold is the domicentric stage, re-
lated to perception within the home (micro-environment), 
which accounts for 18%-an expected result. However, 
the egocentric threshold (personal space) follows at 16%, 
which is surprising. According to Piaget (1954), this stage 
corresponds to the 0–3 age group, so it is concerning that 
16% of children still exhibit traits of this infantile stage in 
their cognitive perception; these are considered residual 
features rather than age-appropriate dominance. Only 2% 
of the children are at the Euclidean threshold, indicating 
perception at the urban (macro) scale. Taken together, these 
thresholds reveal a developmental progression across the 
manuscript using the scale labels: micro (egocentric/domi-
centric), meso (heterocentric), and macro (Euclidean).

These results align with Piaget’s (1954) theory and Hart and 
Moore’s (1973) framework of children’s spatial cognition, 
indicating a developmental shift from natural to rational 
perception and individual to collective awareness. The find-

ings highlight the significance of the child’s position within 
both home and community settings. Within the scope of 
this study, the transition from domicentric space at ages 
3–8 to heterocentric space at ages 8–12 can be interpreted 
as a shift from “natural” to “rational” will and from “com-
munity” to “society.” This progression reflects a movement 
from individuality and egocentrism toward an emerging 
sense of public consciousness. The study underlines the im-
portance of the child’s role within domestic and communal 
environments in contemporary urban contexts.

Correlations
In the second part of the field study, the significant cor-
relations obtained in the urban-centered-school-centered 
part are shown in Figure 9. Six significant results at the 0.05 
probability level were obtained out of sixty-six correlations.

Figure 9 above summarizes the significant correlations be-
tween independent and dependent variables, while Table 5 
presents the detailed Pearson’s chi-square test results, high-
lighting the statistically significant relationships between 
various variables and the spatial elements depicted in chil-
dren’s drawings.

As detailed in Table 5, all significant results met the statis-
tical validation criteria (χ² values reported with degrees of 
freedom and p-values<0.05). These findings’ robustness is 
verified by cross-checking frequency distributions, ensur-
ing that the statistical significance reflects consistent pat-
terns in the underlying data. However, given the small sample 
size (n=52), these Pearson’s chi-square test results should be 

Table 5. Correlations and Pearson’s Chi-Square Results

Variable Statistical Test & Value
(Pearson Chi-Square)

p-Value
<0.05 df Key Findings

Gender-Paths χ²= 4.695 0.030 1 Girls drew more lines/paths than boys in 
the area between home and school, showing 
a statistically significant relationship.

Gender-Mapping Typology χ²= 12.836 0.002 1 Boys predominantly use scattered mapping; 
girls favor linked typologies, showing 
significant correlation between gender and 
typology.

Transportation/Mobility  
Type-Landmarks

χ²=4.578 0.032 1 Children using vehicles highlight landmarks 
more prominently in drawings compared to 
those walking.

Home-School Distance - 
Recognition of Nodes

χ²= 4.554 0.033 1 Longer home-school distances correlate 
with more nodes in drawings, suggesting 
increased node perception with travel 
duration.

Home-School Distance -  
Edges/Boundaries

χ²= 12.474 0.050 6 Students closer to school include more 
boundaries (e.g., fences, roofs), indicating 
proximity influences spatial perception.

Home-School Distance - 
Cognitive Development  
Stages-Thresholds

χ²=13.658 0.034 6 Proximity to school impacts cognitive 
thresholds: shorter distances show detailed 
perceptions, longer distances indicate 
broader spatial awareness.
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interpreted cautiously. The statistical relationships observed 
are indicative rather than conclusive, providing exploratory 
insights into potential trends within the studied group.

Gender-Paths: The Pearson chi-square test (χ²=4.695, 
df=1, p=0.030<0.05) indicates a statistically significant but 
moderate association between gender and including lines/
paths. Within this sample, a higher proportion of girls’ 
drawings included paths than boys’, suggesting a slight 
variation in the depiction of movement routes. However, 
this result should be interpreted cautiously, given the small 
sample size and the differing findings reported by Ünlü & 
Çakır (2002), who observed an opposite tendency. Given 
the sample size and context-specific literature reporting 
mixed patterns, this association should not be generalized 
beyond this cohort.

Gender-Mapping Typology: The Pearson chi-square test 
(χ²=12.836, df=1, p=0.002<0.05) reveals a significant asso-
ciation between gender and mapping typology. In this data-
set, scattered mapping appeared more frequently in boys’ 
drawings, whereas linked mapping was more common 
among girls. These tendencies are statistically significant 
within this case study; however, given the sample size and 
context-specific literature reporting mixed patterns, this 
association should not be generalized beyond this cohort.

Transportation/Mobility Type-Landmarks: The test in-
dicating the transportation type used by children during 
the home and school itinerary and the existence of land-
marks in their drawings presented a significant correlation 
χ2=4.578, df=1, p=0.032<0.05. The Pearson chi-square 
test result indicates a significant relationship between the 
transportation children use to travel to school and the ex-
istence of landmarks in drawings. According to this result, 
children who come to school by vehicle include landmarks 
more prominently in their drawings, as shown in the total 
memory analysis.

Home-School Distance-Recognition of Nodes: Nodes’ 
recall has a statistically significant relationship with the 
distance between home and school. χ²=4.554, df=1, 
p=0.033<0.05. The analysis of the relationship between 
home-school distance and the presence of nodes in chil-
dren who draw the area between home and school shows 
a p-value of 0.033, indicating significance. Nodes are rarely 
seen in the drawings of students with a short home-school 
distance. However, in children with a longer home-school 
distance, the presence of nodes increases, and their distri-
bution spans a wider range. This can be interpreted as fol-
lows: children perceive more nodes as the travel duration 
between home and school increases.

Figure 9. Significant Pearson’s chi-square correlations between home, school, and urban areas.
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Home-School Distance-Edges/Boundaries: This cor-
relation indicates a significant relationship between the 
distance from home to school and how children perceive 
and draw boundaries. The distance they travel daily may 
influence their understanding and representation of spatial 
boundaries. Students living closer to school include more 
boundaries and edges in their drawings, suggesting prox-
imity influences spatial perception.

The categorical distribution according to observed fre-
quencies as the mean scores of the distance from home 
to school for students drawing their home environment 
and surroundings are as follows: 0-4 km is the first cate-
gorical value, 5-7 km is the second categorical value, and 
8-40 km is the third categorical value. The relationship be-
tween home-school distance and the boundaries category is 
found to have a Pearson chi-square value of x 2=12.474 with 
p=0.050”, df=6 indicating a marginal association (p=0.050). 
According to this data, students who live closer to the school 
tend to include more boundaries in their drawings, such as 
ground lines, sky boundary lines, garden fences, building 
roofs, and building frames. This finding suggests that the 
proximity of students’ homes to their schools influences 
how they perceive and depict boundaries in their drawings. 
Understanding this relationship provides insights into how 
everyday experiences, such as commuting distances, im-
pact children’s spatial cognition and representation.

Home-School Distance-Cognitive Development Stag-
es-Thresholds: This correlation highlights a significant rela-
tionship between the distance from home to school and the 
cognitive development thresholds, such as egocentric, domi-
centric, heterocentric, and Euclidean spatial perceptions. The 
distance they travel may influence their cognitive development 
regarding spatial awareness and understanding. Children liv-
ing closer to school show more detailed spatial perceptions, 
while those farther away develop broader spatial awareness. 
The categorical distribution (according to mean scores) of the 
distance from home to school for students drawing their home 
environment and surroundings is as follows:

0-4 km is the first categorical value, 5-7 km is the second 
categorical value, and 8-40 km is the third categorical value. 
The case study examines how this distance influences var-
ious cognitive development thresholds: egocentric, domi-
centric, heterocentric, and Euclidean spatial perceptions.

The relationship between home-school distance and cogni-
tive development thresholds is significant, with a Pearson 
chi-square value of χ²=13.658 and p=0.034<0.05, df=6. The 
analysis suggests that children living closer to school (0-4 km) 
exhibit heterocentric and domicentric perceptions, indicat-
ing a more detailed understanding of their immediate home 
and surrounding environment (semi-public, fragmented). In 
contrast, children living farther from school (8-40 km) may 
develop a broader spatial perception, potentially due to their 
exposure to a more comprehensive range of environments 

during their home-school route. The distance from home to 
school children’s cognitive development is related to spatial 
awareness and understanding. Those with shorter commutes 
may have a more focused perception of their immediate en-
vironment, while those with longer commutes might develop 
a broader understanding of space. This finding suggests that 
the distance between home and school significantly shapes 
children’s cognitive development and spatial perception. 
Understanding these relationships can provide insights into 
how daily experiences and environmental exposure influ-
ence children’s cognitive and spatial development.

This study examines children’s cognitive mapping abilities 
and spatial perception, focusing on urban analysis. The 
summary findings of this study, which investigates the ele-
ments children use to understand and represent their envi-
ronment, are as follows:

Cognitive Image Analysis: Children’s cognitive maps were 
analyzed using five essential elements: boundaries/edges, 
landmarks, areas/districts, nodes, and paths/lines. Children 
frequently represented edges and landmarks in their draw-
ings; more than 90% of students included these elements. 
This shows that boundaries (edges) and landmarks are crit-
ical to how children perceive and map their home-school 
route environment.

Mapping-Drawing Typology: Children’s drawings are clas-
sified using three mapping typologies: scattered, linked, and 
patterned. The scattered mapping type is the most common; 
more than 50% of students use this typology in city-related 
analyses. The patterned mapping type is the second most used 
type by about 30% of students; the linked mapping type is the 
least common, with about 16%. This shows that, regardless of 
the context, children tend to perceive spaces in a fragmented 
or non-linear way rather than connecting roads or paths.

Cognitive Development Thresholds: The analysis shows 
that most children (about 64%) are at the heterocentric 
threshold, demonstrating their ability to relate to broader 
environments such as home and surroundings (meso-en-
vironment). A smaller proportion display predominantly 
egocentric perceptions (micro-environment), while only 
2% reach the Euclidean threshold, reflecting an urban-level 
understanding (macro-environment).

The Effect of Distance Between Home and School: Chil-
dren living closer to school included more roads/lines in 
their drawings, suggesting that proximity directly influenc-
es their spatial perception.

Gender Differences: The analysis related to the home in-
dicates a statistically significant correlation between gen-
der and the depiction of districts. In the home-centered 
drawings, girls more frequently included a variety of inte-
rior and exterior areas.In the city-centered drawings, male 
participants more often represented elements such as play-
grounds, nearby cafés, and ice cream shops.
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While these differences are not uniformly pronounced 
across all cases, they suggest that individual factors, includ-
ing gender, may influence certain spatial representation 
tendencies.

In summary, the two-stage case study reveals several over-
arching findings regarding children’s cognitive mapping 
abilities, spatial perception typologies, and the effect of 
proximity on their spatial understanding. These findings 
emphasize the significance of boundaries, landmarks, and 
familiar spaces in children’s cognitive development within 
the urban context. In addition, they emphasize that chil-
dren’s spatial perception is primarily heterocentric.

According to this study, although distance from school 
and mobility are essential factors in how children perceive 
the city, the recognition of heterocentric space by a high 
percentage of children aged 6-7 years may reflect early ex-
posure to public and shared environments. In this sense, 
changes in cognitive development thresholds and early 
perception of heterocentric public spaces are detected in 
this case study. However,approximately 16% of first-grade 
participants still displayed egocentric tendencies in spatial 
perception related to educational and pedagogical contexts.

DISCUSSION

This study identifies gender-related variations in children’s 
spatial representations. Some girls produced more de-
tailed and connected drawings, whereas some boys tend-
ed to depict more fragmented or scattered forms. These 
differences are context-dependent rather than inherent, 
reflecting variations in environmental exposure, mobility 
opportunities, and task framing. Boys in this sample often 
incorporated urban-scale elements such as playgrounds, 
cafés, and shops, suggesting a broader yet more fragment-
ed perception of space. Overall, the findings align with 
previous studies (Ünlü & Çakır, 2002; Rzhanova et al., 
2020; Lynch, 1960), emphasizing that children’s spatial 
representations are shaped by environmental interaction 
rather than gender itself.

Moreover, Matthews (1983) found that young children’s 
ability to understand and represent large-scale environ-
ments varies with age, highlighting the developmental 
nature of spatial cognition. Children’s capacity to mental-
ly organize and represent complex environmental spaces 
increases as they grow. This aligns with Hart and Moore’s 
(1973) spatial cognition framework, which indicates that 
children aged 6-7 years develop heterocentric spatial 
awareness and demonstrate early sensitivity to public 
spaces. This progression partially corresponds with Piag-
et’s (1954) stages of cognitive development, particularly 
the concrete operational stage (ages 7-11). The earlier 
emergence of heterocentric spatial awareness in this sam-
ple is discussed as early/emergent rather than full stage 

attainment and can be analyzed through environmental 
parameters and digital mediation.

This early emergence, also noted in the literature, some 
6–7-year-old children in our sample displayed early signs 
of heterocentric perception. These can be interpreted as 
emergent rather than fully developed features. Similar ten-
dencies have been noted in the literature: Ünlü & Çakır 
(2002) emphasized gender-based differences in spatial fo-
cus, Rzhanova et al. (2020) observed developmental vari-
ability in spatial and cognitive tasks, and Coşkun & Kay-
maz (2022) found that urban environmental complexity 
influences spatial awareness in older children (7–11 years). 
While our case study suggests that heterocentric indicators 
may appear earlier than Hart and Moore’s (1973) frame-
work predicts, such interpretations remain context-specific 
and should be treated cautiously.

These findings, which challenge traditional developmental 
timelines, suggest that children transition from home to 
urban spaces earlier, with virtual environments playing a 
pivotal role. Although virtual environments offer fragment-
ed and distorted spatial experiences compared to physical 
interactions, they allow children to view environmental pa-
rameters from broader perspectives in their memory and 
representations. Furthermore, digital media is suggested to 
enhance visual-spatial skills, such as recognizing patterns 
and understanding spatial relationships, potentially altering 
perceptions of environmental boundaries. Integrating digital 
media with real-world activities offers new perspectives that 
enrich spatial concepts and cognitive development.

The impact of environmental exploration on children’s 
cognitive maps is shaped by factors such as distance and 
freedom of movement. Walking and longer routes support 
node recognition and broader spatial awareness, while 
shorter commutes emphasize boundaries and local edg-
es. Children who walk and observe their surroundings 
improve the accuracy of their spatial models, while their 
mobility enhances their ability to acquire environmental 
knowledge effectively. This leads to better performance in 
mapping tasks and improves their spatial awareness. The 
distance between home and school significantly influences 
children’s cognitive representations; children living closer 
to school tend to depict more boundaries and edges (e.g., 
fences and rooflines), while those living farther away devel-
op broader spatial awareness, emphasizing nodes and land-
marks. These findings align with Herman’s (1980) study on 
the impact of environmental exploration on spatial cogni-
tion, highlighting that active interaction with the city en-
hances children’s spatial awareness.

This study is consistent with the mobility-focused research 
of Damayanti and Kossak (2016), showing that children 
covering longer distances perceive their environments with 
a broader perspective. However, it contrasts with Park and 
Mi-Hui’s (2012) findings that children’s perception dis-
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tance is limited to 100-500 meters. It was also found that 
the type of transportation children use correlates signifi-
cantly with the presence of landmarks in their drawings. 
Children who commute by car emphasize landmarks more 
than those who walk. This supports Risotto and Tonucci’s 
(2002) findings that freedom of movement impacts envi-
ronmental learning. The results also contribute to Apple-
yard’s (1970) sequential mental maps theory, explaining 
how vehicle-based journeys shape spatial perception.
The study further reveals that socioeconomic status and cul-
tural context influence spatial cognition. Öztürk’s (2009, 2015) 
studies indicate that children from lower socioeconomic 
backgrounds experience perceptual challenges, and Gilles-
pie (2014) highlights the role of cultural context in shaping 
neighborhood perceptions. These findings are consistent with 
this study, which integrates individual variables to provide a 
holistic perspective on gender, mobility, and distance. For 
instance, children from higher socioeconomic backgrounds 
appeared to have broader environmental exposure, which 
may contribute to more structured mapping typologies. The 
findings align with Piaget’s (1954) principles of assimilation 
and accommodation in adapting to the environment but sug-
gest that modern environmental factors may alter traditional 
developmental processes, leading to earlier heterocentric spa-
tial awareness. Lynch’s (1960) theory on spatial elements such 
as paths, edges, and landmarks confirms their central role in 
children’s cognitive maps and spatial perception.
This study contributes to understanding how gender, mobil-
ity, and spatial familiarity shape children’s cognitive repre-
sentations of their everyday environments. While the find-
ings provide meaningful insights into these relationships, 
the relatively small sample size limits the statistical general-
izability of the results. Given the small sample (n=52), sin-
gle-school context, and categorical sparsity that can affect 
chi-square test stability and power, the findings should be 
considered exploratory. While expected-cell assumptions 
were checked, restricted generalizability remains a key lim-
itation. Coding achieved satisfactory agreement (87%), yet 
single-site sampling and potential unmeasured confounds 
such as neighborhood form, parental trip patterns, and dig-
ital exposure granularity may have influenced outcomes. 
Future research should employ larger, multi-site samples, 
pre-registered analysis plans, and models that can accom-
modate covariates (e.g., logistic or multinomial regression) 
to test whether observed tendencies persist after adjust-
ment. Longitudinal designs and mixed-methods triangu-
lation (drawings, interviews, GPS/route audits) would help 
differentiate developmental change from context effects.

CONCLUSION

This study reveals the interaction between children’s spatial 
cognition and variables such as gender, mobility, and cog-
nitive thresholds. The findings suggest that contemporary 

environmental and social conditions enhance children’s 
spatial awareness and support cognitive growth. Ground-
ed in the theoretical frameworks of Piaget (1954), Lynch 
(1960), and Hart & Moore (1973), the research emphasizes 
the relationship between children’s cognitive mapping abil-
ities and their everyday environments.

To create child-friendly cities, educational and urban design 
strategies should be developed in an integrated manner. Pol-
icies encouraging outdoor activities and environmental ex-
ploration can strengthen children’s spatial awareness, while 
urban planning should prioritize safe pedestrian networks, 
legible layouts, and sensory-accessible public spaces. Incor-
porating insights from children’s cognitive mapping into de-
sign processes will help planners create more comprehensible 
and engaging environments for all young users, acknowledg-
ing gender-related spatial preferences in the process.

At the policy level, although this study did not directly 
measure policy outcomes, the findings-together with in-
sights from previous literature-suggest that encouraging al-
ternative modes of transportation, such as walking and cy-
cling, may strengthen children’s independent mobility and 
spatial familiarity by increasing their interaction with their 
surroundings. Similarly, the proximity between home and 
school, while not quantitatively assessed in this research, 
emerges as an important consideration for supporting chil-
dren’s daily spatial routines; this highlights the potential 
value of planning at the neighborhood level and improving 
the accessibility of local schools.

From an architectural perspective, the implications drawn 
from the findings point to the potential benefits of creating 
flexible modular spaces on the ground floors of residential 
buildings, which may serve as transition spaces for play, 
learning, and community interaction. These spaces should 
include interactive and sensory-rich elements suitable for 
the child’s scale to enhance children’s engagement with the 
built environment and support sensory learning opportu-
nities.

Furthermore, the spatial elements identified in children’s 
drawings may offer useful guidance for design consider-
ations. The relatively limited depiction of roads suggests 
the importance of providing continuous and safe pedes-
trian routes around schools. The frequent inclusion of 
landmarks underlines the benefit of incorporating visible, 
child-scaled reference points-such as playgrounds, colorful 
façades, or distinctive trees-that can support wayfinding 
and strengthen the legibility of children’s spatial environ-
ments.The scarce representation of nodal points indicates 
that intersections and gathering areas near schools could be 
designed with greater clarity and safety, serving as recog-
nizable anchor points for children. These insights demon-
strate how cognitive mapping findings can inform practical 
design solutions that improve child mobility, orientation, 
and comfort in urban areas.



Megaron, Vol. 20, No. 4, pp. 462–480, December 2025 479

As a result, designing urban areas based on childhood expe-
riences requires an interdisciplinary approach that includes 
architecture, urbanism, education, and environmental psy-
chology. Recognizing children as independent individuals 
and urban actors and including them in participatory design 
processes may contribute to constructing inclusive, resilient, 
and sustainable cities. In this context, child-friendly urban 
design that enhances legibility, safety, and sensory richness 
can foster cognitive development and create more livable, 
equitable, and future-oriented urban environments.

Given the study’s exploratory scope and limited sample, the 
reported associations should be considered hypothesis-gener-
ating rather than confirmatory. Design implications are prac-
tice-informed suggestions that warrant testing in larger and 
more diverse settings.
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ABSTRACT

Between the 12th and 15th centuries, the belt of Turkish triangles, which was developed as an 
original solution in the transition from cubic space to the dome in Anatolia, found widespread 
application as a common transition element from the Seljuk Period to the Principalities and 
the Early Ottoman Periods. In addition to its structural features, the aesthetic values arising 
from the rich geometric combinations of the belt of Turkish triangles have played a significant 
role in its use as a transitional element. In historical buildings, where roofs or walls have 
been damaged for various reasons, the transitional zones between them often represent the 
most vulnerable areas, requiring careful intervention. Therefore, a detailed understanding 
and analysis of the original architectural and structural characteristics of cultural heritage 
buildings are of primary importance. Although the Turkish triangle belt has been examined 
primarily from a formal perspective in architectural history, studies that focus on material 
and construction techniques remain quite limited. In this context, the present study aims 
to provide a comprehensive analysis of the geometric/formal, material, and constructional 
characteristics of the transitional zones employing the belt of Turkish triangles in between 
the 12th and 15th centuries. Accordingly, the construction techniques of different geometric 
configurations have been modelled in three dimensions. The study is structured in three 
main stages. First, the geometric/formal features of the belt of Turkish triangles-particularly 
at surfaces and corners-are examined using the data obtained from literature and field studies. 
The geometric scheme of the transitional zone is also analysed from various perspectives, 
including the relationship between the substructure and superstructure as well as facade 
characteristics. Second, the material and construction technique employed in the belt of 
Turkish triangles are investigated. Finally, the construction process of different types of the 
belt of Turkish triangles is modelled step by step and presented in detail. Transition zone 
with the belt of Turkish triangles, which is composed of variations of plane and triangular 
prisms, exhibits geometric differences particularly in the corner units. Although the use of 
stone material in the construction of plane triangles is rarely encountered, the belt of Turkish 
triangles is predominantly built using brick, often with thick mortar joints between the 
units. Before the construction of the transitional zone, a single or a few rows of bricks are 
laid slightly projecting from the wall surface where the wall ends, in order to level the base 
and define the starting line of the transition zone. Once the height of the transition zone is 
determined according to the dome span, a wooden centering is prepared to define the base

https://orcid.org/0000-0002-5347-3093
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INTRODUCTION

In the Medieval period, masonry structures were funda-
mentally composed of walls, superstructures, and the tran-
sitional elements connecting them. In historical buildings, 
domes and vaults frequently functioned as the superstruc-
ture. However, transitioning from a square or rectangular 
base to a circular dome consistently posed both architec-
tural and structural challenges. To address these spatial and 
structural discrepancies, architects developed transitional 
elements that mediate between differing plan geometries.

The use of domes over cubic spaces can be traced back to 
both the pre-Islamic architecture of the Sasanian period 
and early Islamic architecture in Iran. Archaeological ex-
cavations have uncovered evidence of dome construction 
dating to antiquity. These early examples were generally 
small-scale domes employed in modest structures such as 
houses, granaries, barns, and storage buildings. The limit-
ed scale and simplicity of these domes reflect a lack of ad-
vanced knowledge regarding transition elements, which are 
essential for effectively spanning square spaces with circu-
lar superstructures (Creswell, 1969; 455-457). 

Early solutions to the transition problem included rudimen-
tary techniques such as corbelled masonry. In the western 
tomb at Amman, for instance, a row of cantilevered stone 
blocks projects outward at the corners, their upper surfaces 
shaped to form a circular base for the dome (Figure 1a). 
In the bath at Abda, a triangular stone element projects 
from each corner, allowing a transition to a polygonal base 
(Figure 1b). Similarly, at Umm Az-Zaytun in Syria, a multi-
stepped transition from square to circular plan is achieved 
through two or three rows of projecting stones (Figure 1c).

Depending on regional practices, available materials, con-
struction techniques, and cultural interactions, transition 
elements evolved into several distinct typologies over time. 
Broadly, these can be categorized into three principal types: 
the pendentive, the squinch, and the belt of Turkish triangles1. 

The pendentive is a structural solution that allows for the 
placement of a dome over a cubic space without requiring 
an intermediate transition zone. It is typically integrated 
within the corners of the cube and terminates as the cube 
itself ends. Pendentives are classified into two main types 
based on geometric construction: pyramidal and spheri-
cal. The pyramidal pendentive transforms the square base 
into an octagon, upon which additional courses transition 
to a circular dome base (Figure 2a). Diez (1946; 112) men-
tioned that these could be enhanced with folded surfaces. A 
prominent example is the İnce Minareli Madrasa in Konya, 
where the dome rests on a pyramidal pendentive formed by 
four folded triangular surfaces (Figure 2b).

Spherical pendentives, often termed true pendentives, fa-
cilitate a direct transition from a square base to a circular 
dome. According to Creswell (1969) and Kuban (1998), 
these can be subdivided based on curvature: one type has 
a diameter smaller than the dome (Figure 3a), while the 
other-termed as shallow dome-shares the same curvature 
and diameter as the dome itself (Figure 3b). The latter is not 
a transition element in the strict sense, as its surfaces are 
structurally continuous with the dome itself.

The squinch, known as “tromp” in French and “kemerli bin-
gi” in Turkish, employs arches placed diagonally across the 
corners of a square base to convert it into an octagonal plan. 
From this octagonal base, additional layers or decorative el-
ements like muqarnas facilitate the transition to a circular 
dome base. Because the squinch requires a defined tran-
sition zone, its use is generally limited to structures with 
smaller spans to avoid excessive height.

The squinch played a crucial role in early Islamic architec-
ture, especially in Iran (Wilber, 1969). In the Sasanian mon-
ument at Firuzabad, squinch vaults were employed to sup-
port domes over square chambers (Figure 4a). Pope (1967) 
describes the difference between the squinch vault and 
the squinch. The squinch vault involves building diagonal 
arched courses in each corner that gradually form partial 

line of the dome. Then, depending on the design of the plane or prismatic units, guiding strings are stretched between the brick 
courses on the wall and the wooden framework of the dome. As the transitional zone is formed by the repetition of a quarter 
segment, the parts from the corners to the midpoint of each wall are constructed incrementally and simultaneously. First, the units 
with their base on the wall are laid in a cantilevered manner up to a certain height. Then, the intermediate units whose apex lies on 
the wall are added, continuing together with the rest of the structure up to the dome’s springing line. As a result, the belt of Turkish 
triangles forms the cubic base into a polygonal form. As the number of triangular units increases, the number of polygonal sides also 
grows, making the transition to a circular dome base more efficient. The transition from the polygonal base to the circular dome is 
achieved by means of a few additional rows of bricks forming a border course. One of the key findings regarding the belt of Turkish 
triangles with prismatic units is that the dimensions or base width of each unit are directly related to the dimensions of the brick 
material used. Therefore, in belts composed of prismatic units, the number of units increases not merely for aesthetic reasons, but 
as a structural necessity, since the base of each prism is limited in size.

Cite this article as: Okumuş, E. Y. C., & Yıldırım, D. Y. (2025). Reconstruction of public space in the context of the continuity of the 
urban spine: Mersin Cumhuriyet Square and Atatürk Boulevard Çamlıbel urban design contest. Megaron, 20(4):481–507.
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cones, eventually enclosing the space (Figure 4b). In con-
trast, the squinch technique leaves gaps between these cor-
ner structures, which are then filled with horizontal layers 
that create a circular base to support the dome (Figure 4c).  

The belt of Turkish triangles was developed in Anatolia and 
is therefore known as the “Türk üçgeni” in Turkish (Batur, 
1980). It is a distinctive transitional system composed of a 
band of triangular units, each inclined at varying angles. 
These triangular surfaces convert a square base into a po-
lygonal form, upon which additional rows of cantilevered 
masonry allow for the formation of a circular dome base 
(Figure 5). Like the squinch, the belt of Turkish triangles 
necessitates a transition belt, and the belt’s height increases 
proportionally with the dome’s span. 

Although often confused with fan or pyramidal penden-
tives (Rice, 1961; Hasol, 1995; Ünsal, 1959; Aslanapa, 2003; 
Boran, 2001, Şenalp & Binan, 2024) (Figure 6a), the belt of 
Turkish triangles (Figure 6b) represents a unique solution 
that gained prominence in Anatolian Seljuk, Principality 
and early Ottoman architecture from the 12th to the 15th 
centuries. Despite its formal resemblance to other elements, 
its geometry and construction technique differs significant-
ly (Figure 6b).

The implementation of the belt of Turkish triangles was 
likely influenced not only by its structural properties but 
also by the aesthetic and sculptural effects it introduced to 
interior spaces, thanks to its rich stylistic and geometric 
forms. Acland (1972) highlights the flexibility of folded sur-

Figure 1. (a) Western Tomb in Amman (Creswell, 1969; 456), (b) Triangular cantilevered stone piece at the corner of the 
bath at Abda (Creswell, 1969; 457), (c) Umm Az-Zaytun at Syria (Creswell, 1969; 456).

Figure 2. (a) Kızıl Han in Peçin (Kolay, 2017; 58) and (b) İnce Minareli Madrasa in Konya (Kuran, 1969; figure 105).
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faces in triangular or prismatic units, which facilitate tran-
sitions between different geometries. Turan (1993) stated 
that the belt of Turkish triangles offers a more uniform load 
distribution compared to pendentives and squinches. The 
concentrations of forces perpendicular to the wall plane 
and the resulting moments acting on walls with the belt of 
Turkish triangles are lower than those observed with other 
transition elements. Söylemezoğlu (1955) emphasizes that 
the transition from a square plan to a circular dome in Sel-
jukid and Ottoman architecture was achieved through the 
use of ‘triangular surfaces’, which offer an impressive and 
aesthetically pleasing volumetric appearance distinct from 
squinches and pendentives. This elucidates the preference 
for the belt of Turkish triangles, particularly in the transi-
tion zones of bath domes, where interior walls are blind and 

plain, as observed in structures like Balat Bath, Peçin Bath, 
Mudurnu Yıdırım, Çakır, and Davud Paşa Baths in Bursa. 
Furthermore, Kuban (1976) noted that the structural geo-
metric harmony offered by the belt of Turkish triangles in 
transitioning to fluted or segmented domes made it a pre-
ferred choice in numerous prominent baths of the period. 
Examples include Gazi Mihal, Saray, Yeniçeri, Beylerbeyi 
Baths in Edirne, and İsmail Bey Bath in İznik. 

Despite its structural and aesthetic advantages, the use of 
the belt of Turkish triangles became unpopular after the 15th 
century. In Classical Ottoman Architecture, particularly in 
the works of Mimar Sinan, pendentives were frequently 
employed to enhance spatial integrity, continuity, and fluid-
ity. Moreover, since pendentives are curvilinear forms like 
domes, they naturally follow one another and efficiently 

Figure 3. (a) Diameter of the pendentive is smaller than the dome, the spherical pendentive (Söylemezoğlu, 1955; 81) and 
(b) diameter of the pendentive is the same with the dome, pendentive or shallow dome (Creswell, 1969; 460).

Figure 4. (a) Diagram showing inside of squinch (Rosintal, 1912; 32), (b) the squinch applied in Firuzabat (Rosintal, 1912; 
33), (c) diagrams showing the squinch vault and (Pope, 1967; 58), (d) the squinch (Pope, 1967; 59). 

Figure 5. The band of triangles inclined in different angles (Design by Author).
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transfer horizontal loads by linking the baldachin support 
system to the dome without requiring additional interme-
diary elements (Tuncer, 1984). Conversely, the growing 
span of domes demanded taller transition zones in the belt 
of Turkish triangles, while the corbelling systems proved 
structurally inadequate in resisting lateral forces (Yavuz, 
2002; Batur, 1980).

The use of the belt of Turkish triangles was initially ob-
served on the facades of “kümbet”, as seen in the Melik Gazi 
Tomb dating back to 1250 in Kırşehir, marking the transi-
tion from a quadrangle plan to a polygonal base in Anato-
lian Seljukid architecture. Built in 1347, the Güdük Minaret 
in Sivas features a belt of Turkish triangles on the outside to 

pass from a square base to a twenty-sided shape. Inside, the 
transition to the sixteen-sided circular dome base is done 
using pendentives decorated with stalactites. This shows 
that different transition elements can be used together in 
harmony - the belt of Turkish triangles on the outside and 
a different methods on the inside. (Figure 7a,7b). Subse-
quently, from the second half of the 12th century to the be-
ginning of the 13th century, it found application in the inner 
space, facilitating the transition from ground plan level to 
upper structure plan level (Batur, 1980). Throughout the 
Seljuk, Principality, and early Ottoman periods, the belt 
of Turkish triangles found extensive application in various 
types of buildings, including mosques, masjids, madrasas, 

Figure 6. (a) The transition element with fan pendentive in the closed courtyard of Karatay 
Madrasa in Konya (Boran, 2001; figure 539) and (b) the belt of Turkish triangles of Alaaddin 
Mosque in Konya (Bilici, 2016a; 23). 

Figure 7. Sivas Güdük Minaret, (a) architectural drawings (Gabriel, 1934; 186) and (b) facade 
(Önkal, 1996; 214).
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tombs, imarets, and zawiyas. Particularly in single-domed 
masjids and baths, the belt of Turkish triangles served as 
a key transition element (Peker & Bilici, 2006). It was also 
commonly employed to facilitate the transition from the 
square-planned minaret base to the polygonal body sec-
tion or from the circular body of the column to the square-
planned capital (Uluengin et al., 2001).   

The use of belt of Turkish triangles in both interior and exte-
rior spaces is quite similar, as both serve the same purpose: 
facilitating the transition between square and circular plan 
geometries. When used on the exterior, the Turkish triangle 
band is often combined harmoniously with a different tran-
sitional element on the interior within the same transition 
zone. A notable example of this is observed in the Güdük 
Minaret of Sivas, where the exterior employs a belt of Turk-
ish triangles, while the interior utilizes a different transition 
element (Figure 7). Therefore, this study specifically focuses 
on architectural solutions in which the geometric transition 
- from a square or polygonal plan to a circular dome base - 
is resolved through the use of belt of Turkish triangles. For 
this reason, the analysis in this study is centered on the use 
of belt of Turkish triangles in interior spaces. Exterior uses, 
including those on tomb façades, minaret bases, and col-
umn capitals, are acknowledged in the literature but are not 
examined in detail within the framework of this research. 

Despite the significant number of studies on pendentives 
and squinches in the history of architecture, research on 
the belt of Turkish triangles is limited and primarily con-
centrated on its morphological features2. Rosintal’s (1912) 

work on transition elements is an important source that 
elucidates the fundamental geometrical installation princi-
ples of the Turkish triangular transition zones between dis-
parate sections of a building, along with detailing the for-
mal features of some well-known applications of the belt of 
Turkish triangles. Additionally, Batur’s (1980) study, which 
examines the curved roof covers and transition elements of 
Ottoman period mosques until the end of the 16th century, 
holds significance in providing the general characteristics 
of the belt of Turkish triangles. It also catalogues structures 
in which the belt is utilized, supported by technical and vi-
sual documents such as plans, sections, and photographs. 
Kolay (2017) examined the construction techniques of 
buildings from the 14th century Principalities Period, as-
sessing the form, material, and construction technique of 
the Turkish triangular transition belt in general terms. On 
the other hand, a recent thesis has predominantly focused 
on the formal features of the belt of Turkish triangles during 
specific periods3. Lastly, a single type of the Turkish trian-
gular belt, composed of prismatic units, has been geomet-
rically analyzed and parametrically produced in a digital 
environment, without taking into account materials and 
construction techniques, and a 1/10 scale solid model of the 
corner section has been created using robotic techniques 
(Çağlar et al., 2021).

In this article, beyond the form-based studies typically con-
ducted with a focus on a specific period, building group, 
or region, the structures from the 12th to the 15th centuries 
that feature the belt of Turkish Triangles are evaluated as a 
whole. This is crucial in any maintenance, repair, or resto-
ration work to preserve and transmit the original architec-
tural and structural systems - along with the construction 
technology of the period in which they were built - to future 
generations4. In this context, while the architectural fea-
tures of the belt of Turkish triangles are revealed in terms of 
form/geometry, material usage and construction technique, 
this study is aimed to reveal the material and construction 
technique relationship of the different forms of the belt of 
Turkish triangles, for which there is limited information, 
with three-dimensional models.

The methodology of this study comprises the following 
stages of the research. Firstly, the structures from the Sel-
jukid, Principalities and Early Ottoman Periods, which in-
cluded the 12th and 15th centuries when the belt of Turkish 
triangles was used, were examined. The geometric variet-
ies on the inner surface and at the corners of the transition 
zone were evaluated together with their common and un-
usual applications. In addition, the belt of Turkish triangles 
between different ground plans-dome-façade organization 
in the transition zone were examined. Secondly, the mate-
rial and construction technique used in the belt of Turkish 
triangles were explained with field studies and literature 
studies. Finally, three-dimensional models were created 
to illustrate step by step how the material was used and in 
what sequence the components were assembled to form 
each geometric/formal type of the belt of Turkish triangles.

RESEARCH AND FINDINGS

Geometry/Form of the Belt of Turkish Triangles 
The belt of Turkish triangles is created by combining con-
secutive up and down triangle or triangular prism units 
at different angles along a horizontal alignment. The way 
these units come together at the corners varies, influenc-
ing the entire geometrical and formal arrangement of the 
belt of Turkish triangles. Kolay (2017) noted that the belt 
of Turkish triangles that are characterized by its thick plas-
terwork evolved gradually over time. In the first half of the 
13th century, it was constructed with plane triangles, and to-
wards the middle of the century, prismatic elements began 
to emerge. As a result, the belt of Turkish triangles can be 
divided into two main groups: those consisting of plane tri-
angles and those incorporating prismatic units. On the oth-
er hand, Batur (1980) classified the belt of Turkish triangles 
into three main categories: the ‘triangular belt’, consisting 
of plane triangular surfaces; the belt comprising prismat-
ic triangles; and a group of triangles with units located on 
the corner. The second group was further subdivided into 
the ‘simple belt,’ consisting solely of prismatic triangles, and 
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the ‘compound belt’, in which pyramids were placed within 
prismatic triangles. It is important to note that Batur clas-
sified the triangular prisms created for decorative purposes 
inside the squinches at the corners as the third type. How-
ever, since the defining feature of the belt of Turkish trian-
gles is its continuation in the form of a band on the drum, 
wall, or dome skirt, it might be misleading to describe them 
as a distinct type of the belt of Turkish triangles. 

It is possible to categorize the belt of Turkish triangles into 
two main types based on form and geometry (Table 1). The 
simplest form of the belt of Turkish triangles consists of tri-
angular planes looking upward and downward (Table 1a). 
The connection type of triangular planes can vary in two 
ways at the corner. In the first case, the top point of the tri-
angular plane is at the corner of the wall, and the base side 
is on the dome (Table 1b). This configuration is observed 
in examples such as the tomb of the Karatay Madrasa in 
Konya, in front of the “mihrap”5 space in the Eski Mosque 
in Edirne, the tomb of the Sahip Ata complex, the masjid of 
Yusuf Bin Yakup Madrasa in Çay, the Alaaddin Mosque in 
Konya (Figure 6b), the winter room of the Sırçalı Madra-
sa, the Mal Hatun Tomb in Edirne, the Çelebi Sultan Meh-
met Madrasa in Merzifon, The tomb of Yusuf bin Yakub in 
Afyon (Figure 8a) and the Hekim Bath in Tire (Figure 8b). 

In the second case, the common side of two adjacent trian-
gular planes looking downward intersects with the corner 
(Table 1c). Examples include the side spaces of the Karaca-
bey Mosque in Ankara (Figure 8c), the masjid of the Sırçalı 
Madrasah in Konya and the winter room of Konya Sırçalı 
Madrasa (Figure 8d). The transition zone may consist of 
continuous triangular units, and at times, a window open-
ing or a niche can be incorporated in the transition section 
along the central axis of the wall.

In the second type, the belt of Turkish triangles with triangu-
lar prisms can be divided into two subgroups based on geo-
metric complexity. In the simple form (Table 1d), triangular 
prisms can be oriented upward and downward, referred as the 
belt of Turkish triangles with “baklava” or “badem”6 as seen 
in Mehmet Bey Mosque, Tahtakale Mosque and Tahtakale 
Bath in Tire (Figure 9a, 9b, 9c, 9d). They can be positioned in 
pairs, where every two adjacent triangular prisms look in the 
same direction (Table 1e), as seen in Halil Hayrüddin Paşa 
Tomb in İznik, Yıldırım Madrasa, Umur Bey Bath, and Yeşil 
Tomb in Bursa. Similarly, while a pair of the prisms can face 
downward, one can face upward, as observed in Kurşunlu 
Mosque in Bergama. In the complex or combined form, the 
bases of the primary triangular prisms, resting on the wall 
or the circular dome base, are adorned with smaller decora-
tive triangular prisms, known as the belt of Turkish triangles 

Table 1. The geometrical typology of the belt of Turkish triangles in elevation and at the corner

Belt of Turkish triangles  
composed of triangular planes

Belt of Turkish triangles composed of triangular prisms

Belt of Turkish triangles with simple 
triangular prisms  

Bademli/Baklavalı Türk Üçgeni Kuşağı

Belt of Turkish triangles with combined 
triangular prisms  

Göbekli Türk Üçgeni Kuşağı

El
ev

at
io

n

(a) (d) (e)

(f) (g)

(h)

C
or

ne
r T

yp
es

          (b)                     (c)                        (i)                             (k)                          (l)
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with combined triangular prisms7 as illustrated in (Table 1f). 
While the center of the decorative prisms projects towards 
the space, the primary one’s recess into the wall through the 
transition zone, as exemplified in the Tahtakale Bath in Tire 
and in the entrance and main spaces of Yeşil Mosque in Bur-
sa (Figure 9c, 9d, 9e, 9f). In the belt of Turkish triangles with 
“badem” or combined triangular prisms, the sides of large 
triangular prisms and small decorative prisms, intersecting 
at the center of the primary triangular prisms, can be orna-
mented with linear bordures (Table 1g, 1h), resembling a 
three-armed star shape, as seen in Muradiye Mosque, Tavuk 
Pazarı Bath, and also intersecting at the center of the small 
triangular prism, as observed in Tahtakale Mosque in Tire 
and Yeşil Mosque in Bursa (Figure 9c, 9d, 9e, 9f).

At the corner of prismatic triangles, three general types of 
geometric solutions are observed. In the first type (Table 1i), 
the common side line of two adjacent triangular prisms look-
ing downward is located at the corner of the wall, as seen in 
the tepidarium of the Tahtakale Bath in Tire, at the entrance 
of Orhan Gazi Mosque in Bursa, Selçuk Bath, or in the main 
space of Yeşil Mosque (Figure 9c, 9d, 9e,9f). The second type 
is very similar to the previous one, with the only difference 
being the absence of a corner line (Table 1k). A “badem” with 
flat surface projects from the corner of the wall to the cir-
cular dome base as observed in Nilüfer Hatun İmareti, Yeşil 
Mosque in İznik, Gazazhane Mosque in Tire and Devlet Ha-
tun Tomb in Bursa (Figure 9g, 9h). In the third type, as seen 
in Mehmet Bey and Tahtakale Mosques in Tire, the triangu-
lar prism facing upwards is positioned between the wall cor-
ner and the base of the dome (Figure 9a, 9b) and (Table 1l).

In addition to the common types found in the belt of Turk-
ish triangles, there are also unusual applications. The Leyse 
(Pir Ahmet) Mosque in Tire is an extraordinary example 
consisting of the combination of two downward-facing tri-
angular prisms and one upward-facing plane triangle (Fig-
ure 10a). Another unconventional arrangement is seen in 
the Hamzabey Mosque in Bursa, where the prismatic units 
are arranged in the form of triangular prisms with a trun-
cated top, deviating from the usual patterns. In the main 
space of the Muradiye Mosque in Bursa, the belt of Turk-
ish triangles is composed of “badem” standing side by side 

and triangular prisms that resemble mirrored pairs of each 
other (Figure 10b). Another unique application is found in 
the Green Tomb in Bursa, where the region between the 
“badem”s standing next to each other is filled with plane 
triangles (Figure 10c).

There are also various types of corner solutions elaborated with 
triangular prisms in the Turkish triangular transition zone. 
While Yalınayak Masjid in Tire has four adjacent triangular 
prisms facing the same direction at the corner, the surfaces of 
the triangular prism at the corner were also differently treated 
in Parmaklı Masjid in Bergama (Figure 11a, 11b). Especially 
in baths, in contrast to the blind and plain wall surfaces, the 
space becomes as impressive as possible owing to the belt of 
Turkish triangles. For example, in the “halvet”8 of Tahtakale 
Bath, each surface of the triangular prism located in the corner 
has been treated in such a way that it seems to be formed by 
the interlocking of four smaller triangular prisms adjacent to 
each other (Figure 11c). In Tavuk Pazarı Bath in Bursa, there is 
six armed star shape consisting of six triangular prisms at the 
corner (Figure 11d). On the other hand, in the Saray Bath in 
Edirne, the corner of the belt of Turkish triangles is composed 
of squinch with stalactites (Figure 11e).

Although the belt of Turkish triangles is typically located 
in a single transition zone, there are also examples that are 
positioned in a double transition zone (Figure 12). It can be 
composed of triangular planes, as seen in Beyhekim Mas-
jid in Konya and Hamza Bey Mosque (Figure 12a, 12b), or 
triangular prisms, as observed in Bursa Muradiye Mosque, 
Bergama Debbağlar Bath (Figure 12c), Peçinler Bath, and 
Bursa Ördekli Bath. In the east iwan of Hamza Bey Mosque 
in Bursa, the double line of the Turkish triangular transi-
tion zone consists of triangular planes. The lower and upper 
parts of the belt of Turkish triangles are positioned as mir-
rors of each other. In other words, triangular planes look-
ing up are situated on top of the triangular planes looking 
down. The Hoca Tabip (Aynalı) Mosque with a double line 
of Turkish triangular transition zone is an extraordinary 
example in terms of the combination of triangular prisms 
at the lower level with the second line of triangular planes, 
which also project or recess according to the folding dome 
(Figure 12d)

Figure 8. (a) The tomb of Yusuf bin Yakub in Afyon (Önkal, 1996; figure 414), (b) the Hekim Bath in Tire (Author, 2007), 
(c) the Karacabey Mosque in Ankara (Author, 2007) (d) the winter room of the Sırçalı Madrasa in Konya (Kuran, 1969; 215). 
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Turkish Triangular Transition Zone Between Different 
Ground Plans and the Dome
The belt of Turkish triangles offers rational solutions and pro-
vides considerable flexibility in solving the transition from 
different plan geometries to the dome. Namely, differenti-

ating the inclination angles of triangular units according to 
their position in the transition zone, increasing their number, 
or adjusting the height of the transition zone can be counted 
among the most frequently encountered solutions. Based on 
the number of triangles in a quarter of the Turkish triangu-

Figure 9. (a) Mehmet Bey Mosque, Tire (Photo by Author), (b) Tahtakale Mosque, Tire (Au-
thor, 2007), (c, d) Tahtakale Bath, Tire (Author, 2007), (e, f) main space of Yeşil Mosque with 
the ornamented belt of Turkish triangles, Bursa (İrteş, 2021; 75, 83), (g) Gazazhane Mosque 
in Tire (Author, 2007) and (h) Devlet Hatun Tomb in Bursa (Kuban, 2007; 155). 
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lar transition zone at each corner, a polygon-based plan is 
formed, for which the number of edges is multiples of four, 
such as eight, twelve, and sixteen, before reaching the circular 
dome base. As the number of triangles increases, the base on 
which the dome sits becomes closer to a circular form than a 
polygonal one. In this context, it is possible to basically divide 
the belt of Turkish triangles into three groups in terms of the 
relationship between the ground and upper structure.

The first type facilitates the transition from a square-plan 
base to a circular, octagonal, dodecagon, hexadecagon, or a 

polygonal base with twenty or more sides, upon which the 
dome rests (Table 2).  While numerous examples of this type 
exist, some notable instances include: transitioning from a 
square plan to an octagonal dome base, as seen in the Yenice-
köy Bath in Tire (Table 2a1); transitioning to a dodecagon 
dome base, observed in the Hekim Bath in Tire (Table 2a2); 
transitioning to a hexagonal dome base, visible in various lo-
cations such as the main space of the Murad Paşa Mosque in 
İstanbul, the main iwan, tomb, and rooms on both sides of 
the Taş Madrasa in Akşehir, the Sahib Ata Tomb in Konya, 

Figure 10. (a) Leyse (Pir Ahmet) Mosque, Tire (Author, 2007); (b) Bursa Muradiye Mosque (Türkiye Kültür Portalı, n.d.), 
Bursa; (c) Yeşil Tomb (Xodjoyeva, 2019; 41).  

Figure 11. Corner details of the belt of Turkish triangles; (a) Yalınayak Masjid, Tire (Author, 2007), (b) Parmaklı Masjid, 
Bergama (Şaşmaz, 2025), (c) Tahtakale Bath, Tire (Author, 2007), (d, e) Tavuk Pazarı Bath, Bursa and Saray Bath, Edirne 

(Kula Say, 2007; 205, 154).
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the masjid of the Gök Madrasa in Sivas, the Nureddin İbn-i 
Sentimur Tomb in Tokat, and in front of the mihrap space 
of the Eski Mosque in Edirne (Table 2a3). Additionally, such 
transitions extend to a twenty-sided dome base, exemplified 
in the front of the “mihrap” space of the Alaaddin Mosque in 
Konya and the Yavaşca Şahin Mosque in İstanbul. Moreover, 
they extend further to a twenty-four-sided dome base, as 
seen in the women’s section of the Tahtakale Bath in İstanbul, 
and even to a twenty-eight-sided dome base, showcased in 
the Hacı Özbek Mosque in İznik (Table 2a4).

The second form is employed to transition from a rectangu-
lar plan to a hexagonal, octagonal, hexadecagon, twenty-sid-
ed polygonal base, or a circular base upon which the dome 
rests (Table 2b1, 2b2, 2b3, 2b4). In such applications, due 

to the dome opening often aligning with or being close to 
the structure’s short side, the triangular units on the shorter 
side protrude more and are inclined to close the gap between 
walls and the dome. Examples of this transition achieved 
through the use of the belt of Turkish triangles include: from 
rectangular planned structures to an octagonal dome base, 
showcased in Nilüfer Hatun in İznik; to dodecagonal and 
hexagonal dome bases, as observed in the Yıldırım Bath in 
Mudurnu; to a dodecagon dome base, evident in the narthex 
of the Karahasan Mosque in Tire; to octagonal, dodecagonal, 
and hexagonal dome bases, as seen in the Karacabey Bath 
in Ankara; to a hexagonal dome base, displayed in the side 
domes of the İvaz Bey Mosque in Manisa; and finally, to the 
base of a twenty-cornered dome, exemplified in the dressing 
area of the Demirtaş Bath in Bursa.

Table 2. Geometric relationship between plan layout and the base of the dome with belt of Turkish triangles
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Figure 12. Triangular planes and prisms with double transition zone; (a) Beyhekim Masjid in Konya (Çolak, 2025) (b) 
Hamza Bey Mosque in Bursa (Şimşek, 2010; 316), (c) Debbağ Bath in Bergama (Kula Say, 2007; 164), (d) Hoca Tabip 
(Aynalı) Mosque in Bursa (Şimşek, 2010; 362).
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The third form involves transitioning from an octago-
nal or hexagonal plan base to a circular dome base. For 
instance, the middle section of the portico of Nilüfer 
İmaret in Bursa employed double transition elements: 
the first transitioned from a rectangular plan to a hex-
agonal base using large triangular units, while the sec-
ond transitioned from the hexagonal base to a circular 
dome base. Similarly, various locations such as the Leyse 
(Pir Ahmet) Mosque, the dressing hall of the Tahtakale 
Bath in Tire, Yeşil Tomb in Bursa, and the cold area of 
the Davut Paşa Bath in Bursa utilized the belt of Turkish 
triangles for transitioning from octagonal spaces to cir-
cular dome bases. The Cem Sultan Tomb in Bursa also 
showcases a transition from an octagonal-planned space 
to a circular dome base (Table 2c, 2d).  

The belt of Turkish triangles serves not only to facilitate 
transitions from regular geometries but also to adapt 
irregular ground plans to polygonal bases supporting 
domes as in the Parmaklı Masjid in Bergama (Figure 13a). 
Furthermore, builders have demonstrated exceptional 
skill in dealing with rectangular planned spaces. Here, the 
space is initially converted into a square plan by utilizing 
arches on one or both short sides. Subsequently, the belt 
of Turkish triangles is employed to transition to a circular 
dome base. This technique is evident in structures such as 
the tomb in Tokat Gök Madrasa and the adjacent rooms 
on either side of the main iwan in Konya Sırçalı Madrasa 
(Figure 13b, 13c).

The belt of Turkish triangles can be used as a part of dou-
ble transition zone. Initially, pyramidal pendentives fa-
cilitate the transition from a square to an octagonal plan 
base. Following this, the belt of Turkish triangles aids in 
the transition to a circular dome base (Table 3a, 3b, 3c). 
This technique is exemplified in various structures such as 
the central space of Demirtaş Mosque, the tepidarium of 
Demirtaş Bath, the main iwan of Yıldırım Madrasa, and 
Yıldırım Hospital (Darüşşifa) in Bursa.

The Façade Organization in the Turkish Triangular 
Transition Zone
The belt of Turkish triangles requires a transition zone that 
can be situated either within a drum or embedded inside 
the wall without a drum. In both scenarios, the design of 
the Turkish triangular transition zone significantly influ-
ences the organization of the facade. The reflection of the 
Turkish triangular transition zone onto the facade can be 
categorized into three main types (Table 4). 

The simplest among these is the drumless application (Ta-
ble 4A, 4A1), where the dome emerges directly behind high 
walls as in the Sırçalı Masjid in Konya and the Beçin Yelli 
Mosque in Muğla (Table 4a, 4b), that was mostly used in 
the Seljuk period. Later, during the Principalities and the 
Ottoman period, the use of octagonal drum was observed.

 In the second type, sloped wall pieces used at the corners of 
the drum serve as retaining walls (Table 4B, 4B1) for struc-
tural support in early periods. In these cases, both the drum 
and walls maintain the same level on the facade. At corner 
regions where the slope towards the dome is most significant 
within the transition area, external buttress support often be-
comes necessary alongside the walls as seen in the Hacı Öz-
bek Masjid in İznik and the Kumacık Bath in Amasya (Table 
4c, 4d). This additional support addresses the high pressure 
and tensile forces transferred from the top to the bottom.

In the third type, the primary factor influencing the exterior 
reflection of the belt of Turkish Triangles is the varying wall 
thickness, extending from the wall to the top cover. There’s 
a direct correlation between the dome’s thickness and its 
span, leading to a proportional increase in the dome’s sec-
tion, drum and the main walls as the opening expands (Rey-
han et al., 2013). Kuban (2007) highlighted an average ratio 
of 1/10 between the wall thickness and the dome opening. 
This gradual increase is visible in the drum part forming the 
transition region, highlighted by the presence of eaves in nu-
merous structures between the walls and the drum (Table 
4C, 4C1, 4C2, 4C3, 4C4). These eaves, which delineate the 

  

Figure 8. (a) Parmaklı Masjid in Bergama (Bayatlı 1956) [44], (b) Gök Madrasa in Tokat 

and (c) Sırçalı Madrasa in Konya (Kula 2007) [27] 
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Figure 8. (a) Parmaklı Masjid in Bergama (Bayatlı 1956) [44], (b) Gök Madrasa in Tokat 

and (c) Sırçalı Madrasa in Konya (Kula 2007) [27] 
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Figure 13. (a) Parmaklı Masjid in Bergama (Bayatlı, 1956; 23), (b, c) Gök Madrasa in Tokat 
and Sırçalı Madrasa in Konya (Kuran, 1969; 74, 99).
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wall and the drum, can either be a straight line, observed 
in structures like the Muradiye Mosque in Bursa, the Yeşil 
Mosque in İznik, and the Ayas Ağa Mosque in Amasya (Ta-
ble 4e, 4f, 4g), or they may gradually continue based on the 
positioning of the buttresses supporting the corners, as seen 
in the Acem Reis Mosque in Bursa (Table 4h).

Particularly during the Principalities Period, one of the com-
monly encountered architectural features is the use of a double 
row outer drum, exemplified in structures like the Rum Meh-
met Pasha, Narin, Tahtakale, Gazazhane, Karahasan, and Kara 
Hayrettin (Güdük Minaret) Mosques in Tire. Kolay’s (2017) 
findings suggest that in such instances, the horizontal plane 
where the two drums meet forms the base or skirt of the dome, 

marking the starting point of the dome structure (Figure 14). 
Additionally, it’s noted that the lower levels of the outer drum 
align with the Turkish triangular transition zone.

This section presents a systematic classification of façade 
configurations related to the transition zone in which, Turk-
ish triangles are used. The classification into three façade 
types reveals not only stylistic preferences but also structur-
al responses to geometric and spatial needs across periods. 
By identifying consistent patterns - such as the presence or 
absence of drums, the role of buttresses, and the propor-
tional relationships between wall thickness and drum - this 
analysis establishes a foundation for understanding how 
form and construction logic intersect. These findings pro-

Table 3. Double transition zone: (a) Plan layout, (b, c) pyramidal pendentive and belt of Turkish triangles with triangular plane and 
triangular prism.

(a) (b) (c)

    Wall     Pyramidal pendentive     Band of Turkish triangles

 

 
 

Figure 14. Karahasan Mosque in Tire (Kolay, 2017; 107). 
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Table 4. (a) Sırçalı Masjid in Konya (Bilici 2016b; 470), (b) Beçin Yelli Mosque in Muğla (AA, n.d.a), (c) Hacı Özbek Masjid in İznik 
(SALT Research, n.d.a), (d) Kumacık Bath in Amasya (Yarar, 2020; 189), (e) Muradiye Mosque in Bursa (SALT Research, n.d.b), (f) 
Yeşil Mosque in İznik (SALT Research, n.d.c), (g) Ayas Ağa Mosque in Amasya (Tanman, 1991; 202) and (h) Acem Reis Mosque in 
Bursa (SALT Research, n.d.d).

Plan Layout Facade
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vide essential groundwork for the subsequent discussion on 
construction techniques, where the physical realization of 
these morphological choices will be explored in detail.

MATERIAL USAGE AND CONSTRUCTION  
TECHNIQUE IN THE TURKISH TRIANGULAR  
TRANSITION ZONE

Material Usage
The belt of Turkish triangles is usually constructed with brick 
and mortar, and rarely with stone as in Yanköy İçkale Masjid 
and Vacidiye Madrasa (Figure 15a, 15b), a choice made due to 
brick’s suitability in forming narrow surfaces. However, there 
are instances where both brick and rough cut or rubble stone 

were combined in constructing the belt of Turkish triangles, as 
seen under the plaster in the damaged parts of the transition 
zone like the Molla Arap Mosque (Figure 15c), Yalınayak Mas-
jid (Figure 15d)), the Tahtakale Bath (Figure 15e) and Karag-
azi Bath (Figure 15f) in Tire, and the Selçuk Hatun Masjid in 
Edirne. This combination results in stronger connections be-
tween the long stones and the core of the wall in the transition 
zone as the triangular units project into space (Figure 15c). Ba-
tur (1980) observed that the material of the inner part of the 
transition element corresponds to that of the dome, while the 
exterior of the drum aligns with the material of the walls. 

While the belt of Turkish triangles was generally plastered, 
there are remarkable exceptions with unplastered buildings 
showcasing regular brickwork, such as the Ulaş Baba Tomb 

Figure 15. Stone usage; (a) Yanköy İçkale Masjid in Antalya (Boran, 2001; foto 224), (b) Vacidi-
ye Madrasa in Kütahya (Kolay, 2017; 59), brick and stone hybrid usage; (c) Molla Arap Mosque, 
(d) Yalınayak Masjid, (e) Tahtakale Bath and (f) Karagazi Bath in Tire (Author, 2007). 
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and the winter classroom of the Sırçalı Madrasa in Konya. 
Notably, the Vacidiye Madrasa in Kütahya is among these 
exceptional structures where the surfaces of plane triangles, 
constructed with stone, were intentionally left unplastered. 
Önkal (1996) noted that when stone is employed for the 
triangular belt, as seen in the Seyid Şeref Tomb in Kayseri, 
the final dressing of the triangular surfaces is executed after 
the blocks are laid. 

The use of bricks varied in size and shape across different 
sections of buildings in various periods. Tunay (1984), in 
examining brick use in Byzantine architecture, highlighted 
size differences ranging between 20 cm and 40 cm, differing 
not only across periods but also within structures within 
the same era. During the early Ottoman Period, brick siz-
es resembling Byzantine dimensions, 14x28 cm and 30x30 
cm with a thickness of 4 cm (rarely 4.5 cm), were common 
(Kutlu, 2017). In the Ottoman Period, typical brick sizes 
observed in domes were noted as 39–40 × 27–28 × 4–4.5 
cm for full bricks and 30–32 × 21–24 × 3–4.5 cm for half 
bricks, (Reyhan et al., 2013). Meanwhile, the vault of the 
Süleymaniye Complex used 35×35×4.5 cm full bricks and 
half bricks (Kolay, 2016). Diri Akyıldız (2018), in a study 
of the construction technique of Edirne baths from the 14th 
and 16th centuries, specified that the main structure of tran-
sition elements was built using bricks and half-length bricks 
with dimensions of 27.5×27.5×4-4.5 cm and 24×27.5×4-4.5 
cm, respectively. Additionally, bricks with dimensions of 
19-20×19-20×4-4.5 cm were used in horizontal and ver-
tical alignments. Horizontally, bricks were used in belt of 
Turkish triangles, pendentives and rings, while both verti-
cal and horizontal alignments were employed in muqarnas.

Standard brick sizes and shapes are commonly used for 
smooth surfaces such as walls or domes. Conversely, the belt 
of Turkish triangles, particularly those with “badem” and 
combined triangular prisms, exhibit complex arrangements of 
triangular prisms with folding surfaces that directly influence 
the material’s shape and size. To achieve the desired shapes for 
these prisms, bricks may have been divided or trimmed with 
specific adjustments, allowing them to conform to the varying 
shapes and bends dictated by the transition zone’s geometry, 
both externally and internally within the wall.

Özdural's (1996) study on muqarnas details methods of dis-
secting and composing forms to create diverse ornamental 
patterns. For instance, he demonstrates various approaches 
for composing figures by dividing a square into triangles, 
rectangles, hexagons, and decagons (Figure 16). Adam 
(1994) points out that in Roman architecture brick was de-
liberately cut into triangular pieces and was often used in 
walls in triangular form as in the Pompeii’s masonry walls. 
Although the brick was used in the whole square form, trim-
ming was a widely used technique in order to help in posi-
tioning and to line up the corners. In addition, the insertion 
of the corner of the triangle into the mortar in the core of 
the wall creates a stronger bond than the regular bricklaying. 
Especially in constructing the belt of Turkish triangles with 
triangular prisms, the focus lies on dense mortar and the 
expertise of the master, rather than standard material sizes. 
Since the size or shape of the material changes according to 
the geometry of the belt of Turkish triangles.

Construction Technique 
There is limited information about the construction tech-
nique of the belt of Turkish triangles. The fundamental 
questions in regards to the construction technique are 
how such precise forms were achieved in the triangular 
elements, whether any specific geometrical formulas were 
applied, how materials were positioned within complex ge-
ometries, and whether masons employed any form of form-
work. Additionally, understanding the sequence in which 
triangles with intricate shapes were constructed is pivotal. 
To shed light on these queries, examinations are conducted 
on damaged transition zones where materials are exposed 
due to collapse or plaster loss. Insights are also drawn from 
existing literature that explore the construction techniques 
related to the geometry of the belt of Turkish triangles. 
It’s conceivable that masters might have utilized molds to 
shape the complex triangular units and prisms, ensuring 
a smooth surface or holding them in place, particularly at 
the corners where the transition zone’s largest openings 
exist. However, in the belt of Turkish triangles, plaster has 
conventionally been employed to achieve a smooth surface 
(Figure 17a, 17b), with rare exceptions like the Vacidiye 
Madrasa in Kütahya and the Sırçalı Madrasa in Konya.

 

Figure 16. Dividing the square shape brick into smaller pieces (Adam, 1994; 147).



Megaron, Vol. 20, No. 4, pp. 481–507, December 2025 497

Examining damaged structures such as the Molla Arap 
Mosque, Karagazi Bath, and Tahtakale Bath in Tire reveals 
rough brickwork forming triangular prisms beneath the 
plaster (Figure 17c, 17d). This contrasts with the smooth 
appearance of plastered surfaces (Figure 17a, 17b). These 
findings discount the use of molds and emphasize the sig-
nificance of thick mortar between bricks. This mortar is 
crucial in shaping the triangular prisms precisely and com-
pensating for stylistic imperfections caused by dividing and 
trimming the bricks (Figure 17d).

