ASTUDY ON EVALUATION OF STREETSCAPE IN
JAPAN AND CHINA
(AL PEICRIT 2 HBERBLONMICEE 3 5 H%)

PRl

f E
H R
o
o>
= &
_ﬂj& =

D
M
s
ﬁ
5
)

"<

2013 -9 H
LI LI



ASTUDY ON EVALUATION OF STREETSCAPE IN
JAPAN AND CHINA

(AA L HEIZB T 2HERRBOFMIZEE I 2550

| C7

International Research Centre
for River Basin Environment

September 2013
LI LI






BA & REIZET 2B ORMEICEE T 575

ISR FERFRE
EFTHREHEMW
I EREFN R

2013 4= 9 H
LI LI






ASTUDY ON EVALUATION OF STREETSCAPE IN
JAPAN AND CHINA

A dissertation submitted in partial fulfillment of requirements for
the degree of Doctor of philosophy in Engineering

Global Center of Excellence (GCOE)
Special Doctoral Course on Integrated River Basin Management in Asian Region
Interdisciplinary Graduate School of Medicine and Engineering
University of Yamanashi, Japan

September 2013
LI LI






Acknowledgements

My deepest gratitude goes first and foremost to Prof. Shinichi Kitamura, my supervisor, for
his constant encouragement, guidance and all kinds of support provided throughout the
research as well as study in Japan. Without his consistent and illuminating instruction, this
thesis could not have reached its present form. | would like to express my heartfelt gratitude

to Assoc. Prof. Toshio Shimokawa for his kind instruction and help on statistical analysis.

| am also greatly indebted to the prof. Isao Oyama, and Prof. Taku Misonou, who have

instructed and helped me a lot in the past three years.

My thanks go to Prof. Kuniaki Sasaki and Prof. Tomoko Takahashi for serving on my

committee and the valuable suggestions.

| would highly appreciate Mr. Chen Yiran, Ms. Wang Na, Mr. Fu Yi, Mr. Chen Peng and the

lab-staff Mr. Shohei Tsuchida for their encouragement.
My special thanks to GCOE-staffs for their valuable and efficient administrative support.

| am very grateful to the Global Center of Excellence (GCOE) program of the University of
Yamanashi, and the Japanese Government (MEXT) , for making this study possible through

their financial support.

Last my thanks would go to my beloved family for their loving considerations and great

confidence in me all through these years.






Abstract

Development of urban transport infrastructure has been progressing rapidly accompanied by
large economic growth in recent years. Urban transport infrastructure development will not
only bring convenience to the community, but also impact the living environment. Therefore,
it is important to build a transport infrastructure that has an appropriate trade-off between its
function and the conditions of the urban environment. Nowadays, the urban transportation
faces many problems due to the excessive development of economy. Since the number of
cars on the roads keeps increasing, the improvements in road size, quality, and quantity have
steadily progressed, while pedestrian space has been neglected. In many situations, in order
to provide enough space to the traffic, the width of sidewalk along the main streets often has
to be set far below the required standard. Besides that, the pedestrian space is often occupied
by bikes and advertisement boards. These result in the low comfort of the streetscape. We
believe that, during the transport development, it is important for city authorities to plan and
conduct qualitative maintenance (with emphasis on landscape) along with quantitative
maintenance (with emphasis on efficiency). In order to do that, clarifying the importance of
physical factors on evaluation of streetscapes and their effective operation is necessary. At
the same time, we know that a city street by itself is nothing, it is an abstraction, and it
means something only in conjunction with its users, city dwellers. People’s evaluation on the
streetscape is precious and important. City authorities should plan and conduct maintenance

with respect to people’s demand.

As typical developed and developing countries, Japan and China are facing the same
problem regarding streetscapes, and chronic congestion is now a feature of the roads in these
two countries. It would be prudent for both Japan and China to conduct both qualitative and
guantitative maintenance of their urban infrastructure, although they are in different stages of
economic development. We have seen that a vast amount of scholarships has been devoted to
evaluate streetscapes in Japan and China. However, the physical factors influencing
streetscape evaluation are different in each country, therefore, China cannot directly apply

Japan’s experiences without any processing. Thus, it is important for us to understand the
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similarities and differences between the target cities. In this study, we consider the similarity
in many aspects such as culture, population, transportation infrastructure, etc. Chengdu,
China and Tokyo, Japan were selected as our target areas and a questionnaire on main roads
and familiar narrow streets was conducted in both cities. Among the questionnaire
respondents, 100 graduate students are from the Southwest Jiaotong University in Chengdu,
China and 159 undergraduate students enrolled in the Faculty of Humanities and
Environment at Hosei University, Japan. The survey was conducted in August 2011, and it
requires respondents to think about the most impressive street they knew in their respective
cities and fill in the guestionnaire accordingly. Impressive main roads are those with more
than 3 lanes and sidewalks, and impressive familiar narrow streets are those with less than 2
lanes and sidewalks. In addition, the questions were graded on a five-grade evaluation scale

based on the semantic differential (SD) method.

Given the survey, we will analyze physical influencing factors and obtaining useful
information on qualitative maintenance to identify the factors for streetscapes evaluation,
which will provide suggestions for street maintenance. To achieve this goal through the
questionnaire of streetscape in Tokyo Japan and Chengdu China, the following specific
objectives are set up: 1) to clarify the physical factors affecting the streetscape evaluation, 2)
to reveal the distinction of influential physical factors between Japan and China, and 3) to

introduce a new methodology to evaluate streetscape.

Multiple linear regression analysis is one of the most popular methods for performing data
analysis of questionnaires. However, it cannot construct a model with an interaction effect
and nonlinear structure. Among the perceptual data, if there is an external criterion, the
relationship between the explanatory variables and responses is often non-liner. As a result,
the classification and regression tree has been extensively used in the literature. Nevertheless,
this method has a significant limitation, low prediction accuracy. Therefore, the exploration
of statistical model that can be interpreted easily and superior in the prediction accuracy is

essential.

In this research, the similarities and the differences on the streetscapes in Japan and China

were understood with Mann-Whitney Wilcoxon test. Following that, Breiman’s random
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forests method, one of the most famous ensemble learning methods, was used to analyze the
data obtained from the survey on main roads (primary and district distributor roads) based on
factor analysis method. It is shown that the three chief factors affecting evaluation of
streetscapes are comfort, beauty, and activity. There is no significant difference in comfort
evaluation and beauty evaluation between two cities. For comfort, the number of shops
strongly influences the evaluation of comfort for both Tokyo and Chengdu, and comfort
plummets with too many shops. Density has a strong impact on comfort in Chengdu, and
lower density leads to higher comfort. We also get that for Chengdu, comfort of streetscapes
is strongly influenced by landscape and spatial situations. For beauty, the density has the
strongest influence in both Tokyo and Chengdu, and beauty reduces heavily at a great
scattering. An increase in the quantity of houses decreases the level of beauty in Tokyo, but
increases the one in Chengdu. In other words, the impact of building usage was stronger in
Tokyo than in Chengdu. For activity, the activity score of Tokyo was significantly higher
than that of Chengdu, and the congestion of street has the strongest influence for both Tokyo

and Chengdu, with decreasing activities, streets become vacant.

