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Abstract
This study aims to understand the relationship between social structure and morphological 
character based on a case area from Kadıköy,  Istanbul, Turkey considering several inde-
pendent (cultural diversity, family type, income level, ownership status) and dependent 
(land use type, land cover, building type, building layout, settlement type, settlement pat-
tern, street pattern, commercial pattern) variables. Existing data is processed in two steps 
and analyzed by categorical regression. Results of the study show that urban character of 
the Kadıköy historical city center is closely related with family type, income level and cul-
tural diversity. As this study has unique contributions in search for alternative methodolo-
gies to overcome limitations in the availability of data, it is expected to open new dimen-
sions for further studies in social sciences and urban studies.

Keywords  Socio-spatial change · Urban morphology · Categorical regression (CATREG) · 
Urban studies · Social sciences

1  Introduction

With the spatial turn, space is started to be regarded as a product of society. According 
to Marcuse (1993), society is a mixture of relations of production, consumption, income, 
ethnicity, gender, household composition, age and housing tenure, and all of these come 
together and shape/form space. Soja (1989) defines this as ‘social-based spatiality’. In other 
terms, though space is a pre-given physical environment, the organization and the meaning 
of space are man-made; therefore the social relations of production are ‘space-forming and 
space contingent’ (Soja, 1980). As Soja further explains, this interaction between society 
and space is based on a dual interaction and called as socio-spatial dialectic. Hence, with 
any historical and cultural change, a new element is added or some pre-existing elements 
disappear as (urban) space develops (Relph, 1976). According to Davis (1950), cultural 
change is a longer-term change than societal change. However, as discussed by others 
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(Appelbaum, 1970; Coser, 1967; Strasser & Randall, 1981), long is a subjective term and 
change in social structure might differ which makes it difficult to understand the change 
itself, and therefore its effect on (urban) space. In recent years, research on socio-spatial 
dialectic has enriched and a wide range of studies are being handled in different scales, 
subtopics, and case areas from different countries based on differentiating time intervals. 
These studies are mainly grouped under three depending on their focus of interest though 
they have differences in terms of scope of the theoretical framework they base their studies 
on and the choice of scale for analysis so that the drivers of socio-spatial change vary.

The first group of studies approaches to the topic from socio-spatial differentiation/seg-
regation to understand and to define the social dynamics that are dominating the site selec-
tion of certain social or cultural groups within the city, in other words, the social geogra-
phy. For Andersson (1998), it is important to look from a wider geographical setting to 
socio-spatial segregation. Instead of using a specific theoretical framework, he compares 
three different approaches (culturalist, cultural racism/discriminatory and structural) and 
comes up with a heuristic model to answer the causality issue in (ethnic) residential seg-
regation. Similarly, Sykora (1999) emphasizes on the role of social mobility and migra-
tion followed with housing renovation and new housing construction in the case of spatial 
segregation. However, according to Walks (2001), the social effects of economic restruc-
turing and occupational changes are the main drivers of change in cities. For this reason, 
he tests for the increased polarization, shifts in occupation, immigration and income vari-
ables, whereas, Peters and Skop (2007: 154) focus on the local scale to look for details that 
“confound conventional explanations of the dynamics of spatial segregation”. In sum, this 
group of studies handles the subject of socio-spatial dialectic based on an upper scale per-
spective, covering the issues of wider geographical social movements and mobilities and 
their relationship with how cities and residential areas are being shaped/developed.

The second group of studies concentrate on urban policy as a tool for urban develop-
ment and its being an arbiter for the socio-spatial formation or change. According to Li and 
Wu (2006), the dynamics of spatial segregation are external and mainly based on residen-
tial inequalities, in other words, regrouping of residents according to their socio-economic 
status, determined by policies such as ongoing housing reform and the massive increase in 
housing construction, which results in differentiated neighborhoods. In addition to these, 
Masoumi et al. (2019) claim that planning, political, and societal trends affect the neigh-
borhood morphology which is measured by population density, centrality, formation and 
location of urban facilities, and configuration of street networks. On the other hand, Földi 
and Kovács (2014) focus on the locational preferences of both residents and investors, and 
determine local efforts and mechanisms as the arbiters of change in neighborhoods. For 
Rodríguez et al. (2001), urban policy as a tool for revitalization is not enough on its own. It 
is also important to reveal the important roles of emerging governance dynamics and insti-
tutions in the case of urban development. As Gaffney examines infrastructure development 
projects related with mega-events and tries to determine the discourse of urban develop-
ment, he comes up with a result that “temporary regimes of extra-legal governance (...) 
permanently transform socio-space” (2010: 7). This group of studies, again similar to the 
first group of studies, look down on socio-spatial change from a holistic point of view and 
put emphasis on urban policy as an important tool for controlling/shaping/determining the 
change in urban space by regulating social or cultural systems and trends.

