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Abstract
This paper investigates ‘typological process’, a key term in urban morphology due to its benefit to culturally-responsive urban design and place-making. The empirical identification of typological process is problematic because of researchers’ subjectivity in identifying changes, and the randomness of their selection of spatial characteristics in defining types. The paper demonstrates a method for defining and analyzing typological process in the transformation process of the residential environment in Ankara since the late nineteenth century. Three degrees of transformation are identified: continuity, partial continuity and mutation. The proposed method improves consistency and objectivity in the empirical validation of typological process.

Introduction
Typological process is a key concept in urban morphology because it bridges the analysis of old forms and the design of new forms (Moudon 1994). The concept was proposed in the 1960s by Muratori and Caniggia, the founders of the Italian School of Typology (Gauthiez 2004) as a means of identifying continuity in urban transformation. A typological process features ‘progressive differentiation’ perceived in several historical building types over time
within a cultural area (Caniggia and Maffei 2001, 54). Such progressive changes of type can
be widespread in a cultural area and reflect continuous adaptation to changing human needs. The process can be established through ‘comparing a new order (type) to its previous version’ (Caniggia and Maffei 2001, 55). As Gauthiez (2004, 76) puts it, typological process is ‘a result of an historical evolution, where one dominant type gives way to another by means of an accumulation of small changes carried out on the first type during a period when investment in new building is slack’. Various scholars have advocated the benefit of continuity in urban transformation in terms of socio-cultural sustainability (Lynch 1960; Rapoport 1969; Alexander et al. 1977; Chen and Thwaites 2013; Gokce and Chen 2016, 2017), and have also claimed that robust historical types should be recycled in contemporary urban and architectural design to achieve socio-cultural benefit (e.g. Moudon 1989, 1994; Kropf  2009 ; Chen and Thwaites 2013 ; Gokce and Chen 2016 , 2017 ). Typological process is a tool by which ‘to understand how and why the built environment changes’ (Kropf 2006, 72) and reveals the robustness of some historical types or characteristics in terms of their contemporary use.

However, it has always been challenging to define typological process, first because judgement of the degree to which the transformation of types is determined to be continuous is largely subject to individual researchers’ opinions (Nasr 2003; Whitehand et al. 2014); second, because it is not clear what type of spatial characteristics and levels of specificity should be considered in the investigation (Scheer 2016 ); and third, because empirical studies of typological process at articulated  scales have been limited, despite many of the studies focusing on individual scales with limited levels of specificity (for example, Gygax 2007; Oliveira, Monteiro, and Partanen 2015 ). Whitehand et al. (2014 ) called for an exploration of the concept in non-European contexts, and for more empirical studies to test its applicability and to clarify the definition.

This paper therefore aims to demonstrate a method of constructing typological process. The following sections focus first on the key concepts and present a brief literature review of typological process. Thereafter, the paper proposes a three-step methodological framework for defining typological process: (1) selecting cases over a series of morphological periods in a cultural area; (2) setting up a typological framework consisting of a set of spatial characteristics to define types at three levels of specificity, namely, the building, street and neighbourhood scales; and (3) comparing types pairwise and in chronological order to establish typological process. The proposed framework is then applied to the Turkish housing
context in Ankara since the late nineteenth century. Discussion and conclusions are drawn on the practicality and applicability of the framework in future research.

Typological process
Emerging in the 1960s, the concept of typological process and the theory of typology was grounded in the belief of the city as an organism, an analogy to nature that meant it was going through (and should go through) a gradual metabolic process. This belief features urban development occurring in a piecemeal manner and largely confined within the constraints of culturally embedded lifestyle, materials and technology. It states that, as in nature, organicity is reflected through the reciprocal relationship among and within components of an aggregate. According to Caniggia and Maffei (1979, 2001), an aggregate of components in the organism could be at the building level, urban tissue level, urban entity level, regional level and so forth. The concept of the city as an organism not only encompasses the characteristics of a component, but also the cohesive and consistent relationship between the component with other components at the same or other levels (Kropf 1993; Caniggia and Maffei 2001).

Key concepts: type, typological framework, phase/morphological period and
cultural area
Types are defined as the possession of a set of mutual features observed in architectural and
urban spaces at a certain scale (Chen and Thwaites 2013; Gokce 2017). Caniggia and Maffei (2001 ) identified synchronic and diachronic types. In synchronic types, production decreases over time and remains strictly confined to the period in which it was introduced, while the diachronic type undergoes a series of progressive changes throughout a significant time period (Marzot 2001). In this regard, some types can be observed in different places within a certain period of time; other types are more robust and can survive over consecutive time periods in the same place (Burkay 2006). The typological process is relevant to diachronic types where the type evolves and adapts but retains the essential characteristics of the previous version. Such robust types are usually observed in areas of sustained cultural identity, such as those in traditional Italian cities where the theory was formed.