Regarding the survey on local distributor roads, conditional inference trees method was used.
The conditional inference tree which consists of binary split tree based on the permutation
test statistics can be explained influencing factors for local distributor roads in the form of
production rules. We found that for the perceptual items (comfort, beauty, affinity), Tokyo
has higher satisfaction, while for the functional item (ease of walking), Chengdu is much
better than Tokyo. Beautiful buildings play a positive role in the comfort and beauty of
streetscapes, while the bad pavement of sidewalk has negative affect on the comfort and the
beauty of streetscapes. Maintenance of sidewalk pavement is a key way to eliminate the
negative impression of comfort and beauty in local distributor roads. The impact of the
beauty of the architecture is much more influential to the comfort evaluation in Chengdu’s
local distributor roads than that in Tokyo. Maintenance of roadside trees, as a positive factor,
is important to comfort evaluation of local distributor roads. In the aspect of affinity, Tokyo
has a stronger affinity of the local distributor road than Chengdu. In Tokyo, the quantity of
shops has a positive effect on affinity, and in Chengdu, the beauty of buildings plays the

positive role. The ease of walking is heavily impacted by the obstacles of local distributor
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roads. In addition to that, by strengthening the quality of sidewalk pavement, the ease of

walking could be improved dramatically.

The fundamental knowledge we found about the differences and similarities between the
evaluations of streetscapes in Japan and China will be useful for streetscape maintenance and
will be a valuable lesson for the streetscape development of China. In order to achieve the
ultimate goal that providing maintenance method of streetscape in both Japan and China,
extracting the common influential factors and constructing the international model, more
regions in Japan and China even in the worldwide covering more age groups will be studied
by the same method and the physiological- psychological experiments based on objective

data of this research will be conducted in the future.
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Chapter 1 Introduction
1.1 Background

In the past decades, people in all over the world have been sacrificed by the environment
change because of economic developments. Our living environment is gradually being
surrounded by noise, pollution, congestion and so on. In recently years, with improved living
standards and the gradually harsh living environment, people started to realize that the
economic growth at the expense of environment will not last long and what we need is
sustainable development. As a result, the environment and landscape has attracted our
extensive attention worldwide. Many countries have already established laws related to
landscape. For example, in Japan, there has been the Landscape Act since 2004 to preserve

and maintain landscape.

Jacobs says that if a city’s streets look interesting, the city looks interesting; if they look dull,
the city looks dull (1961). Streets, the main public place of a city, play an important role in
our daily lives. At the same time, because of the pursuit of a healthy life, more and more city
dwellers prefer walking on occasion. Consequently, as an essential part of the walking
environment, street landscaping, especially from the viewpoint of pedestrian become more

important.

In nowadays, the situation of streets faces many problems due to the excessive development
of economy. With increasing number of cars, improvements in road size, quality, and number
have steadily progressed, while pedestrian’s space has been neglected. In many places, in
order to provide enough space to traffic, the width of sidewalk along the main streets often
has to be set far below the required standard. Besides that, pedestrian’s space is often
occupied by bikes and advertisement boards. Those result in the low comfort of the

streetscape.

Because roads are city property, it is important for city authorities to plan and conduct
qualitative maintenance (with emphasis on landscape) along with quantitative maintenance

(with emphasis on efficiency). The starting point of Corbusier’s design work’s aesthetic



concept is the visual beauty and lack of human touch (Ashihara, 1979). Ashihara advocates
the aesthetics of townscape from the point of dwellers, and he emphasizes the human
existence. Therefore, we got that a city street by itself is nothing, it is an abstraction, and it
means something only in conjunction with its users, city dwellers. People’s evaluation on the
streetscape is precious and important. City authorities should plan and conduct maintenance

in accordance with people’s demand.

As typical developed and developing countries, Japan and China face the same problem in
relation to streetscapes, with high economic growth and a rapid progress in road and street
infrastructure. Chronic congestion is now a feature of Japanese and Chinese roads. It would
be prudent for both Chinese and Japanese cities to conduct both qualitative and quantitative
maintenance of their urban infrastructure, although they are in different stages of economic

development.

Identification of factors that are used to evaluate streetscapes and their effective operation is
important for any country. Analyzing physical influencing factors and obtaining useful

information on qualitative maintenance are means to achieve these factors.

1.2 Motivation

The motivation to this research is rooted from three-fold reasons. Firstly, make a proposal of
maintenance method of streetscape in Japan and China. Secondly, extract the common
feature that affects the streetscape evaluation. Finally, construct an international model that

can be applied in other places in different periods.

(1) Make a proposal of maintenance method of streetscape in Japan and China

In large Chinese cities, because of huge population, high density habitation, and traffic
increases by the economic growth, streets are always congested. In the Chinese higher
education system, discipline setting of city construction is emphasized on the function design
such as structure, materials. There are very few experts of environment and the landscape in
the field of traffic. Unbalance in the engineer’s education is obvious. Overall, it is hard to say
that the study on the traffic environment side develops enough in scientific research.

2



In Japan, a vast amount of scholarships has been devoted to the evaluation of streetscapes.
Meanwhile, in the aspect of planning, city dwellers can also take part in it. They are
conscious of the streetscape’s importance. However, after the World War 11?7, the rapid
economic development has also brought some problems. Especially, in large cities, public
transport has been developed well, but the transport infrastructure has been emphasized on

function and neglected the environment.

We know that when the urban development is in a prosperous period of economic growth,
maintenance from two sides of function and environment is important, because it can serve
as a cultural heritage for future generations. For example, Champs Elysees in pairs France,
Jozenji Street in Sendai Japan, and Ginza Boulevard in Tokyo Japan, they are the typical
streets with good landscape. However, because of the restrictions from different quarters, it
is difficult to take account of every aspect in all street maintenance. We wonder whether we
can obtain the major factors that affect the streetscape evaluation in Japan and China, and

then put them in the first place in streetscape maintenance.

(2) Extract the common influential factors that affect the streetscape evaluation

Hitherto, many anthropologists and psychologists have approached the human nature. A vast
amount of scholarship has been devoted to the investigation on human nature, human culture,
human activities, human mind and human universals. The philosopher-anthropologist Bidney
argues that culture should, at least partially, be understood as the dynamic process and
product of the self-cultivation of human nature (1947). Brown contributes to the discovery of
presumably universal features of the human mind. He uses an analogy to suggest how
culture and nature run together and says that the insights into human nature that result from
this research are in turn providing insights into the motivation, origin, or character of a wide
variety of human activities—and into the particulars as well as the universals of human

culture (1991, 2004).

