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Barış Mert Karasu * , Özgür Ediz
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A B S T R A C T

The academic district of Bursa Uludağ University Görükle Campus was designed by Sezar Aygen by repeating the 
original architectural form in order to achieve visual harmony. Designed in 1978, the construction process on the 
campus started in accordance with Aygen’s design, but the buildings added over time have led to divergences 
from the original design. This study aims to evaluate the visual harmony of the buildings added to the academic 
district with the original design. The fractal dimension was used as a method of analysis to assess the level of 
similarity between the original form and the buildings added later. This paper is one of the pioneering studies 
that use fractal dimension analysis to reveal the visual harmony between architectural products in a bounded 
area. The findings show that the later buildings are not in complete visual harmony with the original design, 
creating visual diversity in the academic district.

1. Introduction

Campuses are designed spaces intended to create the visual impact 
desired by their founders. However, there is no design rule that en
compasses every campus form. Campus design can be conceived as the 
sum of individual architectural designs, as well as the design of each unit 
as small parts serving the larger whole [1]. Universities are institutional 
structures that have a long life span and change over time. The spatial 
structure of the campus is changing with the addition of new buildings 
over time, while at the same time increasing the number of students and 
staff who need more facilities and amenities [2,3]. However, studies on 
how these changes will affect the spatial layout are quite limited [4]. 
Changes in campuses are not limited to the repetition of architectural 
forms, but also include the need to adapt to changing architectural 
styles, materials, planning methods and organizational schemes over 
time. This situation may cause university layout decisions, which were 
originally designed in a unique way, to transform into different unpre
dictable forms over time [3]. The academic district of Bursa Uludağ 
University (BUU) Görükle Campus was designed with the aim of archi
tectural harmony between physically similar-looking buildings, in order 
to foster interaction and knowledge sharing among students and staff 
located in different departments. Although the original design was 
somewhat distorted during the construction phase, the academic district 
began to take shape through the repetition of a similar form. Although 

the academic district began to take shape in a similar configuration to 
the campus plan, it has reached its current state as a result of the random 
placement of architectural designs that differ from the initial design over 
time.

The architectural elevation is the first physical element that people 
encounter when approaching a building and provides important clues 
about the functions within the building. Building elevations have a 
significant impact on the human experience [5]. Visual diversity and 
visual harmony are crucial components of contemporary design [6]. 
While computational approaches such as shape grammars [7] and space 
syntax [8–10] exist for analyzing the harmony between architectural 
constructs, these approaches are not suitable for analyzing an archi
tectural elevation. Fractal dimension analysis is one alternative 
computational method for quantitatively measuring formal harmony in 
architecture. The method of measuring the fractal dimension of an ob
ject was first developed by Benoit Mandelbrot [11]. A comprehensive 
two-phased survey by Husain et al. [12,13] focused on the study of 
fractals. In these studies, the mathematics of fractals, including fractal 
dimension and iterated functions, is discussed in detail. The studies also 
examined the applications of fractals in various disciplines, including art 
and architecture, in depth, revealing both the aesthetic and practical 
importance of fractals. The use of this approach to analyze the 
complexity of an architectural product began with the work of Bovill 
[14,15]. Bovill [14,15] played a pioneering role in this field by applying 
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the principles of fractal geometry to the analysis of architectural forms. 
Utilizing statistical measurement of the density and complexity of geo
metric information within an image or object, fractal dimension analysis 
has been adopted in various fields, including architecture [16,17]. 
Recent studies [18–20] have used this approach as an alternative to 
architectural forms to reveal the structure of urban form and compare 
different urban forms. Fractal dimension analysis continues to be widely 
used in academic studies as a tool to mathematically express the geo
metric properties of architectural products [16,21–26]. The fractal 
dimension value is also effectively used to reveal the degree of harmony 
between different visual products. Ediz and Çağdaş [27] employed this 
analytical method as a generative design tool to contribute to the design 
process and create harmonious compositions during the preliminary 
design phase. In architectural research, the fractal dimension value has 
been used to investigate the harmony of an architectural product with its 
natural environment [14,28,29], the harmony between different prod
ucts of an architect [30], the harmony between a fabric obtained 
through a generative method and the initial fabric [27], the harmony of 
an architectural product with the street silhouette [31], and the har
mony between houses produced in different architectural styles [16].

