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Abstract 

A map combines scientific facts with aesthetic perceptions. This study argues that scaling is 

universal in mapping reality and evoking a sense of beauty. Scaling laws are used to reveal the 

underlying structures and dynamics of spatial features. Complex systems, such as living cities 

involve various interacting entities at all scales. Each individual coherently interacts and 

overlaps with others to create an unbreakable entity. Scaling structures are also known as 

fractals. Fractal geometry is used to depict a complex system. Natural objects, such as trees, 

contain a similar geometry (branches) at all scales. This study attempts to effectively visualize 

the scaling pattern of geographic space. In this regard, the head/tail breaks classification is 

applied to visualize the scaling pattern of spatial features.  

A scaling pattern underlies a geographic space. Visualizing the scaling structure using the 

head/tail breaks classification can further evoke a sense of beauty. This kind of beauty is on the 

structural level and was identified by Christopher Alexander, who asserted that beauty is not a 

personal experience but objectively exists in any space. Alexander developed the theory of 

centers to broaden the concepts of life and beauty.  A structure with a scaling property (with 

recursive centers) has high quality of life, and a scaling pattern has positive effects on 

individual’s psychological and physical well-being. To verify the concept of objective beauty, 

human beings are used as measuring instruments to examine the assumptions.  

This study adopts the mirror-of-the-self test to examine human reactions to 23 pairs of images, 

including photographs of buildings and two types of map. The idea is that participants sense 

the quality of life by comparing a pair of objects and selecting the object that presents a better 

picture of themselves. Once individuals feel the self in a picture, they are able to detect real 

beauty. In this manner, individuals can detect real beauty and life that deeply connect to their 

inner hearts. The tests were conducted through personal interviews and Internet surveys with 

the public and with professionals, and 392 samples were collected. The study results show that 

more than 60% of the individuals selected images with a scaling pattern. These results are in 

accordance with Alexander’s assumption. In particular, more than 65% individuals selected 

maps that depict scaling forms. Moreover, this study conducted a training test with a particular 

group of individuals, after which more than 70% of individuals selected scaling maps. The 

results reveal that scaling laws are applicable for creating maps and evoking a sense of beauty.  

Keywords: Cartography, scaling, head/tail breaks, the theory of centers, fractals, and the 

mirror-of-the-self test 
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Glossary of terms 

 

Terms Explanations 

The new kind of beauty Traditionally, beauty refers to intuitive and subjective 

judgments. In other words, people judge an object, whether or 

not they like it by their opinions. In contrast with the 

conventional beauty, this study adopts a new definition of 

beauty, which is objective and relates to deep structural level. 

This kind of beauty initially was defined by Christopher 

Alexander. He suggested that a sense of beauty objectively 

exists in the underlying structure of objects. People can detect 

the real beauty from the deep structural pattern of an object. 

Alexander links this new kind of beauty with the concept of 

life, which is evoked by the object’s structure with high quality 

of life and has a positive effect on human’s well being. In short, 

this new kind of beauty relates to the life and has a positive 

effect on human’s psychological and physical health (the new 

kind of beauty = high quality of life = health). 

Life Christopher Alexander broadens the concept of life by the 

morphological thinking. He argues that the is life not limited to 

living organisms. Indeed, every object (both natural and 

artificial objects) in the world owns its pattern or order and 

contains a certain degree of life. In other words, the life comes 

from the geometrical pattern, and different patterns of 

geometries contain the different degrees of life. In this regard, 

people can perceive the quality of life by comparing a pair of 

objects’ structures. Moreover, the object with the high quality 

of life can evoke a sense of beauty. 

The theory of centers Christopher Alexander developed the theory of centers to 

explain that the life comes from the geometrical structures. This 

theory radically relates to the basic elements of structure. 

Alexander names these elementary inner elements as centers. 

Every center contains a certain degree of life and connects with 

each other to create the living structure. Alexander distilled 

fifteen geometrical properties to illustrate the living structure. 

He suggested that an object with more geometrical properties 

contains more degrees of life. Moreover, most of these 

properties are based on the factor of scaling and the concept of 

scaling also can relate to fractals of geographic space.   

Whole and wholeness According to the theory of centers, people can detect the 

different degrees of life by the different geometrical structures. 

To support life in the structure, the inner basic elements must 

work as a whole coherently. From this point, the term 

wholeness describes this coherent structure. In a living 
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structure, the concepts of whole and wholeness provide a 

holistic view of an overall structure. 

Fractals Geometries in the natural system differ from the simple 

Euclidean shapes. For example, shapes of trees are not cubes or 

cones. Fractals are used to describe complex structures of the 

nature. Every piece of a fractal is geometrically identical to the 

whole structures at different scales.  Take a tree as an example. 

A tree contains far more small branches than the large ones, and 

all the branches are identical to the whole tree at every scale. 

Scaling According to the theory of centers, Christopher Alexander 

suggested that the life come from the geometrical pattern and 

relate to the fifteen properties. As Alexander’s findings, the 

living structure contains a set of hierarchal and recursive 

centers. This kind of structure or pattern also calls scaling and 

accords to fractal geometries. Scaling or fractal refers that there 

are far more small centers (things) than the large ones. For 

example, there are far more small cities or countries than the 

large ones.   

Head/tail breaks  Head/tail breaks classification is applied to capture the scaling 

pattern of spatial features. Head/tail breaks classification 

partitions the values of data into two parts (the head part and 

tail part) by the arithmetic mean. The head part (above the 

mean) includes the minority of the data value, and the tail part 

(below the mean) contains the majority. This method fits to 

classify the data with the scaling pattern. 
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1. Introduction 

This thesis attempts to examine that scaling as a universal law simulates and reveals spatial 

features. This study focuses on visualizing scaling patterns on maps and attempts to verify that 

scaling laws play a crucial role in mapping big data. In the era of big data, the public is forced 

to face and process massive spatial information. Ordinary citizens need an effective and 

efficient manner to read and interact with a geographic space – including both natural and built 

environments – through maps. I attempt to examine that visual scaling structures can reflect the 

underlying spatial pattern and evoke a sense of beauty. According to Alexander’s findings 

(1993, 2002), this kind of beauty differs from conventional beauty and objectively exists at the 

structural level. Throughout this study, I attempt to examine that scaling pattern of spatial 

features can reflect the underlying structure of geographic space and evoke a sense of beauty.  

1.1 Background 

The scaling pattern has been applied to analyze dynamic structures of spatial phenomena (e.g., 

Mohajeri et al. 2012, Jiang 2015a). The scaling pattern or structure refers to a complex and non-

linear system of the world, which objects contain various and hierarchal scales. Through the 

scaling pattern, researchers can model or even predict the growth of cities (Batty 2013). For 

example, there are far more developing cities than the well-developed cities in the world. 

Moreover, the factor of scales plays the crucial role in planning sustainable cities, which 

determines the complexity and diversity of a city. If the city planner ignores the scale factors, 

cities are not sustainable (Alexander 1967, Jacobs 1961).   

Scaling pattern not only refers to the underlying structure of geographic space but also can 

evoke a sense of beauty (Jiang and Sui 2014). This kind of beauty arises from a deep structure 

and has a significant effect on a human’s emotional and physical feelings (Alexander 2002). 

Beyond the conventional view of beauty, the theory of centers and fractals provide structural 

thinking for exploring this kind of beauty. This beauty refers to wholesome feelings that people 

feel healthy when they perceive a high quality of life by comparing a pair of objects. Human 

reactions are intuitive means for testing the new kind of beauty. Alexander (2002) developed 

the mirror-of-the-self test to determine the perception of life and assumed that such healthy 

feelings are universal. The test asks individuals to compare a pair of objects and to select the 

object that presents a better picture of individuals themselves. Alexander found that more than 

80% of individuals make the same choice, suggesting that beauty is objective and makes people 

feel wholesome. 

The theory of centers offers an alternative view of a living structure. In general, all objects 

contain their orders and exist in different degrees of life (Alexander 2002). The fundamental 

notion of life is its inherent structure. A living structure comes directly from the perceived 

geometrical coherence, or what Alexander called wholeness. Centers are the elementary entities 

within the structure. The intensity and density of centers determine the life strength of the 

wholeness. Each center holds its degree of life, and they interact with one another to develop a 

set of recursive centers. In other words, the wholeness structure is a cluster of all centers, 

connects to our inner hearts, and enables us to discover the real beauty. This kind of beauty 

underlies both physiological and physical aspects (Alexander 2002). 

Geographic phenomena are non-linear and dynamic. Indeed, natural objects seem random and 

chaos at first sight. From this point, Mandelbrot (1983) coined the term fractal to interpret these 

geometries. The fractal geometry pattern is identical at every scale (Mandelbrot 1983). For 
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example, mountains and trees have many similar geometrical parts at various scales (Barnsley 

2013). Fractal geometry identifies the scaling signature. In fact, fractal or scaling reveals a 

unified law to simulate spatial features (Batty 2013, Bettencourt 2013, Peitgen et al. 2004). The 

fractal form has an effective visual impact, and fractal geometry attracts our attention and 

enables the release of stress (e.g., Taylor 2006). 

Fractals and the theory of centers extract two essential concepts of a living structure: (1) a living 

structure arises from a scaling coherence pattern and (2) this pattern has a positive effect on the 

well-being of humans. Scaling coherence depends on the proper visual presentation of hierarchy 

scaling (Salingaros 2013). In order to visualize the scaling pattern properly, this study attempts 

to apply head/tail breaks classification to capture the scaling structure. Head/tail breaks 

classification as a new method is applied to cluster the data existing a scaling pattern (Jiang 

2013a). This method aims to capture and visualize the underlying scaling pattern and ranks all 

of the data values into head and tail parts. The head section refers to the minority of vital values. 

The tail part represents the majority of trivial values. Through this binary clustering, the 

head/tail breaks classification reflects the inherent scaling of geographic features. Chapter 3 

provides explicit details on the head/tail breaks. 

1.2 Motivation of the study 

Maps as an effective communication tool present useful geographic information and can even 

change spatial decision making. Take the well-known Snow’s map as an example. In 1854, a 

severe cholera epidemic attacked Soho, London. At that time, experts believed that cholera was 

transmitted through noxious air. Dr. John Snow opposed this theory and asserted a waterborne 

theory (McLeod 2000, Smith 2002). To prove his theory, Snow visually illustrated the 

relationship between the deaths and the public pump (Broad Street). His hand-drawn map 

convinced people to remove the handle at the Broad Street pump (Johnson 2006), thus ending 

the cholera epidemic. This story shows that the application of mapping is not limited to the 

geographic field. Various fields (such as public health and crime analysis) of study rely on maps.   

The launch of OpenStreetMap (OSM) has changed the way people use maps. Even ordinary 

individuals use and create maps in their daily lives (Haklay and Weber 2008). The OSM 

database allows researchers to obtain rich geographic information of the world. Today, the most 

significant mapping challenges are finding patterns and revealing meaningful information from 

a massive volume of data (Lima 2011). Traditionally, people view space as a pack of locations 

(Batty 2013). However, a city cannot be recognized through a few landmarks or separated 

streets. Instead, all objects as a whole must be considered. In this regard, this study provides 

topological thinking of a geographic space and unveils the underlying scaling structure of 

geographic space.  

This study is encouraged by the work of Alexander (2002) and Jiang and Sui (2014), and 

associates fractals and the theory of centers to visual mapping. I attempt to verify that properly 

visualizing scaling patterns evokes a sense of beauty. In statistical mapping, a range of 

alternative methods exists to visualize spatial features. Previous studies compared the 

differences between the head/tail breaks classification and the natural breaks method (Jiang 

2015b). Head/tail breaks classification is useful for capturing the scaling pattern. In this study, 

four other classification schemes (such as equal interval and quantile) are applied to select a 

better mapping methodology.  
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1.3 Aims of the study 

The main aim of this study is to examine whether beauty objectively exists in the scaling 

patterns of spatial features. This study attempts to visualize the underlying scaling pattern of 

geographic space. More specifically, proper visualization of the scaling pattern evokes a sense 

of beauty. This study includes four sub-aims to achieve the central aim of the study. For the 

first sub-aim, this study distinguishes beauty from the traditional judgments of aesthetics. As 

contemporary views, this study adopts the concepts of fractals and the theory of centers to 

provide a new thought on beauty. 

 

A proper classification scheme should capture the essential pattern of the data. In essence, the 

surrounding space exhibits the scaling pattern. For the second sub-aim, the head/tail breaks 

classification – an intuitive and simple way to capture the scaling form – is applied to map the 

data. The primary goal of this study is to verify that the scaling structure evokes an objective 

beauty. Human reactions to different map patterns are tested under the assumption that a pattern 

using the head/tail breaks classification makes people feel wholesome. The head/tail breaks 

classification divides the data into head and tail parts, following human binary thinking. Thus, 

this method is argued to be effective in mapping the scaling form. 