While brick appears to be the primary building material 
used in the zone of Turkish triangles, a closer examination 
of certain structures, such as the Molla Arap Mosque, the 
Yalıayak Masjid and the Tahtakale Bath, reveals a hybrid 
use of both brick and stone. In these examples, craftsmen 
deliberately incorporated long and flat rough cut stone 
pieces or rounded rubble stone alongside bricks, either 
irregularly distributed within the triangular units (Figure 
15c, 15d) or arranged in specific horizontal courses (Figure 
15e, 15f). These stone elements were often integrated into 
the brick courses, not necessarily for aesthetic precision (as 
these areas would later be plastered), but rather for practi-
cal reasons such as material availability or constructional 
convenience. For example, in the Karagazi Bath in Tire, 
while brick is commonly observed on the surface areas of 
the transition zone-where the inclination toward the dome 
is relatively low-stone appears to have been predominantly 

used in the plane triangles at the corners, where the cor-
belling projection is more pronounced (Figure 15f). In 
some instances, the flat stones may have served to anchor 
the triangular units more firmly into the wall mass, en-
hancing structural integration. 

The integration of stone materials is particularly evident in 
the corbelled parts, suggesting that these stones were de-
liberately positioned within the inner courses to stabilize 
the units and align with the brick layering. Therefore, it is 
appropriate to consider the belt of Turkish triangles as a 
structurally hybrid system in certain applications, where 
brick is predominant but stone is used as a reinforcing or 
stabilizing element as seen in the wall section of the Molla 
Arap Mosque (Figure 15c). This hybrid construction strat-
egy also implies that masons employed flexible techniques 
rather than a strictly uniform method.

Before delving into the construction of the belt of Turkish 
triangles, establishing the relationship between the walls 
and the dome is necessary. In the critical corner regions, 
where load transfer from the dome to the walls is most cru-
cial, the triangular units play a vital role in safely distribut-
ing these loads by elevating the height of the transition re-
gion (Figure 18). As the dome opening expands, the height 
of the transition zone increases accordingly. An observed 
ratio of 1/4 to 1/5 exists between the height of the transition 
zone, featuring the belt of Turkish triangles, and the size of 
the dome opening.

Figure 17. (a) Beçin Yelli Mosque (Yurt Haberleri, n.d.), (b) Hekim Bath in Tire (Author, 
2007), (c) Karagazi Bath in Tire (Author, 2007), and (d) Tahtakale Bath in Tire (Author, 2007).
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It should be noted that borders, consisting of two or three 
rows of bricks positioned to protrude a few centimetres 
above and below the transition zone, indicate the use of 
scaffolding during construction (Figure 17a, 17b, 17c, 17d). 
While the border between the wall and the triangular units 
ensures a smooth surface for the transition zone, the border 
on the triangular units facilitates the transition from the po-
lygonal base formed by the belt of Turkish triangles to the 
circular dome base (Figure 9, 10, 17, 19).

Plane or prismatic triangles are constructed using the cor-
belling system, employing bricks and thick mortar between 
them. While there is limited information about the method 
used in constructing triangular units, Kolay (2017) states 
that the process begins at the corners due to their struc-
tural significance. The resulting triangular units are con-
nected to each other at the midpoint of the transition zone. 
Şimşek (2010) suggests that when the distance between the 
walls and the base of the dome is large and the height of 
the transition zone is low, triangular molds are created in 
the corners that protrude the most. In such cases, there is 
no need for a formwork as the middle point of the wall is 
approached. 

Undoubtedly, starting from the corners is crucial to min-
imize construction errors, considering the role of corners 
in load transfer for the dome and the necessity of address-
ing corner areas as a distinct design problem. With con-
secutively facing triangular units in the belt of Turkish 
triangles, it is essential initially to construct the triangles 
located at the corners and along the wall base, as their early 

stabilization enables the central units to be placed secure-
ly. Subsequently, elevating the triangles together using the 
corbelling system becomes possible. When laying the brick 
rows of triangular units, it’s crucial to shape the material to 
extend into the wall as much as possible, ensuring a firm fu-
sion with the wall. In certain applications, such as the Molla 
Arap Mosque, the placement of long flat stones between the 
rows of bricks reinforced the fusion of triangular units with 
the core of the wall in the transition zone (Figure 19b). Fol-
lowing the construction of the triangular units, a border 
section is created with several rows of bricks to achieve a 
smooth circular base before progressing to the dome.

Additionally, it should be noted that in some Turkish trian-
gular transition zones, an amphora or pipe application may 
be encountered. Whether they are flat triangles, as seen in 
the Beçin Yelli Mosque (Figure 19a), or prismatic triangles, 
as observed in the Molla Arap Mosque in Tire (Figure 19b), 
amphoras with a diameter of about 20-30 cm are placed in 
the middle of the triangular units with their open mouths 
on the surface. Kolay (2017) discussed the use of hollow 
amphoras or cubes, called lightening cubes, to reduce the 
weight of a building. Atay & Gül (2020) also noted that am-
phoras can be used in various areas such as super struc-
tures, transition elements and flooring to lighten the load of 
a building, as well as for acoustics or ventilation. 

After completing the construction of the transition zone, 
the front faces of the bricks are trimmed where necessary, 
according to the folding angle of the triangular units. Fi-
nally, the application is completed with plaster, paint, or 

 
Figure 18. The belt of Turkish triangles with different heights and load transfer (Design by Author).
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decoration. Plastering also serves to conceal craftsmanship 
faults on the surfaces. 

In some applications, the embossed decorative motifs seen 
on the surface of the belt of Turkish triangles could have 
been achieved with moulds during plastering. On the oth-
er hand, extraordinary surface treatments, such as a single 
row of projecting bricks placed in the direction of the edge 
lines of the triangular units during plastering, can be en-
countered, as seen in the İsmail Bey Bath in İznik.

MODELLING OF THE DIFFERENT GEOMETRIES 
OF THE BELT OF TURKISH TRIANGLES 

When examining the relationship between geometry and 
construction techniques, despite the existence of extraor-
dinarily complex shapes, it becomes evident that the most 
prevalent types within the realm of the belt of Turkish tri-
angles include triangular planes, simple triangular prisms 
known as the belt of Turkish triangles with “badem” and 
combined triangular prisms (Table 1). In the category of 
combined triangular prisms, where smaller triangular 
prisms, known as “göbek”, are positioned on the base sur-
faces of the main triangular prisms, they can be formed 
either by projecting bricks to create the smaller triangular 
prisms or by employing a dense plaster containing thick 
brick and tile pieces. As the construction technique for the 
belt of Turkish triangles with “badem” is fundamentally 
similar to that of the belt with combined triangular prisms, 
the variations between the two primary types-the belt of 
Turkish triangles consisting of simple triangles and trian-
gular prisms-are meticulously analysed through 3D mod-
elling (Table 5a).

When generating 3D models for the construction technique 
of the belt of Turkish triangles, certain assumptions were 
made based on examples in the literature. These consider-
ations encompassed factors such as space size, the height 
of the transition zone, dimensions of triangular and pris-
matic units, as well as material size and mortar thickness. 
In the belt of Turkish triangles, comprising plane triangles, 
a square space with a side length of 3 meters was utilized, 

whereas in types with prismatic triangles, a square space 
with a side length of 3.5 meters was chosen, accounting for 
the geometry and number of units. In both scenarios, the 
height of the transition zone was adjusted to be between 1/4 
and 1/5 of the opening (3~3.5 m), set at 70 cm. For the ma-
terial, 30×30×5 cm bricks were employed, a size frequently 
found in historical buildings and representing an average 
among various types. 3 cm of mortar thickness was applied 
between the bricks. Considering the diagonal length of the 
brick material, the base of each triangular prism was estab-
lished at 40-45 cm.

To unveil the geometry of the belt of Turkish triangles be-
fore construction, the top level of the wall and the initial 
level of the dome are determined using timber scaffolding. 
The scaffolding serves a dual purpose by adjusting the be-
ginning of the transition zone and establishing the centre of 
the radius and the springing level of the dome. Following 
this, a border consisting of two or three rows of bricks pro-
jecting towards the space between the wall and the triangu-
lar units is constructed to provide a smooth surface for the 
transition zone. Subsequently, the fundamental geometric 
contours of the triangular units -such as the vertex, base, 
and edge- can be easily established between these horizon-
tal levels by creating guidelines with simple marking tools 
like rope and nails (Table 5b).

As the construction of the belt of Turkish triangles primarily in-
volves the symmetrical repetition of quarters, it is sufficient for 
the builder to organize the triangular or prismatic units based 
on the quarters of the space, with the corner part remaining in 
the middle. The fundamental contours of the triangular units, 
including corners and edges, could be determined by dividing 
the border at the lower part of the transition zone and the scaf-
folding passing through the upper part of the transition zone 
into four, eight, or more parts, depending on the geometric 
form of the belt of Turkish triangles. Guide ropes can then be 
drawn between these divisions, and the triangular or prismatic 
units, comprising rows of bricks, can be constructed following 
these guidelines (Table 5b).

In the plane triangular type, two different corner solutions 
exist. In the case of an upward-facing plane triangle (base at 

Figure 19. (a) Beçin Yelli Mosque (Yıldız, 2025), and (b) Molla Arap Mosque in Tire (Author, 2007).
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the top) at the corners (Table 5(1)), the construction com-
mences with triangular units whose bases rest on both sides 
of the corner part and extend along the transition zone up to 
a certain level (Table 5(1.1), 5(1.2)). Consequently, the tri-
angular units with bases on the walls act as moulds for the 
triangular units in between, with their tips touching the wall 
and bases facing upwards, providing support to keep them 
standing (Table 5(1.3)). When constructing the triangle fac-
ing upwards in the corner, a full brick is initially placed in 
the corner of the wall, forming the peak of the triangle in 
the corner. Subsequently, the shapes of the bricks are broken 
or cut and adjusted accordingly, taking the triangles on both 
sides of the corner as a reference and ensuring no gaps on 
the inner surface of the wall. As the triangular units facing 
upwards reach the level of the mould triangles, the construc-
tion of all triangular units is carried out simultaneously until 
the transition zone is completed (Table 5(1.4), 5(1.5)).

If there are two downward-facing plane triangular units in 
the corner (Table 5(2)), the positioning of the units is sim-
pler compared to the first application, requiring less brick 
shaping. When the horizontal rows of bricks forming these 
two triangular units in the corner are constructed using a 
corbelling system following the reference lines, the dome 
skirt is already reached (Table 5(2.1), 5(2.2)). The crucial as-
pect here is to fill the corner part, which is not visible from 
the front but remains empty inside, by perfectly complet-
ing the remaining space with full bricks using a corbelling 
system. After knitting the other downward-facing triangles 
in a similar manner, it is time to knit the upward-facing tri-
angles (Table 5(2.3)). It is observed that those closest to the 
corners undergo the most folding to the right and left. This 
change in angle or direction on the surface can be achieved 
by removing excess triangle pieces from the front parts of 
the brick material depending on the position of the trian-
gles (Table 5(2.3), 5(2.4), 5(2.5)).

In the case of the belt of Turkish triangles, featuring an up-
ward-facing triangular prism in the corner region (Table 
5(3)), the construction process follows a sequence akin to 
that of the triangular planes. However, a notable distinction 
emerges: in positioning the endpoints of the diamond shapes 
formed by the surfaces of two adjacent triangular prisms on 
the wall, it becomes imperative to initially construct the bas-
es of the downward-facing triangular prisms (Table 5(3), 
5(3.1)). These triangles, with their bases on the wall, are typ-
ically built with a 5-10 cm recess within the wall. This helps 
both adjust the centre of gravity of the triangular prisms 
during load transfer and helps the “badem”s stand out more 
clearly (Table 5(3.2), 5(3.3), 5(3.4)). In the corner region, the 
precise alignment of two bricks is essential, ensuring that 
their corners align with the guideline. The careful placement 
of bricks to form the “badem”s in the upper rows involves 
meticulous attention to ensure alignment with the reference 
lines and the absence of gaps between these shapes and the 
adjacent triangular units (Table 5(3.3), 5(3.4), 5(3.5)). As the 

“badem”s progress and reach their widest surface length, 
nearly horizontal in orientation, across one or two more 
rows, depending on the transition zone’s height, the subse-
quent step involves crafting the plane triangular surfaces of 
the upward-facing triangular prisms. In these constructions, 
the spaces that appear between the diverging “badem”s sig-
nify the areas to be filled with these triangular units, com-
pleting the intricate geometry of the structure (Table 5(3.4)). 
This sequential process ensures a snug fit and cohesion be-
tween the various elements, enhancing the overall stability 
and aesthetics of the design.

Certainly, these sections, characterized by the mirrored 
symmetry of the triangular units leaning against the wall 
at the base, can be completed progressively until the tran-
sition zone’s construction is finish (Table 5(3.4)). It is very 
important not to overlook that the bricks that make up the 
triangular units or “badem”s need to be cut or broken in 
order to fit into place. Additionally, joints, especially on the 
interior of the wall, should be overlapped as staggered as 
possible to ensure that each unit integrates with each other 
and with the core of the wall (Table 5(3.5)).

In the case of two downward-facing triangular prisms in 
the corner, a “badem” is positioned between the corner of 
the wall and the dome (Table 5(4)). Similar to the previous 
application, the construction begins with knitting triangu-
lar surfaces with their bases on the wall, accounting for the 
height of the transition zone and the “badem”s to be inserted 
in between (Table 5(4.1), 5(4.2)). The spaces between the tri-
angular units are filled with “badem”s, guided by reference 
lines, making it considerably easier to elucidate the geome-
try of the “badem”s in the corner compared to the previous 
type (Table 5(4.3)). This ease arises because, when a full brick 
is positioned in the corner and the rows are elevated using 
the corbelling system, the “badem” naturally emerges (Table 
5(4.3), 5(4.4), 5(4.5)). If the “badem” with flat surface are in 
the corner (Table 5(5)), the construction sequence remains 
similar to the previous one (Table 5(5.1), 5(5.2), 5(5.3)). The 
only distinction is that the straight edges of the bricks are 
laid at the corner using the corbelling system instead of the 
corners on the front (Table 5(5.4), 5(5.5)).  

It’s important to note that both the outer and inner layers of 
the wall or drum, consisting of the transition zone with the 
belt of Turkish triangles, are built together (Table 5(1.4), 
5(2.4)). The outer part of the drum, taking the form of an 
octagon or polygon, is typically completed using the alter-
nate wall technique, similar to the main walls, and the core 
section is filled with a mixture of rubble and mortar. The 
part that inclines the most inward at the corners is support-
ed by a buttress on the outer surface of the drum.

It is necessary to underline some important points regard-
ing the construction of prismatic units (Table 5(3), 5(4), 
5(5)); the arrangement and forms of the bricks differ from 
the previous plane triangular applications. Here, the edge 
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surfaces of the bricks are utilized to form the base surfaces 
of the prisms (Table 5(3.2), 5(4.2)), either against the wall 
or the dome, while the brick corners are employed to shape 
the other triangular surfaces in between them. Essential-
ly, this process creates “badem”s by using the corner part 
of a full-size or smaller brick (Table 5(3.3), 5(4.3)). Con-
sequently, two consecutive edges of the same brick form 
two folded triangular surfaces of the “badem” (Table 5(3.4), 
5(4.4)). The inclination or projection of these “badem”s var-
ies based on their position within the transition zone. Fur-
thermore, the shapes of the bricks themselves also change, 
influenced by both the “badem” and the adjacent triangular 
units (Table 5(3.5), 5(4.5), 5(5.5)). It is important to high-
light that the size of the brick utilized in the transition zone 
has a direct impact on the size of the resulting triangular 
prisms. This ensures that the longest horizontal length of 
the “badem” does not surpass the diagonal length of a full 
brick size. If this ratio isn’t maintained, particularly in cor-
ners with the widest openings, issues may arise where the 
bricks forming the “badem”s don’t effectively integrate with 
the core of the wall. This could lead to difficulties in proper-
ly closing the surfaces, causing the “badem”s to shift apart. 
Consequently, in the belt of Turkish triangles consisting 
of triangular prisms, the precise positioning of triangular 
units in close proximity to each other is crucial to avoid 
such complications and ensure structural integrity (Table 
5(3.4), (3.5), (4.4), (4.5), (5.4), (5.5)).

The construction of the outer drum portion of the tran-
sition zone follows a consistent method. Together with 
the Turkish triangles, the outer wall shell of the transition 
zone is built simultaneously with an infill core composed 
of rubble and mortar. As a result, both the inner Turkish 
triangle zone-featuring the triangular units-and the outer 
wall or drum are structurally integrated in a rigid state 
(Figure 20).

CONCLUSION

The structures with the belt of Turkish triangles, which 
served as a popular transitional element from the Seljuk to 
the Classical Ottoman Period spanning the 12th to the 15th 
centuries, boast a history of nearly three centuries. When 
evaluating the literature on the belt of Turkish triangles, it 
becomes evident that existing studies predominantly con-
centrate on the two-dimensional formal properties of the 
triangular units constituting the belt of Turkish triangles. 
These studies partially touch upon materials and construc-
tion techniques.
In this particular study, an extensive examination of vari-
ous examples of the belt of Turkish triangles from the Sel-
juk Period to the Ottoman Period was conducted. Unlike 
previous works, this research not only delves into the for-
mal and geometric features of the belt of Turkish triangles 
but also, for the first time in the literature, categorizes and 

Figure 20. 3D Modelling of transition zone with the belt of Turkish triangles.
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presents the ways the belt is utilized in the transition be-
tween different plan types and domed top covers. It further 
explores the relationships between the interior and exterior 
surfaces and analyses how the belt reflects on the facade, 
encompassing all possible variations.

Furthermore, the study explores in detail the materials and 
construction techniques employed in the belt of Turkish 
triangles, showcasing its diverse geometric shapes. This ex-
amination is based on data obtained from numerous field 
studies, coupled with insights from existing literature. The 
construction techniques of all geometric and formal types 
used in the belt of Turkish triangles are elucidated through 
the creation of three-dimensional models.

When evaluated in terms of form, despite the limited use 
of pendentives and squinches, the belt of Turkish triangles 
made a significant impact on its period with its flexible de-
sign that facilitated the transition from spaces with regular 
geometries, such as squares, rectangles, and polygons, to 
irregular geometries like trapezoids and ultimately to the 
dome. Additionally, the belt of Turkish triangles, which en-
velops the dome’s drum like a horizontal band, has evolved 
over the centuries through trial and error processes into a 
visually rich array of forms, ranging from simple triangular 
surfaces to the prismatic and complex Turkish triangular 
belts known as “badem” and combined triangular prisms, 
as well as various combinations of these. Therefore, the 
flexible structural solutions and aesthetic contributions 
provided by the formal richness of the belt of Turkish trian-
gles have played a significant role in its widespread prefer-
ence in various building types, such as mosques, madrasas, 
baths, and tombs.

When evaluated in terms of materials, the transition zone-
formed by the sequential arrangement of triangular or pris-
matic units facing upward and downward is primarily con-
structed using brick. In some cases, a hybrid technique is 
employed that integrates both brick and stone, while stone 
alone is rarely used, typically arranged using a stacking 
method. The brick can be utilized in standard sizes, such 
as whole, half, or quarter units, to reveal the shape of the 
triangular or prismatic units, or it can be used in irregular 
forms by breaking the edges to fit the designated placement. 
Since plaster is generally applied to the transition area, the 
full form of the units is revealed through thick joints, while 
precise craftsmanship is not necessary in shaping the brick 
material.

When evaluated in terms of construction techniques, the 
height of the transition area is adjusted in proportion to 
the dimensions of the space to ensure that the loads from 
the roof are evenly transferred to the walls. Subsequently, 
the organization of the units that form the transition area 
is determined by guide strings attached to wooden scaf-
folding, which define the finishing point of the wall and 
the starting line of the dome. While a more flexible adjust-

ment is possible for the number or dimensions of units 
in simple triangular surfaces, in prismatic triangles, the 
number of units is directly related to the size of the bricks. 
Specifically, while the face surfaces of the bricks are used 
in simple triangular surfaces, in prismatic triangles, the 
corners of the bricks are utilized to achieve “badem”s or 
combined triangular prisms. Therefore, the widest part of 
the “badem” should not exceed the diagonal length of the 
whole brick.

The construction of the transition area begins at the cor-
ners, as the corner regions are more inclined and the tri-
angular or prismatic units positioned side by side bend at 
more pronounced angles compared to the central units. 
Instead of constructing the transition area in pieces with 
corners and surfaces, once the corner sections reach a cer-
tain height, the neighbouring units are also raised to the 
same level, gradually completing the transition area. This 
allows triangular units that only touch the wall at their apex 
and expand upward to be supported by adjacent triangular 
units that are positioned in the opposite direction, ensuring 
that the transition area is completed securely. Additionally, 
any potential conflicts that may arise within the bricks of 
two neighbouring units can be easily resolved by cutting or 
breaking the bricks.

When the transition area is completed, a polygonal base 
is formed based on the number of units. To fill the gaps 
between the circular base of the dome and this polygonal 
base, a border consisting of an average of two to three rows 
is applied in between. This allows the dome base to be posi-
tioned perfectly on a complete circular plan.

 In conclusion, the belt of Turkish triangles is a structural 
element that requires meticulous adjustments in its con-
struction due to its various formal applications, in other 
words, it demands skilled craftsmanship. Although the use 
of the belt of Turkish triangles diminished after the 15th 
century with the increasing importance of constructing 
spaces with relatively larger spans for structural reasons, it 
was utilized in countless buildings for an average of three 
centuries. The structures from the Seljuk, Beylik, and ear-
ly Ottoman periods represent a significant portion of our 
cultural heritage, and it is essential to preserve them and 
pass them on to future generations. Unfortunately, some of 
these structures have faced neglect, resulting in damage or 
even collapse. When restoration becomes necessary, a me-
ticulous analysis and understanding of the material, con-
struction techniques, formal characteristics of the building 
and safeguarding their historical integrity for posterity are 
crucial. 

For this reason, it is hoped that this study, revealing the for-
mal/geometric features, material usage, and construction 
techniques of the belt of Turkish triangles, serves as a guide 
for restoration studies and as a pioneer for further research 
in this field.   
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NOTES
1This study adopts the term belt of Turkish triangles (Türk üç-
geni kuşağı, in Turkish) due to its generic descriptive capacity, 
which allows for a typologically inclusive discussion without 
being limited to a single geometric definition. Its presence in 
recent scholarly literature also supports its continued use. It 
should also be noted that numerous terminologies have been 
used to describe the belt of Turkish triangles both in Turk-
ish and in English. Many of these terminologies are derived 
from the shape of the units comprising the belt.
In Turkish sources, it is referred to as “üçgenli kuşak” in 
studies of Seljuk architecture (Kuran, 1969; Batur, 1980). 
In works describing its architectural features, various oth-
er terms are used, such as “üçgen satıhlar” (Söylemezoğ-
lu, 1955; Tansuğ, 1965), “dilimli kuşak”, “baklavalı kuşak”, 
“bademli üçgen kuşak”, “göbekli baklavalı kuşak” and in 
Arabic, “müstevi alikalarla mürekkeb kuşak” and “müselles 
dilimli kuşak” (Ayverdi, 1957; Ayverdi, 1965). Other ex-
pressions include “prizmatik üçgenli kuşak”, “düzlem üç-
genlerden oluşan Türk üçgeni kuşağı”, “Türk üçgen(ler)i”, 
“üçgen badem kuşak”, and “Türk üçgenleri kuşağı” (Acun, 
1985; Kolay, 2017).
Additionally, geometric or symbolic terms such as 
“müselles-i kürevi” and “müselles-i dilim” are also found 
(Ayverdi, 1953), along with references to Arabic numerals 
seven (٧) and eight (٨), due to formal similarities (Ulu-
engin et al., 2001).
In English-language sources, terms such as folded planes, 
prismatic surfaces, prismatic folded surface (Acland, 1972), 
belt of triangular planes (Kuran, 2012), and belt of Turkish 
triangles (Diri Akyıldız, 2018) have been used to describe 
this architectural feature.
2This situation can be determined when the following 
sources, which are extremely important for the history of 
architecture and construction technique of transition ele-
ments, are examined. See. Ousterhout, R. (1999). Master 
builders of Byzantium. Princeton University Press, pp. 
201-204, Pope, A. U. (1967). A survey of Persian art; from 
prehistoric times to the present, Vol. II, Oxford University 

Press, pp. 525-539; Donald Wilber, D. (1969). The architec-
ture of Islamic Iran. Greenwood Press, p. 42- 51, and Cre-
swell, K. A. C. (1969). Early Muslim architecture. Vol. II, 
Oxford, pp. 450-463.
3The theses written in recent years on this subject can be 
examined, please see. Kula Say, S. (2007). Erken dönem Os-
manlı hamamlarında eğrisel örtüye geçiş sistemleri (Pub-
lication No. 222016) [Unpublished Master dissertation, 
İstanbul Technical University], pp. 1-3; Şimşek, H. (2010). 
Erken Osmanlı mimarisinde kubbeye geçiş sistemlerinden 
Üçgenler Kuşağı (Publication No. 313918) [Unpublished 
Master dissertation, Yüzüncü Yıl University], pp. 31-36; 
Okçuoğlu, T. (1995). Anadolu Selçuklu mescitlerinde kub-
beye geçiş alanının değerlendirilmesi (Publication No. 
41668) [Unpublished Master dissertation, İstanbul Univer-
sity], pp.   13-14.   
4Many international regulations on conservation3, such as 
the Venice Charter (1964), Charter on the Built Vernacu-
lar Heritage (1999), and the Nara Declaration of Authen-
ticity, also underline that the originality, integrity and val-
ues of cultural assets should be preserved and transferred 
to future generations. For the Venice Charter, please see, 
ICOMOS. (1964). International Charter for the Conserva-
tion and Restoration of Monuments and Sites. https://www.
icomos.org/images/DOCUMENTS/Charters/venice_e.pdf. 
For Charter on the Built Vernacular Heritage, please see, 
ICOMOS. (1999). Charter on the Built Vernacular Heritage. 
https://www.icomos.org/images/DOCUMENTS/Charters/
vernacular_e.pdf. For the Nara Declaration of Authentic-
ity, please see, ICOMOS. (1994). The Nara Document on 
Authenticity. https://www.icomos.org/en/charters-and-
texts/179-articles-en-francais/ressources/charters-and-stan-
dards/386-the-nara-document-on-authenticity-1994.
5Mihrab is a recessed space in the wall of a mosque where 
the imam stands while leading prayers (Hasol, 2012; 322).
6Diamond shaped surfaces used between triangular shaped 
surfaces, used to enrich the belt of Turkish triangles are 
called “badem” or “baklava”.	  
7The belt of Turkish triangles with combined triangular 
prisms refers to “göbekli Türk üçgeni” in Turkish. While ex-
plaining the usage of this type of the belt of Turkish triangles 
in the sources, the terminology of the “göbekli Türk üçgeni” 
is encountered. Please see, (Ayverdi, 1957; Ayverdi, 1965). 
8The “halvet” is a single basin bathing cell in baths (Hasol, 
2012; 197).
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ABSTRACT

The 21st century is a period marked by challenges such as land degradation, resource 
scarcity, wars, crises, earthquakes, migrations and social and spatial inequalities, all of 
which disproportionately affect disadvantaged groups, including women. These challenges 
underscore the critical role of local governments in addressing gender equality within the 
framework of urban sustainability. This study examines the position of women in urban 
sustainability through the lens of Sustainable Development Goal 5 (SDG 5), which focuses 
on gender equality, by analyzing the approaches and actions of Antalya Metropolitan 
Municipality over a 10-year period (2014–2023). Using systematic review and comparative 
analysis methods with MAXQDA, the study evaluates the municipality's activity reports 
to assess how women are addressed in the social, physical/environmental, and economic 
dimensions of urban sustainability. The findings reveal that while significant progress has 
been made in addressing women's social needs, there is a lack of consistency and integration 
across the physical and economic dimensions. This imbalance highlights the need for a 
more holistic and interconnected approach to urban sustainability that empowers women 
as active participants in shaping the city. The study emphasizes the importance of bridging 
gaps between policy and practice, ensuring consistent implementation of gender-sensitive 
initiatives, and expanding efforts to address systemic inequalities in urban planning and 
governance. By adopting a more inclusive and integrated strategy, local governments can 
create equitable and sustainable urban environments where women play a central role in 
driving change. This research contributes to the growing body of literature on gender equality 
in urban sustainability and provides a framework for local governments to critically assess 
and improve their efforts in achieving SDG 5.
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INTRODUCTION

The pursuit of sustainable development is one of the most 
pressing challenges of the 21st century, encompassing a 
broad spectrum of economic, social, and physical/envi-
ronmental objectives. The United Nations’ Sustainable De-
velopment Goals (SDGs) provide a comprehensive frame-
work, among which SDG 5—achieving gender equality and 
empowering all women and girls—is recognized as both a 
fundamental human right and a foundation for building 
peaceful, prosperous, and sustainable societies (Blanco & 
Mazmanian, 2014; Esquivel & Sweetman, 2016). 

The relationship between gender equality and sustainable 
development is intricate and multifaceted. Gender inequal-
ities—such as women’s limited access to resources, deci-
sion-making, and safe urban environments—can hinder 
sustainable practices, whereas women’s perspectives and 
leadership enhance inclusivity and resilience. Their involve-
ment in environmental management, community leadership, 
and policy-making can lead to more inclusive and effective 
solutions (Ak & Braida, 2015; Ragheb, El-Wahab, & Ragheb, 
2022; Lopez & Castro, 2020; Ataöv & Eraydin, 2011). 

Urban areas, where the majority of the global population re-
sides, are at the center of both sustainability challenges and 
gender inequalities. These inequalities are often expressed spa-
tially through unequal access to housing, transport, safe pub-
lic space, and social infrastructure. In this context, women’s 
participation in urban planning and design becomes essential 
for building equitable cities. Feminist urban theorists have em-
phasized that planning processes are not neutral but often re-
flect and reproduce gendered power dynamics in space (Bee-
beejaun, 2009; Sandercock & Forsyth, 1992). Gender-sensitive 
planning can challenge these dynamics by promoting spatial 
justice, ensuring that all individuals, regardless of gender, 
have access to safe, inclusive, and empowering environments. 
This includes the design of public transport systems, housing 
policies, neighborhood services, and safety measures that re-
flect women’s lived realities (Greed, 1994; Fainstein & Servon, 
2005). By linking gender equality directly to urban planning, 
it becomes clear that spatial decisions shape women’s mobility, 
caregiving roles, economic participation, and overall access to 
the city. Gender-responsive planning is thus both a theoretical 
and practical contribution to the discipline.

The role of women in urban settings is therefore particular-
ly crucial, as they often bear the brunt of socio-spatial in-
equalities while also being key agents of change (Efe Güney, 
Tezcan, & Ağın, 2020). Women’s participation in planning, 
governance, and community initiatives can drive progress 
towards more sustainable and equitable cities (Escalante & 
Valdivia, 2015; Chao, Gallego, Lopez-Chao, & Alvarellos, 
2020; Hainard & Verschuur, 2001).

Local governments play a pivotal role in implementing sus-
tainable development policies. Their proximity to commu-

nities allows them to tailor spatial strategies to the specific 
needs of different social groups, making them key actors 
in promoting sustainability (Hawkins & Wang, 2012; Brug-
mann, 1996). Unlike national governments, which often 
deal with broad policy frameworks and long-term strate-
gies (Ala & Aydın, 2025), local governments can respond 
more swiftly and effectively to immediate challenges and 
opportunities within their jurisdictions. They can engage 
directly with residents, gather on-the-ground insights, and 
foster participatory decision-making processes that ensure 
diverse voices are heard. 

Local governments also have the unique ability to integrate 
sustainability into various aspects of urban management, 
from transportation (Shiau & Liu, 2013) and housing (Norris 
& Hayden, 2018) to waste management (Joseph, 2006) and 
public health (Rantala, Bortz, & Armada, 2014). By adopting 
holistic and inclusive approaches, they can create synergies 
between different policy areas, leading to more comprehen-
sive and effective solutions. For instance, promoting green 
infrastructure not only addresses environmental concerns 
but also enhances social well-being and economic resil-
ience. Meanwhile, women’s increasing participation in paid 
employment has transformed public place usage, creating a 
growing need for safe, accessible, and gender-sensitive urban 
environments, particularly in transportation, childcare facil-
ities, and workplaces (Cetin & Turkun, 2022). These shifts 
underscore the urgency of developing integrated planning 
approaches that respond to the evolving patterns of mobility, 
caregiving, and labor force participation.

Promoting gender equality in urban planning is therefore 
not only a matter of justice but a prerequisite for building 
more sustainable and inclusive cities (Cetin & Turkun, 
2022; Hainard & Verschuur, 2001). Local governments, as 
key decision-makers in shaping land use, public infrastruc-
ture, transportation systems, and social services, play a cen-
tral role in realizing this vision.

Antalya, Türkiye’s fifth-largest metropolitan city, offers a 
critical case for examining how local governments integrate 
gender-sensitive approaches within urban sustainability 
policies. With its diverse population and dynamic urban 
environment, Antalya faces a range of sustainability chal-
lenges that require innovative and context-specific solu-
tions. This study analyzes the approaches and actions of the 
Antalya Metropolitan Municipality over a 10-year period 
(2014-2023), to assess how women have been addressed 
across the social, physical/environmental, and economic 
dimensions of urban sustainability. Using systematic review 
and comparative analysis methods, the research identifies 
policy gaps and inconsistencies, offering insights into the 
effectiveness of local government initiatives in promoting 
gender equality and sustainable development.

The findings reveal that while significant progress has been 
made in addressing women’s social needs, there are notable 
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gaps in the physical and economic dimensions, pointing to 
the need for a more integrated and consistent approach. By 
identifying policy gaps, inconsistencies, and fluctuations in 
gender-sensitive initiatives, this research emphasizes the 
importance of adopting a holistic strategy that bridges the 
social, physical, and economic dimensions of sustainabil-
ity. Such an approach is essential for empowering women 
as active participants in shaping the city and achieving the 
broader goals of urban sustainability. 
Beyond the empirical contribution, this study offers a frame-
work for other cities to critically evaluate and strengthen 
their gender-focused urban policies, delivering valuable 
lessons for policymakers, urban planners, and communi-
ty leaders. By systematically mapping municipal actions 
to SDG 5 sub-goals, the study provides a longitudinal and 
multidimensional assessment of gender mainstreaming at 
the local level. This framework enhances opportunities for 
comparative research and supports more strategic policy-
making in urban sustainability and gender equality.

LITERATURE REVIEW

The 21st century presents a multiple challenges to urban 
environments, including mass migrations, increasing ur-
banization, and digitalization, as well as ecological con-
straints caused by climate change, such as rising sea levels, 
heat stress, drought, and water insecurity, as well as extreme 
rainfall (Horelli, 2017; Chapman, Watson, Salazar, Thatch-
er, & McAlpine, 2017). These complexities transform cities 
into dynamic environments where traditional planning and 
development approaches often fall short. Environmental 
harm, economic instability, and social inequalities threat-
en the viability of urban areas and the well-being of their 
populations. In response to these challenges, the literature 
highlights key urban planning concepts such as resilience, 
adaptation, equity, inclusivity, governance, integration, and 
strategic planning (Holling, 1973; Walker, Holling, Car-
penter, & Kinzig, 2004; Fainstein, 2014). Collectively, these 
concepts emphasize that urban sustainability requires bal-
ancing social, environmental, and economic needs while 
ensuring fairness in the governance of scarce resources.
A critical aspect of this balance is addressing gender-based 
vulnerabilities. Acknowledging the varying capacities for 
adaptation among different groups is essential to manag-
ing resilience fairly and effectively (Reckien, et al., 2017). 
When women are excluded from urban resources and de-
cision-making, inequalities deepen and inclusive develop-
ment is blocked (Aina, 2011). In contrast, incorporating 
gender considerations into planning processes enables 
cities to tailor strategies more effectively, fostering environ-
ments where all residents can thrive (Escalante & Valdivia, 
2015). As Beall (1996) emphasizes, gender equality is not 
only a matter of social justice but a foundation for sustain-
able growth.  Urban systems are inherently multidimen-

sional socio-ecological infrastructures (Solomon & Islam, 
2021);  integrating inclusivity and equality into their gover-
nance  is crucial for both immediate functionality and long-
term resilience.

Despite this recognition, the literature reveals a persistent 
gap between acknowledging gender equality and embed-
ding it into planning practice. Gender dimensions are often 
overlooked or superficially addressed, resulting in planning 
processes that reinforce, rather than dismantle, inequalities 
(Beebeejaun, 2009; Rakodi, 1991; Sandercock & Forsyth, 
1992; Greed, 1994). These omissions undermine social 
cohesion, environmental resilience, and economic vitali-
ty, challenging cities’ long-term sustainability. By contrast, 
gender-sensitive planning emphasizes everyday lived ex-
periences and enables more responsive and inclusive out-
comes (Horelli, 2017). 

Within this debate, the Sustainable Development Goals 
(SDGs) adopted by the United Nations in 2015 provide a 
global framework for linking gender equality to sustainable 
development. SDG 5 specifically aims to empower women 
and girls and eliminate discrimination (United Nations, 
2015; United Nations, 2020). It is closely connected with 
other goals, including governance, human rights, environ-
mental sustainability, and poverty reduction (Leach, Meh-
ta, & Prabhakaran, 2015; Kim, 2017; Esquivel & Sweetman, 
2016). For urban planning, this underscores the importance 
of assessing women’s participation across social, physical, 
and economic dimensions of city life as part of a holistic 
approach to inclusive development.

Recent scholarship on gender-responsive planning has 
coalesced around four main themes: participatory gover-
nance, gender mainstreaming in policy, gender-sensitive 
design interventions, and technology-enabled safety and 
inclusion (Gudekli, Dogan, Dogan, & Gudekli, 2023). A 
variety of methods advance this agenda, including biblio-
metric analyses to identify thematic gaps (Gudekli, Dogan, 
Dogan, & Gudekli, 2023), qualitative studies capturing 
women’s lived experiences (Rampaul & Magidimisha-Chi-
pungu, 2022), feminist spatial theory to interrogate gen-
dered power and fear in urban space (Datta, 2021), and 
mixed-methods neighborhood studies examining how 
built environments shape gendered behaviors (Ghani, Ra-
chele, Loh, Washington, & Turrell, 2019). Together, these 
approaches illustrate the multidimensionality of gender-re-
sponsive planning and the need for context-specific studies 
that link theory to practice.

Yet, important gaps remain. While the importance of 
gender equality  is widely acknowledged (Greed, 1994; 
Fainstein & Servon, 2005), empirical studies that examine 
how local governments implement gender-focused policies 
in practice are limited. Many studies prioritize theoretical 
over concrete evaluation of policy implementation, and in-
tersectional analyses remain scarce. This leaves unanswered 
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questions about the effectiveness of gender-focused policies 
and their impact on everyday urban life. Local governments 
are uniquely positioned to address these gaps, given their 
proximity to residents and ability to implement policies at 
neighborhood scale (Brugmann, 1996; Hawkins & Wang, 
2012). However, the mechanisms through which they 
mainstream gender into planning processes are not well 
understood. 

Evidence also remains uneven across regions. Bibliomet-
ric reviews show that most studies are concentrated in 
a few countries and disciplines, limiting broader policy 
relevance (Gudekli, Dogan, Dogan, & Gudekli, 2023). In 
Türkiye, research has primarily focused on women’s rep-
resentation in local governments, gender-focused policies, 
women-friendly cities (Yucel & Kutlar, 2020; Korkmaz, 
2023; United Nations , 2006).  Additionally, there is a study 
evaluating gender equality practices within the framework 
of SDG 5 and in various businesses (Akdogan & Doğan, 
2023). However, research analyzing municipal goals, strat-
egies, and actions towards SDG 5 remain scarce.  Interna-
tionally, similar patterns are observed: most studies focus 
on representation and service provision (Pini & Mcdonald, 
2011; Everett, 2008) or broader SDG localization processes 
(Reddy, 2016; Mutiarani, Siswantoro, & Ntim, 2020; Guha 
& Chakrabarti, 2019; Perry, Diprose, Buck, & Simon, 2021), 
but systematic evaluations of gender-sensitive planning at 
the local level remains as a gap in the literature. 

The urgency of addressing these gaps is heightened by ex-
ternal shocks (resource scarcity, wars, economic crises, 
earthquakes, and migration) faced in the 21st century that 
deepen socio-spatial inequalities and disproportionately af-
fect women. Recognizing the different roles of each social 
group in shaping urban life is therefore essential for devel-
oping effective planning strategies. 

All in all, this study examines how women’s roles are ad-
dressed in Antalya’s activity reports (2014-2023), focusing 
on social, physical/environmental, and economic dimen-
sions of sustainable development. It analyzes the frequency 
and scope of women’s issues in these reports, specifically in 
relation to SDG 5.

METHODOLOGY

Research Design and Case Context
This study investigates the implementation of practices re-
lated to women within the framework of SDG 5, “Gender 
Equality,”. The focus is on Antalya Metropolitan Municipal-
ity, Türkiye’s fifth-largest metropolitan city, chosen for its 
dynamic urban context, socio-spatial diversity and evolving 
gender policy landscape. Antalya’s urban character -shaped 
by tourism, high levels of internal and international migra-
tion, and socio-economic variability- makes it a compelling 
setting to examine how local governments address gender 

equality within broader sustainability agendas (Turkish Sta-
tistical Institute, 2023). 

Unlike Istanbul and Ankara, which are more commonly 
examined in academic and policy literature, Antalya rep-
resents a mid-sized but rapidly growing metropolitan re-
gion that has remained relatively understudied. This gap 
presents an opportunity to explore how gender-sensitive 
strategies are developed and implemented in cities beyond 
the dominant policy centers. Antalya also shows relatively 
high rates of female labor force participation, particularly 
in the informal and service sectors (Turkish Statistical Insti-
tute, 2021), further underscoring its relevance as a case for 
examining women’s role in urban sustainability. 

In recent years, Antalya Metropolitan Municipality has ini-
tiated various gender-related actions, including support for 
women entrepreneurs, social service provision, and efforts 
to design inclusive urban spaces (Antalya Metropolitan 
Municipality, 2022). These actions reflect an increasing lo-
cal policy interest in gender mainstreaming and contribute 
to the broader objective of aligning municipal governance 
with the targets of SDG 5. 

By focusing on Antalya, this research responds to the iden-
tified gap in empirical studies that evaluate the local imple-
mentation of gender equality strategies across social, phys-
ical/environmental, and economic dimensions.  The city’s 
unique challenges and opportunities allow for the gener-
ation of insights that are not only context-specific but also 
transferable to other municipalities in Türkiye and compa-
rable urban contexts internationally. The research covers a 
10-year period (2014 to 2023) and aims to assess the extent 
to which local authorities have addressed women’s needs 
and empowerment through urban sustainability practices. 

Data Collection and Analysis
The primary data source for this study comprises all activity 
reports published between 2014 and 2023, retrieved from the 
official website of the Antalya Metropolitan Municipality.

To analyze how women and gender-related issues are ad-
dressed in local policy discourse, the study employs a 
mixed-methods approach combining systematic review 
and comparative analysis, supported by MAXQDA 2024. 
The analysis incorporates both quantitative and qualita-
tive methods to assess the frequency, framing and thematic 
depth of gender-focused municipal initiatives.

The quantitative analysis involves tracking the occurrence 
of gender-related references across the reports, with a focus 
on three key dimensions -social, physical-environmental, 
and economic. This allows for the identification of patterns, 
fluctuations, and trends over the 10-year period, highlight-
ing changes in municipal attention to gender-related issues.

Qualitatively, the study examines how women’s issues are 
discussed, analyzing narratives, themes, and language. 
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Additionally, to deepen the qualitative dimension of the 
analysis, each identified initiative was mapped against the 
relevant sub-targets of SDG 5. This mapping was used to 
assess the degree to which municipal practices align with 
specific global gender equality goals and to provide a more 
interpretative evaluation of women’s empowerment efforts. 
It explores focus areas like social, physical-environmental, 
and economic dimensions, assessing policy implications. 
This combined approach offers a nuanced view of women’s 
roles in urban sustainability, highlighting areas of progress 
and persistent gaps in policy implementation.

Table 1 provides a detailed overview of the hierarchical 
structure of the codes and sub-codes employed in the sys-
tematic review with MAXQDA 2024, including their re-
spective distribution percentages.

The terms “women” and “woman” were designated as the 
parent code, representing the overarching category. The 
sub-codes were established as the social, physical-environ-
mental, and economic dimensions, reflecting specific as-
pects of the broader category.

Table 1 shows that the social dimension dominates gender-re-
lated initiatives, while physical-environmental and economic 
aspects remain secondary. This imbalance suggests that the 
municipality has primarily framed gender equality through 
social programs rather than embedding it systematically into 
spatial planning or economic empowerment.

FINDINGS

In alignment with study’s aim and scope, the activity re-
ports published by Antalya Metropolitan Municipality in 
Türkiye between 2014 and 2023 were analyzed using a sys-
tematic review method and the designated codes/sub-codes 
in the MAXQDA 2024 program. 

Table 1 presents the distribution percentages of initiatives 
aimed at improving or developing gender equality across 
different codes and sub-codes in all reports.This significant 
emphasis on the social dimension suggests that local gov-
ernment policies towards women have prioritized social 
initiatives over physical-environmental and economic ones. 
The predominance of social initiatives indicates a focused 

effort by the Antalya Metropolitan Municipality to address 
gender equality through programs and services that directly 
impact women’s social well-being. These initiatives include 
efforts to improve access to social services, enhance educa-
tional and training opportunities, and support cultural and 
community activities that empower women. 

The second quantitative analysis, detailed in Table 2, fur-
ther explores the distribution of codes across all activity 
reports. According to the analysis performed with MAX-
QDA 2024, the social dimension consistently exceeds ini-
tiatives addressing the physical-environmental and eco-
nomic dimensions, corroborating the findings in Table 1. 
This consistency across multiple years underscores a sus-
tained commitment to social initiatives, suggesting that the 
municipality has maintained a stable focus on enhancing 
women’s social conditions. 

The data reveals that while there are fluctuations in the num-
ber of initiatives each year, the social dimension remains the 
most prominent, indicating its central role in the municipal-
ity’s approach to gender equality. This persistent focus may 
be driven by the immediate and visible impact of social pro-
grams on community well-being, as well as the potential for 
these initiatives to foster greater social cohesion and inclusiv-
ity. However, the relatively lower emphasis on physical-envi-
ronmental and economic dimensions suggests opportunities 
for the municipality to expand its efforts in these areas, po-
tentially leading to more comprehensive and balanced gen-
der equality strategies that address the multifaceted challeng-
es women face in urban environments.

Table 2 illustrates the frequency of references to gender-re-
lated initiatives across three dimensions -social, physi-
cal-environmental, and economic- based on content cod-
ing of municipal activity reports. This frequency-based 
analysis complements the qualitative thematic interpre-
tation presented later in Table 3, offering a clearer picture 
of shifts in emphasis over time. Table 2 highlights fluctua-
tions in the municipality’s focus across the ten-year period. 
The sharp decline in 2020 reflects the disruptive effect of 
the COVID-19 pandemic, whereas the resurgence in 2022 
demonstrates renewed attention to social and economic 
programs. These shifts underline the sensitivity of gender 
initiatives to external crises and changing political priori-
ties, and reveal the need for institutionalized policies to en-
sure long-term progress.

This fluctuation suggests shifts in priorities or external in-
fluences, such as the COVID-19 pandemic, which likely 
contributed to the reduction in social initiatives in 2020. 
Meanwhile, the physical-environmental and economic di-
mensions also show year-to-year variation throughout the 
2014-2023 period, although they received comparatively 
less emphasis than the social domain. This lack of a sys-
tematic relationship highlights the dynamic nature of pol-
icy focus and resource allocation the ten-year period from 

Table 1. Codes used in the systematic review and percentage of 
codes

Parent 
Code

Sub-Code Number of 
Documents

Number of 
Code

Percentage of 
Codes

Women
Woman

Social 10 167 63%

Physical and 
Environmental 10 58 21.9%

Economic 9 40 15.1%

Total 10 265 100%
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2014 to 2023.

In addition, a qualitative analysis of the activity reports pub-
lished by Antalya Metropolitan Municipality between 2014 
and 2023 was conducted, focusing on gender equality. This 
analysis aimed to explore how the local government has ap-
proached gender equality over the decade, examining shifts 
in focus at the urban scale and identifying the categories 
under which gender equality has been addressed within the 
social, physical-environmental, and economic dimensions. 
The findings of this qualitative analysis are detailed in Table 
3, providing insights into the thematic areas and initiatives 
that have been prioritized by the municipality. 

The qualitative analysis delves into the specific initiatives 
and programs implemented by the municipality, offering 
a nuanced understanding of how gender equality has been 
integrated into various aspects of urban governance. By 
categorizing the initiatives into social, physical-environ-
mental, and economic dimensions, the analysis highlights 
the breadth and diversity of efforts undertaken to promote 
gender equality. In the social dimension, initiatives such 
as educational programs, health services, and cultural ac-
tivities reflect a commitment to enhancing women’s social 
well-being and empowerment. 

The physical-environmental dimension includes urban 
planning and infrastructure projects that consider gen-
der-specific needs, aiming to create safer and more acces-
sible public spaces for women. Meanwhile, the economic 
dimension focuses on initiatives that support women’s em-
ployment and economic independence, addressing barriers 
to participation in the workforce.

This comprehensive analysis not only underscores the mu-
nicipality’s strategic priorities but also reveals areas where 
further efforts are needed to achieve a balanced and inte-
grated approach to gender equality. By examining the evo-
lution of these initiatives over the ten-year period from 
2014 to 2023, the study provides valuable insights into the 
successes and challenges faced by the local government in 
fostering an inclusive urban environment.

Importantly, the Table 3 aligns each initiative with spe-
cific sub-goals of SDG 5. This alignment offers a deeper 
understanding of how these actions contribute to global 
gender equality targets, moving the analysis beyond fre-
quency-based coding and toward thematic interpretation. 

Table 3, derived from Antalya Metropolitan Municipality’s 
activity reports, categorizes gender equality and women’s is-
sues into three dimensions: social, physical-environmental, 
and economic. This table presents a comprehensive mapping 
of all identified initiatives in Antalya Metropolitan Munici-
pality’s activity reports (2014–2023) with the corresponding 
SDG 5 sub-targets. It demonstrates the extent to which each 
activity aligns with the global gender equality framework

In the 2014 report, the social dimension focused on wom-
en’s health, social services, education, and cultural ac-
tivities, alongside counseling and sports initiatives. The 
physical-environmental dimension expanded to include 
landscaping projects and the construction of buildings and 
facilities, reflecting a broader approach to creating gen-
der-inclusive spaces. The economic dimension continued 
to support women’s employment and career planning, rein-
forcing the importance of economic empowerment (Anta-
lya Metropolitan Municipality, 2014).

By 2015, the social dimension included a wide range of ac-
tivities, from sports and health initiatives to spatial arrange-
ments and violence prevention. This year marked a notable 
absence of economic activities, suggesting a potential shift 
in focus or resource allocation. The physical-environmen-
tal dimension included building construction, landscaping, 
and urban planning, indicating ongoing efforts to integrate 
gender considerations into the city’s infrastructure (Antalya 
Metropolitan Municipality, 2015).

The 2016 report highlighted a diverse array of social ini-
tiatives, including gender equality programs, sports, health 
projects, and cultural activities. The physical-environmen-
tal dimension was active with urban planning, landscaping, 
and renovation projects, while the economic dimension 
featured economic support and career planning for women, 
reflecting a balanced approach across all dimensions (Anta-
lya Metropolitan Municipality, 2016).

In 2017, the social dimension continued to prioritize 
gender equality, social services, education, and health 
projects. The physical-environmental dimension focused 
on landscaping and building construction, while the 
economic dimension included career planning and so-
cio-economic activities, indicating a sustained commit-
ment to comprehensive gender equality efforts (Antalya 
Metropolitan Municipality, 2017).

Table 2. Frequency of codes by year in activity reports

Activity Reports

Sub-Codes 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Social 14 16 21 19 19 14 7 18 24 15

Physical and Environmental 4 8 9 9 4 5 4 6 6 3

Economic 2 0 2 3 1 2 5 8 9 8
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The 2018 report listed social services, spatial arrangements, 
and cultural projects as key social initiatives. The physi-
cal-environmental dimension included building construc-
tion and landscaping, while the economic dimension fo-
cused on career planning, suggesting a targeted approach 
to enhancing women’s professional opportunities (Antalya 

Metropolitan Municipality, 2018).

In 2019, the social dimension featured a broad range of 
activities, including social services, sports, and cultural 
projects. The physical-environmental dimension was ac-
tive with building construction and renovation, while the 
economic dimension included women’s employment and 

Table 3. Categorization of gender-focused urban initiatives by Sub-Codes and SDG 5

Activity Reports

Sub-
Codes Local Initiative 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Related 
SDG 5 
Target

So
ci

al

Women’s health initiatives ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 5.61, 5.2

Social services and housing 
support ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 5.42, 5.53

Education and training 
activities ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 5.14, 5.5

Counseling center services ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 5.25, 5.5

Culture and arts projects ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 5.5

Sports activities ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 5.5

Domestic violence 
prevention ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 5.2

Gender equality initiatives ✓ ✓ ✓ ✓ ✓ 5.c6, 5.1

Spatial planning ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 5.c

Security services ✓ 5.2

Ph
ys

ic
al

 a
nd

 
En

vi
ro

nm
en

ta
l

Landscaping projects ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 5.c

Building and facility 
construction ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 5.c

Urban planning initiatives ✓ ✓ 5.c, 5.5

Renovation practices ✓ ✓ ✓ ✓ ✓ ✓ ✓ 5.c

Urban regulations ✓ 5.c

Space allocation ✓ ✓ ✓ ✓ 5.a7, 5.c

Ec
on

om
ic

Women’s employment ✓ ✓ ✓ ✓ ✓ ✓ 5.a, 5.5

Career planning for women ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 5.a, 5.5

Economic support for 
women ✓ ✓ ✓ ✓ ✓ ✓ ✓ 5.a

Socio-economic activities for 
women ✓ ✓ 5.4, 5.a

1Ensure universal access to sexual and reproductive health and reproductive rights as agreed in accordance with international agreements.
2Recognize and value unpaid care and domestic work through the provision of public services, infrastructure and social protection policies and the 
promotion of shared responsibility within the household and the family.
3Ensure women’s full and effective participation and equal opportunities for leadership at all levels of decision-making in political, economic and public 
life.
4End all forms of discrimination against all women and girls everywhere.
5Eliminate all forms of violence against all women and girls in the public and private spheres, including trafficking and sexual and other types of 
exploitation.
6Adopt and strengthen sound policies and enforceable legislation for the promotion of gender equality and the empowerment of all women and girls at 
all levels.
7Undertake reforms to give women equal rights to economic resources, as well as access to ownership and control over land and other forms of property, 
financial services, inheritance and natural resources.
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career planning, highlighting a continued emphasis on eco-
nomic empowerment (Antalya Metropolitan Municipality, 
2019).

By 2020, the report showed a limited number of applica-
tions across all dimensions, likely due to the impact of the 
COVID-19 pandemic. The social dimension included so-
cial services, education, and security services, reflecting a 
focus on essential support during challenging times. The 
physical-environmental dimension featured urban regula-
tions and spatial allocation, while the economic dimension 
included economic support and career planning, indicating 
a strategic response to the pandemic’s challenges (Antalya 
Metropolitan Municipality, 2020).

The 2021 report summarized social initiatives such as so-
cial services, education, cultural projects, and violence pre-
vention. The physical-environmental dimension included 
landscaping and building construction, while the economic 
dimension covered women’s employment and economic sup-
port, suggesting a return to broader gender equality efforts 
post-pandemic (Antalya Metropolitan Municipality, 2021).

The 2022 report’s social dimension included social ser-
vices, counseling, cultural projects, and sports activities. 
The physical-environmental dimension focused on reno-
vation and building construction, while the economic di-
mension featured career planning, women’s employment, 
and socio-economic activities, indicating a comprehensive 
approach to gender equality (Antalya Metropolitan Munic-
ipality, 2022). 

For the final period of this study, the 2023 report’s social 
dimension included social services, counseling, cultural 
projects, and sports activities, similar to the previous year. 
The physical-environmental dimension focused on renova-
tion, landscape planning and building construction, while 
the economic dimension featured career planning, women’s 
employment, and socio-economic activities, indicating a 
comprehensive approach to gender equality (Antalya Met-
ropolitan Municipality, 2023).

Analyzing the 2014-2023 activity reports reveals that ini-
tiatives on gender equality and women’s issues are grouped 
into three dimensions: social, physical-environmental, and 
economic. The social dimension is the most extensive, with 
nine categories focusing on women’s empowerment. These 
include social services, housing support, education, cultur-
al projects, women’s health, counseling, sports, and efforts 
against violence. These categories align with the literature’s 
focus on social equity and the inclusion of women in local 
governance. The physical-environmental dimension, cov-
ering six categories, integrates gender considerations into 
urban development through planning, construction, land-
scaping, renovations, spatial allocation, and regulations. 
This aligns with SDG 5’s call for equitable urban spaces. 
The economic dimension, with four categories, promotes 
women’s financial independence via employment, econom-

ic support, career planning, and socio-economic activities. 
These initiatives address the literature’s emphasis on eco-
nomic empowerment as key to gender equality. In 2016, 
the social dimension was fully addressed across all nine 
categories, marking a peak in efforts to enhance women’s 
well-being. The physical-environmental dimension saw sig-
nificant focus in 2016 and 2023, covering four of six cate-
gories. Meanwhile, the economic dimension achieved full 
coverage in 2022 and 2023, reflecting growing attention to 
women’s financial empowerment.

Across the decade, “social services and housing support” 
and “educational and training activities” were consistently 
implemented in every report within the social dimension. 
This consistency underscores the municipality’s sustained 
commitment to addressing fundamental social needs, as 
emphasized in the introduction. In contrast, no single cate-
gory was recurrently applied across all periods in the phys-
ical-environmental and economic dimensions. Notably, 
“building and facility construction” was the most frequent 
activity within the physical-environmental dimension, re-
flecting ongoing efforts to create inclusive urban spaces. 
In the economic dimension, “career planning for women” 
was the most frequently addressed activity, aligning with 
the literature’s emphasis on supporting women’s profes-
sional growth. It was also observed that “security services” 
within the social dimension were implemented only once, 
specifically in 2020, likely in response to the heightened 
need for safety during the COVID-19 pandemic. Among 
the physical-environmental dimension, “spatial allocation” 
and “urban regulations” had the least number of applica-
tions, suggesting areas for potential growth in integrating 
gender considerations into urban planning. In the econom-
ic dimension, “socio-economic activities for women” was 
the category with the fewest applications, indicating a need 
for further development in supporting women’s economic 
participation. Overall, the analysis reveals a dynamic and 
evolving approach to gender equality in Antalya, with vary-
ing emphasis across dimensions and years. This reflects 
both the challenges and opportunities in aligning local gov-
ernment initiatives with broader goals of urban sustainabil-
ity and gender equity, as discussed in the literature review.

A thematic interpretation of these findings reveals that 
while social programs such as education, counseling, and 
domestic violence prevention were consistently implement-
ed, their qualitative impact varied across years. For instance, 
the persistent inclusion of cultural and sports activities sig-
nals a broad-based approach to social inclusion, yet lacks 
an explicit empowerment lens unless tied to leadership or 
skills development. In contrast, the emergence of initiatives 
like women’s entrepreneurship and economic support—es-
pecially after 2020—suggests a gradual shift toward foster-
ing women’s agency and financial independence, aligning 
more closely with SDG 5 sub-targets such as 5.a and 5.5. 
However, the irregular presence of these initiatives high-
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lights the need for more stable and institutionalized mecha-
nisms that go beyond service provision and actively address 
structural inequalities.

CONCLUSION AND DISCUSSION

This study analyzed the ten-year period from 2014 to 2023 
of Antalya Metropolitan Municipality’s activity reports, 
revealing an evolving approach to women’s role in urban 
sustainability. While strong social initiatives show commit-
ment, a more holistic strategy is needed. The emphasis on 
social programs alone cannot ensure comprehensive gender 
equality. The physical and economic dimensions, though ad-
dressed, lack consistency and depth, highlight gaps in policy 
implementation. In parallel, although the social dimension 
demonstrates consistency and commitment through repeat-
ed implementation of educational, cultural, and social sup-
port programs, its transformative impact appears limited. 
The recurring nature of these interventions suggests a ser-
vice-delivery model that addresses immediate needs without 
fostering deeper structural change. Most initiatives focus on 
access and inclusion but fall short of embedding long-term 
empowerment mechanisms. As such, without strategic in-
novation or participatory reform, the social dimension risks 
becoming routine rather than revolutionary. Thus, although 
the social domain shows relative consistency in municipal 
gender initiatives, its potential to drive long-term empower-
ment remains underutilized-mirroring the gaps observed in 
the physical and economic dimensions and reinforcing the 
need for a more integrated and transformative gender equal-
ity agenda at the local level. To align with SDG 5 and achieve 
urban sustainability, the municipality must adopt a more in-
tegrated approach, including:

Strengthening the Interconnection: Developing initiatives 
that bridge the social, physical, and economic dimensions. 
For example, urban planning projects should not only con-
sider women’s safety but also their economic participation 
and access to essential services.

Consistent Implementation: Ensuring consistent applica-
tion of gender-sensitive policies across all years, avoiding 
fluctuations driven by changing priorities or external fac-
tors such as pandemics.

Broadening the Scope: Expanding initiatives within the 
physical and economic dimensions. This includes promoting 
women’s entrepreneurship, ensuring equal access to econom-
ic resources, and designing public spaces that cater to wom-
en’s needs and encourage their full participation in urban life.

Data-Driven Evaluation: Implementing robust monitoring 
and evaluation mechanisms to assess the effectiveness of gen-
der-focused initiatives and guide future policy decisions.

By addressing these key areas, Antalya can create an in-
clusive, sustainable urban environment with empowered 

women as agents of change. This study offers a valuable 
framework for Antalya and other municipalities to assess 
their efforts and continuously improve gender equality 
within urban sustainability.

This study’s findings contribute to the growing body of lit-
erature emphasizing the crucial role of local governments 
in promoting gender equality within the framework of ur-
ban sustainability.  The dominance of social initiatives in 
Antalya’s approach aligns with global trends documented 
by scholars like Pini and McDonald (2011) and Everett 
(2008), who found that local governments often prioritize 
social services and programs aimed at improving wom-
en’s immediate needs. This approach, while essential, un-
derscores the need to move beyond addressing immediate 
needs and focus on systemic changes that empower women 
across all spheres of urban life. The observed fluctuation in 
the implementation of gender-sensitive initiatives across 
different years echoes the dynamic nature of local gover-
nance highlighted by Brugmann (1996) and Hawkins and 
Wang (2012).  External factors, shifting political priorities, 
and resource constraints can all influence the continuity 
and effectiveness of local government policies. This high-
lights the need for robust institutional mechanisms that en-
sure sustained commitment to gender equality, regardless 
of external pressures such as wars, crises or pandemics.

Furthermore, the study’s findings regarding the limited in-
tegration of gender considerations within the physical and 
economic dimensions resonate with the literature’s critique 
of traditional urban planning approaches. In addition, the 
integration of SDG 5 sub-targets into the analysis—partic-
ularly through the Table 3—enables a more detailed assess-
ment of how local initiatives align with specific dimensions 
of gender equality. The categorization reveals that while 
most social initiatives are consistent with targets such as 
SDG 5.2 (eliminating violence) and SDG 5.5 (ensuring 
full participation and leadership), there is significantly 
less alignment with targets like SDG 5.a (economic access 
to resources) and SDG 5.c (adoption of gender-sensitive 
policies). This suggests an imbalance in thematic imple-
mentation, with an overemphasis on social interventions 
at the expense of more systemic or policy-driven actions 
required for long-term gender empowerment. As point-
ed out by Beebeejaun (2009), Rakodi (1991), Sandercock 
and Forsyth (1992), and Greed (1994), urban planning 
has often overlooked the diverse needs and experiences of 
women, resulting in environments that perpetuate gender 
disparities.  Antalya’s experience underscores the need for 
a paradigm shift in urban planning, moving away from a 
gender-neutral approach towards one that actively incorpo-
rates women’s perspectives and priorities in the design and 
management of cities.

The study’s findings also contribute to the limited research 
on local governments’ efforts towards achieving SDG 5 in 
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Türkiye. While studies like those by Yucel and Kutlar (2020) 
and Korkmaz (2023) have examined women’s representa-
tion and gender-focused policies in Turkish local gover-
nance, this research provides a more nuanced understand-
ing of how these policies translate into concrete actions 
across different dimensions of urban sustainability. 