The study aims to reveal the visual harmony and similarity between 
the initial design and the later buildings in the academic district of 
Görükle Campus, which was designed to achieve a visual harmony. 
Fractal dimension analysis method was used to reveal the physical 
harmony and similarity with quantitative data. During the construction 
phase, the original design developed by Sezar Aygen and planned to be 
repeated throughout the academic district was distorted to some extent. 
Revealing the amount of distortion of the original design is among the 
objectives of the study. The unique value of this study lies in its use of 
fractal dimension analysis to investigate the visual harmony of buildings 
in a defined area. The study will also guide future designs and in
terventions to check the compatibility of buildings added to an existing 
fabric. Fig. 1 shows the framework of the study.

2. Case area

BUU Görükle Campus is located in Nilüfer district of Bursa province 
(Fig. 2). The suburban campus is located 18 km. from the city center and 
is built on 1600 ha of land.

Architect Sezar Aygen was appointed on June 7, 1976 to design the 
Görükle Campus and the buildings to be located within the campus. One 
of the goals of the designed university was to foster interaction and in
formation exchange among students and staff in different departments. 
To achieve this, it was stated that the departments within the academic 
fabric should be planned to have a physically similar appearance [32]. 
The process, which included the design of the campus plan shown in 
Fig. 3, concluded on September 30, 1978 with the completion of all 
project design works [33]. The area indicated with B in Fig. 3 covers the 
academic fabric. This area was designed as a repetition of the original 
form developed by Aygen. The campus was also designed according to 
its maximum growth. The design attempts to reflect the characteristic 

inward-facing open spaces and the flowing interior-exterior relationship 
of Bursa’s civil architecture. The project was estimated to take 20–25 
years due to financing difficulties [32]. The original form designed by 
Aygen in the academic district was subjected to various changes and 
distortions during the application. In the study, the fabric created by 
distorting the original form is defined as the ’initial design’. There are 6 
buildings within the boundaries of the academic district that are ex
amples of the initial design. Although Görükle Campus started to take 
shape with the repetition of the same layout in a setup similar to the 
campus plan designed by Sezar Aygen, settlement decisions that were 
not in accordance with the plan were started to be implemented over 
time and the original design decisions were not followed. The buildings 
and open space arrangements within the settlement area have generally 
been shaped in line with the decisions taken by the central adminis
tration instead of adhering to the existing plan criteria. As a result, a 
holistic principle was not adhered to in the settlement plan and the 
location of the buildings [34]. The application of original design de
cisions for a certain period of time in the selection of the study area, but 
then ignoring these design decisions and adding different architectural 
products to this fabric, was effective. The study investigates the level of 
compatibility of the architectural forms added to the academic district, 
which was designed with a holistic principle in order to obtain a 
harmonious and similar architectural character, with the initial design. 
Fig. 4 shows the first fabric analyzed within the scope of the study and 
the 11 architectural structures added later.

3. Research method: fractal dimension analysis

Fractal dimension (D), proposed by Mandelbrot [11,35] to measure 
irregularity and roughness in natural forms, emerges as a measure of the 
space-filling property of an image or object. From a holistic mathe
matical perspective, it’s possible to say that various architectural ex
amples (elevations, settlement fabrics, details, etc.) possess fractal 
dimension properties [36]. Bovill [15] defines D as a measure of the 
mixture of order and surprise in a structure. To measure the D value, the 
relative density of geometric data, the box-counting method is often 
used [17]. The box-counting method is the only method used to calcu
late the approximate D value of an object and, most importantly, the D 
value of an architectural drawing [30]. To calculate the D value, a grid is 
overlaid on each image and the number of boxes containing detail (N) is 
recorded. Then, the box sizes are successively reduced according to the 
scaling coefficient (SC) and the same process is repeated. The important 
point when performing these operations, called iterations, is to apply a 
sufficient number of iterations. Ostwald and Vaughan [17] stated that 
the computational process should be finalized in at least 8 iterations and 
ideally in 10 iterations. The obtained data are processed in the following 
log–log diagram [31] (# indicates the number of iterations). 

