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Abstract

Descartes states “Divide each difficulty into as many parts as possible and nec-
essary to resolve it” Deconstruction is not a new idea as demonstrated by Des-
cartes quote but a compelling one for understanding the issues behind complex
systems especially as vast as cities. Built form is a relational process and the overall
spatial form emerges with a sense of wholeness, a certain degree of complete-
ness, in its topologic embodiment. Using Alexander’s “levels of scale” property of
wholeness as a morphologic translation interface, the method developed in this
research allows questioning various relative spatial formations. Shannon’s entropy
theory has been employed for measuring the state of uncertainty, and disorder-
liness conveyed through the multivariate context of morpho-information across
varying scales. This study aims to cross-evaluate mean Entropy-IQR values gener-
ated for ten cities using proposed method with the survey results that ten experts,
architects, urban planners, and landscape architects have rated for ten cities ur-
ban layouts in three aspects of the wholeness. Experts do not have an agreement
among each other about the wholeness of case study, inter-raters reliability (Ka) is
0,14 and the correlation coefficient between normalized median expert views and
mean Entropy-IQR values is 25%. The results indicate that definition and sense of
wholeness even for place making experts is not as intuitive as Alexander claims.
These findings help to point out the need for evidence-informed analytical meth-
ods that measure the relative degree of wholeness in constantly changing cities.
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1. Introduction

Urban design is an interdisciplinary
approach to urban space. Critical role
of urban design, between planning and
architecture, is to set an order, a feeling
of wholeness and a scaling harmony
in urban space (Konuk, 1992). The ur-
ban design approach in this definition
is about concepts of order, hierarchy,
and harmony in the process of mak-
ing robust urban spaces. According to
Hanson, the order in its most large-
ly approved definition is a notion of
sameness, harmony, repetition, geome-
try, rhythm, symmetry and grid (Han-
son, 1989). The interplay among built
elements in various orders, in different
size and scales, create the morphology.
The order that emerges through such
multiplicity of morphologic interplay
comes to the front as a measurable no-
tion. Shannon’s information entropy,
in this study, is being used as a method
to measure the “relationship between
order and disorder” (Arnheim, 1971).
Morphologic interplay at various
scale levels is a form of information
conveyed through the units of a grid
system. Measuring such information
using Shannon’s entropy is hypothe-
sized to correlate with the degree of
the wholeness of the morphologic sys-
tem. The raw data used in this research
is the open street map data land cov-
er vector data in equivalent scale and
pixel resolutions belonging to 10 cities,
London, New Delhi, New York City,
Paris, Rome, Santa Monica, San Fran-
cisco, Siena, Tokyo and Washington
DC, showing their two-dimensional
urban layouts.

Cities are about functions that are
perfectly integrated into agglomerated
layers of built environment. Layers of
different forms of spatial entities are
seemingly complex but logically sim-
ple ways of scaling (Jiang B., 2012).
Cities have their very own scaling pat-
terns embedded in the multivariate
morphologic formations. For so many
reasons, scaling hierarchy in cities can
be deformed through the time. Saling-
aros states that lively and vibrant cities
accommodate unique scaling regimes
in touch with all their living systems
(Salingaros, 2005). An emergent need
for automobile-led 20th-century ur-
banization and uncontrolled popula-

tion growth in cities caused a disregard
for the scaling-laws in cities and im-
posed piecemeal lay outs and typolog-
ical forms. This brought an inevitable
change on scaling patterns of spatial
formations and thus on the wholeness.

Cities are made of built entities that
make the morphologic and symbol-
ic character of spaces, and they create
the evaluative and measurable qualities
(Nasar, 1994). Large or small, built en-
tities that create the morphologic char-
acter in cities are measurable. Accord-
ing to Jiang geographic space is made
of far more small things than large
ones and the scaling pattern can evoke
a certain sense of wholeness (Jiang &
Sui, 2014). This kind of wholeness and
beauty was initially defined by C. Al-
exander and compiled in his master
work “The Nature of Order” (Alexan-
der, 2002-2005). The concept of whole-
ness for a spatial context is a relational
notion. It is a fragile relationality. Once
a single entity that belongs to a built
context changes, the configuration and
the distribution of the information and
thus the entropy, of the system chang-
es. This happens across different scales.
Therefore, measuring the entropy of
a particular built context requires a
multi-scalar approach. Major raw data
used for this study is open street map
sourced land cover vector data. The
multi-scalar approach in this research
is being methodized through super-
imposing a grid with equivalent units
upon the raw data. The grid units sim-
ply frame equivalent amounts of pixels
and generate units of equal size. Each
grid unit in each particular grid scale
bounds a certain type of morphologic
interplay. Changing the grid scale al-
lows creating different size of grid units
scanning different built formations ex-
ponentially and recursively.