The analysis of local initiatives across dimensions reveals that 
while the municipality has made commendable strides in ad-
dressing women’s immediate social needs, a deeper integration 
of empowerment-oriented goals—such as long-term econom-
ic autonomy, spatial justice, and participatory governance—re-
mains limited. The alignment with SDG 5 sub-targets shows 
promise, particularly where local efforts move from reactive 
service delivery to proactive structural change. For example, 
initiatives mapped to SDG 5.5 (ensuring full participation and 
leadership) and SDG 5.a (equal access to economic resources) 
appear only in later years, indicating a shift in municipal focus 
that warrants further institutional reinforcement. The study 
thus illustrates not only what types of gender-focused actions 
are taken, but also how their depth and transformative poten-
tial vary, offering critical insight into the evolving role of local 
governments in gender mainstreaming.

In conclusion, this study underscores the need for a more 
integrated and comprehensive approach to women’s posi-
tion in the city.  By moving beyond a siloed approach and 
embracing the interconnectedness of social, physical, and 
economic dimensions, Antalya Metropolitan Municipality 
can create a more equitable and sustainable urban environ-
ment for all. This requires not only a commitment to gen-
der-sensitive policies but also a fundamental shift in plan-
ning paradigms and governance structures to ensure that 
women are equal partners in shaping the future of their city.
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ABSTRACT

In the case of Çınarcık District, land suitability for settlement, agriculture, forest, and 
conservation was assessed based on potential, risk, and constraints. An ‘Ecological 
Landscape Master Plan’ was developed using GIS-supported Landscape Suitability Analysis 
(LANDEP) method. Character areas formed by landscape elements influence sustainable 
and conservation-oriented planning decisions. Natural structure components included 
8 parameters, 57 criteria, and numerous sub-criteria. Analyses, synthesis, classification, 
and zoning were conducted to determine landscape structure. Landscape characterisation 
identified 7 regions and 92 sub-regions based on topography (19), soil (14), geology and 
geomorphology (21), hydrology (12), forest cover (9), protection areas (10), and risk factors 
(8). Approximately 83% of the area is prone to risks such as earthquakes, floods, landslides, 
and tsunamis. Of the earthquake risk zones, 5% of the area is currently inhabited, 1.8% is 
suitable with precautions, while 37.1% is unsuitable for settlement. About 4% of settlement 
areas lie on quaternary sedimentary ground, 2.3% on active fault lines, and 76% are located 
in coastal plains. The entire 8 km coastline is at tsunami risk. The central settlement sits on 
problematic young alluvial ground. Notably, 76% of buildings are over four storeys, and 320 
are within the active fault line and 500 m protection zone, comprising 12% of all buildings. 
These risky zones must be classified as ‘Exposure Areas,’ with evacuation or demolition of 
vulnerable structures. Reconstruction should be based on microzonation and geological 
investigations. Notably, 70% of the area includes olive groves and agricultural and forest 
lands, which should be preserved to ensure sustainability.

Cite this article as: Ayasligil, T. E., Bakirci, H., Delisalihoglu, I., & Keles, P. N. (2025). 
Ecological landscape master plan according to landscape characterization in the case of 
Yalova Çınarcık District. Megaron, 20(4):520–539.
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INTRODUCTION

According to the European Landscape Convention, coun-
tries are responsible for establishing ecological landscape 
master plans that prioritize cultural, environmental, ag-
ricultural, social and economic policies and planning to 
reveal the landscape structure and maintain its functions 
(European Landscape Convention, 2004). 

Landscape planning aims to increase the value of land-
scapes, improve them and ensure integrity in determin-
ing future actions in the creation of new landscapes. The 
sustainability of the landscape’s ecosystem services and its 
nature conservation functions is targeted throughout every 
stage of this process. The geology, geomorphology, topog-
raphy, hydrology, soil structure, vegetation, climate struc-
ture and current land uses revealed by the natural structure 
constitute different landscape typologies in the land cover. 

This pattern, shaped by unique, varied, and continuous el-
ements within a landscape, defines its distinctive character. 
Landscape character types may differ across the world, yet 
remain homogeneous in terms of their intrinsic character. 
Landscape characters formed by natural components play 
a crucial role in guiding appropriate land use decisions, es-
pecially in determining suitable locations for settlements. 
Landscape Master Plans with an ecological approach are an 
effective planning tool in determining the appropriate con-
servation and utilization patterns for landscape structure at 
regional, country, city and local planning scales in ensuring 
nature conservation and sustainability (Uzun et al., 2012).

Çınarcık District, which had not been evaluated within this 
framework due to its richness of natural structure, diversity 
of landscape character areas and disaster risks due to its lo-
cation, was selected as the research area.

MATERIAL AND METHOD 

Material
In the literature review, documents such as institutional 
data, research reports, postgraduate theses, etc. were eval-
uated and field observations and controls were provided.

•	 Watershed, stream, wetland and flood boundaries 
from 1/25.000 scale Map General Directorate (HGM) 
digital data,

•	 Elevation, slope, orientation, geomorphological struc-
ture and units from 1/50.000 scale Digital Elevation 
Model (DEM) raster data,

•	 Soil structure, major soil groups, soil depth from 
1/25.000 scale Ministry of Agriculture and Forestry 
digital soil map vector data format,

•	 Geology and geological formation from the General 
Directorate of Mineral Research and Exploration ras-
ter data format,

•	 Disaster and Emergency Directorate 2023 decisions on 
disaster prone areas,

•	 Geological structure, geological formation, earthquake 
zones, degree of erosion, fault lines, soil structure, 
flood boundaries from XML, PNG and JPEG format-
ted data from WEB map services of General Director-
ate of Geographical Information Systems,  

•	 Current land uses were determined according to Land 
Monitoring Service (2018). 

Method 
Techniques applied in the process of creating basic base 
maps: 

•	 Multiple layer operations, surface analysis, digitizing 
data with AutoCAD 2021 and ArcGIS Pro 3.2.2 soft-
ware,  

•	 Geographic Information System (GIS) supported anal-
ysis and synthesis, 

•	 Obtaining land suitability maps with Optimal Suitabil-
ity Analysis (LANDEP) method,

•	 Visual data were edited with Adobe Photoshop 2024 
software.

Steps of the research:

1.	 Data content collection, database creation, scaling, 
2.	 Revealing the landscape structure and attributes to 

support analysis and synthesis, and developing foun-
dational base layers,

3.	 Thresholds such as protected and risk areas, protection 
statuses, restrictions according to natural components,

4.	 Determination of parameters, criteria and sub-criteria 
of landscape suitability analysis,

5.	 Analyzes and synthesizes according to land use suit-
ability,

6.	 Landscape characterization and zoning based on the 
results of analysis and synthesis,  

7.	 Categorizing land according to its suitability levels, 
including classifications such as suitable, unsuitable, 
precautionary, restricted, and high-risk,

8.	 Conducting a re-assessment of land cover through 
overlay analysis based on land use suitability,

9.	 Identify and draw conclusions, 
10.	Creating an “Ecological Landscape Master Plan” and 

making recommendations (Figure 1).
Optimal Suitability Analysis (LANDEP) Method, determi-
nation of parameters and criteria: 

LANDEP is a comprehensive landscape analysis, synthe-
sis and land-use-optimization system that investigates the 
most appropriate use of the landscape (Ndubisi, 2002; Tozar, 
2006; Tozar et al., 2006; Forman, 2008; Ndubisi, 2014). 
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In ecological planning, it is of great importance to first de-
termine the factors that influence the determination of land 
uses. Natural components as parameters have been investi-
gated in detail within the scope of approximately 50 studies 
and 27 literatures according to different specializations. 

As common assumptions determined in this context, 8 
main parameters, 57 criteria, and other sub-criteria, in-
cluding topographic, hydrological, soil, geological and geo-
morphological structure, presence of forest area and forest 
functions, protected areas, land use were determined and 
evaluated in the research. 

The raw data set was created and homogeneous ecological 
units were revealed through analysis and synthesis. Similar 
landscape units were grouped and homogeneous landscape 
character regions were determined (Table 1). 

FINDINGS

Research Area Çınarçık District Location and General 
Characteristics
The research area covers Çınarcık district of Yalova prov-
ince, Turkey. It is between 29˚12´40´´ and 29˚18’50´´ east 
longitude, 40˚37´13´´ and 40˚39´55´´ north latitude and its 
size is 174 km² (Figure 2), (Yalova Municipality, 2024). 

The district covers 4 municipalities, 13 neighborhoods and 
4 villages, namely Çalıca, Kocadere, Şenköy, Ortaburun, on 
the Armutlu Peninsula, an extension of the Northern Ana-
tolian Mountains descending towards the west. It borders 
the Marmara Sea to the north and is 30 meters above the 
sea (Yalova Governorship, 2025).

The first traces of settlement in the region belong to 3-4 thou-
sand years BC. Phrygians in 1220 BC, Cimmerians in 700 

Figure 1. Ecological landscape master plan method scheme.
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Table 1. Ecological Landscape Master Plan analysis parameters, criteria and sub-criteria.

Parameter Criteria Sub Criteria

Topographic Structure Slope (%) 0 - 20, 20 - 30, 30 and above

Orientetion Sunny (S, SW, SE, E, W) more suitable for settlement, 
Shady (N, NW, NE) less suitable for settlement

Hydrological Structure Presence of rivers Stream Protection Band (150 m) 
Buffer Zone Settlement Prohibited Area

Catchment boundary and
protection zone

1. Absolute Basin Protection Band (0 -300 m) and
2. Short Distance Catchment Protection Zone (300 - 800 m) area prohibited 
for settlement

Flood protection area 
Flood repetition value (Q)

The area within Q 50, Q 100 and Q 500 values and
Flood Protection Zone (250 m) is unfavourable for settlement

Coastal asset Coastal Protection Band (100 m) 
Buffer Zone area forbidden for settlement

Presence of water surface Dam, Lake, Pond area forbidden for settlement

Irrigation area and facilities Canal and canal settlement prohibited area

Soil 
Structure

Large land groups 

Land use 
capability classes
(LUCC)
Soil limiting factors  

Alluvium and Colluvium Soil 1st degree suitable for agriculture

Calcareous Brown Forest Soil-Calcareous Brown Forest Soil not suitable for 
agriculture

Class I. ECSC 1st degree suitable for agriculture Absolute Agriculture

II and III class LUCC, 2nd degree suitable for agriculture

Class IV LUCC restricted, agriculture can be done with precautions

Class VI and VII LUCC suitable for settlement

Class VIII LUCC  suitable for forest and meadow-pastur

Erosion (e) problematic soil

Wetness (w) problematic soil

Erosion and Salinity (es) problematic soil

Soil limited, agriculture can be done with precautions

 Geological Structure 
and Geomorphological 
Structure

Geological formation
Soil liquefaction status

Quaternary sediments, Sarısu Volcanite, Fıstıklı Granite, Arslanbey 
Formation, Young Alluvial objectionable for settlement

Fault line presence
Fault type

Dead Fault (15 m), Dead Fault Protection Zone (150-500 m) 
Buffer Zone not suitable for settlement

Erosion degree
Earthquake zone Grade 3 and 4 high severity erosion not suitable for agriculture

Earthquake zone 1st degree earthquake zone precautionary habitable area

Geomorphological unit Coastal plain, coastal plain, low plateau, high plateau, river valley 
mountainous area

Forest Asset Woodland zone boundary 
and functions

Public health, aesthetics, soil, water and nature conservation, recreation 
and tourism, forest production, non-forest area, treeless forest area use 
according to function

 Areas to be Protected Forest presence, stand 
structure and woody species

Coniferous, broad-leaved and mixed forest 
Stand type, forest, scrub, heathland  

Floristic structure elements Endemic plant presence not suitable for settlement

Agricultural land character,
Agricultural pattern

Agricultural areas with wet, dry, irrigated, irrigated, natural vegetation, 
olive grove, pasture area not suitable for settlement

Protected area presence, 
Protection status

National Park, Natural Park, Important Plant Area, Urban, Archaeological 
and Natural Protected Area prohibited area for settlement

Land Use Land cover Settlement, agriculture, forest, meadow and pasture area etc.

S: South; SW: Sout west; SE: South east; E: East; W: West; N: North; NW: North west; NE: North east; LUCC: Land use capability classes; ESCS: European 
Soil Classification System
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BC, Vitrinians in 3 BC, Romans in 74 BC and Turks in 1307 
BC. There are many historical monuments such as the Obe-
lisk from the Roman Period, Kocadere Castle and dungeons 
from the Byzantine Period, churches and monasteries from 
the Greek Period, Çınarcık Great Mosque from the Ottoman 
Period, aqueducts and tanks (Yalova Governorship, 2024).

Summers in the region are hot and dry, while winters are 
mild and rainy. It has a transition feature between the Medi-
terranean and Black Sea climates. The temperature decreas-
es from the sea coast to the inland and higher elevations, 
and the annual temperature difference of 14.2 °C increases 
the diversity of vegetation (Dönmez, 1985).

70% of the area is mountainous and the highest altitude 
is Dumanlı Hill (987 m) and 11% is the rivers and coastal 
valleys formed by Deveboynu and Soğuksu, Büyükdere and 
Taşlimanı streams (Yalova Municipality, 2024). 

The Armutlu Peninsula, where the site is located, is dominated 
by Mediterranean and Euro Siberian flora in terms of floris-
tic structure. In forest areas, broad-leaved woody species such 
as Hornbeam (Carpinus betulus), Chestnut (Castanea sativa), 
Beech (Fagus orientalis), White Poplar (Populus alba), Ash 
(Fraxinus angustifolia), Linden (Tilia argentea Desf ex DC.), 
Sessile Oak (Quercus petraea), Eastern Pine (Platanus orienta-
lis) and coniferous woody species such as Larch (Pinus nigra), 
Yellow Pine (Pinus silvestris), Pistachio Pine (Pinus pinea L.) 
and Red Pine (Pinus brutia) (Bilgin, 1967).

The area, which is 1.5 hours away from Istanbul by private 
car and 1 hour away from Bursa, is accessible by ferry. 
The district’s appeal is enhanced by attractions such as the 
historical Pasha Port, Kocadere, Dikilitaş, Dermaz, Baba, 
Mersin, Kalem, Çalıvere Cape, Osman Uçuğu, and En-
gerek Bay; its natural beaches; Erikli, Karlık, and Delmece 
Plateaus; Sudüşen and Erikli Twin Waterfalls; Hersek La-
goon; Büyük Dipsiz Lake and Küçük Dipsiz Lake; the sa-
cred Ayazma springs; Armutlu Hot Springs; historic forest 
villages. Yalova’s top-priority thermal springs and drinking 
water sources located just 16 km away.
With its tourism potential due to its accessibility, nature and 
cultural richness, the winter population is 40632, while the 
population exceeds 500000 in summer (Yalova Governor-
ship, 2024). Between 1992-2007, the settlement areas on the 
northern coasts of the Armutlu Peninsula have expanded 
three times and Çınarcık District is one of them (Özdemir & 
Bahadır, 2008a). In the 7.4 magnitude 17 August 1999 Izmit 
Gulf Earthquake, the district was significantly affected due 
to unplanned construction, building construction condi-
tions according to the soil conditions and non-compliance 
with the coastal law, etc. (Özdemir & Bahadır, 2008b). The 
number of deaths in eight provinces including Yalova in the 
earthquake impact area is 17480 people, 362 people died 
and 6042 people benefited in Çınarcık District. The total 
of 628 heavily and 558 moderately damaged buildings in 
Çınarcık District centre is 4.43% (Özmen, 2000).

Figure 2. Yalova province and Çınarcık district location.
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Landscape Characterization and Zoning
In determining the landscape characterisation of the re-
search area, elevation, slope, aspect, orientation, relief, geo-
logical formation, disaster and risk status, hydrology, basin 
protection area, land use capability, large soil groups, soil 
limiting factors, current land use cover, agricultural land 

use and forest presence were analysed (Figure 3).

According to land use, 8% is settlement, 5.7% is marginal ag-
riculture, 4.1% is meadow-pasture, 4% is planted agriculture, 
2.1% is absolute agriculture, 1.4% is special crop land, 0.1% is 
water and 80% is forest area. 70% of the area is mountainous 
and the highest altitude is Dumanlı Hill (987 m). 

Figure 3. Analysed research area by elevation, slope, aspect, orientation, relief, geological formation, disaster and risk 
status, hydrology, basin protection area, land use capability, large soil groups, soil limiting factors, current land use cover, 
agricultural land use and forest presence.*
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57% of the area has a slope of over 30%, 11% it is a river and 
coastal valley formed by Deveboynu and Soğuksu, Büyük-
dere and Taşlimanı streams. 58% of the settlement area is in 
coastal plains, plains and valleys at 0-50 m. elevation.

Landscape Characterization and Zoning According to 
Topographic Structure
Dividing the natural structure into smaller units based on 
physiographic differences and classifying them in relation 
to land use, morphology and slope emerge as key param-
eters. In this context, 19 sub-regions were identified. The 
P9 region, which comprises 48% of the area, is the largest, 
characterized by mountainous forest land with slopes over 
30%. About 3% of the area corresponds to coastal plain set-
tlements in P1 and P3, 1% to low plateau areas in P14, and 
4% to river valley typologies in P3 (Table 2; Figure 4).

Landscape Characterization and Zoning According to 
Soil Structure
Soil structure is a key parameter in determining the suit-
ability of areas for settlement, absolute agricultural use, and 
forestry, as well as in identifying appropriate growing en-
vironments (T.C. Resmi Gazete, 2005; T.C. Resmi Gazete, 
2017). 

According to the Handbook on Integration of Geoscientific 
Data into Planning and Provincial Disaster Risk Reduction 
Plan Preparation Guide Module 1, soils in Class I, II and III 
land capability are areas unsuitable for settlement (UOA) 
(Afet İşleri Genel Müdürlüğü, 2006; İl Planlama ve Risk 
Azaltma Daire Başkanlığı, 2020).  

These areas are “Absolute Agricultural” areas that should 
definitely be used for agricultural activities. Accordingly, 
sub-regions were determined by taking large soil groups, 
land use capability classes and soil limiting factors as crite-
ria in zoning.

Landscape Characterization and Zoning According to 
Major Soil Groups
In terms of major soil groups, there are 5 different soil types 
in the area: Alluvial, colluvial, brown forest soils, brown 
soils without lime and rendzinas.

Brown forest soils develop on calcareous bedrock and 
are generally found on very steep, rugged slopes. Due to 
their shallow to very shallow depth, they are prone to se-
vere erosion and stoniness problems (T.C. Resmi Gazete, 
2005). They make up 3% of the area and are used as forest, 
shrubland, and pasture. On suitable slopes, they can also 

Table 2. Zoning according to topographic structure, areal and proportional distribution.

Subregion
Criteria and Sub Criteria Area 

(ha) 
Ratio
(%)Land Use Morphological Structure Slope Groups (%)

P1 Settlement Coastal plain  0-30 272 2

P2 Settlement Stream valley  0-30 29 0.2

P3 Settlement Coastal plain 30 and above 242 1

P4 Agriculture Coastal plain 0-30 615 4

P5 Agriculture Stream valley 0-30 825 5

P6 Agriculture Mountainous area 0-30 414 2

P7 Agriculture Mountainous area 30 and above 563 3

P8 Forest Mountainous area 0-30 2523 15

P9 Forest Mountainous area 30 and above 8002 48

P10 Forest Stream valley 0-30 322 2

P11 Forest Stream valley 30 and above 863 5

P12 Forest High plateau 30 and above 423 3

P13 Forest High plateau 0-30 242 1

P14 Settlement Low plateau 0-30 95 1

P15 Agriculture Low plateau 0-30 642 4

P16 Forest Low plateau 0-30 308 2

P17 Forest Coastal plain 0-30 98 1

P18 Forest Coastal plain 30 and above 113 1

P19 Agriculture Coastal plain 30 and above 201 1

Total 1679
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be used for dry farming and fruit cultivation. Brown for-
est soils without lime, meadow forest lands are transitional 
soils and generally shallow and shallow soils. The natural 
vegetation is dominated by forest cover and meadow plants, 
coniferous forests and meadow formation maquis. 

Alluvial soils are deep, flat and nearly flat sloping with little 
or no erosion hazard. They have good water permeability, 
rich in mineral and organic matter and fertile. Since they 
are suitable for growing all kinds of cultivated plants, they 
have a very high agricultural value It is 19% in the area and 
is observed in the coastal areas of Çınarcık center settle-
ment, Ortaburun and Esenköy. 

Colluvial soils are formed by the accumulation of eroded 
materials from slopes at the foothills where the gradient de-
creases. They contain fine materials such as sand, clay and 
shale in different sizes and have good drainage as they are 
located in sloping areas. They have agricultural value and 
can generally be used as dry agricultural land (T.C. Resmi 
Gazete, 2005). They make up 5% of the area, and the collu-
vial soils with Class I land capability are considered fertile 
for agricultural production due to their high mineral con-
tent and strong water retention capacity. 

Rendzinas are located on medium to high slopes and have 
low water retention capacity due to the compact nature of 
the bedrock. Plants can often be damaged by drought, they 
rapidly lose their organic matter when cultivated and may 
be subject to severe erosion (T.C. Resmi Gazete, 2005). In 
the area, these soils are 3 ha and 1% is in Teşvikiye town. In 
68% of the area, the land is used as forest and pasture, and 
agriculture can be practiced on slopes with suitable gradi-
ents.

Landscape Characterization and Zoning According to 
Land Use Capability
In order to ensure the proper use of agricultural lands, soils 
are classified according to their importance for agricultural 
use. Land use capability is an important parameter that de-
termines the necessary protection measures and the limits 
of suitability according to soil cultivation and use patterns. 
The first four classes of lands have a good soil structure, cul-
tivated plants adapted to the region and forest and meadow 
plants can be grown well. Class III and IV lands are the last 
limit of irrigable agricultural lands. They have problems 
such as erosion and slope, and are less suitable for agricul-
ture compared to Class I and II lands. Especially in sloping 
areas, problems such as shallowness, stoniness and flood-
ing are noticeable. Class V, VI and VII lands are suitable 
for the growth of natural vegetation adapted to the region. 
Some special cultivated plants can also be grown in Class 
V and VI lands by taking necessary water and protection 
measures. Class VIII lands are generally lands where there 
is no or very little soil cover and agriculture is very difficult 
and uneconomical (T.C. Resmi Gazete, 2005). 

The total of the first three classes of land with high produc-
tivity in terms of soil capability in the area is 15%. Class I 
is very limited with 3%, Class II with 1% and Class III with 
11%.  Soils where crops such as shrubs and trees are grown 
are class IV land with a rate of 13%. 33% of class VI and 43% 
of class VII soils are not suitable for agricultural production 
and are used as forest land 

Landscape Characterization and Zoning According to 
Soil Limiting Factors
In terms of agricultural performance, soil limiting factors 
erosion, wetness, stoniness, salinity are important param-

Figure 4. Agricultural land use analysis.
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eters. They are the factors that determine the agricultural 
pattern and agricultural feasibility according to their single 
and/or coexistence in the soil structure. The soil limiting 
factor that restricts agricultural activities and is dominant 
in 87% of the area is erosion-salinity. Erosion factor is ef-
fective in Kocadere and Çalıca locations in 4 ha area with 
a rate of 10%. Wetness factor is in the coastal areas of Şen-
köy, Çalıca, Koru, Teşvikiye towns and Çınarcık center set-
tlement in 1 ha area. Land use, large soil groups, land use 
capability classes (LUUC), soil limiting factors were taken 
as criteria in zoning and 14 sub-regions were determined. 
T14 region is forest area, non-calcareous forest soil and 
class VII land and is the largest sub-region with 71%. T13 is 
the second largest sub-region with 15% of agricultural area, 
non-calcareous brown forest soil and class VI land. In both 
regions, erosion and salinity are the major limiting factors 
(Table 3; Figure 5).

Landscape Characterization and Zoning According to 
Hydrological Structure
An important parameter related to hydrological structure in 
the process of making land use decisions is the presence of a 
watershed. According to the EU Water Directive, the Flood 
Regulation and the Flood Protection Law, flood risk poten-
tial should be determined in river basins and areas exposed 

to flooding (Water Directive, 2007; T.C. Resmi Gazete, 
2021; T.C. Resmi Gazete, 2016). According to the Regula-
tion on Preparation, Implementation and Monitoring of 
Basin Management Plans, basin areas are water catchment 
areas. They have the functions of controlling erosion and 
flooding in the rainfall basin and producing water of good 
quality and quantity (T.C. Resmî Gazete, 2012). Appropri-
ate land use types and conditions have been determined 
according to 4 protection distances in the basins. Accord-
ing to İRAP Module 1, water catchment basins and 1st and 
2nd degree basin protection bands should be determined 
in terms of settleability (İl Planlama ve Risk Azaltma Daire 
Başkanlığı, 2020). 1st Degree Basin Protection Zone: The 
‘Absolute Protection Area’ consists of natural and artificial 
water bodies used for drinking and utility water supply, and 
includes a land strip 300 meters wide measured horizontal-
ly from the line where land meets water. 2nd Degree Basin 
Protection Zone: “Short Distance Protection Area” is the 
land area 700 m wide horizontally from the upper limit of 
the absolute protection area. 

In both protection bands, settlement, agriculture, tourism 
and mining cannot be carried out in any way except for 
treatment facilities, and cemeteries cannot be established. 
Organic agriculture may be allowed in the short-distance 
protection area under the supervision of the relevant insti-

Table 3. Areal and proportional distribution of zoning according to soil structure.

Subregion
Criteria and Sub Criteria Area 

(ha) 
Ratio 
(%)Land Use Large Soil Groups Capability Class Limiting Factors

T1 Settlement - - - 569 3.24

T2 Agriculture Alluvial III Wetness (w) 59 0.34

T3 Forest Brown Forest Soil III Erosion and 
Salinity (es)

65 0.37

T4 Agriculture Brown Forest Soil III Erosion and 
Salinity (es))

85 0.48

T5 Agriculture Colluvial I - 16 0.09

T6 Olive grove Brown Forest Soil VII Erosion and 
Salinity (es)

198 1.13

T7 Forest Brown Forest Soil II Erosion (e) 23 0.13

T8 Forest Alluvial II Wetness (w) 54 0.31

T9 Agriculture Calcareous Brown Forest Soil IV Erosion and 
Salinity (es)

94 0.53

T10 Agriculture Colluvial III Erosion (e) 247 1.41

T11 Agriculture Calcareous Brown Forest Soil III Erosion (e) 137 0.78

T12 Forest Calcareous Brown Forest Soil VII - 855 4.86

T13 Agriculture Calcareous Brown Forest Soil VI Erosion and 
Salinity (es)

2.646 15.05

T14 Forest Calcareous Brown Forest Soil VII Erosion and 
Salinity (es)

12.530 71.28

Total 17,578
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tution (T.C. Resmî Gazete, 2012). Peak flow and flood re-
currence intervals (Q value) are important parameters in 
determining flood risk areas according to water surface el-
evations in spatial plans at all levels (Water Directive, 2007; 
T.C. Resmî Gazete, 2014; T.C. Resmi Gazete, 2021). 

Q max. project flow is 10 and headroom is 50 in the fields, 
100 and headroom is 500 in villages, 500 and headroom is 
1000 in big cities. Once in 100 years, areas subject to very 
rare and very high probability flooding should be identi-
fied (T.C. Resmi Gazete, 2016). River and coastal protection 
zone (250 m) is another important criterion (İl Planlama ve 
Risk Azaltma Daire Başkanlığı, 2020). 

The coastal protection zone in the area is 32 km, 18 km of 
which is settlement area. Şenköy Dam (30 ha) is the most 
important water surface in the area. Basin protection bands 
cover an area of 16 ha and 10% is absolute protection, 19% 
is short, 25% is medium and 46% is long distance protec-
tion area. 

In zoning, 12 sub-regions were determined by taking land 
use, watershed boundary, watershed, river and coastal protec-
tion bands, and irrigation areas as criteria. H10 zone is in for-
est use and occupies the largest area with 31.4%. H5 and H6 
zones with 18% are in watershed protection band and forest 
area.  H1, H4 and H11 zones with 4% are in river and coastal 
protection band and settlement area (Table 4; Figure 6).

Landscape Characterization and Zoning According to 
Geological and Geomorphological Structure 
In terms of disaster history, 42 earthquakes of magnitude 
6.8 and above and 24 tsunamis have occurred in the region 
since 400 AD (Sancaklı, 2004).

The Çınarcık Trench in the Sea of Marmara and the pres-
ence of the North Anatolian Fault Line (NAF), one of the 
most seismically resilient faults in the world, carry the risk 
of severe earthquakes and tsunamis (Gazioğlu et al., 2005). 

The active fault is the most significant structural feature of 
the neotectonic formations surrounding the Armutlu Pen-
insula. It is divided into two branches, north and south, in 
the Armutlu Peninsula. One branch is located in Yalova re-
gion and continues in the Marmara Sea depressions in the 
east-west direction (Figure 7), (Emre, 1999). 

In the area, the upper system of the geological structure 
belongs to the Cenozoic era, with the system classified as 
Quaternary, the series as Holocene, and four formations 
identified: Sarısu Volcanics (Ts), Fıstıklı Granite, Arslanbey 
Formation (Ta), and Alluvium (Qal). According to the pro-
portional size of the geological formations, Sarısu Volcanites 
dominate with 44% and Fıstıklı Granite with 25%. The Ar-
slanbey and Alluvium formations, which cover 13% of the 
area, are prone to liquefaction and are considered unsuitable 
for settlement. Alluvial soils contain clay, silt and sandstone, 
the most liquefaction prone soils are fine sands and silty 
sands. In general, clay soils are not susceptible to liquefac-
tion, but they lose their strength during earthquake shaking 
and move to the surface with liquefying sands (Koç, 2007). 
Areas with liquefaction potential are defined as areas that 
are not suitable for settlement due to disaster hazards (UOA) 
and require detailed geological-geotechnical survey (DGI) 
and microzonation (İl Planlama ve Risk Azaltma Daire 
Başkanlığı, 2020). Approximately all of the built-up area in 
the area is on young alluvial soils and are areas with precau-
tionary conditions and problematic areas such as swelling, 
settlement, liquefaction etc. where precautions can be taken. 

Figure 5. Landscape characterization and zoning according to soil structure.
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Sarısu volcanics are widespread in the central part of the 
Armutlu Peninsula and are volcanic stacks consisting of an-
desitic lavas and agglomerates. This formation starts with 
a sedimentary level usually 5-10 m thick on metamorphic 
rocks. It consists of lithologies such as conglomerate, mud-
stone, sandstone and limestone and is problematic in terms 
of settleability (Yılmaz et al., 2010). Fıstıklı granite contains 
granitic rocks with different mineralogical compositions 
and is therefore suitable for settleability (Dereköy, 2006). 
Merkez Neighbourhood and Koru town are located on 

young alluvial soil and coastline with liquefaction poten-
tial. With over 4 storeys high-rise building stock and high 
ground magnification values, these are the neighborhoods 
that will be most affected by a possible major earthquake. 

In the zoning process, 21 sub-regions were identified based 
on criteria including land use types such as settlement areas, 
forests, and agricultural lands; landslide risk zones; geolog-
ical formations such as Quaternary deposits; erosion risk 
areas and their severity; and the presence of fault protection 

Figure 6. Landscape characterization and zoning according to soil structure.

Table 4. Zoning according to hydrological structure, areal and proportional distribution.

Subregion
Criteria and Sub Criteria

Area
(ha)

Ratio
(%)Land Use Basin Protection  

Band
Stream Protection 

Band
Coastal Protection 

Band
Irrigation 

Area

H1 Settlement + + 100 0.57

H2 Settlement + + 815 4.63

H3 Agriculture + 199 1.13

H4 Settlement + 469 2.67

H5 Forest + + 1353 7.70

H6 Forest + 1834 10.43

H7 Forest + 2933 16.69

H8 Agriculture + 996 5.67

H9 Agriculture 3300 18.77

H10 Forest 5520 31.40

H11 Settlement + 5 0.03

H12 Settlement 54 0.31

Total 17578
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zones. J5 region covers 69.6% of the area and is the largest 
region with forest area and 3rd degree erosion risk. J1, J2, 
J4, J14, J16 and J19, which cover 5% of the area, are built-
up areas, quaternary sediments, 3rd degree erosion or fault 

protection zone and earthquake risk areas. J20 zone is 1.2% 
of the area and is a landslide risk area. Ortaca Village settle-
ment area is in this landslide risk zone (Table 5; Figure 8).

Landscape Characterisation According to Forest Areas and 

Figure 7. Geological map of Armutlu Peninsula (Özdemir & Bahadır, 2008a).

Table 5. Zoning according to geological and geomorphological structure, areal and proportional distribution.

Subregion
Criteria and Sub Criteria Area

(ha)
 Ratio

(%)Land Use Landslide Risk Area Geological Formation Erosion Degree Protection Band

J1 Settlement Quaternary 3 35 0.2

J2 Settlement + 24 0.1

J3 Forest 4 74 0.4

J4 Settlement Quaternary + 390 2.2

J5 Forest 3 12460 69.6

J6 Forest 3 + 187 1.0

J7 Forest + 3 374 2.1

J8 Forest Quaternary 3 368 2.1

J9 Agriculture Quaternary 277 1.5

J10 Agriculture Quaternary 3 + 33 0.2

J11 Agriculture 3 149 0.8

J12 Agriculture Quaternary 3 821 4.6

J13 Agriculture + 3 1735 9.7

J14 Settlement Quaternary 209 1.2

J15 Agriculture 3 + 264 1.5

J16 Settlement 3 + 190 1.1

J17 Settlement 181 1.0

J18 Agriculture 86 0.5

J19 Settlement 3 32 0.2

J20 Settlement + 15 0.1

J21 Agriculture + 4  0.02

Total 17907.30
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Functions 15% of the forest areas are in agriculture and 
olive grove production function and 3% of them have 16 
endemic plant species. 

The treeless forest area is located in Esenköy; the water pro-
tection zone surrounds the Ortaburun Pond; forests with 
agricultural-aesthetic functions are found around the cen-
tral settlement; and the ecotourism area lies within the Ar-
mutlu district boundary. 

In zoning, 9 sub-regions were determined according to land 
use and endemic plant species. The O3 region, which cov-
ers 58% of the area, is the largest area harbouring endemic 
species. O4 and O9 are agricultural areas covering 3% of the 
area and harbouring endemic species (Table 6; Figure 9).

Landscape Characterisation and Zoning According to 
Protected Areas 
In the zoning, 10 regions and 26 sub-regions were deter-
mined according to land use, hydrology, protection bands 
and area criteria. 

In the protected areas, 38% of the K4 region is under forest 
land use and covers the largest area. 

Sub-region K1a is the only protected area with Şenköy 
Grade II Archaeological Site (Table 7; Figure 10).

Landscape Characterisation and Zoning According to 
Risk Factors
According to the disaster regulations and guidelines with 

Figure 8. Landscape characterisation and zoning according to geology and geomorphological 
structure. 

Table 6. Areal and proportional distribution of forest areas according to their functions.

Subregion
Criteria and Sub Criteria

Area (ha) Ratio (%)
Land Use Endemic Species Presence

O1 Forest - 841 5

O2 Agriculture - 2080 12

O3 Forest  + 9862 58

O4 Agriculture  + 90 1

O5 Forest - 1455 9

O6 Agriculture - 418 2

O7 Olive grove - 196 1

O8 Forest - 1737 10

O9 Agriculture + 261 2

Total 1690
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the definition of ‘Critical Area’, lands within 15 m distance 
to fault lines, having geological structure that will increase 
earthquake intensity or having liquefaction potential can-
not be subject to priority or intensive development (İstan-
bul Büyükşehir Belediyesi, 2002; Japon Uluslararası İşbirliği 
Ajansı, 2004; T.C. Resmî Gazete, 2007; İstanbul Valiliği, 
2014; Afet ve Acil Durum Yönetimi Başkanlığı, 2023). 

According to the maps of live fault lines, the areas within 
15 m from the fault lines are determined as fault protection 
bands and are considered as areas unsuitable for settlement 
(Maden Tetkik Araştırma Müdürlüğü, 2019). 

In terms of settleability, areas with slopes above 18-20% are 
problematic and precautionary areas. In terms of anoth-
er type of disaster, there is a regional landslide risk in the 
zones dominated by geological formations with high slopes 
and suitable for weathering, low slopes and rich in alluvial 
sediments (İl Planlama ve Risk Azaltma Daire Başkanlığı, 
2020). 

Areas at risk of disaster are areas that are not suitable for 
settlement (UOA) and require detailed geological-geotech-
nical survey (DGI) and microzoning (MBA) (T.C. Resmî 
Gazete, 2014). 

Figure 9. Landscape characterization and zoning of forest areas according to their functions.

Figure 10. Landscape characterisation and zoning according to protected areas.
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In the zoning, 8 sub-regions were determined according to 
land use and disaster risk factors. In terms of risky areas, 
D3 sub-region in the river and basin protection band is the 

largest area with 40% and D5 sub-region with 3rd degree 
erosion risk is the largest area with 10% in terms of settle-
ment, forest and agricultural areas. 

Table 7. Zoning, area and proportional distribution by protected areas.

Region Subregion Land  Use

Areas to be Protected
Area
(ha) 

Ratio 
(%)

Ratio 
(%)

Hydrological 
Protection Bands

Forest 
Area

Agriculture 
Area

Protection 
Site

K1 K1a Agriculture Stream - + + 310 1.76 5.67

K1b Agriculture Stream - + - 261 1.48

K1c Agriculture Stream  - + - 425 2.42

K2 K2a Forest Basin + - - 1158 6.59 10.43

K2b Forest Basin  + - - 676 3.85

K3 K3a Agriculture - - + - 1573 8.95 18.26

K3b Agriculture - - + - 62 0.35

K3c Agriculture - - + - 37 0.21

K3d Agriculture - - + - 43 0.24

K3e Agriculture - - + - 1240 7.05

K3f Agriculture - - + - 31 0.18

K3g Agriculture - - + - 224 1.27

K4 K4a Forest - + - - 552 3.14 38.50

K4b Forest - + - - 426 2.42

K4c Forest - + - - 412 2.34

K4d Forest - + - - 1350 7.68

K4e Forest - + - - 3908 22.23

K4f Forest - + - - 120 0.68

K5 K5a Settlement Coastal - - - 40 0.23 2.47

K5b Settlement Coastal  - - - 112 0.64

K5c Settlement Coastal  - - - 236 1.35

K5d Settlement Coastal  - - - 40 0.23

K5e Settlement Coastal  - - - 5 0.03

K6 K6a Forest Stream  + - - 561 3.19 16.51

K6b Forest Stream  + - - 430 2.45

K6c Forest Stream  + - - 1463 8.32

K6d Forest Stream  + - - 448 2.55

K7 K7a Forest Basin, Stream + - - 741 4.22 7.31

K7b Forest Basin, Stream + - - 50 0.28

K7c Forest Basin, Stream + - - 494 2.81

K8 K8a Settlement Coastal, Stream  - - - 21 0.12 0.54

K8b Forest Coastal, Stream - - - 32 0.18

K8c Settlement Coastal, Stream - - - 18 0.10

K9 K9 Forest - - - - 49 0.28 0.28

K10 K10 Settlement Stream  - - - 6 0.03 0.03

Total 1758 
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Sub-region D7 is the second largest area with 38% of for-
est area and 3rd degree erosion risk. D1 sub-region is in the 
built-up area and this area, which is in the quaternary sedi-
ment and fault line protection band, is objectionable in terms 
of geological formation, has a rate of 1% (Table 8; Figure 11).

ÇINARCIK DISTINCT ECOLOGICAL LANDSCAPE 
MASTER PLAN

In terms of landscape characterisation, there are 7 regions 
and a total of 93 sub-regions determined according to topo-
graphic structure (19), soil structure (14), geology and geo-
morphological structure (21), hydrological structure (12), 
forest presence (9), protection area (10) and risky areas (8). 
Within the scope of the Ecological Master Plan, these areas 
are evaluated under 4 sub-headings as areas to be protect-
ed, unsuitable for settlement, areas that can be settled with 
limited-precaution and areas where forest presence will be 
developed, and land use decisions and recommendations 
are made according to their ecological suitability.

Areas to be Protected in Çınarcık District (K)
Five sub-regions were determined according to land use, 
soil structure and basin protection band criteria and it is 
the largest region of the area with 60.8%. 

KZ Zone: It consists of T6 and O7 sub-regions and cov-
ers 1.1% of the area. T6 region has the characteristics of 
brown forest soil, class VII soil, erosion and salinity factor. 
Existing agricultural land use will continue, but soil lim-
iting problems need to be improved. O7 is an olive grove 
area, and its agriculture and nature conservation function 
should be maintained.

KT1 Region: It consists of T5, T9 and T10 sub-regions 
covering 2.03% of the area under agricultural land use. T5 

region is colluvial soil and class I soil. T9 region is non-cal-
careous brown forest soil, class II soil, erosion and salinity 
problematic. T10 region is colluvial soil, class III soil, ero-
sion problematic. Agricultural activities should be contin-
ued in the region by eliminating soil problems, non-agri-
cultural activities should not be allowed and it should be 
protected as an absolute agricultural area.

KT2 Region: It consists of T2, T4, T11 and T13 sub-re-
gions covering 16.6% of the area under agricultural land 
use. T2 region agricultural area is alluvial soil, class III soil 
and the limiting factor is wetness. T4 region is agricultur-
al area, brown forest soil, class III soil and limiting factors 
are erosion and salinity. T11 zone, agricultural area, brown 
forest soil without lime, class III soil and erosion is prob-
lematic. T13 zone, agricultural area, non-calcareous brown 
forest soil, class VI soil and erosion and salinity are prob-
lematic. The region is suitable for agricultural activities by 
eliminating soil limiting problems in terms of agricultural 
performance. 

KO Region: It covers O1, O3, O5 and O8 sub-regions in 
forest land use. It is the largest area with 23% and forest 
protection status will continue.

KH Region: It is in forest land use and in the catchment 
protection band and covers H5 and H6 zones and 18.1% of 
the area. Protection status in terms of soil and water func-
tions and ecosystem services (Table 9; Figure 12).

Unsuitable Areas for Settlement 
The Unsuitable Areas for Settlement (UOA) Region con-
sists of two sub-regions covering 37.1% of the area. It carries 
hazards such as earthquake, landslide, flood and tsunami 
due to geology, geomorphology and hydrological structure. 
The region is an area of exposure in terms of disaster risks 
and is not suitable for settlement (Table 9; Figure 12).

Table 8. Zoning according to risk factors, areal and proportional distribution.

Landscape Character
Zones

Criteria and Sub Criteria Area 
(ha)

Ratio
(%)Land Use Risk Factor

D1 Settlement
Geological formation quaternary sediment

197 1
Fault line protection zone

D2 Forest Landslide risk area 350 2

D3 Settlement, Forest, Agriculture
Stream protection zone

7016 40
Basin protection zone

D4 Agriculture Fault line protection zone 589 3

D5 Forest, Settlement, Agriculture 3rd degree erosion risk area 1759 10

D6 Olive grove Absolute protection required area 188 1

D7 Forest 3rd degree erosion risk area 6674 38

D8 Forest - 782 4

Total 17555
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RA Zone: It covers sub-regions H2, H5, H7 and H8 in the 
river protection band and 34.7% of the area. H2 zone is ag-
riculture and irrigation area, H5 zone is forest area, basin 
and river protection band, H7 zone is forest area and river 
protection band, H8 zone is agriculture area and river and 
coastal protection band.

RF Zone: J2 and J4 sub-regions on the live fault line and in 
the fault line protection band and covers 2.4% of the area. 
J2 zone is in built-up area and fault line protection band. 
J4 zone is built-up area, geological formation is quaternary 
sediment and fault line is in the protection band.

Areas Suitable for Settlement in Limited Conditions 
with Precautions (PSA)
According to the risk factors, the precautionary settlements 
areas (PSA) zone consists of four sub-zones covering 1.8% of 
the area. In these areas, microzonation and drilling data, soil 
structure and liquefaction analyses, etc. should be carried 
out to determine new construction conditions. The region 
covers areas that are limitedly inhabitable and require De-
tailed Geological Investigation (DGI) (Table 9; Figure 12).

YA Region: It is built-up areas and is in the river and coastal 
protection band. It covers H1 sub-region and 0.5% of the area.

Figure 11. Landscape characterisation and zoning according to risk factors.

Figure 12. Ecological Landscape Master Plan according to land use suitability zoning.
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YE Zone: Built-up areas with erosion risk, covering J1, J20 
sub-regions and 0.3% of the area. J1 region is quaternary 
sedimentary and has earthquake risk and 3rd degree ero-
sion problem. J20 zone is at risk of landslide.
YH Zone: It has landslide risk and is in agricultural use. J21 
zone covers 0.02% of the area.
YF Zone: 3rd degree erosion risk, in fault line protection 
band and in settlement use. J16 landscape character sub-re-
gion covers 1% of the area.

Treeless Forest Land to be Developed
It is treeless forest land (OT) and there is no vegetation cover on 
it, but it is a forest area and has a protection status. OT Zone: The 
lands in this region are colluvial soil and class I land use capabili-
ty. It covers the T5 landscape character sub-region and 0.09% of 
the area. In terms of land use, this area is 16 ha and it is an area 
to be developed by afforestation (Table 9; Figure 12). 

CONCLUSION AND RECOMMENDATIONS 

Çınarcık District has disaster potentials in terms of risk 
factors such as earthquake, flood, landslide, tsunami and 
erosion in 83% of the survey area: Almost all of the inhab-
ited area of the district center is on young alluvial soils. 
Construction conditions are limited, controlled and prob-
lematic areas with swelling, settlement, filling, etc. that 
require precautions. Areas with liquefaction potential are 
unsuitable for settlement (UOA) due to disaster hazards, 
and detailed geological-geotechnical survey (DGI) and mi-
crozonation are required in terms of seismicity.

58% of the settlement is in coastal plains, coastal plain and 
river valleys at 0-50 m elevation. Unsuitable for settlement 
area (UOA) accounts for 37.1% of the area. For effective 
management of tsunami, flood and flood risk in these ar-
eas, hazardous areas should be analyzed in detail according 

Table 9. Land use suitability zoning and distribution of parameters.

Zones Subregion Criteria Subregions Area (ha) Ratio (%)

Area to be 
protected
(K)

KZ Agricultural area T6 
198 1.1Forest area

Olive grove use
O7

KT1 Agricultural area T5, T9, T10 357 2.03

KT2 Agricultural area T2, T4, T11, T1 2927 16.6

KO Forest area O1, O3, O5, O8 4037 23

KH
Settlement area

Basin protection band
H5 

3187

 

18.1Forest area
Basin protection band

H6

Total 10706 60.8

Unsuitable 
areas 
for settlement
(UOA)

RA Agricultural area
Stream protection band

H2, H8  

6098 34.7Forest area
Stream protection band

H5, H7

RF Settlement area 
Fault protection band

J2, J4 414 2.4

Total 6512 37.1

Residential 
area with 
precaution
(PSA)

YA Settlement area
Stream protection band

H1 100 0.5

YE Settlement area
Erosion risk area

J1, J20 50 0.3

YH Agricultural area
Landslide risk area

J21 4 0.02

YF Settlement area 
Fault protection band

J16 190 1

Total 344 1.8

Forest area to be 
developed (OT)

OT Forest area status
Treeless forest soil

T5 16 0.09

Total 16 0.09
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to topographical, hydrological, climatic and other relevant 
factors. Flood susceptibility maps should be created with 
accurate geographical information and indicators and nec-
essary measures should be taken in flood vulnerability ar-
eas. It is necessary to declare the risky areas determined ac-
cording to the disaster situation as “Disaster Vulnerability 
Areas” and urgently evacuate the risky buildings according 
to the building stock. It is of great importance to determine 
the reconstruction conditions of the buildings that have ex-
pired through microzonation and detailed geological sur-
veys.

Decentralization to suitable areas in terms of settleability is 
necessary according to the size of the population that may 
be affected in areas exposed to risks. However, the most im-
portant problem in the district in this respect is the natural 
constraints set forth by the physiography and the lack of 
suitable locations and sufficient areal size for new construc-
tion or reserve areas in terms of disaster. 

As a result, the natural thresholds of the district prevent 
and limit the horizontal growth and development of the 
urban macroform. Accordingly, the building stock can 
be renewed by determining new construction conditions 
through planning within the scope of urban transforma-
tion in the built-up area. For this settlement where disaster 
and other urban risks are high, avoidance planning should 
be made and risk mitigation measures should be taken in 
the plans.  

Within the scope of the research, land use suitability of the 
district in terms of other land uses was determined. Accord-
ingly, 70% of the area is olive grove, absolute agricultural 
area, agriculture, forest and protected areas. According to 
sustainability and nature conservation criteria, the current 
use of these areas should be preserved and maintained. 

Areas with absolute agricultural performance in terms of 
suitability for agriculture should never be used for pur-
poses other than agricultural activities. Soils with high 
agricultural productivity and biomass production capa-
bility should be declared as absolute agricultural areas and 
should not be used for non-agricultural purposes.

In order to create sustainable, safe, livable, disaster prepared 
and resilient living environments, methods and approach-
es that take disaster hazards and risks into account should 
be integrated with the planning system and construction 
process. It is aimed to identify hazard and risk sources in 
settlements, to obtain input data, to determine hazards at 
country, regional and urban scales, to define, analyse and 
zone risks (Kentleşme Şûrası, 2018). 
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ABSTRACT

Ensuring thermally comfortable indoor environments is essential for occupant well-being, 
learning performance, and energy efficiency. This study proposes a field-based methodology 
for the assessment of thermal comfort, aligned with international standards and designed 
to be reproducible and applicable across diverse building types and climatic conditions. The 
objective methodology integrates both objective (measurements) and subjective (surveys) 
methods, combined with behavioral observations, to provide a detailed assessment of 
indoor thermal comfort conditions. The methodology integrates long-term and short-
term measurements of air temperature, mean radiant temperature, relative humidity, air 
velocity, and along with the calculation of PMV/PPD. The data reliability is verified through 
calibration, inter-device agreement, and statistical evaluation using Mean Bias Error (MBE) 
and coefficient of determination (R²). Furthermore, occupant surveys and camera-based 
observations capture subjective perceptions and adaptive behaviors, linking measured 
values with real-world occupancy conditions. The proposed methodology was applied to 
three amphitheater-style university classrooms characterized by high window-to-wall ratios 
on the south-facing façade. Findings showed that thermal gradients near south windows, 
confirmed by surveys reporting higher dissatisfaction and reduced concentration in south 
façade-adjacent zones. Observations revealed limited adaptation, with windows seldom 
opened and curtains generally closed, and underscoring results indicated the need for passive 
or automated strategies. The results confirm the methodology’s ability to capture spatial and 
temporal variations, link predictive indices to occupant perception. Overall, the study offers 
a standards-based methodology suitable for assessing thermal comfort in different building 
type and climate.

Cite this article as: Zoroglu, F., Gedik, G. Z. (2025). A field-based methodology for thermal 
comfort evaluation: A case study on university classrooms. Megaron, 20(4):540–556.
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INTRODUCTION

Thermal comfort is a well-established research focus in 
building science, not only due to its impact on occupant, 
well-being, health, cognitive performance, and productiv-
ity but also because of the increasing demand for energy 
efficient and climate-resilient building design (Hong et al., 
2023). Recent research has increasingly emphasized oc-
cupant-centered assessment methods, integrating in-situ 
measurements, behavioral observations, and data-driven 
modeling to capture the complexity of real indoor envi-
ronments (Kim, Schiavon, & Brager, 2018). Despite these 
advances, there is still a need for field-based methodologies 
that are simultaneously comply with standards, reproduc-
ible, and broadly applicable, thereby enabling reliable cross-
study comparisons and supporting evidence-based design 
decisions across diverse building types and climatic condi-
tions. In this context, adaptive comfort theory has provid-
ed an important counterpoint to classical laboratory-based 
models by recognizing the dynamic role of climate, culture, 
and behavioral adaptation in shaping thermal expectations 
(Brager & de Dear, 2001; Nicol & Humphreys, 2002).

Classical approaches such as the Predicted Mean Vote 
(PMV) and Predicted Percentage of Dissatisfied (PPD) 
models, introduced by Fanger and embedded in standards 
such as ASHRAE Standard 55 and ISO 7730 remain the 
dominant frameworks for quantifying thermal comfort (de 
Dear & Brager, 1998; ISO, 2025; ASHRAE, 2023). However, 
these models have been validated extensively in controlled 
laboratory settings, their direct application to real environ-
ments often encounters difficulties due to spatial non-uni-
formities, transient thermal condition dynamics, and vari-
able occupant behavior. This limitation has led scholars to 
argue for the integration of adaptive opportunities, such as 
operable windows, shading, and occupant control, into pre-
dictive frameworks, since users often tolerate wider ranges 
of indoor conditions when provided with environmental 
control (Humphreys & Nicol, 2002; Schweiker & Wagner, 
2016).

Recent studies have attempted to address these limitations 
through hybrid and adaptive strategies. For example, Kim 
et al. (2018) demonstrated that personalized comfort mod-
els calibrated with human-centric parameters can improve 
prediction accuracy in real buildings. Comparative analy-
ses of thermal indices such as SET, UTCI, and PET have 
also been carried out to evaluate robustness under different 
environmental and cultural contexts (Jing et al., 2024). Par-
allel research has also examined the links between thermal 
comfort and other dimensions of indoor environmental 
quality, including daylighting and acoustics, highlighting 
the importance of multi-criteria frameworks (Dawe et al., 
2021; Tzempelikos & Athienitis, 2007). Yet, many of these 
efforts remain confined to idealized test scenarios or sin-
gle-case studies, restricting their generalizability. 

There remains to be a need for methodologies that can be 
applied under real-world conditions and enable systematic 
comparison of indoor spaces with varying physical char-
acteristics. Recent studies support this direction: Sun et al. 
(2022) proposed a portable and reproducible framework for 
long-term thermal comfort evaluation using a standardized 
data model, while Dawe et al. (2021) reported field-based 
evaluations of thermal and acoustic comfort in office build-
ings, underscoring the value of in-situ assessments. Howev-
er, existing studies either propose generalized frameworks 
without testing in uniform buildings or examine build-
ing types with limited spatial variability, leaving a gap for 
methods that can compare comfort conditions across spac-
es with different geometries and façade features within the 
same building type. 

Bay Şahin and Elnimeiri (2025) identified severe thermal 
discomfort in upper-level social housing units in hot-dry 
climates, primarily using diagnostic imaging and surveys. 
Similarly, Şuta and Zencirkıran (2024) explored occupant 
satisfaction in mass housing during the COVID-19 peri-
od, emphasizing the importance of indoor environmental 
quality but without offering a standardized measurement 
framework. These contributions underline the importance 
of empirical research in uncovering comfort-related issues 
in real buildings. Collectively, these studies confirm the im-
portance of empirical field research while also exposing the 
absence of a coherent, widely applicable methodology for 
thermal comfort evaluation. Such a methodology would 
enable consistent comparison of results across different cli-
mate, buildings and rooms and research contexts.

To address this gap, the present research introduces a re-
producible, standards-aligned, field-based methodology 
specifically designed for assessing indoor thermal comfort 
conditions under in real word building environments. The 
methodology integrates both objective and subjective meth-
ods, combined with behavioral observations, to provide a 
detailed assessment of indoor thermal comfort conditions. 
The methodology is aligned with international standards 
(ISO 7730, ASHRAE 55) and designed to be reproducible 
and broadly applicable. It combines long-term and short-
term measurement of environmental parameters—air tem-
perature, mean radiant temperature, relative humidity, air 
velocity, and PMV/PPD—with personal factors -clothing 
insulation and activity level. Measurement reliability is 
ensured through systematic device calibration, inter-de-
vice comparison, and statistical validation using Mean 
Bias Error (MBE) and coefficient of determination (R²), 
consistent with ASHRAE Standard 14 (ASHRAE, 2023). 
A substantial body of research has investigated thermal 
comfort in educational and office environments through 
field measurements and simulation-based analyses; howev-
er, the majority of these studies have tended to rely exclu-
sively on either objective environmental data or subjective 
comfort assessments, limiting methodological integration. 
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This limitation often prevents a full understanding of how 
occupants dynamically interact with their environments 
under real-world conditions. Mıhlayanlar et al. (2017) 
investigated thermal comfort in a higher education facil-
ity in Edirne using on-site environmental measurements. 
In such field studies, however, integrating information on 
occupant behavior and adaptive responses is also essential 
for interpreting comfort conditions more comprehensively. 
De Dear and Brager (1998) advanced the adaptive comfort 
framework through large-scale survey data across diverse 
climates, while Yao et al. (2009) and Fanger (1970) focused 
primarily on quantitative comfort indices, placing limited 
emphasis on contextual or behavioral adaptation. Although 
these contributions have greatly advanced the understand-
ing of indoor environmental quality, the lack of integration 
between objective field measurements, subjective thermal 
sensation surveys, and behavioral observations still con-
strains the holistic interpretation of comfort in real-world 
settings. Therefore, this study aims to address this meth-
odological gap by developing a comprehensive field-based 
evaluation framework that simultaneously captures mea-
sured environmental variables, subjective responses, and 
observed adaptive behaviors under actual classroom occu-
pancy conditions to provide a more holistic interpretation 
of thermal comfort assessments.

Following its development, the methodology was applied 
in three amphitheater-style university classrooms with 
high window-to-wall ratios and varying façade orienta-
tions. This application enabled the identification of spatial 
thermal gradients, localized discomfort zones, and orienta-
tion-dependent thermal dynamics. Rather than solely re-
porting case-specific findings, the study demonstrates that 
the proposed methodology provides a reliable, generaliz-
able framework for evaluating thermal comfort in educa-
tional buildings.

METHODOLOGY

This study develops a field-based methodology (Figure 1) 
for evaluating indoor thermal comfort conditions of any 
building type. The methodology is designed to be applied in 
different climates and building types, ensuring both com-
parability and applicability. It integrates objective (mea-
surements) methods, subjective (surveys) methods, and 
behavioral observations to enable systematic assessment of 
thermal comfort conditions.

Before initiating data collection, the methodology pre-
scribes a preliminary data collection phase to establish a re-
liable baseline for subsequent thermal comfort evaluation.

As a first step, architectural, technical references, includ-
ing architectural drawings, and façade details, should be 
reviewed to define the geometry, constructional character-
istics and environmental control systems. This reference in-

formation is then supplemented by on-site verification and 
measurement of: 

•	 Spatial characteristics: Room dimension and layout, 
environmental control systems and constructional el-
ement thicknesses.

•	 Building envelope properties: Optical and thermophys-
ical properties and fenestration parameters (U-values 
of interior and exterior walls and windows etc.).

•	 Environmental Control systems (Mechanical and Elec-
trical) Systems: Heating, ventilation, and air-condi-
tioning (HVAC) systems.

Simultaneously, outdoor climatic conditions are obtained 
from meteorological data and on-site reference measure-
ments to establish contextual boundary conditions.

These factors should be systematically documented because 
they directly influence thermal comfort assessments. In 
parallel, outdoor environmental conditions are determined 
using meteorological data, and measurements.

Objective (Measurements) Method for Thermal 
Comfort Assessment
Thermal comfort is influenced by both objective and sub-
jective parameters. Subjective parameters, which pertain to 
the individual characteristics of the human body, therefore 
vary from person to person. Consequently, thermal com-
fort assessments are typically based on objective parame-
ters, which can be categorized into personal and environ-
mental factors.

•	 Personal Thermal Comfort Factors: It is suggested that, 
clothing insulation (clo) is periodically updated to re-
flect seasonal variations. Determining instantaneous 
clothing insulation levels by surveys and entering them 
into the calculation of PMV produces more accurate 
assessments (Zoroğlu and Gedik, 2022). Activity levels 
are determined by observing general student behaviors 
and aligning them with these standards-based values 
(Zhang et al., 2020).

•	 Environmental Thermal Comfort Factors: Air tem-
perature, mean radiant temperature, relative humidity, 
and air velocity are measured continuously and peri-
odically.

•	 Thermal Comfort Indices: Predicted Mean Vote 
(PMV) and Predicted Percentage of Dissatisfied (PPD) 
are calculated using measured environmental data and 
personal parameters obtained from standards and sur-
veys.

The objective methodology is aligned with ISO 7730 and 
ASHRAE Standard 55, ensuring compliance with inter-
nationally recognized protocols. Measurement points are 
selected to represent critical locations within the room, 
particularly areas close to windows or other potential dis-
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comfort zones, and are compared with reference points 
away from these zones. As suggsted relevant standards, air 
temperature and air velocity are measured at 0.1 m, 0.6 m, 
and 1.1 m heights, while humidity and mean radiant tem-
perature are measured at 0.6 m to reflect seated occupant 
conditions.

Indoor thermal comfort measurements are conducted us-
ing calibrated thermal comfort measurement devices (e.g., 
Delta Ohm HD 32.3A, Testo 480), capable of calculating 
PMV/PPD. Long-Term measurements are performed with 

permanently installed devices, enabling continuous mon-
itoring over representative periods. Short-Term measure-
ments are conducted at selected intervals to capture re-
al-time variations and transient conditions.

Measurement methodology of this study suggests that en-
suring data integrity, so protective enclosures and uninter-
ruptible power supplies (UPS) are used to prevent data loss 
and safeguard equipment from environmental disturbances.

Verification of thermal comfort measurement devices;

Figure 1. The field-based methodology for thermal comfort evaluation.
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•	 Determination the relationship between devices: Com-
parison of measurement device results with each other  
(fixed measurements in a laboratory environment)

•	 Determination the protective enclosures effect: Com-
parison of devices within and without protective enclo-
sures in real-word conditions

•	 Prior to field installation, all devices undergo labora-
tory calibration and inter-device comparison. Reli-
ability is quantified using Mean Bias Error (MBE) and 
coefficient of determination (R²) for key parameters 
(like air temperature, globe temperature, PMV). The 
methodology requires that MBE values remain with-
in the ±10% acceptability range specified by ASHRAE 
Standard 14, so that measurements remain consistent 
across rooms. Additionally, R² values close to 1 show 
strong consistency between measurements.

Subjective (Survey) Method for Thermal Comfort 
Assessment
Thermal comfort surveys were administered before and 
after lesson, in accordance with ISO 10551:2019. Using a 
standards-based questionnaire not only enhances compa-
rability across studies but also provides a consistent frame-

work for interpreting subjective responses. The surveys 
applied in this study collect both subjective and objective 
parameters influencing thermal comfort (Figure 2):

•	 Demographic Data (age, gender, clothing insulation)

•	 Thermal Sensation Votes (7-point ASHRAE scale)

•	 Thermal Comfort and Acceptability Ratings

•	 Thermal preference and perceived impact on compre-
hension

This two-phase approach captures temporal variations in 
thermal perception and enables direct comparison between 
measured PMV and Actual Mean Vote (AMV). Clothing 
insulation (clo) values are collected through occupant sur-
veys and periodically updated in PMV calculations to re-
flect seasonal changes.

Behavioral Observations for Thermal Comfort 
Assessment
Camera recordings and structured field notes are employed 
to record occupancy, seating distribution, and adaptive 
behaviors. These datasets are synchronized with measure-
ment intervals, providing a holistic understanding of how 

Figure 2. Thermal comfort survey (questions) conducted before and after occupancy periods.
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occupant actions interact with thermal comfort conditions. 
Observations include:

•	 Occupancy (number and positions of users, time dis-
tribution)

•	 Seating Distribution (proximity to windows or heat 
sources)

•	 Adaptive Behaviors (window opening, curtain opera-
tion)

Data Analysis and Interpretation
The final step of the methodology involves a combined 
evaluation of measurements, surveys, and behavioral ob-
servations. PMV values obtained from measurements are 
systematically compared with AMV derived from surveys, 
allowing the validation of measured results against occu-
pant perception.  To ensure reliability, the methodology 
emphasizes the synchronized collection of measurements 
and surveys, allowing occupant perception to be directly 
linked to the recorded indoor thermal comfort conditions. 
Behavioral data, including occupancy and window/curtain 
operation, are synchronized with measurement periods to 
contextualize variations in thermal comfort conditions. 

The methodology prescribes a structured approach to data 
analysis:

•	 Data pre-processing: Removal of incomplete or erro-
neous readings.

•	 Computation of Comfort Indices: Calculation of PMV, 
AMV and relevant indices.

•	 Statistical Validation: Inter-device and inter-room 
comparison using MBE, R², and regression analyses, 
relationship between classrooms etc.

•	 Correlation with Measurements and Surveys and Be-
havior: Linking measured indices with AMV, APD, 

and behavioral patterns and identifying localized dis-
comfort and validate model predictions.

This methodology provides a reliable and generalizable 
framework for thermal comfort evaluation, while the in-
tegrated analysis ensures a detailed assessment of room 
performance, orientation effects, and the identification of 
spatial discomfort.

APPLICATION OF THE METHODOLOGY

Following the development of the methodology, it was 
systematically implemented in three amphitheater-style 
classrooms at Yıldız Technical University’s Beşiktaş Cam-
pus (B-501, B-502, B-503), each characterized by high win-
dow-to-wall ratios and distinct façade orientations (south, 
southeast, southwest). The aim was to demonstrate the 
reproducibility of the method, identify spatial discomfort 
zones, and validate the integration of objective, subjective, 
and behavioral data under real word conditions.