This study applies six classification schemes to produce maps. For the third sub-aim, the proper 

method is determined to achieve scaling coherence. This study derives points of interest (POI) 

data of London and Paris from OpenStreetMap (OSM) to reflect public activities. From the 

bottom-up perspective, POI data are able to break through the limitation of dominated cities’ 

boundaries, and this study attempts to portray these two European cities through POI data. As 

this stage, ten pairs of maps are prepared to compare the differences between the head/tail 

breaks and other classification schemes. This study intends to emphasize that the head/tail 

breaks method is more natural than other methods and both captures the geographic scaling 

pattern and leads the aesthetic visualization. This study uses individuals’ responses as evidence 

of this final aim. 

The fourth sub-aim of this study is to examine the existence of objective beauty. The mirror-

of-the-self test is an effective tool for testing humans’ inner feelings. This test allows 

individuals to skip the trap of subjective preferences. People detect real beauty that deeply 

connects to their inner hearts. This study conducts surveys on interviewees with diverse 

backgrounds. Humans with different characteristics (such as nations and ages) might or might 

not have similar reactions to the maps. Alexander (2002) pointed out that modern individuals 

cannot easily discover beauty. In particular, adults need to learn how to explore real beauty. 

Accordingly, this study trains a certain group of individuals to compare their initial responses 

with those after the training. These four individual aims fulfill the main purpose of this study 

of interpreting and examining the objective beauty that arises from the underlying scaling of 

geographic space. 

1.4 Structure of the thesis  

This thesis is presented in six chapters. This first chapter briefly introduces the study’s 

background, motivation, and objectives of the thesis. The second chapter reviews four different 

views of aesthetics. Conventionally, beauty refers to personal opinions. In contrast, this study 

concentrates on fractals and the theory of centers to interpret morphological beauty. Based on 

these two main theories, this thesis derives the scaling property from complex geographic 

features. The scaling pattern as a living structure has a positive effect on the well-being of 

humans. Chapter 2 distinguishes structural beauty from conventional wisdom.  
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Chapter 3 illustrates the concepts of the scaling law and a novel classification scheme – the 

head/tail breaks. This study aims to capture the scaling property on maps, which has been 

widely applied to study cities. However, traditional linear thinking distorts or misinterprets the 

scaling pattern on maps. In this context, the head/tail breaks classification is applied to capture 

the underlying scaling structure. The scaling law of spatial features refers to bottom-up thinking. 

In this regard, the Paris POI and the London POI, along with several classification methods, are 

used to visualize and reveal hotspot maps. Chapter 3 explains all of the classification methods 

and the process of mapping hotspots. 

This study uses the human being as a measuring instrument to verify the existence of objective 

beauty. Chapter 4 describes the procedures for undertaking the mirror-of-the-self test. During 

this test, individuals use objective judgment to select an object from a set of pictures. This 

chapter describes the selection of the survey mode, the preparation of survey materials, and the 

processes for conducting the survey test. Chapter 5 reveals the results of the study and further 

discusses the outcomes. The final chapter presents the conclusions and concepts for future work. 
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2. Different views of aesthetics (literature review) 

The present chapter reviews the related theories of aesthetics. From an aesthetic perspective, 

judging beauty requires consideration of four different aspects. Section 2.1 introduces two 

conventional views of aesthetics. The first view values beauty through an intuitive reaction to 

objects that is accepted without explanation and measurement. In contrast to subjective 

judgments, the second theory values beauty through empirical aesthetics and a precise 

measurement formula. However, these two perspectives fail to interpret beauty through spatial 

features. In this context, this study adopts fractals and the theory of centers as two contemporary 

views that express objective beauty and to unveil beauty from the underlying structure. Section 

2.2 explains the concepts of fractal beauty. Section 2.3 discusses the theory of centers and 15 

geometrical properties. 

2.1 Conventional concepts of aesthetics and beauty 

Aesthetic judgment associates the subjective with the objective. When people face an object, 

they determine whether or not they like it. Judgments are formed from different variables (for 

example, colors) or even without explanation. These judgments relate to the subjective and are, 

perhaps, difficult to describe. The phrase, beauty is in the eyes of the beholder, suggests that 

beauty is an opinion. However, this study argues that beauty is universal in natural phenomena. 

Individuals may have different tastes for music or film genres, whereas most of them admire 

natural scenes (such as coastlines and dusk). Humans share common aesthetic experiences in 

their daily lives, which denotes that beauty is objective and ubiquitous.  

In psychological theory, beauty is predictable and measurable. Birkhoff (1933) formulated a 

qualitative index, the aesthetic ratio (O/C), to value beauty, where O represents order and C 

represents complexity. This notion relates to the unity in variety, and the aesthetic ratio further 

connects beauty to visual perceptions. Berlyne (1971) identified visual complexity as an 

important stimulus in arousing beauty and indicated that the relationship between visual 

complexity and beauty is linear. A higher degree of complexity reveals more beauty until 

complexity reaches the optimal level at which individuals no longer perceive the beauty. 

Birkhoff’s and Berlyne’s theories emphasized the symmetry and a ratio related to artifacts. 

Recently, Jacobsen et al. (2006) conducted an experiment to verify that symmetrical patterns 

have a strong effect on the perception of beauty. 

Previous studies suggested that complexity influences aesthetic feelings. However, these 

studies only focused on artwork (for example, vases and paintings), and the natural system of 

the world is more complex than simple linear shapes. Birkhoff (1933) classified aesthetics into 

nature and artifacts and claimed that only artwork contains beautiful principles, whereas the 

quality of natural objects is more or less accidental. This study argues that beauty in a natural 

system is more intuitive than mechanical. Since patterns in an artwork can be changed at any 

time, nature objectively exists throughout the world and has an inherent order.  

2.2 Fractal geometry 

Euclidean shapes are familiar in artifacts. However, the simple geometries of Euclid fail to 

depict natural phenomena. Edges in objects such as clouds and mountains are not straight lines, 

and regular shapes (such as circles and triangles) cannot be used to represent such objects. 

Fractals as a new geographic language describe geometries in nature and refer to irregular and 
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complex shapes that better reflect nature. Moreover, fractals elicit a sense of art. The art of 

fractals are not for commerce but for the sake of science (Mandelbrot 1989), and the visual 

complexity of fractals induces individuals’ attention. The following sections illustrate the 

properties and provide examples of fractal geometries, and Section 2.2.2 reveals the aesthetic 

values of fractals. 

2.2.1 Fractal structures: scaling and recursion 

Fractals reflect the rough patterns of nature. Indeed, natural structures seem random at first sight 

but contain a significant order of complexity. Each piece of a fractal is geometrically identical 

to the whole, except for the scale. As a compound term, scaling fractal interprets the order of a 

fractal (Mandelbrot 1983). The fractal structure orders through a hierarchy of scales, and the 

scaling pattern refers to the hierarchal combination of components across various scales, 

suggesting that the scales of fractal are not random but occur in recursive order. Fractals apply 

to a geometry that consists of hierarchal spatial scales. The Koch curve and the Sierpiński carpet 

are used to express the concepts of scaling and recursion (Figure 2.1). 

 

Figure 2-1: Fractal lines and fractal planes 

(Note: The left panel indicates the construction of the Koch curve, which is the classic example 

for fractal lines. The right panel displays the famous fractal planes of the Sierpiński carpet. 

Figure 2.1 depicts the first three iterations of these two fractal geometries.) 

The Koch curve represents classical fractal lines in which the initial geometry (initiator) is a 

straight line. Dividing the line into three equal portions, removing the middle part, and replacing 

this middle part with two sides of an equilateral triangle results in four copy lines, each of which 

is a reduced-length line from an initiator. The resulting shape repeats at every scale. A four-line 

segmented curve is the first iteration. Repeating the iteration processes express recursion, and 

the previous iteration is embedded in the subsequent iteration (Jiang and Yin 2014). Increasing 

the iteration displays a curve with finer details. The Sierpiński Carpet presents another type of 

fractal geometry with a solid square as the initiator. The square can be divided into nine smaller 

congruent squares and the central square is deleted. These procedures may continue endlessly. 

Fractals display complex patterns in nature. The fractal dimension (D) presents the degree of 

complexity (Mandelbrot 1967). Euclidean geometries involve integer dimensions. Dimensions 
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1 and 2 represent a line and an area, respectively, and fractal lines involve the dimension 

between 1 and 2. The statistical measurement is 𝐷 = log𝑁 / log 𝑟, where r represents the scaled 

factor and N represents the number of segments in each set. The iteration K of the Koch curve 

contains 4(𝑘) segments with a 3−(𝑘) scale, and the D value equals 1.262 (log 4 / log 3) and this 

value can represent the coastlines of Britain (Mandelbrot 1967). As for the Sierpiński carpet, 

the iteration K contains 8(𝑘)  segments with a 3−(𝑘)  scale, and the D value equals 1.893 

(log 8 / log 3). These two examples show that the process to create fractals relies on recursive 

and scaling properties.  

Fractals work between smooth shapes and mathematics that represent complete chaos. Fractals 

have unique patterns with well-ordered complexity that is derived from the structure. Each piece 

of a fractal is a reduction whose shape resembles the whole. The process that produces fractals 

is referred to as a recursive function. Every iteration creates similar and smaller shapes from 

the initiator. The whole fractal geometry refers to a scaling pattern that arises from the 

hierarchical arrangement. Compared with the cold and empty Euclidean geometries, fractals 

reveal organic structures and the visual perception of the lining structure evokes an aesthetic 

value (Salingaros 2013).  

2.2.2 Beauty arising from fractals 

Previous studies found out that fractals can interpret the some complex structures in the world, 

such as economic markets (e.g., Peters 1994), architectural designs (e.g., Harris 2012, 

Salingaros 2008), and brain networks (e.g., Bassett et al. 2006). From an art aspect, fractals 

affect human visual experiences (Forsythe et al. 2011, Taylor and Sprott 2008). Visual 

perception is associated with aesthetic preferences. Some studies (e.g., Taylor 2006, Salingaros 

2013) found that people may have pleasant feelings toward fractal forms. In particular, fractals 

can reflect organic patterns that may have positive effects on health, including in the areas of 

psychology and physics. In particular, a fractal’s natural configuration evokes visual attraction 

(Joye 2007). Previous studies suggesting that this attraction results from visual complexity 

(Table 2.1) examined the association between the D value and aesthetic preference. However, 

the results are inconsistent.  

Table 2.1: Relationship between D values and aesthetic preferences 

Empirical studies Fractal patterns  Aesthetic preferences (D) 

Aks and Sprott 1996 Computer simulation Low D  

Hagerhall et al. 2004 Landscape silhouette outline Low D and some mid D 

Spehar et al. 2003 Nature, artificial, and mathematic Mid D 

Taylor et al. 2005 Nature, artificial, and mathematic  Mid D 

Pickover 1995 Computer simulation High D 

(Note: Previous studies classified D values into three ranges. A low D value ranges below and 

includes 1.3. A mid-D value ranges from 1.3 to 1.5. A high D value is more than 1.5.) 

Table 2.1 indicates that many empirical studies have attempted to explore ideal D value ranges. 

Pickover (1995) noted that participants prefer fractals with a high D value (1.8). However, Aks 

and Sprott (1996) indicated that a lower D value (1.3) is most preferred and nears natural objects 

(for example, coastlines and clouds). Hagerhall et al. (2004) verified that a D value of 

approximately 1.3 reflects the natural pattern that attracts a human’s eyesight. Spehar et al. 

(2003) and Taylor et al. (2005) used three categories of fractals, including nature (for example, 

trees), computer simulation, and artifacts (for example, Jackson Pollock paintings). Both studies 
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found that most people prefer objects with mid-range D values (1.3–1.5). A higher D value 

triggers individuals’ interests but may reflect a structure that is too complicated to perceive, 

eliciting unpleasant feelings in individuals. 

Previous studies conducted series surveys to test aesthetic preferences (e.g., Taylor et al. 2005). 

However, the objective beauty discussed differs on the basis of personal opinions. The beauty 

argued over throughout this study is a perception of life, and quality of life influences 

individuals’ emotional and physical health. Fractals with mid-range D values reduce 

physiological stress (Taylor 2006). Brainwaves respond differently to D values, and a certain 

D value (1.3) contributes to easing stress (Hagerhall et al. 2004). D values that approximate 

natural patterns elicit healthy feelings in individuals, also called the biophilic effect (Joye 2007, 

Salingaros 2013). All such concepts imply that stress-reducing responses result from natural 

configurations, and organic geometry reveals the high degrees of life, connects to individuals’ 

hearts, and releases them. Colors and other visual variables of fractals also affect aesthetic 

preferences (Forsythe 2011). However, this study emphasizes the concept that a sense of beauty 

exists in the structural order and is connected to emotional and physical health. 

2.3 Wholeness and the theory of centers 

Living structures evoke a sense of beauty, and every object contains different degrees of life. 