D# =
[log

(
N(#+1)

)
− log

(
N(#)

)
]

log(SC)

The D value obtained after performing the above operations, which 

Fig. 1. Research framework.
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indicates the degree of complexity of the architectural image, is between 
1 and 2. A lower D value indicates a less complex and simple composi
tion, while a higher D value indicates a more complex and detailed 
composition. Architectural [14] and urban [37] applications of the box- 
counting method were published in the 1990s. Ediz and Ostwald [22] 
obtained a very high D value of 1.807 in their multi-layered study of the 
elevations of the Süleymaniye Mosque, analyzing form, ornament and 
material layers together and comparing them. Ostwald and Vaughan 
[17] stated that this mosque is among the most richly detailed buildings 
ever built and that this should be the highest level of complexity that can 
be obtained from an architectural product. In another study, Vaughan 
and Ostwald [38] showed 1.1 as a lower limit for the lowest D value that 
an architectural product can have. Lionar [39] categorized the degree of 
complexity of the visual according to D ranges. For D value, Lionar 
classified 1.00–1.20 as very low, 1.20–1.40 as low, 1.40–1.60 as 
average, 1.60–1.80 as high, 1.80–2.00 as very high complexity. In a 
comprehensive study by Ostwald and Vaughan [17], the architectural 
features of 85 houses designed or built between 1901 and 2007 were 
measured and compared using fractal analysis. It was shown that the D 
range of the 85 buildings varied between 1.3698 and 1.5104. The D 
value is used to measure the relationship between complexity values as 
well as to investigate the similarity and harmony levels of architectural 
products. Vaughan and Ostwald [29] stated that the human eye can 
easily detect similarities between images whose difference between D 
values is less than 8 %. Comparisons between calculated D values can be 
generated using the range (R) expressed as a percentage. R between 
different D values is defined as “indistinguishable” if it is below 2 %, 
“very similar” if it is between 2 and 6, and “similar” if it is between 6 and 
11 [17,28]. While evaluating the D values obtained in the study, the R 
values mentioned above were utilized. In the next stage of the study, it is 
explained how the visuals to be used in the analysis were prepared and 
with which variables the D values were obtained.

3.1. Image preparation

The dimensions of the architectural products used within the scope 
of the article were obtained from Bursa Uludag University Directorate of 
Building Works. The obtained measurements were prepared in a format 
suitable for analysis using the Autodesk-AutoCAD program. It is known 
that the fractal analysis method is sensitive to inconsistent image fea
tures. For this reason, the image to be analyzed should be prepared in a 
consistent order and preprocessed. There should be no symbolic 

expressions in the images to be prepared, and environmental elements 
such as trees and cars should not be included. In this direction, the 
images prepared for the analysis followed the standards in accepted 
publications in the literature [17,21,40]. There is no single optimal size 
for analyzing architectural drawings, but higher quality images will 
produce more accurate D values. Mayrhofer-Reinhartshuber and 
Ahammer [41] analyzed image sizes ranging from 128 × 128 pixels to 
8192 × 8192 pixels and showed that image sizes of 1024 × 1024 pixels 
or higher improve the accuracy of the D value.

The images prepared for the study are all binary (black and white) 
and the analyzed architectural drawings are represented by lines 1 pixel 
thickness. The resolution of the analyzed images is 200 dpi and the 
content of the image is surrounded by a white space equal to 25 % of the 
length of the shorter side. The maximum bounding box (the smallest 
square that encloses the part of an image containing pixels) size covering 
the drawing was defined as 4096 × 4096 pixels and the image size was 
defined as 6144 × 6144 pixels. Fig. 5 shows an example of the image 
dimensioning process applied in this study. In the preparation of the 
images, a process similar to the one applied by Lee and Ostwald [40] was 
followed.

3.2. Data processing

Most researchers use software packages to calculate the D value 
because of the large size of the images to be analyzed and the time it 
would take to perform the process manually. In this paper, D values of 
the architectural pattern designed by Sezar Aygen and the elevations of 
the architectural products added later were analyzed using FracLac 
[42,43], a plugin of ImageJ. Karperien [43] developed FracLac, an open 
source software for fractal analysis using the box-counting algorithm. 
FracLac software has been widely used in recent studies [16,23,40] to 
measure the D value of architectural elevations. In order to calculate the 
D value accurately, parameters such as grid sizes and positions need to 
be used accurately [17,23]. Lee and Ostwald [44] showed the effect of 
maximum grid size, grid position and scaling coefficient on the D value. 
The initial grid size (maximum box counting size) was set to 25 % of the 
shorter side of the image (0.25 l) and the minimum grid size was set to 
10 pixels. Results were obtained using 12 different grid positions. The 
scaling coefficient (SC) was defined as √2:1 (approximately 1.4142:1), 
which represents the degree of reduction in the size of the boxes that 
make up the grid. The variables and their settings used in image prep
aration and data processing are shown in Table 1. Each building 

Fig. 2. Bursa Uludağ University Görükle Campus location.
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analyzed in the study has a front elevation containing the main entrance, 
a back elevation opposite the front elevation, and left and right eleva
tions named according to their relationship with the front elevation.