According to their researches, we have reasons to believe that there are commonalities in the
streetscape evaluation even in different cultures, different regions and by different people.

Therefore, we wonder whether we can extract the common influential factors from the



various factors that affect the streetscape evaluation.
(3) Construct an international model for streetscape evaluation

It is evident that we can get a result by analysing the data from survey respondents. In case
the respondents were different, will the result be the same? If there is a big change in the
result, we need conduct the analysis again for different places. Whether we can construct a
model to adapt to the change of respondents, the regions even the times, like the hypothetical
model showed below?
The hypothetical model is defined as:
E=F(xy,z2..)+e+c¢ (1.2)

Where E: evaluation of the streetscape

X: physical factors of streetscape

y: region

e: individual difference

g. error

1.3 Objective

This study aims at obtaining the influential factors to provide suggestions for street
maintenance. To achieve this aim through a questionnaire survey of streetscape in Tokyo

Japan and Chengdu China, following specific objectives:

(1) To clarify the physical factors affecting the streetscape evaluation
(2) To reveal the distinction of influential physical factors between Japan and China

(3) To introduce a new methodology to evaluate streetscape

1.4 Dissertation outline
This dissertation consists of six chapters. The brief outline of each chapter is given below:
Chapterl: Introduction

This chapter sets a background for the whole study by highlighting the importance of
4



streetscape for our living environment, the great significance of streetscape evaluation for
street maintenance and the necessity of streetscape evaluation research in Japan and China. It
further describes the motivation and objectives of this research and presents the outline of
the subsequent chapters. Finally, in order to make a clear understanding of the study, the

technology route of the research framework is presented.

Chapter2: Literature review

It presents and details the existing researches from two aspects. One is studying on factors
analysis for streetscape evaluation and the other is studying on experiment method and
evaluation method. Then the further investigation is done in these two aspects respectively.

At last, it summarizes the insufficiencies of the existing researches.

Chapter3: Study design

This chapter describes the survey regions, survey method and survey items of the
questionnaire. Tokyo, Japan and Chengdu, China are set to be the survey cities. The reason
of selecting these two cities is explained from area, population, history, streetscape situation

and the transportation infrastructure in urban areas.

Chapter4: Streetscape Evaluation of Primary distributer road and district distributer road

This chapter focuses on the streetscape evaluation of wide roads in Tokyo and Chengdu.
Factors affecting evaluation of streetscape are estimated by factor analysis method at first.
Following that, the random forest method is used to process the questionnaire results. With
the random forest method, variable importance and partial dependencies are analysed to

evaluate physical factors that affect evaluation of streetscape.

Chapter5: Streetscape Evaluation of local distributor roads

The object of the study in this chapter is the streetscape evaluation of narrow roads in Tokyo
and Chengdu. The similarities and the differences of sensitivity on the streetscapes in Japan
and China are understood with Wilcoxon test. After that, conditional inference trees method
is used to analyse the data obtained from the survey.

5



Chapter6: Conclusions and recommendations

This chapter summarizes the contributions made through this study and suggests the need of

further investigations.

In order to make a clear understanding of the study, the technology route of the research

framework is presented is Figure 1.1.

Study on experiment method

. and evaluation method

Literature

review

Study on factor analysis for
| Dwellers” evaluation v the streetscape
Good 3 .
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Y
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Figure 1.1 Structure of dissertation



Chapter 2 Literature Review

In this chapter, we sort out the existing research on the streetscape evaluation. The existing
research is organized into research on the factors analysis, experiment method and

evaluation method with the goal of streetscape evaluation these three aspects.

2.1 Study in the streetscape constituent factors

Previous research has suggested that the analysis of streetscape factors plays an important
role in the streetscape evaluation. Hitherto, massive research results in the field of
streetscape factors analysis have been accumulated.

2.1.1 Streetscape evaluation based on SD method

The semantic differential (SD) method is now one of the most widely used scales used in
measuring the connotative meaning of things and concepts. It measures people’s reactions to
stimulus words and concepts in terms of rating on bipolar scales defined with contrasting
adjectives at each end (Summers, 1970). The bipolar adjective pairs can be used for a wide

variety of subjects.

In the field of streetscape evaluation, the SD method is used to analyse the influential factors
in numerous studies. In common, the research approach is, setting the streetscape as the
object, using the onsite survey, slide show, CG images or montage to show the object to the
respondent, then analysing the potential evaluation factors-comprehensive evaluation factors

such as comfort, activity, beauty, prosperity via the SD method and factor analysis method.

In China, the studies in the streetscape evaluation are remains at the phenomenon description
level. Few are quantitative researches. Till recent years, SD method began to be applied to
the study of the streetscape. Wang and Zhang (2011) select eight representative streets in
Shanghai city and 36 students as respondents in which half are architecture majors. 4 groups
(the shape of the street space, atmosphere, characteristics, and street environment) composed
by 20 bipolar adjective pairs are adopted to survey the space perception via the SD method.
Then construct the relevant analysis between 4 perceptions and 9 objective indexes of every
street. The research reveals that the street length influences the perception most.

7



In Japan, a large number of scholars have conducted research in this area. As early as the
1970s, Kitamura (1976) gave more details on the application of the SD method. Shinichi K.
selects 11 bipolar adjective pairs ‘beautiful- ugly’, ‘orderly-messy’, ‘clean-dirty’,
‘bustling-deserted’,  ‘active-hushed’,  ‘human-like-no  human-like’,  ‘like-dislike’,
‘charming-dull’, ‘easy to be familiar with- hard to be familiar with’, ‘calm-restless’, ‘feel the
warmth-feel the coldness’ based on the SD method, and obtains ‘harmony’, ‘activity’,
‘affinity’ these three common factors by factor analysis. The relationship between spatial
factors and indexes is surveyed via multiple regression method. The results show that
‘harmony’ trends to be affected by the height of building, colour, texture, variety of the
texture, quantity of the nature, and quantity of the billboards. ‘Activity’ maybe affected by
the number of pedestrian, quantity of billboards, colour and the variety of the texture. And it
is possible that ‘affinity’ is affected by the amount of nature, texture, colour, the variety of

colour, the variety of texture and the height of building.

Funakoshi and Tsumita (1987) carry out a correlation test at five shopping streets and five
residential streets by the use of 13 bipolar adjective pairs which are classified into such
psychological factors as design factor, urbanity factor, openness factor and so on. The
correlation coefficients between 13 psychological factors and 21 space elements at the
shopping streets and 15 space elements at the residential streets, respectively, are calculated
on the basis of the correlation test data and physical analysis data. Moreover relations among
space elements on the street spaces are made clear with the cluster analysis method on the
correlation coefficients. At last 26 estimate formulas are obtained by the multiple regression
analysis method with psychological factors as independent variables and space elements as
dependent variables. As a result of the analyses, relations between psychological factors and
space elements on the street spaces can be explicated qualitatively and quantitatively. In
conclusion, sidewalks, trees and shrubberies along the streets and pedestrian buffer spaces
between sidewalks and buildings are very important elements and can be enhance the
enjoyment, quality of space, openness and atmosphere on the street spaces. Utility poles,
signposts and street installations disturb the unity, composure and continuity on the street

spaces, etc.