Marcinczak and Sagan (2011) claim that to understand this change, a comprehensive 
study is obligatory in multiscale. Hence, the third group of studies consist of those which 
focus on socio-spatial relations and by how urban space is being (re)shaped from a local 
scale. Although political and economic transformations cause changes in macro levels, 
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micro-level studies reveal the dynamics behind different spatial resolutions. van Criekingen 
(2010) determines the understanding of multiple social class stratifications of demographic 
change as an important indicator for socio-spatial transformations. According to Martin 
(2005), academic interest in the cultural aspects of change in urban space starts with the 
1990s. With the 2000s, the focus of the studies moves towards lifestyle perspective and its 
effects on residential choice different than that of traditional housing studies focusing on 
demographic and socio-economic factors until now. ÆrØ (2006) defines lifestyle as a com-
bination of subjective patterns of orientation, preferences and cultural affiliation, whereas 
for Beamish et  al. (2001), it is determined by household type, social class and housing 
value. Similarly van Ham et al. (2013) define household behavior as an important factor 
as they have the flexibility to choose certain urban areas (neighborhoods) to live in, and by 
this unlimited choice pattern by households, the population composition of neighborhoods 
may also change. However, based on their study about the change in culture and housing 
design in Turkey, Ozdemir and Gencosmanoglu (2007) claim that lifestyle or household 
behavior is not enough for understanding the housing design and preference on its own. 
The structure of families, customs, traditions, habits, and religion have also been effec-
tive in the spatial organization of the house and development of housing in Turkey. Also 
supported by Rapoport (1969), culture, in these terms, is the key for the variety in space 
formation regarding housing. Indeed, each case area or country has its own dynamics, and 
thus, has to be evaluated in its own circumstances despite the externalities that are also a 
part of this change. All in all, most of the empirical studies regarding socio-spatial change 
are handled in the field of housing studies and they mainly focus on certain demographic 
groups and their preferences in housing or residential areas in the local scale.

Thus, this study looks from a different perspective than that of traditional socio-spatial 
studies and focuses on how social structure shapes other elements of the morphological 
character as well in addition to housing. To do so, certain aspects of social structure and 
morphological character are selected. These are cultural diversity, family type, income level 
and ownership status on behalf of social structure and land use type, land cover, build-
ing type, building layout, settlement type, settlement pattern, street pattern and commer-
cial pattern regarding morphological character. Following, a specific case area is chosen 
- Kadıköy historical city center in Istanbul, Turkey -, and data is gathered accordingly. The 
reasons behind choosing Kadıköy historical city center are: (1) it is not well-known when 
compared to Historical Peninsula and Galata even though it is much older than these set-
tlements; (2) it has a palimpsest character with a variety of data embedded in each layer of 
its historical development regarding the change in socio-space; (3) currently, it is one of 
the largest subcenters of Istanbul. However, the case area came with a problematic to be 
solved. Long historical data regarding socio-spatial change was kept as written or visual 
documents rather than in a statistical database. Only the data of the recent past with the 
proclamation of the republic in 1923 is started to be kept as statistical data, and even some 
data is missing and not accurate or trackable. So, it was intended to solve these common 
problems of empirical studies by creating a basic database which is mainly prepared by 
turning all kind of available written or visual data into categorical data to enable mak-
ing analysis for understanding the effect of social structure on the morphological character 
of the city. The measures used draw primarily on original maps (1906, 1922 and 1938), 
1946, 1970, 1982 and 2020 aerial photographs, 2007-dated base map, and memorial narra-
tives as primary sources, 1965 plan and historical studies as secondary sources. Categori-
cal regression (CATREG) is used to examine the relationships between social structure and 
morphological character, and results of the analysis is delivered to open a discussion. In 
summary, this study aims to understand the relationship between social structure (cultural 
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diversity, family type, income level and ownership status) and morphological character 
(land use type, land cover, building type, building layout, settlement type, settlement pat-
tern, street pattern and commercial pattern) based on socio-spatial theory. Since this study 
covers multi-variables of social and morphological features, it provides an opportunity to 
better understand the social structure and the morphological character as previous studies 
remained limited to explain.