4. Results

Among the aims of the study is to reveal the extent to which the 
original design by Sezar Aygen was distorted during the construction 
phase. In line with this goal, the D values of the back elevation of the 
Faculty of Economics and Administrative Sciences building, which has 
the highest amount of detail, and the situation designed by Aygen were 
analyzed (Fig. 6). The D value of the original design by Aygen was 
calculated as 1.4328. In the case of the building with the changes made 
after the decisions taken during the construction, the D value was 
calculated as 1.4376. The fact that the difference between the two D 
values is below 1 % indicates that the presence of the traces designed by 
Aygen was preserved after the construction. Although the situation 

designed by Aygen was not implemented exactly, the level of complexity 
of the design decisions was maintained. The main purpose of the study is 
to determine the level of ’visual harmony’ of the buildings added to the 
academic district of Görükle Campus with the initial design. For this 
purpose, 4 elevations of the initial design and 11 different buildings 
added later were analyzed. 48 D values were generated from these el
evations in total. The R value shows the D differences between the 
maximum and minimum D values within the 4 elevations of the indi
vidual buildings, the mean fractal dimension value (DM) of the 4 ele
vations of the individual buildings, and the R values show how much the 
DM values differ from the initial design were included in the calculation. 
When evaluating the analysis results, the buildings are represented by 
the integers in Fig. 4 and Table 2. When abbreviating the D values, the 
number of the building and the first letter of the calculated elevation 
were used. The fractal dimension value of the front (F) elevation of the 
Faculty of Economics and Administrative Sciences building, represented 
by the number 1, is abbreviated as D1F and the mean value is 

Fig. 3. Bursa Uludağ University Campus plan [33].
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abbreviated as D1M. The complete results are summarized in Table 2 and 
Fig. 7. All elevation drawings used in the study and nomenclatures not 
included in Table 1 are shown in supplementary material.

The DM value of all 12 buildings analyzed within the scope of the 
study was between 1.20–1.40. This range indicates a ’low’ [39] level of 
complexity. The highest DM value was calculated in the initial design 
with 1.3974 (D1M). This value is very close to 1.40, indicating an almost 
average level of complexity. The values obtained are lower than the 
value of 1.505 [29] obtained for Amasya houses reflecting local Turkish 
architecture. The buildings in the academic district show a very simple 
construction. The fact that no DM value was measured with an R value 
below 2 % with the initial design indicates that there is no building with 
an ’indistinguishable’ complexity level with the initial design. Buildings 
2, 4, 8, 9, and 10 have DM values in a visually ’very similar’ range to the 
initial design (R% <6). The DM values of buildings 3, 5, 7, 11 and 12 are 
positioned in a ’similar’ range (R% <11) to the initial form. The lowest 
DM value was calculated for building 6 with 1.2546 (D6M). The fact that 
this building has an R value of 14.27 % with the initial design indicates 
that building 6 has a rather simpler architectural layout than the initial 
form.

The highest D value, D2B (1,5147) and the lowest D value D2L 
(1,1890) were measured on different elevations of building number 2. 
The highest value obtained is far from the 1.807 value of Suleymaniye 
Mosque [22], which is recommended as the upper limit, but it is very 
close to the highest value of 1.5104 obtained by Ostwald and Vaughan 
[17] from 85 buildings. The lowest value obtained within the scope of 
the study is close to 1.1 [38], which is considered as the lower limit. Two 
elevations of buildings 1 and 4 and one elevation each of buildings 2, 8 
and 10 were above the D value of 1.4. Only 7 of the 48 D values obtained 
are at the ’average’ level of detail. The highest R value was calculated for 
building number 2 with 0.3257. This shows that building number 2 has 
elevations with different architectural detail richness and its 

architectural elevations are designed to create contrast. Buildings 7 and 
11 have R values below 6 %, indicating that all of their elevations have a 
’very similar’ level of complexity. The R values of buildings 1, 6, 8, 9, 10 
and 12 are below 11 %, indicating that the different elevations of these 
buildings have a ’similar’ level of complexity.