Alexander (1993, 2002) claimed that this phenomenon exists in both natural and built 

environments. Alexander developed the theory of centers to broaden the concepts of life. Life 

exists in each physical structure and every single part of space, and everything owns life. 

Namely, as individuals view artifacts from a perspective of more precise order, they may can 

detect the life inside these objects. Connecting to objects through a self-conscious view can 

help individuals make the missing connection between personal emotions and the universe 

(Salingaros 2013). Alexander (2002) distilled fifteen principles to perceive the quality of life in 

a spatial structure, which are addressed in the next sections. Section 2.3.1 explains how life 

comes from geometries. Section 2.3.2 describes the concepts of wholeness and the theory of 

centers. Section 2.3.3 illustrates the fifteen fundamental properties that derive the quality of life. 

2.3.1 Life as a phenomenon that exists everywhere 

Life as a phenomenon exists in any space. Alexander (2002) provided a new viewpoint of life. 

Logically, life is associated with self-producing organisms (animals and plants). However, 

Alexander (2002) asserted that the definition of life goes beyond biological thinking. In 1961, 

Jacobs claimed that modernist cities lack organized complexity and connoted that a living city 

directly links to its structure. A dysfunctional city causes emotional anxiety and physical 

distress (Salingaros 2013). The surrounding space influences individuals’ minds and bodies. 

Defined biologically, cities are non-living systems. However, previous studies indicated that 

the city works as a complex system, and the organizations and interactions of individuals make 

a city a living structure; thus, a well-ordered structure makes a city come alive. 

Morphological thinking broadens the vision of life. The concept of life is not merely a 

distinction between dead and alive objects (Alexander 2002). Indeed, everything owns its order 

and contains life. Quality of life is inherent in an object’s structure, and everything has life in 

varying degrees. People perceive changing qualities at every moment and in every place in 

space. Alexander claimed that different experiences of quality do not rely on personal opinions; 

in contrast, they come from the scientific view that cognition objectively exists in space. People 

detect quality of life by comparing a pair of objects, indicating that degrees of life are not 

absolute but are relative. Humans intuitively feel and judge an object that has more life than 
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others. The following examples (Figure 2.2) from Alexander’s (2002) experiments illustrate the 

concept of perceived quality of life. 

 
Figure 2-2: The relative degree of life in two pairs of objects 

(Note: Two pairs of settings display different parts of cities. The left-hand picture in each pair 

of examples contains more degrees of life than the right-hand picture. The images are from 

Alexander (2002).) 

Figure 2.2 illustrates two pairs of pictures. The upper panel shows two street views, in which 

the orders of the trees and the old cars give the left-hand picture more life than the other. Modern 

objects may distort geometrical coherence in a space. Regular buildings make the street in 

London less friendly and appear to have less life. The Bangkok slum and the Massachusetts 

octagonal house demonstrate extreme differences. People who live in the postmodern house are 

wealthier and healthier than people from the slum. Moreover, the octagonal house is clean and 

not disease-ridden. However, poverty, disease, and dirt indicate the existence of life and the 

slum in Bangkok reveals genuine life. 

To prove that life is phenomenal, Alexander (2002) conducted experiments using these pairs of 

images. He found that more than 80% of individuals agreed that the left-hand photograph in 
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each setting has more life than the right-hand photograph. These examples illustrate that quality 

of life is not the basis for distinguishing between beautiful and ugly objects. Instead, quality of 

life is obviously detectable in every aspect of a space. Individuals use their intuitive feelings to 

discern relative quality of life. Alexander’s experiments showed that life objectively exists 

anywhere and at any moment.   

2.3.2 Centers and wholeness leading the quality of life  

According to section 2.3.1, life exists in every structure. People can detect the different degrees 

of life by the different geometrical structure. To support life in the structure, the inner 

elementary entities must work as a whole. The term wholeness interprets this coherent structure 

and the basic entities are called centers (Alexander 2002). The concepts of wholeness and 

centers provide the ability to deeply recognize living structures. Any configuration in nature, in 

architecture, and in works of art contains wholeness. For example, consider a building and its 

various visible entities (for example, doors and brick walls) that exist at different scales. Such 

coherently nested entities constitute the wholeness of a single building. In a structure, 

wholeness is created by the centers, and the centers are created from the wholeness (Alexander 

2002), representing a holistic view of the manner in which wholeness and centers work in an 

overall structure. 

The generation of life is a recursive process. Instead of emerging at once, life evolves in a step-

by-step manner (Alexander 2002). Each center has a life and contains different strengths of life 

that depend on the combinations comprising the overall configuration. In essence, centers are 

recursively made of other centers. For example, the human body may be considered a center 

comprised of other centers, such as the face. Other centers on the face, such as the eyes, may 

be repeatedly detected, indicating that centers are recursive. A local center exists within a larger 

whole that interacts and overlaps to create a beautiful human body. Centers are not isolated; 

they interact and overlap with one another to create a living structure, and the density and 

intensity of the centers determine the quality of life in the structure. These fundamental concepts 

of centers describe the manner in which life arise from wholeness. 

The concept of life resides in any wholeness with a coherence of centers. A living structure 

constitutes a dense packing of interacting and overlapping centers. Perception of the center is 

not merely a psychological or cognitive response (Salingaros 2013). Indeed, centers are 

physical and mathematic features in any space and are neither points nor perceived centers of 

gravity. A center is an organized field of force in space (Alexander 2002), a field-like structure 

filled with centers. Centers in a living structure connect and support one another to create a 

coherent arrangement. The intensity of one center relies on its position and the intensity of other 

nearby centers. Centers among a field-like structure interact and recursively overlap with one 

another to generate life. In other words, centers combine and help one another increase the 

overall coherence. People can experience a better quality of life through a higher intensity of 

centers. Alexander asserted that the creation of a beautiful and living structure is not random. 

The interactive effects among centers must stratify particular principles to reveal life in the 

wholeness (c.f., Section 2.3.4 for more details). 

2.3.3 Fifteen properties deriving the quality of life  

Life exists in every spatial system, and its quality relies on the intensity of centers. A higher 

perceived quality of life in objects enables individuals to make stronger connections with the 

objects, eventually enabling them to notice the beauty inside. This feeling is not about 

subjective judgments but arises from scientific and objective phenomena. Alexander (2002) 
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spent twenty years discovering the fifteen properties from nature and artifacts to derive the 

quality of life. These principles explain the manners in which centers cohere and help one 

another in a living structure. To re-express these concepts, examples from Alexander (2002) 

are noted.  

 

Figure 2-3: The 15 properties strengthen the centers to represent coherent wholeness 

(Note: The images are from Alexander (2002) and illustrate the 15 principles. These properties 

occur and recur at every scale to increase the quality of life. The essential concept within these 

properties is scale. Most of the principles relate to recursive centers and scaling hierarchy.) 

Figure 2.3 presents both natural and artificial photographs to illustrate the fifteen properties. 

Levels of scale refers to a hierarchical coherence of centers. Each center affects both smaller 

and larger centers. An electrical discharge (Figure 2.3(1)) has a wide range of scales and the 

original charge remains small at the end. The large centers are supported by, and intensify, the 

small centers. Centers help each other increase the overall intensity of the structure. A strong 

center and boundaries arise from recursive centers, gain strength from small centers, and help 
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other stronger centers. The milk drop splash (Figure 2.3(2)) shows that many centers create a 

strong center. The surrounding boundaries unite the centers and further strengthen their 

intensity. The castle in Gwalior presents massive boundaries within its structure. A boundary 

is a center that connects to others from both the inside and the outside. Boundaries in the 

photograph (Figure 2.3(3)) contain many repeated boundaries that make other centers powerful.  

Centers increase strength through alternating repetition. The hospital in Florence (Figure 2.3(4)) 

enhances feelings of life through its repeating centers. These repetitions follow the recursive 

rule that shows various levels and zones. All centers reinforce one another through alternating 

repetition that reveals the beautiful rhythm within the living structure. A positive space is never 

the leftover from adjacent shapes. The shapes in the Nolli plan are positive, and positive shapes 

are perceived in every center and the spaces between them (Figure 2.3(5)). A good shape is a 

geometric feature that refers to the recursive rule. The Japanese shrine (Figure 2.3(6)) displays 

significant shapes from various good shapes, and each center contains a good shape made up 

of recursive intense centers. The Japanese shrine contains overall symmetries, and life also 

arises from local symmetries. The Alhambra’s blueprint (Figure 2.3(7)) shows a strong local 

center group. All local symmetrical segments are glued together and overlap to create the 

wholeness.  

Deep interlock and ambiguity are strong ways of connecting. For example, consider the 

photographs of the tile work (Figure 2.3(8)). The center and its surroundings interpenetrate 

through the adjacent intermediate centers. Therefore, the intensity of the center is enhanced by 

attaching to nearby strong centers. Contrast makes the centers opposite one another. The pattern 

of a butterfly’s surface (Figure 2.3(9)) involves the contrast between dark and light colors, and 

all of these contrasting characteristics work together to create a wholeness. People can detect 

life through these opposite features. Gradient indicates a gradual change in quality across a 

space. Centers in the building transform slowly, and the changes between the features are not 

sudden but occur gradually (Figure 2.3(10)). 

Roughness refers to the fractal structure. Life accepts irregularities and imperfections. The 

damaged columns fit perfectly with the surrounding environment (Figure 2.3(11)). Echoes 

strengthen the center through scaling symmetry, and the aging man’s face (Figure 2.3(12)) 

contains a similar cragginess in his forehead, cheeks, and eyebrows. A void creates harmony in 

a complex system, and the void in the rug shows at the middle (Figure 2.3(13)). A void exists 

in a plane pattern that contrasts with intense details and balances the wholeness. Simplicity and 

inner calm refer to a center and its simplicity. The simplicity of the Tuscan landscape achieves 

an overall coherence (Figure 2.3(14)). Not separateness arises from the coherent wholeness, 

such as the edge of the lake (Figure 2.3(15)) that merges smoothly with the surroundings, 

creating an unbreakable unity.  

The 15 properties occur and recur at every scale to intensify the living characters in the structure. 

These properties make centers overlap and assist one another at all scales. All centers work 

together to become a profound wholeness. Wholeness as a living or beautiful structure makes 

people feel alive and releases them. Perceived quality of life contains a step-by-step 

transformative process (Alexander 2002, Salingaros 2013). The recursive centers coherently 

overlap and are arranged together to increase the degrees of life. This process reflects the scaling 

or scaling hierarchy property that describes centers as ranging from small to large, gaining and 

giving strength at different levels.  

Chapter 2 reviewed the related aesthetic studies (Figure 2.4). Logically, beauty refers to a 

subjective experience and an objective assessment. This study argues that beauty goes beyond 



 

13 

personal opinions. Birkhoff (1933) and Berlyne (1971) provided a qualitative index to measure 

the aesthetics and suggested that visual complexity enhances aesthetic values. However, the 

formula is limited to artificial objects. In this context, we follow the concepts of fractals and 

the theory of centers, for which beauty objectively exists in space.  

 

Figure 2-4: The four different views of beauty 

An organic structure has positive effects on emotional and physical health. The simple shapes 

of Euclid tend to be cold and dry (Mandelbrot 1983), which bores people. In contrast, fractal 

geometry increases the visual complexity that attracts individuals’ attention, and prior studies 

verified this notion (e.g., Forsythe et al. 2011). Most individuals experience a sense of release 

from fractals with D values that are similar to those of natural patterns. However, their studies’ 

results conflict with the relationship between D values and aesthetic preferences.  

The concept of beauty as a living structure follows the theory of centers. Alexander (2002) 

claimed that a beautiful structure relies on the perceived quality of life. In a sense, life reflects 

a deep geometric order. The recursive centers follow the 15 geometric properties to create living 

characters. This process underlies the scaling law, which reflects fractal geometries. In essence, 

elements in fractal patterns are self-similar at different scales. According to fractals and the 

theory of centers, an objective beauty comes from deep structures of objects.  
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3. Theoretical foundation: scaling laws and head/tail breaks 

Living patterns underlie the scaling structure. Recursive centers (components) at all scales 

cohere as wholeness (fractal). Chapter 2 revealed the scaling property of fractals and living 

structures. In Chapter 3, an attempt is made to visualize the scaling pattern in geographic space. 

The remainder of this chapter is divided into three sections. Scaling law was applied to simulate 

spatial features. The theory goes beyond Gaussian thinking and provides new insights into the 

spatial phenomena. Section 3.1 reveals the scaling law in geographic space. The most typical 

classification methods follow Gaussian thinking, which fails to capture the scaling pattern. In 

this regard, a new classification – the head/tail breaks – is adopted to derive the scaling structure. 

Section 3.2 demonstrates the characteristics of the head/tail breaks classification. The final 

section reveals that the ht-index leads to a sense of beauty. An actual case is used to illustrate 

the concept of the ht-index and the beautiful scaling pattern on maps. 