2 � Case Area: Kadıköy Historical City Center

Halkedon located in between Moda Cape and Haydarpaşa Meadow was first inhabited by 
trade colonies in 1000 B.C. due to its being a natural port close to valuable agricultural 
lands and water resources (Ayvazoğlu, 2011; Ekdal, 1997; Kavukçuoğlu, 2010). During 
centuries, it served as a homeland for Byzantine Empire (Khalkedon), Ottoman Empire 
(Kadı Köyü), and today, for Turkish Republic (Kadıköy). Passing through different political 
powers, it gained a rich multicultural and cosmopolitan character. Today, it is one of the 
important subcenters in Istanbul metropolitan area.

Different aspects of change react to changing circumstances at different rates. It is there-
fore critical to define the time scale by which change is measured (Lupton & Power, 2004). 
The oldest visual documentation which shows the very first settlement of the nineteenth-
century modern era dates back to 1835 Map by B. du Bocage and J. Denis (URL-1), but, 
the historical core of Kadıköy that still exists today dates back to 1880s (URL-2) due to the 
fires in 1856 and 1878 which resulted in the very first systematized urbanization movement 
to start. Beginning from that point and onwards, not only the central area where the com-
mercial activities are located changed but also, most of the natural areas left their places 
to urban areas to house increasing population along with Kadıköy’s becoming a new city 
center on the Anatolian side of Istanbul. Taking these critical changes into consideration, 
data regarding the years between 1900 and 2020 are used for analyzing the socio-spatial 
change that Kadıköy historical city center has undergone (detailed explanation regarding 
spatial data is presented in Sect. 3).

As mentioned before, data on the case area was kept either as written or visual docu-
ments, so a systematization for keeping the track of data was highly needed. For this rea-
son, the naming of quarters in 1938/39-dated Pervititch map is used and data is gathered 
on spatially-based groupings as they can easily be tracked down dating even back to 1906-
dated Goad map (URL-3) and after 1938/39-dated Pervititch map. According to the Per-
vititch map, there are fifteen main quarters in Kadıköy historical city center (see Map.1).
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Map.1 1938/39-dated Pervititch keymap for Kadıköy  historical city center (modified by 
the authors) (URL-4)

3 � Data and Methodology

The research is built upon three main questions: (1) Which social variables (defined as 
cultural diversity, family type, income level, ownership status in this study) are related with 
which morphological variables (defined as land use type, land cover, building type, build-
ing layout, settlement type, settlement pattern, street pattern, commercial pattern in this 
study)?; (2) What type of relationship do they show with each other?, (3) How these results 
can be used to understand the socio-spatial change and what do they reveal for the future 
of cities?.
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Based on these research questions, a literature review is conducted to gather relevant 
data. In order to determine the change in morphological character considering land use 
type, land cover, building type, building layout, settlement type, settlement pattern, street 
pattern and commercial pattern, it is, first of all, benefitted from existing original maps—
1906 Map by C. Goad (URL-3); 1922 Map by Société Anonyme Ottomane D’études et 
D’entrprises Urbaines (URL-5); 1938 Map by J. Pervititch (URL-4) -, 1946-dated aerial 
photograph (URL-6), 1965-dated plan by Z. Teoman (URL-7), 1970 and 1982-dated aerial 
photographs (URL-6), 2007-dated base map and 2020-dated aerial photograph (URL-6). 
However, these visual documentations are only able to reflect a certain time sequence in 
the historical development of the case area (see Fig. 1). As the main aim of the study is 
to understand the change in socio-space, which is both defining a process and a causal 
relationship between social structure and morphological character, it is also benefitted 
from primary written sources to fill the gaps between these time sequences, especially for 
determining the change in land use type, land cover, building type and commercial pattern. 
These primary sources cover memory books by Aktunç (2010) and Kavukçuoğlu  (2010, 
2015) on quarters 1–10, Gürpınar (2009) on quarters  11–15 (see Map.  1). However, it 
takes time for a change in space, and in many cases, spatial patterns remain persistent 
(Meen, Nygaard and Meen, 2013), and it is also needed time for a change in the popula-
tion composition in situ (Lupton & Power, 2004). Hence, if no data exists for short peri-
ods between existing primary sources, it is benefitted from secondary sources for making 
inferences on the continuation of the existing situation. Secondary sources cover history 
books that are specifically focusing on this area by Ekdal (1997, 2004), Kütükçü (2014) 
and Türker (2008), webpages on the history of the area (URL-8; URL-9), other history 
books and research on Istanbul where information regarding the case area by Alus (1995), 
Halıcı  (2008), Hızlan  (2011), Tuna (2011), Satan (2012), research on local experience 
based on the urban renewal process in quarters 11–15 after the 2000s by an non-govern-
mental organization (NGO) named ÇEKÜL (2014). These listed primary and secondary 
written sources are also used in keeping the track of the change in social structure regard-
ing cultural diversity, family type, income level and ownership status (see Tables 1 and 2 in 
Sect. 3.2).  