The front elevations and D values of the 12 buildings analyzed within 
the scope of the study are shown in Table 3. The D1F value of the first 
design was calculated as 1.4203. This value expresses an average level of 
complexity. D1F and D8F values are calculated to be the same. This shows 
that the two front elevations have the same level of complexity. Except 
for the front elevation of building number 8, there is no elevation with 
an R value below 2 %. The R value of buildings 2, 3 and 10 to the D1F 
value of the initial design is below 6 %. This shows that the elevations of 
buildings 2, 3 and 10 are ’very similar’ to the elevation of the initial 
design. The R values of buildings 4, 5, 11 and 12 are below 11 %, 
indicating that the front elevations of these buildings are ’similar’ to the 
front elevation of the initial design. Buildings 6 and 7 have R values 
above 11 %, indicating a very low level of visual similarity. The front 
elevations of buildings numbered 3,4,8,9 and 10 have the highest D 
value compared to the other individual elevations of the buildings. The 
highest D value was measured on the back elevations of buildings 1, 2, 
and 6 and on the right elevations of buildings 6, 7, 11, and 12 (Table 2). 
In the findings, there is no absolute approach that the front elevation has 
the highest complexity.

5. Discussion

Using a computational method based on fractal value to measure 
similarity in visual complexity is an effective tool to reveal visual har
mony. In this context, the study investigated the visual harmony of the 
buildings added to the academic district of BUU Görükle Campus with 
the initial design. As can be seen in Table 2, when individual building 

Fig. 4. Academic district and buildings analyzed within the scope of the study.
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elevations are analyzed, there are differences in R values ranging from 
5.38 % < R < 32.57 %. Of the 12 buildings analyzed in the study, the 
absence of an R value below 2 % indicates that there is no building with 
4 elevations with an “indistinguishable” level of complexity. This shows 
that environmental factors and the functions of the buildings signifi
cantly affect the façade designs. The fact that the R values of buildings 7 
and 11 are below 6 % (Table 2) indicates that these buildings consist of 4 
elevations with “very similar” complexity. The highest R value obtained 
within the scope of the study was calculated as 32.57 %. This value is 
significantly higher than the highest R value of 14.06 % obtained by 
Ostwald and Vaughan [17] and the R value of 8.16 % measured between 
the 4 elevations of Fallingwater House [28]. This shows that there are 
architectural approaches that can be called ’’unrelated’’ even between 

different elevations of the buildings.
When the mean complexity values (DM) obtained from 4 different 

elevations of the buildings are compared, differences ranging from 2.79 
% < R < 14.27 % between the initial (original) building and the 11 later 
added buildings are observed. Although some of the later buildings have 
a high similarity with the original building, the fact that there is no 
difference below 2 % indicates that there is no building with an ’indis
tinguishable’ similarity with the original building. Within the limits of 
the methodology used and the data sources selected, the buildings added 
to the academic district were found to be far from the level of complexity 
of the initial design. This study shows that the D value of the architec
tural product is an effective tool for investigating the level of visual 
harmony, similar to studies in the literature [16,24,27,28,30,31].

Fig. 5. Image size processing example (Left elevation of the Faculty of Economics and Administrative Sciences).

Table 1 
Methodological variables, settings and resulting values used.

Stage Variable Setting Notes

Image 
preparation

White space 50–50 Images are surrounded by a white space equal to 25 % of the length of the short side

​ Image position Centre Images are positioned in the center of the field before being analyzed
​ Line weight 1 pixel Thickness of the created lines
​ Maximum bounding box ​ The smallest square enclosing the part of an image containing pixels
Data processing Number of grid positions 12 Number of grid positions added around the initial four corner positions
​ Scaling coefficient (SC) 1.4142:1 Variable indicating the reduction ratio of consecutive grids
​ Number of filled boxes (N) ​ Number of boxes with details after placing the grid on the drawing
​ Maximum grid size 0.25 l Relationship between initial grid and white space
​ Minimum grid size 10 pixels Indicates the smallest grid size for the calculation.
Results Fractal Dimension (D) ​ D is a formal complexity of an architectural design
​ Mean Fractal Dimension 

(DM)
​ Mean of fractal dimension values obtained from 4 elevations of a building

​ Range (R) ​ Difference between two fractal dimensions
​ D1F ​ The D value of the front elevation of the Faculty of Economics and Administrative Sciences building numbered 1 in 

Fig. 4
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6. Conclusion

Nowadays, it is known that concepts such as ’harmony’ or ’diversity’ 
in architecture are addressed with technology-based numerical 
methods. The most widely used approach is the fractal value-based 

analysis method. Within the scope of the method; there are studies in 
which various architectural fabrics are examined at the plan scale, as 
well as studies in which architectural elements are examined at the 
elevation scale. In this study, the academic district, which had a unique 
fabric when it was designed, was analyzed within the framework of 

Fig. 6. Original (a) and distorted or initial (b) back elevation of Faculty of Economics and Administrative Sciences.