A typological framework consists of a set of physical characteristics of type against which diachronic types can be compared to identify possible typological processes. Nevertheless, there is no consensus in literature regarding what physical characteristics should be considered in the definition of types and typology (see Table 1 for those characteristics most commonly considered). In light of these characteristics, this paper proposes a comprehensive typological framework for the investigation of types and typological process at the building, street and neighbourhood scales. This is discussed further in the following sections. 

As a typological process can only be constructed over time, Muratori and Caniggia used the term ‘phase’ to describe the time period during which a type transforms and matures. For them, a long-time interval (or phase) is needed for changes to type to become sufficiently clear (Caniggia and Maffei 1979 , 2001 ; Marzot 2001 ). A similar idea is the ‘morphological
period’ proposed by M.R.G. Conzen (1960 ), founder of the British morphological school (Moudon 1994 ) and echoed by other morphologists. Morphological periods often witness the transformation of physical environment at different rates under various forces. The start and end points of each morphological period refer to the ‘turning point’ of morphological changes (Chen 2009 ) in a cultural area which may not always be consistent in terms of different types or typological processes.

Another concept connected with typological process is the ‘cultural area’. This delimits the territories or context within which types are generated, adapted, transformed or disappeared. Types within the same cultural area are often affected by the same internal and external factors in relation to social, political, cultural and economic changes. In other words, types emerge and change under specific factors which are distinct to a given context (Chen and Thwaites 2013 ).

Study of typological process
Over the last 50 years, numerous studies in the field of urban morphology have documented the transformation process of the built forms in different cultural contexts (examples include Dufaux 2000; Kirjakka 2003; Gauthier 2005, 1997; Darin 2010; Maretto and Scardigno 2016). The common purposes of these studies were threefold: first, to understand the transformation process of the urban form using a variety of methods (for example, Dufaux 2000; Kirjakka 2003); second, to manage changes in conservation and regeneration areas (for example, Satoh 1997; Siksna 1997); and third, to guide contemporary design practice to better link the new with the old (for example, Gygax 2007; Racine 2016). It is widely accepted that making new forms responsive to their context benefits cultural continuity and identity.

Only a handful of studies specifically mention the concept of typological process precisely. Corsini (1997) traced the transformation of residential buildings in three Italian cities from the medieval period to the 1930s, identifying continuity in the process in terms of building layout, structure, façade pattern, building-plot relationship and building-street relationship. Building on existing studies on Parisian dwellings in the seventeenth and eighteenth centuries, Darin’s (2010) research demonstrated how house types changed in line with social changes. Nevertheless, his approach was largely descriptive, making it hard to replicate, and difficult to understand in the context of further studies. Two studies in relation to typological process have been conducted in the Chinese context. Gu et al. (2008) looked at the evolution process of traditional houses in Guangzhou, but only at the building scale. Feng (2014) focused on the continuous changes of shikumen (or lilong) houses in Shanghai in terms of building layout, and building-plot and building-street relationships. Although Barke’s study (2011) of a particular building type in Spain mentions typological process to evaluate appropriate ways through which this building type was conserved, he suggested that such buildings were not able to meet contemporary needs. This claim arguably contradicts the concept of typological process. Whitehand et al. (2014) compared the evolutionary processes of terrace house types in England and lilong houses in Shanghai with the aim of finding out whether the latter had been influenced by the former in the late nineteenth and early twentieth
centuries. As mentioned before, their study suggests problems in defining typological process, including the ambiguity of the typological framework and the lack of empirical validation in reconstructing the typological process, as well as uncovering its mechanism (Whitehand et al. 2014). A recent study by Oliveira, Monteiro, and Partanen (2015) examines the typological process of houses in a traditional gateway area of the city of Porto, Portugal, in terms of the positioning of each building within its plot, its relation to adjacent buildings, the size and shape of plot, and building layout. However, this study only focused on limited morphological characteristics.

As typological process is about continuity in change over time, it is naturally challenging to determine to what degree change can be considered continuous, and then to qualify a typological process. In this respect, the existing studies are extremely specific to individual cases, although they mostly examine building layouts, and building-plot and building-street relationships. Moreover, none specifically mentions the importance of articulated scales in the examination of typological process. With their own various research purposes, these studies have not made it clear how to define and analyze typological process with a precise typological framework, articulated scales and the potential to be applied to different cultural areas. This paper aims to fill this gap.