By paying attention to disorder/order of streetscapes, Matsumoto et al. (1991) evaluate
streetscapes using a factor analysis method. Three factors— “passive capacity,” “tradition
and disorder,” and “activity” are derived. At last, the following results are got. Disorder is
decided by distribution form and impression of disorderly elements. Regularity is influenced
by physical situations of not only regular ones but also disorderly ones. Disorder and
regularity in street views are decided by mutuality of physical situations of individual

elements.

Maki (2006) assesses the influence of “fatigue” on streetscape evaluation. In the experiment,
24 streetscape slides are rated before and after the two hours VDT (Video Display Terminal)
task to clarify whether fatigue mediates the streetscape evaluation and whether fatigability
can explain the individual difference observed during the evaluation. Together with the
quantitative evaluation on fatigue, SD method based streetscape evaluation is also
constructed. Thus obtained evaluation scores are analysed by principal component analysis.
According to the ratings obtained before and after the VDT task, it has been pointed out that
people who get easily tired by fatigue experiments tend to like nostalgic scenery after work,

whereas people who do not tire easily tend to dislike urban sceneries and pedestrian traffic.

Amano et al. (2010) apply covariance structure analysis to the streetscape SD method and
points out that “the ease of walking” and “atmosphere” affects the pleasure derived from

streetscapes. The desire to return to streetscapes was also considered in his research.

2.1.2 Multi-factors

Yang et al. (2012a, b) investigate the factors of identification on streetscape, and clarify the
relationship between streetscape identification and sensitivity evaluation. In the
psychological experiment, the streetscape of Chengdu, China has been set as an object of the
study. They select 32 students as respondents to classify the 120 sheets of typical streetscape
images by operating the method of binary tree classification 3 times. At the same time the
degree of satisfaction of those streetscapes from ‘comfort’ and ‘activity’ these two factors are
evaluated by using five-stage method. Three factors ‘the width of sidewalk’, ‘the presence of

shops’ and ‘the quality of the pavement’ are found to be the influential factors on



identification. It also reveals that the quality of the pavement is a significant impact on the
comfort of streetscape. The width of a sidewalk is shown to have a large effect on
streetscape’s comfort and range of activities. Moreover, although the “existence of shops”
had a positive influence on the range of activities, it gives a negative image to the comfort of
streetscapes. Furthermore, it is found that surface of sidewalks has a strong influence on its

comfort.

Oku (1985) reports on the influence of townscape elements on the estimation of townscape
by means of the montaged slide. He evaluates ‘unity’, ‘intimacy’, and ‘preference’ by rating
the retouched photographs from elements such as top of buildings (skyline), trees, arcade,
windows, surface of road, landmark, billboard, utility poles and overhead wires. The
research suggests that the higher a degree of unity becomes, the higher a degree of intimacy
and preference become, but if a degree of unity becomes too high, a degree of intimacy and

preference will be reduced.

Fujii and Kurita (2010) conduct a study on landscape evaluation of the approach to temple in
the central commercial area of temple town. In their research, they consider the effect of
landscape elements on landscape evaluation by analysing the structure of landscape
evaluation with covariance structure analysis. The following conclusions are obtained.
Utility among local residents increased due to the minimization of signboards, regulation of
building heights, increasing the number of trees along the streets, and prohibiting
advertisement in bus shelters in improvements of the landscape along the approach to the
temple. Residents have various reactions to the regulation of building heights. Reducing the
number of signboards meets with general agreement. That reduction in the number of
signboards and building height limits has the effect of raising the comprehensive landscape

evaluation, while an increase in signage has the opposite effect.
2.1.3 Single factor

Nemoto (1985) develops a new planning method that makes street scenes in a residential
area beautiful and comfortable with green. The research focuses on the greenery. First, they

make a psychological experiment using the SD method with a lot of montage slides.
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Secondly, two indexes ‘visibility ratio of street trees’ and ‘load side planting ratio’ are
defined and these two indexes are analysed via multi regression analysis. As a result, it
reveals that people need green visibility ratio about 25%, and load side planting ratio can be

calculated according to green visibility ratio.

Aoki (1989) focuses the research on the greenery massive impression. In the experiment, 20
typical streets in 23 wards of Tokyo are selected. 10 respondents are required to rate the
massive impression of greenery onsite. After interviewing the respondents, the criterion for
rating is obtained. By differentiating the street space, the result that greenery massive
impression is not only connected with greenery occupancy ratio but also connected with the

variation of the greenery occupancy ratio is obtained.

Matsukawa et al. (1993) analyse the extent of the visual range on streets in urban area using
3-dimensional simulation model. In their research, visual range is defined as the rate of
interrupted sky. And this index of each selected street is calculated for various simulation

patterns using 3-dimentional buildings data of Oita city.

Zhang et al. (2005) discuss the heights of buildings lining Nandajie Street in Xi’an China.
The heights of the buildings are changed in each influenced range of streetscape. By
clarifying the influences of the streetscapes developed from the combinations on men’s
psychological evaluation, the estimation is performed for desirable combination of the
heights of the buildings. In order to achieve the examinee’s feeling as real as possible, VR

(Virtual Reality) system is adopted in the evaluation experiment.

Kita et al. (1999) clarify relationships between estimation and color composition in

streetscapes regarding the range of basic and point colors in a collection of building walls.

2.2 Experimental method

After reviewing the existing researches, we can find that when exploring the streetscape,
psychological evaluation is often conducted at first. In order to obtain the more accurate data,
how to show the streetscape to the subjects as real as possible becomes important. Next, we
want to get some details about the experimental method to streetscape evaluation.

11



2.2.1 CG, montage, video

In amount of research, we can find that slide is often used to show to the subjects with CG

(computer graphics), montage, and video.

Nishio et al. (1999) conduct the psychological experiment to discuss landscape from the
viewpoint of environmental engineering. Seventy two slides of streetscape are shown to the
subjects in the experimental chamber adjusted to two levels of traffic noise, vegetation (with
or without vegetation) and temperature (26°C, 28°C). Evaluation is made on 17 pairs of
adjectives of seven point scales. Subjects are 25 healthy male students, half of whom
specialised in architectural course. Result shows that the evaluation structures of the two

subject groups differs each other in the evaluation of vegetation.

In the research of Endo and Yamada (2008), evaluation experiment of SD method is
conducted by on-site and using slide aimed to verify the validity of the using slide evaluation
method when evaluating psychological effect by roadside trees. From the result of factor
analysis of each evaluation experiment result, psychological, view, spatial evaluation factor
is extracted, and evaluation structure of roadside trees is no big difference in each methods.
Moreover, from the result of cluster analysis by using factor score of psychological and view
evaluation factor, the evaluation result of each method is brought together in the same cluster
on most streets, and it is suggested that validity of using slide evaluation method is high.
Because it is not possible to evaluate factors accurately from the slide such as the existence
of living things, street information on pavement width and tree height, the difference in each

method is seen on a part of street.