The interplay between the built ele-
ments and their overall spatial content
is in a continuous process of change.
This kind of change in real space is
a space compromise ending up in a
gradual adaptation. Undoubtedly, if
not a natural disaster, this is foremost a
human-led process. The human factor,
as the decision-maker, builds up the
causality about the degree and inten-
sity of the spatial change. Although it
mostly occurs in micro scale, the pro-
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cess of change and adaptation gradual-
ly remakes the overall urban built con-
text. According to Baynes and Heckber
(2009), understanding and modeling
the dynamics of spatial change may
lead to better understanding and man-
agement of the human process that
leads to change.

Cullen in “Townscape” (Cullen,
1961) states that space is a meaning-
ful context in its in-situ relationality.
The spatial change also embodies and
is perceived within such contextual
relationality. This kind of relationality
requires a site-specific approach con-
sidering near and related things that
form a geographic context. Tobler, in
his influential “First Law of Geogra-
phy;” states that everything is related to
each other; yet, the things that are close
to each other are more related than the
distant ones (Tobler, 1970). Miller on
this issue notes that measuring the
space does not just generate simple
metric or geometric findings, but also
develops new spatial attributes consid-
ering the nearness and relatedness of
various spatial issues. It allows measur-
ing the geographic space through the
interplay between diverse urban and
environmental phenomena in different
scales. Mathematical models in urban
planning and design studies can give
precise and accurate results by measur-
ing the inputs that embody urban space
in an objective way (Nasar, 1997).

This study hypothesizes that mor-
phologic formation in cities is a sig-
nificant element of spatial signature.
Regarding the causation between
disorder and law of entropy, an en-
tropy value might define a degree of
wholeness for spatial formations. The
data used for the case areas in this
paper comprises the top view imag-
es for 1/5000 scale urban areas’ land
cover vector data with 1024x1024 pix-
els resolution. Using the analysis tool
developed in this study, case study ar-
eas’ source data are overlaid by a grid
system. In each case area, as seen in
Figure 2, an entropy value is generated
for each unit that has maximum adja-
cency, connected to eight surrounding
units, throughout the grid. The units
by the edges of the grid lack of maxi-
mum adjacency and thus they are ex-
empted in the calculation of entropy.
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The number of units that a grid owns
varies depending on the scale of the
grid selected for the analysis. After-
ward, a statistical method of data mea-
suring —inter quartile range (IQR)- is
employed to eliminate the extremes of
the generated data set to measure and
reduce it to a single value for each case
analysis area. The analysis can be ap-
plied either for a single particular grid
scale or different grid scales for the
same analysis. Either case, total sum
of entropy-IQR values as a cumulative
value implies a degree of wholeness
specific for the selected grid scale lev-
els. This study asks whether or not the
degree of wholeness in morphologic
systems can be mathematically mea-
sured. The results of the method are
compared with survey results that spa-
tial design experts intuitively rated the
case study cities from the strongest to
the weakest through their morpholog-
ic layouts. This kind of an approach to
urban conservation may have signifi-
cant implications for the built environ-
ments that are facing a possible change
in different scales.

2. Wholeness of the spatial
formations
Alexander (2002-2005) states that
natural or human-made, every single
identifiable piece of a system is a center
and it is unique in its way. The whole-
ness or life imposed through a system
is its very own kind of order. This is an
order that arranges a special and ade-
quate mix of decisively nested struc-
tures, which both locally and global-
ly interact and reinforce each other.
Wholeness, in this respect, is a matter
of a vital interrelationship among the
elements of any size, shape, and scale in
a system. In his own words, Alexander
describes this situation as:
“I propose a view of physical reali-
ty which is dominated by the existence
of this one particular structure, W,
the wholeness. In any given region of
space, some sub-regions have higher
intensity as centers; others have less.
Many sub-regions have weak intensi-
ty or none at all. The overall configu-
rations of the nested centers, together
with their relative intensities, comprise
a single structure. I define this struc-
ture as “the” wholeness of that region”
(Alexander C. , 2002-2005, p. 96)
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One of the critical points in Al-
exander’s definition of wholeness is
about understanding what a center is
and why it is vital in creating life and
wholeness for things or places. Once
it is grasped, then the entire Theory of
Wholeness and the way in which it is
employed in the method used in this
study get comprehensible. A center is
simply a smallest, identifiable piece,
object or part in a system. For instance,
the head of the body is a center. At
the same time, each of the eyes, nose,
forehead, and mouth is a center too.
At a subtle level, eyebrows, eyelashes
or even the iris of the eye are all cen-
ters in their very own way. When the
context is a built environment, each
single building is an object that can
be categorized as a center. Two things
are essential to understanding it bet-
ter: first, a center does not have to be
a separate part of the context that it
belongs to. A mouth, for instance, is
properly located as the continuum of a
face itself. Second, centers can exist at
different levels of scale. Starting from
the globe, the continents, countries, re-
gions, cities, districts, neighborhoods,
streets, buildings, apartments, rooms,
and even the furniture are all centers in
different scales.