Defining typological process
This paper proposes the following three steps by which to define typological process, and
then tests these steps with reference to case studies in Ankara, Turkey:
(1) selecting cases over identified morphological periods within a cultural area;
(2) setting up a typological framework by which types are defined from the cases at
certain scales or levels of specificity;
(3) comparing types pairwise and in chronological order to establish typological process.

In the first step, cases should be representative of their specific morphological periods, requiring the carrying out of a general geographic study of the history of the cultural area in question. This paper focuses on the transformation process of Turkish houses in Ankara during five morphological periods from the late Ottoman Empire period (that is, the late nineteenth century) to the present. Ankara is chosen because of the city’s long cultural tradition, and because of the dramatic changes it experienced after 1923 when it became the capital city of the Republic of Turkey. Starting with the Ottoman tradition and continuing to the present day, the city has thus accommodated a greater variety of house types than other places in Turkey (a more detailed explanation is given later in the paper).

The second step sets up an operational typological framework by which to analyze the types. The research focuses on three scales and levels of specificity: building, street and neighbourhood scales, being the three scales most relevant to architectural and urban design. The spatial characteristics relevant to each scale are extracted from the literature (Table 1). The study at the building scale mainly involves the configurational analysis of the house layouts with regard to the arrangement of rooms, functional zoning and internal circulation patterns. The street scale analysis focuses on building plot arrangements along a street, building entrance positioning, street width, active front coverage, and spatial and visual access patterns and hierarchies, from the nearest street to the housing unit. The neighbourhood scale analysis is conducted at the site/street block level and involves the identification of the relationship of the buildings to the site/block, the public-private area relationship, land coverage, spatial sequences and street configuration. Figure 1 shows these characteristics in detail and briefly describes the ways in which each characteristic is discussed (see also the detailed analysis carried out for a sample case).

The third step carries out pairwise comparisons of the characteristics of the typological framework between types, following a chronological order. These comparisons reveal the degree of change in the transformation process. This research considers continuity, partial continuity or mutation, defined in relation to the number of changed physical characteristics. Differentiation among the three categories of transformation was internally relative, so no ambiguity would result. It is therefore clearer to draw the line between typological process (the former two categories) and mutation. The comparison is carried out at the three scales.

Typological process in the transformation of Turkish houses
Selecting cases from the morphological periods of Ankara
Located in the north west of central Anatolia, Ankara’s history dates back to prehistoric times (Cansever and Yener 1966). Its urban form has always been influenced by the terrain, water resources and local climate. Although geomorphological structure played an important role in the city’s formation, Ankara’s current importance and peculiarity are derived mainly from its designation as a new capital city after the proclamation of the Republic of Turkey in 1923. The desire to create a modern capital and efforts to do so, embedded with the cultural notion of the new republic, strongly affected the development of this new administrative and political centre of the country (Ankara Development Agency n.d).

Five morphological periods can be identified in Ankara. The Late Ottoman Empire Period (1890s to 1923) is the earliest and is represented by remaining housing stock. Since the establishment of the Turkish Republic and Ankara becoming the capital, the city has undergone dramatic changes, giving rise to the other four morphological periods: 1923–1950 (the early Republic period), 1950–1980 (the modernist period), 1980–2000 (the liberalization period) and post-2000s (the contemporary period).

Table 2 summarizes the key features of the history of housing development during these five periods. The study chose eight typical housing developments in different morphological periods; these are located in three boroughs of Ankara which are within the same cultural area and share the same cultural identity. Cases I and II are from Beypazari, Case III is from Cankaya and the others are from Yenimahalle (Figure 2 ). Cases I and II are examples of traditional house types dating back to the late Ottoman Empire period. Case III (from the early Republic period) is the first garden city development constructed in Turkey and consists of single-family detached, semi-detached and terrace housing units. Case IV (the modernist period) is an example of the low-rise apartment block type, introduced in the 1950s to replace the garden house type. Cases V, VI and VII are three examples of house types adopted by housing cooperatives in the 1980s and 1990s (the liberalization period). Case V consists of single-family terrace houses; Case VI and Case VII are medium-rise apartment buildings. Case VIII (from the contemporary period) is an example of the contemporary dwelling type, consisting of two high-rise apartment blocks.