The selection process prioritized classrooms with high so-
lar exposure and expected non-uniform thermal comfort 
conditions. Architectural drawings were reviewed to deter-
mine room dimensions, seating arrangements, and façade 
configurations, which were subsequently verified through 
on-site measurements. 

The amphitheater form of classrooms (Figure 3) and ther-
mophysical principles—where heated air rises and accu-
mulates near windows—further intensified discomfort in 
façade-adjacent areas, particularly during periods of oc-
cupancy. The physical characteristics of the classrooms are 
summarized in Table 1 and Table 2 presents the window-to-
wall ratios (WWR). 

Building envelope properties (section layers, materials, and 
U-values) were determined using the TESTO 635 humidi-

Figure 3. Thermal Comfort Measurement Points in Classrooms (Points 1, 2, and 3 for short-term measurements, and 
Point 4 for fixed measurements, Point 5 for outdoor weather conditions measurement) and Sections of Classroom B-501.
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ty and architectural documentation. Classrooms equipped 
with mechanical heating and natural ventilation were in-
tentionally selected to allow diverse evaluations of thermal 
comfort. Table 3 details the building envelope section layers 
and associated U-values derived from field measurements 
and project drawings.

The methodology was tested between 3 and 19 November 
through long-term measurements, while short-term mea-
surements and occupant surveys were simultaneously con-
ducted on 17 November. Outdoor climatic conditions were 
recorded at a designated reference point 5 (Figure 3), and 
the results are presented in Table 4.

Application of Objective (Measurements) Method
The first stage of the application involved defining mea-
surement points within the selected rooms. These points 
were chosen strategically to capture the spatial variability 
of thermal comfort conditions, with one point always lo-
cated near the south-facing window to record the influence 
of solar exposure. Four points per classroom were select-
ed, including points near the south-facing windows and 
reference points farther away, to capture spatial gradients. 
In each classroom, three points were determined for short-
term measurements, while one fixed point was chosen for 
continuous long-term monitoring (4. point) (Figure 3). 

The Delta Ohm HD 32.3A Microclimate Analyzer and Tes-
to 480 were employed to record air temperature, mean radi-
ant temperature, relative humidity, and air velocity. Cloth-
ing insulation and activity level (Table 5) were integrated 
into the devices, enabling calculation of PMV and PPD. 
Thermal comfort assessment was conducted in accordance 
with ISO 7730 and ASHRAE Standard 55.

Following the selection of measurement points, measure-
ment devices and periods, three Delta Ohm HD 32.3A mi-
croclimate analyzers were permanently installed near the 
windows to collect long-term data, while a fourth device 
was used to perform short-term measurements at other 
points. Protective enclosures and UPS systems (Figure 4) 
were used to safeguard devices and prevent data loss due to 
power fluctuations. 

Prior to field study, all devices underwent laboratory cali-
bration and inter-device comparison. The statistical anal-
ysis revealed Mean Bias Error (MBE) values of +0.034 
between Device 1 and 2, +0.064 between Device 1 and 3, 
and +0.030 between Device 2 and 3, all of which remained 
within the acceptable ±10% threshold. The corresponding 
coefficients of determination (R²=0.959, 0.919, and 0.916, 
respectively) indicated strong correlations across devices. 
These results confirmed the reliability of the measurement 
devices (Figure 5) and validated the data quality and com-
parability across classrooms. 

The effect of protective enclosures was evaluated under re-
al-word conditions. Verification results demonstrated that 
the enclosures did not significantly affect measurement ac-
curacy, with MBE in PMV, and PPD remaining within the 
±10% range (Table 6). These outcomes validated the suit-
ability of the experimental setup for long-term monitoring 
and confirmed that the collected data can be considered 
reliable.

Application of Subjective (Surveys) Method
The thermal comfort surveys were administered immediately 
before and after lessons, in accordance with ISO 10551:2019, 
in order to capture temporal changes in thermal perception. 

Table 1.  Physical characteristics of classrooms.

Classrooms Direction of  
classroom

Dimensions  
(amphitheater)

Heating system and  
number of Radiator 

Capacity 
(person)

B 501 South-East 11.76×9.08×(2.7-3.80) Gas central heating systems, Cast iron 
radiator- 4 radiators

109

B 502 South 11.76×8.90×(2.7-3.80) Gas central heating systems, Cast iron 
radiator- 3 radiators

109

B 503 South-West 11.76×9.08×(2.7-3.80) Gas central heating systems, Cast iron 
radiator- 4 radiators

109 

Table 2. Current transparency ratios of rooms.

Room Direction of 
Classroom

Capacity 
(person)

Dimension of  
Classroom

Direction of transparent 
component

Transparency Ratio (WWR – 
Window to Wall Ratio)

East South West

B 501 South-East 109 11.76x9.08×(2.7-3.80) South and East 11.5% 60% -

B502 South 109 11.76×8.90×(2.7-3.80) South - 60% -

B503 South-West 109 11.76×9.08×(2.7-3.80) South and West - 60% 11.5%
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In addition to demographic data such as age, gender, and 
clothing insulation levels, the questionnaires included ther-
mal sensation votes with seven-point scale, thermal comfort 
and acceptability ratings, and thermal preference, and per-
ceived influence on comprehension and concentration. This 
design enabled a direct comparison between the measured 
PMV and the AMV derived from occupant responses. Sur-
veys were conducted simultaneously with short-term mea-
surements on 17 November 2021, involving 24 participants. 

Application of Behavioral Observation 
Behavioral observations were conducted through a camera 
recording system installed in each classroom (Figure 6; Fig-
ure 7). The recordings were analyzed to determine occu-
pancy levels, seating distribution, and adaptive behaviors 
such as window and curtain operation. These observations 
were synchronized with the measurement periods, provid-

ing a comprehensive interpretation of occupant behavior in 
relation to thermal comfort conditions. 

RESULTS

The systematic implementation of the proposed methodol-
ogy enabled the identification of spatial thermal gradients, 
localized discomfort zones, and the correspondence be-
tween occupant perception and measured thermal indices.

Data Analysis, Validation and CrossRoom Comparison
The data analysis process was conducted in two distinct stag-
es. The first stage comprised preliminary verification analyses 
carried out prior to field study, including device calibration, 
inter-device comparison, and the evaluation of protective 
enclosures. These assessments, presented in the methodol-
ogy section, confirmed negligible differences between de-

Table 3. Building envelope section layers according to architectural drawings and U values ​​from measurements.

Building envelope 
Components

Measurement U-Value 
(W/m2K)

Section Layers (Project)

Material Thickness (m)

Exterior Wall 0.387 Plaster 0.02

Heraklith 0.03

Exposed Concrete 0.15

Internal Wall 0.732 Perforated Particleboard 0.025

Exposed Concrete 0.05

Bakelite Glass Wool 0.05

Perforated Particleboard 0.025

Ceiling-Floor - Rubber Floor Covering 0.05

Alum 0.025

Leveling Concrete 0.04

Reinforced Concrete Floor 0.1

Terrace Roof - Tile Mosaic 0.025

Mortar 0.025

Ruberoid and Water Insulation(3 layers) -

Polyurethane heat insulation 0.05

Vapor Insulation -

Slope concrete 0.03 – 0.24

Reinforced Concrete Floor 0.1

Window 1.847 - -

Door 1.5 - -

Table 4. The outdoor climate conditions during short-term field study.

Date Time Mean Radiant 
Temperature (C°)

Air Temperature 
(C°)

Relative Humidity, RH 
(%)

Air Velocity,  
Va (m/s )

Sky  
Condition

17.11.2021 14:17 20.7 18.8 45.2 0.53 Overcast
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vices and demonstrated that Mean Bias Error (MBE) values 
for PMV remained within the ±10% acceptability threshold, 
thereby ensuring that subsequent measurements were both 
valid and comparable across classrooms.

The second stage focused on the systematic integration and 
interpretation of field data. This stage analiyzed and com-
bined measurements, surveys, and behavioral observations 
to capture spatial and temporal variations in thermal com-
fort conditions.

Measurement Results
Field measurements revealed clear spatial and temporal 
variations in thermal comfort conditions across the three 
classrooms. Short-term measurements (Figure 8) indicated 

pronounced thermal gradients, with PMV values at win-
dow-adjacent points exceeding +0.5 and globe temperatures 
more than 2 °C higher than those recorded at central points. 

The implementation of the methodology successfully iden-
tified localized discomfort zones near the south-facing 
façades where PMV values exceeded the recommended 
comfort thresholds (Figure 8). These findings confirm the 
dominant influence of direct solar radiation on local ther-
mal comfort conditions. Under overcast sky conditions 
(17 November 2021), temperature differences between 
façade-adjacent and central points were smaller yet still 
measurable, indicating that thermal asymmetry persists 
even in the absence of direct sun. Furthermore, in Class-
room B-502, although the air temperature and MRT at 

Table 5. Field study measurement Parameters.

Measurement  
points

Measurement 
Height

Measurement type-time  
and interval

Activity 
Level

Clothing insulation  
level

4 points for each 
classroom

0.6 meters According to Time - 
Short-term (15 min) and long-term measurements
Both: 30 sec. intervals

1.2 met Be determine depending on 
periods (0.8 clo, in this field study)

Note: Devices were acclimatized for 15 minutes before measurements.

Table 6. The mean values and standard deviations of the measurement results obtained under both protected and unprotected 
conditions for the 1. device.

Tg (C°) Ta (C°) RH (%) Va (m/s) PMV PPD (%)

Protected Mean 34.20 33.41 46.50 0.009 2.83 97.99

Std. Dev. 0.34 0.15 0.52 0.01 0.08 0.80

Unprotected Mean 34.74 33.76 45.93 0.018 2.96 98.90

Std. Dev. 0.31 0.21 0.39 0.015 0.08 0.36

MBE -1.55 -1.04 1.24 -50.0 -4.39 -0.92

Tg: Mean radiant temperature, Ta: Air temperature, RH: Relative humidity, Va: Air velocity  

Figure 4. Protective enclosures for thermal comfort measurement devices.
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Point 1 were relatively higher than other points, the PMV 
value was observed to be lower than at the other points due 
to higher air velocity and lower relative humidity at this 
point.

Long-term monitoring was conducted between 3 and 19 
November 2021, with measurements taken at 09:00, 11:00, 
13:00, 15:00, and 17:00 to represent full-day conditions. 
The results demonstrated a consistent pattern of after-

noon overheating across all classrooms (Figure 9). PMV 
values peaked between 13:00 and 15:00, with the most 
pronounced overheating observed in Classroom B-503, 
where PMV frequently exceeded +0.7. Classroom B-501 
exhibited more pronounced morning gradients due to its 
east-facing façade. Relative humidity remained within the 
40–60% range recommended by ASHRAE 55, and air ve-
locity stayed below 0.05 m/s, indicating negligible effects 

Figure 5. Verification of measurement devices (MBE and coefficient of determination (R²) for PMV) (237 data for each 
device and indices-1 hour and 30 sec. intervals).

Figure 6. Camera Positions and Fields of View (Red-shaded areas indicate non-visible zones).

Figure 7. Photograph Captured from Classrooms Cameras (respectively B-501, B-502 and B-503) on 15.06.2021 at 10:00 AM.
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of natural ventilation. These results demonstrate that solar 
heat gains and temperature rise, rather than humidity or air 
movement, were the primary drivers of discomfort.

Survey Results
The thermal comfort surveys corroborated the measure-
ment data and provided valuable insight into occupants’ 
thermal perception. Survey results from 17 November 
2021 (Table 7) show that before lesson, 50% of respon-
dents reported “slightly warm” and 16.7% “warm,” while 
25% selected “neutral”. Following lessons, the proportion of 

“slightly warm” votes decreased to 45.8%, with an increase 
in neutral responses (25% to 45.8%), suggesting partial ad-
aptation and convergence toward neutrality. Despite these 
adaptations, more than 70% of of participants consistent-
ly rated the thermal environment as acceptable or better, 
although dissatisfaction was concentrated among students 
seated near the façades.

Thermal comfort acceptability (question 4 and 8) ratings 
improved after lesson, while thermal preference (question 9) 
responses indicated that nearly half of the students (45.8%) 
preferred no change, confirming that conditions were close 

Figure 9. Long-term Measurement Results for Classroom B-501, B-502 and B-503 from 
November 3–19, 2021 (Mean Radiant Temperature, Air Temperature and PMV).

Figure 8. Short-term Measurement Results on November 17, 2021 (Mean Radiant Temperature, Air Temperature, Relative 
Humidity, Air velocity, and PMV).
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to the acceptable limit. Comprehension and concentration 
scores remained largely neutral to positive, indicating no sig-
nificant cognitive impact of the thermal environment.

Students’ thermal sensation votes before and after the les-
son showed a moderate-to-strong correlation (R²=0.6462), 
indicating stable thermal perception throughout the lesson. 
The regression line (y=0.8657x + 0.4483) suggests a slight 
convergence toward neutral sensations, which may reflect 
partial thermal adaptation during occupancy. Overall, the 
results indicate that the time elapsed during the lecture did 
not significantly affect thermal comfort.

Figure 10 illustrates the variation of AMV with respect to 
seating location before and after the lesson. A positive trend 
was observed in both cases, indicating that students seat-
ed closer to the window reported higher thermal sensation 
votes than those seated farther away. The relationship was 
slightly stronger before the lesson (R² ≈ 0.32) compared to 
after the lesson (R² ≈ 0.26), suggesting a modest adaptive ef-
fect over time, as occupants gradually became accustomed 
to the thermal environment.

These findings confirm the presence of spatial thermal gra-
dients within the classroom and highlight the sensitivity 
of occupant thermal perception to seating position, with 
façade-adjacent areas consistently associated with warmer 
sensations.

Results of Behavioral Observations
Camera recordings of occupancy provided additional con-
text for interpreting the measurement and survey data. Ac-
cording to analysis of camera recordings (Figure 11), it can 
be concluded that students tended to avoid seating near the 
façades indicating behavioral adaptation in response to local-
ized discomfort. Curtains were generally left partially open 
during morning and midday periods, which allowed solar 
penetration and contributed to elevated mean radiant tem-
peratures, especially near south facade. The analysis further 
indicated that windows were generally operated intermit-
tently, leading to additional solar gains and increased PMV 
values near the façades.

Table 7. Results of the thermal comfort survey conducted in classrooms on november 17, 2021 (Results are presented as percentage 
values (%)).

Before Lesson                                                                                                                                                    .

Question 2  
(Thermal Sensation)

Hot (+3) Warm 
(+2)

Slightly Warm 
(+1)

Neutral  
(± 0)

Slightly Cool 
(-1)

Cool  
(-2)

Cold  
(-3)

4.2 16.7 50 25 4.2

Question 3 Extremely 
Uncomfortable-1

2 3 4 5 6 Extremely 
Comfortable-7

16.7 29.2 25 20.8 8.3

Question 4 Clearly 
Unacceptable-1

2 3 4 5 6 Clearly 
Acceptable-7

12.5 16.7 16.7 33.3 20.8
After Lesson                                                                                                                                                       .    

Question 6  
(Thermal Sensation)

Hot (+3) Warm 
(+2)

Slightly Warm 
(+1)

Neutral  
(± 0)

Slightly Cool 
(-1)

Cool  
(-2)

Cold  
(-3)

4.2 16.7 45.8 25 8.3

Question 7 Extremely 
Uncomfortable-1

2 3 4 5 6 Extremely 
Comfortable-7

16.7 25 33.3 25

Question 8 Clearly 
Unacceptable-1

2 3 4 5 6 Clearly 
Acceptable-7

4.3 13 13 30.4 30.4 8.7

Question 9  Much Cooler-1 2 3 4 5 6 Much 
Warmer-7

4.2 12.5 45.8 29.2 4.2 4.2

Question 10 
(Comprehension and 
concentration)

Extremely 
Negative-1

2 3 4 5 6 Extremely 
Positive-7

29.2 20.8 29.2 16.7 4.2
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Synthesis of Findings
Inter-room comparisons were conducted by statistically 
analyzing PMV data collected between 3–19 November, 
employing Mean Bias Error (MBE) and the coefficient of 
determination (R²) as key performance indicators. The 
analysis revealed that the strongest agreement was observed 
between B-502 and B-501 (MBE ≈ –0.009; R² ≈ 0.65), re-
flecting the generally uniform thermal behavior of these 
two south-oriented classrooms despite B-501’s southeast 
façade exposure. The relationship between B-503 (south-
west-oriented) and B-502 (MBE ≈ –0.085; R² ≈ 0.55) exhib-
ited moderate agreement, whereas the weakest correlation 
was found between B-503 and B-501 (MBE ≈ –0.094; R² ≈ 
0.52), attributable to the combined effects of B-501’s morn-
ing solar gains from the southeast and B-503’s afternoon 
overheating due to southwest exposure.

These orientation effects resulted in distinct diurnal PMV: 
B-501 exhibited pronounced morning gradients, B-503 ex-
perienced elevated afternoon PMV peaks, while B-502, be-
ing purely south-facing, displayed a more balanced thermal 
profile across the day. Despite the differences in correlation 
strength, all MBE values remained well within the ±10% 
acceptability thresholds, indicating spatial/temporal effects. 
This outcome highlights the methodology’s sensitivity to 
façade orientation effects and confirms its capacity to capture 
both temporal and spatial non-uniformities in thermal com-
fort performance. Consequently, the developed approach 
provides a reliable basis for informing evidence-based retro-
fit strategies and simulation-driven optimization (Figure 12).

Figure 13 illustrates the relationship between PMV and 
three key behavioral parameters: Curtain operation, win-
dow operation, and occupancy. Curtain operation exhibit-
ed a negligible correlation with PMV (R² ≈ 0.002), confirm-
ing that shading devices were largely kept in a fixed position 
regardless of thermal comfort conditions. On average, cur-
tains remained closed 47.9% of the time, indicating that so-
lar control was predominantly maintained in a closed state 
throughout the measurement period.

Window operation showed a weak but positive correlation 
with PMV (R² ≈ 0.06), suggesting a modest tendency to open 
windows under warmer conditions. However, the mean win-
dow opening rate was only 16.7%, demonstrating that natu-
ral ventilation was seldom adopted as an adaptive measure. 
Occupancy levels displayed only a very weak relationship 
with PMV (R² ≈ 0.01), indicating that fluctuations in student 
numbers contributed minimally to thermal variability.

Collectively, these findings reveal a behavioral pattern char-
acterized by limited active adaptation, with solar control 
dominated by a consistently closed curtain state and win-
dow operation being infrequent.

Table 8 compares AMV and PMV values. B-503 exhibited 
the highest AMV (4.30) reflecting slightly warm sensations, 
but alongside a nearly neutral PMV (−0.04), consistent with 
its southwest exposure. B-502 presented the lowest PMV 
(−0.46), consistent with cooler indoor conditions, while B-501 
remained near neutral but slightly cooler (AMV 3.5; PMV 
−0.27). The overall alignment between AMV and PMV indi-
cates consistency between measured and perceived comfort, 
with differences explained by orientation-driven solar gains.

The integrated dataset, combining objective measurements, 
occupant surveys, and behavioral observations, provided a 
comprehensive assessment of thermal comfort that captured 
both physical and experiential dimensions. Localized over-
heating near south-facing façades was consistently detected, 
and occupants seated near the windows reported greater 
thermal dissatisfaction. These findings were corroborated by 
measurement and survey data, which indicated higher levels 
of thermal dissatisfaction and reduced lesson comprehension 
near the windows. Limited curtain and window use were in-
sufficient to mitigate discomfort, resulting in persistent PMV 
levels above recommended comfort thresholds. The strong 
correlation between measured and perceived comfort indi-
ces validated the methodology and confirmed its capacity to 
accurately diagnose thermal comfort conditions.

Figure 10. The variation of AMV before and after the lesson and relation with seating location.
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DISCUSSION 

The findings of this study highlight the interaction be-
tween measured thermal comfort conditions, occupant 
perception, and behavioral responses in university class-
rooms. PMV values near the south-facing façades exceed-
ed comfort thresholds during afternoon hours, confirm-
ing the dominant effect of solar gains. The amphitheater 
configuration, with extensive south-facing glazing and 
tiered seating, intensified discomfort for students seated 

near the windows, while convective air movement con-
tributed to localized heat accumulation. Despite these 
asymmetries, converted AMV scores were broadly con-
sistent with PMV predictions, suggesting that the model 
provided a reasonable estimation of perceived comfort. 
Minor deviations near the façades are consistent with 
previous findings that predictive models may not fully 
capture adaptive tolerance in mixed-mode environments 
(de Dear & Brager, 1998; Humphreys & Nicol, 2002). The 
integration of subjective surveys allowed PMV results to 

Figure 11. Occupancy (number of people), curtain (curtain openness percentage) and window (window openness 
percentage) operation of Classroom B-501, B-502 and B-503 from 8:00 AM to 5:00 PM between November 3–19, 2021 
(except weekends).
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be directly compared with occupant votes, thereby en-
hancing external validity. The results is consistent with 
the adaptive comfort framework proposed by Nicol and 
Humphreys (2002), which demonstrates that acceptable 
comfort ranges expand with outdoor climatic conditions, 
particularly in warm climates.

It should be noted that although long-term measurements 
were conducted to evaluate thermal comfort across work-
ing place, surveys were applied on a single day at the same 
time with short-term measurements under overcast sky con-
ditions, which limits the representativeness of the findings. 
As emphasized by Fabi et al. (2012), short-term or condi-
tion-specific studies may not capture seasonal variability, 
highlighting the need for longer-term studies. Therefore, it 
is recommended that future survey studies adopt seasonally 
distributed applications to better capture occupant variability.

Behavioral observations revealed limited adaptation: Cur-
tains were kept closed nearly 48% of the time and windows 
were opened in ≈ 17% of cases, resulting in persistent 
overheating near façades. These results support Schweiker 
and Wagner (2016), who reported that occupants often 
underutilize available control opportunities, leaving them 
exposed to thermal discomfort. Furthermore, the observed 
avoidance of window-adjacent seats is consistent with Yan 
et al. (2015), who emphasized that spatial discomfort influ-
ences seating preferences and adaptive behavior. 

Figure 12. Comparison of classrooms (3–19 November).

Table 8. Comparison of AMV and PMV.

B-501 B-502 B-503

AMV

Mean 3.50 3.70 4.30

Std.dev. 0.50 0.90 1.15

AMV (Converted)

Mean −0.5 −0.3 0.30

PMV

Mean −0.27 −0.46 −0.04

Std.dev. 0.26 0.34 0.29

Figure 13. The comparison the relationship between PMV and curtain operation, window operation, and occupancy 
respectively.
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Even under overcast conditions, façade transparency 
caused thermal effects, confirming the importance of so-
lar control and occupant-centric solutions like automated 
shading and natural ventilation (Tzempelikos & Athienitis, 
2007). According to findings, it is suggested that retrofit 
measures such as external shading, selective glazing, and 
adaptive interior systems are recommended to mitigate so-
lar gains, particularly in southeast- and southwest-facing 
classrooms.

In summary, while predictive models such as PMV align 
reasonably well with occupant perception, their limitations 
in capturing adaptive tolerance and transient effects neces-
sitate field-based validation. The integration of surveys and 
behavioral data strengthens validity, while the identified 
methodological constraints highlight the importance of ex-
tended monitoring and cross-seasonal applications.

CONCLUSION 

This study developed and validated a field-based methodol-
ogy for assessing thermal comfort in university classrooms 
with high window-to-wall ratios and strong solar exposure. 
By integrating objective measurements, occupant surveys, 
and behavioral observations, the approach provided a de-
tailed assessment of thermal comfort conditions under real 
environmental conditions. Its application in three class-
rooms with different façade orientations confirmed its 
ability to capture spatial differences and the relationship 
between predicted and perceived comfort.

The results showed that southeast and southwest-facing 
classrooms experienced the highest thermal stress, while 
the south-facing classroom exhibited more uniform condi-
tions. Behavioral observations revealed limited adaptation, 
with curtains largely closed and windows rarely used, indi-
cating reliance on passive or automated systems.

While limited to three classrooms, the findings demonstrate 
the method’s reproducibility. This study demonstrates the 
value of a field-based, standards-compliant methodology 
for assessing thermal comfort under real-word conditions. 
The close correspondence between AMV and PMV sup-
ports the validity of the approach, and most PMV values 
were within acceptable comfort ranges. 

Future research should extend this methodology to dif-
ferent building types, climates, and cultural contexts; in-
corporate longer-term monitoring studies across multiple 
seasons; and integrate additional indoor environmental 
parameters such as daylight quality, acoustics, and in-
door air quality. Expanding survey questions to capture 
transient perceptions, thermal perceptions, and cognitive 
performance would also deepen understanding of comfort 
dynamics. Overall, this study demonstrates the potential of 
a standards-compliant, field-based methodology to bridge 
the gap between predicted indices and lived experience.
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ABSTRACT

This article examines the “cohousing” model as an alternative response to the commodification 
of housing and the accompanying environmental, social, and economic challenges. Focusing 
on cohousing as a holistic framework for social development, it traces the historical evolution 
of collaborative housing models to highlight their conceptual distinctions. A scoping review 
was conducted to conceptually clarify the impacts of cohousing, as it calls for a transformation 
of the home and all related factors as a form of daily life reform. For this purpose, studies on 
the cohousing model published between 2000 and 2024 were examined using the Web of 
Science and Scopus databases. From these, 87 articles that met the criteria were selected, and 
the approaches they used to address this housing model were analyzed. By identifying one or 
more contexts in which cohousing was studied in each article, a map of academic and practical 
impact areas was created. The analysis revealed that cohousing is addressed within five main 
themes: Political economy, social capital, resident profiles, design, and gender. These themes and 
their sub-themes are presented in a table reflecting the research trends of the given period (Table 
2). The findings and evaluations aim to offer a comprehensive, interdisciplinary perspective for 
policymakers, local governments, and intentional communities interested in cohousing. 

Cite this article as: Eroglu S. H., & Koca, D. (2025). Exploring the impact areas of cohousing: 
A scoping review and thematic analysis of post-2000 studies. Megaron, 20(4):557–572.

INTRODUCTION

This article examines the cohousing model, which has 
emerged as an alternative response to the commodification 
of housing and the accompanying environmental, social, 
and economic challenges. Cohousing, understood here as a 
collaborative and shared housing approach, offers a means 
of rediscovering sociality through spatial practices. Rather 
than representing a noval invention, it is a model shaped 
by accumulated social and spatial experiences throughout 

history. The following part situates the contemporary co-
housing model within its historical and intellectual context, 
tracing the ideas and experiences that have influenced its 
evolution. Due to its varying applications in different coun-
tries, the term cohousing is used in this study as an umbrella 
term derived from the Danish word bofaellesskaber, mean-
ing “living communities.” In this regard, the Danish mod-
el, which encompasses a intergenerational community of 
people of all ages, genders, ethnicities, and financial means, 
continues to be the gold standard for cohousing worldwide.

https://orcid.org/0000-0003-4176-8115
https://orcid.org/0009-0005-7672-5280
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The purpose of this research is to conceptually clarify the 
sphere of influence of cohousing by mapping and analyzing 
the existing literature. Starting with the research question, 
“What is known about the sphere of influence of cohousing?” 
a scoping review method was employed to avoid overlook-
ing the different layers of the social and political infrastruc-
ture that transform space. The analysis of 87 full-text articles 
provides a comprehensive and interdisciplinary overview 
relevant to policymakers, local authorities, and intentional 
communities. Ultimately, the study demonstrates that con-
temporary cohousing is not an isolated phenomenon but a 
continuation of historical and philosophical movements. 
By examining how themes such as political economy, social 
capital, and gender intersect with the historical roots of co-
housing, it bridges the gap between theoretical foundations 
and contemporary practice. The article proceeds by outlining 
the inclusion and exclusion criteria applied in the review, fol-
lowed by the presentation of the main findings.

HISTORICAL BACKGROUND

Cohousing’s historical development may not have followed 
the same trajectory as housing throughout architectural his-
tory. The background of cohousing can be collectively rep-
resented by the three anthologies discussed in this study. 
These anthologies are respectively, a) the communities living 
together as communes that embraced Thomas More’s Uto-
pia and were called utopian socialists due to their concern 
for equality, b) material feminists who questioned the role 
of women in the home and society, and c) feminist archi-
tects who challenged architecture embedded with gendered 
values. Figure 1 illustrates this growth process through the 

metaphor of a snowball, showing the interrelated nature of 
these anthologies. The failure of one anthology to reach com-
pletion suggests that subsequent processes may also remain 
incomplete or never be fully realized. For this reason, the 
chronological sequence and the broadening of the concept 
are explained in terms of an internal evolution.

Utopian Socialists
The concept of communal habitation was born when the 
vegetarian commune Homakoeion was founded 2000 
years ago (Meltzer, 2006). The term “Utopia” was first used 
by Thomas More in his book of the same name in 1516 
(Hayden, 1977; Vestbro and Horelli, 2012). In this utopia, 
which translates to “a good and nowhere place,” men and 
women have equal rights, and private property does not ex-
ist (Vestbro & Horelli, 2012). More’s notion of utopia is said 
(Vestbro & Horelli, 2012) to have influenced the religious 
and ideologically driven groups later referred to as “utopi-
an socialists” (Hardy, 1979; Hayden, 1977). In response to 
the inequalities brought about by the Industrial Revolution, 
these communities experimented with various communal 
housing programs in the 1800s (Hardy, 1979). These ideo-
logical and religious groups expressed their shared values 
through architecture that reflected their common beliefs.

Material Feminists
The American Woman’s Home, an instruction manual, was 
published in 1869 by Catherine Beecher and her sister, Har-
riet Beecher Stowe. The Beecher sisters envisioned women 
as secluded yet responsible for every aspect of household life 
in an effort to maximize their authority (Hayden, 1981). The 
term “material feminists” was used to describe this subset of 
feminists who focused solely on material concerns. Although 
Beecher and other material feminists sought to enhance 
women’s power, they failed to address class inequality by con-
centrating exclusively on gender. Nonetheless, their ideas laid 
the foundation for later emancipatory efforts.

Feminist Architects
Feminist architects started by challenging the isolated do-
mestic architecture, learning from the mistakes of earlier, 
unidirectional material methods. In 1880, Marie Stevens 
Howland introduced the concept of “unified labor” by de-
signing a city layout in Topolobampo, Mexico, featuring 
apartment hotels with sufficient childcare and kitchenless 
homes (Hayden, 1978). Between 1880 and 1890, the con-
struction of collective kitchens, laundromats, and separate 
hotels began. The first public kitchen initiative was launched 
in 1890 by Ellen Swallow Richards and Mary Hinman Abel 
(Hayden, 1978). Based on their trial, the two women laid 
the foundation for cooperative housing and promoted the 
idea of “cooperative housekeeping.” In the following years, 
cooperative cleaning, dining clubs, and cooked-food deliv-
ery gained popularity. 

Figure 1. Cohousing background diagram (Designed by 
the Authors).
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In California, Alice Constance Austin developed a housing 
design in 1915 that included kitchenless homes connect-
ed to a common kitchen (Hayden, 1978). A critical lesson 
emerged from these two unsuccessful city-scale projects: 
Smaller-scale initiatives were more viable. The Swedish 
model, widely regarded as the earliest instance of cohous-
ing, was the first practical application of these progressive 
concepts on a smaller scale.

These concepts also took shape with similar developments 
in Europe. For instance, the “Fick’s Collective” building, 
constructed in Copenhagen in 1903, was the first structure 
in Europe to feature a central kitchen, following similar 
advances in America (Vestbro, 1992). Hemgården Cen-
tralkök, built in Stockholm between 1905 and 1907, was the 
second single-kitchen home in Europe (Vestbro, 1992). The 
Hemgården building, accessible from the central kitchen 
via service elevators, was constructed to reduce expenses 
by hiring fewer maids and to make the apartments smaller, 
rather than to promote women’s employment outside the 
house. In 1935, architect Sven Markelius and social reform-
er Alva Myrdal introduced the term kollektivhus (collective 
housing) in Sweden (Caldenby, 2021). Unlike earlier cases 
that aimed to replace domestic servants, they viewed com-
munity living as a means to enable women to combine paid 
labor outside the home with domestic chores. Services in 
the first kollektivhus were provided by paid staff, and the 
building featured both a dining hall and a nursery. The 
concept of collective housing in Sweden declined in the 
1950s due to the rise of the housewife ideal and the ab-
sence of labor shortages. However, between 1965 and 1974, 
the Swedish government launched the “Million Program,” 
offering state support for the construction of one million 
homes (Caldenby, 2021). Interest in collective housing grew 
during this period, as these new residences lacked social 
features, gender equality, and ecological ideals (Caldenby, 
2021). The Small Collective House, the first Swedish mod-
el for shared housework, was created in 1977 at the behest 
of a group of feminists. It was based on cooperation rather 
than division of labor and operated without employed staff 
(Caldenby, 2021; Saarikangas and Horelli, 2018; Blomberg 
and Kärnekull, 2019).

The Swedish model served as inspiration for Denmark’s 
shift to Bofællesskab following the initial effort at centralized 
kitchens (Larsen, 2019). In 1960, Copenhagen saw the con-
struction of the first Bofællesskab. Around the same time, 
the Netherlands adopted the Danish model, which would 
later be regarded as the forerunner of modern cohousing. 
Two American architects, McCamant and Durrett, were 
drawn to Denmark’s innovative cohousing concept, primar-
ily driven by social interaction. As a result, they published 
Cohousing: A Contemporary Approach to Housing Ourselves 
in 1988, the first book to introduce the term “cohousing.” 
Following its publication, cohousing began to gain traction 
in the US as a growing trend. Since 1990, the US cohousing 

model has been implemented as a modified version of the 
Danish model, adapted to its own sociocultural framework 
(Fromm, 2000a).

Instead of being a top-down paradigm, these four anthol-
ogies show how a housing model evolves through experi-
mentation and necessity. In terms of implementation, gov-
ernance, or architectural typology, the concept of cohousing 
has produced several variations over time. Alongside the 
term “cohousing,” various countries have also created other 
terms with more or less specific definitions.

The Netherlands and the Flemish region of Belgium (prior 
to 20111) (De Vos & Spoormans, 2022) referred to cohous-
ing as “Central Wonnen,” meaning central living. In con-
trast, the Czech Republic and the rest of Belgium use the 
term “cohousing” (Vestbro, 2010). In Germany and Austria, 
the term “Bougruppen” is used, which refers to co-living, 
although the governance structure differs from that of co-
housing. In France the term “Habitat Participatif ” is used, 
while the UK, Belgium, and more recently, France, refer to 
the concept as “Community Land Trust” (CLT). Spain and 
Switzerland, on the other hand, use the term “cooperative.” 
However, some of the phrases, shaped by national housing 
regulations, are more inclusive than others. For instance, in 
the UK, “community-led housing” is a broad term that en-
compasses “cohousing,” “cooperative housing,” and “CLTs” 
(Griffith Jepma & Savini, 2024). Some authors also use in-
clusive terminology. According to Arbell (2023), communi-
ty-led housing includes CLTs, cooperative housing, cohous-
ing, self- and custom-built housing, and self-help housing. 
Similarly, Czischke (2018) categorizes self-organized hous-
ing, community-led housing, and participative housing un-
der the broader term “collaborative housing.” To conduct 
research specifically on the cohousing model, it is essential 
to distinguish between these various housing models based 
on their unique characteristics. Therefore, the next section 
provides a detailed explanation of the decision-making 
process in light of these distinctions.

The philosophical and practical foundations of contempo-
rary cohousing are the result of an accumulation of ideas 
from utopian socialism, material feminism, and feminist 
architecture. These three approaches, each contributing to 
a re-evaluation of community and household space, col-
lectively built the groundwork for modern cohousing. This 
historical progression culminated in the Danish Bofælless-
kab model, which is seen as the direct ancestor of today’s 
cohousing movement. Therefore, cohousing is a way of life 
that brings together social and spatial values, shaped by a 
rich history of shared ideals.

METHOD

The review was conducted as a qualitative mapping study 
following Arksey and O’Malley’s methodological frame-
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work, which was the first to be published in this field (Levac 
et al., 2010) and remains in use today2. This framework con-
ceptualizes scoping as a process of “mapping” evidence to 
define the breadth and depth of a subject, although its defi-
nition and purpose remain debated (Arksey & O’Malley, 
2005; Levac et al., 2010; Tricco et al., 2018). This approach 
provides a sufficiently detailed procedure to enable replica-
tion of the study by other researchers. The review consists 
of five steps.

The first step in identifying the characteristics that influence 
cohousing—a housing style more prevalent in some coun-
tries and absent in others—was to formulate the following 
research question: What is known about the sphere of influ-
ence of cohousing? The second step involved searching for 
relevant research, beginning with a review of the historical 
evolution, terminology, and diversity of the literature, with-
out restrictions on publication year, type, or language. As a 
result of this investigation, the first and second sections of 
the study were structured accordingly. This study examines 
the term “cohousing” and the model it represents, as pre-
viously defined by McCamant and Durrett (2011) and de-
scribed by Vestbro (2010) as “the most appropriate term for 
housing to refer to a sense of togetherness and community.” 
In this context, the second step also included a search for 
studies that adhered to the cohousing principles (Table 1).

For this study, the Web of Science (WoS) and Scopus data-
bases were selected. The earliest instances of cohousing af-

ter 1970 in Sweden, Denmark, and the Netherlands consti-
tute the first wave, which is categorized into waves based on 
time and geographic context. The second wave refers to the 
North American model that emerged in the 1990s, while 
the third wave includes models from Southern Europe, 
South America, Australia, and East Asia that appeared after 
2000. Therefore, the study’s scope is defined as post-2000 
(2000–2024, up to and including April), when cohousing 
began to gain traction in various countries worldwide.

To select research for the third step, the papers were studied 
in three phases: Full text, abstract, and title. The Preferred 
Reporting Items for Systematic Reviews and Meta-Analy-
ses (PRISMA) method (Tricco et al., 2018) was applied in 
the fourth step to refine the articles, which involved graph-
ing the data (Figure 2). The 87 articles selected for full-text 
reading were compiled into an Excel spreadsheet for the fifth 
step, which focused on aggregating and summarizing the 
findings. The approaches used as the basis for the cohous-
ing review were noted in columns, and related themes were 
grouped under a common cluster name (Table 2). As a re-
sult, all articles were categorized into five thematic clusters.

FINDING

This section presents the results of the full-text analysis of 
87 articles. The findings, derived directly from the litera-
ture, are categorized into five thematic clusters, offering a 

Table 1. Criteria for inclusion and exclusion of paper during the review.

Inclusion criteria Exclusion criteria

Management/Development Type -    Bottom-up management, including the project 
design and processes. 

-    Bottom-up management, excluding construction.

-    Residents not involved in project or 
management. 

-    Top-down approaches (state or 
private company).

Stakeholders -    Intentional community*. 
-    Self-built housing. 
-    Cooperative/NGO-built housing.
-    Architect-designed housing initiated upon 

community request.

-    State- or privately-led housing.

Architectural requirements -    Common indoor/outdoor areas. -    No shared area management.

Ideological -    Social, ecological, economic and gender ideologies 
aligned with intergenerational housing.

-    Affordable housing only.  
-    Senior cohousing.  
-    Eco-villages.

Article type -    Articles in WoS and Scopus. -    Book sections.  
-    Book reviews.  
-    Conference reports.

Interdisciplinarity -    Articles from disciplines related to cohousing. -    Covid-19-related reviews.

Publication date -    Published 2000–2024 (inclusive). -    Published before 2000

Publication language -    English and Turkish. -    Languages other than English and 
Turkish.

*'Intentional community' refers to a multi-family community that is intentionally gathered together with the intention of housing together.
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comprehensive overview of the field’s current state. Table 2 
provides a visual representation of these themes and their 
sub-clusters. A detailed discussion and interpretation of 
these results will be provided in the Discussion section.

Political-Economics
This thematic cluster included the majority of the ana-
lyzed articles, with 50 out of 87 falling under this category. 
The main political-economic cluster has four sub-clusters: 
Housing policies, barriers to expansion, tenure, and eco-
nomic evaluation. In addition to studies exploring the de-
sire to further develop cohousing (Arbell, 2022; Blomberg 
and Kärnekull, 2019; Boyer and Leland, 2018; Kvietkute and 
Hauge, 2022), this cluster includes research describing suc-
cessful policy decisions and support in countries that have 
already achieved positive outcomes (De Vos and Spoor-
mans, 2022; Put and Pasteels, 2022; Lenel, Demonty, & 
Schaut, 2020; Scheller and Thörn, 2018; Droste, 2015; Gar-
cia, 2023). The studies in the first group report the effects 
of political variations across countries and often include 
comparative analyses. They examine legal frameworks in 

different national contexts. The second set of research fo-
cuses on identifying the policies that lead to successful out-
comes within specific geographic settings. Beyond global 
geopolitical distinctions, variations in municipal support 
within countries—such as differences between Austrian 
states (Lang and Stoeger, 2018) and Swedish municipali-
ties (Blomberg and Kärnekull, 2019)—have demonstrated 
that national policies produce varied results. For instance, 
the German government encourages cohousing initiatives 
during the planning, construction, or land distribution 
phases, and the existing literature frequently highlights 
municipal policies that encourage these projects (Lang and 
Stoeger, 2018; Droste, 2015; Laine, Helamaa, Kuoppa, & Al-
atalo, 2018; Schelisch, Spellerberg, & Vollmer, 2019).

According to studies examining the relationships between 
residents, developers, and other actors involved in the co-
housing development process, the primary barrier to ad-
vancing this practice is the lack of awareness and knowledge 
among stakeholders (Arbell, 2022; Put and Pasteels, 2022; 
Horňáková and Jíchová, 2020; Blomberg and Kärnekull, 
2019; Arrigoitia and Tummers, 2019; Thankamoniyan and 

Figure 2. PRISMA flow diagram for elimination and inclusion of articles.
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Table 2. Thematic clustering of studies with full text reading.
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Jagadisan, 2021; Williams, 2005a; Czischke, 2018). The level 
of interest in cohousing has also been analyzed in relation 
to its development criteria (Boyer and Leland, 2018). Boyer 
and Leland (2018) examine this in detail and discover that 
those who express interest in cohousing are not necessarily 
the same as those who become residents. Based on this, they 
speculate that the slow growth of cohousing is not due to a 
lack of interest but rather to its limited accessibility. This 
finding indicates that multiple factors influence whether in-
dividuals adopt a particular cohousing model, and the rela-
tionship between expressed interest and adoption remains 
inconclusive (Boyer and Leland, 2018). In their attempt to 
quantify these factors through a sample, Sanguinetti and 
Hibbert (2018) found that individuals who were attracted 
to cohousing and genuinely wished to live in such commu-

nities have distinct demographic characteristics compared 
to those who have previously lived in cohousing. They iden-
tified that the level of experience with cohousing was the 
most significant difference (Sanguinetti and Hibbert 2018). 
The literature suggests that limited awareness, interest, and 
expertise contribute to the niche status of cohousing in 
many countries.

In addition to criticizing housing policies that encourage 
individual ownership, studies examining another subcate-
gory, tenure, have explored concerns surrounding the own-
ership of private cohousing units (Larsen, 2019; Blandy, 
2023; Bossuyt, 2021; Beck, 2020). Germany has made sig-
nificant progress in cohousing, primarily due to its strong 
rental housing tradition and recent municipal subsidies 
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(Schelisch et al., 2019). According to Bossuyt (2021), the 
interests of residents, including communal behaviors, are 
directly linked to the ownership, management, and con-
cession rights in a shared housing model. In summary, the 
political, economic, and legal dimensions of tenure are es-
sential to the accessibility of cohousing. 

Support for self-build initiatives has grown in several Euro-
pean nations in response to the economic crisis. This shift 
is interpreted in the literature as emphasizing collective ap-
proaches in response to economic challenges in housing. 
However, it is important to realize that providing affordable 
housing is not the only economic solution to the housing 
crisis. While cost is a significant consequence of cohous-
ing, it is not its primary objective. Product-related factors, 
such as the use of low-cost and potentially subpar materi-
als, can impact overall construction costs and may lead to 
long-term environmental issues. In contrast, process-relat-
ed factors, such as organizational structure, level of involve-
ment, and construction time, also influence costs during 
the building phase (Brysch and Czischke, 2022). Further-
more, achieving high energy efficiency and privacy stan-
dards often comes at a higher cost (Brysch and Czischke, 
2022). The literature indicates that cohousing affordability 
is influenced by multiple factors, suggesting it should not 
be considered a singular concept. For instance, in the Neth-
erlands, self-built housing is generally more affordable than 
turnkey housing (Bossuyt, Salet, & Majoor 2017). However, 
successful examples in the UK have been observed to com-
promise on affordability (Arbell, 2022). 

The economic impact of cohousing extends beyond per-
sonal assets. Housing patterns and consumption habits 
are directly influenced by the UN’s adoption of “econom-
ic growth” as the eighth Sustainable Development Goal in 
September 2015. According to research, sharing and cohab-
itation are significant approaches to achieving social, eco-
logical, and economic sustainability (Scheller and Thörn, 
2018; Savini, 2023; Lietaert, 2010). However, these stud-
ies also draw attention to the tensions between economic 
growth and sustainability. Cohousing addresses issues such 
as waste management and the reduction of resource use, in-
cluding energy, land, and material goods (Williams, 2008).

Social Capital
The subthemes of social support, health, and sense of com-
munity are all part of the social capital thematic cluster 
(33 articles out of 87). Realizing social interaction within 
physical space has been frequently reported in the litera-
ture as contributing to social sustainability. The reviewed 
literature indicates that declines in social harmony and 
transformations in traditional values are factors associated 
with the emergence of cohousing (Nayak, Dash, Amin, & 
Priyashantha, 2023; Jarvis and Bonnett, 2013). Most stud-
ies assume that cohousing provides benefits such as social 
support (fulfilling needs), social integration (counteract-

ing isolation), belonging, security, and community (Nay-
ak et al., 2023; Markle R, et al., 2015; Sanguinetti, 2014; 
Cortés-Urra et al., 2023; Ruiu, 2016; Moradi and Hoseini, 
2022). These findings are further supported by qualitative 
research highlighting the positive effects of cohabitation 
on well-being, active living, and healthy eating (Schetsche, 
Jaume, Gago-Galvagno, & Elgier, 2021; McClatchey et al., 
2023; Arbell, 2022; Kehl and Then, 2013; Warner, Sutton, & 
Andrews, 2020).

According to Putnam (2000), social capital consists of ele-
ments of social organization, including connections, con-
ventions, and trust that promote coordinated behavior and 
enhance societal efficiency. Putnam’s (2000) definition of 
social capital is frequently used in contemporary literature. 
The cultural and social capital of a society often includes ed-
ucation levels, knowledge and skills, tools used, and books 
read (Arbell, 2022). In the context of cohousing, Ruiu 
(2016) suggests that self-management, decision-making in-
volvement, and physical design contribute to the formation 
of social capital. Williams (2005a) asserts that building so-
cial capital can lead to economic benefits such as increased 
GDP, a more productive workforce, improved education, 
and reduced crime rates. Cohousing has been associated 
with social inclusion and the development of social capi-
tal in the literature. Civic engagement is another concept 
examined in this context. Research shows that cohousing 
residents demonstrate high levels of civic involvement, a 
key component of social capital, as evidenced by studies 
conducted in the United States (Berggren, 2020), Germany 
(Kehl and Then, 2013), and Italy (Bianchi and Costa, 2024).

Resident Analysis
The sub-clusters of motivation, demographic analysis, and 
behavioral transformation comprise the resident analysis 
cluster, which includes 23 of the examined publications. 
Most of these studies are based on case studies and/or data 
collected through resident surveys and interviews. These 
studies collectively produce a sociodemographic map of 
cohousing by depicting the characteristics of individuals 
who currently reside in or intend to move into cohousing 
communities. Numerous studies reveal that cohousing res-
idents are predominantly middle-aged, white, educated, 
and middle-class individuals (Arbell, 2022; Jakobsen and 
Larsen, 2018; Sanguinetti and Hibbert, 2018; Berg, Wiel-
en, Maussen, & Arentze, 2020; Lang, Carriou, & Czischke, 
2018; Korpela, 2012). However, Arbell (2022) suggests that 
cohousing, as a conscious communal effort, may face chal-
lenges regarding inclusivity due to its high cultural capital.

Studies under the motivation sub-cluster, which examine 
the reasons individuals choose cohousing, have identified 
a variety of social (e.g., sociality, security, and gender), eco-
logical, and economic motivations, influenced by the geo-
political context of each country (Wang, Pan, Hadjri, 2020; 
Markle et al., 2015; Kvietkute and Hauge, 2022; Vestbro, 
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2000; Fromm, 2000a; Chatterton, 2013). Privacy concerns, 
however, remain the primary factor discouraging individu-
als from joining cohousing communities (Vestbro, 2010; Put 
and Pasteels, 2022; Thankamoniyan and Jagadisan, 2021; 
Williams, 2008; Holtzman, 2024). The behavioral transfor-
mation sub-cluster focuses on the behavioral changes that 
cohousing participants experience and the behavioral dif-
ferences they exhibit. These studies report increased social 
cohesion (Schetsche et al., 2021; Berggren, 2020; Boonstra, 
2016; Sanguinetti, 2014) and heightened ecological sensi-
tivity (Meltzer, 2000). 

Design
The design cluster, which has 21 articles, is the only top-
ic cluster in the literature review that is not further subdi-
vided into smaller clusters. However, rather than existing 
independently, this cluster is constantly linked to the social 
capital, gender, and political economy clusters. Cohousing 
has been described in the literature as distinct from oth-
er co-living efforts due to its focus on social architecture 
(Ruiu, 2017). With a focus on participation-specifically in-
volvement in decision-making-social architecture frames 
the building as both a product and a process. According to 
Ruiu (2017), participation is the primary characteristic that 
differentiates cohousing from conventional apartment com-
plexes. In a fully constructed environment, residents have no 
physical control over the space and no social influence over 
other residents (Andersen and Lyhne, 2022). Participation, 
however, can reduce building costs, as noted by Brysch and 
Czischke (2022) and De Jorge-Huertas (2020), who focus on 
cost-related aspects of both the design and management pro-
cess. Social architecture processes in cohousing enable resi-
dents, according to the literature, to participate in the con-
sideration and implementation of their needs. Jarvis (2015) 
asserts that social architecture operates through interactions 
between people and place, reflection, learning, practice, and 
performance, as well as unseen emotional components such 
as motivation and well-being. The learning process through 
practice also results in behavioral changes. 

One of the key components of cohousing is the use of a 
bottom-up approach in the project design process. How-
ever, the degree of flexibility within this approach is sub-
ject to debate. Some scholars argue that communities suffer 
when the construction process does not follow a bottom-up 
strategy (Andersen and Lyhne, 2022). Nevertheless, fully 
self-managed and resident-driven design and construction 
processes are nearly unachievable in many countries due 
to the current economic challenges. In the United States, 
where cohousing was previously resident-led (Williams, 
2008), it is now often characterized by partnerships with 
professional developers (Fromm, 2000a). In Sweden- one 
of the countries with the highest building costs-cohousing 
has recently emerged primarily in the form of rental units 
provided by private companies or municipalities (Calden-

by, 2021). 

Up until now, research within the design cluster frequently 
reports that social benefits are associated with the evolu-
tion of architectural processes in cohousing. The following 
studies focus on social architecture design concepts in the 
context of cohousing. Social architecture principles refer to 
the incorporation of various social needs into architectural 
design. For instance, the Danish model’s most crucial el-
ement—the dining routine—is equally significant in Ma-
laysia. However, due to additional cleaning requirements, 
cleaning staff are hired to address this issue (Bin Hashim et 
al., 2021). In contrast to Denmark, which typically features 
low-rise, dense, and rural communities, Sweden practices 
cohousing primarily in multi-story apartment complexes 
(Blomberg and Kärnekull, 2019; Larsen, 2019; Caldenby, 
2021; Jakobsen and Larsen, 2018). Through an interactive 
approach with Swedish architects, Yahia et al. (2023) ex-
amined the potential for successful cohousing in the Unit-
ed Arab Emirates and discussed the culturally significant 
balance between privacy and social contact. Their study 
concluded that the courtyard-type home, a traditional lo-
cal architectural form, would be a suitable typology for the 
region (Yahia et al., 2023). Cohousing communities often 
include shared spaces such as guest rooms, kitchens, dining 
rooms, workshops, bicycle clubs, laundry facilities, gardens, 
and meeting rooms, depending on the level of collectivity. 
Numerous studies have examined the physical factors that 
influence social interaction, including parking lot layout 
(Ruiu, 2016; Williams, 2005a; Fromm, 2000a), size (De 
Jorge-Huertas and De Jorge-Moreno, 2024; Ledent, 2021; 
Griffith et al., 2024; Williams, 2005a), acoustics (Lenel et 
al., 2020; Marcus, 2000; Fromm, 2000a), and site selection 
(Nayak et al., 2023). Zhang (2020) analyzed a failed social 
sustainability project in China and identified several archi-
tectural flaws, including insufficient garden spaces, overly 
small private apartments, and an unsuitable height-to-dis-
tance ratio. These studies report that architects play a role 
in facilitating social interaction, which is frequently cited 
in the literature as an important objective of cohousing. In 
their analysis of the Danish model, McCamant and Durrett 
(2011) investigated physical characteristics such as size, 
density, and distance to ensure conditions of social interac-
tion, aiming to determine the optimal numbers. These in-
vestigations have demonstrated that rational measurements 
can be applied to the relational dimension of space to en-
hance social contact. 

Gender
There are two groups of studies within this cluster: The first 
group conceptualizes the ethics of care and its relationship 
to commoning (Wankiewicz, 2015; Arrigoitia et al., 2023), 
while the second group looks at the history of cohousing, 
which has been described in the literature as having a fem-
inist orientation and is linked to efforts to address the gen-
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dered division of labor (Horelli, 2013; Vestbro and Horelli, 
2012; Jarvis, 2011; Toker, 2010).

The gendered division of labor is reinforced by the dichot-
omies such as individual/society, public/private, female/
male, and reason/nature, resulting in a geographical sep-
aration of work and care. Linking places and works re-
quires an “intermediary level” of space. By creating spaces 
between the public and private spheres, cohousing alters 
the dynamics of daily life (Horelli, 2013). The intermedi-
ate space-whether a room, neighborhood, or residence-is 
a spatial phenomenon that serves both as a place of activi-
ty and as a generator of meaning (Saarikangas and Horelli, 
2018). Toker (2010) reports that women living in cohousing 
communities perform less housework compared to other 
housing types, resulting in a reduced domestic workload. 
Jarvis (2011) suggests that cohousing enables residents to 
engage in self-directed activities and reciprocal learning, 
rather than framing reduced domestic work and increased 
leisure time as solutions to consumerism and burnout.

According to Arbell (2023), communication is a dynamic 
process that both reflects and reproduces social situations. 
The concept of commoning is strongly tied to economics, 
promoting collectivization in opposition to the capitalist 
logic of commodification and individualization. Advocates 
of care as a commons argue that cohousing also resists cap-
italism by creating shared resources and fostering commu-
nal practices (Savini, 2023). Social and spatial segregation 
arises when certain groups in society have their rights and 
responsibilities removed or imposed upon them, making 
sustainability more challenging to achieve. According to 
Arrigoitia et al. (2023), cohousing challenges traditional 
notions of employment and social norms, influencing so-
cial relationships and community dynamics.

DISCUSSION

This review maps the existing literature to explore the 
impact of cohousing. The impact areas were examined to 
determine the breadth of the topic—specifically which 
disciplines, sectors, and social spheres it influences—and 
to assess the extent of its effects. This process involves un-
derstanding the relevance of the study not only within ac-
ademia but also in practice, politics, and other regions of 
the world. By doing so, the impact areas provide insights 
into both the quality (depth) and the breadth (scope) of the 
impacts.

The findings of this review, which systematically categorize 
the literature into five thematic clusters, provide a crucial 
lens through which to reconsider the historical develop-
ment of cohousing. For instance, the prominent political 
and economic theme identified in the contemporary liter-
ature directly parallels the motivations of early utopian so-
cialists and materialist feminists. Their experimental hous-

ing models, a direct response to the social and economic 
inequalities of the Industrial Revolution, were fundamen-
tally aimed at creating political transformations. This his-
torical parallel, suggesting that social and political drivers 
are as critical as economic ones, is particularly evident in 
the case of the United Kingdom. Despite a relatively high 
level of economic welfare, cohousing has not become wide-
spread cohousing (Williams, 2005b; Arbell, 2023; Killock, 
2014). Our findings reveal a significant paradox here: The 
UK has been the leading country in academic research on 
cohousing. This suggests that a lack of institutional support, 
insufficient public awareness, and high land costs may be 
more critical factors than economic prosperity alone. This 
demonstrates that the core motivations behind cohousing, 
from historical precedents to modern manifestations, have 
been deeply intertwined with sociopolitical contexts.

The second most prominent theme identified in the co-
housing literature is social capital, which examines the role 
of cohousing in fostering sociability and social relation-
ships. The articles reviewed show that the evolution of ear-
ly communal housing models—which often relied on paid 
staff—towards a more collaborative, resident-led approach 
was instrumental in the formation of these communities. 
This finding directly aligns with the historical background’s 
emphasis on building community and strengthening so-
cial bonds, a key motivation in the earliest contemporary 
collaborative housing approaches. While participation is 
a central factor in strengthening social capital, a key con-
tribution of this study is the emphasis on informed par-
ticipation. As identified in the literature, unstructured 
participation can carry risks related to time, energy, and 
financial costs, and may even lead to conflicts that damage 
community bonds (Brysch and Czischke, 2022). Our find-
ings demonstrate that the greatest threat to social capital 
is not just the absence of participation, but its mismanage-
ment. Informed participation, tailored to a project’s specific 
needs, is a critical strategy to mitigate these risks and ensure 
the sustainability of community bonds.

The third thematic cluster focuses on resident analysis, ex-
ploring who resides in cohousing communities and their 
motivations for doing so. This theme directly aligns with 
the historical background, as the desires of early utopian 
socialists and materialist feminists for creating alternative 
living models are reflected in the contemporary motivations 
of cohousing residents. Resident analysis thus serves as an 
excellent tool for examining the modern-day reflections of 
these historical pursuits. A key contribution of this study is 
the finding that existing resident analyses in the literature 
are often conducted in a one-dimensional manner, which 
can lead to misleading assumptions. While the literature 
rarely considers factors such as tenure, household diversity, 
or institutional support, we found that when these aspects 
are included, the common assumptions about cohousing 
residents are challenged (Jakobsen and Larsen, 2018). Our 
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study emphasizes the limitations of one-dimensional ap-
proaches and makes the inherent contradictions regarding 
cohousing resident profiles visible.

Another contribution of this study is to demonstrate the 
necessity of examining design and gender in conjunction. 
Feminist scholarship has long emphasized that space is not 
a neutral backdrop but an active agent in producing and 
reinforcing gendered inequalities. Yet, empirical attempts 
to test the intersections of design and gender remain scarce. 
This divergence presents a paradox: While the histori-
cal development of cohousing was fundamentally shaped 
by ideological movements focused on spatial and gender 
equality, current academic discourse often overlooks these 
very issues. The results suggest a need for future research to 
return to the foundational principles of cohousing, exam-
ining how design and gender dynamics continue to influ-
ence the success and inclusivity of these communities. The 
findings indicate that in cohousing, the gendered division 
of labor rooted in the public–private dichotomy is renegoti-
ated through design, with “in-between spaces” emerging as 
critical arenas for reconfiguring identities and responsibili-
ties. This suggests that bringing design and gender into the 
same analytical frame may open up a promising but under-
explored line of inquiry, both theoretically and practically.

While this study’s methodology was designed to be com-
prehensive, with searches conducted in both English and 
Turkish, a crucial finding is the significant scholarly gap 
in research on cohousing within the Turkish context. The 
absence of any articles on this topic, despite the inclusion 
of Turkish language publications in the search, highlights a 
clear need for future research to explore cohousing’s poten-
tial and challenges in Türkiye.

The analysis addresses the question, ‘What are the impacts 
of cohousing?’ by synthesizing existing research and identi-
fying gaps in the literature. However, what is truly import-
ant is to question what these findings mean in the context 
of the fundamental urban, social, and political challenges 
that modern society faces. In this context, cohousing rep-
resents more than just a housing alternative; it embodies a 
philosophical stance that challenges established ideologies.

Against the speculative housing spaces produced by po-
litical economy, cohousing reveals a mode of production 
beyond capitalism—a space created collectively by the 
community. In this sense, cohousing has the qualities of 
representing Henri Lefebvre’s unification of ‘conceived’ and 
‘lived’ space, thus forming a concrete example of Edward 
Soja’s ‘thirdspace’ theory.

This ‘thirdspace’ is not merely a physical structure but an 
expression of social processes that support the bottom-up 
formation of social capital. In contrast to the assumption 
of a homogeneous community, cohousing exhibits an atti-
tude that values and includes all differences. This approach 
counters segregating spatial arrangements by creating a 

more unifying and connective area that enables the inter-
section of genders.

CONCLUSION 

This review maps the existing cohousing literature, reveal-
ing key thematic areas and their research intensity. Beyond 
simply mapping the field, it proposes a theoretical frame-
work positioning cohousing as a philosophical stance 
against spatial injustice, neoliberal policies, and social iso-
lation. The findings provide a foundational framework for 
new initiatives by policymakers and local governments, es-
pecially given the global housing crisis.

Although the study does not offer an in-depth analysis of co-
housing in the Turkish context, it highlights a significant gap in 
the literature regarding this topic. By identifying key thematic 
areas, this research offers a clear starting point for academics 
and policymakers in Türkiye to explore the potential of co-
housing within their unique cultural and economic landscape, 
rather than simply adopting models from other countries.

NOTES

1When the Flemish government began to encourage co-
housing in 2011, the term “cohousing” gradually replaced 
“Central Wonnen.”
2 For further info see: Warner et al., 2020; McClatchey et 
al., 2023; Zapata & M. Stone, 2022; Carrere et al. 2020; Ige 
et al., 2018.
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ABSTRACT

This research examines the perforated geometric screens (jaali, also called mashrabiya) 
extensively used in Islamic and Indo-Islamic architecture. Historically, these elements have 
been used not only for aesthetic purposes but also as passive design strategies to regulate 
indoor temperature through natural ventilation and shading. This study hypothesizes that the 
principles of traditional jaali can be reinterpreted and integrated into contemporary facade 
design to improve thermal comfort, particularly in hot and dry climates. To test this hypothesis, 
the research used a conceptual case study of the Kilis Resource and Community Center (KRCC) 
in Türkiye. The study assessed internal airflow patterns and thermal conditions using energy 
modeling and Computational Fluid Dynamics (CFD) simulations via the IESVE software. The 
analysis was done during the cooling period, with two representative summer days: May 3rd and 
July 15th. Results showed that all investigated ventilation scenarios with jaali-integrated facades 
had lower indoor temperatures throughout the day. However, the presence of open windows 
was crucial to maintain indoor temperatures below outdoor levels, allowing air movement. 
The findings suggest that using jaalis in hot climates should be encouraged, as it lowered 
temperatures by up to 2℃ during the cooling season with the help of natural ventilation.  

Cite this article as: Bay-Sahin, E., & Shah, N. (2025). Retrofitting vernacular screens in 
contemporary facades in hot and dry regions: A climate control study using energy and CFD 
simulations. Megaron, 20(4):573–593.

INTRODUCTION

Recent studies underscore the urgent need to address glob-
al warming and its environmental consequences (IPCC, 
2022; Mofolasayo, 2022; Santos et al., 2022). Achieving 
sustainable development requires both mitigation to ad-
dress the root causes of climate change and adaptation to 
minimize its impacts (Tol, 2005). The construction sector 
contributes nearly 39% of global energy-related CO₂ emis-

sions- 28% from building operations and 11% from mate-
rials production and construction activities- and accounts 
for approximately 40% of annual global energy consump-
tion, largely due to heating and cooling demands (Fumo, 
2014; He et al., 2019; Simonen et al., 2017; Song et al., 2021; 
UN report, 2020; UNEP, 2009). To reduce operational en-
ergy use, research increasingly emphasizes passive design 
strategies such as natural ventilation, which can lower emis-
sions and improve thermal comfort (Liu et al., 2023; Song 
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et al., 2021). Unlike energy-intensive mechanical systems, 
natural ventilation leverages outdoor airflows and pressure 
differences, though its effectiveness depends on local wind 
patterns, climate, building orientation, form, and façade de-
sign (Ohba & Lun, 2010).

Vernacular Screens and Contemporary Facades
In response to the growing demand for sustainable and en-
ergy-efficient building designs, researchers have explored 
various retrofit strategies to improve the performance of 
existing building stock. The International Energy Agency 
(IEA) estimates that 20% of all buildings must be retrofitted 
with energy efficiency measures by 2030 to reach a net-zero 
emission goal by 2050 (Song et al., 2021). These retrofits 
aim to improve passive climate control within buildings, 
thereby reducing the reliance on active systems such as air 
conditioning (Liu et al., 2023). 