Tajima and Asakura (1985) compare the evaluations on the streetscapes presented by
different method and analyse the influences each presentation has to change the evaluation
on the streetscape. They make some experiments for evaluations on streetscapes using by SD
method and eye mark recorder (EMR). And find that videotape recorder (VTR) is an

effective method to present streetscapes.

Kagawa et al. (2009) analyse the influences on attractive information elements such as

signboards by using pictures of 8 streets in Jiyuugaoka shopping area, three variables namely
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‘the ratio of disordered area’, ‘the ration of stimulatingly-colored area’ and ‘the ratio of

calmingly °.

Mitsuhashi (1992) aims to develop a quantitative evaluation method of townscape by
applying landscape simulation to the modelized urban scape. Practically, a 3D model of the
urban space is input as data. Buildings are projected to a cylinder which has the view point as
its center. At the same time, distance and angle between the view point and the projected
object is measured. According to the resultant data, the buildings are evaluated from their

potential abilities to become landmarks.

Hirate and Yasuoka (1986) make experiments on measurement of psychological quantity
with using photomontage slide films of street-vistas and introducing of a new structural
model of psychological evaluation. The possibility that psychological quantity is connected
to simple physical quantity is shown. The objects in experiment are black and white
photomontage slide films. After obstructive elements (i.e. utility poles, billboards, and
original roadside trees etc.) retouched, roadside trees are montaged. Experiments are made
into two parts. At part 1, backgrounds, trees, planting arrangements on the objects are
changed and in part 2, width of road and planting arrangements, too. At last, the best width

and best interval of planting are obtained.
2.2.2 Pilot experiment

A pilot experiment, also called a pilot study, is a small scale preliminary study conducted in
order to evaluate feasibility, time, cost, adverse events, and effect size (statistical variability)
in an attempt to predict an appropriate sample size and improve upon the study design prior
to performance of a full-scale research project (Hulley, 2006). In reseat years, this method

has been used in streetscape evaluation widely.

Amano et al. (2010) think that landscape is influenced by various behaviours of those who
are connected with that place and the essential method to improve landscape should be to
lead their attitude modification on landscape. Their research is an examination of the
possibilities that their attitude modification on landscape lead a landscape-improvement
through a social experiment that is one of the psychological strategies. The results indicate
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that behaviours of shop keepers lead modification of pedestrian impression on streetscape
and attitude change of shop keepers. The result reveals that an induction of attitude

modification is effective against a landscape-improvement.

In order to understand the problems for making better use of the public space in the future,
Watanabe et al. (2001) report an experiment for activating the city center by ‘Citizens Forum
on Urban Design ’ in Chiba City. In this study, they analyse two points from the process. The
first is the necessary conditions permitting the use of public space and the second is the effect
on urban design. The results are shown as follows. It is the important condition that the
projects has ‘Public interest’ which is shown as ‘participation of administration” for use of

public space and the experiment succeeds in making ‘the public life scene’.

2.3 Statistical method

The statistics plays a decisive role in streetscape evaluation. Fujii and Sakai (2002) examine
the causal relationship between the physical measurements on landscape elements and the
subjective-psychological judgement on landscape evaluation with two analytical methods,
namely the conjoint analysis which has the availability deciding the utility of each landscape
element and the covariance structure model which has the capability of flexibly forming the
model. In their study, they select five landscape element of the streetscape as attributes, make
eight landscape images by means of combining levels of five landscape elements using the
image processing, and carry out the evaluation experiment of streetscape. As a result, the

availability and usefulness of each analytical method are confirmed.

Maki et al. (2003) propose a streetscape evaluation structural model named Card Pick up
model. This model has three remarkable points which are different from the linear
combination model which has been most popular model of evaluation structure.
1. The meaning of constructs expressed on four levels, ‘influence over evaluation’,
‘character’, ‘situation’ and ‘cognitive’
2. The constructs being used for evaluation change dynamically depending on the feature
of the streetscape

3. ‘Average of utilities rule’ is adopted instead of ‘addition of utilities rule’ to calculate the
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preference.

In the research of Yang et al. (2012a), multivariate regression tree is employed to process
and analyse the identification data which is collected by the result of image classification.
As a result, the width of sidewalk, the presence of shops, and the quality of the pavement
are found to be the influential factors on identification. And it is also reveal that the quality
of the pavement is a significant impact on the comfort of streetscape. Yang et al (2012b)
conduct another study on cognitive structure of streetscape in Chengdu China by
multivariate adaptive regression spline (MARS) and obtain the physical factor which affects

the degree of satisfaction of a streetscape.

2.4 Trends of papers on the evaluation of landscape

Papers of landscape appreciation began to be published in the decade of the 1960s. Till now,
this subject, psychological evaluation of landscape, has spread into wider scientific research
field. In order to provide information to newcomers of this research, many scholars try to

summarize the works.

Aoki (2007) summarizes recent trends of English papers on the psychological evaluation of
landscape. The paper reviews recent interesting studies in terms of psychological tests
referred to in Environment and Behaviour, J. of Environmental Management, Landscape and
Urban Planning, Landscape Journal, Landscape Research, and some other scientific journals
from 1996 to 2005, and summarizes those papers according to the key subjects, i.e., the
effects of respondents’ attributes, the descriptors of appreciation, the sampling of landscapes
and their presentation methods, the predictive model of psychological response using the

physical features for physical planning, and others.

Li et al. (2011) take research articles published in various societies and magazines in Japan
during fifty years from 1960 to 2010 as subjects, and make two genealogical tables aimed at
counting publishing units. Based on the mastery of previous researches, the paper analyzes
and forecasts the trends of research on road landscape. Finally, one hundred and forty papers
during fifty years are classified and the development history of researches on road landscape

in Japan is concluded. The paper helps grasp the latest research trends and determine the
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necessary research methods which should be adopted when evaluating road landscape in

future.

Coeterier (1996) focuses on the perceptual attributes and physical elements and refers to 70
papers. Aoki (1999) overviews the entire procedure of the experiment and refers to 73 papers.
Palmer and Hoffman (2001) focus on reliability and representation validity and refer to 71

papers.

2.5 Summary

2.5.1 Ouitline of existing research

Figure 2.1 shows the outline of the existing research. As can be seen from the figure, there
are four kinds of streetscape evaluation image, first-hand experienced streetscape via on-site
experiment, actual photographed image, virtual space image by computer graphics (CG), and
montage image composited by CG or other images in the captured image. In particular, with
the CG image and montage image, factor is easy to be controlled comparatively. Method of
evaluation experiment on streetscape is divided into two types, SD method based on
cognitive evaluation and cognitive classification. Because the primary goal of the cognitive
classification is to classify common characteristics according to type, the subsequent
statistical analysis method is limited. On the other hand, since the goal of the experiment by

the SD method covers a wide range, various statistical analyses can be used.