Late Ottoman Empire period: Case I and Case II
In the early nineteenth century, the dominant house type was still traditional Turkish housing, which had developed over a period of hundreds of years according to the spatial demand of the nomadic lifestyle of Turkish people before they settled in Anatolia. These houses are distinctive in terms of the presence or the relative location of a hall and rooms (that is, they could be without a hall, with an exterior hall, with an interior hall, or with a central hall, from the most primitive to the most developed). The most common surviving types are those with an interior hall (Case I) and with a central hall (Case II). These were introduced in the eighteenth century and became widespread in the nineteenth century (Bozkurt Azezli 2009). The rooms in the former type are arranged along two sides of the hall (Bozkurt Azezli 2009); in the latter, the hall is located centrally and mainly serves as a living room (Figure 3). Case I and Case II type houses were mainly used by extended families. Their layouts have varied in terms of the number and size of room, depending on residents’ needs, family size and socio-economic status. However, their associated streets and neighbourhoods share the same spatial characteristics: the streets are narrow, with meandering street lines and continuous street facades, and are largely used by pedestrians; neighbourhoods made up of this type of housing are characterized by high land coverage, and by having blocks and plots in various shapes, sizes and irregular arrangements (Figure 4).

Early Republic period: Case III
Garden city houses were introduced into Ankara (although without its associated social agenda) by the German planner Hermann Jansen in 1934, as a low-density housing solution adopting the anti-modernist approach popular in Germany after World War I (siedlungs in Germany ) (Kansu 2009 ). The Bahcelievler housing development was the first garden city housing development in Turkey and was occupied until the 1950s (Ucar 2005; Yalcinkaya 2007 ; Kansu 2009 ), after which it underwent rapid demolition and was replaced by three- to four-storey apartment buildings (Yalcinkaya 2007 ; Kansu 2009 ). Today, only a few of these housing units survive and are mainly used for commercial purposes. The original neighbourhood layout has been lost (Kansu 2009 ); this study thus conducts its analysis of this type based on archive materials and the few houses which remain. Case III, the surviving part of the Bahcelievler development, mainly consists of detached houses with side walls extending both sides from the front façade and set out in continuous street lines. At the building level, the Case III house type has two floors with a level entry on to the lower floor where the living room and the kitchen are located, and an upper floor for the bedrooms (Figure 5 ). The houses are located close to the street line in their individual plots, and have front and back gardens. Compared to the traditional street network, the street layout is more regular and rigid.

Modernization period: Case IV
The years following the 1950s saw a dramatic increase in population in Ankara (Keles, Hamamci, and Coban 2009). With changes to regulations, three- to five-storey apartment   buildings (Case IV) (Figure 6 ) became widespread in the city (Altaban 1998 ) and largely replaced garden houses, to the extent which, in the 1960s, Ankara was known as ‘the city of apartment blocks’ (Altaban 1998 ). There were a few attempts by the housing cooperatives and municipalities to provide affordable housing for low-income groups and slum dwellers; however, these were unsuccessful due to lack of funding (Batuman 2006 ).

During this period, construction of three-storey apartment buildings with high land coverage was widespread. At the building level, the layout of individual apartments showed similar characteristics to those of traditional houses in terms of the central location of the hall and rooms with mixed functions. At the street level, their arrangements were similar to those of the garden houses they usually replaced. Currently, most of the apartments have been knocked down and replaced by new apartment buildings which have four storeys and slightly bigger footprints. The plot size and pattern have hardly changed.

Liberalization period: Case V, Case VI and Case VII
Despite a high demand for affordable housing in the late 1970s (Coban 2012), in the 1980s the only houses constructed at a larger scale were those developed by the private sector for middle- and high-income groups (Burkay 2006 ). The overwhelming number of urban poor remained in slums which spread continuously in many areas of the city (Erman 2001). Without adequate financial support from the government, houses constructed by housing cooperatives were occupied by mid- and high- income groups (Sey 1998a). One example was the Batikent housing cooperative in Ankara (Batuman 2006 ; Coban 2012 ). This study has selected  three housing developments from the Batikent project to examine their typological characteristics. One example from the Batikent project is a low-rise, high-coverage mass housing development built in 1988 (Case V) (Figure 7). It consists of 288 single-family terrace housing units arranged adjacent to each other and back-to-back. The individual units have two- to three-storeys and are arranged along pedestrian streets. The houses face either west or east and the routes lie north to south. Their front gardens serve as a buffer zone between the housing unit and the pedestrian street (Figure 8 ).