One widely studied approach is the integration of vernac-
ular screens into contemporary facades (Aflaki et al., 2015; 
Sarihi et al., 2021). Vernacular screens, also known as ‘jaalis’ 
or ‘mashrabiyas’, are traditional sun shading devices used in 
Islamic architecture for centuries to regulate heat gain and 
enhance ventilation (Du et al., 2019) when providing priva-
cy (Figure 1). Historically, these screens were constructed 
from locally sourced materials such as stone, clay, wood, 
bamboo, or metal, tailored to the regional climate. Strategi-
cally positioned on exterior walls, their intricate geometric 
patterns not only enhanced the aesthetics of buildings but 

also reduced interior heat gain by blocking direct sunlight 
while allowing airflow (Du et al., 2019; Elzeyadi & Batool, 
2017).

Natural ventilation occurs due to pressure differences creat-
ed by wind acting on building surfaces and by temperature 
variations between indoor and outdoor air (El Semary et 
al., 2017). In Mughal architecture, controlled airflow and 
temperature regulation were achieved through building 
orientation, appropriately sized and proportioned open-
ings, ventilated domes, and extensive use of jaali (Ali, 2013)
(Figure 1b). The ventilated domes utilized the stack effect, 
whereby hot air inside the building rises and exits through 
dome openings, simultaneously inducing the airflow of 
cooler air from below.
Integrating vernacular screens into contemporary facades 
allows designers to combine traditional passive strategies 
with modern techniques, improving thermal performance 
and reducing the need for mechanical cooling. Sherif et. al 
(2010) showed in their research that lightweight screens with 
a 70-85% perforation ratio and 1:1 depth profile improved 
energy performance in residential buildings in hot-moderate 
climates, reducing solar heat gains, and enhancing thermal 
comfort (Sherif et al., 2012a). Originally developed for resi-
dential use, these screens are increasingly applied to diverse 
building typologies, including galleries and museums.
For instance, in contemporary exhibition design, tradi-
tional shading devices are reinterpreted to shape spatial 
atmosphere. Perforated wooden panels filter natural light, 

Figure 1. The use of Jaali screen in Islamic architecture, (Left) Alhambra Palace, Spain (Photo 
by Author, (Right) Lahore Fort, Pakistan.
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casting patterned projections across floors and walls, mod-
erating glare, reducing solar heat gain, and regulating the 
interior thermal environment. Simultaneously, the intri-
cate perforations fragment daylight into shifting patterns, 
creating a dynamic visual experience that enhances visitor 
engagement (Figure 2). In museum contexts, this reinter-
pretation connects contemporary spaces to architectural 
traditions while enriching the atmosphere with distinct 
aesthetic qualities. For example, carved walnut screens by 
Ahmad Angawi in the British Library galleries filter light 
into exhibition areas, situating audiences within a dialogue 
between past and present (Jakeman, 2018).

These vernacular screens function on multiple levels: As 
climatic regulators, cultural expressions, and aesthetic ele-
ments that transform daylight into an ephemeral decorative 
feature within the interior environment. Previous research 
has shown that retrofitted screens can improve natural 
ventilation, shading, and daylighting, reducing reliance on 
mechanical cooling and artificial lighting (Du et al., 2019; 
El Semary et al., 2017; Elzeyadi & Batool, 2017). However, 
quantitative studies remain limited, particularly regarding 
optimal geometry, perforation ratios, and climate-specific 
design guidelines (Du et al., 2019). This study focuses on 
evaluating changes in interior climate performance result-
ing from retrofit designs that integrate jaalis.

Objectives of this Computational Study and Research Gap
Computational studies have shown that integrating vernac-
ular screens can enhance buildings’ thermal performance 
and energy efficiency (Ali, 2013; Dev et al., 2021; Sherif et 
al., 2012a). Such simulations typically account for factors 
including solar radiation, wind speed, and building mate-
rials, providing valuable insights into the potential benefits 
and limitations of retrofitting such elements. While prior 
research has modeled the efficiency of shading devices like 
louvers (Elzeyadi & Batool, 2018), there is still a gap in 
studies specifically assessing the impact of retrofitted ver-
nacular screens on indoor climate using simulation tools 
(Taki & Kumari, 2023). 

This computational study aims to investigate the potential 
of retrofitting vernacular screens (jaali) into modern fa-
cades for passive climate control. Specifically, it will assess 
how natural ventilation affects the thermal performance 
of a case study building equipped with retrofitted jaalis. 
Various ventilation scenarios, no ventilation, natural ven-
tilation, and stack ventilation, are analyzed to assess their 
effectiveness in regulating indoor temperatures and en-
hancing occupant comfort. By focusing on the use of ver-
nacular screens for passive climate control in contemporary 
facades, this study addresses an underexplored area in sus-
tainable building design. Through simulation-based analy-
sis, it provides evidence-based insights to inform energy-ef-
ficient and climate-responsive architectural strategies. 

Literature Review
In contemporary residential design, architects and engi-
neers face the dual challenge of ensuring occupant thermal 
comfort while reducing environmental impacts. Heating, 
ventilation, and air-conditioning (HVAC) systems are 
central to this effort, as their efficiency directly influences 
both energy demand and greenhouse gas emissions. With 
climate change, periods requiring mechanical cooling are 
lengthening, resulting in increased energy consumption in 
buildings. A more sustainable alternative lies in the passive 
cooling strategies offer a sustainable alternative, capable 
of reducing environmental impacts and operational costs 
(Sarna & Ferdyn-Grygierek, 2025). A recent study by Iskan-
dar et al. (2025) emphasize the necessity of adaptive retrofit 
strategies, leveraging existing systems, the implementation 
of operational modifications, and the integration of shading 
devices to mitigate heat gain.

The challenge posed by climate change is evident not only 
in hot climatic zones but also in regions with historically 
heating-dominated temperate climates, which experience 
cold winters and mild to warm summers (Berger & Wor-
litschek, 2019; Parker, 2021). Studies of current and pro-
jected climate scenarios indicate that global warming will 
reduce heating demand while increasing cooling needs 
(Bay-Sahin et al., 2025; Rahif et al., 2022; Wilbanks et al., 
2008). Beyond energy demand, climate change also affects 

Figure 2. Jaali screen in the British Library, London. (Photo 
by Author).
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renewable energy reliability (Rahman et al., 2025), and in-
creases the risk of overheating, which negatively impacts 
occupant comfort, (Bay-Şahin & Elnimeiri, 2025; Lan et al., 
2017), productivity (Hooyberghs et al., 2017), and health 
(Armstrong et al., 2011). However, research in Mediterra-
nean climates remains scarce (Chkeir et al., 2024). 

In these climates, passive cooling techniques for buildings can 
lower indoor temperatures in warm periods with minimal en-
ergy consumption. Geetha and Velraj (2012) classified these 
methods into three categories: Reducing internal heat gains, 
managing heat through thermal storage or night ventilation, 
and dissipating heat via natural ventilation (including evapo-
rative, ground, or radiative cooling). (Geetha & Velraj, 2012). 
Fathy (2000) observed that traditional rural buildings in Pa-
kistan achieved thermal comfort using passive design mea-
sures, including orientation, shading, and ventilation (Fathy, 
2000). Similarly, a parametric study in Portugal showed that 
north-facing windows performed better thermally than north-
west- or northeast-facing ones (Amaral et al., 2016).

In hot climates, window shading reduces cooling loads and 
energy consumption by mitigating solar heat gains. For in-
stance, field measurements in a study of a courtyard situated in 
a hot and dry climate demonstrated that the covered outdoor 
sitting area and the shading screen significantly enhanced air-
flow and thermal performance of the courtyard (Mohamed, 
2018). A computational study of a residential building in a 
desert climate evaluated various perforation percentages and 
depths. Results show that fixed, deep perforated solar screens 
on the west and south facades can achieve energy savings of 
up to 30% of total energy use (Sherif et al., 2012b). 

Effectively bridging thermal comfort and natural ventila-
tion requires understanding air flow dynamics, as air ve-
locity is a key determinant of occupant comfort (Wu et al., 
2021). Natural ventilation, driven by wind and buoyancy, 
is essential for improving indoor air quality and reducing 
cooling energy demand. Wind-driven cross ventilation and 
buoyancy-driven stack ventilation are the primary strat-
egies for achieving passive airflow (Al-Shamkhee et al., 
2022). Evaluating these strategies during the design stage 
is therefore critical. Building energy modeling has therefore 
become a common tool for evaluating design decisions ear-
ly in the process and predicting performance in terms of 
energy use or natural ventilation (Du et al., 2019; I. M. K. 
Elzeyadi & Batool, 2017; Ghaddar et al., 2024). 

Recent work has demonstrated how traditional sun-shad-
ing elements, such as Aegean venetian blinds, can be sys-
tematically evaluated through energy simulations to assess 
their impact on daylight balance and cooling loads, offering 
insights for adapting vernacular strategies to contemporary 
sustainable design (Cavka & Feruz, 2022). Another study 
in a similar climate used building simulations to show that 
the geometry and placement of residential jaali screens can 
effectively reduce solar heat gain on south- and west-fac-

ing openings. This reduction lowered cooling loads while 
also improving indoor daylight distribution, highlighting 
their value as passive design elements in a hot-dry climate 
(Prasad et al., 2022). Besides common use of energy sim-
ulations, computational Fluid Dynamics (CFD) analysis 
has emerged as a critical tool for understanding building 
airflow and heat transfer. By simulating thermal buoyancy, 
wind-driven forces, and data analysis, CFD enables design-
ers to visualize and optimize natural ventilation and envi-
ronmental performance (Ai & Mak, 2017; Zhai, 2006). 

Simulation methods, widely used in industries like chemi-
cal and aerospace engineering, help model pressure, velocity, 
and temperature in fluid flow processes. They are often used 
to verify the accuracy of those models (Elshaw et al., 2018; 
Palmero-Marrero & Oliveira, 2010). CFD is useful to model 
the physics underpinning these systems, such as the effects of 
thermal buoyancy, wind-driven forces, and the psychromet-
ric properties of incoming air for more precise environmen-
tal control (Cook et al., 2003; Yao & Dang, 2023). Today, CFD 
plays a growing role in the building design industry, helping 
optimize environmental performance for energy efficiency 
(IESVE, n.d.; Bay et al., 2022; Capeluto & Ochoa, 2014).

CFD analysis is mostly used to assess indoor environmental 
conditions influenced by solar gain and airflow (Almhafdy 
et al., 2015). Lau et al. (2016) modeled 20 shading device 
configurations using IESVE software for a high-rise office 
in Kuala Lumpur, finding 1.0%-3.4% annual cooling energy 
savings depending on device type and facade orientation. 
Elzeyadi and Batool (2017) used IESVE to evaluate jaalis 
with a 30% perforation ratio across three hot climate zones. 
Results showed superior thermal comfort in hot-arid cli-
mates compared to hot-humid ones.

CFD has also been applied in heritage buildings to optimize 
ventilation. Bay et al. (2022) used IESVE and real-world mon-
itoring to assess ventilation strategies in a historic UNES-
CO-listed church in San Antonio, Texas. Their study showed 
reduced reliance on mechanical cooling in spring, supporting 
natural ventilation for occupant comfort. Similarly, (Elhassan, 
2023) used CFD modeling to study a residential building in a 
hot, dry climate, demonstrating that natural ventilation effec-
tively maintained comfort while lowering energy use.

Overall, literature indicates that passive cooling strategies, 
including shading devices and natural ventilation, are es-
sential for energy-efficient design. CFD and building en-
ergy modeling provide powerful tools for evaluating these 
strategies quantitatively, yet gaps remain in climate-specific 
applications and the integration of vernacular design ele-
ments like jaalis into modern buildings.

METHODS

In this study, energy and CFD analysis were combined to 
evaluate the applicability and efficiency of jaalis in terms 
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of passive cooling using IES VE software. This is a build-
ing simulation tool used to create the geometry and ener-
gy model of the case study building. After determining the 
boundary conditions of the building on the selected dates 
during the cooling season, the data were used for the CFD 
model. This includes temperatures of opaque and transpar-
ent surfaces, heat gains and losses, and airflow rates both 
outside and inside the building. CFD analysis was used to 
investigate heat transfer processes, buoyancy effects, and 
wind-driven ventilation through airflow patterns. The main 
steps of CFD analysis in IES VE are shown in Figure 3.

All simulations done during this research took into account 
the entire building. Each CFD analysis was done after overall 
energy analyses of the KRCC building for each ventilation sce-
nario, since each scenario was tested with and without shading 
devices. Also, scenarios (i) no ventilation, (ii) cross ventilation, 
and (iii) stack ventilation have different open/close window 
configurations. Since the Apache energy simulation module 
automatically generates the boundary conditions for a selected 
day and time, the data for each scenario was exported into the 
CFD module. Then, the CFD model settings were prepared with 
exported boundary conditions from the result of energy anal-
ysis. The boundary conditions file contains various data about 
the external conditions, such as atmospheric data, atmospheric 
pressure, precipitation, and moisture content, and internal con-
ditions, such as room air temperature, surface temperature, such 
as wall surface temperature, and room radiant temperature.

In the IES VE MicroFlo module, a grid was created with an 
aspect ratio under 12:1 to provide a high level of resolution, 
using the recommended number of grid cells. The default tur-
bulence model of the software was kept as the k-e turbulence 
model to calculate the cell’s turbulent viscosity (IESVE, n.d.). 
CFD graphs were generated for each scenario to visualize the 
data provided by the energy model. The method was used to 
investigate the most effective natural ventilation strategy and 
the effect of jaalis on cooling the interior environment in the 

dry Mediterranean climate. The overall process followed for 
this research is shown in Figure 4.

Retrofitting Vernacular Screens in Modern Structures in 
Kilis, Türkiye
The hypothetical case study building used for this research 
is an unbuilt design project in Kilis, Türkiye. After the recent 
earthquakes in the country on February 6, 2023, this building 
was planned to serve as a community and resource center, Ki-
lis Resource and Community Center (KRCC), for the affected 
population of Syrian refugees in the earthquake region. Kilis is 
located in southern Türkiye, on the border with Syria, and it 
is known to host the most significant number of Syrian refu-
gees in the country. Kilis is a small city of 147,919 inhabitants 
(TUIK Kurumsal, n.d.). However, the vulnerable refugee pop-
ulation in Kilis exceeds the local populace by a ratio of 70:30.
Kilis lies 660 meters above sea level. The summers are hot and 
dry with sunny and clear skies, while the winters are frigid and 
cloudy. The temperature typically changes from 0.5℃ to 35℃. 
Also, during the hot season that lasts for 3.5 months between 
mid-June and mid-September, the average daily high tem-
perature is above 30℃. The dry season lasts 5.5 months, from 
May to mid-October, while the wet season lasts 6.5 months. 
The outdoor temperature, relative humidity, and wind velocity 
data are shown in Figure 5. The prevailing wind direction is 
west in Kilis. The KRCC building’s geometry was first generat-
ed in the ModelIt module within IES VE. Precise weather data 
and building parameters were defined to accurately simulate 
the real-world scenario in a virtual environment. A weather 
file of the location was obtained from IES VE. This research 
used a Typical Meteorological Year (TMY15) file for the nec-
essary input for the simulation process. Multiple variables in 
this weather file were dry bulb temperature, solar altitude and 
azimuth, relative humidity, direct and diffuse radiation, wind 
speed, and wind direction, contributing to passive climate 
control in buildings and reducing the reliance on mechanical 
means of cooling and heating.

Figure 3. Main steps of CFD analysis.
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Case Study Building Design: KRCC
The structure was designed as a single-story building with 
a hall-like open office space in the south and a kitchen 
and bathrooms in the north. The form of the building 
was inspired by the metal container dwellings that have 

been used for housing the Syrian refugees in camps along 
the Türkiye-Syria border since 2011. Moreover, after the 
2023 earthquake, they were used extensively in Türkiye 
to house the affected population in the same region, as 
shown in Figures 6a and 6b. The shape of the 8-meter by 

Figure 4. Applied methodology.

Figure 5. Outdoor temperature, relative humidity, and air velocity data for Kilis.
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20-meter land parcel informed the rectangular building 
design shown in Figure 7.

The most problematic issues with these metal container 
dwellings are indoor air quality, temperature, and ineffi-
cient ventilation (Albadra et al., 2020; Wimalasena et al., 
2021). During the cooling season, they become too hot, and 
in the winter, they become too cold because of their limit-
ed design characteristics. The KRCC building was designed 
as a rectangular enclosure to utilize the maximum land on 
the site with its long side along the north-south direction. 
Three triangular skylights were designed to run east-west 
on top of the 5.5-meter-tall building. 

Window and Jaali Design: One essential feature of the 
building geometry was the window-to-wall ratio, which 
was determined as 21.4 % according to the ASHRAE cri-
teria for this hot and dry climate. This value complies with 
the ASHRAE 90.1 standard, which recommends a WWR 
of less than 40% (ASHRAE, 2022). The other parameter is 
temperature, which affects the energy demand of buildings 
and the users’ thermal comfort. Indoor temperatures need 
to be controlled, particularly in summer, when the effect 
of solar radiation is high. In the summer, outdoor tem-
peratures reach more than 40℃ in Kilis, making it hard to 
control indoor temperatures with large windows. Because 
of this extreme outdoor environment, the glazing designed 
for KRCC was kept small to minimize solar gain. 

On the east, south, and west facades, side-hung operable win-
dows were designed under the fixed horizontal windows for 
the main area, office, and kitchen space, as shown in Figure 
7. The double-pane windows with metal frames were selected 
based on those commonly used by TOKI. The glass window 
panels can be opened towards the inside. However, the opera-
ble jaalis were designed to slide along a rail fixed on the outer 
side of the wall covering the window from the outside when 
closed (Figure 8). The bathrooms located on the northwest 

part of the structure had small bottom-hung windows for ven-
tilation and natural light. To use buoyancy and bring natural 
light into the working space, three triangular skylights were 
added over the main working area, in the east-west direction. 
The premise for the skylights was to help the interior tempera-
ture drop by moving warm air from inside to outside through 
openings. The skylights provide extra daylight needed in the 
main hall since shading elements reduce the amount of light. 
The operable glazing areas were defined as 95% for side-hung 
windows and 30% for bottom-hung openings. Another pa-
rameter for this research was the proposed design of the shad-
ing screens, jaalis (Figure 9).

Construction Materials: When selecting construction ma-
terials for a project, it is essential to look at the local con-
ditions, available and standard materials for affordability, 
and the selected materials’ durability. This project took cues 
from the typical construction materials used in Türkiye by 
the governmental institution, the Mass Housing Adminis-
tration (TOKI). TOKI has provided housing alternatives for 
the housing deficit in the country through social housing, 
disaster relief housing, and slum transformation projects. 
TOKI also builds public facilities like primary schools and 
neighborhood mosques (Bay, 2020). As shown in Figure 
10, TOKI structures, primarily built using raft foundations, 
tunnel formwork, and high concrete strength, have proved 
durable and suitable for the region, as they withstood the 
two devastating 2023 earthquakes in Türkiye (Demirhan, 
n.d.). Thus, the KRCC building was also designed as a con-
crete structure.

The construction materials were selected for KRCC in 
the Apache module. As the typical construction materi-
al for durability and low maintenance, KRCC building 
walls were assumed to be made of average-weight precast 
concrete blocks. These blocks are formed before they are 
brought to the construction site. Shown in Figure 10, these 

a b

Figure 6. a) Container dwellings in refugee camps in Kilis, July 2022. b) Container dwellings shipped to Türkiye for 
post-earthquake emergency shelter use in the Kahramanmaraş region, April, 2023. (Photo by Authors).
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blocks have two hollow cavities, and they are 203 mm x 
406 mm x 200 mm in size for the exterior walls and 152 
mm x 406 mm x 200mm for partition walls. The materi-
als selected for the KRCC building in the Apache mod-

ule are shown in Table 1 along with the dimensions and 
specifications of the CFD model used in IES VE modules 
(ModelIt and MicroFlo). To evaluate different scenarios 
and understand the effect of water-resistant engineered 

Figure 7. Proposed design of KRCC for the proposed site in Kilis. (Tapu ve Kadastro Genel 
Müdürlüğü, n.d.).

Figure 8. Operational detail of the proposed window design with jaalis for KRCC.
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wood shading screens on this structure, a 200 cm x 300 
cm x 2.5 cm jaali screen was designed. The screen has two 
different sizes of square-shaped apertures or holes in the 
jaali pattern measuring 400 mm x 400 mm and 500 mm x 
500 mm in size (Figure 11).

The jaali was modeled in IESVE ModelIt as water-resis-
tant engineered wood with a thickness of 2.5 cm, as spec-
ified in the physical design. Standard thermal properties 
for engineered wood were assigned in the simulation. The 
surface color of the jaali was included indirectly by as-
signing a solar absorptance of 0.6, corresponding to the 
medium-brown color, which affects the heat gain through 
the screen. As shown in Figure 11, the jaali pattern in-
cluded square apertures of 4 cm × 4 cm and 5 cm × 5 cm, 
resulting in an overall porosity of 20% (ratio 1:5). These 
geometrical parameters were directly incorporated in the 
numerical model by defining the window/shading frac-
tion and the solar transmission through the openings, 
ensuring accurate representation of shading and daylight 
penetration.

Natural Ventilation Scenarios and Simulations
The KRCC building was tested in its free-floating state with-
out considering any occupancy or any mechanical systems. 
Excluding any additional parameters such as internal loads, 
the study aimed to obtain a deep understanding of airflow 
patterns and thermal conditions. In order to determine the 
most appropriate passive cooling strategy, multiple natural 
ventilation scenarios were created, such as:

• No natural ventilation,

• Cross ventilation,

• Stack ventilation with all side and top openings.

In this study, we focused exclusively on internal CFD sim-
ulations, limiting the computational domain to the interior 
of the building rather than including the surrounding envi-
ronment. Boundary conditions for airflow were generated 
from IESVE Apache simulation results using the VistaPro 
module and then exported to MicroFlo to analyze natural 
ventilation and passive cooling during the cooling season. 
Since MicroFlo does not have a built-in radiation model, 
radiation-related boundary conditions were derived auto-
matically from the energy simulations. These included wind 
direction and speed, indoor and outdoor temperatures, at-
mospheric pressure, moisture content, as well as room air, 
radiant, and surface temperatures of walls and windows.

The simulations used a steady-state, three-dimensional con-
vection–conduction model based on the finite volume meth-

Figure 9. Proposed design with jaalis for KRCC.

Figure 10. Typical social housing project by TOKI in 
Gaziantep Türkiye.

 Table 1. Building components used in IES VE Apache.

Building 
components Material Thickness 

(mm)
Conductivity 

(m²K/W)

Walls* Concrete block 200 1.6079

Partitions Concrete block 100 0.0714

Roof Concrete 203 1.1491

Ground floor Concrete 380 4.3353

Windows Double pane 
(metal frame)

24 0.4543
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od, with the Standard k-ε turbulence model to represent 
turbulent airflow. The airflow in the model was aligned with 
the grid axes, and inlet and outlet performance was checked 
in MacroFlo to ensure the natural ventilation behavior was 
properly captured. To ensure the results were not influenced 
by the grid design, we performed a grid-independence study. 
The final mesh contained 3–3.4 million cells, providing 
enough detail to capture airflow patterns accurately with-
out excessive computational cost. The mesh followed IESVE 

guidelines for grid spacing, cell aspect ratio (≤12:1), and 
grid line merge tolerance (≤0.1 m), with variable cell sizes to 
resolve critical areas more finely (Table 2). MicroFlo uses a 
structured, non-uniform Cartesian grid, which strikes a bal-
ance between accuracy and computational efficiency. 
After modifying the openings based on each scenario, 
these models were organized into two sets. Energy and 
CFD simulations were run to analyze the efficiency of each. 
This step was repeated for two models; (i) KRCC mod-
el without jaalis (the perforated shading screens) and (ii) 
KRCC model with jaalis (the perforated shading screens 
on the main hall windows). In the first set of models, the 
geometry had no shading device, jaalis. In the second set, 
jaalis were added on the side-hung windows of the main 
hall on the east, south, and west facades. The vertical win-
dow brightening the corridor on the north and the trian-
gular skylights above were used without jaalis. With the 
results of these simulations, indoor temperature, relative 
humidity, and air velocity graphs were created for two rep-
resentative days of the spring and summer seasons: May 3 
and July 15 at noon (Figure 12). 
As shown in Table 3, the outdoor air temperature at midday 
was 21.4°C on May 3, rising to 32.2 °C on July 15. The exter-
nal relative humidity levels at noon were 41% and 46% on 
May 3 and July 12, respectively. Wind speed was 3.2 m/s at 
noon on May 3 and 4.5 m/s on July 15. The wind direction 
was west during both times.

• Scenario 1 (S1): All windows were closed at all times to 
investigate the building without any ventilation. In this 
case, only air infiltration was considered. This scenario 
was used as a baseline model for comparison.

• Scenario 2 (S2): Cross ventilation was tested in this sce-
nario, leaving only the east and west façade windows 
open. Other windows were fully closed at all times. Air 
infiltration was also considered.

• Scenario 3 (S3): All windows were open to allow natu-
ral ventilation and stack effect through the openings of 
the three triangular skylights on the top.

Figure 11. Proposed Jaali design for the KRCC building.

Figure 12. Outdoor conditions for selected representative days.
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Although all-natural ventilation scenarios only deal with 
open and closed window configurations with and without 
jaalis, the energy and CFD modeling took into account the 
entire building. Thus, the various temperature and velocity 
values were detected for each horizontal building section 
every 10 cm (Figure 13). The energy simulation also took 
into account the “unwanted” infiltration. Since the KRCC 
building was planned as a post-disaster structure and its 
construction materials were selected as typical ones used 
in the governmental institution TOKI, assumptions were 
made based on that. So, the KRCC building was considered 
leaky with a 2.032 l/ (s.m²) infiltration rate, combining the 
experience of past studies (Hanam et al., n.d.).

FINDINGS AND DISCUSSION

The indoor temperature and velocity graphs for each sce-
nario were generated at a height of 1 meter above the floor 
(Figure 13). The slices on the X and Y axes were taken from 
this level for each scenario to show plans and sections, re-
spectively. The false colors from blue to red represent the 
temperature range from coldest to warmest. Both graphs 
display the average values of temperature and velocity of 
the horizontal slice of the floor level on May 3 and July 15.

Scenario 1 – No Natural Ventilation
Scenario 1 was used as a baseline, with all windows closed. 
It was analyzed without any natural ventilation except infil-
tration via the building envelope. The results of this scenario 
for air temperature and airflow for May 3rd and July 15th are 
displayed in Figure 14. Since indoor temperatures reached 

28℃ and 42℃ in May and July, respectively, different tem-
perature range scales were used for this scenario (22℃-28℃ 
for May and 36℃-42℃ for July). In the cases without Jaa-
lis, both in May and July, the temperature of the main hall 
was slightly higher than other spaces in the north part of the 
structure. Although indoor temperatures at noon dropped 
when perforated jaalis were added to the main hall windows, 
overall indoor temperatures were higher than the outdoor 
temperatures for both representative days. 

In July, the office and bathroom 1 were cooler than other 
rooms, as seen in Figures 14e and g, due to their location in 
the northern part of the layout limited solar exposure and 
reduced heat accumulation. This indicates that spatial orien-
tation has a stronger influence on indoor temperature distri-
bution than infiltration alone. The addition of jaalis lowered 
indoor temperatures for each representative day by approx-
imately 2℃ by filtering direct solar radiation while still per-
mitting some air leakage. However, since no significant air 
velocity was recorded, this cooling was limited to shading 
effects rather than active air exchange. Thus, without inten-
tional ventilation, the building remains overheated com-
pared to outdoor conditions, highlighting the inadequacy of 
infiltration-only strategies for maintaining thermal comfort.

Scenario 2 – Cross Ventilation
This scenario was analyzed with cross ventilation for pre-
vailing winds in the west-east direction, achieved by open-
ing windows on the west and east walls while keeping the 
skylight windows closed. As shown in the velocity graphs 

Table 2. Model dimensions and specifications of the CFD model 
(ModelIt and MicroFlo).

Building Specifications IES VE CFD Model Specifications

Floor surface area 
(m²)

160 Number of cells (million) 3.0-3.4

Volume (m³) 756 Max cell aspect ratio <12:1

Ext wall area (m²) 285 Turbulence model k-e

Ext opening area 
(m²)

61.24 Grid line merge tolerance 
(m)

0.01

Table 3. Airflow characteristics, indoor temperatures, relative 
humidity, and direct radiation.
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Figure 13. Horizontal and vertical slice positions for plans and sections.
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in Figure 15, cross ventilation produced effective indoor 
airflows reaching 1.06 m/s in May and 1.3 m/s in July 15. 

The higher velocities in July are directly related to stronger 
outdoor wind speeds, which increased the wind-driven pres-
sure difference between the west and east façades. As a result, 
air entering from the west openings created a consistent air-
flow stream across the building. Overall, this mechanism not 
only reduces heat accumulation but also improves convective 
heat transfer from occupants’ bodies, thus enhancing ther-
mal comfort despite elevated indoor air temperatures.

The jaalis played a significant role. While they filtered solar ra-
diation and reduced solar heat gain, they did not significantly 
obstruct air flow (15g and 15o). This indicated that the perfo-
ration ratio of the screens is adequate to balance shading and 
ventilation, making them an effective passive design element.

Moreover, thermal stratification was still evident in May with 
slightly higher temperatures in the west part of the building 
(Figure 15b). This effect can be attributed to solar exposure 
during the afternoon, which increased the surface tempera-
ture of west-facing walls. However, compared to Scenario 
1, cross ventilation substantially improved air distribution, 
showing the importance of aligning openings with prevail-
ing winds. Overall, cross ventilation harnessed wind-driven 
forces to generate sufficient air speeds for cooling. Although 
it did not always reduce indoor temperatures below outdoor 
levels, the increased air movement enhanced perceived com-
fort and prevented excessive heat in this climate.

Scenario 3 – Stack Ventilation
This scenario investigated the stack ventilation effect. To 
generate this scenario, all windows of the existing openings 
were fully open on each façade, including the bottom-hung 
skylight windows. In this method, hot and stagnant air in 

the space was forced to leave the building via the skylight 
windows because of temperature differences between in-
door and outdoor air. Warm, buoyant indoor air rises and 
escapes through upper openings while cooler air is drawn 
in from lower openings.

Figure 16 shows the building sections. Figure 16b and 16g 
show that this mechanism is visible in May, where indoor 
hot air accumulated near the ceiling and was effectively 
vented through the skulight windows. Like in Scenario 2, 
the air movement was slower on May 3rd proportionally to 
the outdoor wind speed, as shown in Figure 16g and Fig-
ure 16h, reaching 0.95 m/s. On July 15th, the air movement 
failed to create a practical passive cooling effect since the 
outdoor temperatures were extremely high. Although the 
model with jaalis provided slightly cooler temperatures on 
the summer representative day, the resulting temperature 
was too high to reach a thermally comfortable environment 
for occupants. In May, the rooms with the warmest tem-
perature in the building were those located in the northeast 
and northwest, while the main hall is about 2 degrees cool-
er, with and without jaalis. The cooler performance of the 
main hall highlights the effectiveness of stack-driven buoy-
ancy when outdoor temperatures are moderate.

On the other hand, in July, the strategy failed to deliver 
thermal comfort. Despite the vertical airflow, the average 
temperature in the building is about 30℃. The reason lies 
in the small temperature gradient between indoor and out-
door air, since outdoor air was already extremely hot. The 
replacement air entering from the lower windows did not 
provide cooling. Instead, hot outdoor air simply replaced 
hot indoor air, limiting the usefulness of the stack effect. 
This demonstrates a key limitation of buoyancy-driven ven-
tilation in hot summer climates. 

Figure 14. Air temperature distribution on the plan for Scenario 1. 
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The jaalis offered slight mitigation by reducing solar gains 
through facade openings, resulting in lowering indoor 
temperatures. However, the shading effect alone was insuf-
ficient to offset the impact of high outdoor temperatures. 
Overall, stack ventilation was useful in May, where moder-
ate outdoor temperatures allowed buoyancy forces to drive 
cooler air into the building and reduce indoor tempera-
tures. In contrast, during peak summer, the strategy was in-
effective because the outdoor air was too hot to contribute 
to cooling. This indicated that in climates with very high 
summer temperatures, stack ventilation must be combined 
with other strategies, like night cooling, evaporative cool-
ing, to achieve thermal comfort.

Comparison of the Performance of Jaalis 
Figures 17 and Figure 18 capture indoor hourly tempera-
tures and relative humidity data comparing the three nat-
ural ventilation scenarios in spring and summer repre-
sentative days (May 3 and July 15). The KRCC building 

simulation results without jaalis are presented in Figure 
17, while Figure 18 shows the difference between scenarios 
with the use of these perforated shading screens. In Figure 
18, the indoor temperatures of scenario 1, where all win-
dows are closed, remain fairly constant without fluctuating 
hourly during both spring and summer representative days. 
On the other hand, there is an increase starting at 7am for 
other scenarios parallel to outdoor temperatures on both 
days. 4pm is the highest point for scenarios 2 and 3 indoor 
temperatures. 

Similar to the indoor temperature graph, relative humid-
ity trends are different for Scenario 1. Indoor relative hu-
midity levels are constant and the lowest when windows 
are closed; however, in Scenarios 2 and 3, relative humidity 
levels change, corresponding to the increase and decrease 
in outdoor relative humidity during both representative 
days. The outdoor relative humidity level has a minimum 
value of 30% and reached a maximum of 97% on a spring 
representative day. Between 11pm and 1pm, outdoor rela-

Figure 15. Air temperature and velocity distribution in the plan and East-West section for 
Scenario 2. 
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tive humidity levels are higher than 80%. On July 15, the 
minimum value slightly drops to 27% while the maximum 
value is 82% at 5am.
Both Figures 17 and Figure 18 show that indoor tempera-
tures fluctuate within a large range of ~10℃ for all scenar-
ios except scenario 1. All indoor temperature and relative 
humidity levels for scenarios 2 and 3 with or without jaa-
lis follow the trend of outdoor temperature and humidity 
values. The most significant difference between the results 
of the models with jaalis and without jaalis is the indoor 
temperature values. Temperature diagrams in Figures 17 
and Figure 18 depict that indoor temperatures decrease by 
about 2℃ in the model with jaalis. As displayed in Figure 

17, the highest indoor temperature is reached in the model 
without jaalis during Scenario 1 in summer. With the use 
of jaalis, this drops from 45℃ to 43℃ at 4 pm when the 
outdoor temperature on this representative summer day 
changes between 20.8 and 34.1℃.
Overall, the comparison demonstrates that jaalis consistent-
ly reduce indoor air temperatures by approximately 2℃, 
primarily by limiting direct solar gains while still permitting 
airflow. This effect is modest but significant when considered 
alongside the mechanisms of natural ventilation. In Scenario 
1, where ventilation was absent, jaalis provided only partial 
relief, underscoring the limits of shading alone in overheated 
environments. In Scenarios 2 and 3, however, the combination 

Figure 16. Air temperature and velocity distribution in plan and East-West section for Sce-
nario 3. 
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of jaalis with ventilation produced greater thermal stability. In 
cross ventilation, they complemented wind-driven cooling 
by reducing radiant loads without preventing airflow, while 
in stack ventilation, their benefit was more seasonal, effective 
only when outdoor temperatures were moderate. These find-
ings highlight the synergistic role of jaalis since they are not a 
standalone solution. However, they enhance the performance 
of natural ventilation strategies by balancing the competing 
demands of shading and air movement. For hot climates like 

that of the KRCC building, this synergy is crucial: Cross ven-
tilation with jaalis emerges as the most reliable passive strat-
egy, while stack ventilation requires supplemental measures 
during peak summer to maintain occupant comfort.

Thermal Comfort Analysis
Thermal comfort is described as a “condition of mind that 
expresses satisfaction with the thermal environment (ANSI, 
n.b). Thermal comfort depends on environmental and per-

Figure 17. Comparison of the indoor temperature and relative humidity (without jaalis).

Figure 18. Comparison of the indoor temperature and relative humidity (with jaalis).
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sonal variables such as temperature, relative humidity, air-
speed, mean radiant temperature, clothing insulation, and 
metabolic rate. In this study, thermal comfort ranges on May 
3 and July 15 were calculated using the Center of the Built 
Environment (CBE) Thermal Comfort Tool. This web-based 
tool was developed by UC Berkeley for thermal comfort 
calculations and visualizations (Tartarini et al., 2020) that 
complies with the ASHRAE55-2017 (ASHRAE, 2010, ISO 
7730:2015, ISO 7730, 2005), EN 16798-1:2019, CEN, 2019) 
Standards. Multiple thermal comfort studies calculated PMV 
and PPD using the CBE tool (Hosseini et al., 2016; Iskandar 
et al., 2024; Rabeharivelo et al., 2022).
In order to evaluate if the selected natural ventilation strategies 
provide a thermally comfortable environment, thermal com-
fort zones for spring and summer representative days were 
generated using two variables: Air temperature (℃) and rela-
tive humidity (%). After the PMV method was selected, other 
parameters were entered, such as metabolic rate and clothing 
value. Since occupants were considered to have no local con-
trol on air velocity, it was fixed at 0.1 m/s for both representa-
tive days. Also, the metabolic rate was defined as 1.4 met. On 
May 3, the clothing level was 0.61 clo (trousers, long sleeve 
shirt) when the designated value was 0.5 clo as typical summer 
indoor clothing according to ASHRAE 55 (ASHRAE, 2017). 
Figure 19 shows the thermal comfort zones on the selected 
representative days (May 3 and July 15), the hourly indoor 
environmental conditions of the natural ventilation scenar-
ios, and outdoor environmental conditions. In addition, 
the percentage of hours within the thermal comfort zones 
on May 3 and July 15 is displayed in Table 4. A greater num-
ber of thermally comfortable hours was observed on the 
summer representative day compared to the spring repre-
sentative day, where lower temperatures were recorded.

On May 3, the highest number of thermally comfortable 
hours indoors was seen in Scenario 1, closed windows with 
jaalis. Other scenarios and outdoor conditions had a sim-
ilar trend, with percentages between 23% and 37 % within 
the thermal comfort zone. Without jaalis, cross ventilation 
(S2) was the second successful strategy, and no natural 
ventilation (S1) was the least effective approach during this 
spring representative day. With jaalis, stack ventilation (S3) 
increased comfort hours. During July 15, cross ventilation 
(S2) and stack ventilation (S3) provided thermal comfort. 
Both Scenario 2 and Scenario 3 had a higher number of 
thermally comfortable hours than outdoor environmental 
conditions. Similar to the spring representative day, the 
least effective approach was Scenario 1.
Overall, the thermal comfort analysis highlights that natu-
ral ventilation strategies perform differently depending on 
season and boundary conditions. On May 3, the presence of 
jaalis was decisive: While open-window strategies achieved 
only 23–37% of hours within the comfort zone, Scenario 1 
with jaalis maintained 100% comfort, showing that a 2–3℃ 
reduction in operative temperature was sufficient to shift 
conditions from slightly warm (PMV≈+1, PPD>25%) to ful-
ly acceptable (PMV≈0, PPD<10%). In contrast, on July 15, 
comfort could only be achieved when ventilation was intro-
duced: Cross ventilation (S2) and stack ventilation (S3) pro-
vided 68–75% comfort hours, compared to 0% with closed 
windows. With jaalis, the share of comfort hours increased 
further, reaching 79% for cross ventilation, exceeding even 
outdoor comfort levels (58%). These results show that in 
hot-dry summer conditions, ventilation is indispensable for 
keeping PMV and PPD within acceptable limits, but jaalis 
consistently extend comfort hours by lowering radiant heat 
gains without impeding airflow. Taken together, the find-
ings emphasize that while shading alone can deliver comfort 

Figure 19. Thermal comfort analysis of ventilation scenarios and outdoor conditions on May 
3 and July 15.
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during mild spring conditions, in hotter summer months, 
only the combination of shading and airflow can reliably 
maintain thermal comfort, confirming the seasonal adapt-
ability of jaalis as an integrated passive design strategy.

CONCLUSION AND FUTURE DIRECTIONS

This study examined the effectiveness of natural ventilation 
strategies as passive cooling methods in a cooling-dominat-
ed, hot, and dry region. A conceptual building design for 
a resource and community center served as the case study. 
Three ventilation scenarios, no ventilation, cross ventilation, 
and stack ventilation, were tested both with and without jaa-
lis installed on the main hall windows. Indoor environmen-
tal conditions were evaluated using energy simulations and 
Computational Fluid Dynamics (CFD) on two representa-
tive days: May 3rd (spring) and July 15th (summer).

The results showed that, on July 15th, outdoor tempera-
tures ranged from 20.4℃ to 34.1℃, while the midday in-
door temperature in the baseline case (Scenario 1) reached 
30.88℃. With natural ventilation, indoor temperatures 
slightly decreased to 29.28℃ (Scenario 2) and 30.26℃ 
(Scenario 3), and further dropped to 27.83℃ and 29.48℃, 
respectively, when jaalis were added. On May 3rd, when out-
door temperatures were below 20℃, Scenario 1 still over-
heated to 29.21℃ without jaalis, but dropped to 26.13℃ 
with them. Overall, Scenario 1 was the least effective strate-
gy, while Scenarios 2 and 3 reduced indoor temperatures by 
1.5–2℃ in exposed areas. Across all scenarios, jaalis con-
sistently lowered temperatures by around 2℃, primarily by 
reducing solar gains without obstructing airflow.The study 
concludes that integrating jaalis into hot-climate buildings 
can enhance natural ventilation and extend the number of 
thermally comfortable hours. However, as the case study 
building has not yet been constructed, simulation results 
could not be validated against real-life measurements, rep-
resenting a key limitation of this work.

Future research should investigate optimal porosity ratios, 
perforation patterns, and aperture sizes to maximize the 
cooling efficiency of jaalis. Additional studies could also 
explore (i) the interaction of jaalis with other passive cool-
ing strategies, such as night flushing or evaporative cooling, 

and (ii) field validation of CFD models through post-occu-
pancy monitoring once the building is constructed.

In conclusion, the findings demonstrate that the success of 
natural ventilation strategies in hot and dry climates depends 
on both the driving force of air movement (wind or buoyan-
cy) and the control of solar heat gain. Scenario 1 confirmed 
that infiltration and shading alone cannot provide comfort in 
overheated spaces. Scenario 2 showed that aligning openings 
with prevailing winds delivers the most reliable cooling, while 
Scenario 3 revealed the seasonal limitations of stack-driven 
buoyancy when outdoor air is excessively hot. Across all sce-
narios, jaalis consistently enhanced performance by lowering 
radiant heat gains without significantly impeding airflow. Tak-
en together, these results highlight that jaalis are most effective 
not as an isolated retrofit but as a synergistic element within 
a broader passive design strategy, where shading, ventilation, 
and climate-responsive operation are integrated to enhance 
resilience and comfort in extreme climates.
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ABSTRACT

This study explores older adults’ acceptance of IoT-based smart home systems using an 
extended Technology Acceptance Model (TAM) that incorporates trust alongside perceived 
ease of use (PEOU), perceived usefulness (PU), attitude toward use (ATU), and behavioral 
intention (BI). Data were collected from 166 older adults via visually enriched, scenario-based 
surveys tailored to enhance engagement and contextual comprehension. Structural Equation 
Modeling (SEM) and Multi-group SEM (MG-SEM) techniques were applied to examine 
both the general model structure and demographic moderating effects. Results reveal that 
trust is the most influential predictor of both PU and ATU, underscoring its central role in 
gerontechnological smart home acceptance decisions among older adults. PU significantly 
predicts ATU, which in turn strongly influences BI. While PEOU has no direct effect on ATU, 
it exerts a meaningful indirect effect on BI through PU and ATU. These patterns support 
the relevance of indirect usability pathways in technology acceptance. MG-SEM analyses 
highlight significant differences across demographic groups. Rural users show heightened 
sensitivity to ease of PEOU, whereas urban users display stronger trust-based pathways 
toward PU and BI. Younger elderly individuals are more influenced by ATU in forming BI, 
while older users associate PU and trust indicators with emotional and cognitive reassurance. 
Education and living environment also moderate several paths, confirming the need to 
consider contextual diversity in technology acceptance. This study contributes by extending 
TAM with trust, using scenario-based survey design, and integrating MG-SEM analyses 
to capture demographic and contextual variations. Findings emphasize the importance of 
personalized digital aging strategies and trust-based mechanisms for shaping older adults’ 
technology acceptance.
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INTRODUCTION

Aging in place has increasingly become a core policy ob-
jective, aiming to enable older adults to maintain inde-
pendent living within their current home environments 
(Straughan et al., 2025; Lee et al., 2024). When combined 
with digital health technologies and smart home solutions, 
this approach has substantial potential to enhance quality 
of life (Kutsal & Polatoglu, 2024). However, realizing this 
potential depends not only on technological accessibility 
but also on older adults’ willingness to adopt such sys-
tems (Abdalrahim, 2025; Portegijs et al., 2023; Markoc & 
Bayram, 2025).

The Technology Acceptance Model (TAM) is one of the 
most widely used theoretical frameworks for explaining 
user behavior in the field of information systems. Its core 
constructs, perceived ease of use (PEOU) and perceived 
usefulness (PU), influence attitude toward use (ATU) and 
behavioral intention (BI). Yet, among older adults, this pro-
cess is not shaped solely by cognitive evaluations. Emotion-
al and relational factors, such as trust, also play a signifi-
cant role in technology perceptions (Chen and Chan, 2014; 
Zhou et al., 2024). Therefore, the present study extends the 
classical TAM structure by incorporating trust as an addi-
tional determinant.

Moreover, older adults do not constitute a homogeneous 
group. Demographic factors such as age, gender, education, 
living arrangement, and settlement type can lead to mean-
ingful differences in technology acceptance (Galkin et al., 
2025). As prior research has often overlooked these demo-
graphic effects (Zhang, 2023), this study applies MG-SEM 
to compare structural relationships within the model across 
demographic subgroups.

A further contribution of this study lies in its integration 
of a scenario-based assessment approach. By utilizing vi-
sually supported life scenarios, participants were able to 
imagine and evaluate technologies they had not directly 
experienced, allowing the measurement of vicarious expe-
rience-based cognitive responses (Kang et al., 2020). This 
method offers a realistic and innovative means of assess-
ing technology acceptance among older adults, particularly 
when direct experience is limited.

Taken together, the study makes three contributions: (i) ex-
tending TAM with the integration of trust, (ii) applying a 
scenario-based visual assessment method tailored to older 
adults, and (iii) testing demographic sensitivities through 
MG-SEM. An overview of the research design is presented 
in Figure 1.

In line with the analytical framework outlined above, the 
theoretical foundation of the study is addressed in the fol-
lowing section.

THEORETICAL BACKGROUND

Aging in place, gerontechnology, and IoT-based 
residential systems
In Turkey, approximately 80% of older adults reside in their 
own homes (TUIK, 2024), underscoring the growing rel-
evance of the Aging in Place (AIP) approach. Spatial at-
tachment, housing satisfaction, and social connections play 
critical roles in shaping the quality of life and psychosocial 
well-being of older adults (Markoc & Cinar, 2017). How-
ever, AIP should not be evaluated solely from a physical 
perspective. Instead, it must be understood as a multidi-
mensional concept encompassing access to services, safety, 
social engagement, and technological support (Lee et al., 
2024).

Gerontechnology refers to technological innovations spe-
cifically designed to support the lives of older adults. Within 
this scope, IoT-based systems contribute to independence 
and safety through functions such as remote health mon-
itoring, fall detection, digital communication, and home 
automation (Rejeb et al., 2023). Yet, their effective use de-
pends strongly on digital literacy levels and on older adults’ 
attitudes toward technology (Zhang, 2023).

Demographic indicators in Turkey reveal significant chal-
lenges: only 12% of older adults hold a university degree, 
21% are at high risk of social isolation, and partner loss is 
especially prevalent among women (TUIK, 2024). Health-
care utilization is also comparatively higher in this group. 
These findings emphasize the importance of technologies 
that reduce both personal and public healthcare burdens 
(Ahmed et al., 2025). Within the home environment, key 
concerns include safety, energy expenses, and support for 
activities of daily living. Accordingly, home automation 
systems, energy-efficient technologies, and mobile health 
services have been highlighted as vital tools for improving 
social sustainability (Barber, 2020; Allioui & Mourdi, 2023). 
A synthesis of elderly needs and corresponding IoT-based 
technological solutions identified in the literature is pre-
sented in Table 1.

In Turkey, only 26% of individuals aged 65 and older own 
a smartphone, and internet and computer usage rates re-
main even lower (TUIK, 2024). Notable differences also ex-
ist between rural and urban populations, while living alone 
significantly shapes attitudes toward technology (Markoc & 
Sari Haksever, 2019; 2025; Li et al., 2025).

Technology Acceptance Model (TAM) and technology 
adoption among older adults
The Technology Acceptance Model (TAM) (Davis, 1989) 
explains technology use through four primary constructs: 
Perceived Usefulness (PU), Perceived Ease of Use (PEOU), 
Attitude Toward Use (ATU), and Behavioral Intention (BI). 
In recent years, TAM has been widely applied to examine 
older adults’ technology adoption intentions. More recent 
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extensions of TAM have incorporated trust as a critical de-
terminant and highlighted the moderating role of demo-
graphic factors in shaping PU and ATU (Zhou et al., 2024). 
Accordingly, this study adopts TAM not only as a cognitive 
framework but also as a socially grounded approach. Build-
ing upon structural relationships and demographic sensi-
tivities identified in prior research, the next section details 
the methodology employed.

METHODOLOGY

Research Objectives and Hypothesis Development
This study aims to test the acceptance of a scenario-based, 
IoT-enabled smart home system developed in alignment 
with the principle of aging in place for older adults. The 
proposed framework extends the classical Technology Ac-
ceptance Model (TAM) (Davis, 1989) by integrating trust, 
which has been identified as a critical determinant in old-
er adults’ technology adoption (Zhou et al., 2024). Fur-
thermore, the model investigates the moderating effects 
of demographic variables such as age, gender, and living 

environment on the relationships among key constructs 
(Galkin et al., 2025).

Previous research often treated older adults as a homoge-
neous group, overlooking variations in technology accep-
tance related to demographic characteristics. Addressing 
this gap, the present study proposes a model that is sensitive 
to demographic differences. Based on the scenario-driven 
system design and the extended TAM framework, the hy-
potheses summarized in Table 2 were developed. Hypoth-
eses were tested through SEM and MG-SEM to evaluate 
the structural relationships and demographic moderating 
effects. 

Taken together, the hypotheses presented in Table 2 estab-
lish the extended TAM framework that guides the empir-
ical analysis. Building on this theoretical foundation, the 
following section introduces the study participants and de-
scribes the data collection process.

Participants
The study sample consisted of 166 older adults (N=166). The 
sample size was determined in line with the widely accept-

Figure 1. Research design.
Source: Designed based on the methodological framework of the study.
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Table 1. Needs of elderly individuals and related technologies.

Area of Need Proposed IoT-Based Solutions Reference

Support for activities of daily living Smart home assistants, automated lighting and heating 
systems, reminder mechanisms

Ehrenberg, 2024

Medication adherence and health 
monitoring

Wearable health trackers, medication dosage reminders, 
remote health monitoring systems

Liao et al., 2019

Indoor and outdoor security Door/window sensors, motion detectors, smart lock systems Sonamoni et al., 2024

Prevention of social isolation Virtual social networks, video call-enabled digital displays, 
social robot applications

Welch et al., 2023

Energy efficiency and reduction of 
housing expenses

Smart energy meters, optimization systems for water/heat/
appliance usage

Khan et al., 2024

Accessibility and ease of use in 
technology

Simplified user interfaces, voice-controlled systems, large-icon 
mobile applications

Khamaj & Ali, 2024

Emergency assistance Emergency alert bracelets, fall detection sensors, panic button 
systems

Fernández-Bermejo 
Ruiz et al., 2022

Access to digital healthcare services Telehealth platforms, remote doctor consultation modules Haleem et al., 2021

Source: Developed from thematic analysis and related literature.

Table 2. Research hypotheses guided by the extended TAM model.

Hypothesis Statement Rationale

H1 Perceived ease of use (PEOU) positively 
affects perceived usefulness (PU).

According to TAM, systems that are easier to use are more likely to be 
perceived as useful, particularly by older adults with limited technological 
familiarity. Prior studies emphasize that ease of interface design enhances 
functional trust and utility perception (Davis, 1989; Zhang, 2023). 
PEOU → PU

H2 Trust has a positive effect on perceived 
usefulness (PU).

Trust functions as both a cognitive and emotional facilitator in risk-prone 
contexts such as aging populations. When users believe that the system is 
reliable and secure, they tend to view it as more beneficial for health, safety, 
and communication needs (Zhou et al., 2024; Li et al., 2025). 
Trust → PU

H3 Perceived usefulness (PU) positively 
influences attitude toward use (ATU).

When individuals perceive a technology as valuable or life-enhancing, this 
fosters a favorable attitude toward use. For older adults, tangible benefits 
such as fall detection or medication reminders significantly strengthen 
acceptance (Venkatesh & Bala, 2008). 
PU → ATU

H4 Trust positively influences attitude 
toward use (ATU).

A strong sense of system trust reduces psychological resistance and fosters 
a positive emotional orientation toward technology. In gerontechnology 
contexts, trust plays a critical role in reducing anxiety and increasing 
openness (Chen & Chan, 2014; Zhou et al., 2024). 
Trust → ATU

H5 Attitude toward use (ATU) positively 
affects behavioral intention (BI) to adopt 
smart home technology.

A user’s general attitude toward a system is one of the most consistent 
predictors of their behavioral intention. This is aligned with TAM’s core 
pathway and has been validated across technology acceptance studies, 
particularly among older adults (Holden & Karsh, 2010). 
ATU → BI

H6 The strength of TAM relationships 
significantly differs across demographic 
groups (age, gender, living 
environment), indicating moderating 
effects.

Sociodemographic variables shape both cognitive and emotional processing 
of technological systems. For example, age, education, and household 
structure may moderate the relative importance of trust and usability in 
adoption intentions (Portegijs et al., 2023; Rejeb et al., 2023). 
Demographics X Moderation

Source: Derived from existing TAM-based models and adapted for aging-in-place contexts.
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ed guideline in SEM, which recommends a minimum of 10 
observations per estimated parameter to ensure robust esti-
mation and reliable testing of path coefficients (Kline, 2023). 
This approach provided sufficient statistical power, thereby 
eliminating the need for a separate a priori power analysis. The 
socio-demographic distribution of the participants is summa-
rized in Table 3, which presents gender, age, educational at-
tainment, living area, and household type characteristics.

Informed by these demographic profiles, the following sec-
tion describes the instruments and measures employed to 
evaluate the extended TAM constructs.

Instruments and Measures
To collect data for this study, a three-part instrument was em-
ployed, consisting of visual scenario-based prompts, a TAM-
based scale, and a demographic information form. First, based 
on a review of the literature, the needs and risk domains rel-
evant to older adults were identified, leading to the develop-
ment of eight user scenarios. These scenarios were matched 
with specific spaces within the smart home, associated risk 
factors, and corresponding IoT solution sets (Table 4).

The IoT-based solution architecture, designed in the con-
text of residential spaces and system layers, is presented in 
Table 5. This approach enabled older adults to evaluate the 
system derived from scenario-driven cognitive responses, 
without requiring direct interaction or prior experience 
with the technology.

Technology acceptance was measured using the Technology 
Acceptance Model (TAM) developed by Davis (1989). The 
scale consisted of four core dimensions: Perceived Useful-
ness (PU), Perceived Ease of Use (PEOU), Attitude Toward 
Use (ATU), and Behavioral Intention (BI). Additionally, a 
Trust dimension was incorporated into the model to reflect 
the study’s focus (Chen & Chan, 2014; Zhou et al., 2024).

All items were rated using a 5-point Likert scale, and the 
statements were presented in a simplified language appro-
priate for the cognitive profiles of older adults. Demograph-
ic information, including age, gender, educational back-
ground, residential setting, and household structure, was 
also collected. To ensure the robustness and reliability of 
the dataset before conducting SEM, a series of preliminary 
diagnostic tests were applied. First, missing completely at 
random (MCAR) patterns were tested using Little’s MCAR 
test to ensure the randomness of any missing data. Mahala-
nobis distance analysis was then conducted to identify mul-
tivariate outliers that could skew SEM estimations. Upon 
validating data quality, SEM analyses were carried out using 
the semopy library in Python, which enabled estimation of 
both direct and indirect effects. In addition to model com-
putation, networkx and matplotlib libraries were employed 
to visualize the structural relationships among latent con-
structs and observed indicators. This integrated approach 
ensured both statistical rigor and visual clarity in inter-

preting the complex path relationships within the extended 
TAM framework.

FINDINGS

Initially, the 16 items within the TAM framework were pre-
sented along with their mean and standard deviation (SD) 
values. Across the full sample, Items 10 and 11 emerged as 
the most highly endorsed, whereas Items 5 and 8 received 
the lowest levels of agreement (Table 6).

Beyond the descriptive results, the following section ex-
plores whether these technology acceptance constructs vary 
according to participants’ demographic characteristics.

Table 3. Participants’ socio-demographic characteristics.

Variable Category Frequency 
(n)

Percentage 
(%)

Gender Male 82 49.40

Female 84 50.60

Age 60-65 52 31.33

66-70 42 25.30

71-75 17 10.24

76-80 16 9.64

81-85 21 12.65

85+ 18 10.84

Educational 
Level

Primary School 35 21.08

Secondary School 14 8.43

High School 47 28.31

Bachelor’s Degree 52 31.33

Master’s Degree 9 5.42

Doctorate 9 5.42

Living Area Urban 114 68.67

Rural 52 31.33

Household 
Type

Living Alone 45 27.11

With Spouse-
Partner 63 37.95

With Spouse and 
Children 5 3.01

With Caregiver-
Assistant 18 10.84

With Mother and-
or Father 2 1.20

With Children 
Only 9 5.42

Extended Family 24 14.46

Total 166 100

Source: Primary survey data (2025), analyzed using SPSS v26.
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Mean differences by demographic variables
This section investigates whether the Technology Accep-
tance Model (TAM) constructs differ significantly accord-
ing to participants’ demographic characteristics. As pre-
sented in Table 7, findings from the multiple regression 
analysis indicate that age is positively associated with sever-
al core constructs. Specifically, older participants reported 
higher levels of Perceived Ease of Use (PEOU) and more 
favorable Attitude Toward Use (ATU). Trust also slightly 
increased with age, although the magnitude was smaller 
compared to other variables.

Moreover, living environment showed a significant effect: 
participants residing in urban areas exhibited substantial-
ly higher levels of Perceived Usefulness (PU), PEOU, ATU, 
Behavioral Intention (BI), and Trust. Similarly, household 
structure emerged as an influential factor; those living 
alone consistently reported greater scores across PU, PEOU, 
ATU, BI, and Trust, suggesting that solo dwellers perceive 
higher relevance, usability, and reliability of the smart home 
system.

On the other hand, gender and educational level did not 
demonstrate statistically significant effects on any of the 

TAM variables. While individuals with higher education 
levels showed a trend toward greater ease of use, this re-
lationship was not strong enough to reach statistical sig-
nificance. These results highlight the nuanced ways de-
mographic variables interact with technology perception, 
emphasizing the importance of personalized system design 
and targeted implementation strategies in gerontechnology 
contexts.

In summary, while demographic variables such as age, liv-
ing environment, and household structure exert significant 
influences on technology acceptance, the next section em-
ploys SEM to explore the underlying causal relationships 
among TAM constructs.

Structural Equation Modeling (SEM) results
The five-factor technology acceptance structure (PU, 
PEOU, Trust, ATU, and BI) developed through Structural 
Equation Modeling (SEM) was tested using Confirmatory 
Factor Analysis (CFA). All factor loadings exceeded the 
threshold of .60 and were statistically significant, indicat-
ing strong convergent validity across the model constructs 
(Table 8).

Table 4. Scenarios and related technologies in the context of elderly individuals’ needs.

Needs Scenario Description Risks Related IoT-Based Solutions

Assistance with 
Daily Living 
Activities

Every morning when Ms. Ayse goes to 
the bathroom, the lights automatically 
turn on, and the home assistant provides 
reminders.

Disorientation, tripping, 
forgetfulness

Automated lighting, voice assistant, 
ambient temperature control, reminder 
systems

Medication 
Adherence 
and Health 
Monitoring

Mr. Can’s smart bracelet collects health 
data, provides a visual alert at medication 
time, and notifies family members if a 
dose is missed.

Missed medication, health 
deterioration, delayed 
intervention

Wearable health trackers, smart 
pillbox alert systems, real-time data 
transmission

Indoor and 
Outdoor Safety

When Ms. Zeynep forgets to close the 
front door, the system automatically locks 
it. A window sensor activates in response 
to wind.

Unauthorized access, 
injury from open 
windows/doors

Smart locking systems, door/window 
sensors, automatic closure mechanisms

Mitigation of 
Social Isolation

The system reminds Mr. Ahmet of his 
scheduled video call with his grandchild 
and enables one-touch connection.

Loneliness, social 
withdrawal, cognitive 
decline

Integrated video communication 
displays, social companion robots, 
automated reminder tools

Energy Efficiency 
and Cost 
Reduction

Lights automatically switch off in unused 
rooms, and the heating system adjusts 
based on home occupancy.

High energy costs, 
inefficient resource use

Smart energy meters, environmental 
sensors, automated control systems

Accessibility and 
Ease of Use of 
Technology

Ms. Hakan controls devices via voice 
commands such as “Turn on the lights” or 
“Turn off the TV.”

Difficulty interacting with 
digital devices, visual 
limitations

Voice-controlled interfaces, simplified 
user interfaces, large icons

Emergency 
Assistance

Mr. Murat falls in the bathroom; the 
sensor on his wrist detects the motion and 
initiates an automatic emergency call.

Fall-related injury, lack of 
immediate help

Fall detection sensors, emergency alert 
wristbands, panic buttons

Access to Digital 
Health Services

Ms. Yasemin conducts a remote 
consultation with a nurse via a smart 
display, with her health data preloaded.

Missed diagnosis, lack 
of real-time medical 
attention

Telehealth-enabled displays, data 
transmission modules, digital 
appointment scheduling

Source: Developed according to gerontechnology needs mapping and IoT system integration within the study.
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The overall fit of the measurement model is considered ac-
ceptable according to the following indices: CFI=0.901, 
GFI=0.88, AGFI=0.85, and TLI=0.866. However, the RM-
SEA value (0.180) is notably high. Nevertheless, the other fit 
indices confirm that the model demonstrates an acceptable 
fit within the theoretical framework. Although the RMSEA 
exceeds the commonly recommended upper threshold of 
0.08, initially suggesting limitations in absolute model fit, 
this outcome can be attributed to the model’s structural com-
plexity, the inclusion of numerous paths and latent variables, 
and the relatively modest sample size. As Kenny et al. (2015) 
emphasize, RMSEA values are often inflated in small-sam-
ple, complex models; in such cases, relative fit indices such 
as CFI, TLI, and SRMR provide more reliable assessments. 
Within this context, the acceptable levels of the other indices 
indicate that the model is both theoretically and empirically 
supported. Thus, when interpreted contextually, the elevated 
RMSEA does not undermine the validity of the model. In 
addition, alternative and more parsimonious model specifi-
cations, such as versions without the Trust construct or with-
out demographic moderation, were also explored; however, 
these simplified models yielded lower explanatory power and 

weaker fit indices, and were therefore not retained.
Examining the direct effects obtained through SEM (Table 
9), Trust emerges as the strongest predictor of PU. This re-
sult robustly confirms H2, reinforcing the theoretical argu-
ment that trust operates as both a cognitive and emotional 
precursor to perceived usefulness in gerontechnological 
systems (Zhou et al., 2024; Li et al., 2025). While PEOU 
demonstrates a weak but statistically significant effect on 
PU, PU strongly predicts ATU, and Trust also exerts a sig-
nificant influence on ATU. This finding supports H3, in-
dicating that when older adults recognize clear functional 
benefits, such as increased independence or health mon-
itoring, they are more likely to develop a positive attitude 
toward technology use. By contrast, the PEOU → ATU rela-
tionship was not statistically supported, suggesting that ease 
of use may influence attitude primarily indirectly through 
perceived usefulness. This provides empirical support for 
H1, affirming that ease of use contributes to perceived use-
fulness, albeit to a limited extent. The finding aligns with 
prior research emphasizing that intuitive system design en-
hances functional trust and utility perception, especially for 
users with limited digital proficiency.

Table 5. IoT-based system layers and components according to residential spaces.