The way in which centers interact
with each other is the most critical
matter in understanding Alexander’s
overall idea of wholeness. The centers
in a system may empower or weaken
each other through the way that they
exist and interact. The position, size,
and shape of each constituent gradually
affect the overall degree of the whole-
ness of the system. At the end of his ex-
tensive studies, Alexander defined fif-
teen properties where the centers exist
in diverse morphologic relationships
with each other in forming a degree of
wholeness. A “property,” as a geometric
quality, in Alexander’s texts, is a funda-
mentally informative characteristic for
“wholeness” (Waguespack, 2010). Ei-
ther used in a single way or a context
of a multitude of patterns, property as
Alexander asserts, is critical in form-
ing “life” and generating some level of
wholeness.

The concept of wholeness and the
life for a spatial setting is a broad no-
tion, and the connection between two

concepts is controversial. Building
definitive and conclusive analogical
bridges between wholeness and life is
not always as tangible as Alexander
claims in several ways. The entire ques-
tion of wholeness is a large, flexible and
not so clear phenomenon and there is
aloose relationship between wholeness
and life (Ekinoglu & Kubat, 2017). In
other words, beyond strict definitions
of “dead” and “alive” life can exist in
various degrees in-between for space.
Nevertheless, it is hard to construct a
direct and determinant relationship
between two concepts since different
levels of life can exist in space with var-
ious degrees of wholeness.

The idea of wholeness and life in
space requires a profound and site-spe-
cific investigation considering its var-
ious cultural, social, symbolic ingre-
dients and architectural attachments.
Therefore, reducing the concept of
wholeness merely to the relationships
of the sub-constituents of a built sys-
tem’s layout might be highly limiting.
To avoid this shortfall, in this study,
the concept of wholeness that Alexan-
der depicts is being referred as a spatial
quality of “completeness” that emerges
through the relationships among the
sub-constituents of the system across
scales. Moreover, Alexander’s overall
idea of wholeness and life also stands
on a firm basis of completeness (Ek-
inoglu & Kubat, 2017).

Alexander proposed fifteen figu-
rative qualities, which he found sim-
ilar in things that have a life. These
features are “(1) levels of scale, (2)
strong centers, (3) boundaries, (4) al-
ternating repetition, (5) positive space,
(6) good shape, (7) local symmetries,
(8) deep interlock and ambiguity, (9)
contrast, (10) gradients, (11) rough-
ness, (12) echoes, (13) the void, (14)
simplicity and inner calm, and finally
(15) non-separateness” (Alexander C.,
2002-2005).

The properties can be described as
the syntax rules for spatial translations
in examining how centers of an exist-
ing built space get together and help
each other for evoking life. This kind
of process of spatial translation can
also be algorithmically coded for each
of the properties mentioned above. In
this study, the property that has been

ITU A|Z « Vol 14 No 3 « November 2017 « H. Ekinoglu, A. S. Kubat, R. Plunz



selected for the spatial translation is
“Levels of Scale” since syntactically it
is the most general and base property
in explaining the most of the other re-
maining properties.

3. Shannon’s entropy approach

The entropy concept was first used
as part of thermodynamic systems in
the nineteenth century. The second
rule of thermodynamics says that ev-
ery living or non-living system has an
amount of free energy, and it always
moves towards equilibrium (Bailey,
2015), and the entropy increases to-
wards this realization. In other words,
a system spontaneously evolves to-
wards a less ordered state. Nature tends
to disorderliness more than order. The
probability of a disordered or irregu-
lar occasion is higher than an ordered
and regular one (Shannon, 1948). This
is an act of seeking equilibrium, and
maximum entropy is thus what leads
to disorderliness. Since the probability
of a disordered state is higher than an
ordered state, entropy always increases
but never decreases. Maximum entro-
py takes a system to the death. Briefly,
energy or substance in nature cannot
vanish but evolve from one state to an-
other. Entropy is the measure of this
evolution or transformation.