The second example is that of the mid-rise, medium-coverage mass housing development from the early 1990s (Case VI) (Figure 9). The borders of the site are fenced, but access is not restricted by security personnel (although the development is managed by a specific administration office of the housing cooperative). On site, there are five identical buildings, each of five storeys; each floor contains four flats which accommodate modern nuclear families rather than extended families. The development also includes a car park, a playground and a meeting area.

The third example is also a mid-rise, medium-coverage mass housing development from the early 1990s (Case VII) (Figure 10). Like Case VI, the site is enclosed by low fences and there  are no security personnel. Within the site there are eight identical building blocks, linearly arranged in two rows. The buildings have five floors, each of which contains four flats. The development provides limited car parking, but has many outdoor seating areas with
well-managed vegetation and gardens.

Contemporary period: Case VIII
It was not until the 2000s that affordable housing was constructed at a large scale in Ankara to replace slums and squatter houses (Burkay 2006 ). The housing cooperatives were not active after the 2000s (Coban 2012), and private developers and the public housing administration were the main actors in the housing market (Güzey 2009). High-rise apartment buildings became the urban norm in the contemporary period. The layouts of these new apartment buildings were inspired by international models and were entirely different from the previous house types in Turkey. Due to tension among different social groups, high-rise apartment blocks were mostly gated (Coban 2012). These gated developments incorporated spaces for commercial and other uses, often on the lower floors facing the street. 

Case VIII is an example of this type (Figure 11 ). It is a mixed-use housing development consisting of two 12-storey apartment buildings accommodating 80 flats in total, with a car park and a  podium for commercial use situated between the two buildings. It is located in a new residential neighbourhood.

Analyzing types according to typological framework
This study starts by analyzing each case according to the proposed typological framework at the three scales (see Figure 1 ). Tables 3 , 4  and 5  illustrate how this analysis was carried out for Case IV.1

Based on the typological analysis of all eight cases, the study conducted 13 pairwise comparisons of the cases in terms of their spatial characteristics at the three scales. These comparisons were carried out in chronological order between cases in the same morphological period and with other cases from a later morphological period at the building, street and neighbourhood scales. Figures 12 , 13  and 14  present the respective results of the comparisons.

Establishing a typological process
Following the pairwise comparisons, the study identified three categories of transformation among the cases at the three scales: continuity, partial continuity and mutation, where the first two refer to a typological process. The judgement has been made according to a calculated transformation score (represented by T) for each pairwise comparison. The transformation score (T) is calculated using the following formula:

where NC  represents the number of continued characteristics, NPC  represents the number of
partly continued characteristics, and NDC  represents the number of discontinued
characteristics.

Higher scores of ‘T’ indicate continuity, while lower scores of ‘T’ suggest mutation. Six characteristics are studied for each place scale. The maximum possible score is thus 18 [=(6 x 3)+(0 x 2)+(0 x 1)] if all the characteristics are continued in the type developed thereafter; the minimum possible score is 6 [=(0 x 3)+(0 x 2)+(6 x 1)] if all the characteristics are discontinued. If 6 ≤ T < 10, the transformation is defined as mutation; if 10 ≤ T < 14, it is partial  continuity, and if 14 ≤ T < 18, it is continuity. Typological process can therefore be identified when T ≥ 10. Figure 15  summarizes the relative relationships between the cases at the three scales.

The transformations among the eight cases were found to be at different degrees at the three place scales. In the second morphological period, the gradual transformation of the traditional Turkish houses (Case I and Case II) stopped at all place scales and mutation was noted with the introduction of the garden houses (Case III). Typological process then started again at all scales with partial continuities in the third morphological period. This has continued to date at the building scale with partial changes; however, typological processes at the street and neighbourhood scales stopped again in the fourth and third morphological periods, respectively. At the street scale, following Case III, typological process continued during the next two periods; mutation then occurred and typological process stopped. At the neighbourhood scale, gradual transformation was observed from Case III to Case V. The remaining cases mainly showed mutations.