3.1 Scaling laws in dynamic geographic space 

Most spatial statistics is dominated by linear thinking, which assumes that the world is static 

and predictable (Jiang 2015b). Linear thinking predicts independence through the typical mean. 

For instance, people’s heights vary around a well-balanced mean, and the variance is finite; 

extremes are rare or do not exist. However, extreme events such as the butterfly effect and the 

Ebola outbreak occur around us. Many spatial features are distributed beyond a typical average 

and a finite variance in the real world (McKelvey and Andriani 2005). In fact, the world is 

dynamic and uneven. Many events follow power laws that exhibit heavy-tailed distributions 

(Newman 2005, Pinto et al. 2012). A power law calls for the scale-free theory which average 

value is absent in scale-free structures (Barabási and Albert 1999). For instance, brain networks 

(Eguiluz et al. 2005) and epidemic dynamics (Chu 2011) involve typical scale-free 

characteristics, which contain few hubs and numerous nodes generate complex networks 

without scales. 

Power laws also refer to Pareto distribution (Pareto 1987) and Zipf’s law (Zipf 1949). Pareto 

distribution has gained popularity by reflecting economic issues (Benhabib et al. 2011, 

Clementi et al. 2006). For example, even a country with a lower GDP can initiate a global 

financial crisis (Garas et al. 2010). Zipf’s law has been widely applied to simulate the forms 

and processes of cities (Chen 2010, Gabaix 1999, Giesen and Südekum 2011, Soo 2005). 

Numerous small cities and a few large ones exist as a unified rule, urban street networks contain 

similar characteristics, and road segments within cities exhibit a hierarchal structure (Carvalho 

and Penn 2004, Lämmer et al. 2006). These phenomena refer to scaling laws involving a 

hierarchal scale of components, which objects distribute without an average and an infinite 

variance.  

Cities are the outcomes of interactions among interdependent entities. In other words, a city is 

more than a combination of components, such as shops, residences, and human beings (Louf 

and Barthelemy 2014, Pumain 2012). People cannot simply decompose a city into various 

individuals. The concept of interactions refers to the fact that a city is not a hierarchical tree 

(Alexander 1967, Batty and Longley 1994), which implies that the origin of a city exhibits a 

progressive evolution (Batty 2013, Salingaros 2000). People exchange goods and interact with 

one another within city areas and gradually develop a hierarchal system. From this point, 

mobility is the key notion in city networks (Bettencourt 2013). Different types of flows connect 
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each city element at all levels and the coherence of interacting individuals generates a complex 

city system. 

A city grows from the interactions among its entities. Tight linkages and dynamic flows from 

the small to the large scale make cities living structures. In this regard, top-down thinking 

cannot capture spatial features (Batty 2013, Batty and Marshall 2012, Jiang 2015b). The linear 

and static assumptions misinterpret the forms of space. Researchers therefore should simulate 

city patterns from the bottom-up. In the era of big data, rich location-based social media such 

as Flickr and OSM are easily available. The data are collected by the public and reflect 

individual events in cities. In this context, people can simulate users’ mobility by exploring the 

data (Gao and Liu 2014, Jiang and Miao 2015). 

In user-generated content, OSM refers to the contribution of international volunteer efforts 

(Foth et al. 2009, Elwood et al. 2012). In this regard, the word-wide crowd provides a rich OSM 

database  on the global environment (Goodchild 2007, Haklay 2010). In this study, I derive POI 

data from OSM to capture a city’s spatial pattern. POI data represent a city’s entities, such as 

hospitals, train stations, and cinemas, and reflect, from a scaling perspective, numerous POI in 

the city center and few POI in the outskirts (Jiang 2015a). In order to capture the scaling pattern 

of POI, a proper classification scheme is applied to visualize the scaling features (c.f., Chapter 

4 for more details).  

3.2 A new classification scheme: head/tail breaks  

Five common classification schemes exist for statistical mapping. The equal interval scheme 

assigns values to a certain number of groups, and each group has an equal range. The quantile 

scheme classifies data into a certain number of intervals and each class contains the same counts. 

The natural breaks classification minimizes the variance of the data values within classes and 

maximizes the differences between the classes (Jenks 1967). The geometrical interval scheme 

is based on class intervals that have a geometrical series. Finally, the standard deviation scheme 

shows the variances between the values and the average. These methods show that the 

determined number of classes directly affects visual patterns (Evans 1977, Brewer 2006). 

Moreover, each method contains different intervals. 

Above mentioned methods follow Gaussian thinking, which fit data such as a city’s 

temperatures. This data type has a well-defined average and is exhibited as a normal (bell-

shaped) distribution. However, many spatial features contain a heavy-tailed distribution. In this 

context, Jiang (2013a) designed a new method – head/tail breaks classification – for data with 

scaling patterns. A heavy-tailed distribution contains the majority in the tail part and the 

minority in the head part. Accordingly, this new method uses the arithmetic mean to divide the 

data values into two parts: the head (above the mean) and the tail (below the mean). The process 

is recursively continued in the head part until the head part no longer exhibits the majority. 

Compared with the other methods, the head/tail breaks classification shows three main 

advantages (Jiang 2013a). First, this method enables the scaling hierarchy to be captured. 

Second, the data automatically determine the number of classes and the class interval. Third, 

the method follows binary human thinking. People tend to divide events into two extremes, 

such as truth/false and ugly/beautiful. As a result, this study assumes that the head/tail breaks 

method enables visualization of the spatial pattern. Furthermore, this study argues that a visual 

scaling structure arouses a sense of beauty.  
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3.3 Ht-index leading a sense of beauty   

The ht-index relaxes the definition of fractal dimensions to measure the complexity of fractals 

(Jiang and Yin 2014). A high ht-index represents complex fractals. We use the well-known 

Snow’s map (Snow 1855) to illustrate the concepts of the ht-index. Snow used a hand-drawn 

map (Figure 3.1) to convince people that the Broad Street pump (middle in the map) was 

causing deaths. Compared with the original point map, an attempt was made to visualize the 

high density of diseases. Kernel density estimation (KDE) was applied to visualize the hotspot 

maps using the death events. KDE has been widely applied to analyze socio-economic events 

(Curtis et al. 2014), such as traffic accidents (Xie and Yan 2008) and criminal patterns (Chainey 

et al. 2008). The result of KDE is a smooth and continuous density surface (Cai et al. 2013). 

The default settings for cell size, search radius, and classification method (natural breaks 

classification) are applied. Using the hotspot maps (Figure 3.1) facilitates focusing on the 

central part. In the rank-size distribution, KDE values exhibit a typical head/tailed distribution. 

Therefore, different classification methods are further applied to compare the death density 

patterns. 

 

Figure 3-1: Snow’s hotspot map and ht-indices 

(Note: Panel (a) redisplays the hand-drawn Snow’s map. Death spots are shown as red dots and 

pumps are presented as blue dots. The data were obtained from http://www.udel.edu/ 

johnmack/frec682/cholera/cholera2.html. Panel (b) indicates the result of KDE. The default cell 

size and bandwidth are obtained by dividing the minimum width or length by 250 (meters) and 

30 (meters), respectively (Cai et al. 2013). In this case, the output cell size is 0.0386 (meters) 

and the search radius is 0.3219 (meters). The natural breaks classification as the default method 

includes nine classes. Panel (c) presents the rank-size distribution of KDE values. The x-axis 

shows the ranking and the y-axis shows the corresponding values. Panel (d) presents the 

statistics from applying the head/tail breaks classification.) 

Figure 3.1 (d) indicates the statistics of the head/tail breaks classification. The first arithmetic 
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mean is 5,423,610, which divides the data into the head part (24%) and the tail part (76%). The 

second mean (21,351,465) is calculated in the head part. The data still exhibit a heavy-tailed 

distribution. The same process is continued until the head part is no longer larger than the tail 

part. In this case, the data-inherent ht-index is 7. I apply the five other classification approaches 

using seven classes (Figure 3.2). Furthermore, colors influence map readers’ visual perceptions 

(Brewer et al. 2003, MacEachren 2004); therefore, levels of gray are applied to reduce the bias.  

The patterns for the quantile and the geometric intervals fail to deliver the proper information 

on the death density. Natural breaks and standard deviation cannot directly point out a high 

death cluster around a certain area. A comparison of the head/tail breaks classification and the 

equal interval scheme shows that the pattern using the head/tail breaks classification follows 

the scaling distribution, which is applicable to Alexander’s 15 principles. The top three 

properties are used as examples. The head/tail breaks classification has recursive centers: a 

strong center in the middle and repeated boundaries. As a result, this study assumes that the 

head/tail classification fits the data with a scaling pattern and exhibits as a living structure. 

 

Figure 3-2: Distributional patterns of six different classifications 

(Note: The x-axis represents the classes and the unit y-axis represents the percentages.)  

Chapter 3 illustrates scaling laws in a dynamic space. Researchers must select a proper 

classification method to deliver spatial information. In statistical mapping, most methods follow 

Gaussian thinking that presumes that events are independent, thus misinterpreting many spatial 

features. Accordingly, I apply the head/tail breaks classification to capture a spatial pattern. For 

example, Snow’s map shows that patterns with the head/tail breaks classification reveal proper 

information and obey Alexander’s theory. This study argues that this scaling pattern evokes a 

sense of beauty. Size distributions of cities exhibit a typical scaling pattern that arises from 

interactions among dependent entities (for example, human beings). This study intends to apply 

POI data to reflect city patterns (c.f., Chapter 4 for more details). 
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4. The mirror-of-the-self test 

Refer to section 2.2 and section 2.3, objective beauty arises from living structures. Once people 

perceive life in a structure, they find real beauty, indicating the main assumptions of the mirror-

of-the-self test. This test uses humans as measuring instruments to obtain real responses. This 

study applies three different categories of images to conduct the mirror-of-the-self test, 

including photographs of buildings and two types of maps. Chapter 4 includes two sections to 

show the process of designing and conducting the test. Section 4.1 presents and explains the 

collections of study materials. To implement the test, I take into account the samples, question 

designs, and methods of data collection. These essential components directly influence the 

results. Furthermore, this study designs a series test to increase the accuracy of the surveys. 

Section 4.2 illustrates the procedures for conducting the test. 

4.1 Preparation of test materials 

To implement the mirror-of-the-self test, three types of images are prepared. The photographs 

of the rugs and architecture are from Alexander’s previous studies, and eight pairs of carpets 

and buildings are used to set the standard of the results. These items represent the first category 

of study materials. In this study, because mapping the spatial features is the priority, maps from 

previous studies (Jiang 2013b, Jiang 2015b, Jiang 2015c, Jiang and Sui 2014) are collected. 

Jiang and Sui primarily compared the difference between the head/tail breaks classification and 

the natural breaks scheme. This study uses five sets of maps as the second category. For the 

third type of image, the Paris POI and the London POI are derived and KDE is applied to create 

POI hotspot maps using six classification methods to visualize the spatial features. Ten sets of 

maps are prepared for the third type of materials.  

4.1.1 Photographs of rugs and buildings   

This study utilizes the mirror-of-the-self test to verify the existence of objective beauty. 

Alexander (2002) argued that all of the objects in the natural world exist with different degrees 

of life. The perceived quality of life influences an individual’s feelings regarding an object. 

Objects with high degrees of life have deep connections with human beings. Once the object is 

linked to an individual’s inner heart, people are able to detect its real beauty at the structural 

level. The feeling is not psychological but is physical. Alexander (2002) developed the mirror-

of-the-self test, an intuitive and simple tool to examine human reactions. The test uses a pair of 

images and asks individuals to identify which one makes you feel more of yourself.  This study 

follows the concepts of the mirror-of-the-self test and uses the human being as a measuring 

instrument to verify the arguments. 

To prove Alexander’s findings (Figure 4.1), this survey selected pictures from his previous 

studies to develop the examined standard. Alexander (2002) examined thousands of objects to 

find the principles of living structures. For example, he used objects such as vases and cups to 

determine quality of life. As an architect, Alexander put significant energy into the design of 

buildings and rugs. Architecture and carpets are two typical types of images that he used to 

conduct the test. This study also attempts to focus on the scaling pattern and adopts eight pairs 

of photographs that reflect the scaling structure (Figure 4.1). The first two sets of rugs exhibit 

similar concepts. The Berlin and Ersari rugs contain strong centers and clear boundaries and 

have more perceived life than the right-hand rugs. Alexander (1993, 2002) suggested that 

people feel more self in the left-hand carpets. 
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Figure 4-1: Scaling pattern in rugs and buildings 

(Note: The photographs are obtained from Alexander (1993, 2002). The left-hand image in each 

panel presents more life than the right-hand image.) 



 

21 

As an architect, Christopher Alexander cares more about the design and language patterns of 

architecture. This study chooses six sets of architectural designs as materials. Most of the pairs 

of architectural photographs reveal differences between ancient and modern buildings. Early 

architecture contains scales of centers that are more different. In contrast, modern buildings 

lack scaling structures. The Greek monastery has strong centers supported by recursive centers. 