In addition to thermodynamic en-
tropy, statistical entropy was first in-
troduced by Shannon (1948), (2001) as
a “basic concept in information theory,
measuring the average missing infor-
mation on a random source” (Jat, Garg,
& Khare, 2007). “Shannon’s entropy
originated from information theory as
a measure of uncertainty of conveyed
information over a noisy channel”
(Bailey, 2015), (Jat et al. 2007). The
larger the value of Shannon’s entropy,
the higher is the uncertainty of infor-
mation conveyed. Shannon developed
the mathematical explanation of the
information theory. He focused on how
to minimize the loss of information in
revealing a message in another point.
Entropy (H), in this sense, is a measure
of information. H is dependent on the
number of information categories, K.
Higher, a number of data types, con-
veyed by a piece of information, lower
the probability of the same type of data
to gather. It is also the least predictable
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state (Bailey, 2015). Hence in such a
case, the entropy is always towards
most probable or most likely state.
When the entropy is maximum, the
categories of information get to their
most random state where the most un-
certainty occurs. The high amount of
information with diverse information
categories is most likely to emerge as
high entropy and thus high uncertain-
ty. Bailey (2015), states that Shannon’s
entropy is content-free and can be ap-
plied to measure any information with
a multiplicity of data types.

Shannon entropy is a quantity mea-
suring the relations in a data catego-
ry. Use of logarithm, see Equation 3,
makes this quantity growing linearly
with system size and “behaving like
information” Shannon in his origi-
nal paper states that the logarithmic
measure is more convenient since it is
mathematically suitable in measuring
the number of possible states in which
a system can be found (Ekinoglu & Ku-
bat, 2017). The unit of entropy is a “bit”
(Wang, 2016). The information entro-
py as a method with a rising trend has
been employed in diverse design-re-
lated disciplines. Krampen (1979) and
Stamps (2003) used Shannon’s entropy
in measuring the data belonging to the
fagade elements to measure and evalu-
ate their behavior. Bostanci (2009) em-
ployed entropy approach in assessing
the unique urban skylines from their
design quality standpoint. Thanks to
the developments in data storing &
processing technology, measuring the
information is more and more getting
one of the central topics in architec-
ture, art, and urban studies that are
dealing with multivariate nature of
big data and data-intense technologies
(Offenhuber & Ratti, 2014). Entropy
approach in this sense serves as a de-
vice for measuring the visually-diversi-
fied information.

4. Method: Measuring the multi-
scalar and relational entropy levels
“Wholeness and Theory of Centers”
(Alexander, 2002-2005) explains that
every possible center in a system may
empower or weaken another through
the way in which they exist and interact
in many scales. The way in which built
entities exist in a system reveals a high
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or a weak degree of wholeness. This
paper, in the spirit of Alexander’s defi-
nition of wholeness and life through
centers, considers buildings as the fun-
damental centers in built environment.
In brief, the method is simply based
on questioning various morphologic
formations that the buildings come to-
gether to form the built environment.
A dynamic grid, as a data-mining in-
terface, acts to translate a particular
built context into a digitized equiva-
lent. In other words, grid serves as an
instrument that reads the levels of scale
blueprint of the built area through the
specified grid units.

This study, using Shannon’s infor-
mation entropy theory, develops an
alternative quantifiable approach that
can measure the contextual nature of
completeness for a built environment
from the scale levels point of view. To
achieve it, a spatial analysis tool has
been developed by using two major
programming languages; “C#” and
“Processing”. The tool has two ma-
jor functions: 1) Data-mining and 2)
Data-visualization. The data-mining
function has been developed by com-
piling different image processing algo-
rithms to develop a hybrid feature ex-
traction algorithm, compiling inrange
- edge - canny - color filter algorithms,
(Opencv, 2017) on C# to retrieve data
out of land cover vector data. Data-vi-
sualization function visualizes the re-
trieved data sets and illustrates the out-
comes of the analysis.

Levels of scale as a parameter in
data-mining enables running this in-
vestigation reiteratively in a multi-sca-
lar way. This investigation is done at
different grid scale levels, so the way
each single grid unit interacts with its
adjacent units mathematically matters
in the calculation of entropy of each
max adjacent unit throughout a grid
system. As a formulation of the whole-
ness through the method of this study,
it is possible to say that low entropy
implies a relatively higher degree of
wholeness as it is also theoretically tak-
en both from the definition of entropy
(Leibovici, 2009) (Shannon, 1948) and
Alexander’s thoughts on wholeness in
“Nature of Order” (Alexander, 2002-
2005, s. 64, 72, 77, 78, 112, 122, 144,
145, 146).
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Figure 1. Changing grid scale levels and the way each unit

corresponds to different morphologic interplay in each scale level.