According to the presence of the external criterion, the selection of statistical analysis
method is different. Factor analysis, principle component analysis, and latent structure
analysis are often used to explore the latent structure of streetscape evaluation. When survey
the impact of spatial characteristics, multiple regression analysis, canonical correlation
analysis, hayashi’s quantification methods I, classification and regression tree (CART), and
multivariate adaptive regression spline are frequently adopted. Cluster analysis, especially
the hierarchical cluster analysis is used in streetscape image classification. At the same time,
multidimensional scaling and correspondence analysis are graphical techniques. They are
designed to reduce dimensionality and portray relationships among observations or variables

and often used before the cluster analysis to provide classification basis for cluster
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Figure 2. 1 Outline of the existing researches

2.5.2 Deficiency of existing research

When pay attention to streetscape image used for an experiment, in many studies, dozens of
pieces of streetscape images are used. However, the real street scene covers wide range, it
cannot be said that is enough numbers to examine those influence closely. Therefore, in the
articles that mentioned in 2.2.1 section, the spatial factor that is considered to affect the
evaluation is controlled by making CG image and montage image. However, it does not
actually exist and has no objective reality. It is thought has not much effect to the
experimental results, such as SD method. If large numbers of images are shown to test
subjects for evaluation, it is probable that it not only costs a great deal of labour but also
fatigues test subjects. Therefore, when the method comprising evaluating many images is

adopted, some measures to eliminate external factors for subjects such as ‘fatigue’ are

required.
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Regarding the statistical method for streetscape evaluation, principle component analysis or
factor analysis is used to explore latent structure after rating the streetscape images by SD
method. Multiple regression analysis is often used under the presence of external criterion.
Sakai and Fujii (2002) point out that among the sensitivity data, if there is an external
criterion, the relationship between the explanatory variables and responses is often the
non-liner. As a result, the classification and regression tree has been extensively used in the
literature. However, this method has a significant limitation, low prediction accuracy.
Therefore, the exploration of statistical model that can be interpreted easily and superior in

the prediction accuracy is necessary.

Regarding the international comparisons research, Shidei (1981) compares the attitudes
toward nature among Japan, France, and Germany. Aoki and Petrova (2010) conduct a
comparison of natural landscape appreciation between Russia and Japan. However, no
attempt has been made to identify factors influencing streetscape evaluation internationally.
In the streetscape evaluation, in order to obtain the common points and absorb experience
and new ideas, the international comparison on the streetscape evaluation via the same

method is extremely important.
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Chapter 3 Study design

3.1 Subject region for questionnaire

Tokyo Japan and Chengdu China are selected as the target areas for this survey. Tokyo,
officially Tokyo Metropolis is one of the 47 prefectures of Japan. Tokyo is the capital of
Japan, the center of the Greater Tokyo Area, and the largest metropolitan area in the word
(United Nations, 2009). Chengdu is the capital of Sichuan Province, which is known as the
"Heavenly State" (Tian Fu Zhi Guo). Being the natural habitat of cute giant pandas, it is
located in the west of Sichuan Basin and in the center of Chengdu Plain. Subsequently,
Tokyo and Chengdu will be introduced briefly. The relative location of Tokyo and Chengdu

is shown in figure 3.1.
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Figure 3.1 Relative location of Tokyo and Chengdu

3.1.1 Brief introduction of Tokyo city

With a population of about 13 million, Tokyo has grown into the largest of the 47 prefectures
of Japan and indeed one of the greatest metropolises in the world. Comprising 23 special

wards, 26 cities, 5 towns, and 8 villages, Tokyo is the center of various activities in Japan
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including politics, economy, and culture.

1. History

Tokyo was originally a small fishing village named Edo. Edo was first fortified by the Edo
clan, in the late twelfth century. In 1590, Tokugawa leyasu made Edo his base and when he
became shogun in 1603, the town became the center of his nationwide military government.
During the subsequent Edo period, Edo grew into one of the largest cities in the world with a
population topping one million by the 18th century. Tokyo became the de facto capital of

Japan even while the emperor lived in Kyoto, the imperial capital (Sorensen, 2002).

2. Climate

The majority of mainland Tokyo lies in the humid subtropical climate zone, with hot humid
summers and generally mild winters with cool spells (Peel et al. 2007). The region
experiences a one-month seasonal lag, with the warmest month being August, and the
coolest month being January. Annual rainfall averages nearly 1530 millimeters, with a wetter

summer and a drier winter. Snowfall is sporadic, but does occur almost annually.

3. Geographical distribution of industrial development

Tokyo is a major international finance center, houses the headquarters of several of the
world's largest investment banks and insurance companies, and serves as a hub for
Japan's transportation, publishing, and broadcasting industries. During the centralized
growth of Japan's economy following World War IlI, many large firms moved their
headquarters from cities to Tokyo, in an attempt to take advantage of better access to the
government. This trend has begun to slow due to ongoing population growth in Tokyo and
the high cost of living there. The Tokyo Stock Exchange is Japan's largest stock exchange,
and third largest in the world by market capitalization and fourth largest by share turnover

(Horticulture statistics team, 2003). Tourism in Tokyo is also a contributor to the economy.

4. Cityscape
Architecture in Tokyo has largely been shaped by Tokyo's history. Twice in recent history
has the metropolis been left in ruins: first in the 1923 Great Kanto earthquake and later

the extensive firebombing in World War Il. Because of this, Tokyo's urban landscape consists
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mainly of modern and contemporary architecture, and older buildings are scarce (Hidenobu,
1995). Tokyo features many internationally famous forms of modern architecture
including Tokyo International Forum, Asahi Beer Hall, Mode Gakuen Cocoon Tower, NTT
Docomo Yoyogi Buildingand Rainbow Bridge. Tokyo also features two distinctive
towers: Tokyo Tower and the new Tokyo Skytree which is the tallest tower in Japan and the

second tallest structure in the world.

Tokyo also contains numerous parks, shrines, Buddhist temples, Japanese gardens, historical
buildings, and related museum. . There are four national parks in Tokyo Prefecture, including
the Fuji-Hakone-Izu National Park, which includes all of the Izu Islands. The world’s tallest
freestanding broadcasting tower Tokyo Sky tree are just a few examples of sightseeing spots

full of history and tradition.

5. Population and density
The densely inhabited district in great Tokyo area is shown in figure 3.2 with the source from

Ministry of Land, Infrastructure, Transport and Tourism (MLIT).