The building in San Francisco contains different scales of centers and repeated boundaries. 

Moreover, some buildings use circle elements to create their designs, which are artificial 

components that make people feel less life. This study uses these eight pairs of images to set 

the examined standard. As Alexander found, 60% to 80% of individuals select the left-hand 

pictures. 
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4.1.2 Two different classification schemes: head/tail breaks versus natural breaks 

For the second type of material, I aim to compare the head/tail breaks classification with the 

natural breaks method (Figure 4.2 and Figure 4.3). For the first set of point patterns (Figure 

4.2(a)), the heavy-tailed distribution reveals the scaling structure. The normal distribution lacks 

the level of scales that make the image appear crowded. Further, the heavy-tailed pattern may 

be viewed as the face of the city (Jiang 2013b), which refers to revealing information (Haken 

and Portugali 2003). In this regard, the scaling pattern makes the elements of city legible and 

can express the image of the city.  

The second set of maps (Figure 4.2(b)) plots the city sizes that precisely follow Zipf’s law 

(Jiang 2015c). The city sizes distribute as 1, 1/2, 1/3,…, and 1/1023, a distribution that implies 

that the largest city is twice as large as the second one, and so on. The head/tail breaks 

classification and the natural breaks methods are applied to visualize the distributions of the 

city sizes. The pattern using natural breaks distorts the underlying scaling pattern. City sizes are 

similar and reveal less life inside the image. In contrast, head/tail breaks classification captures 

the scaling pattern and shows recursive scales of centers. Each center interacts with others in 

this pattern. The larger centers are supported by the smaller centers. Different scales of centers 

build recursive boundaries and reveal more degrees of life.  

The maps (Figure 4.2 (c)) exhibit the population densities of the state of Kansas (Jiang and Sui 

2014). The initial data are obtained from the literature (Jenks 1963) and include 105 areas. The 

population density ranges from 1.6 to 103.4 and its distribution follows the power law (Jiang 

2013a). The head/tail breaks classification places the data into four classes. From a structural 

perspective, the strength of the centers depends on the interactions. The light-color cells 

represent the small centers and the dark colors show the large center. The pattern using the 

head/tail breaks classification indicates significantly more small centers than large centers. The 

small centers intensify the large centers and result in a wholeness structure. However, this 

scaling hierarchy is absent in the right-hand map. In this regard, the head/tail breaks 

classification reveals the scaling pattern and contains greater degrees of life than the other.  

Other pairs of point patterns (Figure 4.2(d)) are maps that show U.S. cities by population. The 

data were obtained from the U.S. Census and involved 4,256 cities (Jiang and Sui 2014). Each 

dot represents a city size (population) that ranges from 10,005 to 7,322,564 individuals. The 

ratio of the smallest to the largest is approximately 103, which indicates a clear scaling property. 

The head/tail breaks classification (the left panel in Figure 4.2(d)) and the natural breaks method 

(the right panel in Figure 4.2(d)) are used to reveal the patterns. The structure using the natural 

breaks seems rather flat. This pattern cannot present the real differences between the population 

distributions. From the life quality perspective, a structure using the natural breaks approach 

lacks the scale levels. In contrast, the map using the head/tail breaks classification includes 

various scales of centers, and the largest centers are intensified by the small centers. People are 

assumed to perceive more degrees of life in such a structure. 

Figure 4.3 (e) shows maps of U.S. terrain surfaces using two classification approaches. The 

surface using the natural breaks classification is more familiar than the other (Jiang 2015b). 

However, the head/tail breaks classification derives the scaling pattern. The real distribution of 

the terrain surfaces shows a non-linear relationship that cannot be detected by the natural breaks 

method. In fact, the pattern using the natural breaks method misinterprets the real spatial 

phenomena because a much higher number of low locations than high locations should exist. 

From the perceiving view, the pattern using the head/tail breaks classification contains many 



 

23 

small centers on the right and shows a clear boundary. The recursive centers are coherently 

arranged from small to large. These five cases reveal that the head/tail breaks classification 

captures the underlying scaling structures. The scaling pattern follows the theory of centers, and 

the scaling elements are assumed to reveal a more perceived quality of life than the other pattern. 
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Figure 4-2: Head/tail breaks used to derive scaling patterns 

(Note: The left-hand pattern in every panel is captured by the head/tail breaks classification. 

The right-hand pattern is derived using the natural breaks method. The images are obtained 

from Jiang’s previous studies. Maps (a) are two point patterns, with the left-hand map showing 

a heavy-tailed pattern, and the right-hand pattern following a normal distribution (Jiang 2013b). 

Patterns (b) represent 1,023 cities that exactly follow Zipf’s law (Jiang 2015c). Forms (c) use 

head/tail breaks (left) and natural breaks (right) to show the rural population density (Jiang and 

Sui 2014).  
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Figure 4-3: Head/tail breaks used to derive scaling patterns from U.S. maps 

Maps (a) apply head/tail breaks (left) and natural breaks (right) to reveal the distributions of 

U.S. city sizes (Jiang and Sui 2014). Patterns (b) present the U.S. terrain surface in head/tail 

breaks (left) and natural breaks (right) structures (Jiang 2015b).) 
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4.1.3 Comparison of head/tail breaks with five different classification schemes 

This study creates POI hotspot maps for the third type of materials. The Paris POI and the 

London POI are derived as case studies (Appendix A presents the details of the processing 

method). Unlike the death events of Snow’s map, both cities contain significant POI data, with 

11,828 POIs in Paris and 34,122 POIs in London. KDE is used to create continuously 

distributed patterns of these POI events. To establish useful maps, we apply six different 

classification schemes to determine a better method for visualizing the results. Furthermore, 

Alexander (1993) indicated that colors influence people’s perceptions; therefore, levels of gray 

are applied to reduce the bias.  

Figure 4.4 shows the different patterns of the Paris and London hotspot maps. In both cases, the 

quantile method fails to capture the high-density pattern; thus, map readers cannot determine 

the hotspots. The geometrical interval method also results in this problem, which results in 

similar colors for the patterns. The maps using the equal interval method appear very flat and 

lose a lot of information. The first impression is that the patterns using the head/tail breaks 

classification, the natural breaks method, and the standard deviation method appear similar to 

one another. However, the head/tail breaks classification delivers the scaling structures (c.f., 

Appendix A provides the values). The patterns using the head/tail breaks classification contain 

several scales of centers that make strong centers and apparent repeated boundaries. 

This study prepares 23 different sets of pictures that include three types to implement the test. 

Alexander’s (1993, 2002) previous studies results are examined, and photographs of the rugs 

and buildings are used as the first group. For the second type of data, maps using the head/tail 

breaks classification and the natural breaks approach obviously show that the head/tail breaks 

classification captures the scaling pattern. Six different hotspot maps of Paris and London POIs 

are indicated and show that patterns using the head/tail breaks classification deliver recursive 

centers. In this regard, people are assumed to sense a higher quality of life from patterns using 

the head/tail breaks classification. The 23 pairs of images were randomly ordered to prevent 

people from feeling as if they were looking at the same images on the POI hotspot maps. 
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Figure 4-4: Six different visualized patterns of Paris and London hotspot maps 

(Note: The upper panels show the hotspot maps of Paris and the lower panels present that of 

London. (a1) and (a2) are patterns using head/tail breaks classification. (b1) and (b2) are 

patterns using the equal interval scheme. (c1) and (c2) are patterns using the quantile scheme. 

(d1) and (d2) are patterns using the natural breaks scheme. (e1) and (e2) are patterns using the 

geometrical interval scheme, and (f1) and (f2) are patterns using the standard deviation scheme.
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4.2 Survey data collection 

The mirror-of-the-self test aims to examine the existence of living structures. Alexander (2002) 

conducted the test to prove that life is a phenomenon and claimed that individuals feel life when 

they connect to their inner hearts. The test asks people (c.f., Appendix B for full descriptions) 

the following questions: which of the two is more like your own self (Alexander, 2002 p. 316) 

and which of the two is or seems more alive or has more life (Alexander 2002 p. 319). Instead 

of asking which image is preferred, this method helps people escape falling into the subjective 

preferred trap, enabling them to easily compare the different levels of life between two objects. 

Moreover, the test forces people to see themselves in the images and enables them to view the 

photographs from their deeper hearts. 

Several methods exist for conducting the survey, such as personal interviews, mail, telephone, 

and the Internet (Fowler 2014). The mirror-of-the-self test emphasizes visual presentation. 

Telephone interviewing is limited by the phone number list and requiring researchers to both 

ask questions and record answers. Because the questions in this survey required visual aids and 

telephone interviewees cannot see questions over the telephone, this method was abandoned. 

The mail survey method is limited by the address list. Furthermore, researchers need to print 

out the survey, put them in an envelope, and mail the envelope to the respondents, a timely and 

costly procedure. Then, respondents need to mail back the survey; thus, a long time may pass 

before receiving the responses. This study applied a more effective and cost-efficient approach. 

Personal interviewing enables researchers to interact directly with, and explicitly ask questions 

of, respondents. Presenting questions requiring visual aids is easier through this self-

administered method than through telephone interviews. However, the personal interviewing 

approach is limited by geographic area. Internet surveys, which provide lower unit data 

collection costs, are superior with respect to time and money spent. Respondents have adequate 

time to provide thoughtful answers and the Internet platform allows respondents to check their 

answers directly and quickly. In contrast to paper-and-pencil procedures, Internet platforms are 

more efficient at collecting and analyzing data. I conducted an Internet survey, which has no 

time and geographic limitations, using the public and professionals. This study utilized the 

advantages from personal interviews and the Internet to implement the survey and to fulfill the 

mixed modes.  

In addition to the Internet-based survey, traditional personal interviews were also conducted to 

enable directly interactions with respondents. In this context, the questions were presented to 

the interviewees and immediate feedback was received. The personal interviews were randomly 

conducted at the University of Gävle. The Internet surveys using the public (#1) and 

professionals (#2) represented the first two tests of this study, and the personal interviews (#3) 

represented the third test. These three tests represented the first stage of the surveys and the 

second phase of the mirror-of-the-self test followed.  

This study applies human beings as the experimental instruments to test individuals’ actual 

reactions toward living structures. Alexander (2002) asserted that people sense the life in 

geometrical structures. However, for individuals in today’s modern world to deeply detect a 

structure is difficult. Alexander indicated that people are often controlled by the mass media 

and are influenced by culture and education, and rarely find a wholeness structure. Accordingly, 

people need to be trained to view objects deeply. By repeatedly utilizing the mirror-of-the-self 

test, individuals are able to gradually discover the wholeness of life. A real liking comes from 

the inner heart and refers to staying power. Individuals’ true liking for objects is permanent. 
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This study implemented the two-phase test with a particular group of individuals. First, the 

survey was conducted as usual. Then, the concept of a wholeness structure was explained and 

individuals were asked to view the pattern deeply. The test was then re-conducted with the same 

interviewees to determine the differences between the untrained and the trained results. 

The mirror-of-the-self test aims to make people connect with the pictures. People are asked to 

imagine themselves in the images and select the one that makes them feel more life or more 

selves. Once individuals feel the self in a picture, they are able to detect real beauty. In this 

manner, individuals can eliminate superficial preferences and further recognize their real likings 

or original minds toward the pictures. The concept of the mirror-of-the-self test is used to verify 

the existence of objective beauty, and the Internet survey and personal interviews are used to 

implement the tests. The mix modes of the survey increase the accuracy of the test (Dillman et 

al. 2008, Fowler 2014).  

In summary, this study designs c using three different types of pictures. In the first round, three 

different samples are targeted. The survey (#1) published the test on the Internet to collect 

samples from the public. The Internet survey (#2) was distributed to professionals through a list 

of e-mail addresses. In-person interviews were conducted randomly (#3) with individuals from 

the University of Gävle. In the second round, the survey was distributed to 35 specific students 

from National Taipei University. Chapter 5 illustrates and analyzes the results of a comparison 

of survey responses from both untrained and trained minds.  
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5. Results and discussions  

The central focus of this research concentrates on the degree of life that arouses objective beauty 

within the scaling pattern of geographic space. The mirror-of-the-self test was implemented on 

the basis of Alexander’s notions using both Internet surveys and in-person surveys. The results 

of the test manifest the objective beauty triggered by the proper scaling classification scheme 

of the spatial space, which deeply connects the inner mind of human beings. This chapter 

demonstrate the results and provide a discussion of the mirror-of-the-self test.  