For the analysis, depending on the
selected scale level, the grid gets parti-
tioned into equivalent units of various
sizes, as seen in Figure 1. Considering
that built entities may exist in a large
variety of shapes and sizes in built en-
vironment, grid units help to recognize
the interplay among the built bodies
from an individual scale level. The
units allow recognition and transla-
tion of corresponding built fabric, see
Equation 1, into a numerical scale as
in Figure 1. The algorithm generates a
G value for each unit. Built probabili-
ty framed by each grid unit is termed
as G. G, and H by definition are two
co-dependent spatial measures. G is
referred to specific gravity in physics,
and it is termed to be the measure of
relative scale-based built probability
for each grid unit, while entropy(H) is
termed to be the measure of uncertain-
ty that each unit holds considering its
adjacent units’ built probabilities (see
Equations 1,2 and 3). G, in this sense,
is unit-specific and represents the
scale-dependent built probability while
H is relational and system-specific and
represents the level of uncertainty for
a unit considering the eight surround-
ing-units G values.

Principally according to information
entropy a more organized complexity
contains less amount of information
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Figure 2. Generating the IQR values.

and hence less potential of different
probabilities. A somewhat organized
but still more random one contains the
higher potential of new probabilities
and references while a very randomly
and diversely organized one contains
the most amount of information types
and thus the greatest potential for new
possibilities. This is no different for
built environments. The higher possi-
bility of spatial references in a unit of
built area leads to a bigger tendency for
new occurrences and a growing poten-
tial for change. In brief, the higher the
spatial entropy, the more is the uncer-
tainty, and hence a bigger potential of
change is there. Higher entropy sug-
gests a lower degree of wholeness.
Depending on the scale of the grid,
the analysis tool may generate high-
ly diversified datasets with the dif-
ferent type of deviations along the
data depending on the analyzed area.
The multivariate nature of the entro-
py datasets requires discretization to
eliminate the extremes and the devi-
ations that exist across the data. IQR
(Interquartile Range) statistical data
measuring method does the discret-
ization process. It arranges the values
from the smallest to the biggest. For
discretization of the deviations in the
dataset, IQR, as illustrated in Figure
2, plays a role in extracting the “mid-
dle fifty” where it draws a new dataset.

100 300
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It is where the bulk of the values falls
into, and in statistics is preferred over
many other measures of spread (i.e.
the average or median) when reporting
multivariate data sets e.g. school per-
formances based on the scores of the
various tests. Each dataset generated
by this analysis tool is scale-dependent,
so the ranges of the quartiles change as
the scale of the analysis change. In oth-
er words, any change in the IQR value
for a data set is either about the chang-
ing morphologic state of the analyzed
area or the changing grid scale.
Leibovici (2009) notes that the in-
tegration of specific spatial aspects or
adjacency properties into the entro-
py generation is essential when con-
sidering the spatial distributions of
geographic entities. In other words,
entropy among the interactions of
geographic entities requires consider-
ation of multi-scalar proximities and
adjacencies systematically. Application
of “Levels of Scale” as data-collecting/
classifying rule in data-mining process
entails the definition of certain propor-
tions between pixels and scale levels,
i.e. corresponding metric distances.
Scaling via pixels for an image is simi-
lar to changing the levels of the camera
objective while looking at a particular
area from the top view. This kind of
changeability sets equilibrium between
pixels on an image and metric distanc-
es in real space. Any particular change
in scale of the grid refers to a certain
proportional change for the pixel-area
framed by each grid unit as seen in Fig-
ure 3. In each scaling level, a grid unit
frames a different morphologic oc-
currence, and thus a new value set for
both, G and H states. The scaling levels
that have been applied to the case ar-

15px*15px

Figure 3. Scaling the grid via changing number of the pixels framed each time by each grid

unit.
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eas in this study range from 1/100 to
1/1000 with 100 intervals of increase.

Before initiating the analysis, the
user picks a case area and selects a par-
ticular scale for the grid. The scale in
this study varies from 100 to 1000 by
regular intervals of 100 for the selected
ten different case urban areas. A grid
system, based on the selected scale
level, is superimposed throughout the
case area. Referring to Shannon’s en-
tropy and using it for built environ-
ment as explained in Figure 4, in the
i"™ unit of an » units grid system, G, is
the proportionate of built density, of
the i unit where P, is the proportion
of occurrence considering the G values
of the adjacent /, nine in the proposed
method, units. H.is the Entropy for the
i" unit. Methodologically, P and thus H
is generated as long as the unit is max-
imum adjacent, meaning it has eight
connected units.