) n oEOR - e o ,
WG anSs N
\?\ “ . \\;('2‘7‘ . _(p
PN RS \[ \ \v \\
\ e
R

mmm DID in 1960

B DID in 1975
DID in 2005

—— Rai lway

(2007)

Figure 3.2 Densely inhabited district (DID) in Great Tokyo Area

Here, we want to explain the meaning of Densely Inhabited Districts. Densely Inhabited
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Districts (DID) refers to statistical districts in Japan set in the population census. They are
districts which are composed of groups of contiguous population census enumeration
districts each of which has a population density of more than 4,000 inhabitants per square
kilometer, and the combined population of the contiguous districts exceeds 5,000. However,
highly urbanized enumeration districts such as airports, seaports, industrial districts and
parks are also included among densely inhabited districts even with small population density.
They are used as standards classifying urbanized areas and rural areas and indicating the

sizes of urban areas in a narrow sense.

In the figure, the red line is the boundary between prefectures. The dark blue area is
approximate to the 23 wards in Tokyo prefecture. By the population census data in 2005, that
the population in Japan is 127 million, and the population and the DID population in great
Tokyo area (Tokyo, Chiba, Saitama, and Kanagawa) is 38.7 million and 34 million
respectively is obtained .According to the definition of DID, we can get a conclusion that
there are one- third persons in Japan live in great Tokyo area, and most of the population

gathers in the central part of Tokyo.
3.1.2 Brief introduction of Chengdu city

Chengdu is one of the most important economic, transportation, and communication centers
in Western China. According to the 2007 Public Appraisal for Best Chinese Cities for
Investment, Chengdu was chosen as one of the top ten cities to invest in out of a total of 280
urban canters in China. In 2006, it was named China's 4th-most liveable city by China Daily

(Jing, 2006).

1 History

The history of the city can be traced back 2400 years when the first emperor built his capital
here and named the city. Through thousands of years its original name has been kept and its
position as the capital and as the significant center of politics, commerce and military of the
Sichuan area (once called Shu) has remained unchanged. Since the Han (206B.C.-220) and
Tang (618-907) Dynasties when its handicraft industry flourished, the place has been famous

for its brocades and embroideries. The city was also the place where the bronze culture, an
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indispensable part of ancient Chinese culture, originated.

2 Climate

Chengdu has a monsoon influenced humid subtropical climate and is largely mild and humid.
It has four distinct seasons, blessed with abundant rainfall, and relieved from both sweltering
summers and freezing winters. The summer is hot and humid. Rainfall is common
year-round but is the greatest in July and August, with very little of it in the cooler months.

Snow is rare but there are a few periods of frost each winter.

3 Geographical distribution of industrial development
China's state council has designated Chengdu as the country's western center of logistics,
commerce, finance, science and technology, as well as a hub of transportation and

communication. It is also an important base for manufacturing and agriculture.
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Figure 8. 3 Distribution of various main facilities

Figure 3.3 shows the distribution of some main facilities in Chengdu city. It reveals that the
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main facilities are concentrated in the city centre.

4 Cityscape

Because of the long history and splendid culture, Chengdu features historic places of interest

such

as the Thatched Cottage of Du Fu, Wuhou Memorial Temple and Wenshu

Monastery etc.

Table 3. 1 the characteristic of each group in Yang et al.’s research(2012a)

Leaf Width of sidewalk | The presence of shop Pavement Comfort | Activity
<3.55 =3.55 | Not exist exist bad good mean mean
1 o o 3.294 3.147
2 o o [ 2.294 3.250
3 o o o 3.206 3.294
4 o o 3.412 | 2.353
5 (] o 2.706 2.941

==
Py !7“\\, Lt A ll%_\ﬁ%ﬁ\\\

s BGETE @ A .ains ® i [
@
i RO e ST WI\PW‘
- & ‘Tx\\‘. V\

f
W " Z & A \‘.

/,f ° ~ ﬁts—-mnszm \
i SR T Q\ 'm*H! & T .
BT 4 g S \ = e
35
[ T ” * \k =
sERRIEHS i @ ¢ BT AT
iz 4 he O | o) ¢ :
¥ . ) _‘g . :.ﬂ!r
A HET kAT,
'5 .nng R. 2Ty AR A \
o A® hummmg) A
W 57 e o 4 o Hutg ‘ a_// e || \
| A aa 7 .'/ )\/
®
o ® N/ /
R-‘;\I () s # /
N =2 b
k ; P
@ Leafl 'F"ﬁ%\ iﬁm\ﬁmn e s
M Leaf2 \ © LI AR I
\ A Leaf3 N swEEE
@ Leafd ”?'7?‘,‘3@;1 A

* Leaf.5 ot P e =N uil
BN e o

Figure 3.4 the distribution of each group in Yang et al.’s research (2012a)

Regarding the streetscape in Chengdu city, we can get some hints from Yang et al.’s research.

The data shown in Figure 3.4 and Table 3.1 is the result of sidewalk landscape researched by
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Yang et al. (2012a). It is clear from figure 3.4 and table 3.1 that the streets in the northwest
of Chengdu is in low activity with narrow sidewalk and the streets in the north of Chengdu is
not comfortable also with the narrow sidewalk. At the same time, that the active and

comfortable sidewalks mainly exist in the east and central part of Chengdu can be revealed.

Figure 3.5 is indicative of distribution of green area in Chengdu. As can be seen from the

figure, the greenery is mainly concentrated in the eastern.
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Figure 3. 5 the distribution of green area in Chengdu city

5 Population and density

Chengdu prefecture covers a total area of 12.121 thousand square kilometers with a
population of over 14 million. According to the sixth national population census of the
People’s Republic of China conducted in 2010, the urban area of Chengdu houses
14,047,625 permanent inhabitants: 7,123,697 within the municipality's nine districts and
6,730,749 in the surrounding region. The population density in Chengdu city is 1159 persons
per square kilometer, but in the 5 central districts, the density extremely increases to 11419

persons per square kilometer.
3.1.3 Comparison of two cities

The survey regions are 23 wards in Tokyo city and 5 centre districts in Chengdu city. The
location of these regions can be seen in figure 3.6.
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Central part of the metropolitan area
1.Qingyang District

2.Jinniu District

Chengdu 3. Chenghua District

23wards 4.Jinjiang District

"t 5. Wuhou District

N Sichuan

Japan Tokyo

location of survey region in Tokyo city location of survey region in Chengdu city
Figure 8. 6 Location of survey region in two cities

The reasons for selecting these places are as follows. Chengdu is the two-thousand year old
provincial capital of Sichuan province. Similar to other cities in China, there has been a rapid
increase in the number of vehicles. In the central part, famous places like Wuhou Memorial
temple, Dufu Thatched Cottage, Qingyang temple, which are dotted with historic sites, have
also become into one of the major tourism industry. In such areas, the street maintenance
overemphasized only in efficiency has a possibility of altering not only the streetscape but
also the street. On that account, development with the landscape consideration is required.
Thus, also in China, especially Chengdu must perform the street maintenance which noted

the street landscape.