Fig. 1   Development of Kadıköy  historical city center (screen digitized by the authors based on original 
maps (URL-3; URL-4; URL-5), aerial photographs (URL-6), 1965-dated plan (URL-7), and 2007-dated 
base map)



445Modelling Socio‑Spatial Change: Istanbul, Kadıköy Case﻿	

1 3

After that, a basic database is formed, and a pre-processing of data is handled to turn 
literal and visual data into dummy variables. Then, these variables are grouped under cer-
tain categorical independent and dependent variables for consecutive periods of ten years, 
standing for the dominant character of that period and quarter. By using categorical regres-
sion (CATREG), the relationship between these categorical (nominal and ordinal) vari-
ables are analyzed (see Fig. 2). In the following sections, the methods used are delivered 
step-by-step in detail.

3.1 � Pre‑Processing Data

Before starting the analysis, a datasheet is prepared to keep raw data that would be gath-
ered through the literature review. This datasheet can be regarded as a basic database. On 
the first column, the timeline is entered, starting with 1900s and finishing with 2010s. 
Then, the rest of the sheet is mainly divided into two, concerning the main factors of socio-
spatial change under the headings of “social structure” and “morphological character”. 
Under each factor of change, these two parts of the sheet are broken into sub-headings: 
“ethnicity”, “family size”, “income level”, “ownership status”, “building typology”, “con-
struction type”, “commercial uses”, “recreational areas”, “cultural facilities”, “educational 
uses”, “health services”, “transportation facilities”, “public uses”,“religious uses”, “natu-
ral assets”, “other uses”. Each item that is defined under these sub-headings are given a 
separate column specific to that item and the sheet is filled accordingly. While doing so, 
all available written and visual data are tried to be turned into dummy variables depend-
ing on the existence of any item under the social structure or morphological character for 

Fig. 2   Research framework and methodology
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a certain period and marked as ‘exist = 1’ and ‘not exist = 0’. For each fifteen quarters in 
Kadıköy historical city center (see Map. 1), this process is repeated.

Item, here, can be defined as any kind of written or visual data that is relevant to the 
social structure and morphological character, such as single-family houses, middle-class 
workers, wooden construction, etc. This list can vary in relation to the characteristics of 
any case area as each would show a unique amalgamation of geography, social movements, 
political, economic, and environmental forces. In the case of Kadıköy historical city center, 
all items that are linked with society and morphology are determined while literature 
review and archived as a binary database within ten-years periods they belonged to in rel-
evance with the fifteen quarters in 1938/39-dated Pervititch keymap. As a result, for each 
time interval, numeric data is generated that was once only kept as written text or visual 
source and a basic database is built.

3.2 � Reprocessing Data

After the preparation of the database, each item that is already listed is grouped under cer-
tain variables depending on their explanatory adequacy of that variable. As the main aim 
of the study is to understand the relationship between social structure and morphological 
character from a holistic view, independent and dependent variables are defined accord-
ingly to reveal the characteristics of these factors of socio-spatial change. While doing so, 
it is benefitted from literature. Depending on the nature of each independent and dependent 
variable, a measurement scale is defined. Going back to dummy variables kept for each 
time interval, dominant characteristics considering each subheading for that period are 
turned/merged into a measurement scale. In Tables 1 and 2, the overall variables that are 
taken into consideration for analysis by CATREG are listed accordingly. Cultural diversity, 
income level, land cover, and settlement type are defined as having ordinal measurement 
scale whereas the rest of the variables are regarded as nominal.

3.3 � Categorical Regression (CATREG)

Independent and dependent variables used in this study consist of categorical data (both 
nominal and ordinal). Thus, categorical regression (CATREG) is chosen to evaluate the 
data and the relationship between these variables. “CATREG quantifies categorical data by 
assigning numerical values to the categories, resulting in an optimal linear regression equa-
tion for the transformed variables” (IBM, 2021). CATREG simultaneously scales nominal 
and ordinal variables to measure categorical variables reflecting the characteristics of the 
original categories at the same time. Hence, it is possible to treat these calculated variables 
in the same way as numerical variables. With this nonlinear transformation, it is aimed to 
find the best-fitting model for the transformed variables.