5.1 Descriptive statistics for the first-stage test 

For the first-stage tests, the survey was conducted on three different groups (c.f., Appendix B 

provides detailed statistics). The number of samples from the public (most individuals were 

from Taiwan) for the Internet survey was 151. On average, individuals required seven minutes 

and five seconds to complete the survey (#1). Participants who received the emailed survey (#2) 

completed the survey in an average of five minutes and thirty-five seconds, and 187 samples 

from experts were received. In-person random interviews (#3) at the University of Gävle took 

an average of three minutes and fifty seconds, and 54 samples were obtained. This study 

integrated these three surveys and collected 392 total samples, and each took an average of five 

minutes and fifty-five seconds to complete. Accordingly, survey (#3) is based on direct 

interaction to make people understand its contents in a short period, thus requiring less time of 

them to complete the survey. Survey (#2) and survey (#3) implemented through the Internet 

gives participants more time to ponder and select answers. 

Table 5.1: Descriptive statistics of the survey samples 

Category Sub-category % Category Sub-category % 

Gender 
Female 50 

Education 

High school graduate 9 

Male 50 Bachelor's degree 38 

Age 

Less than 20 3 Master's degree 29 

20 to 30 59 Doctorate degree 24 

31 to 40 20 

Employer 

Education 25 

41 to 50 8 For profit 12 

51 to 60 7 Government 11 

Over 60 2 Health Care 0 

Country of 

Origin 

America 13 Non-profit 2 

Asia 47 Other 8 

Europe 39 Student 41 

Oceania 1 
Average 

time 

Five minutes and fifty-five 

seconds 

(Note: Three types of surveys and 392 samples were used. Appendix B provides detailed 

descriptive statistics for each survey) 

Evoking objective judgments of the beauty of objects in spatial space is the central conception 

of the mirror-of-the-self test. To verify this theory, the study conducts surveys on participants 

from various backgrounds using three different collective methods. Survey (#1) was conducted 

with the public, most of whom are students from National Taipei University. This study sent 

survey (#2) via email to experts proficient in geographic information and cartography. Survey 
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(#3) was carried out at the University of Gävle on random participants, primarily Swedish 

students. A total of 392 participants were involved with this survey. Table 4.1 provides the 

detailed characteristics of the participants, which indicates that almost half are female and half 

are male, and most are between 20 and 30 years old. The interviewees in this survey are from 

diverse countries, with 47% from Asia (primarily Taiwan) and 39% from Europe. Regarding 

education, 38% of the participants have a bachelor’s degree and 29% have a master’s degree. 

In addition, most participants are students (41%). 

For the photographs of the rugs and the architecture, the five sets are in accordance with 

Alexander’s studies (Figure 5.1). Less than 50% of the individuals selected both rug images. 

Alexander (1993, 2002) noted that people tend to choose rugs based on their preferences. In the 

photograph of the Greek monastery, 47% of the individuals sensed more degrees of life. 

Interviewees’ feedback indicated that they found the monastery dilapidated and ruined, and that 

did not represent themselves. However, Alexander noted that life is imperfect and this type 

thinking is reflected in the survey (#2) of the professionals. From that survey, 59% experts 

selected the monastery. Accordingly, individual backgrounds may influence the results. 

 
Figure 5-1: Results of Alexander’s photographs 

(Note: Percentages in the left-hand images show that Alexander’s suggestion contained a higher 

quality of life. The percentages only represent the total results; Appendix B presents the detailed 

results). 

Overall, 50% of the individuals selected Hardwicke Hall, with 62% in survey (#1) and 54% in 

survey (#2) selecting the hall. However, only 40% of the professionals agreed that the building 

has more degrees of life. Museum design A plan presents more traditional elements than the B 

plan does, and 53% of individuals found the A design to represent themselves. The pair of 

museum designs reflects features between modern and conventional; some individuals 

preferred the contemporary design, whereas others did not. In contrast, the last three sets of 

buildings (for example, the Swedish traditional house) reflect the differences in the scale factors 

and are in line with the findings of Alexander (2002). Overall, approximately 55% of the 

participants selected the images that Alexander suggested.   

5.2 Test results of the scaling patterns on maps 

This study was conducted on two types of maps. The first type represents a comparison of the 

head/tail breaks classification and the nature breaks method. The second type uses POI hotspots 

to compare six different classification methods. Figure 5.2 shows the results from the first type. 

Only 35% of the participants selected the U.S. terrain surface, reflecting the concept that people 

are more familiar with the pattern of natural breaks. In particular, 76% of the professionals 

selected the terrain surface of the natural breaks approach. The terrain surfaces are presented 
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with colors, a fact that may create some bias. As for rural population density, 53% of 

participants selected the pattern with the head/tail breaks classification. The results show a not 

very apparent discrimination between these two classification methods, possibly because of the 

same cell sizes in the two maps. Thus, color distributions are the only difference, and 

individuals may not have been able to immediately distinguish among the two types. 

As for the three point-based maps, the head/tail breaks classification shows an apparent scaling 

pattern. Approximately 61% of the participants selected the pattern of mainland U.S. cities’ 

sizes with the head/tail breaks classification. The result is not obvious, unlike the other two 

point-based patterns, possibly because of screen size limitations. The entire area of the United 

States is large and the two U.S. maps were placed side-by-side on the screen to reduce the 

differences in the sizes of the points. More than 70% of the participants selected the other two-

point patterns with the head/tail breaks classification. These two sets of maps present firm 

evidence that the scaling structure makes people feel alive, as based on the apparent difference 

between the point scales. Overall, 59% of the individuals selected maps with the head/tail 

breaks classification. 

 

Figure 5-2: Results of scaling patterns on the maps 

(Note: The percentages in this figure show the total selection of the head/tail breaks 

classification (the left-hand picture in each set of maps). The detailed results are presented in 

Appendix B). 

As for the Paris POI hotspot maps, overall, 68% of individuals selected the maps with the 

head/tail breaks classification (Figure 5.2). More than 60% of the participants selected the 

scaling pattern, except with respect to the equal interval. Other classifications (for example, 

quantile) crowd the maps, and these methods lack the level of scales. A comparison of the 

surface between the head/tail breaks classification and the equal interval shows that an equal 

interval pattern seems rather flat and lacks information. Only 50% of the survey (#1) 

participants selected the structure with the head/tail breaks classification. However, 61% of the 

professionals and 63% of the participants (test #2) agreed that the scaling pattern contains more 

life. 

Figure 5.3 shows that, overall, 69% of the participants selected maps with the head/tail breaks 

classification. In this case, the quantile and geometrical intervals showed a different pattern 

from the others. Compared with the quantile method, 79% of participants perceived that the 

scaling pattern has more degrees of life. A comparison with the geometrical interval showed 

that 66% of participants agreed that the scaling pattern reflects themselves. The equal interval 

pattern is similar to that of Paris, which is flat, but has a different consequence. In the London 
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maps, 76% of individuals feel alive through the scaling pattern. The standard deviation also 

lacks scale levels and only 26% of participants selected its related form. For the London maps, 

the differences between the head/tail breaks classification and the natural breaks method were 

not distinguishable, indicating the similarity of these two patterns. The only difference is that 

the structure with head/tail breaks classification contains a stronger center, and 52% of the 

participants detected a higher quality of life in the map with the head/tail breaks classification. 

 

Figure 5-3: Results of POI hotspot maps 

(Note: (a) shows the results of Paris maps and (b) presents the London maps. H/t represents the 

head/tail breaks classification. Equal represents the equal interval scheme. Natural represents 

the natural breaks scheme. Geometrical represents the geometrical interval scheme. Standard 

represents the standard deviation scheme. The percentages in this figure show the total 

selections. The left-hand patterns show the head/tail breaks classification, which is assumed to 

contain more degrees of life. The detailed results are presented in Appendix B). 

To summarize, this study uses three types of images to conduct the mirror-of-the-self test. 

Photographs of rugs and buildings were applied as the first group and were used to increase the 

standard for the test results. Approximately 55% of the participants followed Alexander’s 
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assumptions. When individuals selected images in this category, they more or less contained 

their preferences; for example, the modern elements affected participants’ selections. For the 

second type of images, five sets of maps were prepared to compare the head/tail breaks 

classification and the natural breaks method. Overall, people perceived that the pattern with the 

head/tail breaks classification contained a higher quality of life. The third type of images IS the 

London and Paris hotspot maps. For the hotspot maps, an overall 68% of the participants 

selected the structure with the head/tail breaks classification.  

5.3 Descriptive statistics for the second-stage test 

For the second-stage test, a two-phase test was conducted with 35 certain individuals. 

Alexander (2002) noted that people cannot easily detect real beauty or life. In particular, adults 

are deeply influenced by the mass media, culture, and education. In this context, this study 

attempts to track the difference between the untrained thinking and the trained mind. In 

particular, some useful information was obtained through the personal interviews. Some 

individuals frequently selected architecture with modern elements and claimed that 

contemporary features are their labels. From this point, people judged a picture at a superficial 

level. In addition, some individuals sought to change their previous answers during the survey 

and some had different thoughts after the explanation. These situations show that people need 

to learn how to perceive life from underlying structures. This study assumes that individuals 

are mature when detecting life after training. In this regard, a second-stage survey was 

conducted using a particular group of participants, including primarily bachelor students from 

National Taipei University (Table 5.2). 

Table 5.2: Descriptive statistics of the training samples 

 

Category Sub-category Frequency Percentage 

Gender 
Female 21 60% 

Male 14 40% 

Age 
20 to 30 32 91% 

51 to 60 3 9% 

Country of Origin Asia 35 100% 

Education 
Bachelor's degree 24 69% 

Master's degree 11 31% 

Employer 

Education 1 3% 

For profit 1 3% 

Government 5 14% 

Student 26 74% 

Other 2 6% 

(Note: This study conducted the untrained test and the trained test using the same group of 

individuals. Most of them are students from National Taipei University.) 

The second-stage test involves two phases. First, individual interviews were conducted with 

these 35 participants. Each time, the concept of the life phenomenon was explained after the 

first-round test. That life comes from a deeper structure and links to their inner hearts was 

illustrated, and the living patterns are better representations of the human. After the explanation, 

the same test was re-conducted. Figure 5.4 shows the results of the training tests. The overall 

percentage improves from 59% to 66%, and the percentage of the rugs and architecture 

photographs increased from 47% to 58%. In the second-stage test, the first-phase results were 
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worse than the results of the first-stage survey because fewer participants in the second-stage 

test selected the Ersari prayer rug. Only 17% people selected the alive rug. Another difference 

is the selection of the museum designs. Only 37% of participants agreed that the A plan contains 

higher degrees of life. The other results are similar to those of the first-stage survey. After the 

training processes, improvements occurred in the first-stage test and 66% the of individuals 

sensed quality of life in the Berlin prayer rug. Moreover, 54% of the participants agreed that 

the damaged Greek monastery has more life than the Detroit apartments. 

 

Figure 5-4: Comparison of untrained thinking and the trained mind 

(Note: The percentages refer to the interviewees who selected the alive object from the set of 

pictures. The overall percentage increased from 59% to 66%. For the Alexander photographs, 

the percentage increased from 47% to 58%. A comparison of the head/tail breaks classification 

and the natural breaks method shows an increase from 58% to 68%. As for the POI hotspot 

map, the increase was from 68% to 72%.) 

For the comparison of the head/tail breaks classification and the natural breaks method, the 

increase was from 58% to 68%. Compared with the first-stage survey, the map size of U.S. 

cities was adjusted. In the first-phase test, more than 77% of the participants selected U.S. city 

sizes with the head/tail breaks classification, representing a significant improvement. After the 

training, overall, 82% of participants selected the three point-based maps with the head/tail 

breaks classification. In particular, 91% of the participants selected the heavy-tailed pattern of 

1023 cities.   

The percentage related to the POI hotspot map increased from 68% to 72%. In the first-phase 

test, the result of the Paris map with equal interval differs from the result of the first-stage 

survey. In the first-stage test, only 57% of participants perceived a higher quality of life in the 

pattern with the head/tail breaks classification. However, 94% selected the scaling structure. 

The POI hotspot type reveals significant evidence that the scaling pattern contains higher 
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degrees of life. For the Paris maps, the percentage improves from 63% to 66% and increases 

from 74% to 78% for the London maps. These results show that the head/tail breaks 

classification enables derivation of the living structure. In the second-stage survey, participants 

are shown to have a better understanding of the test after the explanation and tended to view 

the picture from the structural level.  

This study further applies Pearson’s chi-squared test to examine the manner in which 

demographic characteristics influence the results. The chi-squared test is known as the 

goodness-of-fit test (Plackett, 1983). The statistical goodness-of-fit model summarizes the 

variance between observed values and the expected value. The Pearson’s chi-squared value is 

computed using the IBM SPSS Statistics 22 package (c.f., Appendix B provides the detailed 

results). The results show that the difference between the genders does not affect the outcomes. 

The samples in this study include six different age ranges, with only twelve people under 20 

and nine people over 60 years of age. To reduce the statistical bias, the age ranges for between 

50 and 60 and older than 60 are combined. A statistical summary of the age factors reveals that 

individuals from different age ranges tend to select similar pictures.  