Y Built portion of pixel i {
U™ Total built pixel area

)

P, =G/T}G; (2)

H; = P;*log (;) 3)

Each grid unit as seen in Figure 3,
matches a particular built density rep-
resented by a (G) value. The algorithm
assigns G=0 when the unit is entirely
unbuilt, and G=1 when it is completely
built up. The units located on the edges
of the grid are exempted since they do
not have the maximum adjacency. En-
tropy (H) for the remaining units is cal-
culated as in below Figure 4. Unit num-
ber 5, in Figure 4, is being surrounded
by eight adjacent units. The entropy for

5 i

. Ll e
SE Tty aellTY T I

7
t
!
b
1
i
|
J
1
r
|
]
)

Figure 4. Unit positions and interactions
among the adjacent units in calculation of H.

the unit with G5 value is calculated by
considering the G5 with GI1, G2, G3,
G4, G6, G7, G8 and G9 values.

In the first round of the study, ten
case study urban areas have been spe-
cifically selected from densely built
areas that reflect the morphologic
character of case study cities to ana-
lyze using the proposed method. The
cities that have been scrutinized in
this study are: London (L), New Del-
hi (ND), New York City (NYC), Paris
(P), Rome (R), Santa Monica (SM), San
Francisco (SF), Siena (S), Tokyo (T),
and Washington DC (WDC). The cit-
ies are diversified regarding being old
and organically developed vs. being
new and geometrically developed and
those in-between cities.

Asraw data, open street map data, up
to date 1/5000 scale, 1024 x 1024 pixels
resolution, land cover vector data have
been used for the analysis. The case
study urban areas have been selected as

e

Figure 5. 10 1/5000 scaled case study urban areas: London, New Delhi, New York City, Paris, Rome, Santa Monica,

San Francisco, Siena, Tokyo, Washington DC.
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Figure 6. London 1/5000 scaled urban area
G-IQR (red curve) and H-IQR (blue curve)
values for ten different scales from 1/100
to 1/1000 with regular increases of 100.
Bottom; grid-scale dependent G realizations
(unit-specific built probability).

densely built areas showing the unique
characteristic and signature-like mor-
phologic lay outs of selected cities. The
analyses have been performed using
ten types of grid scale, from 1/100 to
1/1000 with regular increases of 100,
for the case study cities, in Figure 5,
and the results have been created as in
Figures 6, 7, 8, 9, 10, 11, 12, 13, and 14.

The H-IQR values generated by the
analyses are shown in the multi-scalar
analysis graphs in above figures. Each
graph shows how each morphologic
formation relatively creates its entropy
values through varying size & amount
of grid units, and varying adjacencies,
which gradually redefine a relative
state of wholeness. Each H-IQR data
is an interval data. Interval data is a
numeric data that we know the exact
difference between two so that they are
equally important. Hence, we can take
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Figure 7. New Delhi 1/5000 scaled urban
area G-IQR (red curve) and H-IQR (blue
curve) values for ten different scales from
1/100 to 1/1000 with regular increases
of 100. Bottom; grid-scale dependent G
realizations (unit-specific built probability).

the mean value of ten H-IQR values as
seen in Table below.

5. Getting the experts’ views on
wholeness for the case study urban
layouts

In the second round, in order to
compare “measured-wholeness” with
“perceived-wholeness” ten experts,
consisting of four architects, four urban
planners, and two landscape architects
& urban designers with minimum ten
years of professional experience, have
been asked to share their views, a num-
ber on a scale of 1 to 10, for ten case
study urban layouts. The strongest city
takes 10 while the poorest one takes
1 based on the view of the surveyor.
The surveyors have not been directed
on how to perceive the wholeness and
evaluate the case cities’ layouts accord-
ingly but fully rely on their own profes-

Modeling spatial wholeness in cities using information entropy theory
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Figure 8. New York City 1/5000 scaled
urban area G-IQR (red curve) and H-IQR
(blue curve) values for ten different scales
from 1/100 to 1/1000 with regular increases
of 100. Bottom; grid-scale dependent G
realizations (unit-specific built probability).

sional and personal understanding and
intuitions. The surveyors have been
given 1 hour for rating the ten case
study layouts through replying each
question in Table 1 below. Briefly, the
questions have been asked to see how
the sense of wholeness gets shaped in
understanding and intuitions of pro-
fessional place makers.