Discussion and conclusion
Caniggia and Maffei (2001) promoted the idea of ‘operational typology’ (Moudon 1994) and the importance of ordinary buildings being built without input from architects, to facilitate expression of local cultural identities. They believed that the city should evolve in the same way as an organism, as a result of collective forces. This proposition is widely echoed by neo-rationalists and neo-traditionalists who advocate the use of cultural types in design. Designers need to consider to what degree the act of design should respect natural constraints and socio-cultural traditions. This study argues that the concept of typological process is important even in the contemporary period, when uniqueness of form in design and the heroism of architects are highly celebrated. As reviewed in the earlier part of the paper, existing studies suggest that typological process can inform management strategies in terms of changes to and conservation of urban landscape (Whitehand 2004; Barke 2011). Reconstructing typological process can help to discover ‘the rules and laws through which the urban landscape develops and to which any new design could then be related’ (Feng 2014, 166). Through appropriate design guidelines and coding, types of typological process are hugely valuable for socio-cultural sustainability and sense of place (Gokce and Chen 2017); therefore it is necessary to identify the most robust types which have survived and adapted to the demands of local people over time. However, existing literature also suggests a lack of clarity in the empirical validation of typological process, because of the obscurity of the typological framework, the subjectivity of the judgement of the degrees of transformation, and the lack of consideration of morphological characteristics at articulated scales and levels of specificity.

This study has aimed to demonstrate a clearer, more consistent and less subjective way of defining typological process. It proposed a three-step approach and then demonstrated it through reference to the Turkish cases. The first step carried out a general examination of urban form transformation in the selected study area in Ankara, Turkey. It then selected eight Turkish housing typologies representing the different housing design concepts of Ankara’s five morphological periods. This first step of analysis is specific to the case study context. While these five morphological periods may be applicable to other Turkish cities, an assessment of specific morphological periods is necessary for other contexts to ensure that the selection of case studies is a true representation of the transformation of houses in the context in question. The second step constructed a typological framework (that is, a list of spatial characteristics) at the three articulated scales, derived from the existing literature (Figure 1), and used this framework to analyse all the cases spatially. This paper advocates for the consistent use of this typological framework, which serves as the basis for other researchers to carry out typological analysis. However, at the same time the need is acknowledged for this framework to retain a certain degree of flexibility to enable it to fit different research purposes, spatial scales and cultures. In other words, in future studies the list of morphological characteristics can be extended or reduced in order to make them specific to the cultural area in question; the levels of specificity can also be altered, for example, by including smaller scales (such as the room) and bigger scales (such as the district or region) in order to fulfil specific research purposes. The third step examines the degree of change among the cases through the pairwise comparison of the spatial characteristics which the typological framework defined at the three scales. The study calculated the numbers of continued, partly continued and discontinued characteristics at each of the three scales, and then identified three degrees of change ‒ continuity, partial continuity and mutation ‒  of which the former two are determined to be part of the typological process. The simple formula that this paper adopts makes the judgement of the three degrees of change absolutely
clear and easy for other researchers to apply in similar studies. A counter argument to the formula could be that the characteristics defined in the typological framework may have different values in terms of their effect on people’s perception and cultural identity, and that the formula ignores such complexity. The research recognizes such a possibility, but believes that qualitative judgements about the value or weight of each of the morphological features can only be made according to specific situations which this paper is unable to cover.

This research discusses the concept of typological process in relation to articulated scales, because changes occurring at one scale most certainly influence built form components at other scales. The results showed that the degree of change was not always consistent across the three scales; in the Turkish cases, a typological process was more prominent and lasted longer at the building scale. The typological process stopped after the first morphological period and started again in the third morphological period, continuing to date with partial changes. More changes in typological characteristics (that is, mutations) were observed at larger scales. This shows that while typological process is observed at one level, it might not be observed at others. It is thus suggested that some typological processes (for example, that which this study defines as ‘continuity’) are more visible than others (such as that which this study defines as ‘partial continuity’).

Providing guidance for contemporary design practice is one of the key aims of the studies of typological process, because what is really valuable for new design in the local area is the physical characteristics which have survived over time. New design therefore has the potential to adopt those physical characteristics which go beyond imitating traditional images, which is less beneficial for their residents (Chen 2011). In the Turkish cases, a few spatial characteristics were proved to be robust during the transformation process. For example, at the building scale the particular visibility of rooms from the living area has been noted as the most robust spatial characteristic which has sustained over the five morphological periods. Moreover, the internal access pattern and compactness of the house layouts have also been robust and lasted over time, apart from minor changes. Integration was continuous from the second morphological period, while functional zoning and connectivity occurred from the third morphological period onwards (Figures 12  and 15 ). The traditional rooms with mixed functions, and the connected and integrated living rooms of the first two morphological periods, were not incorporated in later designs because this no longer suited changing lifestyles or family structure. This was reflected in a disrupted typological process. Instead, in later designs the functions of rooms are clearly defined, and personal and shared zones partly or strictly separated.