Merely three participants of this study come from Oceania (Austria); therefore, in the Pearson’s 

chi-squared test, the Asia and Oceania categories are combined. The results show that people 

from different countries choose similarly most of the time. However, they selected very 

differently with respect to the Greek monastery and Hardwicke Hall, with 65% of the 

Americans and 54% of the Europeans agreeing that the Greek monastery has a higher quality 

of life. In contrast, only 37% of the Asians made the same decisions. For Hardwicke Hall, 62% 

of the Asians felt that the building has a higher quality of life. However, only 31% of the 

Americans and 42% of the Europeans agreed with Alexander’s assumptions. More specifically, 

people may have different feelings about the buildings depending on their cultures. Regarding 

the control variables for education and employers, no noticeable difference appeared in the 

correlations for the set of images related to these two factors. These results follow the findings 

of previous studies (Alexander 2002, Salingaros 2013) that beauty can objectively exist in any 

space.  

In summary, this chapter provides detailed results of the two-stage survey. For the first-stage 

test, approximately 63% of the Alexander photograph sets were in accordance with the findings 

of Alexander’s studies (1993, 2002). As for the maps, the results affirm arguments of previous 

studies (Jiang 2015c, Jiang and Sui 2014) that the head/tail breaks classification can capture the 

scaling structure. These results show that the proper classification of visualizing maps evokes 

objective beauty. The results of the second-stage test show that people mature after training and 

that human beings can be trained to view pictures without personal preferences. These results 

accord with the Alexander’s assumption (2002) that people need certain training to detect the 

objective beauty. The Pearson’s chi-squared test reveals that most demographic characteristics 

do not influence the consequences. Only the cultural factor affects the selections of buildings. 

These results accord with the assumptions of previous studies (Alexander 2002, Salingros 2013) 

that different people can detect the objective beauty in deep structures. 

5.4 Discussions 

I conducted the mirror-of-the-self test using two rounds of survey. For the results of the first 

round test, it shows that beauty rather objectively exists in the most scaling maps. These 

findings accord with Alexander’s argument that this kind of beauty objectively exists in any 

space. Beauty does not come from personal opinions but from scientific views. In other words, 

everything has a different quality of life. A comparison of two objects shows that people sense 
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more life from one object than the other. The living structure has a positive effect on individuals’ 

psychological and physical well-being. These feelings arise from the inherent stature. In other 

words, life emerges from geometrical patterns. The scaling pattern is associated with fractal 

beauty and the theory of centers, and the concept of fractal geometry and the living structure is 

followed. The scaling pattern of maps is assumed to evoke a sense of beauty. 

The training tests show that people need particular training to view objects from a structural 

level. Overall, the percentage improves from 65% to 71% for the scaling maps. In this way, 

they selected similarly to the other participants, which agrees with Alexander’s theory. 

Alexander (2002) noted that this kind of objective beauty has staying power. Objective beauty 

comes from the structure of geometrical wholeness. As people notice and recognize the 

wholeness, they sense that an object is more alive and more closely connect with their deeper 

hearts. When people connect with their inner hearts and original minds, they are finally able to 

experience true liking or objective beauty. However, individuals in today’s modern society 

easily fall into the traps of apparent liking and disliking. This type of personal preference and 

subjective opinion fails to enable people to discover their truly liking. As long as individuals 

connect to objects in a proper manner, they sense a real and lasting permanent liking.  

This study applies the untrained test and the trained test to determine the transition of 

individuals’ interactions within the training processes. The results of the second-stage survey 

reveals that people develop a positive attitude after training. The results for the POI hotspot 

maps do not reveal a very significant change (from 68% to 72%), implying that individuals can 

compare degrees of life from a simple pattern. In contrast, people easily linked their daily lives 

with the photographs of the rugs and architecture. Building selections may depend on their 

childhood surroundings given their intent to select clean and fashionable buildings. These ways 

of thinking represent biases toward objective beauty. This point indicates that people need 

significant training to perceive the carpets and buildings from a deep structure. This study 

attempts to verify objective beauty excluding personal experiences. 

For the patterns of maps, individuals’ selections tend to be objective and focus the structure on 

the map itself. The overall results reveal that the head/tail classification captures the scaling 

pattern and evokes a sense of beauty. However, the results of the U.S. terrain surface are not 

according to our assumptions because most people are familiar with the surface through the 

natural breaks method. In particular, most professionals (for example, cartographers) intend to 

choose a map using the natural breaks approach. Moreover, the color factor may influence their 

decisions. Maps with the head/tail breaks classification contain half green colors; however, the 

pattern with the natural breaks method has more yellow and red colors than the others. In this 

regard, people tend to feel more degrees of life from bright and warm colors. As another case, 

the rural population density shows that these two classification schemes are similar because the 

colors represent the single difference in the maps. The other structures (including the hotspot 

maps) contain a single level of colors. However, all of the patterns are rather different. As a 

result, people can concentrate on the maps at the structural level, and the results are more 

evident than in Alexander’s photographs.  

The results of this study show that more people can detect objective beauty or life after training. 

However, most general is untrained and hard to perceive beauty from the first sight. From this 

point, cartographers may have to select the proper classification scheme for different types of 

maps. Take the U.S. terrain surface as an example, the map with head/tail breaks classification 

may make people feel the real beauty or the quality of maps. However, other classification 

schemes (e.g., equal interval) may be more useful to reveal the U.S. terrain surface. In this 

regard, people may have to decide to make a beautiful map or a useful map in different themes 

of maps.
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6. Conclusions and future work 

This study aims to visualize the scaling pattern on maps. The scaling structure not only reveals 

real spatial phenomena but also further evokes a sense of beauty. This study utilizes the head/tail 

breaks classification to capture the underlying scaling property to prove that beauty objectively 

exists in any space. A series of tests was designed to track real reactions from individuals. More 

specifically, human beings were used as measuring instruments to show that the scaling pattern 

evokes objective beauty. Chapter 6 includes two sections to summarize the results of this study. 

Section 6.1 provides conclusions to this study. Section 6.2 reveals the limitations of this study 

and makes suggestions for future work. 

6.1 Conclusions 

Scaling as a universal law exists in spatial phenomena. This study applies the head/tail breaks 

classification to visualize the scaling pattern of geographic features. The results prove that the 

head/tail breaks classification is an effective and intuitive method to capture the underlying 

scaling pattern. The results imply that the scaling pattern reflects the spatial phenomena. The 

head/tail breaks classification reveals a strong ability to enable mapping of spatial objects. In 

the era of big data, individuals must reveal and visualize useful information from massive data 

(Dodge and Kitchin 2001). In this context, both the public and experts must deal with massive 

data and capture the needed data to read the features of geographic space. Analyses of the 

geographic space face two different fundamental issues: (1) how to process and analyze 

geographic data and (2) how to reveal the space effectively and efficiently. Map generalization 

is a processing method that properly produces details of geographic data at different levels 

(Jiang et al. 2013, Kraak and Ormeling 2010). As previously mentioned, the fundamental 

concept of a geographic feature is related to the hierarchal scaling property. To reflect and show 

real geographic features, this study adopts the new classification scheme called the head/tail 

breaks to classify and visualize geographically distributed patterns. 

The scaling property of spatial features occur from the bottom up. In this context, the Paris POI 

and the London POI are used as case studies. The mirror-of-the-self test is adopted for people 

from diverse backgrounds to prove the argument. The first stage of the survey was conducted 

on three different groups of people, including the public (most from Taiwan), professionals, 

and individuals from the University of Gävle. The survey in this stage was performed through 

an Internet survey and in person, and the results show that the interviewees selected most of the 

living structures in the set of pictures. In particular, the second and third groups of images were 

used to compare the head/tail breaks classification and other methods. Most images were 

selected by more than 50% of the participants and some were even selected by 80% of the 

interviewees.  

Generally, the preliminary argument of this study demonstrates that objective beauty is affirmed 

to be triggered by a scaling pattern through the head/tail breaks classification. This study utilizes 

the fractals and the theory of centers to derive the underlying features of objectively beautiful 

structures, which are scaling patterns. This study also applies the head/tail breaks classification 

to capture the scaling properties of a geographic space. Finally, the mirror-of-the-self test is 

conducted in two rounds of surveys to prove the central argument of the thesis, which is that a 

visualized scaling pattern evokes a sense of beauty. The findings follow the theory of centers 

and the wholeness structure.  
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6.2 Future work 

The main limitation of this study is the period of taking the mirror-of-the-self test. As Alexander 

(2002) mentioned, the real beauty of an object is its staying power, implying that people must 

find the living structure over a long period. However, given time limitations, every test for this 

study lasts approximately five to seven minutes. In addition, people mentioned that the 

particular time at which the survey affected the results. For example, people may have different 

responses in the morning or in the evening. Regarding training, this study conducted the second-

phase survey immediately after providing an explanation. However, future work should track 

the results after a few days or conduct the same process with a person several times for 

potentially different results. For example, people have different emotions every day and even 

at every moment. When people are angry or upset, they may choose the picture that reflects 

their emotions.  

The diversity of backgrounds is another limitation of this study. The participants are almost 

exclusively composed of 20 to 30 year-old individuals. Future work can widen the age range. 

Most individuals in our sample have an academic background (in other words, are educated and 

are students). In the future, researchers can plan to conduct the mirror-of-the-self-test with 

businesspersons or people from the streets. Moreover, my results show that culture as a factor 

influences individuals’ decisions. In this regard, researchers can conduct surveys using 

individuals from various backgrounds. Collecting more samples may increase the study’s 

overall accuracy or enable a comparison of the differences between types of images. 

This study shows that the head/tail breaks classification is efficient in capturing the scaling 

pattern. For map designs, researchers must deliver useful information to the public. In this 

regard, the head/tail breaks classification enables visualization of important information. In 

particular, in the era of big data, individuals must deal with massive amounts of data and, in 

this context, must choose to deliver useful information on maps. Map design utilizes many 

variables (such as colors). In this study, the scaling pattern is the focus and an attempt is made 

to emphasize that the structure dominates the manner in which the map is presented. The 

effective visualization of the scaling structure assists individuals in properly interpreting the 

spatial features.  

In addition to map design, beauty is important for the spatial aspect. Compared with other art 

forms (such as music and film), cities are inevitable. Most human beings must face and interact 

with cities and, in fact, become a part of cities. Indeed, people must live in and adapt to the 

surrounding environments, which affect individual’s physical and psychological health. From 

this perspective, the scaling property plays a crucial role in city planning. Cognition of scaling 

beauty enables humans to avoid isolation and dangers from the surrounding space (Richards 

2001, Salingaros 2013). In other words, the conception of the scaling broadens our visions of 

our surroundings, and influences our health. For the future works, researchers can consider take 

the factor of scaling in mapping the surrounding environments. 

Living cities must contain various scales; if they do not, cities become unworkable, implying a 

crucial issue for sustainable development. Life exists in each physical structure and every single 

part of the space, and everything owns its life. All elements in the city must work and interact 

with each other to build a living structure. Failing to link all of the scales together makes people 

feel detached from the space. However, a living city should work as an unbreakable complex 

system. As fractals or the theory of centers shows, every living object contains the scaling 

property, which not only shows beauty but, more importantly, has a positive effect on our health. 

To summarize, the scaling pattern applies to mapping and to city planning. For the future work, 
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researchers can accept the scaling as a universal rule for mapping spatial features in reality and 

evokes a sense of beauty. Moreover, the scaling property as an essential element simulates the 

dynamics of cities and assists in planning sustainable living environments.  
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Appendix A: Processing and visualizing point of interest on maps 

Appendix A illustrates the procedures for visualizing point of interest (POI) data on maps. In 

recent years, the attention paid to utilizing volunteered geographic information, such as 

OpenStreeMap (OSM), has increased dramatically. The OSM database provides data on daily 

citizens’ lives. This study derives POI data from the OSM as study materials, and this appendix 

provides complete procedures for creating and analyzing POI hotspot maps. This appendix 

includes three main steps to achieve this goal: (1) obtain POI data from OSM data and capture 

the study area with the city’s boundary, (2) process POI data and visualize the hotspot surfaces 

using KDE, and (3) create and compare different hotspot maps using six classification schemes. 

Study areas and data preparation 

Obtain POI data from CloudMade (http://cloudmade.com/), but the downloaded data are not 

directly available to create hotspot maps. The data should be re-projected and fit the boundary 

in ArcGIS 10. The operating procedures are as follows. 

1. Download the shapefile of France from CloudMade. Start ArcGIS 10 and import the 

france_poi data from the shapefile. Click the Add Data button, choose the data from the 

shapefile, and click add. The POI data are added, including 526,021 POI data points on all 

of France (including Corsica island). The original geographic coordinate system sets as 

WGS 84, which is needed to reset. Re-project the POI data by clicking Data Management 

Tools, Projections and Transformation, and Feature. Double-click on Project. 