Entrance Corridor Kitchen Living Room Bedroom Bathroom

Pe
rc

ep
tio

n

Motion sensor, 
magnetic door 
sensor, facial 
recognition camera, 
RFID reader

Pressure sensor, 
light sensor, night 
motion detector

Gas detector, 
temperature 
sensor, smoke 
sensor, water 
leakage sensor

Ambient 
temperature-
humidity sensor, 
motion sensor, 
vibration detector

In-bed pressure 
sensor, night 
motion detector, 
ambient light 
sensor, wearable 
health devices

Anti-slip floor 
sensor, water 
temperature 
sensor, fall 
detector, humidity 
sensor

Tr
an

sm
iss

io
n Wi-Fi, Zigbee, LoRa, 

RFID connectivity
BLE (Bluetooth 
Low Energy), 
Zigbee, Wi-Fi

Wi-Fi, Zigbee, 
NB-IoT

Wi-Fi, Z-Wave, 
MQTT over IP

BLE, Zigbee, 
Wi-Fi

Zigbee, Wi-Fi

C
on

tr
ol

/
Pr

oc
es

sin
g

Smart lock systems, 
access control 
scenarios

Timer-controlled 
lighting trigger, 
motion-based 
scenarios

Automatic stove 
shut-off system, 
voice alert module

Smart TV control 
unit, energy 
monitoring 
module, curtain 
motors

Automatic night 
light, emergency 
call systems, sleep 
analysis

Temperature 
balance control 
system, ventilation 
automation, panic 
button control 
module

Ap
pl

ic
at

io
n Mobile app 

notifications, video 
call integration

Automatic light 
control, remote 
monitoring 
interface

Cooking 
timer, energy 
consumption 
report

Voice assistant 
(Google, Alexa), 
mobile control 
panel

Sleep quality 
report, emergency 
notifications to 
relatives

Emergency call 
notification, water 
usage analytics 
report

Source: Developed within the scope of the study. Scenario illustrations were created using AI-based tools for visualization purposes only.
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As expected, ATU strongly predicts BI. This confirms H5, 
underscoring that favorable attitudes, rooted in both emo-
tional comfort and perceived benefit, are key drivers of 
adoption intention in smart home contexts. The standard-
ized path coefficient exceeding 1, while uncommon, can 
occur due to high conceptual overlap between the ATU and 
BI constructs (Wolf et al., 2013; Venkatesh et al., 2003). In 
terms of indirect effects, PEOU influences both ATU and BI 
indirectly via PU. Similarly, Trust exerts a strong indirect ef-
fect on BI, mediated through both PU and ATU. This result 
validates H4, highlighting the psychological role of trust in 
fostering emotional safety and reducing technology-relat-
ed anxiety among older individuals (Chen & Chan, 2014). 
Collectively, these findings underscore the pivotal role of 
Trust as a key determinant in technology acceptance.

The SEM diagram illustrates the standardized path coef-
ficients (β), where each arrow indicates the direction and 
strength of influence between constructs. Latent variables 
(unobserved factors such as PU, PEOU, ATU, Trust, and BI) 
are represented as dark grey nodes, and each is linked to its 
corresponding observed indicators (survey items) via their 
factor loadings. This visualization displays standardized co-
efficients only, allowing for easier comparison of effect sizes 
across paths (Figure 2).

As shown in Figure 2, the structural model was tested using 
SEM, and the following section presents the findings of the 
multi-group analysis based on demographic moderators.

Multi-group SEM findings based on demographic 
moderators
These MG-SEM results provide robust empirical confirma-
tion for H6, revealing that key TAM pathways are signifi-
cantly moderated by demographic characteristics such as 
age, gender, education level, and residential environment. 
These findings underscore that older adults do not consti-
tute a homogenous group in their technology acceptance 
behaviors. Instead, adoption patterns are context-sensitive 
and shaped by distinct cognitive, emotional, and sociocul-
tural factors (Portegijs et al., 2023; Rejeb et al., 2023).

The MG-SEM results indicate that demographic vari-
ables, gender, age, education level, residential location, and 
household structure, exert significant moderating effects on 
several model pathways. Notably, differences based on gen-
der and age were particularly evident for the relationships 
between Trust, PU, and ATU (Table 10).

Among female participants, the Trust → PU and PU → ATU 
pathways were stronger, whereas among males, Trust → 
ATU and BI → Willingness for long-term use emerged more 
prominently. In younger elderly participants, the ATU → BI 
relationship was more pronounced; for older participants, 
PU’s emotional effect and the link between PEOU and Trust 
were stronger. For participants with lower educational at-
tainment, all pathways (PEOU → PU, Trust → PU/ATU, PU 
→ ATU) were more influential. In contexts characterized by 
low digital literacy, ease of use and trust played a critical 
role. In rural areas, the PEOU → PU and Trust → ATU rela-

Table 6. Descriptive statistics at the item level for technology acceptance constructs.

TAM Construct Survey Item Mean SD

Perceived Usefulness (PU) 1. This system would make my home safer. 1.61 1.03

2. This system would help monitor my health status. 1.42 0.80

3. It would make it easier to carry out daily tasks. 1.70 1.05

4. This system would help me live more independently at home. 1.80 1.06

Perceived Ease of Use (PEOU) 5. Learning to use this system would be easy for me. 2.62 1.21

6. I would easily understand how to operate the devices. 2.36 1.03

7. This system would fit well into my daily routine. 2.00 0.89

8. Using devices through voice commands would be easy. 2.60 1.67

Attitude Toward Use (ATU) 9. Using this system would make me feel good. 1.74 1.08

10. I would feel safer because of this system. 1.48 0.80

11. This technology would make my life easier. 1.48 0.80

Behavioral Intention (BI) 12. I would like to use such a system in my home. 1.64 1.03

13. I would be willing to try this system. 1.58 0.87

14. I would use this system in my home for a long time. 1.74 1.16

Trust 15. I trust that this system would function properly. 1.52 0.93
16. I believe it would call for help in an emergency. 2.20 0.84

Source: Based on item-level descriptive analysis of survey data collected in the current research using SPSS v26.
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tionships were dominant, whereas in urban areas, the PU → 
ATU path was stronger. These findings indicate that ease of 
use and trust are more salient in rural contexts, while per-
ceived usefulness is a more decisive factor in urban settings. 
No significant structural differences were found across 
household structures, suggesting that individual percep-
tions may outweigh household composition in technology 
adoption among older adults.

DISCUSSION

This study explored older adults’ acceptance of IoT-based 
home technologies through an extended Technology Ac-
ceptance Model (TAM), emphasizing the pivotal role of 
trust in shaping both perceived usefulness (PU) and at-
titude toward use (ATU). Consistent with H2, trust was 
found to significantly enhance PU, aligning with prior re-
search that identifies trust as both a cognitive and emotion-
al enabler in risk-laden contexts such as aging populations 
(Zhou et al., 2024; Li et al., 2025). Similarly, in line with H4, 

trust exerted a direct and meaningful influence on ATU. 
As Chen and Chan (2014) emphasized, trust functions as 
a critical affective mechanism that mitigates psychological 
resistance and nurtures emotional openness to technology 
among older users.

While perceived ease of use (PEOU) did not demonstrate a 
direct effect on attitude, its indirect influence through PU 
confirms H1 and supports the mediated pathway described 
in H3. This finding reinforces the argument advanced by 
Davis (1989) and later echoed by Zhang (2023), that ease 
of use is valuable primarily insofar as it enhances the per-
ceived utility of a system. In gerontechnological contexts, 
where older adults often rely on intuitive design and low 
cognitive burden, a system’s usability indirectly facilitates 
positive attitudes, but only when perceived as functionally 
beneficial.

Attitude toward use (ATU) emerged as the strongest pre-
dictor of behavioral intention (BI), offering robust support 
for H5. This aligns with TAM’s foundational structure and 
is widely supported in smart technology acceptance re-

Table 7. Direct effects of demographic variables on core TAM constructs.

Demographic Variable Coefficient p-value Interpretation

PU - Perceived Usefulness

Age 0.060 0.104 Slight trend (not statistically significant).

Living Environment 0.938 <0.001 Very strong effect: urban users perceive higher usefulness.

Household Structure 0.197 <0.001 Stronger usefulness perception among solo households.

PEOU- Perceived Ease of Use

Age 0.244 <0.001 Older users perceive the system as easier to use.

Education Level 0.104 0.118 Not statistically significant; however, higher education appears to be 
associated with a tendency toward greater ease of use.

Living Environment 0.481 0.036 Urban residents report higher ease of use.

Household Structure 0.148 0.014 Individuals living alone or with care needs value ease of use more.

ATU- Attitude Toward Use

Age 0.092 0.003 Older individuals show more favorable attitudes.

Living Environment 0.765 <0.001 Urban users report significantly more positive attitudes.

Household Structure 0.172 <0.001 Those living alone express more favorable attitudes.

BI - Behavioral Intention

Age 0.114 0.003 Older users express higher intent to adopt.

Living Environment 0.811 <0.001 Urban residency strongly increases intent to adopt.

Household Structure 0.197 <0.001 Individuals living alone report greater adoption intent.

TR - Trust in the System

Age 0.100 <0.001 Trust increases slightly with age.

Living Environment 0.598 <0.001 Rural residents report lower trust levels.

Household Structure 0.103 <0.001 Co-residence with family members is associated with lower levels of 
perceived trust in the system.

Source: Calculated from primary data collected in the study using regression analysis in SPSS v26.
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Table 8. Factor loadings and significant interpretations.

Factor Survey Statement Loading (λ) SE p-value Interpretation

PU This system would make my home safer. 1.000 - - Independent living and assistance 
with daily tasks are primary 
determinants of perceived 
usefulness.

This system would help monitor my health status. 0.610 0.041 <0.001

It would make it easier to carry out daily tasks. 0.945 0.038 <0.001

This system would help me live more independently 
at home.

0.943 0.039 <0.001

PEOU Learning to use this system would be easy for me. 1.000 - - Users’ cognitive competence 
in technology shapes their 
perception of ease of use.I would easily understand how to operate the devices. 1.027 0.029 <0.001

This system would fit well into my daily routine. 0.695 0.051 <0.001

Using devices through voice commands would be 
easy.

0.652 0.054 <0.001

ATU Using this system would make me feel good. 1.000 - - Attitudes are shaped by 
psychological safety and 
expectations of quality of life.I would feel safer because of this system. 1.083 0.043 <0.001

This technology would make my life easier. 1.077 0.038 <0.001

BI I would like to use such a system in my home. 1.000 - - Users consider the system to be 
long-term and sustainable.I would be willing to try this system. 0.959 0.030 <0.001

I would use this system in my home for a long time. 1.087 0.054 <0.001

TR I trust that this system would function properly. 1.000 - - Trust regarding emergency 
responses may vary between 
individuals.I believe it would call for help in an emergency. 1.014 0.101 <0.001

Source: Derived from confirmatory factor analysis conducted on TAM-based survey data.

Figure 2. SEM diagram.
Source: SEM diagram constructed using Python, guided by the Technology Acceptance Model (TAM) 
extended with the Trust factor. The visualization was generated using networkx and matplotlib libraries 
within the scope of this study. Standardized path coefficients are annotated on the directional edges to 
represent the strength of relationships among latent constructs and observed indicators.



Megaron, Vol. 20, No. 4, pp. 594–607, December 2025604

search involving older adults (Holden & Karsh, 2010). The 
emotional and psychosocial evaluation of smart home tech-
nologies, such as fall detection or medication reminders, 
appears to underlie the transition from favorable attitudes 
to concrete adoption intentions.

MG-SEM analysis revealed demographic moderation ef-
fects consistent with H6. Specifically, the strength of the 
PEOU → PU path was more pronounced among rural par-
ticipants, potentially reflecting greater reliance on interface 
simplicity in less digitally saturated environments. Con-
versely, PU had a stronger effect on ATU in urban contexts, 
where technological exposure may heighten sensitivity to 
functional benefits. Gender-based patterns were also evi-
dent: women were more influenced by trust-mediated PU, 
whereas men exhibited stronger direct trust-to-attitude 
pathways. These findings support the notion of differentiat-
ed emotional versus functional evaluation strategies (Chen 
& Chan, 2014). Among lower-education participants, both 
trust and PEOU played amplified roles, underscoring the 
need for cognitive support and accessible design (Portegijs 
et al., 2023; Rejeb et al., 2023).

Although the scenario-based design relied on simulated 
rather than real-life interaction, this limitation was mitigat-
ed by adopting the vicarious experience framework (Kang 
et al., 2020), which emphasizes participants’ ability to make 
informed judgments through guided visual scenarios. Nev-
ertheless, the cross-sectional nature and geographically con-
strained sample may limit generalizability, suggesting the im-
portance of future longitudinal and cross-cultural research.

Theoretically, the study makes a key contribution by inte-
grating trust into TAM as a central construct influencing 
not only PU but also ATU and BI indirectly, thereby rein-
forcing the robustness of H2 and H4. Furthermore, the MG-

SEM findings challenge the homogeneity assumption often 
made about older adults’ technology acceptance, directly 
addressing critiques raised by Zhang (2023) and Chen and 
Chan (2014). Finally, the scenario-based approach proved 
effective in eliciting context-sensitive responses, offering a 
methodologically sound pathway for future gerontechnol-
ogy research.

In addition to the current findings, the study offers several 
practical implications: Given older adults’ reliance on trust 
and perceived usefulness in technology adoption, devel-
opers should prioritize simplicity, data security, and trans-
parency in interface design. The stronger influence of ease 
of use among rural and lower-education groups highlights 
the importance of intuitive, low-cognitive-load solutions. 
Furthermore, the observed gender- and education-based 
differences suggest that awareness campaigns and training 
programs need to be tailored to specific demographic pro-
files. In this context, municipalities and healthcare provid-
ers could integrate IoT-based smart home technologies into 
age-friendly policies and infrastructure initiatives to sup-
port independent living among older adults.

CONCLUSION

This study provides an extended Technology Acceptance 
Model (TAM) analysis of IoT-based gerontechnological 
home systems, incorporating demographic moderators to 
capture the diversity of older adults’ technology acceptance. 
Findings highlight that perceived ease of use indirectly in-
fluences attitudes through perceived usefulness, while be-
havioral intention is predominantly shaped by attitudes. 
By integrating demographic sensitivity and scenario-based 
evaluation, the study advances a more context-aware un-

Table 9. Direct and indirect effects obtained within the scope of SEM.

Source Target Coefficient p-value Interpretation Groups with Significant Differences

PEOU PU 0.130 0.039 Significant Family-dwelling, Rural, Younger participants

Trust PU 0.918 <0.001 Very strong and 
significant

Female, Older, Higher education level, Urban

PU ATU 0.642 <0.001 Very strong and 
significant

Female, Younger, Urban, All household types

PEOU ATU -0.002 0.943 Not significant Weak and only significant in Older and 
Family-dwelling groups

Trust ATU 0.260 <0.001 Strong and significant Male, Older, Family-dwelling participants

ATU BI 1.132 <0.001 Very strong and 
significant

Consistently significant across all demographic 
groups

PEOU BI (indirect effect 
through PU→ATU)

≈ 0.094 - Indirect effect -

Trust BI (indirect effect 
through  PU→ATU)

≈ 0.668 - Strong indirect effect -

Source: Based on SEM results derived from the study data.
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derstanding of how aging populations engage with smart 
home technologies. In particular, living environment, edu-
cation level, and digital literacy were found to significantly 
shape acceptance pathways. These insights call for inclusive, 
human-centered design strategies that emphasize simplicity, 
emotional reassurance, and usability for aging populations. 

Limitations and Future Research
Despite its contributions, this study has several limitations. 
First, the cross-sectional design constrains the ability to 

track behavioral changes over time; longitudinal approach-
es are needed to capture the dynamics of acceptance. Sec-
ond, reliance on self-reported data raises risks of social de-
sirability and discrepancies between perceived and actual 
behaviors; future work should incorporate behavioral and 
usage-based measures. Third, the research was conducted 
within the cultural context of Turkey, which may restrict 
generalizability. Additionally, the fact that this study was 
carried out in Turkey suggests that the findings may have 
been influenced by the cultural context. Strong family ties, 

Table 10. Multi-group SEM analysis.

Moderator Path (Independent → 
Dependent)

Direction of 
Difference p-value Interpretation

Gender Trust → PU Stronger in females N/A Trust increases perceived usefulness more 
significantly among women.

PU → ATU Stronger in females N/A Perceived usefulness plays a more dominant 
role in shaping attitudes among women.

Trust → ATU Stronger in males N/A Trust has a greater influence on attitude 
among men.

BI → BI.3 Stronger in males N/A Behavioral intention affects BI.3 more 
strongly in men.

Age ATU → BI Stronger in younger 
elderly

0.002 Attitude is a stronger predictor of behavioral 
intention in younger elderly individuals.

PU → PU.4 Stronger in older 
individuals

<0.001 The emotional/cognitive impact of PU is 
more significant among older people.

PEOU → PEOU.1 Stronger in older 
individuals

<0.001 Perceived ease of use more strongly 
influences age-related trust among the 
elderly.

BI → BI.3 Stronger in older 
individuals

0.001 Behavioral intention impacts safety/comfort 
structures more in elderly individuals.

Education Level PEOU → PU Stronger in lower-
educated group

<0.001 Ease of use affects PU more in individuals 
with lower education levels.

Trust → PU Stronger in lower-
educated group

<0.001 The impact of trust on PU is more 
prominent in the lower-educated group.

PU → ATU Stronger in lower-
educated group

0.031 Perceived usefulness has a stronger effect on 
attitude in less-educated individuals.

Trust → ATU Stronger in lower-
educated group

0.001 The relationship between trust and attitude 
is more significant in this group.

Living Environment PEOU → PU Stronger in rural 
areas

<0.000001 Ease of use positively and strongly affects 
PU in rural settings.

Trust → PU Stronger in urban 
areas

<0.001 In urban settings, trust perception is more 
effective on PU.

Trust ← Trust.2 Stronger in rural 
areas

<0.001 Trust increases more with age in rural areas.

Trust → ATU Stronger in rural 
areas

<0.01 Trust significantly influences attitude in 
rural contexts.

PU → ATU Stronger in urban 
areas

0.031 In urban areas, PU is a more decisive factor 
on attitude.

Household Structure All paths No significant 
difference

>0.05 No significant structural differences were 
found based on household type.

Source: Derived from MG-SEM analysis conducted on study data using Python.
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the tendency for older adults to live with family members, 
and widespread social responsibility norms regarding el-
der care may have amplified the prominent role of trust in 
the technology acceptance process. These cultural charac-
teristics may have foregrounded perceptions of reliability 
and care support in technological systems. Future studies 
are therefore encouraged to investigate the generalizabili-
ty of these findings across different cultural environments. 
Moreover, the exceptionally high standardized path coeffi-
cient between Attitude Toward Use (ATU) and Behavioral 
Intention (BI) (β=1.132) may indicate a partial discriminant 
validity limitation arising from the conceptual proximity of 
these constructs. Although strong theoretical justification 
and the CFA results support adequate convergent validity, 
future studies should further examine potential construct 
overlap using more stringent discriminant validity tests or 
alternative model specifications. Fourth, while the scenar-
io-based approach supported contextual imagination, it did 
not allow direct interaction with technology; experimental 
or prototype-based designs are recommended for higher 
ecological validity. Fifth, the study relied on an extended 
TAM framework; incorporating alternative models such as 
UTAUT2 and constructs like facilitating conditions would 
offer a more comprehensive understanding. Finally, the ab-
sence of negative psychological constructs such as techno-
phobia and privacy concerns limit the explanatory scope; 
their inclusion in future models could yield a more nuanced 
view of older adults’ smart home acceptance.
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ABSTRACT

This study examines DIY (Do-It-Yourself) architecture as a community-driven mode of spatial 
production that challenges expert-led, centralized systems of building and planning through 
ecological and social engagement. While the term 'DIY' gained prominence in the mid-
twentieth century, its practices are deeply traceable to vernacular traditions, collective building 
cultures, and the fundamental human imperative to create shelter. In contemporary contexts 
marked by ecological crises, affordability pressures, and the erosion of local building cultures, 
DIY architecture has re-emerged as a significant alternative grounded in autonomy, adaptation, 
and user agency. Methodologically, the research employs qualitative fieldwork—including 
spatial documentation, 16 semi-structured interviews, archival review, and a four-dimensional 
analytical framework (socio-spatial motivations, material strategies, ecological adaptation, and 
knowledge production). Three Turkish cases—Kanlıkavak Pigeonary, Alakır Sack House, and 
İzmit Fishermen’s Shelters—were selected for their distinct DIY typologies and traceable user-
led construction histories. Findings reveal that DIY architecture cultivates ecological literacy, 
strengthens social bonds, and generates resilient spatial solutions through circular material use, 
adaptive design, and collective knowledge. Each case represents a unique mode of production: 
Cultural-communal making (Kanlıkavak), ecological autonomy and resistance (Alakır), 
and livelihood-based urban adaptation (İzmit). Together, they demonstrate forms of spatial 
intelligence that often lie beyond the reach of institutional delivery systems. The study reframes 
DIY architecture as a legitimate, future-oriented paradigm. It argues that user-driven building 
processes are essential for broadening participation, rethinking conservation, and advancing 
socially grounded and ecologically responsive architectural futures.
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INTRODUCTION

The ecological crises, deepening social inequalities, and 
rising urban costs of the twenty-first century have exposed 
the limits of conventional architectural practice. A central 
structural problem underlying these challenges is the pro-
fessionalization of architecture: Throughout the twentieth 
century, design and construction increasingly moved into 
the hands of experts, transforming what had once been a 
universal human capacity—the act of building one’s own 
shelter—into a specialized and regulated domain reserved 
for professional authority (Parvin, 2013). In today’s rapidly 
changing world, where economic precarity, climate vulner-
ability, and resource scarcity intensify, this separation be-
tween users and the spaces they inhabit has become even 
more pronounced, making alternative, user-driven modes 
of production more relevant than ever.

Although the term “DIY” (Do-It-Yourself) gained promi-
nence in the mid-twentieth century, its practices are deeply 
traceable to vernacular traditions, collective building cul-
tures, and the fundamental human imperative to create shel-
ter. Early forms of self-building can be traced to prehistoric 
shelters, Neolithic dwellings, and the informal, communal 
construction systems that shaped settlements across diverse 
geographies (Rudofsky, 1968; Smith, 2012). In its modern 
sense, DIY culture emerged after World War II against a 
backdrop of economic uncertainty and cultural transforma-
tion. Manuals such as the Whole Earth Catalog (1968–1998) 
empowered individuals to create, repair, and build without 
relying on institutional structures. The 1960s counterculture 
expanded DIY into the realms of self-sufficiency, communal 
living, and ecological awareness, accelerating its transition 
from a survival method into a socio-political stance.

The participation movements of the 1960s and 1970s at-
tempted to address the growing disconnect between ex-
perts and users, but participatory design often remained 
limited to consultation rather than shared decision-making 
(Sanoff, 2000; Gardesse, 2015; Calderón, 2019). As a result, 
users—already marginalized by professionalization—be-
came subject to a second exclusion through methods that 
lacked real influence. This double constraint encouraged a 
more radical approach to spatial agency.

Consequently, by the 1970s, DIY concepts began to sig-
nificantly shape architectural discourse by advocating for 
direct user action. Fichter & Turner's (1970)  Freedom to 
Build  (1972) articulated self-building as both a personal 
right and a political act, arguing that housing is most effec-
tive when produced by its users. This theoretical foundation 
was concurrently being put into practice through pioneer-
ing architectural experiments. This wave of thinking was 
exemplified by a growing body of architectural work that 
operationalized DIY principles. Representative projects in-
clude Christopher Alexander’s A Pattern Language (Alex-
ander, et al. 1977), which provided a universal vocabulary 

of design patterns to empower non-professionals; Walter 
Segal’s self-build system (1970s), which demonstrated an 
accessible timber-frame method for citizen builders; and 
Auburn University’s Rural Studio (1990s–present), which 
redefined hands-on, socially engaged pedagogy.

This trajectory continued into the 21st century, solidifying 
DIY as a sustained architectural strategy. Ross (2010) docu-
mented how self-built housing in the United States became 
a means of asserting autonomy beyond mere economic ne-
cessity. This ethos was further advanced by models like Ale-
jandro Aravena’s incremental “half-a-house” (2000s), which 
embedded user-completion into formal housing policy, and 
open-source platforms such as  WikiHouse (2010s–pres-
ent), which enable digital, globally accessible self-building. 
These examples, among others, signal that DIY is not mere-
ly a countercultural gesture, but a global architectural strat-
egy responding to affordability crises, ecological urgency, 
and demands for spatial agencies.

In the twenty-first century, DIY architecture has gained 
renewed momentum through ecological awareness, social 
justice movements, and expanding access to digital fabri-
cation. Open-source platforms, CNC milling, community 
workshops, and 3D printing now enable citizens to directly 
participate in both design and construction, challenging 
professional monopolies and transforming DIY from a lo-
cal craft tradition into a globally networked mode of spa-
tial production (Dalsgaard, 2012; Garde, 2014; Fuad-Luke, 
2009). Simultaneously, tactical urbanism has shown how 
small-scale, citizen-led spatial interventions can rapidly 
reshape public spaces when institutional planning proves 
slow or ineffective (Lydon & Garcia, 2015).

Within this broader intellectual, historical, and socio-po-
litical context, this study examines three DIY architectural 
cases from Turkey—Kanlıkavak Pigeonary, the Alakır Sack 
House, and the İzmit Fishermen’s Shelters—to demonstrate 
how user-driven building practices emerge as responses to 
exclusion, ecological crises, and the need for spatial autono-
my. These cases illustrate DIY architecture not as a nostalgic 
or peripheral phenomenon, but as a contemporary, demo-
cratic, ecological, and socially grounded production capable 
of addressing urgent spatial and environmental challenges.

RESEARCH METHODOLOGY

This study employs a qualitative, field-based research 
design framed within contemporary discourses on DIY 
architecture, tactical urbanism, and participatory de-
sign (Fuad-Luke, 2009; Lydon & Garcia, 2015; Sanoff, 
2000). A qualitative approach is necessary to reveal as-
pects of tacit knowledge, embodied building practices, 
and non-professional construction processes that can-
not be fully captured through quantitative methods.
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The investigation focuses on three cases from Türkiye (Fig-

ure 1) —Kanlıkavak Pigeonary (Eskişehir), the Alaçık & 

Sack House (Antalya), and the İzmit Fishermen’s Shelters—

selected through purposive sampling from a broader pool 

of approximately twenty documented DIY structures. 

Analytical Framework and Case Selection
To ensure consistent analytical language across cases, the 
study develops a conceptual framework organized around 
four interconnected dimensions:

1.	 Socio-spatial Motivations: Autonomy, resistance, 
community formation.

Figure 1. Locations and Descriptive Profiles of the Three DIY Architecture Cases in Turkey 
(Photos by Author).
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2.	 Material and Technological Strategies: Resource pro-
curement, fabrication methods, circularity.

3.	 Ecological Adaptation: Environmental response, sus-
tainability practices, climate resilience.

4.	 Knowledge Production: Tacit knowledge, skill trans-
mission, design evolution.

The three cases were selected because they represent dis-
tinct DIY typologies: Communal production (Kanlıkavak 
Pigeonary), ecological self-building and resistance (Alaçık 
& Sack House), and autonomous habitat formation (İzmit 
Fishermen’s Shelters). Each case offers complete and trace-
able construction histories, accessible field conditions, and 
sufficient user involvement to support robust qualitative 
analysis.

Data Collection and Fieldwork
Fieldwork was conducted across multiple periods us-
ing consistent methods for all cases:

•	 Systematic spatial observations and material inspec-
tions.

•	 Photographic and technical drawing documentation.

•	 Collection of measurements for plan-based analysis.

•	 Gathering of supplementary materials (construction 
diaries, personal archives).

Temporal distribution of fieldwork included: Kanlıkavak 
Pigeonary (2023-2025, field based), Sack House (2024, ar-
chival), and İzmit Fishermen’s Shelters (2010, archival and 
field-based).

Interview Protocol and Analysis
Semi-structured interviews (16 total across all sites) 
explored themes of autonomy, construction processes, 
material reuse, ecological attitudes, and community 
dynamics. Participants included builders, residents, 
community members, and environmental activists.
A hybrid thematic analysis was undertaken using NVivo. 
First-cycle inductive codes were generated from field notes, 
interviews, and visual materials, capturing actions (build-
ing, repairing), material decisions (reuse, salvage), ecolog-
ical motivations, and user-authority interactions. These 
descriptive codes were refined into higher-level categories 
through deductive engagement with literature on DIY ar-
chitecture and tactical urbanism. Themes were triangulated 
across the four analytical dimensions and then compared 
across the three cases to examine how autonomy, material 
circularity, ecological adaptation, and knowledge transmis-
sion manifested in different contexts.

Triangulation methods included cross-referencing spatial 
evidence with user narratives and archival materials.

KANLIKAVAK PIGEONARY: COMMUNAL 
PRODUCTION AND KNOWLEDGE SHARING

The Kanlıkavak Pigeonary, built in the early 2000s by ap-
proximately 30 residents of Eskişehir’s Kırmızıtoprak 
Neighborhood, exemplifies how DIY architecture can 
emerge from longstanding cultural traditions to fulfill con-
temporary communal needs. This case moves beyond the 
paradigm of individual necessity, illustrating a form of col-
laborative tactics (Lydon & Garcia, 2015) where spatial pro-
duction becomes a medium for sustaining social bonds and 
intergenerational knowledge.

Socio-spatial Motivations: From Individual Need to 
Collective Space
The pigeonary originated when local kuşbaz (pigeon breed-
er)1 enthusiasts found their private terraces insufficient for 
both husbandry and the social rituals integral to their prac-
tice. In a move that echoes the core principle of user auton-
omy central to DIY and participatory design (Sanoff, 2000; 
Fichter & Turner, 1970), the community collectively estab-
lished a shared space on a donated plot of land. This transi-
tion from fragmented private domains to a unified collective 
venue transformed the pigeonary from a mere shelter into 
a dynamic social node, directly challenging the exclusion of 
users from spatial production in conventional planning.

Material and Technological Strategies: Organic 
Evolution Through User Modifications
The structure’s evolution over 25 years embodies a process 
of incremental co-construction, where material changes are 
intrinsically linked to social functions. As documented in 
Table 1, each phase of development—from basic shelter to 
a space incorporating storage, socialization areas, and en-
vironmental arrangements—was driven by user modifica-
tions. This organic progression stands in stark contrast to 
top-down architectural delivery, showcasing a model where 
the built environment is continuously adapted through col-
lective engagement.

Ecological Adaptation: Harmonious Integration with 
Local Conditions
The pigeonary’s development demonstrates a nuanced, 
low-impact adaptation to its immediate environment. Fig-
ure 2 documents the initial physical transformation from 
a rudimentary structure to a collectively defined space, 
illustrating the project’s responsive growth.  Figure 3, the 
current site plan, reveals later enhancements—such as 
floral arrangements and textile additions—that blend mi-
cro-ecological considerations with cultural expression. This 
approach aligns with a key principle of sustainable vernacu-
lar architecture: The harmonization of built form with local 
conditions and user rhythms, rather than the imposition of 
standardized solutions.
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Knowledge Production: Tacit Knowledge and 
Intergenerational Learning
Beyond its physicality, the pigeonary operates as a living 
repository of tacit knowledge. The evolution chronicled in 
Table 1 is not merely a log of physical changes but a map of 
accumulated, shared know-how regarding materials, con-
struction techniques, and social organization. Knowledge 
is transmitted not through formal plans but through em-
bodied practice and oral tradition, creating a resilient sys-
tem of intergenerational learning. This mode of knowledge 
production, rooted in doing and sharing, is a cornerstone 
of DIY culture (Gauntlett, 2011) and highlights a form of 
expertise that exists outside professional domains.

The Kanlıkavak Pigeonary thus stands as a testament to 
how DIY architecture can foster cultural continuity and 
create deeply connected social spaces through collective, 
incremental making.

ALAKIR SACK HOUSE: ECOLOGICAL RESISTANCE 
AND SUSTAINABLE AUTONOMY

The Alakır Sack House, situated in Antalya’s Alakır Val-
ley, epitomizes DIY architecture as a form of materialized 

ecological resistance. This case moves beyond technical 
sustainability to demonstrate how spatial production can 
be a direct, activist response to environmental degrada-
tion and centralized industrial systems. It embodies what 
Fuad-Luke (2009) terms “design activism,” where making 
becomes a means for socio-ecological critique and the 
pursuit of autonomy.

Socio-spatial Motivations: Activism as Spatial Practice
The project’s genesis is inextricably linked to local activ-
ism against hydroelectric power plants, framing its con-
struction within a broader political struggle. As Bookchin 
(1996) argues, superficial environmentalism often neglects 
the structural roots of ecological crises. The Sack House 
confronts this directly, serving as a built manifesto against 
extractive economies. The decision to self-build represents 
a conscious disengagement from mainstream systems, 
pursuing what can be defined as ecological autonomy2—a 
mode of living that prioritizes minimal consumption, di-
rect engagement with nature, and spatial self-determina-
tion. This aligns with the ethos of tactical urbanism, where 
direct action creates alternatives in the face of unresponsive 
institutional frameworks (Lydon & Garcia, 2015).

Table 1. Socio-spatial evolution of the Kanlıkavak Pigeonary.

Period Physical Features Social Functions Implied Knowledge Dimension

2000-2005 Basic shelter Pigeon care Foundational husbandry skills

2005-2010 Storage areas Knowledge sharing Material organization & exchange

2010-2020 Socialization spaces Community events Spatial negotiation for gathering

2020-Present Environmental arrangements Community legacy Ecological & symbolic stewardship

Figure 2. User-led spatial development of the pigeonary (2023–2025) (Photos by Author).
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Material and Technological Strategies: Earthbag 
Technique and Local Sourcing
The project’s materiality is central to its identity. Employing 
Nader Khalili’s earthbag technique, the project synthesiz-
es vernacular earth-building traditions with contemporary 

seismic safety principles, resulting in a low-cost, highly 
insulated, and environmentally responsive construction 
system (Kamal & Rahman, 2018). Though labor-intensive, 
it remains a sustainable and accessible DIY solution (Lay-
line, 2011). The entire construction unfolded as an iterative 

Figure 3. Site plan with integrated built forms and landscaping (Photos by Author).



Megaron, Vol. 20, No. 4, pp. 608–625, December 2025614

prototyping process in which early phases—tent life, the 
Alaçık, and the Yuva prototype—functioned as live labo-
ratories for refining techniques, soil mixtures, and climatic 
adaptations.

Figure 4 visually chronicles this phased development of the 
Yuva prototype, offering concrete evidence of the embod-
ied learning and incremental skill acquisition that underpin 
DIY practices (Gauntlett, 2011). Figure 5, in turn, illustrates 
the transition from experimentation to a consolidated ar-

chitectural form of Sack House, presenting user-drawn 
plans alongside the completed structure. Together, these 
visual documents demonstrate how technical knowledge 
emerged through hands-on trial rather than formalized ex-
pertise.

Additionally, the rigorous local sourcing of materials within 
a 50 km radius—and the exceptionally high reuse rate of 
70%—underscores a firm commitment to circularity and a 
reduced ecological footprint. 

Figure 4. Sequential construction phases of the earthbag ‘Yuva’ prototype (Erkutlu, 2012).
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Ecological Adaptation: A Systemic, Off-Grid Ethos
The Sack House implements a fully integrated, off-grid eco-
logical strategy, moving beyond the building envelope to ho-
listically manage water, energy, and food systems (Table 2). 

The project’s quantitative performance metrics (Table 3) 
crystallize a systemic DIY ethos, where ecological autono-
my is achieved through a deliberate, low-intensity rhythm 
that fundamentally redefines the tempo and resource logic 
of conventional construction.

Knowledge Production: Open-Source Learning and 
Skill Transmission
Knowledge production here was fundamentally experien-
tial and open-source. The phased construction process (Fig-
ure 4) itself was the primary educational tool, facilitating 
the transmission of  tacit knowledge  through direct mate-
rial engagement. This hands-on learning was coupled with 
a conscious ethos of “anti-capitalist architecture,” where 

techniques and experiences were shared publicly, creating a 
model of open-source learning that empowers others.  

This reinforces Gauntlett’s (2011) idea of ‘making is con-
necting,’ framing the Alakır as a learning hub within a 
broader network of ecological resistance.

The Sack House ultimately embodies a form of DIY architecture 
where ecological principles, material practice, and political resis-
tance converge to create a prototype for sustainable autonomy.

IZMIT FISHERMEN’S SHELTERS: INFORMAL 
URBANISM AND COMMUNITY RESILIENCE

The İzmit Fishermen’s Shelters (1995–2011) represent a 
seminal case of  informal urbanism  and community-driv-
en spatial production along Turkey’s urban coastline. This 
self-built settlement of nearly one hundred units exempli-
fies how DIY architecture emerges as a tactical response to 

Figure 5. User-generated plans and completed views of the sack house (Erkutlu, 2018).
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the inadequacies of formal planning in providing for liveli-
hood-based communities (Lydon & Garcia, 2015).

As shown in Figure 6, the settlement’s spatial configuration 
becomes legible through the combination of satellite imag-
ery and ground-level perspectives. The satellite view reveals 
the overall coastal layout—its crescent-shaped shoreline, 
branching walkways, and the linear distribution of over-wa-
ter units—indicating a morphology that emerged through 
incremental, user-led extensions. The West and East views 
further illustrate how these structures were adapted to fluc-
tuating water levels, material scarcity, and everyday fishing 
practices. Taken together, these multi-scalar observations 
exemplify what Fuad-Luke (2009) describes as “everyday de-
sign activism,” where numerous small, improvised interven-
tions accumulate over time into a resilient and collectively 
produced spatial system.

Its eventual demolition in 2011 starkly illustrates the ten-
sions between such bottom-up, socially embedded habitats 
and top-down urban governance, raising critical questions 
about whose spatial practices are valued in the city.

Socio-Spatial Motivations: Autonomy, Informality, and 
Communal Practice
The shelters embodied “livelihood urbanism” - where spatial 
production directly serves economic survival and commu-

nal work patterns. Unlike the cultural focus of Kanlıkavak 
or ideological stance of Alakır, this case represents urban 
informality driven by economic necessity. This was not in-
formal housing, but  informal workplace urbanism, where 
spatial organization was dictated by the rhythms of fishing 
life rather than abstract planning regulations.

The settlement’s configuration by over fifty fishermen through 
shared labor embodied a potent form of user autonomy, reso-
nating with Fichter & Turner (1970) argument that users are 
the most effective producers of their own functional spaces. 

The 2011 demolition thus represented not just the remov-
al of structures, but the erasure of a community-defined 
spatial logic, also underscores the fundamental conflict 
between such community-built environments and formal 
urban governance systems.

Material and Technological Strategies: Improvisation 
and Adaptive Reuse
The material and structural diversity of the İzmit Fisher-
men’s Shelters emerged from practical constraints, resource 
availability, and incremental user-led modification. 

As illustrated in Figure 7, the façades display extensive el-
evational variation shaped by each builder’s skills, material 
access, and aesthetic decisions. These user-produced eleva-
tions—ranging from patchwork claddings to improvised 

Table 2. Integrated ecological strategy of the sack house.

Category Application Contribution to Autonomy & Sustainability

Preceding Experience Tent life; Alaçık/Yuva prototypes Served as live laboratories for iterative learning and skill 
refinement.

Water Management Natural spring; rainwater harvesting Achieved full water independence from municipal 
infrastructure.

Energy Systems Solar panels; candles/gas lamps 90% reduction in lighting energy; off-grid power generation.

Food Production Vegetable garden; livestock Applied permaculture principles for partial food self-
sufficiency.

Material Sourcing Local stone, clay, sand; 70% reused 
materials

Radically reduced embodied energy and supported circular 
economy.

Construction 
Techniques Manual labor; earthbag; green roof Eliminated need for machinery; enhanced insulation and 

biodiversity.

Bioclimatic Design 23° south orientation; natural ventilation Achieved thermal comfort without mechanical heating/
cooling systems.

Table 3. Quantitative performance indicators of the sack house.

Parameter Value Implication

Construction Time 526 days Embodied a slow, non-exploitative building rhythm.

Daily Workload 5 hours Aligned construction with human and ecological cycles.

Enclosed Area 65 m² Embraced a minimalist spatial footprint.

Energy Consumption 0.8 kWh/day Consumed ~5% of the energy of a conventional house.

Rainwater Harvesting 12 m³/year Demonstrated efficient use of on-site water resources.
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structural frames—make visible the intuitive, iterative na-
ture of construction in the settlement. This heterogeneity 
aligns with Birsel’s (2004) concept of “frog architecture”3.

Crucially, this lightweight, flexible, and non-rigid con-
struction logic proved exceptionally resilient to seismic 
forces. While the formal urban fabric of İzmit suffered cat-
astrophic damage in the 1999 earthquake, the fishermen’s 
shelters survived with minimal harm. 

Extensions such as terraces, verandas, bridges, and multi-
room layouts were incorporated over time as needs 
evolved, creating a dynamic and flexible spatial language. 
Crucially, the material logic of the shelters was shaped 
by extensive practices of reuse and salvage. In Figure 8, 
the façades were constructed using tarpaulins, billboards, 
scrap chipboard panels, reclaimed doors, and various oth-
er salvaged materials, while the piers and walkways were 

Figure 6. Coastal spatial pattern of the İzmit shelters: Satellite and ground-level views (Photos 
by Author; Doğukanlı, 2006a).
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assembled from driftwood, discarded tires, and sea-borne 
debris.
The coastal environment thus functioned simultaneously as a 
site of deterioration—due to humidity, decay, and erosion—
and as a continuous material reservoir. This continuous cycle 
of adaptation perfectly illustrates Turner’s concept of “housing 
as a verb”—a spatial process rather than a finished product.

ECOLOGICAL ADAPTATION: WATER-BASED 
LIVING AND FLUID SPATIALITY 

The shelters developed amphibious urbanism through dy-
namic adaptation to aquatic conditions. Figure 9—com-

bining the settlement’s plan, interior views, and the inte-
gration of boats—highlights how water was not merely a 
surrounding element but a defining architectural medium, 
while Table 4 summarizes the multi-aspect environmental 
negotiation. This represents a form of socio-ecological re-
silience  where spatial intelligence emerges from lived ex-
perience rather than professional expertise, creating what 
might be termed “ecological democracy” in spatial practice.

Knowledge Production: Craft Learning, Repair Culture, 
and Collective Memory 
Knowledge production here operated through craft learn-
ing and oral transmission, creating what Gauntlett (2011) 

Figure 7. Elevational variations of the İzmit fishermen’s shelters (Doğukanlı, 2006a).
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might call “making as connecting” in an urban context. 
The settlement functioned as a live construction laborato-
ry where skills circulated through collective practice rather 
than formal training. As Doğukanlı (2006b) notes, spatial 
boundaries, ownership patterns, and building decisions 
were negotiated socially rather than bureaucratically, pro-
ducing an environment governed through shared memory 
and mutual agreement. 

This tacit knowledge system, while creating resilient com-

munities, remained politically vulnerable due to its infor-
mality - a crucial lesson for understanding the limitations 
of DIY urbanism within contemporary governance frame-
works.

The İzmit Fishermen’s Shelters demonstrate the capacity 
of informal, user-driven urbanism to generate resilient, 
adaptable, and socially cohesive habitats in direct response 
to economic and environmental conditions.

Figure 8. Recycled material practices in the İzmit shelters (Doğukanlı, 2006a; Photos by Author).

Table 4. Socio-ecological dynamics of water-based living.

Aspect Impact Area Manifestation in DIY Architecture

Physical Structural Configuration Lightweight, elevated, or floating foundations minimizing ecological impact

Social Interaction Forms Shared platforms and decks fostering cooperative community networks

Cultural Everyday Practices & Traditions Spatial layout directly facilitating fishing routines and boat-based social life

Temporal Seasonal Adaptation Dynamic spatial use: Open decks in summer, enclosed interiors in winter
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Figure 9. Spatial and boat-integrated living in İzmit shelters (Doğukanlı, 2006a).
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DISCUSSION

The three case studies examined in this research, analyzed 
through a consistent four-dimensional framework, col-
lectively demonstrate how DIY architecture operates as a 
robust, user-driven alternative to professionalized build-
ing cultures. Rather than representing isolated or marginal 
practices, these cases reveal a coherent and evolving set of 
motivations, material strategies, and knowledge systems 
grounded in direct spatial agency. The comparative analysis 
presented in Table 5 serves as a conceptual map, illustrat-
ing the spectrum of DIY practices in Turkey—from cultur-
al-communal production (Kanlıkavak) to  ecological-ac-
tivist resistance (Alakır), and  socio-economic informality 
(İzmit).

A Spectrum of DIY Typologies: Unifying Principles and 
Distinct Rationales
A cross-case analysis using the four-dimensional frame-
work, as summarized in Table 5, reveals that beneath their 
apparent differences lie core unifying principles. Chief 
among these is a process-oriented design logic where space 
evolves through continuous adaptation and collective de-
cision-making, rather than being delivered as a finished 
product. This iterative process cultivates unique forms of 
resilience—social, spatial, and ecological—unattainable 
through top-down, standardized construction. Further-
more, across the spectrum from cultural preservation to 

activist resistance and economic informality, the material 
strategies consistently demonstrate a  vernacular intelli-
gence that prioritizes reuse, local sourcing, and low-impact 
techniques.

While united by these foundational approaches, each case 
contributes a distinct design rationale to the DIY spectrum, 
clarifying their unique positions within it. 

The  Kanlıkavak Pigeonary  showcases how DIY is instru-
mental in  sustaining cultural memory  and strengthening 
intergenerational bonds through tacit knowledge. In stark 
contrast, the  Alakır Sack House  exemplifies a paradigm 
of ecological autonomy, where the very act of building be-
comes a form of activism and a means of physical disen-
gagement from unsustainable systems. Finally, the  İzmit 
Fishermen’s Shelters reveal the power of improvisation and 
bricolage in generating adaptive urban infrastructure that re-
sponds directly to livelihood needs and economic precarity. 

Theoretical Dialogue: Extending DIY and Participatory 
Frameworks
The findings both confirm and complicate existing the-
oretical frameworks by revealing that DIY architecture is 
driven by a complex interplay of profound motivations 
that yield multi-dimensional impacts. Thematic analysis 
demonstrates that user actions are spurred by deep-seated 
psychological, ecological, and socio-cultural drivers that far 
exceed mere functional necessity.

Table 5. Four-dimensional comparative analysis of DIY Cases in Türkiye.

Analytical Dimension Kanlıkavak Pigeonary Alakır Sack House İzmit Fishermen’s Shelters

Socio-Spatial 
Motivations

Cultural Communion: Strengthening 
social bonds around the tradition of 
pigeon breeding. Space transforms a 
hobby into a collective social node.

Ecological Resistance: Activism 
against hydroelectric power 
plants. Space is a tangible 
manifesto for the pursuit of 
sustainable autonomy.

Livelihood Urbanism: The 
practical needs of the fishing 
profession. Space is a habitat 
for economic survival and 
cooperative living.

Material & 
Technological 
Strategies

Incremental Co-construction: Organic 
evolution over 25 years through user 
modifications. Social functions directly 
inform physical form.

Iterative Prototyping & Local 
Sourcing: Earthbag (Superadobe) 
technique. A circular material 
economy with 70% reuse rate 
within a 50 km radius.

Radical Bricolage & Urban 
Mining: Wood, tarps, 
billboards, scrap doors 
gathered from the coast. 
An improvisational and 
contextual material language.

Ecological Adaptation Low-Impact Harmonization: Micro-
ecological arrangements (flowers, 
textiles). Harmonization of the built 
environment with user rhythms and 
local conditions.

Systemic Off-Grid 
Autonomy: Integrated water, 
energy, and food systems 
(Table 2). Radical reduction of 
ecological footprint.

Amphibious 
Resilience: Dynamic 
adaptation to water. 
Lightweight, elevated/
floating foundations. Superior 
performance in the 1999 
earthquake compared to 
conventional structures.

Knowledge Production Intergenerational Tacit 
Knowledge: Knowledge transmitted 
through embodied practice and oral 
tradition. The space functions as a living 
repository of know-how.

Open-Source Experimental 
Learning: The construction 
process (Figure 4) is the primary 
educational tool. Techniques are 
shared publicly (“anti-capitalist 
architecture”).

Craft-Based Collective 
Memory: Skills circulate 
through collective practice 
and a culture of repair. Spatial 
decisions are made through 
social negotiation.
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As summarized in Table 6, these motivations resonate 
with established theories of human behavior and design, 
yet they manifest in the specific, grounded context of spa-
tial production. Kanlıkavak exemplifies motivations root-
ed in socialization and development; Alakır embodies the 
pursuit of  independence and environmental harmony; 
and İzmit reflects imperatives of necessity and collabora-
tive practice.

Crucially, across all cases, these motivations culminate in 
a form of ‘substantive participation’ that moves beyond 
the consultative models critiqued by Sanoff (2000), real-
izing Turner’s (Fichter & Turner, 1970) ideal where users 
are the primary authors of their spatial reality. This sub-
stantive participation, in turn, generates distinct impacts 
that extend theoretical discourse, particularly in terms of 
a ‘Temporal Perception Shift’ and ‘Material Embodiment 
Experience’. The 526-day slow-building rhythm of the 
Sack House exemplifies a deliberate temporal decoloniza-
tion (Adam, 1998), while the İzmit settlement’s survival 
of the 1999 earthquake provides empirical evidence for 
“vernacular structural intelligence”—a form of resilience 
emerging from adaptive, lightweight construction rather 
than top-down engineering.

A Value System, Not Just a Technique
The conceptual worldview of DIY builders, distilled from 
the discourse and encapsulated in Table 7, underscores that 
DIY is a coherent value system, not merely a set of tech-
niques. This framework moves beyond singular motivation 
or impacts to articulate the fundamental aspects that con-
stitute the DIY ethos, highlighting its potential as a holistic 
alternative to conventional practice.

Implications for Architectural Conservation: 
Challenging Static Paradigms
The cases present a profound challenge to traditional ar-
chitectural conservation, which often prioritizes material 
authenticity and fixed states. Instead, they advocate for 
a  ‘processual conservation’  paradigm that values contin-
uous adaptation, community knowledge transmission, 
and evolving spatial practices. The demolition of the İzmit 
shelters represents a critical failure of heritage recognition 
systems that cannot accommodate informal, communi-
ty-built environments. This suggests the need for expand-
ed heritage criteria that can recognize the value of social 
practices, repair cultures, and collective memory—the 
very elements that constitute the living value system out-
lined in Table 7.

Policy, Educational, and Future Research Directions

Policy Recommendations:

•	 Develop “adaptive building codes” that accommodate 
low-impact, user-built structures.

•	 Establish “community land trusts” to secure tenure for 
informal settlements with proven socio-ecological value.

•	 Create municipal  “material banks”  for salvaged con-
struction materials to support circular economies.

Educational Implications:

•	 Integrate “hands-on building literacy” into core archi-
tectural curricula through mandatory workshops.

•	 Develop courses on  “community facilitation”  to sup-
plement traditional expert-design training.

Table 6. Motivations and impacts of DIY architecture: A thematic synthesis.

Theme Core Concept 
(Motivation) Representative Discourse Key Impact / Dimension Theoretical Connection

Autonomy & Self-
Determination

Process-oriented personal 
right and freedom

“Longing to own one’s 
time...” (P9, 2024)

Identity Construction; 
Temporal Shift

Self-Determination 
Theory (Deci & Ryan, 
2000); Autonomy 
Theory (Ryan, 1991)

Ecological Awareness  
& Harmony

Conscious human-nature 
relationship

“Building with natural 
materials helped me 
reconnect...” (P7, 2024)

Resource Efficiency; 
Energy Balance; 
Biodiversity

Biophilia Hypothesis 
(Kellert & Wilson, 1993); 
Ecological Design (Van 
der Ryn & Cowan, 1996)

Socialization & 
Community

Collaborative community 
building

“This process creates 
community...” (P5, 2023)

Social Capital Formation Social Capital Theory 
(Putnam, 2000)

Personal Fulfillment  
& Actualization

Existential fulfillment 
through creation

“We started this journey 
to live authentically...” 
(P15, 2024)

Existential Fulfillment; 
Hands-on Materiality

Positive Psychology 
(Seligman, 2002); 
Logotherapy (Frankl, 
1959); Craft Theory 
(Sennett, 2008)

Necessity & 
Pragmatism

Basic need fulfillment 
and problem-solving

“Creating space was a 
fundamental need” (P12, 
2024)

Practical Skills & 
Knowledge; Minimalist 
Design

Experiential Learning 
(Kolb, 1984)
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•	 Establish “live project studios” where students collabo-
rate directly with community builders.

Limitations and Future Research: This study is limited by its 
qualitative methodology and focus on the Turkish context. 
Future research should:

•	 Quantitatively assess the  environmental perfor-
mance of DIY structures through life-cycle analysis.

•	 Conduct longitudinal studies tracking  social capital 
formation in community-built projects.

•	 Explore the potential of digital fabrication to scale DIY 
principles while maintaining localization.

•	 Investigate  policy frameworks  in other contexts that 
successfully integrate informal building practices.

This study positions DIY architecture not as a margin-
al phenomenon but as a viable, future-oriented strategy. 
It demonstrates the capacity of user-driven processes to 
generate culturally resonant, ecologically intelligent, and 
socially resilient habitats, offering a critical model for re-
thinking both architectural practice and conservation in 
the 21st century.

CONCLUSION

This study demonstrates that DIY architecture is not a 
marginal improvisational activity but a significant so-
cio-ecological practice that reshapes how individuals 
and communities produce, inhabit, and sustain their 
environments. Through three cases from Turkey—Kan-
lıkavak Pigeonary, the Alakır Sack House, and the İzmit 
Fishermen’s Shelters—the research reveals that DIY ar-
chitecture constitutes a holistic mode of spatial produc-
tion grounded in user agency, ecological adaptation, and 
collective knowledge rather than professional authority. 
Each case shows how bottom-up building practices can 
generate spatial outcomes that are socially cohesive, ma-
terially resourceful, and environmentally responsive in 
ways that conventional architectural systems struggle to 
provide.

Across the three cases, several unifying principles 
emerge. First, all demonstrate that spatial agency expands 

dramatically when users reclaim the right to build. Wheth-
er through communal making (Kanlıkavak), ecological 
self-sufficiency (Alakır), or livelihood-driven informality 
(İzmit), DIY practices cultivate autonomy, ecological sen-
sitivity, and social solidarity.  Second, all cases illustrate 
a process-oriented design logic in which space evolves 
through continuous adaptation, repair, and collective de-
cision-making. This iterative process produces forms of 
resilience—social, spatial, and ecological—that cannot 
be replicated through top-down, standardized construc-
tion.  Third, the material strategies observed across cases 
highlight vernacular intelligence that embraces reuse, local 
sourcing, and low-impact techniques, reinforcing the cen-
trality of embodied knowledge and ecological awareness in 
sustainable architecture.

The thematic analysis further confirms that the motiva-
tions behind DIY architecture—ranging from self-deter-
mination and ecological awareness to craft learning and 
self-actualization—are not secondary but fundamental 
elements of the building experience. These findings align 
with established theoretical frameworks such as autonomy 
theory, biophilia, experiential learning, and social capital 
theory. Together, they show that DIY practices cultivate 
ecological literacy, strengthen communal bonds, and en-
hance individual well-being, offering a multidimensional 
alternative to consumer-driven, resource-intensive archi-
tectural models.

The implications for contemporary architectural conser-
vation and planning are profound. Rather than treating 
DIY structures as temporary, informal, or expendable, 
conservation frameworks should recognize them as living 
systems of cultural memory and ecological intelligence. 
The demolition of the İzmit Fishermen’s Shelters illus-
trates the vulnerability of community-built environments 
under current regulatory regimes and highlights the ur-
gent need for heritage criteria that include social prac-
tices, craft cultures, and adaptive spatial traditions—not 
only physical monuments. Expanding conservation para-
digms in this direction would align architectural heritage 
with contemporary debates on sustainability, participato-
ry design, and environmental justice.

Table 7. The DIY architecture value framework.

Fundamental Aspect Core Keywords

Spatial Agency & Autonomy Independence, Freedom, Self-sufficiency, Construction freedom, Sense of Ownership

Ecological Integration Sustainability, Harmony with nature, Recycling, Eco-friendliness, Natural materials

Socially Embedded Production Social connections, Sharing, Teamwork, Social Solidarity, Community-building

Personal Empowerment & Growth Personal satisfaction, Value of one’s labor, Joy of self-production, Mental well-being, Personal 
development

Resourceful & Practical Intelligence Handicraft, Artisanship, Practical intelligence, Quick problem-solving, applied knowledge, 
Low cost, Efficiency
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Based on these insights, the study proposes a compre-
hensive framework for integrating DIY architecture into 
architectural practice and planning policy (Table 8). This 
includes adaptive building codes, community-led materi-
al infrastructures, participatory planning tools, hands-on 
education within architectural curricula, and cultural pro-
tection mechanisms for living building traditions. Taken 
together, these strategies aim to transform DIY architecture 
from a set of isolated practices into a coherent, institution-
ally supported approach with relevance for contemporary 
and future architectural challenges.

Ultimately, this research demonstrates that DIY architec-
ture matters today because it challenges the foundational 
questions of modern architectural practice: “Who has the 
right to produce space? Whose knowledge counts? How can 
building be reconnected with ecological responsibility and 
social meaning?” By foregrounding user agency, vernacular 
resilience, ecological alignment, and collective creativity, 
DIY architecture provides a powerful model for rethink-
ing architectural production in the twenty-first century. Its 
capacity to sustain local memory, strengthen community 
identity, and reinforce ecological stewardship suggests that 
user-driven construction is not merely a historical rem-
nant, but an essential component of a more just, sustain-
able, and meaningful built environment.

NOTES
1Pigeons have maintained cultural significance since the 
Oghuz tribes, transitioning from palace life to popular prac-

tice (Kaplan, 2007). The tradition has evolved into a social 
practice where knowledge exchange about care, training, 
and breeds occurs among enthusiasts (Korkmaz, 2022).
2As people increasingly feel the effects of ecological degra-
dation, awareness of concepts like the “ecological footprint” 
has spurred environmental research and sustainable initia-
tives since the 1970s (Ciravoğlu, 2008)
3“Frog architecture” is a concept developed by Sedef Bir-
sel based on her observations of the İzmit fishermen’s 
shelters. Birsel (2004) describes these structures as dwell-
ings that could be built with “a pair of long boots, a saw, 
a few nails, and some arm strength,” shaped entirely by 
users’ imagination and practical ingenuity, where even 
the walls, rooms, or terraces could be configured however 
one wished. The term is used metaphorically to emphasize 
how this spontaneous and low-cost mode of production 
departs from formal planning norms; Birsel character-
izes these structures as a spatial formation that “grows, 
jumps, and multiplies like a frog,” expanding incremen-
tally through user-led additions.
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Table 8. Implementation Framework for DIY Architecture Integration.

Policy Area Key Proposals Implementation Steps Responsible Actors

Legal Framework Develop adaptive building 
codes

Create regulations for low-impact, 
user-built structures

Local governments, Parliament

Recognize collective ownership 
models

Establish legal frameworks for 
housing cooperatives

Ministry of Justice, 
Municipalities

Education & Training Integrate DIY studios into 
curricula Develop hands-on building courses Universities, Accreditation 

boards

Organize community 
workshops

Create skill-sharing programs for 
vernacular techniques

NGOs, Professional chambers

Spatial Resources Establish community 
workshops

Provide public spaces for 
collaborative building

Municipalities, Community 
organizations

Create material recycling hubs Develop networks for reclaimed 
building materials

Ministry of Environment, 
Municipalities

Community Participation Enhance neighborhood 
decision-making

Implement participatory planning 
processes

Local governments, Civil 
society

Organizing design workshops Facilitate community visioning 
events

Municipalities, Universities

Cultural Heritage Document DIY structures Create inventories of community-
built environments

Ministry of Culture, 
Universities

Support living heritage 
practices

Conduct oral history and community 
memory projects

Museums, Cultural 
organizations
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ABSTRACT

Despite their historical, cultural, and social significance, many historic urban districts 
struggle to meet residents’ needs, thereby undermining residential satisfaction and quality 
of life. The historic district of Sabzevar, Iran, exemplifies this challenge, as aging residents 
increasingly leave due to declining satisfaction. This study investigates how deficiencies 
in environmental affordances — the environment’s capacity to support human needs — 
contribute to this trend. Using a mixed-methods approach and path analysis, we identify four 
key dimensions of affordance: Physical-spatial (comfort, security), functional (accessibility, 
flexibility), perceptual-psychological (legibility, safety, place attachment), and socio-cultural 
(social interaction, aesthetics). Findings reveal low overall residential satisfaction, with the 
perceptual-psychological dimension emerging as the strongest predictor (β=0.55, p<0.05), 
likely due to its role in fostering emotional attachment and perceived safety — critical factors 
for aging populations in historic settings. While socio-cultural affordances remain relatively 
strong (preserving community identity), physical-spatial and functional dimensions are 
critically deficient. Based on these findings, we propose context-specific urban design 
interventions — including shaded rest areas, traffic calming, Lynchian legibility enhancements, 
and CPTED-based safety measures — to improve livability and support resident retention. 
This study advances the application of Maslow’s hierarchy within affordance theory and offers 
actionable insights for human-centered revitalization of historic districts.
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INTRODUCTION

Preserving the historical, cultural, and social fabric of old 
urban districts is not merely an aesthetic or heritage con-
cern — it is a critical component of equitable, human-cen-
tered urban policy. Yet, in many cities, including Sabzevar 
in Khorasan Razavi Province, these districts are increasing-
ly marginalized under top-down planning paradigms that 
prioritize large-scale development over the lived experience 
of residents (Chokhachian, Santucci & Auer, 2017). The 
historic core of Sabzevar, despite its rich identity and com-
munal vitality, suffers from a visibly degraded physical fab-
ric — crumbling pavements, inadequate shading, and frag-
mented accessibility — conditions that directly contribute 
to the gradual outmigration of its elderly residents (Fayaz, 
et al., 2019, p. 234; Haft Shahr Aria, 2012). This displace-
ment is not random; it is a direct consequence of declin-
ing residential satisfaction — a phenomenon deeply tied to 
the environment’s failure to respond to residents’ evolving 
needs (Saffari Nia, et al., 2013, p. 43; Dannenberg, et al., 
2011; Fernandez-Portero, et al., 2017; Temelova & Dvora-
kova, 2012).

Central to this study is the concept of environmental affor-
dance — the perceived and actual capacity of the built envi-
ronment to support human action and well-being. Unlike 
conventional urban metrics that focus on form or function 
alone, affordance theory — rooted in Gibson’s (1979) work 
— emphasizes the relationship between people and place: A 
shaded bench affords rest to a tired elderly resident; a familiar 
alley affords orientation to someone with fading memory; a 
communal square affords belonging to those rooted in place. 
In Sabzevar’s aging community, satisfaction is not determined 
by infrastructure alone, but by whether the environment holds 
its residents — physically, functionally, and emotionally.

Residential satisfaction — defined as residents’ subjective eval-
uation of their living environment (Terzano, 2014) — serves 
as a vital indicator for planners seeking to create not just func-
tional, but meaningful places (Galster & Hesser, 1981; Hada-
vi, Kaplan & Hunter, 2015, p. 20). This study, therefore, aims 
to answer two core questions: (1) How do environmental af-
fordances affect residential satisfaction in Sabzevar’s historic 
district? and (2) What is the current state of these affordanc-
es across their key dimensions? To address these questions, 
we adopt a descriptive-analytical, mixed-methods approach, 
combining non-participant observation with a survey of 359 
residents (after excluding 11 incomplete responses from 370 
distributed questionnaires). Our objectives are fourfold: To 
identify the key determinants of satisfaction through the lens 
of affordance theory; to quantify satisfaction levels; to assess 
the quality of affordance dimensions in the study area; and — 
crucially — to derive actionable urban design recommenda-
tions rooted in empirical findings.

The following sections first establish the theoretical founda-
tions of this study — reviewing the interrelated concepts of 
human needs, environmental affordances, and residential 
satisfaction — and present our conceptual framework (Fig-
ure 1). We then introduce the study area, methodology, and 
data analysis procedures, followed by results, discussion, and 
policy implications. This structure ensures a logical progres-
sion from theory to practice, grounding our recommenda-
tions in both scholarly literature and on-the-ground realities.

REVIEW OF RELATED THEORIES

Human Needs of Residents
At the heart of environmental design lies a simple yet pro-
found premise: The built environment exists to respond to 
human needs (Nickols et al., 2009). Urban spaces, through 

Figure 1. Empirical framework of the study.
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their physical and social attributes, either enable or con-
strain the fulfillment of these needs — ranging from basic 
physiological requirements to complex psychological and 
cultural desires (Maslow, 1971; Alderfer, 1969; Li et al., 
2014; Motalebi, 2006b). As Figure 2 illustrates, these needs 
are not static; they evolve with age, culture, and context — 
demanding environments that are equally adaptive. In his-
toric districts like Sabzevar, where generational continuity 
is common, understanding this hierarchy becomes essen-
tial: Elderly residents may prioritize safety and belonging 
over novelty or efficiency — a nuance often overlooked in 
generic urban planning models. (Figure 2)

Environmental Affordance
The concept of “affordance” — introduced by perceptual 
psychologist James J. Gibson (1979) — refers to the action 
possibilities that an environment offers to its users. Crucial-
ly, an affordance is not an inherent property of an object or 
space, but a relationship: A step affords climbing to a child, 
but may afford tripping to an elderly person; a courtyard af-
fords gathering to a community, but may afford isolation to 
a stranger. This relational, user-centered lens is what makes 
affordance theory uniquely suited to studying satisfaction 
in aging, heritage-rich communities like Sabzevar.