At the street scale, visual accessibility was the only characteristic observed in all cases over the five periods. Its robustness proves that visual continuity or enclosure created by the arrangement of buildings in the context of the streetscape has been considered desirable over the years. Moreover, in the neighbourhoods with vegetation, residents expressed appreciation for the shared communal spaces, preferring to use these to access their houses rather than entering directly from the public street, as had been the case in traditional neighbourhoods. This possibly is due to safety considerations in relation to car ownership and increased social conflict associated with twenty-first century living (this paper does not intend to make  judgements on this phenomenon, but rather to document such changes in the residential environment of Ankara). Furthermore, a few spatial characteristics have been found to be continuous in the first four morphological periods, including the traditional arrangement of buildings along a street and the positioning of building entrances (see Figures 13  and 15 ). Other characteristics (such as street width and length, and the spatial hierarchy of access to housing units from the public street) also showed continuity from the second morphological period to the present.

At the neighbourhood scale, most of the characteristics were found not to continue (see Figures 14  and 15 ), although a similar block arrangement, spatial sequence and number of turns were observed in the cases of the first three periods. Another paper by Gokce and Chen (2017) suggests that residents’ sense of place is comparatively low at the neighbourhood scale because of these prominent morphological mutations.

In sum, the methodological approach that the paper proposes improves clarity and consistency in defining and analyzing typological process through a proposed typological framework at articulated scales, pairwise comparison, and categorization of the three degrees of changes. It proposes an approach which is applicable to other cities and countries (with appropriate modifications to the typological framework or place scales/level of specificity), because the three steps are largely operational rather than specific to a particular context. This can be tested in further research. The study helps the understanding of the transformation process of urban form and identifies spatial characteristics (or types) which are culturally valuable in terms of design. 

Note
1. The same analysis was conducted for other cases but is not included here due to the length restriction of the paper.
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Figure 1. The typological framework adopted in this study.
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Figure 2. Case location map.
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Figure 3. Case I (left) and Case II (right).
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Figure 4. Neighbourhood plan of Case I and Case II houses.
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Figure 5. A common house and street typology used in Case III type housing. Source: Adapted from Ucar
(2005).
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Figure 6. Case IV and its neighbourhood plan.
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Figure 7. Baskent Housing Cooperative (Batikent) (Case V).
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Figure 8. The neighbourhood plan of Case V.
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Figure 9. Ozyuvam Housing Cooperative (Batikent) (Case VI).
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Figure 10. Apak Yapi Housing Cooperative (Batikent) (Case VII).
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Figure 11. Anatolya Ikizleri Gated Community (Case VIII).
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Figure 12. Comparison through the cases at the building scale.
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Figure 13. Comparison through the cases at the street scale.
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Figure 14. Comparison through the cases at the neighbourhood scale.
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Figure 15. Typological process analysis at the three scales.

Table 1 The commonly used physical characteristics in the definition of types and typology
	Building layouts
	e.g. Corsini (1997); Dufaux (2000); Darin (2010); Gu et al. (2008); Oliveira et al. (2015); Maretto and Scardigno (2016)

	Building facades
	e.g. Dufaux (2000); Gu et al. (2008); Corsini (1997)

	Number of floors
	e.g. Corsini (1997)

	Roof types, building materials and structural system
	e.g. Dufaux (2000)

	Public-private access hierarchy
	Feng (2014); Gygax (2007)

	Street network, street layout and pattern
	e.g. Satoh (1997); Ryan (2006)

	Plot and block layouts, size and shapes
	e.g. Siksna (1997); Corsini (1997); Ryan (2006); Oliveira et al. (2015)

	Density and land coverage
	e.g. Ryan (2006); Gygax (2007),

	Building-plot-block-street relations
	e.g. Corsini (1997); Feng (2014); Racine (2016),

	Open space design and its relation to buildings
	e.g. Gygax (2007); Racine (2016),

	Site configuration
	e.g. Racine (2016)
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Table 2. Changing Turkish housing contexts over time (adapted from Altaban 1998; Balamir 1994; Batuman 2006; Dikmen 2012; Guney & Wineman 2008; Sey 1998b; Toker & Toker 2003).
	MORPHOLOGICAL PERIODS AND CHANGING HOUSING TRENDS 

	1
	1890s-1923  The Late Ottoman Empire Period

	
	People were still in favour of traditional houses following the spatial principles of nomadic lifestyle.
However, the increasingly close relations with Western countries brought in new house types.