 

 
  

2. In Input Dataset or Feature Class, choose france_ poi and click the button next to Output 
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Dataset or Feature Class to define the output dataset, and name it france_poi_project. Click 

the button next to Output Coordinate System, in the window of Spatial Reference 

Properties click select to choose Projected Coordinate Systems, select National Grids, 

France, and ED 1950 France EuroLambert.prj. Click Add and OK to reset the suitable 

projected coordinate system for France. Click OK to execute the map projection and 

produce the france_poi_project layer. 

 

 
 

 
 

3. We select the Boulevard Périphérique dual carriageway as the study area boundary. Paris 

has 11,828 POIs. 

 

 

Processing POI hotspot maps using KDE 

In this section, methods for creating POI hotspot maps through KDE are introduced. 

1. Perform KDE by clicking Spatial Analysis Tools and Density. Double-click on Kernel 

Density. 
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2. In the Kernel Density window, Input point, or polyline feature, choose pairs_ poi and click 

the file button next to Output raster to define the output dataset. Call it pairs_poi_kde. The 

default values of Output cell size and Search radius are automatically produced by ArcGIS. 

The default value of the cell size depends on the shorter width or height of the output extent 

divided by 250. The default value of the search radius is based on the shorter width or height 

of the output extent divided by 30. The width of the Paris POIs’ output extent is 

11,969.83274 meters, and the height is 9,530.101842 meters. The default values are 

9,530.101842 meters divided by 250 and 30, separately (38.1204073697906 meters and 

317.670061414922). Then click on OK. 

 

  
 

3. After calculating Kernel Density, the POI hotspot map is created automatically.  

  

 

Visualizing the POI hotspot maps through six different classification methods 

This study applies six different classification methods to visualize the POI hotspot maps. This 

section illustrates the processes of conducting the different classification schemes. 

 

1. Obtain the integer values from the floating points. In ArcTollbox, click Spatial Analysis 

Tools, Math, and double-click on Iit. In the Int window, Input raster, or constant, choose 

pairs_poi_kde and click on the file button next to Output raster to define the output dataset 

and name it pairs_intkde. After obtaining the integer values of KDE, the attribute table of 

pairs_intkde can be built. In ArcTollbox, click Data Management Tools, Raster, Raster 

Properties, and double-click on Build Raster Attribute Table. 
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2. Right-click on the pairs_intkde layer, click Table Option, and select add field… Add a new 

column and name it VALUE＊COUNT. Then calculate whole of the VALUE＊COUNT 

column. Right-click the VALUE＊COUNT column and select statistics... The frequency 

distribution pattern of VALUE＊COUNT is in accordance with the power law (detailed 

discussion in the previous work).  

 

  

 
 

3. Manually conduct the head/tail breaks classification. For the first cut of the head/tail breaks, 

calculate the first mean of all values to classify the value into the head part (over the first 

mean) and the tail part (below the first mean). For the second cut, calculate the mean value 

using the head part of the first cut. Continue the procedures recursively until the percentage 

of the in head part is approximately equal to the in tail part. The inherent ht-indies of Paris 

KDE are 12. The ht-indies KDE of London are 7. After the class five, the counts in both 

cases are too trivial to visualize. According to visual perception, the first five classes 
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represent the maps, which becomes the classification principle for other methods. 

 

4. Conduct other five classifications automatically in ArcGIS 10.0. The figure below shows 

the results of the distributional patterns of six different classification methods.  

  
 

This appendix briefly explains the processes and approaches to map the Paris POI data. POI 

data reflect real lives in cities. KDE analysis is used to create the continuous surface that reveals 

the density of POIs. Moreover, six classification schemes are applied to visualize the different 

patterns. The study result shows that the head/tail breaks capture the scaling pattern of a 

geographic space.  
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Appendix B: Implementation and results of the mirror-of-the-self test 

Appendix B introduces the procedures for and results of conducting the mirror-of-the-self test. 

The remainder of this appendix is divided into four sections. The first section introduces the 

test. The second section provides the implementation processes of the survey. The final section 

displays the results from the survey. 

Procedures for designing questions 

The question design includes three main parts: (1) introduction of the test, (2) participant 

backgrounds, and (3) pairs of image questions. The initial page of the survey introduces the 

concepts and objectives of the mirror-of-the-self test. A detailed description is as follows: 

The mirror-of-the-self test was initially developed by Christopher Alexander in his master works 

"The Nature of Order", and it is to test the existence of objective beauty in nature and in what we 

make such as buildings, paintings, designs, and any artifacts. Following the recent work by Bin 

Jiang and Daniel Sui on "A New Kind of Beauty Out of Scaling of Geographic Space" (The 

Professional Geographer, 2013), we kindly invite you to participate this mirror of yourself test. 

The test is purely for scientific purposes, and we thank you in advance for your volunteered 

participation! 

In the second and third paragraphs, the processes to undertake the survey are presented, and is 

shown below. To help people understand the test, the questions are re-expressed in different 

ways. 

After filling out some personal details, you will be exposed by two things in pair (left versus 

right) at a time. You are requested to select one, with which you have the most wholesome or 

healthy feeling. In case you have difficult to understand this question, you can refer to one of 

the following re-expressions: 

* Which of the two is more like your own self (Alexander, 2002 p. 316)?  

* Which of the two seems closer to representing you, your own self, in your totality 

(Alexander 2002 p. 316)? 

* Which of the two is more deeply connected your eternal self, your aspiration, the core of 

you that exists inside (Alexander 2002 p. 316)? 

* Which of the two is or seems more alive or more life (Alexander 2002 p. 319)? 

* Which of the two makes you more aware of God, or makes feel closer to God (Alexander 

2002 p. 355)? 

* Which of the two would you prefer to become by the day of your death? (Assuming for a 

moment, that you believed in reincarnation, and that you were going to be reborn as one 

of these two things, then which one would you rather be in your next life?) (Alexander 

2002 p. 320)? 

In the second part, people filled in simple personal information (for example, gender and ages). 

In the third part, 23 sets of pictures were prepared for the test. Because avoiding a pair of images 

disrupts each pair, we place one set of pictures on a single page that includes three categories 

of pictures, and these images are placed randomly for the test. A website used to publish the 

survey (http://sharon19891101.wix.com/mirror-of-the-self) was created, and is illustrated in the 

following figure.  
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Results of the survey 

This study conducted the test through an Internet survey and personal interviews. Participants 

for the Internet survey were the public and professionals. The survey was published through 

Facebook to collect samples from the public. An email list was used to contact the professionals 

and to distribute the survey. The personal interviews were conducted at the University of Gävle. 

The Internet survey was given to 151 individuals from the public (#1) and 187 professionals 

(#2). The personal interviews (#3) were conducted with 54 individuals. The first part of the 

statistics includes the backgrounds of the respondents. The survey (#1, #2, and #3) participants 

were 50% male and 50% female. In surveys #1 and #3, most participants were between 20 and 

30 years of age, or were undergraduate students. Most of the individuals that took survey (#1) 

were from Eastern Asia (Taiwan), and most interviewees in survey (#2) were from Northern 

Europe (Sweden). Respondents in survey (#3) were between 20 and 40 years of age, worked as 

educationalists, had doctorate degrees, and came from North America (United States), Western 

Europe (United Kingdom, Netherlands, and France), and Central Europe (Germany, Poland, 

and Austria) – involving 44 different countries. The results of the survey were as follows. 
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World Regions 
#1 #2 #3 

Number Percentage Number Percentage Number Percentage 

Northern Asia 0 0% 2 1.07% 0 0% 

Eastern Asia 143 94.70% 8 4.28% 8 14.81% 

South-Eastern Asia 2 1.32% 1 0.53% 0 0% 

South Asia 0 0% 5 2.67% 1 1.85% 

Western Asia 0 0% 8 4.28% 1 1.85% 

Central Asia 0 0% 4 2.14% 0 0% 

Oceania 0 0% 3 1.60% 0 0% 

South America 0 0% 10 5.35% 0 0% 

North America 1 0.66% 41 21.93% 0 0% 

Eastern Europe 1 0.66% 6 3.21% 1 1.85% 

Southern Europe 1 0.66% 14 7.49% 1 1.85% 

Western Europe 0 0% 40 21.39% 0 0% 

Northern Europe 2 1.32% 8 4.28% 42 77.78% 

Central Europe 1 0.66% 37 19.79% 0 0% 

 

(Note: #1 represents the result from the public through the Internet survey. #2 indicates the 

results from the professionals. #3 indicates the results from personal interviews at the University 

of Gävle.) 

1. The results of the images were obtained from Alexander’s previous experiments.  
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2. Results of the comparison between the head/tail breaks and the natural breaks 

classifications. The left-hand images display the head/tail breaks classification. The right-

hand images display the natural breaks classification.  
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3. The results of the KDE maps using six classifications. Each pair of patterns compares the 

head/tail breaks classification with the others. Every image on the left-hand side represents 

the head/tail breaks. The order on the right-hand images are equal interval, quantile, natural 

breaks, geometrical interval, and standard deviation.  

Patterns of the Paris KDE 
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The pattern of London KDE 

 

This study applies the mirror-of-the-self test to verify the existence of objective beauty. We 
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designed the survey following Alexander’s experiments. The main argument of this study is 

that the head/tail breaks can capture the underlying scaling pattern. The Paris and the London 

POIs are visualized using six classification schemes. POI maps were used to discern the 

differences between the head/tail breaks and other traditional classification methods. The results 

of this survey show that the head/tail breaks classification scheme could evoke objective beauty.  
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Appendix C: Pearson's chi-squared test of the survey results 

This study uses chi-square tests to examine whether the different personal features (for example, 

nations) influence the results. The demographic characteristic variables include gender, country 

of origin, education, and employer classified as nominal scales. The sets of pictures are also 

assorted as a nominal category and are not influenced by one another. Pearson’s chi-squared 

test is a statistical method to identify the relations between the multi-categories of variables. 

According to the features of the mirror-of-the-self test, this research applies Pearson’s chi-

squared test to determine which of the demographic characteristics affect decisions that are 

made and which image category or specific pictures are selected by distinct demographic 

features. The chi-squared test is known as the goodness-of-fit test. The statistical goodness-of-

fit model summarizes the variances between the observed values and the expected value.  

The null hypothesis of the chi-squared test states that no significant difference exists between 

the observed values and the expected value. If the null hypothesis is true, then males and 

females have equal probability of selecting the answers. If the probability is higher than 0.05, 

then the null hypothesis is not rejected; otherwise, the null hypothesis is rejected and a 

discrepancy exists with the questions with respect to males and females. The questions for the 

mirror-of-the-self test in this research are comprised of five demographic features and twenty-

three image sets (including three different groups). To calculate the Pearson’s chi-squared 

statistics, each set of pictures assumed to have more life is coded as 1 and the sets with less life 

are coded as 0. The title of every set of pictures is in accordance with the description in Section 

4.1. The following portions elucidate on the correlation between the demographic 

characteristics and the picture selections. 

This research computes the Pearson’s chi-squared using IBM SPSS Statistics 22. Pearson’s chi-

squared supplies the matrix cross table. The test result between gender and buildings in San 

Francisco and Barcelona are used as an instance. For all 392 participants, 27.6% selected the 

lesser degree of life and 72.4% preferred a living structure. The 392 participants included 197 

females and 195 males. The theoretical frequencies of the selected female living structure is 

142.7 and that of the male is 141.3, which are close to the actual numbers per the survey 

undertaken. In this case, the statistical significance of 0.870 is higher than the criteria by 0.05, 

which does not reject the null hypothesis. Appendix B provides detailed statistical results of the 

correlation between gender and the sets of pictures. According to the summarized results, the 

decision making in these three groups of pictures is not affected by the gender control variable. 

Furthermore, it shows that most significant percentage that people select in the living structures 

highly accord with between different. In other words, the gender variable does not influence the 

consequence. 

Cross tabulation of gender and buildings in San Francisco and Barcelona  

 
Gender 

Total 
Female Male 

 

Count 55 53 108 

Expected Count 54.3 53.7 108.0 

% within Gender 27.9% 27.2% 27.6% 

 

Count 142 142 284 

Expected Count 142.7 141.3 284.0 

% within Gender 72.1% 72.8% 72.4% 
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 Value df 

Asymp. Sig. (2-

sided) 

Exact Sig. 

(2-sided) Exact Sig. (1-sided) 

Pearson Chi-Square .027a 1 .870   

Continuity Correctionb .003 1 .960   

Likelihood Ratio .027 1 .870   

Fisher's Exact Test    .910 .480 

N of Valid Cases 392     

a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 53.72. 

b. Computed only for a 2x2 table 

 

Pearson's chi-squared test of the survey results are as follows 
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In summary, the results of the chi-square tests show that most features do not influence the 

decisions, implying that beauty objectively exists in any space. However, the characteristics of 

nations or cultures affect people’s decisions regarding the building photographs. In this context, 

future work can invite individuals from other countries to participate in the mirror-of-the-self 

test. 
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