All the case study cities have po-
tentials to trigger a different sense of
wholeness in different aspects. This
study does not have an aim to under-
stand the reasoning behind the experts’
dissenting views about each parameter
of wholeness but the dominant tenden-
cy in their understanding of wholeness
when compared to the findings of the
analytical method developed in this
study. The experts have been asked to
rate the cities in terms of three aspects
of wholeness, in Table 1.

Figure 9. Paris 1/5000 scaled urban area
G-IQR (red curve) and H-IQR (blue curve)
values for ten different scales from 1/100
to 1/1000 with regular increases of 100.
Bottom; grid-scale dependent G realizations
(unit-specific built probability).

6. Results

The diversity of ratings among the
experts’ views, in Table 2, make gen-
erating of Krippendorff’s o (alpha)
(10 experts and 10 cities) a consistent
approach. “Krippendorft’s a (Ka) is a
general statistical measure of agree-
ment among observers designed to in-
dicate their reliability” (Salkind, 2017)

Ka for 10 experts and 10 cities is
0.1417. The best alpha value between
two experts is 0.4118. These are well
below what we expect to see (>70).
These findings show that there is no

Table 1: Survey questions.

Q1 | Degree of wholeness through the
solid-void relationships

Q2 | Degree of wholeness through the
road hierarchy

Q3 | Degree of wholeness through the
harmony among the adjacent
masses
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Figure 10. Rome 1/5000 scaled urban area
G-IQR (red curve) and H-IQR (blue curve)
values for ten different scales from 1/100
to 1/1000 with regular increases of 100.
Bottom; grid-scale dependent G realizations
(unit-specific built probability).

agreement among the surveyors about
which case study layout creates a stron-
ger sense of wholeness and which one
creates a weaker and weakest.

The concept of wholeness in this

Table 2. 10 normalized (3 parameters merged) experts’ reviews
for the case Study 10 cities.

e P NY ND L WDC T SM R S SF

X C

1 8 2 10 11 6 13 7 16 17 9
2 14 9 2 6 14 6 11 16 10 12
3 12 15 14 3 16 5 12 8 3 ]
4 12 11 2 7 12 8 10 13 14 12
5 16 11 8 11 13 8 7 1 13 5
6 14 7 2 15 12 5 3 12 15 12
7 8 15 10 8 17 5 14 3 2 13
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Figure 11. Santa Monical/5000 scaled
urban area G-IQR (red curve) and H-IQR
(blue curve) values for ten different scales
from 1/100 to 1/1000 with regular increases
of 100. Bottom; grid-scale dependent G
realizations (unit-specific built probability).

study is a measure defined by three
spatial parameters: i) solid-void rela-
tionships ii) road hierarchy iii) har-
mony among the adjacent masses. The
experts’ ratings for the analyzed cities
show that, even when asked through
its three specific aspects, there is no
agreement about wholeness. Experts’
views indicate that this kind of survey
to measure wholeness through three
given parameters still shapes a highly
subjective assessment and ad hoc defi-
nition of wholeness and its compo-
nents with varying evaluations.

The finding implies that spatial or-
ders in varying size and scales require
an evidence-informed and data-driven
analytical method to measure built en-
vironment, especially for spatiotempo-
ral investigations.

Scores by the normalized experts’
views (N-EV) on wholeness for each

Modeling spatial wholeness in cities using information entropy theory
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Flgure 12. San Francisco 1/5000 scaled
urban area G-IQR (red curve) and H-IQR
(blue curve) values for ten different scales
from 1/100 to 1/1000 with regular increases
of 100. Bottom; grid-scale dependent G
realizations (unit-specific built probability).

city is a median value since it is an or-
dinal scale. Ordinal scales are typical-
ly measures of non-numeric concepts
like the intensity of a sense for a given
situation. We cannot know the differ-
ence in the understanding between
“very strong” and “strong” Therefore
values on the scale are not equal. Thus,
we cannot get the mean value of it but
the median. However, the situation
in H-IQR value data set is different.
H-IQR value is an interval scale that
are numeric scales in which we know
not only the order but also the exact
differences between the values. That’s
why we can get the mean value for the
H-IQR data set generated by the anal-
ysis of ten different grid scale levels ap-
plied for each city.

Two outcomes in this study help
to articulate the conclusion. First, the
Ka for the 10 experts and 10 cities, is
0.1417. This finding shows that there
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Figure 13. Siena 1/5000 scaled urban area
G-IQR (red curve) and H-IQR (blue curve)
values for ten different scales from 1/100
to 1/1000 with regular increases of 100.
Bottom; grid-scale dependent G realizations
(unit-specific built probability).

is no agreement among the experts on
the wholeness degrees of the case study
cities upon the given parameters. Sec-
ond; Correlation coefficient between
N-EV medians and mean H-IQR val-
ues is 25%. Expert views and H-IQRs
are supposed to be inversely correlated
to verify each other since high expert

Table 3. Normalized experts’ views (N-EV)
and median H-IQR values for the analyzed
cities.