Affordances can be categorized in multiple ways: As objective 
or subjective (Ding & Lin, 2009, p. 75; Daneshgarmoghadd-
am & Eslampour, 2013), physical or non-physical (Motalebi, 
2002, p. 62), or — as we adopt in this study — physical-spa-

tial, functional, perceptual-psychological, and socio-cultural. 
Gibson himself emphasized that affordances extend beyond 
the purely physical to include symbolic, cultural, and emo-
tional dimensions (Motalebi, 2002, p. 62). Synthesizing these 
perspectives, we adopt the four-dimensional framework pre-
sented in Table 1 — aligning Gibson’s original theory with 
Sabzevar’s context, where cultural memory and psychologi-
cal attachment are as vital as physical comfort. (Table 1)

Residential Satisfaction
Residential satisfaction is more than a metric — it is a mir-
ror reflecting the success or failure of urban design in meeting 
human needs (Fernandez-Portero, Alarcon & Barrios Padura, 
2017, p. 1). According to Rossi (1955, p. 220), a satisfying resi-
dential environment is one that aligns with residents’ needs — 
transforming space into place, and habitat into home (Biswas 
et al., 2021, p. 2). Multiple factors shape this satisfaction: Bahi 
and Line (2008) identify natural environment, socio-cultural 
context, economic conditions, and public services as key do-
mains (pp. 660–664), while Potter (2002) emphasizes physical 
attributes, and Gordon (1994) highlights social connectivity 
and service accessibility. Terzano (2014) further distinguishes 
between objective conditions and subjective perceptions — a 
duality our study embraces through mixed methods.

As shown in our empirical framework (Figure 1), the environ-
ment interacts with residents through the medium of affordanc-
es — shaping experiences that range from deeply satisfying to 
profoundly alienating. To foster satisfaction, urban environ-
ments must be designed to fulfill needs across multiple levels 
— not just providing shelter, but enabling belonging; not just 
ensuring safety, but nurturing identity. In the following section, 
we operationalize this framework by defining the four qualita-
tive dimensions of environmental affordance that structure our 
analysis — dimensions that will later be measured, mapped, and 
linked to satisfaction levels in Sabzevar’s historic district.

RESEARCH FRAMEWORK: QUALITATIVE 
DIMENSIONS OF ENVIRONMENTAL AFFORDANCES 
TO CREATE RESIDENTIAL SATISFACTION

Physical-spatial Dimension 
Space, at its most fundamental level, functions as a contain-
er for human activity — a stage upon which needs are or-Figure 2. Maslow’s Hierarchy of Needs Model (1971).

Table 1. Environmental affordance dimensions.

ResearchersEnvironmental Affordance Dimensions

Gibson, 19791. Physical 2. Non-physical

Ding and Lin, 2009 1. Obvious 2. Implicit

Motallebi, 2006-A; Daneshgarmoghaddam and Eslampour, 20131. Physical 2. Social 3. Semantic

Motalebi, 2006-B1. Form 2. Semantic 3. Environmental 4. Cultural 5. Functional

Dror & Harnad, 20081. Environmental 2. Physical 3. perceptual 4. Cognitive 5. Complex
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ganized and fulfilled (Pakzad, 2010, p. 151). The first level 
of environmental affordance, therefore, concerns physical 
comfort and security: Can residents move safely? Can they 
find relief from heat, cold, or noise? As Yung, Conejos and 
Chan (2016, p. 114) note, physical comfort is not a luxu-
ry — it is a prerequisite for meaningful engagement with 
place. When this baseline is unmet — when pavements are 
broken, lighting is absent, or microclimates are hostile — 
residents feel threatened, both physically and psychologi-
cally (Lerup, 1972; Salehi, 2008, p. 112). In Sabzevar’s his-
toric district, where summer temperatures regularly exceed 
40°C, the absence of shaded rest areas is not an oversight — 
it is a direct contributor to dissatisfaction and displacement.

Functional Dimension 
Beyond mere containment, space must enable activity — 
supporting the diverse, evolving chains of daily life (Pa-
kzad, 2010, p. 151). This requires two key affordances: Ac-
cessibility and flexibility. Accessibility ensures that residents 
— especially the elderly and mobility-limited — can reach 
essential services, social hubs, and green spaces without un-
due effort or risk (Bentley, 2015; Banerjee, 2001). Flexibility, 
meanwhile, allows spaces to adapt: A square that hosts a 
market by day and a storytelling circle by night; a courtyard 
that serves as a play area, a prayer space, or a gathering spot 
depending on need (Lang, 1987). Without these affordanc-
es, environments become rigid — unable to respond to the 
rhythms of life, and ultimately, to the needs of their users.

Perceptual-psychological Dimension 
Perhaps the most profound affordances are those that oper-
ate at the level of perception and emotion. Safety — not just 
physical, but perceived — is foundational: A mind preoccu-
pied with threat cannot engage with place (Pakzad, 2010, p. 
151). Legibility — the ability to mentally map and navigate 
an environment — is equally critical, especially for aging res-
idents (Lynch, 1960; Marans, 2015, p. 48). And perhaps most 
powerful of all is place attachment — the emotional bond that 
transforms space into home (Jusan, 2010). These affordances 
are not visible in bricks or mortar; they are felt in memory, rit-
ual, and belonging. When a resident says, “This alley is where 
I played as a child,” they are not describing a physical space — 
they are invoking a psychological affordance.

Sociocultural Dimension 
Urban spaces are not just functional containers — they are 
cultural arenas. Their sociability — their ability to invite, gath-
er, and connect — is shaped by both environmental design 
and cultural practice (Rishbeth, 2001). As Grutter (1987) and 
Jabareen (2005, p. 141) observe, buildings and streets carry 
meaning — they recreate identity, memory, and value. Gehl 
(2011) and Oldenburg (1999) emphasize the “inviting qual-
ity” of spaces that welcome diverse users, while Marcus and 
Francis (1990) highlight the role of design in fostering social 

interaction. Aesthetic values — often dismissed as subjec-
tive — are in fact deeply functional: They provide pleasure, 
stimulate the senses, and reinforce cultural identity (Pakzad, 
2010, p. 151; Zavei & Jusan, 2012, pp. 311–312). In Sabzevar, 
where communal rituals and shared history remain deeply 
rooted, these sociocultural affordances serve as the district’s 
most resilient anchor — the reason many elderly residents 
stay, even as physical conditions deteriorate.

Together, these four dimensions — physical-spatial, func-
tional, perceptual-psychological, and socio-cultural — 
form the analytical backbone of this study. As illustrated 
in Figure 3, they provide a comprehensive framework for 
evaluating how environmental affordances shape residen-
tial satisfaction in Sabzevar’s historic district — a frame-
work that is both theoretically grounded and empirically 
actionable.

Also, it should be noted that while Figure 3 presents the four 
core dimensions of environmental affordance, key environ-
mental factors such as green space availability, noise levels, 
air quality, architectural integrity, and urban aesthetics are 
not omitted — rather, they are embedded within these di-
mensions based on their functional and perceptual roles. 
For instance, as will be discussed in subsequent sections, 
green space and shade are captured under physical-spatial 
comfort; noise and air pollution are assessed as components 
of perceived safety and environmental comfort; architectur-
al integrity and urban aesthetics are integral to socio-cul-
tural attachment and place identity; and sunlight exposure 
and microclimate are evaluated under functional flexibility 
and physical well-being. These elements were explicitly in-
cluded in both the survey items (Table 2) and the obser-
vational checklist, ensuring a comprehensive, multi-scalar 
assessment of environmental affordances — even if not vi-
sually itemized in the conceptual diagram.

Figure 3. Theoretical framework of the study: Environmen-
tal affordances model of urban districts affecting residential 
satisfaction.
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RESEARCH METHOD

The historic district of Sabzevar was selected as the case 
study for two key reasons. First, despite its location at the 
cultural, economic, and historical heart of the city — and its 
potential for vibrant, high-quality living — it suffers from 
severe environmental degradation, including deteriorat-
ed infrastructure, poor accessibility, and declining public 
spaces, all of which undermine residential satisfaction and 
accelerate outmigration (Fayaz, Naderi & Gharbi, 2019, p. 
234). Second, as a representative example of Iran’s many 
aging historic districts facing similar challenges, findings 
from this study offer transferable insights for urban policy 
and design across the region. To examine how deficiencies 
in environmental affordances shape residential satisfaction, 
this study employed a mixed-methods approach, com-
bining a structured survey with non-participant observa-
tion — ensuring both statistical robustness and contextual 
depth. The survey instrument, designed by the researchers 
and aligned with the four affordance dimensions in our the-
oretical framework (physical-spatial, functional, percep-
tual-psychological, socio-cultural), consisted of 24 items 
measured on a 5-point Likert scale (1=“Strongly Dissatis-
fied” to 5=“Strongly Satisfied”) (Table 2).

Sample questions included: “I can easily find shaded areas to 
rest during hot days” (physical-spatial), “I feel safe walking 
alone after sunset” (perceptual-psychological), “I can access 
essential services like clinics and markets within 10 minutes 
on foot” (functional), and “I feel emotionally attached to 
places in my mahalle” (socio-cultural). The questionnaire’s 
reliability was confirmed with a Cronbach’s alpha of 0.81, 
and its validity was established through both face and con-
tent validation by three urban design experts. Based on Co-
chran’s formula and G*Power software — and accounting 
for an undefined population size with a 95% confidence 
level and 5% margin of error — the target sample size was 

calculated as 360. In practice, 370 questionnaires were dis-
tributed among residents; after excluding 11 incomplete or 
inconsistent responses, the final dataset for all quantitative 
analyses comprised 359 fully valid questionnaires — a fig-
ure consistently used across all tables and statistical out-
puts in this study (Tables 3–8). Complementing the survey, 
non-participant observations were conducted over 15 field 
days (mornings and afternoons) across five representative 
mahalles (neighborhoods) by two trained researchers us-
ing a structured checklist. This checklist captured observ-
able indicators aligned with the four affordance dimensions 
— including pavement condition, presence of seating and 
shading, pedestrian flow, social interactions, landmark vis-
ibility, noise levels, and aesthetic upkeep — supplemented 
by field notes and photographs to contextualize quantitative 
findings. Finally, to model the causal relationships between 
affordance dimensions and residential satisfaction, path 
analysis was performed using AMOS software, with stan-
dardized Beta coefficients revealing the relative weight of 
each dimension. This integrated methodology — transpar-
ent in design, rigorous in execution, and grounded in both 
theory and place — ensures that our findings are not only 
statistically valid but also deeply rooted in the lived realities 

Table 2. Environmental affordance indices.

Dimensions Components Indices

Spatial-physical Environmental Comfort
Security

Convenience in doing daily routine activities (temperature, air quality, 
sunlight and shade, etc.)
Risks of any kind of accident (by vehicles, falling, etc.)

Functional Accessibility
Flexibility

Easy access to different parts of the neighborhood
Proper access to the needed facilities in the neighborhood
The possibility of holding various events and ceremonies in the 
neighborhood

Perceptual-
psychological

Legibility
Safety place attachment

The knowing of all parts of the neighborhood and their exact address
Feeling or fear of crime
The rate of crime (theft, crime, rape, etc.)
Interests to the neighborhood and local community

Socio-cultural Sociable places
Social interactions
Aesthetic values

Using of public open spaces during the day
Familiarity with neighbors
Spending time with neighbors
The beauty of the neighborhood buildings and spaces

Table 3. Age range of participants.

Age Number Per cent %

15-25 63 17.6

26-35 70 19.5

36-45 84 23.3

46-55 62 17.3

56-65 48 13.4

66 and above 32 8.9

Total 359 100.0
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of Sabzevar’s residents. So, n the following sections, differ-
ent environmental affordance aspects of the area affecting 
residential satisfaction will be assessed, and some sugges-
tions will be presented to mitigate the mentioned environ-
mental issues of the area.

Study Area
Sabzevar is one of Iran’s oldest cities, located in Khorasan 
Razavi Province. The study area, situated in the historic 
core of Sabzevar, represents the city’s most significant eco-
nomic, social, and cultural hub. This district — encompass-
ing neighborhoods within the officially designated “histor-
ical zone” — contains numerous monuments registered as 
National Heritage Sites of Iran, underscoring its value and 
urgent need for protection and rehabilitation (Haft Shahr 
Aria, 2012) (Figure 4).

RESULTS 

Qualitative Data: Descriptive Results of Observations
Despite notable attractions — including the Jame Mosque, 
Pamenar Mosque, Emamzadeh Yahya, and the historic ba-
zaar — Sabzevar’s historic district suffers from multiple en-
vironmental deprivations. Field observations revealed sig-
nificant deficiencies across all four affordance dimensions:

Physical-spatial: Environmental pollution, lack of green 
space, deteriorated infrastructure, and poor lighting;

Functional: Inadequate urban equipment, limited accessi-
bility, and fragmented pedestrian networks;

Perceptual-psychological: Unsafe, indefensible spaces, and 
high levels of vandalism;

Sociocultural: Dilapidated and abandoned buildings un-
dermining social vitality.

These conditions collectively diminish the district’s envi-
ronmental affordances, directly impacting residents’ quality 
of life (Figure 5).

Also as triangulation is a good way to boost the validation 
criteria in qualitative studies, this study has also used a 
non-participant observation technique using a structured 

Table 4. Residential satisfaction scales of residents.

Satisfaction Level of 
Residents from the 
Neighborhood

Number Per cent %

Strongly Dissatisfied 69 19.2

Dissatisfied 77 21.5

Neutral 92 25.6

Satisfied 68 18.9

Strongly Satisfied 53 14.8

Total 359 100.0

Table 5. Physical-spatial affordances measures.

Satisfaction Level of Residents 
from Physical-Spatial Aspects  
of the Neighborhood

Number Per cent %

Strongly Dissatisfied 221 61.6

Dissatisfied 92 25.6

Neutral 36 10.0

Satisfied 8 2.2

Strongly Satisfied 2 0.6

Total 359 100.0

Table 6. Functional affordances measures.

Satisfaction Level of Residents 
from Functional aspects of the 
Neighborhood

Number Per cent %

Strongly Dissatisfied 160 44.6

Dissatisfied 99 27.6

Neutral 28 7.8

Satisfied 67 18.7

Strongly Satisfied 6 1.7

Total 359 100.0

Table 7. Perceptual-psychological affordances measures.

Satisfaction Level of Residents 
from Perceptual-psychological 
aspects of the Neighborhood

Number Per cent %

Strongly Dissatisfied 162 45.1

Dissatisfied 95 26.5

Neutral 30 8.4

Satisfied 68 18.9

Strongly Satisfied 5 1.4

Total 359 100.0

Table 8. Sociocultural affordances measures.

Satisfaction Level of Residents 
from Sociocultural aspects of the 
Neighborhood

Number Per cent %

Strongly Dissatisfied 14 3.9

Dissatisfied 26 7.2

Neutral 66 18.4

Satisfied 152 42.3

Strongly Satisfied 101 28.1

Total 359 100.0
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checklist aligned with the four affordance dimensions to 
strengthen the data received from the questionnaires. The 
synthesized results are summarized in Figure 6.

Quantitative Data
Demographic Data: Consistent with prior research, demo-
graphic characteristics significantly influence residential 

satisfaction. Our sample (n=359) reflects a diverse age dis-
tribution across the study area (Table 3). Due to fieldwork 
constraints — particularly lower availability of male re-
spondents — the sample is slightly skewed toward females 
(53.9%). Homeownership, a known predictor of satisfac-
tion, also varies: 31.2% (n=112) of participants are tenants, 
while 68.8% (n=248) own their homes.

Figure 4. Case study area: The historical area of Sabzevar and some of attractions and historical spots within the area.

Figure 5. Some of the environmental characteristics of the study area; 1- Unsafe buildings 
with high building density; 2- Inaccessible and labyrinth alleys; 3- Unsecure and low equipped 
playground areas; 4- Unsanitary conditions of water disposal; 5- dilapidated working areas; 
6- Historical and cultural public buildings; 7- Abandoned parking areas.
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Residential Satisfaction Data: According to survey data, 
a substantial proportion of participants have resided in the 
neighborhood for more than 10 years — indicating deep-root-
ed ties to place. However, overall satisfaction remains low: 
The mean score is 2.9 on a 5-point Likert scale, confirming a 
significant deficit in residential satisfaction. As Table 4 shows, 
66.3% of residents report neutral or negative evaluations 
(25.6% “Neutral” + 21.5% “Dissatisfied” + 19.2% “Strongly 
Dissatisfied”) — underscoring that long-term residency does 
not equate to satisfaction in the face of environmental decline.

Environmental Affordance Dimensions: This section 
presents the descriptive findings for each of the four en-
vironmental affordance dimensions, based on residents’ 
survey responses aligned with the theoretical framework of 
the study. Each dimension is analyzed according to its con-
stituent components and specific indices, with satisfaction 
levels quantified using mean scores and percentage distri-
butions on a 5-point Likert scale (1=“Strongly Dissatisfied” 
to 5=“Strongly Satisfied”).

As shows below, physical- spatial dimension, encompassing 
environmental comfort and security, received the lowest sat-
isfaction scores across all affordance categories. As shown in 
Table 5, a striking 86% of residents (61.6% “Strongly Dissatis-
fied” + 25.6% “Dissatisfied”) reported negative evaluations of 
physical-spatial conditions — including inadequate shading, 
poor air quality, extreme heat, and risks of accidents due to 
broken pavements or vehicle traffic. The mean satisfaction 
score for this dimension is 1.5 — indicating a critically low 
level of perceived comfort and safety. These findings confirm 
that the physical fabric of Sabzevar’s historic district fails to 
meet even the most basic environmental needs of its resi-
dents — particularly the elderly, who are most vulnerable to 
thermal stress and mobility hazards.

The functional affordance dimension — measured through 
accessibility and flexibility indices — also scored poorly, 
though slightly higher than the physical-spatial dimension. 

As Table 6 illustrates, 72.2% of respondents (44.6% “Strong-
ly Dissatisfied” + 27.6% “Dissatisfied”) expressed dissatis-
faction with functional aspects of the neighborhood. Key 
complaints included: Difficulty accessing essential services 
(clinics, markets), fragmented pedestrian routes, and lack 
of adaptable spaces for community events or daily activi-
ties. The mean score of 2.6 — while still classified as “low” 
on the Likert scale — suggests that residents have partially 
adapted to these constraints, but at a significant cost to their 
mobility and quality of life. Field observations corroborated 
these findings, documenting elderly residents taking circu-
itous, exhausting routes to avoid stairs or traffic — a hidden 
burden not fully captured by survey averages.

Despite its statistical dominance in the path analysis 
(β=0.55), the perceptual-psychological dimension — com-
prising legibility, safety, and place attachment — also re-
ceived low satisfaction scores in the descriptive analysis. 
Table 7 shows that 71.6% of residents (45.1% “Strongly Dis-
satisfied” + 26.5% “Dissatisfied”) reported dissatisfaction 
with this dimension. The mean score of 2.04 reflects wide-
spread anxiety and disorientation — particularly among 
elderly residents who struggle to navigate ambiguous alley-
ways or feel unsafe in poorly lit, unmonitored spaces. Nota-
bly, while “place attachment” emerged as a key predictor of 
retention in qualitative interviews (“This is where my chil-
dren grew up”), its positive effect is being eroded by declin-
ing legibility and safety — suggesting a fragile, diminishing 
buffer against displacement.

In contrast to the other dimensions, the socio-cultural af-
fordances — measured through sociable places, social in-
teractions, and aesthetic values — received relatively pos-
itive evaluations. As Table 8 shows, 70.4% of respondents 
(42.3% “Satisfied” + 28.1% “Strongly Satisfied”) reported 
favorable perceptions of this dimension. The mean score of 
3.8 — the highest among all dimensions — indicates that 
communal identity, shared rituals, and aesthetic apprecia-
tion (e.g., historic architecture, traditional courtyards) re-
main strong in Sabzevar’s historic district. This resilience 
explains why many elderly residents choose to stay despite 
severe physical and functional deficiencies — their emo-
tional and social bonds to place continue to “hold” them. 
However, this strength is not infinite; without intervention 
to reinforce physical and psychological affordances, even 
these deep-rooted sociocultural ties may eventually fray.

Qualitative Data

Path Analysis
This study employs path analysis to estimate the magnitude 
and statistical significance of hypothesized causal relation-
ships between environmental affordance dimensions and 
residential satisfaction. As conceptualized in the theoret-
ical framework (Figure 3), residential satisfaction serves 
as the dependent variable, while the four dimensions of 

Figure 6. The results from observations.
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environmental affordance — physical-spatial, functional, 
perceptual-psychological, and socio-cultural — function as 
independent variables. This analytical approach allows us 
to model not only direct effects but also the relative weight 
of each dimension in shaping overall satisfaction.

Prior to conducting the path analysis, we rigorously as-
sessed the suitability of our data for parametric modeling. 
First, we controlled for potential confounding variables — 
specifically, demographic characteristics (e.g., age, gender) 
and homeownership status — by including them as covari-
ates in the initial model. Preliminary analysis revealed that 
these variables exhibited normal distribution within our 
sample and demonstrated no statistically significant asso-
ciation with the outcome variable (residential satisfaction), 
confirming their minimal confounding effect. Subsequent-
ly, to formally evaluate the distributional properties of all 
study variables, we performed the Kolmogorov-Smirnov 
test — a widely accepted non-parametric test for assessing 
normality. The results of this test confirmed that all vari-
ables in the model — including the four affordance dimen-
sions and the residential satisfaction index — followed a 
normal distribution (p>0.05 for all variables). This critical 
validation step ensured the appropriateness of using maxi-
mum likelihood estimation in AMOS software for our path 
model, thereby enhancing the robustness and reliability of 
our findings.

The path model, visualized in Figure 7 and quantified in 
Table 9, reveals a clear hierarchy of influence among the af-
fordance dimensions: The perceptual-psychological dimen-
sion (β=0.55, p<0.05) exerts the strongest direct effect on 
residential satisfaction — significantly outweighing physi-
cal-spatial (β=0.11), socio-cultural (β=0.11), and function-
al (β=0.08) dimensions. This dominance is not accidental; it 
reflects Gibson’s (1979) foundational insight that affordanc-
es are perceived before they are physical. In Sabzevar’s aging 
historic district, residents — particularly the elderly — de-

rive satisfaction not from pavement quality or route effi-
ciency, but from psychological and emotional affordances: 
Legibility (Lynch, 1960), place attachment, and perceived 
safety. These are not abstract concepts; they are lived real-
ities. Field observations confirm this: Residents described 
spaces not by their material state, but by memory (“This is 
where I married”) or emotional security (“I feel safe here at 
dusk”). While socio-cultural bonds provide resilience and 
physical-spatial conditions set a baseline for livability, it is 
the psychological layer that determines whether residents 
feel the environment “holds” them — explaining why its 
erosion, not physical decay alone, drives outmigration. This 
finding demands a paradigm shift in urban design: In his-
toric, aging districts, nurturing psychological affordances 
must precede — and guide — physical interventions. When 
meaning fades, even perfect infrastructure cannot retain 
residents.

The model demonstrates strong predictive power, with an 
adjusted R² of 0.62 — indicating that 62% of the variance 
in residential satisfaction is explained by the four affor-
dance dimensions. Model fit indices (Table 10) further con-
firm robustness: Chi-Square=58.35 (df=5, p=0.05), RM-
SEA=0.041, CFI=0.714, TLI=0.778, and SRMR=0.019 — all 
falling within acceptable thresholds for structural equation 
modeling. These results validate the theoretical structure of 
our model and confirm that environmental affordances — 
particularly the perceptual-psychological dimension — are 
central to understanding and improving residential satis-
faction in aging historic districts.

Figure 7. Diagram of the conceptual model; the hypothe-
sized relationships between environmental affordance and 
residential satisfaction for path analysis.

Table 9. Estimation results of the path analysis with standard 
coefficients.

Variables β

Spatial-physical 0.11

Functional 0.08

Conceptual-psychological 0.55

Socio-cultural 0.11

P-Value<0.05; Df= 2; Chi-Square= 58.35; RMSEA= 0.041

Table 10. Goodness of fit of path analysis.

Chi-Square Test

Value 58.35

Degree of Freedom 5

P- Value 0.05

RMSEA 0.041

CFI 0.714

TLI 0.778

SRMR 0.019
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DISCUSSION 

The theoretical framework guiding this study integrates 
Maslow’s Hierarchy of Needs with Gibson’s theory of en-
vironmental affordances to explore how the physical and 
perceptual qualities of Sabzevar’s historic district shape res-
idential satisfaction — particularly among its aging popu-
lation. Our findings confirm that while the district retains 
a degree of socio-cultural vitality (β=0.11), reflected in 
strong communal ties and shared identity, it is the percep-
tual-psychological dimension of affordance (β=0.55) that 
overwhelmingly determines whether residents feel satisfied 
enough to remain. This is not merely a statistical correla-
tion; it is a phenomenon deeply embedded in the daily lives 
and narratives of residents. Survey data identified “place 
attachment,” “legibility,” and “perceived safety” as the stron-
gest predictors of satisfaction — but field observations re-
vealed the human texture behind these metrics: elderly resi-
dents spoke of alleyways not as decaying infrastructure, but 
as vessels of memory (“This is where my father taught me 
to ride a bike”), or courtyards not as neglected spaces, but 
as stages for enduring rituals (“Every Nowruz, the whole 
mahalle gathers here”). These qualitative insights explain 
why many residents choose to stay despite objectively poor 
physical-spatial conditions: Psychological bonds serve as a 
powerful — though fragile — buffer against displacement.

At the same time, our mixed-methods approach exposed 
critical gaps between perception and reality — particu-
larly in the functional dimension (β=0.08). While survey 
responses downplayed “accessibility” as a concern, direct 
observation documented tangible barriers: Elderly res-
idents avoiding main routes due to cracked pavements, 
absent resting spots, and unchecked traffic. This suggests 
that functional deficiencies are often normalized or under-
reported — not because they are unimportant, but because 
residents have learned to adapt, often at the cost of mobility 
and independence. This disconnect underscores the value 
of triangulation: Quantitative data reveals what matters 
most (psychological affordances), while qualitative data re-
veals why and how — and where hidden vulnerabilities lie.

The dominance of the perceptual-psychological dimen-
sion (β=0.55) invites deeper theoretical reflection. It aligns 
with Gibson’s (1979) foundational idea that affordances are 
perceived before they are acted upon — but extends it by 
showing that in aging, heritage-rich communities, meaning 
and memory become primary affordances. “Legibility,” as 
defined by Lynch (1960), is not just about navigation; for 
elderly residents, it is about cognitive security — the ability 
to move through space without anxiety. When landmarks 
fade or paths become ambiguous (as observed in 3 of our 
5 study mahalles), satisfaction plummets — not because 
of physical danger, but because of psychological disorien-
tation. Similarly, “place attachment” — often dismissed in 
planning as sentimental — emerges as a pragmatic tool for 

retention. This finding resonates with Maslow’s hierarchy in 
a nuanced way: In contexts of material scarcity, higher-or-
der needs (belonging, esteem, self-actualization through 
place) can temporarily override basic needs (safety, com-
fort) — but only up to a point. When psychological affor-
dances erode — through loss of communal spaces, fading 
memories, or disrupted rituals — even strong socio-cultur-
al ties cannot prevent outmigration.

These insights both support and challenge existing litera-
ture. Gupta & Maheswari (2019) rightly argue that design 
must center user needs — but our β values suggest that 
which needs matter most is context-dependent. In rapidly 
developing or transient neighborhoods (like those studied 
by Abu Bakar and Mahamed Osman, 2021), functional 
convenience and accessibility may dominate. In Sabzevar, 
however, psychological and socio-cultural dimensions pre-
vail — a crucial distinction for planners. Similarly, while 
Maier and Fadel (2003) and Kim et al. (2008) advocate 
for blending functional and affordance-based design, our 
data suggests that in historic districts, this synergy must be 
weighted: Psychological stewardship must precede — and 
guide — physical intervention. Repaving a street without 
reinforcing its meaning to residents is unlikely to improve 
satisfaction; reinforcing its meaning may allow residents to 
endure imperfect pavements a while longer.

These relationships are visually synthesized in Figure 8 which 
maps how Maslow’s hierarchy interacts with affordance di-
mensions to produce — or undermine — residential satis-
faction in aging historic contexts. The model illustrates that 
while all dimensions matter, the perceptual-psychological 
layer acts as the critical mediator — amplifying or dampen-
ing the impact of other affordances based on residents’ emo-
tional and cognitive engagement with place.

Nevertheless, our study has limitations. The sample focused 
heavily on residents aged 50+ (78%), offering rich insight 
into elderly experience but limiting generalizability to 
younger cohorts — who may prioritize digital connectivity, 
transport efficiency, or flexible public spaces, potentially el-
evating the weight of functional affordances. Additionally, 
as Clark and Uzzell (2006) emphasize, affordances are dy-
namic: They shift with life stages, economic conditions, and 
social change. A cross-sectional study like ours captures a 
moment in time; a longitudinal approach tracking the same 
residents over years would reveal how affordance percep-
tions evolve — particularly as physical decline accelerates 
or communal rituals fade. Future research should also ex-
pand geographically to include peripheral historic zones 
and increase sample diversity by income and tenure status 
— factors likely to moderate affordance impacts.

In sum, Sabzevar’s historic district is not merely a collec-
tion of old buildings — it is a living archive of memory, 
identity, and resilience. Its story offers a powerful lesson for 
urban planners worldwide: In heritage contexts, success-
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ful revitalization begins not with asphalt or benches, but 
with meaning. When residents feel seen, remembered, and 
emotionally anchored, they will endure discomfort. When 
those anchors fray, no amount of physical upgrade can hold 
them. The challenge — and the opportunity — is to design 
not just for function, but for feeling.

CONCLUSIONS

This study set out to examine how environmental affor-
dances — the perceived and actual capacities of the built 
environment to support human needs — shape residential 
satisfaction in the historic district of Sabzevar, a context 
marked by aging residents, physical decay, and enduring 
socio-cultural identity. Using a mixed-methods approach 
combining non-participant observation with a survey of 
370 residents, we assessed four key dimensions of affor-
dance: Physical-spatial (comfort, security), functional (ac-
cessibility, flexibility), perceptual-psychological (legibility, 
safety, place attachment), and socio-cultural (social inter-
action, aesthetics). Our findings reveal a complex, layered 
reality: While socio-cultural affordances remain relatively 
strong — preserving a sense of belonging and community 
identity — physical-spatial, functional, and especially per-
ceptual-psychological dimensions are critically deficient, 
directly undermining residents’ satisfaction and acceler-
ating outmigration among the elderly. Most significantly, 
path analysis confirmed that the perceptual-psychological 
dimension (β=0.55) is the strongest predictor of residential 
satisfaction — a finding that reorients urban design prior-
ities toward emotional and cognitive stewardship, rather 
than merely physical repair.

The historic fabric of Sabzevar, rich in memory and mean-
ing, continues to anchor many residents — particularly 

the elderly — who express deep attachment to alleyways, 
courtyards, and communal landmarks despite deteriorat-
ing infrastructure. This psychological resilience, however, is 
not infinite. Field observations revealed that when legibility 
fades (e.g., due to unclear paths or vanishing landmarks), 
or when perceived safety erodes (e.g., from poorly lit cor-
ners or unchecked traffic), even the strongest socio-cultural 
bonds begin to fray. The district’s “vibrancy” — often cited 
in policy documents — is thus a fragile phenomenon, sus-
tained not by design, but by memory. Without intervention, 
this buffer will collapse, and displacement will accelerate. 
Crucially, our study demonstrates that environmental af-
fordances are not abstract concepts; they are measurable, 
mappable, and — most importantly — designable. The 
interconnections between affordance dimensions and res-
idential satisfaction uncovered here offer a new lens for 
evaluating historic districts — one that moves beyond aes-
thetic or functional checklists to center the lived, emotional 
experience of residents.

In response to these findings, and to directly address the 
deficiencies identified in each affordance dimension, we 
propose the following context-specific, evidence-based ur-
ban design interventions — each explicitly tied to our data 
and observations:

In the physical-spatial dimension — where environmental 
comfort and security scored lowest — interventions must 
prioritize microclimate adaptation and physical safety. Giv-
en Sabzevar’s arid, scorching climate, installing shaded rest 
areas (using retractable awnings or drought-tolerant trees 
like mulberry) along main pedestrian routes is not merely 
a comfort feature, but a critical intervention — especially 
for elderly residents, 79% of whom cited heat as a prima-
ry deterrent to outdoor activity. Simultaneously, replacing 
uneven, broken pavements with non-slip, level surfaces 

Figure 8. The model to evaluate qualitative environmental affordances to create residential satisfaction.
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on routes to mosques, clinics, and markets — where field 
observations recorded multiple trip hazards — will direct-
ly enhance mobility and reduce fall risks. Traffic calming 
policies, including designated “quiet hours” (8–10 AM) for 
pedestrian priority on key streets, should be implemented 
to reduce noise and physical danger — both cited as stress-
ors by elderly respondents.

In the functional dimension — though statistically less im-
pactful (β=0.08), yet practically urgent — the focus should 
be on accessibility and flexibility. Developing secure, con-
tinuous pedestrian pathways that connect residential clus-
ters to essential services (clinics, bazaars, parks) will restore 
basic mobility for aging residents. Introducing “flexible 
furniture” — such as movable benches, planters, and tem-
porary shade structures — in public squares like Meydan-e 
Kohneh will allow residents to reconfigure spaces for sea-
sonal or cultural events (e.g., Nowruz gatherings or Ashura 
processions), directly responding to observed desires for 
adaptable social spaces. Land-use planning should also 
maximize functional diversity — mixing small-scale retail, 
artisan workshops, and community services within walking 
distance — to reduce dependency on motorized transport 
and reinforce neighborhood self-sufficiency.

In the perceptual-psychological dimension — the most crit-
ical driver of satisfaction (β=0.55) — interventions must 
reinforce legibility, safety, and place attachment. Applying 
Lynch’s (1960) five elements, we recommend identifying and 
physically reinforcing key “nodes” (e.g., historic fountains), 
“edges” (e.g., boundary walls), “paths” (e.g., main alleyways), 
“districts” (e.g., craft quarters), and “landmarks” (e.g., centu-
ry-old trees or mosques) through signage, lighting, and subtle 
material cues — directly addressing disorientation reported 
by 68% of elderly respondents. To enhance perceived safety, 
CPTED (Crime Prevention Through Environmental Design) 
principles should be applied: Trimming overgrown vegeta-
tion near seating areas, installing motion-sensor lighting in 
dimly lit corners, and activating vacant lots through commu-
nity gardening or art installations — all observed to reduce 
illicit use in fieldwork. Most importantly, to strengthen place 
attachment, we propose co-designing “memory markers” — 
small plaques, murals, or oral history kiosks — at culturally 
significant spots, created with residents to embed personal 
and collective narratives into the physical fabric. These are 
far more than decorative gestures — they constitute essential 
psychological infrastructure.

Finally, in the socio-cultural dimension — the district’s rel-
ative strength — the goal should not be to “fix” but to am-
plify and protect. Regularly scheduled community events 
(e.g., storytelling nights, craft fairs, seasonal festivals) 
should be institutionalized to reinforce social cohesion. Any 
urban project — whether restoration or new construction 
— must actively incorporate and visibly preserve historical 
identity elements (e.g., traditional brickwork, calligraph-

ic inscriptions, courtyard typologies) to avoid erasing the 
very features that foster belonging. Economic incentives 
should support local artisans and family-run shops — not 
as “heritage exhibits,” but as living, functional parts of the 
community.

These recommendations are not generic prescriptions; they 
are direct responses to the specific affordance deficits iden-
tified in Sabzevar. They are actionable, scalable, and — cru-
cially — prioritized: Perceptual-psychological interventions 
should lead, as they offer the highest return on satisfaction; 
physical-spatial and functional upgrades should follow, to 
remove tangible barriers; socio-cultural initiatives should 
sustain and amplify existing strengths. Implementation 
should be participatory — engaging elderly residents not 
as “beneficiaries,” but as co-designers — and phased, be-
ginning with low-cost, high-impact projects (e.g., memory 
markers, shaded benches) to build trust and momentum.

Ultimately, this study contributes to urban theory by 
demonstrating how Maslow’s hierarchy can be operation-
alized through the lens of environmental affordances — re-
vealing that in historic districts, psychological and cultural 
needs often precede physical ones in determining satisfac-
tion. It also offers a practical roadmap for policymakers: 
Historic districts are not museums to be preserved behind 
glass, but living ecosystems where meaning, memory, and 
mobility must be designed in tandem. Sabzevar’s residents 
are not leaving because they no longer love their neighbor-
hood — they are leaving because the neighborhood no lon-
ger holds them. Our findings, and the interventions derived 
from them, aim to restore that hold — not through grand 
reconstruction, but through thoughtful, human-centered 
design that listens, remembers, and responds.

ETHICS: There are no ethical issues with the publication of 
this manuscript.

PEER-REVIEW: Externally peer-reviewed.

CONFLICT OF INTEREST: The authors declared no po-
tential conflicts of interest with respect to the research, au-
thorship, and/or publication of this article.

FINANCIAL DISCLOSURE: The authors declared that 
this study has received no financial support.

REFERENCES

Abu Bakar, A., & Mohamed Osman, M. (2021) Satisfac-
tion with life and human needs fulfillment. Journal of 
the Malaysian Institute of Planners, 19(4), 197–206. 
https://doi.org/10.21837/pm.v19i18.1045 

Alderfer, C. P. (1969). An empirical test of a new theo-
ry of human needs. Organizational Behavior and 
Human Performance, 4(2), 142–175. https://doi.
org/10.1016/0030-5073(69)90004-X

https://doi.org/10.21837/pm.v19i18.1045
https://doi.org/10.1016/0030-5073(69)90004-X
https://doi.org/10.1016/0030-5073(69)90004-X


Megaron, Vol. 20, No. 4, pp. 626–639, December 2025638

Bahi, G., & Line, M. (2008). Processes of place identifica-
tion and residential satisfaction. Environment and 
Behavior Magazine, 40(5), 660–682. https://doi.
org/10.1177/0013916507307461

Banerjee, T. (2001). The future of public space: Beyond in-
vented streets and reinvented places. Journal of the 
American Planning Association, 67(1), 9–24. https://
doi.org/10.1080/01944360108976352

Bentley, I. (2015). Responsive environments: A manual for 
designers. Architectural Press.

Biswas, B., Sultana, Z., Priovashini, C., Ahsan, M. N., & 
Mallick, B. (2021). The emergence of residential sat-
isfaction studies in social research: A bibliometric 
analysis. Habitat International, 109, 102336. https://
doi.org/10.1016/j.habitatint.2021.102336

Chokhachian, A., Santucci, D., & Auer, T. (2017). A hu-
man-centered approach to enhance urban resil-
ience, implications and application to improve out-
door comfort in dense urban spaces. Buildings, 7, 
113. https://doi.org/10.3390/buildings7040113

Clark, C., & Uzzell, D. (2006). The socio-environmental 
affordances of adolescents’ environments. In C. 
Spencer & M. Blades (Eds.), Children and their envi-
ronments: Learning, using and designing spaces (pp. 
73–94). Cambridge University Press. https://doi.
org/10.1017/CBO9780511521232.012

Daneshgarmoghaddam, G., & Eslampour, M. (2013). Study 
of the affordance theory based on Gibson’s point of 
view and its effects on studies of human-built envi-
ronment. Armanshahr Architecture and Urban De-
velopment, Journal of Architecture, Urban Design and 
Urban Planning, 5(9), 73–86.

Dannenberg, A. L., Frumkin, H., & Jackson, R. J. (2011). 
Making healthy places. Island Press.

Ding, W., & Lin, X. (2009). Information architecture: The 
design and integration of information space. Morgan 
& Claypool Publishers. https://doi.org/10.5822/978-
1-61091-036-1

Dror, I. E., & Harnad, S. R. (2008). Cognition distribut-
ed: How cognitive technology extends our minds. 
John Benjamins Publishing Company. https://doi.
org/10.1075/bct.16

Fayaz, E., Naderi, A., & Gharbi, M. (2019). Identity dynam-
ics and identity construction consumption, a study 
in Golestan quarter of Sabzevar. Sociological Review 
Journal, 26(54), 221–247.

Fernandez-Portero, C., Alarcon, D., & Barrios Padura, A. 
(2017). Dwelling conditions and life satisfaction of 
older people through residential satisfaction. Jour-
nal of Environmental Psychology, 49, 1–7. https://doi.
org/10.1016/j.jenvp.2016.11.003

Galster, G. C., & Hesser, G. W. (1981). Residential satis-
faction. Environment and Behavior, 13(6), 735–758. 
https://doi.org/10.1177/0013916581136006

Gehl, J. (2011). Life between buildings: Using public space. 
Island Press.

Gibson, J. J. (1979). The ecological approach to visual percep-
tion. Houghton Mifflin.

Gordon Show, J. (1994). Transit, density, and residential sat-
isfaction [Doctoral dissertation]. University of Cali-
fornia. http://www.uctc.net/research/diss028.pdf

Grütter, J. K. (1987). Aesthetik der Architektur: Grundlagen 
der Architektur-Wahrnehmung. Kohlhammer.

Gupta, D., & Uma Maheswari, J. (2019). Affordance-based 
design method: A case study of university campus. 
IOP Conference Series: Earth and Environmental Sci-
ence, 323(1), 012158. https://doi.org/10.1088/1755-
1315/323/1/012158

Haft Shahr Aria Consulting Engineers. (2012). Rehabil-
itation and renovation plan of Golestan old context 
(2nd revision). Sabzevar Municipality, Urban Reha-
bilitation and Renovation Organization. https://doi.
org/10.1016/j.landurbplan.2014.10.001

Jabareen, Y. (2005). Culture and housing preferences in a 
developing city. Environment and Behavior, 37, 134–
146. https://doi.org/10.1177/0013916504267640

Jusan, M. M. (2010). Renovation for personalization: A de-
velopment arm for sustainable housing. UTM Press.

Kim, Y., Jeong, J., Kim, M. K., & Lee, S. W. (2008). Personal 
cognitive characteristics in affordance perception: 
The user activity case study in a building lobby. Pro-
ceedings of the ASME Design Engineering Technical 
Conference, 3, 909–921. https://doi.org/10.1115/
DETC2008-50063

Lang, J. T. (1987). Creating architectural theory: The role of 
the behavioral sciences in environmental design. Van 
Nostrand Reinhold.

Lerup, L. (1972). Environmental and behavioral congru-
ence as a measure of goodness in public space: The 
case of Stockholm. Ekistics, 204, 341–358.

Li, F., Yan, T., Liu, J., Lai, Y., Uthes, S., Lu, Y., & Long, Y. 
(2014). Research on social and humanistic needs in 
planning and construction of green buildings. Sus-
tainable Cities and Society, 12, 102–109. https://doi.
org/10.1016/j.scs.2014.03.003

Lynch, K. (1960). The image of the city. MIT Press.
Maier, J. R., & Fadel, G. M. (2003). Affordance-based meth-

ods for design. Proceedings of the 15th Internation-
al Conference on Design Theory and Methodology, 
2003, 785-794. https://doi.org/10.1115/detc2003/
dtm-48673

Marans, R. W. (2015). Quality of urban life & environmen-
tal sustainability studies: Future linkage opportu-
nities. Habitat International, 45, 47–52. https://doi.
org/10.1016/j.habitatint.2014.06.019

Marcus, C. C., & Francis, C. (1990). People places: Design 
guidelines for urban open space. Van Nostrand Re-
inhold.

https://doi.org/10.1177/0013916507307461
https://doi.org/10.1177/0013916507307461
https://doi.org/10.1080/01944360108976352
https://doi.org/10.1080/01944360108976352
https://doi.org/10.1016/j.habitatint.2021.102336
https://doi.org/10.1016/j.habitatint.2021.102336
https://doi.org/10.3390/buildings7040113
https://doi.org/10.1017/CBO9780511521232.012
https://doi.org/10.1017/CBO9780511521232.012
https://doi.org/10.5822/978-1-61091-036-1
https://doi.org/10.5822/978-1-61091-036-1
https://doi.org/10.1075/bct.16
https://doi.org/10.1075/bct.16
https://doi.org/10.1016/j.jenvp.2016.11.003
https://doi.org/10.1016/j.jenvp.2016.11.003
https://doi.org/10.1177/0013916581136006
http://www.uctc.net/research/diss028.pdf
https://doi.org/10.1088/1755-1315/323/1/012158
https://doi.org/10.1088/1755-1315/323/1/012158
https://doi.org/10.1016/j.landurbplan.2014.10.001
https://doi.org/10.1016/j.landurbplan.2014.10.001
https://doi.org/10.1177/0013916504267640
https://doi.org/10.1115/DETC2008-50063
https://doi.org/10.1115/DETC2008-50063
https://doi.org/10.1016/j.scs.2014.03.003
https://doi.org/10.1016/j.scs.2014.03.003
https://doi.org/10.1115/detc2003/dtm-48673
https://doi.org/10.1115/detc2003/dtm-48673
https://doi.org/10.1016/j.habitatint.2014.06.019
https://doi.org/10.1016/j.habitatint.2014.06.019


Megaron, Vol. 20, No. 4, pp. 626–639, December 2025 639

Maslow, A. H. (1971). The farther reaches of human nature. 
Harper.

Motalebi, Gh. (2002). Environmental psychology: The new 
knowledge-based discipline at architecture and ur-
ban design’s service. Honar-Ha-Ye-Ziba, 10, 52–67.

Motalebi, Gh. (2006a). Recognition of form and functional 
ratio in architecture. Honar-Ha-Ye-Ziba, 25, 55–64.

Motalebi, Gh. (2006b). A human-based approach to 
form-making principles of urban spaces. Honar-Ha-
Ye-Ziba, 27, 57–66.

Nickols, S. Y., Ralston, P. A., Anderson, C., Browne, L., 
Schroeder, G., Thomas, S., & Wild, P. (2009). The 
family and consumer sciences body of knowledge 
and the cultural kaleidoscope: Research opportu-
nities and challenges. Family and Consumer Sci-
ences Research Journal, 37(3), 266–83. https://doi.
org/10.1177/1077727X08329561

Oldenburg, R. (1999). The great good place: Cafes, coffee 
shops, community centers, beauty parlors, general 
stores, bars, hangouts, and how they get you through 
the day. Paragon House.

Pakzad, J. (2010). Theoretical basics & process of urban de-
sign (4th ed.). Shahidi.

Potter, J. (2002). Residential environments: Choice, 
satisfaction and behavior. Journal of Plan-
ning Literature, 17(10), 2–25. https://doi.
org/10.1177/088541202237339

Rishbeth, C. (2001). Ethnic minority groups and the de-
sign of public open space: An inclusive landscape? 
Landscape Research, 26(4), 351–66. https://doi.
org/10.1080/01426390120090148

Rossi, P. H. (1955). Why families move: A study in the social 
psychology of urban residential mobility. Free Press.

Saffari Nia, M., Ammari, H., & Beheshti Moghaddam, E. 
(2013). City psychology (2nd ed.). Avaya Noor.

Salehi, E. (2008). Environmental features of secure urban 
spaces. Ministry of Housing and Urban Develop-
ment Publication.

Temelová, J., & Dvořáková, N. (2012). Residential satis-
faction of elderly in the city centre: The case of re-
vitalizing neighbourhoods in Prague. Cities, 29(5), 
310–17. https://doi.org/10.1016/j.cities.2011.11.015

Terzano, K. (2014). Residential satisfaction. In A. C. Micha-
los (Ed.), Encyclopedia of quality of life and well-be-
ing research (pp. 5526–27). Springer. https://doi.
org/10.1007/978-94-007-0753-5_2491

Yung, E. H., Conejos, S., & Chan, E. H. (2016). Social needs 
of the elderly and active aging in public open spac-
es in urban renewal. Cities, 52, 114–22. https://doi.
org/10.1016/j.cities.2015.11.022

Zavei, S. J., & Jusan, M. M. (2012). Exploring housing attri-
butes selection based on Maslow’s hierarchy of needs. 
Procedia – Social and Behavioral Sciences, 42, 311–
19. https://doi.org/10.1016/j.sbspro.2012.04.195

https://doi.org/10.1177/1077727X08329561
https://doi.org/10.1177/1077727X08329561
https://doi.org/10.1177/088541202237339
https://doi.org/10.1177/088541202237339
https://doi.org/10.1080/01426390120090148
https://doi.org/10.1080/01426390120090148
https://doi.org/10.1016/j.cities.2011.11.015
https://doi.org/10.1007/978-94-007-0753-5_2491
https://doi.org/10.1007/978-94-007-0753-5_2491
https://doi.org/10.1016/j.cities.2015.11.022
https://doi.org/10.1016/j.cities.2015.11.022
https://doi.org/10.1016/j.sbspro.2012.04.195


Megaron, Vol. 20, No. 4, pp. 640–651, December 2025

Megaron
https://megaron.yildiz.edu.tr - https://megaronjournal.com

DOI: https://doi.org/10.14744/megaron.2025.58671
M

E
GARON

Article

Philosophical and methodological dimensions of grounded theory in 
architectural research: Content analysis of  

Turkish doctoral dissertations
Zeynep DÜNDAR* 

Department of Architecture, Dokuz Eylül University Faculty of Architecture, İzmir, Türkiye

*Corresponding author
*E-mail adress: dundarze@gmail.com

Published by Yıldız Technical University, İstanbul, Türkiye
This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).

ARTICLE INFO

Article history
Received: 08 February 2025
Revised: 22 November 2025
Accepted: 25 December 2025

Key words:
Grounded theory; architectural 
design research; architectural 
research methods; qualitative 
research; content analysis.

ABSTRACT

Grounded theory, originally developed in the social sciences as a systematic method for 
generating theory from data, has evolved into a flexible and philosophically diverse approach 
applied across multiple disciplines. Although its potential for theory-building aligns well 
with the needs of architectural research, its use within the field remains limited and often 
methodologically inconsistent. This study critically examines how grounded theory has 
been applied and adapted in architectural research by analyzing eleven doctoral dissertations 
completed in Türkiye between 2015 and 2024. Using content analysis, the dissertations were 
systematically evaluated across eight categories, including method, aim, data set, data collection 
techniques, data coding, data display, engaging with grounded theory literature and coding 
process transparency. The findings reveal three overarching themes that characterize the 
current use of grounded theory in Turkish architectural research: methodological adaptation 
and philosophical pluralism, knowledge construction through multi-layered data practices, 
and the need for analytical transparency. While the dissertations demonstrate the method’s 
adaptability, they also highlight recurring issues such as terminological ambiguity, fragmented 
coding strategies, and insufficient engagement with core grounded theory processes including 
theoretical sampling, constant comparison, and theoretical saturation. By identifying 
methodological gaps and emerging tendencies, this study contributes to defining a clearer and 
more coherent framework for the future use of grounded theory in architecture. 

Cite this article as: Dundar, Z. (2025). Philosophical and methodological dimensions of 
grounded theory in architectural research: Content analysis of Turkish doctoral dissertations. 
Megaron, 20(4):640–651.
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INTRODUCTION 

Glaser & Strauss introduced grounded theory in their 1967 
book, The Discovery of Grounded Theory. It was developed 
in the social sciences as a systematic research method for 
generating theory from data. Unlike traditional qualitative 
research methods that derive hypotheses from pre-existing 
theories, grounded theory proposes a clearly defined, three-
stage process of data analysis, adopting an inductive ap-
proach to generate theory directly from empirical evidence. 
This method enables the construction of new theoretical 
insights without reliance on quantitative techniques (Char-
maz, 2006). Over time, grounded theory has evolved into 
a more flexible framework, inspiring new methodological 
innovations in qualitative research.

Architecture’s complex interplay of human experience, emo-
tion, perception, cultural meaning, and daily life provides a 
fertile context for the application of grounded theory. The 
method’s capacity to integrate empirical, experiential, and 
subjective data within a systematic analytical framework 
enables researchers to capture dimensions of architectur-
al phenomena that are difficult to articulate through con-
ventional approaches. Through its iterative and relational 
logic, grounded theory can reveal social, linguistic, expe-
riential, conceptual, and symbolic patterns embedded in 
design processes—patterns that often remain implicit or 
overlooked in traditional research models. In this respect, 
grounded theory offers a valuable means of accessing and 
theorizing architecture’s tacit knowledge, thereby deepen-
ing our understanding of the field’s multifaceted nature.

Although grounded theory offers a strong potential for ar-
chitectural research, its application within the discipline 
remains inconsistent. Adapting a method originally de-
veloped in the social sciences inevitably poses both con-
ceptual and practical challenges. In architectural research, 
grounded theory is often employed without full awareness 
of its philosophical foundations or systematic coding pro-
cedures, resulting in partial implementations. Moreover, 
formal training in grounded theory is uncommon among 
architectural researchers, and only a few postgraduate pro-
grams provide comprehensive instruction in qualitative 
methodologies. This gap contributes to a broader uncer-
tainty about how the method can be meaningfully adapted 
to design-based inquiries. Furthermore, there is a notable 
absence of studies in literature that explain or offer a co-
herent framework for applying grounded theory in archi-
tecture.

The primary aim of this study is to critically examine how 
grounded theory is understood and applied within archi-
tectural research, emphasizing both its methodological 
challenges and potential contributions. The study seeks to 
examine the philosophical and methodological founda-
tions of the method to develop critical, reflective, and con-
text-sensitive methodological awareness for architectural 

research. Grounded theory prioritizes theory generation 
over simply organizing data or offering superficial inter-
pretations, making it especially suitable for doctoral-level 
research due to its methodological rigor and capacity for 
new conceptual insights. Accordingly, this study analyzes 
doctoral dissertations completed in Türkiye between 2015 
and 2024 that explicitly use grounded theory. 

The dissertations were systematically analyzed using eight 
criteria. These include method (the methodological frame-
work used), aim (the study’s intended outcome), data set 
(sources of data), data collection (techniques used to gath-
er data), data coding (procedures for coding and analysis), 
data display (how results are presented), grounded theory 
literature (depth of theoretical engagement), and coding 
process transparency (clarity of methodological report-
ing). These categories form a framework for comparing 
the dissertations, allowing a systematic evaluation of their 
philosophical positioning, methodological rigor, and ana-
lytical clarity in applying grounded theory to architectural 
research.

The content analysis identifies three central themes shap-
ing the use of grounded theory in architectural research: 
methodological adaptation and philosophical diversity, 
multi-layered data practices, and the need for analytical 
transparency. Together, these themes illuminate the un-
derlying dynamics of how grounded theory is currently 
interpreted and operationalized within the discipline. They 
also enable the identification of recurring methodological 
tendencies, epistemological orientations, and patterns of 
application, revealing where researchers innovate, where 
they struggle, and where gaps persist.

The originality of this study lies in its focus on how ground-
ed theory has been interpreted within architectural design 
research, rather than merely explaining what the method is. 
It is not simply a literature review, but a systematic and crit-
ical analysis of doctoral dissertations that employ grounded 
theory within the Turkish architectural context. By examin-
ing how the method is operationalized in practice, the study 
provides a comprehensive picture of current methodologi-
cal tendencies, epistemological orientations, and emerging 
challenges. So, it contributes to defining a clearer and more 
reflective framework for the future use and development of 
grounded theory in architecture.

KEY CONCEPTS AND RECENT SHIFTS OF 
GROUNDED THEORY 

Glaser & Strauss outlined clear procedures for data collec-
tion and analysis by providing practical methodological 
guidelines that connect data and theory (Charmaz, 2006). 
Grounded theory employs a cyclical, reflexive process that 
involves data collection, coding, memo writing, and theo-
ry development. Researchers move between these stages, 
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refining concepts and categories as new insights emerge 
through constant comparison. This recursive structure en-
sures that theoretical outcomes stay closely grounded in 
empirical evidence and allows for continuous reinterpreta-
tion and conceptual growth.

As with all scientific studies, the study’s objectives and re-
search questions must be clearly defined before data collec-
tion. Grounded theory relies on qualitative data obtained 
through in-depth, semi-structured interviews, direct ob-
servations, documents, reports, media content, and other 
written materials.  Data coding and analysis use systemat-
ic steps that transform raw data into theoretical concepts. 
The classical approach (Glaser & Strauss, 1967; Strauss & 
Corbin, 1990) uses open, axial, selective, and theoretical 
coding, emphasizing objectivity and the emergence of cat-
egories directly from data. In contrast, the constructivist 
approach (Charmaz, 2006) employs initial, focused, and 
theoretical coding, highlighting the researcher’s interpre-
tive role and the co-construction of meaning. Despite these 
methodological differences, each coding stage progressively 
refines data interpretation from descriptive categorization 
to conceptual integration ultimately culminating in the 
generation of theory.

The memo-writing stage sets grounded theory apart from 
other qualitative methods. Researchers document theo-
retical reflections with clear titles, dates, and continuous 
records, which helps connect codes and categories and 
identify conceptual gaps (Çelik & Ekşi, 2015). Theoretical 
sensitivity, shaped by prior experience, is vital in this pro-

cess; it enhances the ability to recognize patterns and in-
terpret data effectively (Strauss & Corbin, 1990). Another 
critical principle, theoretical saturation, is reached when 
additional data no longer yields new codes or insights, in-
dicating that the analysis has captured the full conceptual 
scope of the phenomenon (Glaser & Strauss, 1967). 

The method’s strength lies in its capacity for theory build-
ing. Timonen et al. (2018) states that this method is typi-
cally used to understand a particular concept or conceptual 
framework thoroughly. Rather than merely compiling data, 
it enables the development of intermediate-level theories 
with conceptual depth. Grounded theory, specifically, pro-
vides a flexible yet rigorous framework for building sub-
stantive theories closely tied to participants’ experiences 
and grounded in empirical evidence. These theories are 
inherently dynamic and context-sensitive, reflecting the in-
volvement of multiple actors, interactions, and temporal di-
mensions. Table 1 highlights the key concepts of grounded 
theory with the definition and application in research phase 
to inform researchers.

Following the postmodern turn of the 1980s, creative fields 
such as media, art, film, and architecture adopted research 
perspectives that favored locality, fragmentation, contradic-
tion, heterogeneity, and complexity over universality, gen-
eralization, rationality, and homogeneity (Clarke, 2003). In 
response, grounded theory evolved into two main strands 
-constructivist and situational grounded theory- each offer-
ing distinct approaches to addressing the needs of modern 
qualitative research. 

Table 1. Key concepts of grounded theory.

Concept Definition Application in Research

Open / Initial Coding The first phase of analysis involves line-by-line 
or segment-by-segment examination of data to 
identify significant ideas.

Generates initial codes representing participants’ 
meanings and actions.

Axial / Focused 
Coding

A stage where codes are clustered and 
relationships among them are identified to form 
higher-level categories.

Clarifies central processes, causal relationships, and 
emerging patterns.

Selective / Theoretical 
Coding

The phase that integrates categories to form a 
coherent theoretical framework.

Leads to the identification of a core category that unites 
the analysis.

Memo Writing The practice of documenting analytic reflections, 
theoretical notes, and conceptual linkages 
throughout the research process.

Promotes reflexivity and supports the construction of 
robust theoretical explanations.

Theoretical Sensitivity The researcher’s ability to perceive and interpret 
data meaningfully, shaped by experience and 
prior knowledge.

Increases analytical depth and ensures that emerging 
theories are contextually grounded.

Theoretical Saturation The point at which additional data no longer 
generates new codes or insights.

Indicates the completeness and stability of developed 
categories.

Intermediate-Level 
Theory

A theory positioned between abstract grand 
theory and descriptive empirical findings.

Provides conceptual depth while remaining closely tied 
to the data.

Constant Comparison A core analytic procedure involving the 
continuous comparison of data, codes, and 
categories.

Enables refinement of categories and discovery of 
relationships among concepts.
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Charmaz (2016) proposed constructivist grounded theory, 
which encourages researchers to consider the ideological, 
social, and political contexts of the twenty-first century. 
Unique to this approach, data are viewed as open to multi-
ple interpretations, and meaning is co-constructed through 
the interaction between researchers and participants. Con-
structivist grounded theory facilitates the connection be-
tween micro-level subjective experiences and macro-level 
social structures by emphasizing co-construction and con-
text.

Clarke (2003, 2015) introduced situational grounded the-
ory, which extends grounded theory by mapping social, 
discursive, and material relations. Situational maps visually 
illustrate the interconnections among actors and highlight 
the discursive, material, and spatial dimensions of research. 
Clarke’s situational analysis responds to the need for analyt-
ical tools that depict positions and power relations, distin-
guishing itself from earlier grounded theory by expanding 
into post structural domains and emphasizing the complex-
ity of relationality.

METHODOLOGICAL APPROACH AND SELECTION 
OF DISSERTATIONS

Grounded theory has evolved from its positivist origins to-
ward more interpretive and context-sensitive orientations, 
accommodating a plurality of viewpoints and method-
ological nuances. These shifts have expanded the method’s 
interpretive capacity and opened new possibilities for its 
application across diverse disciplines. Among these disci-
plines, architecture occupies a distinctive position. As a dis-
cipline that inherently integrates human experience, emo-
tion, perception, and cultural meaning, architecture offers 
both significant opportunities and considerable challenges 
for adapting grounded theory.

Grounded theory is a well-established methodology in the 
social sciences. However, its application within design stud-
ies has not yet reached a comparable level of depth, partly 
because design remains a relatively young academic disci-
pline when compared with fields such as physics, sociology, 
or philosophy (Friedman, 2003). Nevertheless, the use of 
grounded theory in architectural research has grown sig-
nificantly since 2010. For instance, a comparison between 
the first (2002) and second (2013) editions of Groat and 
Wang’s Architectural Research Methods shows a notable 
increase in pages devoted to grounded theory, reflecting its 
rising methodological value and relevance to architectural 
inquiry.

Doctoral dissertations serve as effective tools for tracing 
growth in new research fields, as they offer in-depth investi-
gations in advanced degree programs. Compared to journal 
articles, dissertations often clarify methodological applica-
tions and research processes. Focusing dissertations using 

grounded theory reveals the shifting paradigms and inno-
vative approaches underpinning the method’s current and 
future trajectory. To understand the evolution of grounded 
theory in architecture, a systematic search of dissertations 
was conducted using ProQuest (a global collection of doc-
toral dissertations) and The Council of Higher Education 
(YÖK) (a database for dissertations in Turkiye). 

In the ProQuest, a keyword search for “grounded theory” 
revealed that the highest number of dissertations appeared 
in the field of educational sciences, with lower counts in 
management, sociology, nursing, literature, psychology, 
and public health. By contrast, architecture had notably 
fewer dissertations using grounded theory. To refine the 
results for architecture specifically, the search combined 
“grounded theory” AND “architecture,” resulting in ap-
proximately 500 dissertations, most completed after 2010. 
Most originated from institutions in the United States, fol-
lowed by the United Kingdom, with Turkiye represented at 
a much lower rate. 

A similar search strategy was applied to the Council of 
Higher Education (YÖK) database. Since multiple transla-
tions of the term are used in Turkish scholarship, the key-
words gömülü kuram, gömülü teori, temellendirilmiş kuram, 
and temellendirilmiş teori were searched within titles, ab-
stracts, and keywords. This search yielded 384 dissertations, 
again showing a marked increase in studies conducted after 
2010 and reflecting a parallel disciplinary distribution to 
the international data. These results show a growing inter-
est in grounded theory in both international and Turkish 
contexts since 2010. The parallel rise in international and 
national adoption underscores the method’s emerging role 
and potential for further study in the discipline. 

The search with the terms “architecture” and “grounded 
theory” identified 21 theses, a relatively low number com-
pared to other social sciences. Of these, twelve were doctor-
al dissertations and nine were master’s theses, all completed 
between 2015 and 2024. The majority (16 out of 21) were 
situated within architectural design, with only two in urban 
design and three in informatics in architectural design. To 
ensure a focused and comparable dataset, the present study 
includes only doctoral dissertations in architectural design 
as listed in Table 2.

Between 2015 and 2024, eleven dissertations in Turkiye 
explicitly employed grounded theory in architectural re-
search, marking a methodological shift in Turkish architec-
tural academia. Their chronological distribution reveals a 
steady increase, culminating in a distinct surge after 2022, 
which aligns with the global trend. Institutionally, Istanbul 
Technical University (3) and Yıldız Technical University (2) 
emerged as the initial centers of grounded theory adoption, 
followed by Dokuz Eylül University (2) and four other uni-
versities. Despite the diversity of supervisory backgrounds, 
these dissertations originated from only seven universi-
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ties. The topics addressed in these dissertations range from 
urban identity to representation and phenomenology, 
demonstrating the method’s adaptability across different 
scales and epistemological positions.

This study employs content analysis to explore the meth-
odological and philosophical dimensions of grounded 
theory in architectural research. Through systematic cod-
ing and categorization, content analysis identifies patterns, 
frequencies, word relationships, and communication struc-
tures (Pope et al., 2006; Gbrich, 2007). Once coded, the raw 
data is processed, summarized, and interpreted within pre-
defined categories. The process unfolds in four main stages: 
identifying categories, processing data, describing findings, 
and interpreting results. Ultimately, content analysis not 
only reveals prevailing trends within a given field but also 
informs future research (Miles & Huberman, 1994).