	2
	1923-1950s The Early Republican Period

	
	There was a significant housing shortage after WWI.
The ideal housing types were Garden City Houses. 
However, apartment buildings emerged and the apartmentalisation was heavily criticised.

	3
	1950s-1980s  The Modernisation Period

	
	The construction of informal houses increased dramatically. 
Apartment buildings became widespread and replaced the garden houses.
The apartment lifestyle was well promoted and adopted by the Turkish culture.

	4
	1980s-2000 The Liberalisation Period

	
	This was the period of recession in terms of housing production.
There was a significant decline in the ratio of slums.
Housing cooperatives were established.
Gated communities were initiated.

	5
	2000 to date  The Contemporary Period

	
	Urban regeneration are high on the agenda.
Gated communities have become widespread.
Mixed-use housing developments are widely constructed at present. 
































Table 3 Sample building scale analysis
	BUILDING SCALE ANALYSIS FOR CASE IV

	[image: ]
	FUNCTIONAL ZONING

	
	· Functions are partly defined with living room, bath room and kitchen specified, other rooms not specified.
· The private zones are partly separated.

	
	VISIBILITY

	
	· Living space from the entrance is not directly visible
· The rooms are visible mainly from the living room, but the rest of the house is visible from the circulation area(s) separated from the main living area. 

	
	SPATIAL SEQUENCE

	[image: ]
	· Entrance hall leads to the living room (Public  Public)
· The living room leads to some more private rooms and a public corridor which in turn leads to another private room and some public areas such as kitchen and bathroom (Public  Public + Private)

	
	INTERNAL ACCESS PATTERNS/COMPACTNESS

	[image: Macintosh HD:Users:duygugokce:Desktop:HELLO PHD:DIAGRAMMES:housing layout acess pattern diagrammes:narin  access pattern.png]
	· An entrance hall leads to the rest of the house.
· The centrally located living room provides all the primary access within the home.
· There is a secondary circulation area; therefore, the layout is partly compact.

	
	CONNECTIVITY/INTEGRATION

	[image: ]
	· The living room has the highest connectivity and highest integration, followed by the corridor.
· The house layout is partly living and partly circulation oriented.
· Entrance and other intimate areas are segregated and with lowest level of connectivity and integration.

	
	JUSTIFIED PERMEABILITY

	[image: Macintosh HD:Users:duygugokce:Desktop:HELLO PHD:DIAGRAMMES:diagrammes accesibility:justified per grapghs:Narin justified permeability grapgh.png]
	· Five steps from the entrance.
· Linear access through transitional space to the living room.
· The living room is accessed through the second step.
· Tree-like access pattern after the living room.
· There are three further steps after the living room.




Table 4. Sample street scale analysis.
[image: Macintosh HD:Users:feichen:Desktop:Screen Shot 2018-06-06 at 13.38.02.png]
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Table 5 Sample neighbourhood scale analysis
	NEIGHBOURHOOD SCALE ANALYSIS FOR CASE IV

	
	SITE/BLOCK ARRANGEMENT

	[image: ]
	· Open site (planned development)
· Grid arrangement
· Approx. 23-24 plots per block
· No strictly defined site boundaries

	
	BLOCK SIZE AND SHAPE

	
	· Mainly regular, sometimes deformed, rectangular shape blocks, but the length of the blocks slightly vary
· The block consists of two rows of identical plots where the back gardens of the buildings are aligned back to back

	
	SPATIAL SEQUENCE/NUMBER OF TURNS

	
	· Primary (PUBLIC)  Secondary (PUBLIC)  Tertiary (PUBLIC)  Quaternary (SEMI-PUBLIC/SEMI-PRIVATE)  Housing Unit (PRIVATE)
· Need to perform 4 turns to access the housing units from the street
[image: ]

	
	BUILDING HEIGHTS/SPACIOUSNESS

	[image: ]
	· Low rise apartment buildings
· Buildings are 3-6m apart in the block (See Table 3)
· Buildings flank the street are 20m apart

	
	LAND COVERAGE

	[image: C:\Users\dg338\Dropbox\AUTOCAD THESIS\CASE CONFIGURATION COMPOSITION NEIGHBOURHOOD\Case III\narin .jpg]
	· Approx. 50% land coverage


	
	STREET CONFIGURATION

	[image: ]
[image: ]
	· The main road (primary) generally leads to the secondary streets, which form a grid with the third-level streets. The private pathways link the building entrances with the third-level streets.
· Clearly separated pedestrian paths/sidewalks from vehicle streets
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STREET SCALE ANALYSIS FOR CASE IV
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