4 � Findings and discussion

Null hypotheses (Ho) tested by CATREG for this specific study are based on the relation-
ship between social structure and morphological character. For each group of relationships, 
null hypothesis is formulated as follows: “Ho: x has no effect on yi”, where x stands for 
the group of independent variables (“cultural diversity”, “family type”, “income level” and 
“ownership status”) and yi stands for the dependent variable (“land use type”, “land cover”, 
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“building type”, “building layout”, “settlement type”, “settlement pattern”, “street pattern”, 
“commercial pattern”).

ANOVA results for each CATREG are statistically significant at 95% confidence inter-
val (CI), and therefore, null hypotheses are rejected for each model (Table 3). Thus, it is 
possible to define the overall relationship between the dependent and the independent vari-
ables for each model. However, p-values show that not all relationships between explana-
tory variables and dependent variables can be explained at 95% CI in detail. Summary of 
coefficients and R2 values is delivered in Table 4. According to the R2 values, 61,5% of 
the variance can be explained by the explanatory variables tested by CATREG model for 
building type. Following this comes the CATREG model for building layout with 59,7%, 
settlement type with 41,9%, commercial pattern with 38,6%, and land use type with 32,8% 
of variance explained. Though with lower values, CATREG models determine 29,3%, of 
variance explained for land cover, 24% for settlement pattern and 23,8% for street pattern. 

Table 3   ANOVA summary Sum of Squares df Mean Square F Sig.

Land use type
Regression 59.103 6 9.851 14.096 0.000
Residual 120.897 173 0.699
Total 180.000 179
Land cover
Regression 52.817 6 8.803 11.974 0.000
Residual 127.183 173 0.735
Total 180.000 179
Building type
Regression 110.728 5 22.146 55.627 0.000
Residual 69.272 174 0.398
Total 180.000 179
Building layout
Regression 107.539 6 17.923 42.791 0.000
Residual 72.461 173 0.419
Total 180.000 179
Settlement type
Regression 75.431 6 12.572 20.799 0.000
Residual 104.569 173 0.604
Total 180.000 179
Settlement pattern
Regression 43.256 8 5.407 6.762 0.000
Residual 136.744 171 0.800
Total 180.000 179
Street pattern
Regression 42.767 7 6.110 7.657 0.000
Residual 137.233 172 0.798
Total 180.000 179
Commercial pattern
Regression 69.553 8 8.694 13.461 0.000
Residual 110.447 171 0.646
Total 180.000 179



451Modelling Socio‑Spatial Change: Istanbul, Kadıköy Case﻿	

1 3

Ta
bl

e 
4  

S
um

m
ar

y 
of

 c
oe

ffi
ci

en
ts

 a
nd

 R
 sq

ua
re

d 
(R

2)

La
nd

 U
se

 T
yp

e
La

nd
 C

ov
er

B
ui

ld
in

g 
Ty

pe
B

ui
ld

in
g 

La
yo

ut

N
um

be
r o

f o
bs

er
va

tio
ns

18
0

N
um

be
r o

f o
bs

er
va

tio
ns

18
0

N
um

be
r o

f o
bs

er
va

tio
ns

18
0

N
um

be
r o

f o
bs

er
va

tio
ns

18
0

M
ul

tip
le

 R
0.

57
3

M
ul

tip
le

 R
0.

54
2

M
ul

tip
le

 R
0.

78
4

M
ul

tip
le

 R
0.

77
3

R
2

0.
32

8
R

2
0.

29
3

R
2

0.
61

5
R

2
0.

59
7

A
dj

us
te

d 
R

2
0.

30
5

A
dj

us
te

d 
R

2
0.

26
9

A
dj

us
te

d 
R

2
0.

60
4

A
dj

us
te

d 
R

2
0.

58
3

C
oe

f.
Si

g.
C

oe
f.

Si
g.

C
oe

f.
Si

g.
C

oe
f.

Si
g.

C
ul

tu
ra

l D
iv

er
sit

y
0.

13
6

0.
26

7
0.

24
2

0.
25

3
−

0.
18

6
0.

00
0

0.
11

7
0.

28
4

Fa
m

ily
 T

yp
e

0.
14

8
0.

13
4

0.
39

7
0.

00
0

0.
67

0
0.

00
0

0.
27

2
0.

06
4

In
co

m
eL

ev
el

−
0.

38
9

0.
00

0
−

0.
30

6
0.