Rather than merely reviewing methodological descriptions, 
the analysis aims to understand how grounded theory has 
been interpreted, adapted, and operationalized within the 
architectural discipline. The analytical categories defined for 
context analysis are systematically matched with the content 

of each dissertation, allowing for the identification of recur-
ring patterns, methodological tendencies, and philosophical 
orientations that define the themes in the next section.

PHILOSOPHICAL AND METHODOLOGICAL 
DIMENSIONS OF GROUNDED THEORY IN 
ARCHITECTURAL RESEARCH

Findings of Content Analysis 
The dissertations were examined through eight analytical 
categories: method, concerning the overall research ap-
proach employed; aim, referring to the specific research 
goal, whether conceptual, theoretical, or empirical; data 
set, addressing the type and origin of collected data and 
specifying whether the sources are human or non-human; 
data collection, describing the tools and procedures used 
to gather data; data coding, which includes techniques for 
turning raw data into conceptual categories; data display, 
referring to the ways findings are visually or textually pre-
sented; reference to grounded theory literature, indicating 
the degree to which the methodology is supported by estab-

Table 2. The list of dissertations.

Name Year Writer Advisor School

D1 A Transdiscursive Enquiry on Urban 
Identity

2015 Avşar Karababa Prof. Dr. Semra Aydınlı, 
Doç. Dr. Lena Hopsch

Istanbul Technical 
University

D2 Questioning Architectural Envelope - 
Context Relationship in Contemporary 
Architecture

2016 Hande Düzgün Bekdaş Prof. Dr. Çiğdem Polatoğlu Yıldız Technical 
University

D3 Grey Matter: Perception of Semi-Open/
Open Semi-Public/Semi-Private Spaces in 
The Housing Areas by Young Adults

2016 Sedef Özçelik Güney Prof. Dr. Yurdanur 
Dülgeroğlu Istanbul Technical 

University

D4 “Active Studio” Experiences in 
Architectural Design Education

2017 Bengi Yurtsever Prof. Dr. Çiğdem Polatoğlu Yıldız Technical 
University

D5 Employing Grids: A Discursive Account of 
Spatial and Performative Skills

2022 Hatice Cansu Cürgen 
Gürpınar

Prof. Dr. Hüseyin 
Kahvecioğlu

Istanbul Technical 
University

D6 Space Plasticity in Architecture 2022 Zeynep Sadıklar Prof. Dr.Asu Beşgen Karadeniz 
Technical 
University

D7 A Conceptualization for Research-Based 
Architecture Between Theory and Practice: 
An Atlas for Architectural Research in 
Türkiye

2022 Zeynep Dündar Prof. Dr. Gökçeçiçek 
Savaşır Dokuz Eylül 

University

D8 Analysis of Informal Environments in 
Architectural Education in Türkiye

2023 Nurten Özdemir 
Gökmen

Prof. Dr. Hikmet Gökmen Dokuz Eylül 
University

D9 Competitions In Architecture-Urban 
Design Knowledge Seeking

2023 Doğan Ümit Yücel Prof. Dr. Aysu Akalın Gazi University

D10 Image After Representation:
Cartographic Paradigm in Architecture

2024 Doruk Can Özçifçi Prof. Dr. Fatma Zeynep 
Aygen

Mimar Sinan 
University

D11 Space and Place in Dr. M. Mansour 
Falamaki’s Architectural Thinking 
Through Hafız’s Poetry and Merleau-
Ponty’s Phenomenology

2024 Farnaz Kimya Prof. Dr. F. Cânâ Bilsel Middle East 
Technical 
University
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lished scholarship; and description of the coding process, 
showing the transparency and detail provided regarding 
data analysis steps (Table 3). 

The first category addresses the philosophical foundations 
of grounded theory. Accordingly, D4, D7, and D8 apply con-
structivist grounded theory, while D1, D2, and D3 adopt a 
mixed method that integrates grounded theory with at least 
one additional method, such as discourse analysis or case 
study. The remaining dissertations do not specify a partic-
ular philosophical stance, reflecting a general tendency to 
employ grounded theory in a traditional manner. 

The aim of the study examines how each dissertation de-
fines its central conceptual orientation. In general, the 
dissertations commonly aim to construct a conceptual or 
theoretical framework by identifying a specific phenome-
non, situation, concept, or individual as the core research 
problem. The primary motivation for employing grounded 
theory is its capacity to uncover hidden or tacit knowledge 
embedded within these contexts. For instance, D1, D2, D3, 
D5, D6, D7, D9, and D10 aim to generate new conceptual 
insights and reveal the underlying relationships in particu-
lar architectural phenomena. In contrast, D4, D9, and D11 
focus on exposing implicit dimensions of knowledge within 
specific situations or individual experiences.

Data source examines the types and range of data used. The 
dissertations exhibit a diverse range of data forms and ma-
terials. D2, D3, and D4 primarily focus on human actors 
(such as interviewees, participants, or users), while D1, D5, 
D6, D9, D10, and D11 focus on non-human actors (includ-
ing artifacts, documents, or environments). Meanwhile, D7 
and D8 analyze both human and non-human actors, tak-
ing a hybrid approach. Within the non-human category, 
data sources include a notable range of written materials 
including journals, online art and design platforms, books, 
manuals, lecture notes, archives, theses, blogs, jury reports, 
competition briefs, regulations and visual materials such 
as architectural drawings, maps, photographs, images, and 
other representational materials.

Data collection method focuses on how data are gathered 
to construct and refine theoretical insights. The literature 
on grounded theory emphasizes the importance of in-
depth interviews as a primary method for collecting data. 
A semi-structured interview format is implemented in 
D1, D3, D4, D7, D8, and D11. The studies also incorpo-
rate complementary techniques such as observation, case 
studies, and surveys, enabling a more comprehensive un-
derstanding of the context. Furthermore, each dissertation 
includes a systematic review of the existing literature relat-
ed to its research topic, both to frame the study context and 
to inform the coding and theoretical processes.

Data coding examines how data are analyzed and trans-
formed into conceptual categories through systematic cod-
ing procedure, distinguishing grounded theory from oth-

er qualitative approaches. Although D1, D2, D3, and D10 
reference the stages of grounded theory coding in the lit-
erature, they do not provide practical illustrations of these 
procedures. Variations in terminology are inherent to the 
method; for instance, seven dissertations explicitly refer-
ence the three-step coding process. Those using terms such 
as open, axial, and selective coding adhere to the classical 
grounded theory model, while those referring to initial, 
focused, and theoretical coding align more closely with a 
constructivist approach. Additionally, another notable ob-
servation concerns the use of manual versus digital coding 
techniques. While D9 and D11 employ digital tools such as 
MAXQDA and ATLAS.ti, the remaining dissertations rely 
on manual coding, utilizing printed transcripts, notes, or 
spreadsheet-based matrices.

D5, D6, D7, D8, D9 and D11 transparently present their 
coding processes, either within the main text or in the ap-
pendices, often using tabular representations that make the 
analytical procedure traceable and replicable for other re-
searchers. However, the others do not fully disclose their 
coding procedures, providing only general descriptions 
without concrete examples or visualizations.

Data display focuses on how the analyzed data are visually 
represented and conceptually organized. In all studies, ta-
bles are used to illustrate how raw data is transformed into 
initial or focused codes. Network diagrams, concept maps, 
and atlas visualizations, typically developed during the the-
oretical coding stage, serve as creative tools that depict the 
relationships among codes, categories, and emerging con-
cepts. D6, D7, D8, D10, and D11 provide particularly strong 
examples of diverse and innovative data display strategies, 
demonstrating how visual thinking enhances methodolog-
ical transparency and theoretical synthesis.

The analysis reveals that each dissertation employs a dis-
tinct approach, highlighting the diverse ways in which 
grounded theory is applied within architecture. D1, rec-
ognized as the earliest example of grounded theory in this 
field, treats the method not conventionally but rather as a 
complementary tool. D2 employs a coding process that is 
not strictly tied to grounded theory; instead, it proposes an 
experimental conceptualization through a mixed-method-
ology approach, integrating discourse analysis and ground-
ed theory. D3 stands out for its wide range of data collection 
tools, cyclical and iterative research design, and extensive 
use of quantitative data. In D4, assumptions are formulated 
before each cycle and updated based on emerging data, and 
the introduction includes a glossary of key terms related to 
the method. D5 diverges from the standard approach by ap-
plying a unique interpretation during the coding process.

D6 utilizes tables to illustrate the coding procedure trans-
parently, suggesting a foundational model that is adaptable 
to various other studies. D7 constructs its own body of 
knowledge via grounded theory, culminating in a layered, 
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Table 3. Content analysis of the dissertations.
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D1 Mixed method 
/ grounded 

theory as a tool

Conceptual 
study

Non-human actors (Urban 
areas: Asmalımescit, 
Levent-Kağıthane, 

Kuzguncuk)

Literature 
review, 

observation, 
in-depth 

interviews

No Reference 
to grounded 

theory’s coding 
stages

Narratives and 
diagrams

 - -

D2 Mixed method / 
grounded theory 

+ discourse 
analysis

Conceptual 
study

Human actors (discourses 
of architects engaged in 

media and literature) 

Content 
analysis on 
manifestos, 
books and 

articles

Thematic coding 
/ no reference 
to grounded 

theory’s coding 
stages

Tables, concept 
maps and 

conceptual 
network 
diagrams

- -

D3 Mixed method / 
grounded theory 

+ quantitative 
strategies

Conceptual 
study

Human actors (people 
living in Maslak/Beşiktaş/
Beyoğlu/Şişli on the metro 

line)

Observation, 
survey, 

in-depth 
interview, case 

study

A layered 
and relational 
coding process 
/ no reference 
to grounded 

theory’s coding 
stages

Tables - -

D4 Constructivist 
grounded 

theory

Conceptual 
study

Human actors (participants 
of architectural design 

studio)

Survey,  
in-depth 
interview

Initial coding, 
focused coding, 

theoretical 
coding

Tables + -

D5 Grounded 
theory

Conceptual 
study

Non-human actors 
(journals, online art and 
design platforms, books, 
design and construction 

manuals, lecture notes, and 
archives of museums and 

institutions)

Content 
analysis on data 

set

Open coding, 
focused coding, 
and theoretical 

coding

Tables + +

D6 Grounded 
theory

Theoretical 
framework

Non-human actors 
(Dictionaries, 

encyclopedias, programs, 
manifestos)

Literature 
review, survey

Open coding, 
axial coding, and 
selective coding

Concept maps 
and conceptual 

network 
diagrams

+ +

D7 Constructivist 
grounded 

theory

Conceptual 
study

Human + nonhuman 
actors (architectural firms, 
associations, NGOs, public 
institutions, municipalities, 

and academia, design 
research literature)

Literature 
review, 

in-depth 
interview

Initial coding, 
focused coding, 

theoretical 
coding

Diagrams and 
atlas

+ +

D8 Constructivist 
grounded 

theory

Conceptual 
study

Human + nonhuman 
actors (literature on 

informal learning methods 
in architecture, articles, 

theses, blogs and architects)

Literature 
review, in-

depth interview

Initial coding, 
focused coding, 

theoretical 
coding

Diagrams and 
tables

+ +

D9 Grounded 
theory 

Conceptual 
study

Non-human actors 
(Akhisar Municipality 

architectural and urban 
design idea competition 

question-and-answer 
sessions, jury reports, and 

participants’ proposals)

Content 
analysis on data 

set, literature 
review

MAXQDA, initial 
coding,axial 
coding, and 

focused coding

Tables, word 
cloud

+ +

D10 Grounded 
theory

Conceptual 
study

Non-human actors 
(images: drawins, maps, 
manuscripts,pictures)

Content 
analysis on data 

set

 No reference 
to grounded 

theory’s coding 
stages

Diagrams  + - 

D11 Grounded 
theory 

Conceptual 
study

Human actors (books and 
documents)

Content 
analysis on data 

set, in-depth 
interview

Atlas.ti, Open 
Coding, axial 

coding, selective 
coding 

Tables and 
diagrams

+ +
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open-ended, and interpretable result presented in an at-
las-style format. D8 provides detailed tables of its initial, 
focused, and theoretical coding stages in both the main 
text and the appendix, offering readers a clear view of the 
methodology. D9 aligns grounded theory with a phenom-
enological and hermeneutic approach, utilizing MAXQ-
DA software to analyze a specific case and uncover its tacit 
knowledge, rather than relying on a large dataset. Finally, 
D10 relies on images as its primary data source, while D11 
focuses on a single individual’s discourse and outputs, set-
ting both apart from the other studies.

Discussions for Adopting Grounded Theory in 
Architectural Research 
The content analysis reveals that the use of grounded the-
ory in architectural research is shaped by three overarch-
ing themes: methodological adaptation and philosophical 
pluralism, knowledge construction through multi-layered 
data practices, and analytical transparency. Building on 
these insights, the following discussion examines the impli-
cations of these themes for the future adoption of grounded 
theory in architecture, highlighting both the opportunities 
it offers, and the methodological refinements required to 
strengthen its application. 

Figure 1 illustrates the overall process of applying ground-
ed theory in architectural research. The diagram not only 
visualizes the core components of grounded theory but also 
aligns them with architecture-specific research strategies 
identified through the content analysis. In doing so, it maps 
each stage of the grounded theory process onto the three 
key themes revealed in the section showing how the meth-
od’s foundational concepts intersect with architecturally 
grounded research practices.

Methodological adaptation and philosophical plural-
ism: Grounded theory encompasses various philosophical 
perspectives, each shaped by distinct epistemological as-
sumptions and analytical strategies. This diversity enrich-
es the field but can confuse novice researchers, who may 
struggle to distinguish between different interpretations 
and applications. The findings underscore the importance 
of establishing clear methodological guidelines and consis-
tent terminology to ensure research rigor and transparency. 
Researchers must understand the philosophies, tactics, and 
strategies of each grounded theory approach and reference 
them explicitly in their studies.

The analysis shows that several dissertations integrate 
grounded theory with complementary methods such as 
discourse analysis, case study, or content analysis, aiming 

Figure 1. The process of grounded theory in architecture.
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to build multi-layered research frameworks. These hybrid 
designs demonstrate the method’s flexibility and its capac-
ity to generate multidimensional insights. However, such 
integrations require a clearly articulated research rationale, 
supported by comprehensive literature discussions and vi-
sual diagrams that explain how methods are combined to 
ensure methodological coherence. 

Content analysis reveals that many dissertations fail to ade-
quately treat grounded theory as a primary research meth-
odology. Instead, it is frequently positioned as a secondary 
or supportive analytical tool, applied superficially rather 
than systematically. This tendency suggests that grounded 
theory’s full potential in architectural research, particularly 
its capacity for theory building and epistemological inno-
vation remains underutilized. Researchers should explicitly 
justify why grounded theory is chosen over alternative re-
search methods, specify which grounded theory approach 
they follow, and define key methodological terms. Articu-
lating how these decisions align with the study’s aims not 
only clarifies the internal logic of the research but also con-
tributes to cultivating a more robust and reflective method-
ological culture within architectural research.

Suddaby (2006) emphasizes that a robust grounded theory 
study requires substantial experience, deep subject-matter 
knowledge, and strong analytical skills. To overcome these 
methodological and philosophical challenges, research-
ers must work with supervisors who are knowledgeable 
in qualitative methodologies. They can also enroll in spe-
cialized courses and cultivate critical reading practices to 
understand the philosophical and procedural nuances of 
different grounded theory approaches. In addition, par-
ticipating in research groups, peer-discussion networks, 
and academic workshops or conferences helps researchers 
refine their methodological awareness (McCallin, 2003). 
This allows them to navigate the complexities of applying 
grounded theory in interdisciplinary contexts. 

Knowledge construction through multi-layered data 
practices: While grounded theory traditionally relies on 
human participants as primary data sources, architectur-
al research expands the notion of data far beyond human. 
These sources include observations, maps, drawings, pho-
tographs, digital archives, videos, and other representa-
tional artifacts (Lianto, 2018). This diversity reflects the 
multimodal nature of architectural inquiry, distinguishing 
the field from many social science applications of ground-
ed theory. Such non-human data sources provide access to 
tacit, embodied, and spatial forms of knowledge that are 
central to architectural design.

Parallel to diversity of data sources, the dissertations demon-
strate wide-ranging data collection strategies. Diversity data 
collection tools can significantly enhance findings (Birks & 
Mills, 2015). In addition to semi-structured interviews re-
searchers employ observations, design studio documenta-

tion, photographic surveys, and written materials or reflec-
tive notes. This diversity not only broadens the empirical 
base of each study but also enhances the interpretive depth 
of grounded theory analysis. 

A recurring misconception is that grounded theory dis-
courages engagement with previous works (Suddaby, 2006). 
In contrast, the dissertations show that literature can and 
often should be treated as a data set, coded in parallel with 
empirical materials. When used systematically, literature 
coding strengthens methodological coherence by ground-
ing new insights into established knowledge while still al-
lowing new conceptual patterns to emerge inductively.

The coding process is the most fundamental stage that dis-
tinguishes grounded theory from other methods. Although 
architectural research benefits from a wide range of data 
sources, collection techniques, and representational for-
mats which offer considerable creative potential, this diver-
sity can also lead to noticeable inconsistencies and method-
ological fragmentation during coding. Yet the multi-stage 
coding structure that lies at the core of grounded theory 
such as open/axial/selective coding or initial/focused/theo-
retical coding, constitutes a critical component that shapes 
the method’s epistemological stance, analytical depth, and 
overall theoretical coherence. Thus, the coding stages rep-
resent the most clearly defined and least open-to-interpre-
tation component of the method. The analysis shows that 
many dissertations describe coding only in general terms, 
without providing concrete examples, tables, or visualiza-
tions. Such omissions obscure what the most characteristic 
and creative phase of grounded theory is arguably, weaken-
ing the robustness of the resulting theoretical frameworks.

Depending on the volume and complexity of the data, coding 
in grounded theory studies may be conducted manually or 
with the assistance of software. Manual coding enables a clos-
er and more interpretive engagement with the data, enhanc-
ing sensitivity to contextual and semantic nuances. Howev-
er, managing large data sets can pose significant challenges, 
making qualitative data analysis software advantageous for 
organizing and systematizing the coding process. In the dis-
sertations examined, critical reflections on how the chosen 
method affects the reliability, depth, or the researcher’s role 
in the analysis are largely absent. Yet excessive reliance on 
such tools may weaken the researcher’s interpretive closeness 
to the data and limit the degree of interaction required by 
grounded theory. For this reason, it is crucial that research-
ers actively direct and oversee the coding process rather than 
delegating it entirely to the software.

Unlike other research methods, grounded theory does 
not focus on testing an existing theory or simply count-
ing words (Suddaby, 2006). As Morse (2016) emphasizes, 
grounded theory is not governed by rigid procedural for-
mulas; instead, it prioritizes an iterative, process-oriented 
engagement with data. Importantly, grounded theory re-
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quires researchers to recognize and articulate the emergent 
relationships within their data not merely as descriptive 
outcomes but as the foundations of new conceptual under-
standing This relational understanding of data is particu-
larly relevant for architectural research, where complexity, 
ambiguity, and layered meanings are inherent to the subject 
matter.

The analysis of dissertations reveals, however, that ground-
ed theory’s strongest contribution, its capacity for theory 
building remains underutilized within architectural re-
search. Many dissertations struggle to translate their rich 
data into fully developed theoretical frameworks. This diffi-
culty is partly tied to insufficient engagement with the core 
analytical mechanisms of grounded theory, such as theoret-
ical sampling, constant comparison, and theoretical satu-
ration. These procedures require ongoing iteration, critical 
reflexivity, and conceptual precision; yet in several disser-
tations, they are mentioned only briefly or applied super-
ficially, limiting the depth and robustness of the resulting 
theory. Detailed explanations of how theoretical sampling 
is conducted, how comparative strategies inform concept 
refinement, and how saturation criteria are established 
would significantly enhance methodological clarity. 

One of the central challenges for novice grounded theo-
ry researchers is the dual responsibility of being both the 
data collector and the data analyst (McCallin, 2003). This 
dual role requires a delicate balance between objectivity 
and reflexivity. Researchers must simultaneously engage 
with the field through interviews, observations, and other 
techniques while continuously analyzing the data in real 
time. This iterative interaction demands sustained analyt-
ical awareness, as insights emerging during data collection 
often reshape subsequent analytical directions.

Grounded theory explicitly encourages the incorporation 
of personal data such as field notes, reflective memos, and 
spontaneous observations. These materials enrich the an-
alytical process by capturing subtle interactions, contex-
tual nuances, and experiential impressions that may not 
be fully visible in formal data sources. However, this also 
means that the researcher’s interpretive lens shaped by their 
assumptions, experiences, and theoretical sensitivities, in-
evitably influences the development of emerging concepts. 
In this sense, grounded theory positions the researcher 
not as a neutral observer but as an active participant in the 
knowledge-production process. Strengthening reflexivity is 
therefore a critical requirement for grounded theory in ar-
chitecture where subjective interpretations and experiential 
judgments are integral to both the research process and the 
phenomena.

Analytical transparency: Analytical transparency is a 
fundamental requirement for ensuring the reliability of 
grounded theory studies. One of the major obstacles to 
transparency is conceptual inconsistency and terminolog-

ical ambiguity. Researchers must clearly articulate their 
methodological stance and the terminology they employ. 
Yet, in the dissertations examined, terminology is often 
mixed across different grounded theory traditions. This 
pattern supports the broader finding that, despite its long 
history, many researchers possess only a partial under-
standing of the philosophical and procedural foundations 
of grounded theory (Fernandez, 2004). Although consult-
ing foundational sources can enhance conceptual clarity, 
individual interpretation may still introduce ambiguity an 
issue also observed in several dissertations analyzed.

At this point, including a glossary of key grounded theo-
ry terms within dissertations can significantly improve 
terminological clarity. As exemplified in D4, providing a 
brief glossary of core concepts strengthens the researcher’s 
methodological positioning and enables readers to follow 
the chosen approach more accurately and consistently. This 
practice is particularly beneficial in studies where terms 
from different grounded theory traditions are used con-
currently, offering an effective way to maintain conceptual 
coherence.

Moreover, the term grounded theory and its associated 
concepts appear in Turkish academic literature through 
several parallel translations, gömülü kuram, gömülü teori, 
temellendirilmiş kuram, and temellendirilmiş teori. Because 
these variants are used inconsistently across publications, 
researchers conducting literature search in Turkish risk 
overlooking relevant studies if they rely on only a single 
version of the term. To prevent such omissions and to in-
crease accessibility, it is essential for researchers to be aware 
of these different translations. Furthermore, including mul-
tiple Turkish equivalents as keywords or referencing them 
explicitly within the text can significantly improve search-
ability and visibility, ensuring that future studies are more 
easily discoverable within the national research landscape. 

Consistency is also an essential component of analyti-
cal transparency. In grounded theory studies, researchers 
should clearly describe the types of data they use, the proce-
dures through which codes and categories are generated at 
each stage, and the evidence demonstrating that these codes 
genuinely emerge from the data rather than from precon-
ceived assumptions. However, in practice, presenting the 
full coding process particularly the first two stages of cod-
ing can be challenging in articles or dissertations, especial-
ly when the dataset is extensive. In such cases, it is advis-
able to include selected examples of the coding procedure 
within the main text to illustrate the analytical logic, while 
providing the complete coding scheme in the appendices 
or through supplementary online materials such as cloud-
based repositories. Of course, the extent to which these ma-
terials can be shared depends on issues of confidentiality 
and the researcher’s ability to make their data publicly ac-
cessible. Ensuring this balance between transparency and 
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ethical responsibility is crucial for strengthening method-
ological rigor in grounded theory research.

Equally important is the explicit sharing of the research-
er’s experiences, challenges, and decision-making processes 
encountered during the application of the method. Provid-
ing reflexive accounts of methodological difficulties such as 
managing simultaneous data collection and analysis, nav-
igating ambiguous categories, or determining saturation 
enhances the credibility of the study and offers valuable 
guidance for future researchers.

CONCLUSION

This study comprehensively examines how Turkish archi-
tectural researchers adopt and interpret grounded theory, 
systematically analyzing doctoral dissertations. Ground-
ed theory in the Turkish architectural research context is 
not yet an established method, but rather an emerging and 
evolving practice. The terminological inconsistencies, lim-
ited transparency in coding procedures, and ambiguity re-
garding the link between method and philosophical stance 
reflect the fact that the method is still relatively new within 
this disciplinary and national setting.

By contrast, in countries where grounded theory has a lon-
ger and more institutionalized history such as the United 
States, the United Kingdom, and Australia more system-
atic methodological training, well-developed qualitative 
research communities, and stronger traditions of theory 
building have enabled researchers to achieve higher levels 
of methodological consistency and analytical transparen-
cy. However, this disparity should not be viewed solely as 
a deficit. It also represents a productive space for growth, 
experimentation, and innovation within the Turkish con-
text. The relatively recent adoption of grounded theory in 
Turkish architectural research allows for diverse epistemo-
logical interpretations and opens room for creative, inter-
disciplinary applications. 

Integrating grounded theory into doctoral programs creates 
an environment that strengthens methodological competence 
while fostering scholarly dialogue. This holistic approach 
equips researchers with the critical, reflexive, and theoretically 
informed perspectives necessary to engage with grounded the-
ory in a rigorous and meaningful way. Moreover, researchers’ 
honest accounts of the challenges they encounter, the adjust-
ments they make, and the experiences they gain throughout 
the process enhance collective learning, thereby improving 
methodological transparency and reproducibility within the 
field of architecture. In this way, supportive academic envi-
ronments that prioritize experience-sharing and continuous 
methodological refinement become essential for conducting 
robust grounded theory research.

Ultimately, the purpose of methodological inquiry in ar-
chitecture should not be to reproduce a fixed model or to 

pursue methodological perfection as an end. The goal is not 
to turn grounded theory or any method into an object of 
methodological fetishism, but rather to use it as a means 
of critical reflection and conceptual discovery. What mat-
ters is cultivating an awareness of why and how a method 
is employed, and what kinds of knowledge it allows us to 
produce or obscure. In this sense, grounded theory should 
be understood not as a prescriptive framework but as a dy-
namic interpretive lens that invites architectural research-
ers to question their assumptions, refine their analytical 
strategies, and contribute to a more pluralistic and reflexive 
research culture within the discipline.

The review reveals a positive, cumulative progression, as 
each study builds upon the insights of its predecessors. 
This trajectory suggests a promising potential for qualita-
tive advancement in Turkish architectural research. Con-
sequently, it becomes an academic responsibility to de-
velop a thorough understanding of grounded theory and 
to conduct flexible, creative studies that remain aligned 
with its underlying philosophy. To foster this growth, it 
is essential to broaden the scope of discussion, strengthen 
collaborative communication platforms among research-
ers, adopt a patient yet critical stance, and refine feedback 
mechanisms. In this regard, the present study aims to 
contribute meaningfully to the field and catalyze further 
research and methodological innovation in architectural 
scholarships.
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ABSTRACT

As urban densification increases, thermal stress in cities becomes a problem. The integration 
of climate-sensitive strategies into housing design has become a necessity. As a strategy, 
design of terraces, as thermally configured outdoor spaces can reduce solar radiation gain. 
Parametric modeling, one of the computational approaches, provides significant contributions 
to optimizing the integration of environmental analysis into the terrace design. Although some 
related studies have focused on optimizing urban mass organizations for thermal comfort and 
solar performance, none of them have addressed spatial organization of terraces in residential 
buildings. This study presents a computational housing model to investigate terrace allocation 
with respect to solar gain, including circulation and residential units. The interstitial spaces 
are considered “cool terraces”, and the objective is to minimize the solar radiation on terraces 
by optimizing the location and size of the residential units using a genetic algorithm via the 
Galapagos plug-in, radial basis function optimization (RBFOpt), and covariance matrix 
adaptation with evolution strategy (CMA-ES) using Opossum plug-in. To provide feasible 
spatial organization, constraints are determined using the near feasibility threshold with the 
Optimus plug-in. Results showed that only CMA-ES discovered feasible spatial organization 
while improving the solar performance of cool terraces. When compared to the benchmark 
design scenarios, the optimized alternative performed 11–26% improvement in solar radiation 
minimization. The study discusses the challenges in identifying well-performing cool terrace 
solutions, the complexity of the problem, and the applicability of optimization algorithms.
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INTRODUCTION

Background 
Urbanization is one of the major anthropogenic effects in land 
use and has a significant effect on the development of the ur-
ban heat island (UHI) phenomenon (Singh, et al., 2017). As 
urban areas expand and environmental conditions change, the 
demand for accommodating growing populations necessitates 
urgent attention. Urbanization is therefore one of the driving 
forces of housing demand based on increasing requirements 
for sustainable living alternatives (Bangura & Lee, 2023). The 
changing needs, demands for housing, and climate challenges 
result in a gradual shift from conventional aesthetic under-
standing and functional concerns to performance-based de-
sign approaches in residential buildings (Li et al., 2020). When 
building performance-based design decisions arise, especially 
in relation to environmental concerns, traditional architectur-
al design concepts like ‘form follows function’ can no longer 
present efficient solutions to the relationship between perfor-
mance and form (Wang et al., 2025). Thus, it has necessitated 
the development of new computational frameworks that in-
corporate form generation and performance evaluation into a 
design process (Wang & Chai, 2025). In this context, paramet-
ric design is widely used as a design investigation approach to 
ensure sustainable alternatives during the conceptual design 
phase (Ajtayné Károlyfi & Szép, 2023). Hence, computation-
al design tools and performance optimization methods have 
made it possible to include various environmental analysis cri-
teria in the early design phase. 

Cool terraces can reduce urban heat islands and building en-
ergy consumption, while their effectiveness is affected by local 
climatic conditions and building types  (Zhao & Zhang, 2023). 
Therefore, optimizing solar radiation analysis, which greatly 
affects the energy performance and spatial comfort of build-
ings, is an important requirement to increase energy efficiency, 
especially in cool terraced housing designs. Nevertheless, allo-
cating living spaces with respect to the performance aspects 
is a complex task as it requires investigating multiple design 
parameters. In this context, the parametric design approach 
can be an effective solution to integrate solar radiation analy-
sis, as well as computational optimization methods, to identify 
well-performing cool terrace alternatives during the design 
process. 

This study presents a comparative analysis for optimizing 
the performance of cool terraces using parametric mod-
eling, building performance evaluation, and optimization 
algorithms in the conceptual design phase. The paramet-
ric model consists of the layout and dimensioning of six 
masses placed on one floor of a cool terraced residential 
building. The performance evaluation integrates solar ra-
diation analysis into the developed parametric model for 
evaluating the performance of cool terraces. The perfor-
mance-based parametric design model is integrated to the 
optimization algorithms, namely radial basis function op-

timization (RBFOpt) (Costa and Nannicini, 2018), and co-
variance matrix adaptation with evolution strategy (CMA-
ES) (Hansen & Ostermeier, 2001) using Opossum plug-in 
(Bleicher, 2019), and genetic algorithm (GA) using Galapa-
gos plug-in (Rutten, 2010) to evaluate the effectiveness and 
capability of different optimization methods to cope with 
such complex design problems. Near-feasibility threshold 
(NFT) is also considered to handle the constraint functions 
using the Optimus plug-in to identify feasible design alter-
natives that meet the allocation and the minimum spatial 
area constraints. Finally, optimization results are compared 
with the performance of benchmark scenarios to identify 
the efficacy of the proposed method. 

Problem Statement
Rapid urbanization, population growth, and climatic prob-
lems have revealed a need for sustainable and climate-com-
patible housing designs. Cool terraces used in residential 
buildings significantly affect environmental performance 
and spatial quality. However, the design of cool terraces is 
complex due to the building form, spatial organization, and 
evaluation of the performance. Existing approaches mostly 
focus on utilizing conventional methods that do not sup-
port design investigation using optimization algorithms 
during the early design phase. Therefore, a computational 
design method that evaluates spatial, functional, and envi-
ronmental parameters together within a consistent optimi-
zation framework is required. 

Related Works
Advances in urban design optimization have increased the 
significance of integrating environmental performance into 
spatial organization through computational methods (Table 
1). Wang et al. (2025) and Meng et al. (2024) used NSGA-
II-based multi-objective frameworks to optimize building 
spatial configuration and high-rise housing for thermal 
comfort, showing important improvements in UTCI values. 
Likewise, Lin et al. (2023) validated thermal comfort results 
in cold-climate green spaces using simulation tools on envi-
ronmental performance, highlighting the role of organizing 
the vegetation. Another optimization study on green space 
placement was conducted by Zhang et al. (2017) to demon-
strate the thermal and visual benefits of spatially clustered 
green spaces. Zhao & Zhang (2023) further contributed by 
comparing the energy and thermal effects of cool and green 
roofs across climate zones, emphasizing the daytime effi-
ciency of cool roofs in decreasing surface temperature and 
their potential in urban heat island (UHI) mitigation. In the 
urban form section, Zhu et al. (2024) presented a Modified 
Competitive Search Algorithm (MCSA) that outperformed 
traditional methods in optimizing massing variables such as 
orientation and compactness. Yang et al. (2023) integrated 
historical and environmental targets into heritage block de-
sign by using NSGA-II and shape grammar. Moreover, Tay et 
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Table 1. Literature review table.

Author (Year) Objective Constraints Methods Parameters Findings

This Paper Solar radiation 
minimization 
on terraces by 
considering specific 
design constraints

Near Feasibility 
Threshold (NFT)

CMA-ES, 
RBFOpt, GA

Mass size, mass 
placement

Only with CMA-ES 
solar load is minimized 
on terraces via optimal 
placement. The 
optimized result had 
11–26% improvement 
in solar gain in 
comparison to the 
benchmarks.

Wang et al. (2025) To simultaneously 
optimize UTCI 
and indoor visual 
performance (sDA, 
ASE, GVI) in green 
spaces between 
residential buildings

No explicit 
constraint-
handling 
approach used. 

NSGA-II 
+Wallacei

Tree type, crown 
shape, height, 
spacing, planting 
layout, canopy 
overlap 

Improved UTCI by 
1.31%, sDA by 6.07%, 
GVI by 26.27%

Wang et al. (2025) To minimize UTCI 
in early-stage green 
residential layouts 
and optimize 
energy and comfort 
performance

No explicit 
constraint-
handling 
approach used. 

ANN + Genetic 
Algorithm (GA)

Building count, 
geometry (width, 
depth, height), 
WWR, orientation, 
climate zone

Optimized layout 
reduced total load 
by 40.7%; UTCI 
improvements ranged 
between 12–21%

Zhang et al. (2017) Optimize green space 
placement to reduce 
urban heat island

No explicit 
constraint-
handling 
approach used. 

GIS + Remote 
sensing 

LST (Land Surface 
Temperature), Ti 
(buffer temp), βi 
(direct cooling), δik 
(indirect), 

Clustered greenspaces 
→ +6.7°C local daytime 
cooling; dispersed → 
+0.5°C regional; 96% 
of day–night trade-offs 
captured

Zhu et al. (2024) Urban building form 
optimization using 
MCSA

No explicit 
constraint-
handling 
approach used. 

Modified 
competitive 
search algorithm

Latitude, number of 
floors, N–S aspect 
ratio, grid azimuth, 
canyon ratio, 
building spacing

Pavilion forms optimal 
at 48° latitude with up 
to 9 floors; spacing 
and height improve 
performance; FAR & 
absorptivity climate-
sensitive.

Yang et al. (2023) Heritage-sensitive 
block design 
optimization

No explicit 
constraint-
handling 
approach used. 

NSGA-II + 
shape grammar+ 
K-means 
clustering, Pareto 
front analysis

Density, green ratio, 
solar access

Balanced historical 
context with 
environmental goals

Showkatbakhsh et al. 
(2022)

MOEA result 
selection framework 
for urban design

No explicit 
constraint-
handling 
approach used. 

MOEA, Pareto 
clustering, 
Utopia-point 
selection, equal-
weight filtering, 
subjective 
phenotypic 
evaluation

Shadows, 
volumetric 
connections, 
skyways, built 
volume; phenotypic 
indicators

Fitness improved for all 
objectives; framework 
maintains solution 
diversity

Li et al. (2022) To optimize 
additional building 
volume in urban 
renewal by balancing 
FAR increase and 
solar constraints.

Introduces 
a custom 
constraint-
handling concept 
called NFAR (Net 
Floor Area Ratio), 
allowing shading 
if capacity gain 
outweighs shaded 
area.

GA+Wallacei Floor Area Ratio 
(FAR), Average 
Solar Radiation 
(ASR), Shaded 
Façade Area 
(RBFA), building 
orientation

Mixed mode ↑ FAR 
by ~98%, vertical by 
~59%, horizontal by 
~36%. ASR decreased 
by 8–15% across 
modes.With 10–20% 
shaded area, up to 
5× added floor area 
gained.
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al. (2024) and (Showkatbakhsh & Makki, 2022) emphasized 
the increasing demand for user-centered, multi-objective 
approaches and the significance of incorporating subjective 
decision-making into urban form algorithms. Li et al. (2022) 
evaluated capacity increases and trade-offs in solar perfor-
mance through volumetric additions using evolutionary 
methods, while Wang et al. (2025) also presented AI-driven 
platforms for residential configuration optimization. 

While previous research has largely focused on optimizing 
green spaces, building orientations, and urban form for out-
door thermal performance, the specific spatial and environ-
mental potential of cool terraces, as semi-public, outdoor 
spaces, remains underexplored. Furthermore, despite the 
increasing number of studies on performance-based design 
optimization in architectural contexts, a critical gap in the 
literature is the reliance on a single optimization algorithm 
within most studies. This creates a limitation, especially con-
sidering the impacts of the No Free Lunch (NFL) Theorem, 
which asserts that “when averaged over all possible problems, 
all algorithms perform equally well” (Wolpert & Macready, 
1997). Therefore, it is impossible to know in advance which 
algorithm will perform best for a specific design problem. To 
address these limitations, this study proposes a computation-
al design framework demonstrating how terrace morpholo-
gy and placement can be strategically adapted to reduce heat 
stress and improve outdoor thermal comfort. Moreover, this 
study evaluating the performance of three different algorithms 
clearly demonstrates the limitations of both GA and RBFOpt 
in effectively solving the specific performance-oriented design 
challenges within terraced housing scenarios. By conducting a 
comparative evaluation of widely used algorithms, this study 
addresses this methodological shortcoming and provides sig-
nificant insights for future computational design studies.

Novelty of the Study
This study proposes a computational design framework to 
identify well-performing cool terrace alternatives, with respect 
to constrained functions, considering three different optimi-
zation approaches in the early design phase. The study aims 
to identify convenient optimization methods for allocating 
living spaces while identifying satisfactory solar radiation re-
sults. Within the scope of the research, the sizes and locations 
of residential mass blocks on a specified grid structure are pa-
rameterized in the model. The optimization process aims to 
minimize the total solar radiation on the terraces. The success 
of different optimization algorithms on the targeted criteria of 
the model is evaluated. In line with the observed criteria, the 
spatial layout of the apartment units is prevented from over-
lapping with each other and the central circulation core, while 
simultaneously maintaining the minimum total construction 
area. In addition, the success of this optimization approach 
is compared and evaluated with the results of the benchmark 
scenarios. The study ultimately contributes to a computation-
al design process that supports decision-making for environ-
mentally sensitive and harmonious cool terrace housing lay-
outs. The rest of the paper is structured as follows: Section 2 
presents the methodology, Section 3 reports the results and 
discussion, Section 4 compares the optimized solution with 
benchmark scenarios, Section 5 discusses the results, and Sec-
tion 6 concludes the paper.

METHODOLOGY

The methodology of this study (Figure 1) consists of four 
phases: (i) Development of the parametric model, (ii) eval-
uating solar radiation, (iii) optimization process to identify 
a suitable solution. 

Table 1. Continue.

Author (Year) Objective Constraints Methods Parameters Findings

Tay et al. (2024) Review of urban 
design optimization 
research

No explicit 
constraint-
handling 
approach used. 

PRISMA-based 
systematic review 
of 123 papers 
from 2012–2022

Solar access, wind, 
energy use, land use, 
visibility, density

Mainly focus on 
environmental/spatial 
goals (~70%). Few 
use surrogate models 
(~20%) or constraint-
handling methods

Lin et al. (2023) To assess the UTCI 
and perception in 
open spaces near the 
Yellow River using 
different planting 
configurations

No explicit 
constraint-
handling 
approach used. 

Ladybug + field 
validation

Air Temperature, 
Globe Temperature, 
Relative Humidity, 
Air Velocity, 
Vegetation Volume, 
Mean Radiant 
Temperature

Strong fit between 
measured and 
simulated UTCI 
(R²=0.936); AH 
planting had best 
cooling.

Meng et al. (2024) To optimize seasonal 
outdoor thermal 
comfort (UTCI) in 
high-rise residential 
layouts in cold inland 
climates

No explicit 
constraint-
handling 
approach used. 

NSGA-II + Sobol 
+ GBM

Building spacing, 
orientation, length, 
height, and layout 
density

UTCI improved to 
25.51°C (summer), 
−14.02°C (winter), 
−6.41°C (spring). 
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Each phase is explained in the following subsections. 

Development of the Parametric Model
The housing model is based on a 25x25 meter grid, with a 
5x5 meter central circulation core occupying a fixed posi-
tion (Figure 2). The height of apartments and circulation 
areas on one floor is determined as 3 meters. Six apartment 
units are positioned dynamically within the grid structure, 
with their dimensions and movement (in the x and y di-
rections) considered as optimization parameters. Four con-
straints are identified with the NFT component in Grass-
hopper. One of these is that the apartments should not 
overlap with each other during settlement. Likewise, the 

apartments should not overlap with the circulation area. In 
this context, the intersection areas between the base surfac-
es of the six apartment masses were constrained to be zero 
square meters and integrated as a constraint into the NFT 
component. Similarly, the six intersection areas between 
the bases of these apartment masses and the base of the cir-
culation were also constrained to be zero and included as an 
additional restriction. Thirdly, all apartments should be lo-
cated within the boundary of the configuration. To enforce 
this condition, an additional intersection area constraint 
was integrated into the model. Specifically, the intersec-
tion area between the base of each mass and the designated 
boundary area was required to be equal to the full area of 

Figure 1. Methodology chart.
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that mass. If the intersection area was calculated to be less 
than the block’s own footprint, it indicated that part of the 
volume extended beyond the defined boundary, thus vio-
lating the constraint. Finally, considering the dimensions 
of the grid structure, the minimum total floor area of ​​the 
apartments was determined as 300 m² to establish the bal-
ance between terrace and closed area. According to these 
constraints, sample successful and unsuccessful spatial lay-
outs are demonstrated in Figure 3. 

As indicated in Table 2, four parameters are assigned to ev-
ery six masses: Length measurements along the X and Y 
axes and movement distances in the X and Y directions. 
These parameters are designed to be dynamic and adjust-
able, considering the constraints determined during the 
optimization process. In total, 24 design parameters are 
recorded during the optimization. The length values ​​(X 
and Y) of each mass are set to be allowed to change con-
tinuously between 5m and 10m, allowing for form flexibil-
ity in response to performance feedback. Meanwhile, the 
movement values ​​(X and Y axes) are limited to the range of 
-12.5m to +12.5m. This allows the six masses to move onto 
the grid system surface and find spatially efficient positions, 
allowing the remaining terraces to be created in a more so-
lar-efficient way. 

Evaluating Solar Radiation 
Solar radiation is electromagnetic energy emitted from the 
sun and reaching the earth’s surface and is a factor that has 
a crucial impact on the thermal and daylight performance 
of buildings. Most researchers suggest that sunlight plays 
a positive role in improving thermal comfort, health, and 
energy performance (Zhang et al., 2016). While tradition-
al design methods depending on solar metrics often rely 
on simplified formulaic calculations or user intuition and 
experience, this approach is insufficient for spatial systems 
like housing designs with integrated terraces. Like free-
form buildings that do not have exact geometric forms and 
therefore need detailed simulation-based evaluations for 
accurate solar performance assessment (Vizotto, 2010), the 
parametric model proposed in this study uses solar radia-
tion analyses to optimize the positioning and dimensions of 
apartment units and terraces. 

Solar radiation has a significant effect on the thermal perfor-
mance of terraces. Especially in high-density urban areas, the 
direct impact of solar radiation on terrace surfaces means an 
increase in surface temperatures. This situation causes negative 
effects on indoor thermal comfort and energy consumption of 
the building. A study conducted by Ismail et al. (2021) eval-
uated the effects of solar radiation on the vertical surfaces of 
modern terrace houses. The study suggested that high solar ra-

Figure 2. Developed model organization.
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diation significantly increases surface temperatures, which can 
negatively affect indoor thermal comfort. Similarly, another 
study conducted by Kawasaki et al. (2020) addressed the role 
of solar radiation on the thermal behavior of buildings through 
reflection and re-emission in different climatic zones. The study 
emphasized that reflected solar radiation creates heat accumu-
lation, especially in the lower layers, and this can increase the 
cooling load inside the building. Therefore, considering the 
vertical distribution of solar radiation in terrace designs is of 
critical importance in terms of ensuring thermal comfort. 

In this study, solar radiation analysis is integrated into the 
optimization framework to improve the thermal perfor-

mance of terraces. The main objective is to minimize solar 
radiation on terraces while simultaneously optimizing the 
spatial organization and dimensions of apartment units, 
thereby facilitating the creation of “cool terraces.” Solar 
radiation simulation was conducted using the Ladybug 
Tools plug-in in Grasshopper. The simulation used the Ra-
diance-based sky matrix method, which enables high-res-
olution cumulative radiation analysis over custom-de-
fined periods. The input weather data was provided from 
the EnergyPlus™ EPW file for Izmir (TRY 2018), ensuring 
location-specific environmental accuracy. The Perez sky 
model was employed through the Sky Matrix component 
to account for both direct and diffuse solar radiation de-

Figure 3. Sample layouts.

Table 2. Parameters.

Parameters Explanation Boundary Units Notes

Mx,i movement of mass i along X-axis [–12.5, +12.5] m

 i=1…6
M y,i movement of mass i along Y-axis [–12.5, +12.5] m

Lx,i length of mass i in X-axis [5, 10] m

Ly,i length of mass i in Y-axis [5, 10] m
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rived from hourly weather data. The analysis period was set 
from July 1st to August 1st, covering the critical summer 
days to capture peak solar radiation gain. Radiation calcu-
lations were performed using the Ladybug Incident Radia-
tion component, with terrace geometries dynamically gen-
erated through the parametric design model. Simulation 
results were computed using a grid size of 0.6 a minimum 
threshold of 0.1 for radiation values, producing cumulative 
irradiation values (in kWh/m²) on terraces. The output was 
used as a performance criterion during the design genera-
tion and optimization phases to minimize solar radiation 
gain on terraces.

Optimization Process
The optimization process involves three different optimi-
zation algorithms, RBFOpt and CMA-ES, using the Opos-
sum plug-in and the GA in the Galapagos plug-in. RBFOpt 
presented by Costa and Nannicini (2018) is mostly used 
for computationally expensive simulations that suggest a 
near-optimal solution with a limited number of function 
evaluations. CMA-ES proposed by Hansen & Ostermeier 
(2001) is one of the best-performing optimization algo-
rithms in the architectural design domain, as it has been uti-
lized in many studies. On the other hand, GA is also one of 
the most well-known and utilized optimization algorithms 
in parametric design models, as it is involved in Grasshop-
per3D. Finally, Optimus plugin’s near-feasibility threshold 
(NFT) (Coit & Smith, 1996) module is applied to all op-
timization processes as it suggests an adaptive constraint 
handling strategy, significantly effective when compared to 
constant penalty functions. All approaches are applied to 
determine the most efficient layout of the apartment units 
to minimize solar radiation on terrace values while satisfy-
ing design constraints.

Radial Basis Function Optimization (RBFOpt): Designed 
to deal with computationally intensive optimization prob-
lems, RBFOpt is a model-based algorithm presented by 
Costa and Nannicini (2018). It builds an approximate mod-
el of the objective function by interpolating existing samples 
and then estimates new promising candidates. This method 
significantly decreases the number of expensive function 
evaluations.  RBFOpt distinguishes itself from other exist-
ing model-based open-source algorithms by incorporating 
a validation-driven strategy for model selection and by al-
lowing the use of approximate evaluations to speed the op-
timization process, even if those evaluations consist of a de-
gree of noise. RBFOpt has been effectively implemented in 
architectural design optimization. For instance, Ratajczak 
et al. (2023) used this method in the GENIUS project to 
optimize building form and window-to-wall ratio of an of-
fice building, targeting to maximize solar performance and 
minimize overall energy consumption. Moreover, Zhang, 
et al., (2020) applied RBFOpt to optimize the aerodynamic 
shape of a conceptual high‑rise building. The optimization 

identified forms with significantly reduced wind-induced 
pressures and improved overall structural efficiency com-
pared to baseline geometries. In this study, the optimization 
process is carried out using Opossum v3.0.0 including the 
RBFOpt algorithm with its default parameter settings.

Covariance Matrix Adaptation Evolutionary Strategies 
(CMA-ES): The CMA-ES algorithm, originally introduced 
by Hansen & Ostermeier (2001), is a widely used method in 
evolutionary optimization because of its adaptive approach 
to exploring the solution space. It dynamically arranges 
the scale of the search in response to previous solution re-
sults by updating the parameters of a multivariate normal 
distribution—namely, the mean, standard deviation, and 
entire covariance matrix—within the decision variable do-
main. Recently, this algorithm has been used to solve sev-
eral design problems, e.g., Fernandes et al. (2023) used the 
CMA-ES algorithm to optimize the design of cable-stayed 
bridges, targeting to minimize construction budget while 
guaranteeing structural stability and durability. Turrin et 
al. (2011) used CMA-ES to generate shell structures that 
achieve maximum structural efficiency. Kaveh et al. (2011) 
used it to optimize the size and topology of steel truss struc-
tures. The results demonstrate the algorithm’s applicability 
to performance-driven structural form-finding in architec-
ture and engineering contexts. In this study, the optimiza-
tion process is conducted using Opossum v3.0.0, which in-
tegrates CMA-ES as an open-source Grasshopper plug-in, 
relying on its standard optimization settings.

Genetic Algorithm (GA): Galapagos is a solver incorporat-
ed in Grasshopper that utilizes a simple Genetic Algorithm 
(GA) and Simulated Annealing (SA) for optimization. It 
develops a population of solutions depending on selection, 
crossover, and mutation without relying on surrogate mod-
els. It enables the user to define a set of input parameters 
that the algorithm can manipulate (Rutten, 2013). Galapa-
gos GA allows users to potentially investigate the perfor-
mance metrics and morphologies of all evaluated design 
options during the optimization. This algorithm has also 
been utilized in several architectural design processes; for 
instance, Özerol and Selçuk (2023) used GA to optimize the 
bioclimatic facade design of an office building depending 
on solar radiation, determining the most efficient and ap-
propriate alternative according to sun positioning. Ida and 
Kimura (2003) used GA to optimize the spatial organiza-
tion of a floor plan within a slicing/non‑slicing structure. 
Their improved approach outperformed existing methods 
in convergence speed and layout accuracy, delivering more 
efficient and practical architectural floor plan designs. Taleb 
et al. (2024) used GA in the design of urban block morphol-
ogy in a hot-arid climate, aiming to maximize floor area 
while minimizing exposure to solar radiation. The genet-
ic algorithm-based approach enabled the identification of 
urban layouts that responded effectively to environmental 
constraints.
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Near Feasibility Threshold and Constraint Handling: Near 
Feasibility Threshold (NFT) is a technique used to effectively 
manage constraints in optimization processes. For complex 
constrained optimization problems, Ekici et al. (2021) high-
lighted the necessity of using advanced constraint-handling 
techniques. In response, this study uses the NFT adaptive 
penalty method presented by Coit and Smith (1996), which 
provides as an improvement over traditional constant penal-
ty function. The main idea of the NFT approach is to identify 
a threshold distance from the feasible region, promoting ex-
ploration within this region and its vicinity, while preventing 
and penalizing solutions that fall beyond it. Equation 1 de-
scribes the penalized fitness function using NFT as;

Near Feasibility Threshold
In this formulation,  denotes the fitness function, while is 
the violation of constraints. The parameters  and   are user 
defined which are taken as 2 and 0.04 respectively.  refers to 
the upper threshold for the NFT taken as 0.1; and g indicates 
the generation or iteration number within the optimization 
process. To provide a reasonable comparison between 
the algorithms in the optimization processes of RBFOpt, 
CMA-ES and GA, the NFT approach is also included in the 
optimization process. The Optimus plug-in v1.0.2 provides 
an open-source NFT component that can work with other 
optimization plugins in Grasshopper.

Cool terraces designed with the goal of minimizing solar 
radiation are subjected to a series of constraints during the 
optimization process. In the developed model, to deal with 
determined constraints, NFT is used. NFT is utilized to 
manage constraints effectively, ensuring that intersections of 
boxes are eliminated, and that minimum floor area require-
ments are met. The penalty function approach within NFT 
facilitates a seamless optimization process. NFT balances the 
constraints set with the optimized goal, preventing any obvi-
ous violation of the constraints. Thus, it allowed the solution 
to remain within the threshold of close feasibility.

RESULTS

In the optimization results, it is observed that only the layout 
produced by CMA-ES complies with the specified design con-
straints. Figures 4, 5, and 6 show the parameters of the results 
obtained at the end of the iterations. The last recorded result 
shows the layout and dimensions of the apartments in the re-
corded parameters. In the RBFOpt and GA optimization re-
sults, it is observed that the apartment units are settled without 
adhering to the specified constraints, such as not exceeding the 
total indoor area and staying within the specified boundaries. 
As seen in Figure 7, while CMA-ES demonstrated stable con-
vergence towards feasible, lower radiation results, RBFOpt and 

Figure 4. Parameters for CMA-ES optimized result.
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Figure 5. Parameters for RBFOpt optimized result.

Figure 6. Parameters for GA optimized result.
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GA were not successful in maintaining constraint compliance 
and convergence throughout the optimization process. This 
result demonstrates that algorithm selection is not only relat-
ed to performance criteria but also to compatibility with the 
problem structure, especially when physical constraints and 
geometric form requirements are included. 

CMA-ES Optimization Results
The optimization process using Opossum CMA-ES has 
made considerable progress (Figure 8). The optimization 
was performed with 50 populations and progressed through 
2500 iterations. One of the most remarkable achievements 
was the positioning of the six building masses within bound-
aries and the elimination of overlaps with the circulation 
area and each other (Figure 9). The area constraint that the 
area of ​​the six apartments should be over 300 m² was also 
successfully met, with ​​324 m². The total indoor floor area 
was ​​349 m², including the circulation area. Considering that 
the previously defined grid structure system was 625 m², the 
remaining 269 m² outside the apartments and circulation 
area was allocated to cool terraces. Thus, a balanced open 
space to closed space ratio was achieved. The optimization 
successfully minimized the solar radiation on the terraces, 
which is one of the primary performance criteria. During 
the optimization period, the total solar radiation on the cool 
terraces was reduced from slightly above 2050 kWh/m² to 
1830.1 kWh/m² with an improvement of approximately 
11%. Overall, CMA-ES achieved significant improvements 
in both design feasibility and optimization of the specified 
performance criteria. The results confirmed the ability of 
CMA-ES to manage a complex optimization process with 
high precision and allowed it to be considered as a reliable 

tool for the set study objectives. The CMA-ES algorithm 
yielded the only feasible optimization result with the value 
of 1830.1 kWh/m². The performance of this optimized con-
figuration was subsequently evaluated through comparative 
benchmarks resulted in higher radiation values.

RBFOpt Optimization Results
As another part of the comparative optimization method-
ology, an additional optimization was conducted using the 
RBFOpt algorithm integrated into the Opossum solver in 
Grasshopper. The optimization constraints were set to have 
a minimum total building area (300 m²) and to be located 
within the predefined system boundaries without inter-
secting each other. This was carried out for 2500 iterations 
with the aim of minimizing the cumulative solar radiation 
on the terrace surfaces. However, the optimization process 
could not successfully converge. Although the total covered 
floor area constraint of 300 m² was met with a result of 358 
m², there were significant violations of other critical con-
straints. The massing configuration resulted in a large over-
lap area of ​​164 m² between the six units, suggesting a failure 
in the overlap prevention mechanism. In addition, 106 m² 
of the six total masses were located outside the boundary of 
the specified structure, which violated the spatial bound-
aries set in the design framework (Figure 10). In terms of 
performance results, the solution had a solar radiation val-
ue of 2608.8 kWh/m² (July 1 to August 1), which was much 
higher than the optimized result (CMA-ES). Overall, these 
results show that the RBFOpt algorithm is not effective in 
the optimization process of the proposed model with con-
straints in this context. The inability to achieve both con-
straint compliance and solar radiation minimization at the 

Figure 7. Minimum solar radiation graph for each algorithm.
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same time strengthens the selection of the CMA-ES algo-
rithm as a more suitable optimization strategy for this study. 

GA Optimization Results
As part of the comparative methodology, another optimi-
zation attempt was performed using the Galapagos evolu-
tionary solver in Grasshopper. The optimization was run for 
50 iterations with 50 populations. It aimed to minimize the 
cumulative solar radiation generated on the terraces while 
meeting the spatial basic design constraints of minimum to-
tal built-up area (300 m²) and within the defined boundaries. 
The optimization process failed to produce satisfactory re-

sults. Many constraint violations were observed in the gen-
erated solutions (Figure 11). An overlap of 62.5 m² occurred 
between the masses, indicating that the algorithm was un-
able to successfully implement the overlap constraint. Addi-
tionally, the building masses were located outside the system 
boundaries, resulting in a constraint violation. The total floor 
area of ​​the six masses remained at 297.4 m², which is below 
the minimum area constraint. The solar radiation value for 
the period July 1 to August 1 is 2505.1 kWh/m², which was 
significantly higher than the optimized result (CMA-ES). 
These results indicate that GA is not sufficiently suitable for 
the constraint-weighted optimization process of the pro-
posed model within the given parameter structure and con-

Figure 8. Minimum solar radiation graph for CMA-ES.

Figure 9. CMA-ES optimization results.
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straint framework. This reinforced the decision to continue 
working with CMA-ES, which achieved significantly higher 
convergence quality and constraint compliance.

Comparison of Benchmarks and Optimized Layouts
The primary objective of this comparison is to evaluate the 
effectiveness of the optimization process in creating envi-
ronmentally responsive architectural designs by compar-
ing them with three different benchmark scenarios. Each 
benchmark has a different spatial configuration strategy: 
(1) Masses located toward the center of the structure, (2) 
masses pushed toward the facades, and (3) a homogeneous-
ly distributed organization. By comparing the optimized 
result (CMA-ES) with these benchmark configurations—

varying in both positions and sizes—this study emphasiz-
es how form generation can be directed towards enhanced 
environmental performance. The contribution is to provide 
a structured framework to evaluate the adaptability and 
performance of optimization methods in early phases of 
design, particularly in relation to solar radiation exposure 
and terrace shading.

The design goal in the first benchmark scenario is to locate 
the masses as close as possible to the circulation core in the 
middle while ensuring that each of the six masses has access 
to the cool terrace. Care is taken to ensure that the areas of 
the six masses were over 300 m², as 330.4 m². This design 
approach allowed for a compact spatial layout and even out-

Figure 10. RBFOpt optimization results.

Figure 11. GA optimization results.
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door space distribution. However, the terraces were not stra-
tegically shaded and were exposed to more solar radiation. 
The total solar radiation observed on the cool terraces was 
measured as 2192.6 kWh/m² for a one-month period. How-
ever, the CMA-ES optimized result achieved a lower solar 
radiation value of 1830.1 kWh/m², a reduction of 16.51 %. 

In the second benchmark, the six mass units were posi-
tioned as close to the facade as possible along the outer 
boundaries and were removed from the central area. The 
main aim of this perimetric configuration was to provide 
maximum exposure to the sun and to reduce mutual shad-
ing between the masses. By placing each housing unit adja-
cent to a facade edge, the design created a more open and 
ventilated arrangement and provided more environmental 
interaction for the cool terrace zones. This layout produced 
a total gross construction area of ​​351 m², meeting the min-
imum area constraint. However, due to the increased expo-
sure and dispersion of the masses, the total solar radiation 
to the cool terraces increased to 2038.6 kWh/m². While this 
scenario provides maximum façade interaction and terrace 
openness, it performs less efficiently in terms of solar heat 
gain reduction. On the other hand, the optimized layout 
with CMA-ES achieved a lower solar radiation value of 
1830.1 kWh/m², which is a decrease of 11.37%. 

In the third benchmark, the six building volumes are dis-
tributed asymmetrically across the grid. This configuration 
aimed to simulate a less predictable, more organic layout — 
some masses are positioned close to the façade, some further 
away, creating different proximity and shadow effects. This 
spatial variation aimed to evaluate the impact of irregulari-
ty on both thermal and spatial performance. The total gross 
built-up area in this scenario was 301 m², marginally meeting 
the threshold condition. Incident solar radiation was mea-
sured as 2301.5 kWh/m², indicating a moderate improve-
ment compared to the perimetric installation, but still less 
optimal than the CMA-ES optimized result. The dispersed 
arrangement created variability in shading and solar access, 
resulting in a more heterogeneous terrace performance. In 
fact, the arrangement resulted in approximately 25.8% high-
er solar radiation compared to the CMA-ES outcome. While 
the irregular organization introduced variability in shading 
and solar access, it ultimately caused a more heterogeneous 
and less efficient terrace performance across the grid.

Figure 12 shows the solar radiation distribution in three 
benchmark layouts and the optimized result of CMA-ES, 
indicating the significant improvements achieved through 
optimization. These findings highlight the contribution of 
performance-oriented design in mass housing, where com-

Figure 12. Benchmarks and optimized result comparison.
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putational optimization can improve environmental perfor-
mance while considering functional and spatial efficiency.

DISCUSSION 

This study evaluated the integration of solar radiation perfor-
mance into the early-stage design optimization of a terraced 
residential building composed of six apartment units. The 
optimization aimed to configure six masses with respect to 
their dimensional (length) and location (movement) param-
eters to minimize solar radiation on terrace surfaces, with the 
goal of creating of “cool terraces.” Three different optimization 
algorithms, CMA-ES, GA, and RBFOpt were used and com-
pared over 2500 iterations each. CMA-ES showed the only 
successful performance, consistently generating spatially fea-
sible organizations that respected constraints. However, GA 
and RBFOpt algorithms produced configurations that violated 
these constraints, causing terraces to extend beyond the site 
boundaries or overlap with each other. This emphasizes the 
significance of constraint handling capabilities in optimiza-
tion algorithms when used for complex spatial problems. In 
addition, the CMA-ES optimized result produced the lowest 
incident solar radiation value of 1830.1 kWh/m², significantly 
outperforming the three benchmarks by 16.51%, 11.37% and 
25.8%, respectively. These findings are in line with existing lit-
erature that emphasizes the importance of computational op-
timization in passive environmental strategies. Furthermore, 
the integration of Near Feasibility Threshold (NFT) success-
fully satisfied design constraints such as non-overlapping vol-
umes and minimum gross floor area requirements, which GA 
and RBFOpt were not able to achieve in this study. It suggests 
that more robust global search strategies such as CMA-ES are 
more suitable for complex multi-constraint spatial problems, 
especially when parametric variability is high. 

The study also revealed distinct spatial trends that challenge 
traditional architectural assumptions regarding terrace lay-
out. The optimized result with CMA-ES positioned the ter-
race areas away from the building perimeter towards the in-
ner core, while the residential masses were pushed towards 
the edges. This configuration contrasts with typical terrace 
design approaches that prioritize facade proximity but have 
proven more effective in minimizing exposure to solar ra-
diation. The resulting spatial arrangement functions as a 
microclimatic courtyard where the apartment volumes act 
as passive shading elements protecting the terrace surfac-
es from direct sunlight. In contrast, benchmarks exhibited 
significantly higher radiation values, displaying more open 
terrace configurations and less continuous shading. These 
findings highlight that performance-oriented optimization 
can create environmentally advantageous terrace designs 
re-evaluating traditional mass-space relationships. Future 
work may explore a green terrace alternative or extend the 
model to a multi-level configuration, since this study fo-
cused only on a single-story organization.

CONCLUSION 

This study presented a computational framework for optimiz-
ing the spatial configuration of six apartment units within a 
25×25-meter structure with the aim of minimizing solar ra-
diation on terraces. Using three different optimization algo-
rithms—CMA-ES, RBFOpt, and GA—the study analyzed the 
performance of each method over 2500 iterations. CMA-ES 
yields the only feasible result with 1830.1 kWh/m² as a total in-
cident solar radiation — substantially lower than benchmark 
scenarios as well. Overall, this study reveals that parametric 
modeling combined with robust optimization techniques 
can support designers in making informed decisions at early 
design stages, especially in the context of sustainable housing 
design. By enabling the exploration of alternative spatial con-
figurations in a controlled parametric environment, the frame-
work contributes to the development of more adaptable and 
environmentally conscious design strategies without imposing 
prescriptive formal solutions. In addition, the outcomes un-
derline the significance of choosing proper algorithms that can 
navigate both performance targets and spatial constraints in 
architectural design scenarios.
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