Table 2 
D and R values of 12 buildings’ elevations (the highest values are represented by the green color).

Building Number Fractal dimensions of elevations Differences

Front (F) Back (B) Left 
(L)

Right 
(R)

Mean 
(DM)

D range (R) Range from D1M

1 1.4203 1.4376 1.3538 1.3781 1.3974 0.0838 ​
2 1.3997 1.5147 1.1890 1.3367 1.3600 0.3257 0.0374
3 1.3928 1.3899 1.3174 1.2490 1.3372 0.1438 0.0601
4 1.4867 1.4482 1.2765 1.2262 1.3594 0.2605 0.0380
5 1.3510 1.3578 1.2682 1.2100 1.2967 0.1478 0.1007
6 1.2221 1.2039 1.2900 1.3027 1.2546 0.0988 0.1427
7 1.2834 1.3158 1.3141 1.3372 1.3126 0.0538 0.0848
8 1.4203 1.3595 1.3498 1.3484 1.3695 0.0719 0.0279
9 1.3585 1.3506 1.2917 1.3494 1.3375 0.0668 0.0599
10 1.4032 1.3351 1.3087 1.3403 1.3468 0.0945 0.0506
11 1.3173 1.3046 1.3636 1.3640 1.3373 0.0594 0.0600
12 1.3241 1.2536 1.3562 1.3565 1.3226 0.1029 0.0748

Fig. 7. D and R values of 12 buildings’ elevations.
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building elevations. Plan and site plan scales are excluded from the 
scope. This area, which was designed by Sezar Aygen to produce visual 
harmony, has been transformed as a result of new architectural in
terventions. The similarity of this change with the original fabric is 
revealed using the fractal value-based analysis method. Creating new 
designs in original fabrics constitutes one of the most difficult areas of 

architecture. While maintaining the character of the original fabric is 
one of the methods, creating a contrast by differentiating from the 
related fabric is another approach. The interventions of different ar
chitects as different architectural characters at different times make it 
even more difficult to preserve the character of the original fabric. The 
study conducted in the relevant area is a good example of this situation. 

Table 3 
Front elevations and D values of 12 buildings’.
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Within the scope of the study, 4 different elevations of the original 
design and 11 buildings that were added later were analyzed. Both the 
individual characteristics of the 12 buildings analyzed and their visual 
relationships with each other were discussed in different aspects. As a 
result of not maintaining the design principles developed by Aygen, the 
buildings added later on produced different visual approaches. Theo
retically, the complexity value (D) can be a strong indicator of the 
common architectural language in the fabric. The interventions have 
caused the original architectural language to change. This is supported 
by the fact that the differences between the D values obtained are 6 % 
and above. However, the relevant value was also observed as 2.79 % in 
some places. The findings obtained show that although the buildings 
added later resemble the building designed by Aygen in some places, 
new buildings are generally produced by not observing a visual rela
tionship. The combination of architectural elements of different char
acters affects the level of complexity of visual compositions. In order to 
create an aesthetically unified order, it is possible to make an evaluation 
using the measure of complexity because architectural diversity can 
cause a chaotic order as well as create originality. Universally, there is 
no single tool to reveal architectural harmony and diversity. The pref
erence for harmony and diversity in an elevation can be shaped by 
physical and social variables. The study showed that the D value can be 
an effective tool for revealing the level of visual harmony as well as 
revealing the level of ’complexity’ that the majority of architectural 
research utilizes [21,22,24,45]. Unlike other visual harmony studies 
[16,24,27,28,30,31], the study investigated the visual harmony levels of 
buildings located in a bounded region. The results obtained in this study 
repeat that the whole may be different from the sum of its parts. The use 
of fractal dimension analysis method as a suitable tool to observe the 
effect of interventions to an existing fabric on the unity of the fabric is 
important for designers to observe the possible effects of architectural 
interventions in advance. In future research, combining fractal analysis 
approaches with generative approaches such as generative adversarial 
networks (GANs), which is one of the artificial intelligence and machine 
learning tools, has the potential to be an effective tool for investigating 
the compatibility of new buildings to be added to an existing fabric at an 
early design stage and producing elevation approaches with the desired 
visual effect.
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