00
0

−
0.

01
5

0.
92

3
−

0.
66

2
0.

00
0

O
w

ne
rs

hi
p 

St
at

us
0.

21
3

0.
08

6
0.

00
5

0.
92

1
0.

09
5

0.
04

3
0.

03
5

0.
20

6

Se
ttl

em
en

t T
yp

e
Se

ttl
em

en
t P

at
te

rn
St

re
et

 P
at

te
rn

C
om

m
er

ci
al

 P
at

te
rn

N
um

be
r o

f o
bs

er
va

tio
ns

18
0

N
um

be
r o

f o
bs

er
va

tio
ns

18
0

N
um

be
r o

f o
bs

er
va

tio
ns

18
0

N
um

be
r o

f o
bs

er
va

tio
ns

18
0

M
ul

tip
le

 R
0.

64
7

M
ul

tip
le

 R
0.

49
0

M
ul

tip
le

 R
0.

48
7

M
ul

tip
le

 R
0.

62
2

R
2

0.
41

9
R

2
0.

24
0

R
2

0.
23

8
R

2
0.

38
6

A
dj

us
te

d 
R

2
0.

39
9

A
dj

us
te

d 
R

2
0.

20
5

A
dj

us
te

d 
R

2
0.

20
7

A
dj

us
te

d 
R

2
0.

35
8

C
oe

f.
Si

g.
C

oe
f.

Si
g.

C
oe

f.
Si

g.
C

oe
f.

Si
g.

C
ul

tu
ra

l D
iv

er
sit

y
0.

13
8

0.
44

4
0.

30
7

0.
00

0
0.

28
9

0.
00

7
0.

37
0

0.
01

6
Fa

m
ily

 T
yp

e
0.

66
8

0.
00

0
0.

49
3

0.
00

0
0.

03
8

0.
79

7
0.

29
3

0.
03

0
In

co
m

e 
Le

ve
l

0.
21

6
0.

00
0

0.
15

2
0.

10
6

−
0.

42
0

0.
00

0
−

0.
42

8
0.

03
2

O
w

ne
rs

hi
p 

St
at

us
0.

08
2

0.
08

7
0.

08
1

0.
10

7
0.

03
4

0.
69

0
0.

07
0

0.
55

6



452	 A. Ulubaş Hamurcu, F. Terzi 

1 3

However, as discussed (Minitab Blog Editor, 2013; Corporate Finance Institute, 2021; 
Frost, 2021), low values of R2 does not indicate a bad fit for the model. Even, it is normal 
to expect low values of R2 in exploratory research especially in social sciences.

Results of the study are delivered in detail consecutively and summarized in Fig. 3.

Change in Land Use Type: The relationship between “income level” and “land use 
type” is statistically significant at 95% CI. Interpreted coefficients show that land use type 
is negatively related to income level with a value −0.389. This result shows that while 
income level increases land use type tends to get lower values within the measurement 
scale. In other terms, high income groups are merely related with residential areas and pub-
lic facilities. On the other hand, low-income groups tend to settle down in or near to service 
or business and production areas, where they can find housing with low rates of rent.

Change in Land Cover: The relationships between “family type”, “income level” and 
“land cover” are statistically significant at 95% CI. Interpreted coefficients show that land 
cover is positively related to family type with a value 0.397, however, negatively related to 
income level with a value  −0.306. In other words, it is more possible to find extended fam-
ilies living in the densely built areas, in other words built-up environments with extremely 
low green areas. However, the pattern/effect of income level continues as in the case of 
land use type. In more urban characteristic places, inhabitance by low-income groups is 
expected to be high.

Choice of Building Type: The relationships between “cultural diversity”, “family type”, 
“ownership status” and “building type” are statistically significant at 95% CI. Interpreted 
coefficients show that building type is positively related with family type and ownership 
status with values of 0.670 and 0.095. On the other hand, it is negatively related to cultural 
diversity with a value −0.186. Among all, family type has the strongest effect on choice 
of building type. Hence, it is more probable to see extended families in apartment blocks. 
And, though with a lower probability, home ownership is closely related with living in an 
apartment block. However, in apartment blocks, cultural diversity decreases, and starts to 
become homogeneous.

Choice of building layout: The relationship between “income level” and “building lay-
out” is statistically significant at 95% CI. Interpreted coefficients show negative relation-
ship with a value -0.662 between income level and building layout meaning that higher 
income groups prefer settling in detached housing areas.