City N-EV Mean
Medians H-IQR
Paris 12,20 0.109
New York City 11,48 0.036
New Delhi 9,27 0.017
London 8,83 0.052
Washington DC 12,68 0.026
Tokyo 7,54 0.043
Santa Monica 9,16 0.017
Rome 11,74 0.047
Siena 10,24 0.073
San Francisco 11,57 0.034
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Figure 14. Tokyo 1/5000 scaled urban area
G-IQR (red curve) and H-IQR (blue curve)
values for ten different scales from 1/100
to 1/1000 with regular increases of 100.
Bottom; grid-scale dependent G realizations
(unit-specific built probability).

rating implies high wholeness which,
in entropic scale, is supposed to be low
H-IQR and vice-versa. Although 25%
is a low enough correlation coefficient
and would imply a high consistency
with a high Ka, the low Ka value- high
disagreement among the surveyors-
blocks the way to articulate that the
results between two methods are con-
sistent.

Dramatic disagreement, on the idea
of wholeness, among the surveyors
trigger another significant issue. The
idea and sense of wholeness even for
place making experts is not as intui-
tive as Alexander claims but a loose
and controversial quality. This finding
helps to point out the need for da-
ta-driven and evidence-informed ana-
lytical methods that measure the rela-
tive degree of wholeness in constantly
changing urban environments. Such as
the method developed in this study.
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Figure 15. Washington DC 1/5000 scaled
urban area G-IQR (red curve) and H-IQR
(blue curve) values for ten different scales
from 1/100 to 1/1000 with regular increases
of 100. Bottom; grid-scale dependent G
realizations (unit-specific built probability).

Results also prove that idea of whole-
ness, more than perceivable, is a mea-
surable concept. It is neither purely a
quantifiable nor an intuitive notion but
both of them. This is mostly because
the wholeness of the spatial layout is
just one of the several other significant
factors that trigger an overall sense of
wholeness.

Results, using the proposed analyti-
cal method indicate that the quality of
wholeness embedded in the morpho-
logic layout is a measurable concept
more than perceivable. It is not a pure-
ly intuitive notion. This might be be-
cause the human-eye cognitively tends
to the catch simple legible layouts in
the most complex systems. Human-eye
may neglect many pieces that an algo-
rithm will not.

Results also prove that wholeness,
being used for “completeness” in this
study, does not necessarily rely on the

Modeling spatial wholeness in cities using information entropy theory
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organic or geometric order of the an-
alyzed layout but the order that reveals
a particular scaling hierarchy across
scales. The quality of the order is about
the success of constituents in making a
greater whole and the legibility of mor-
phologic signature that the system re-
veals at various scale levels.

This study suggests that Shannon’s
entropy is a convenient theory for
measuring the entropy of various mor-
phologic occurrences in built settings
from the relationality of scale levels
point of view. The results of this study
show that urban built layout can be
measured. The design is a multi-scalar
wholeness-seeking task among vari-
ous spatial and functional parameters.
Design as a wholeness-seeking and
life-extending process in built envi-
ronment requires inspecting and ques-
tioning the relational nature of spatial
context across scales. Wholeness in
this sense is not merely a spatial no-
tion relying on the Euclidian geometric
thinking but instead a product of liv-
ing geometric and fractal thinking. It
is, in this study, suggested that whole-
ness as a qualitative concept can be a
measurable spatial quality through the
proposed method. The results indicate
that wholeness as a space term is not an
only an abstract, subjective and intui-
tive term, but rather a measurable and
visualize-able concept.

Briefly;

Information entropy approach al-
lows measuring the multi-scalar be-
havior of the spatial and geographic
entities so that it is convenient to assess
the morphologic occurrences.

Information entropy approach gives
meaningful and verified findings for
the comparative spatiotemporal analy-
sis about the cities (Ekinoglu & Kubat,
2017). Using the proposed method,
different parts of the city can be mea-
sured by different time periods and
grid scales which may have significant
implications on the site-specific rea-
sons that alter the degree of the whole-
ness of the space.

Using the entropy approach, syn-
chronizing GIS datasets, e.g. heat is-
land effect maps can give an alternative
way of measuring and better monitor-
ing the consequences of the changing
nature of built environment and its

irreversible effects on environmental
sustainability and urban energy con-
sumption issues.
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