Change in Settlement Type: The relationships between “family type”, “income level” 
and “settlement type” is statistically significant at 95% CI. Interpreted coefficients show 
that settlement type is positively related to family type and income level with values of 
0.668 and 0.216. As can be derived from the results, family type is an important driver 
for change in settlement type. The results of the CATREG for analysis of the relationship 
between social structure and change in settlement type is similar to the results of the analy-
sis regarding change in land cover.

Fig. 3   Socio-spatial findings of the study
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Change in Settlement Pattern: The relationships between “cultural diversity”, “family 
type” and “settlement pattern” are statistically significant at 95% CI. Interpreted coeffi-
cients show that settlement pattern is positively related to cultural diversity and family type 
with values of 0.307 and 0.493. While cultural diversity increases and becomes cosmopoli-
tan, settlement pattern tends to concentrate. It can also be derived out that extended fami-
lies are settled down in these densely built areas.

Change in Street Pattern: The relationships between “cultural diversity”, “income level” 
and “street pattern” are statistically significant at 95% CI. Interpreted coefficients show that 
street pattern is positively related to cultural diversity with a value 0.289, and negatively 
related to income level with a value −0.420. In other words, gridiron pattern is positively 
related to higher cultural diversity-  in other words, cosmopolitan society-, whereas it is 
negatively related to high income level. Historical background of the case area shows that 
the aforementioned systematized urbanization movement and choice of gridiron street pat-
tern are closely related to the existence of multicultural society.

Change in Commercial Pattern: The relationships between “cultural diversity”, “fam-
ily type”, “income level” and “commercial pattern” are statistically significant at 95% CI. 
Interpreted coefficients show that commercial pattern is positively related to cultural diver-
sity with a value 0.370 and to family type with a value 0.293. However, it is negatively 
related to income level with a value −0.428. If cultural diversity increases, commercial 
activities tend to centralize. In other words, it concentrates around a center. In these central 
areas low-income groups and extended families are settled down.

CATREG model results show that most of the drawbacks on data is managed as all 
models are statistically significant at 95% CI, however, not all relationships between vari-
ables are. This shows that there are other variables that interfere with the model so that the 
selected explanatory variables are at some point not able to explain the variance. However, 
as this is an explanatory research on the relationship between social structure and mor-
phological character based on a case study, this low values of R2 or goodness-of-fit values 
are somehow acceptable. Additionally, the models for building type, building layout, and 
settlement type have quite high R2 values for social sciences. It is possible to overcome the 
problem of low R2 by adding more explanatory variables to the model depending on the 
availability of the data, or, running the model again by extracting some of the variables. 
However, as this study is based on revealing the relationship between a predefined group 
of variables defining the social structure and the morphological character, this is not pre-
ferred. It is also possible to test for dual relationships between the variables by ANOVA. 
However, as aforementioned, such solutions are not used.

5 � Conclusion

This study  tries to explain the phenomenon of socio-spatial change by investigating the 
effect of social structure on the morphological character in a specific case area which is 
Kadıköy historical city center in Istanbul, Turkey. Cultural diversity, family type, income 
level and ownership status are used to represent the social structure, whereas, for mor-
phological character it is benefitted from land use type, land cover, building type, build-
ing layout, settlement type, settlement layout, street pattern and commercial pattern. 
The measures used draw primarily on original maps, aerial photographs, base map, and 
memorial narratives as primary sources, plan, and historical studies as secondary sources. 
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Relationships between explanatory variables and dependent variables are examined by cat-
egorical regression (CATREG) analysis.

One of the limitations of the research was to systematically collect and standardize data 
by looking at an exceptionally long historical background of over a hundred years. Unfor-
tunately, not all parameters representing both social structure and morphological charac-
ter that were derived from the literature were accessible. Due to this reason, they were 
excluded from the analysis. Another limitation in the research was the scarcity of measur-
able materials such as maps and socio-demographic data throughout all periods of research 
and the lack of similar quality data from the same period. All these deficiencies were tried 
to be eliminated by comparative research from primary and secondary resources on visual 
and written data. After literature review, by converting pre-processed binary data based on 
existing available written and visual documentation to categorical data, it is made possible 
to test the hypotheses by CATREG. By this, it is aimed to put forward an alternative way of 
measuring socio-spatial change through categorical data (nominal and ordinal) and testing 
the hypothesized relationships between selected aspects of social structure and morpho-
logical character.

First of the results obtained in the study is that heterogeneity in the society is merely a 
trigger for concentrated central areas. As cultural diversity increases, the clustering pat-
tern of the settlement increases. Likewise, commercial areas turn into a more concentric 
pattern. The increase in cultural diversity brings more compact and well-defined commer-
cial centers with gridiron street pattern. Vice versa, in densely populated and built areas of 
urban land dominated with commercial activities, cultural diversity is high. Especially, in 
the case of Kadıköy historical city center, this is also linked with the gridiron street pattern 
which is actually brought as a planning and design measure by the foreigner inhabitants of 
the area. It is also observed that today’s apartment blocks are characterized by homogene-
ity in the society.

The second result of the study is on the effects of the family type. It is found out that 
extended families tend to live in apartment blocks located in concentrated central urban 
areas. This shows how mixed-use plays a critic role for extended families to settle down in 
an area.

As a third result, it is found out that residential areas with more green space and natural 
areas are preferred by high income groups. These areas are dominated by detached hous-
ing with organic or loose grid street pattern. In addition to this, commercial activities are 
scattered and dissolved in these areas. However, this picture does not indicate for suburban 
areas. In contrast, it stands for urbanity. These results suggest for the search for quality of 
living by higher income groups where they can reach certain infrastructure, open space, 
and privacy within the urban area.

Finally, the impact of the ownership status on the morphological character presents a 
relationship pattern that is only limited to the choice of building type. Most of the time, 
from a structuralist point of view, choice of housing type is closely being related with 
income level, in other words, the ability to buy or spend money, and regarded as an impor-
tant factor for the housing sector. To some extent, home ownership can also be discussed as 
a sign for ability to buy, although income level is not found as being one of the significant 
factors for choice of building type. At least, it can be claimed that home ownership is high 
in apartment blocks.

The findings obtained from the study mostly confirm the previous empirical studies 
made. It is also clear that there is much more work to be done on the measurement and 
the analysis of the relationship between ownership status and the selected aspects of the 
morphological character. However, different than those preliminary studies, in this study, 
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change in social structure and morphological character is presented relationally between 
multiple variables by looking from a wider perspective to understand urban areas with-
out only focusing on housing issues but also considering other urban elements as well. 
Though based on qualitative indications of how several aspects of change are linked to 
another referring to the theoretical framework of socio-spatial dialectic, the effects of these 
variables are also demonstrated quantitatively through analysis by categorical regression 
(CATREG).

Most of the time, research covering long periods of time is tried to be avoided due 
to limitations in availability of data, or due to type of data stored as it will take a long 
time and effort to deal with this data. However, these limitations seem to be an important 
drawback for revealing certain relationships among socio-spatial change. Hence, with this 
research, such barriers are tried to be overcome, and provide insight for other researchers 
dealing with the same problematic.

Supported by many empirical studies, it is important to explain socio-spatial change for 
localities through the effects of socio-economic variables on urban space in periods from 
past to present to understand today and to take action for the future. There are certainly 
specific cycles or breaking points that societies and spatial development processes experi-
ence which ease envisioning of such circumstances to happen and to be oriented. However, 
as can be seen from the model results in this study, it is not possible to fully explain socio-
spatial change at all its aspects (this is not expected anyway).

It should not be forgotten that the dynamics that are effective in socio-spatial change 
can also modify themselves. Technological developments reorient the relationships of indi-
viduals with each other and their socialization preferences depending on the place. New 
terms such as acceleration society, instantaneous time, interspaces, and etc. related with 
this change driven by technology reveal the quickly changing dynamics and systems, and 
can be summarized as socio-technological factors. Apart from developments in technol-
ogy and its adaptation, climate change, energy dependence, and global pandemics (such 
as COVID-19) are emerging as new phenomena expected to be effective in socio-spatial 
change in the near future. And these dynamics seem to define/shape urban space much 
faster than the change of social structure as the change in social structure takes longer time 
to settle and be reflected in the urban area, or it might be limited to a group of people as in 
the case of social segregation. Nevertheless, it will be possible to monitor the effect levels 
of the factors that affect socio-spatial change only with long-term studies, which will in 
return serve as a tool for local governments in decision-making processes, as well as for 
designers and planners on the stage of design.

This study attempts to create a ground for discussion for future studies on socio-spa-
tial dialectics as it aims to put forward new ways for analysis, but its limitations must be 
acknowledged. The measurement of the effect of the social structure remains crude in 
some respects and incomplete depending on the aforementioned limitations. However, it is 
intended to overcome the problem of availability of data for long-term change studies and 
to open a new discussion on how new methodologies could be developed for making the 
maximum out of existing limited data.
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