In addition, the central part of Chengdu city has a population of approximately 5 million,
with a population density of 11419 persons per square kilometers. The only city in Japan
with an equivalent population to Chengdu is Tokyo (with about 8.95 million people in
Tokyo’s 23 wards). Tokyo is the capital of Japan and has been termed as the centre of
industry and has the largest economy in Japan. It not only features very high population
density, but also suffers from chronic traffic congestion. What is more, the forms of
transportation infrastructure in urban areas are similar between Tokyo and Chengdu. A

comparison of figure 3.7 (a) and (b) shows that. The road infrastructure of Chengdu is
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annular with three circular routes. And there is a horizontal main avenue and vertical main
road passing through Tianfu square which is located in the centre of Chengdu. Although not
perfect, the transportation infrastructure form of Chengdu’s central city is similar to the form
of Tokyo’s inner circular route and central circular route. Besides that, the form of road
infrastructure from center toward the outside in Chengdu is similar to the form of Route
1( the Tokyo Metropolitan Expressway) and Route2(the Tokyo Metropolitan Expressway) In
a word, the reason that the similarities in the population and transportation infrastructure

form between Chengdu and Tokyo motivated to compare Chengdu and Tokyo.

N

b

(@) 23 wards of Tokyo Japan (b) 5 centre wards of Chengdu China
Population: 8.95millions Population: 4.64millions
Area: 621km? Area: 406km?
Population density: 14389persons/ km? Population density: 11419persons/km?

Figure 3. 7 the comparison of infrastructure between Chengdu and Tokyo

3.1.4 Classification of the street

Generally speaking, street can be classified to 3 types by function, primary distributers,
district distributers, and local distributers. The main function of these streets is listed below.
(1) Primary distributer:

Provide for major regional and inter-regional traffic movement and carry large volumes of

generally fast moving traffic
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(2) District distributer

Carry traffic between industrial, commercial and residential areas and generally connect to
primary distributors

(3) Local distributer

Carry traffic within a cell and link district distributers to access roads

According to the figure 3.8, we can find that in Tokyo and Chengdu city, streets can not only
provide the traffic function but also the communication between city dwellers. And it is
obvious that the main function of the primary distributers and district distributers is focused
on the traffic while the local distributer is mainly emphasized on the community. As a result,
in this research, we decide to classify the streets, and survey the streetscape from wide street
(primary distributers and district distributers), and narrow street (local distributer)

respectively.

Wide street in Chengdu Narrow street in Chengdu
Figure 8. 8 Typical wide and narrow streetscapes in Tokyo and Chengdu
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3.2 Formation of the questionnaire

The question in the questionnaire is graded on a five-grade evaluation scale based on the SD
method. After examining the connotative meaning of hundreds of items occurred in the
previous researches, we identified two major dimensions: streetscape evaluation, and
physical situation. The scale is set up using polar adjectives (opposite-meaning terms) at
each end. The respondents are asked to rate a streetscape, by putting a mark on one of the 5
spaces along each dimension. In order to obtain the high accurate data, we draw up the

questionnaire by a criteria listed below.

1. To avoid fatigue or boring the respondent, do not use more than 30 lines. Using
fewer is acceptable.

2. The location of the positive attributes should be varied from left to right. Do not put
all the ‘good’ adjectives on one side, as it might bias the responses.

3. If the questionnaire is conducted with many respondents at once, reverse the
items’order of part of the questionnaires.

4. Provide clear instructions for the respondent so that they put their marks in the right

place.

The survey required respondents to think about the most impressive wide road and narrow
road they knew in their respective cities and fill in the questionnaire accordingly. The
locations of the positive attributes are exchanged in turn in different items to avoid putting
all the ‘good’ adjectives on one side, and the locations of items are also changed in different
questionnaire paper. At the same time, the maps of survey regions are attached to the
questionnaire to avoid the confusion. The sample of the questionnaire can be seen in the
appendices. The introduction on the questionnaire of primary and district distributor road

and the questionnaire of local distributor road will follow shortly.
3.2.1 Questionnaire of primary and district distributor road

Impressive primary distributor road and district distributor road, with sidewalks and more
than 3 lanes, are focused upon here. Dozens of adjective pairs were selected in primary stage.
In order to avoid fatigue or boring the respondent, the adjective pairs were reduced to 21
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pairs. In figure 3.8, the former 8 items fit the theme of streetscape evaluation. The latter 13
items represent physical situations. The location of the good adjectives and bad adjectives
are revised. And the meaning of 1 is poorest, and 5 is the best. Instructions are made. After
the questionnaire was created in Japanese and translated in Chinese, it was checked for

accuracy of nuance by a native Chinese speaker.

1) Comprehensive evaluation

Q1: poor 1-2-3-4-5 good
Q2: uncomfortable 1-2-3-4-5 comfortable
2) Individual evaluation
2a) landscape evaluation
Q3: ugly 1-2-3-4-5 beautiful
Q4: inharmonious 1-2-3-4-5 harmonious
Q5: uninteresting 1-2-3-4-5 interesting
2b) function evaluation
Q6: unapproachable 1-2-3-4-5 approachable
Q7: deserted 1-2-3-4-5 bustling
Q8: hardtowalk 1-2-3-4-5 easytowalk
3) Physical situation
3a) road situation
Q9: Lot of garbage 1-2-3-4-5 nogarbage
Q10: many obstacles 1-2-3-4-5 no obstacles
Q11: poor road surface 1-2-3-4-5 good road surface
Q12: few roadside trees 1-2-3-4-5 many roadside trees
3b) landscape - spatial situation
Q13: isolated 1-2-3-4-5 open
Q14: ugly architecture 1-2-3-4-5 beautiful architecture
Q15: dense 1-2-3-4-5 scattered
3c) utilization situation
Q16: noisy 1-2-3-4-5 quiet
Q17: congested 1-2-3-4-5 vacant
3d) use situation of architecture
Q18: fewshops 1-2-3-4-5 many shops
Q19: few residential houses 1-2-3-4-5 many residential houses
Q20: few office buildings 1-2-3-4-5 many office buildings
Q21: few factories 1-2-3-4-5 many factories

Figure 3.9 Content of primary and district distributor road questionnaire
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3.2.2 Questionnaire of local distributor road

Impressive local distributor road with sidewalks are focused upon here. In the figure 3.9, the
first 4 items below fit the theme of streetscape evaluation. The latter 13 represent physical
situation. The same as the questionnaire introduced previously, the location of the good
adjectives and bad adjectives are revised. And the meaning of 1 is poorest, and 5 is the best.

Rate the impressive local distributor road on each of the following dimensions.

1) Streetscape evaluation
comfortable

O1: uncomfortable 1 _2 3 _4_5
02: ugly 1_-2_3_4_15 beautiful
03: uninteresting 1 _2_3_4_g5 interesting
04: hardtowalk 1_2_3_4_5 easytowalk
2) Physical situation
05: Lotof garbage 1_2_3_4_5 nogarbage
06: poor sidewalk pavement 1 _»2_3_4_5 good sidewalk pavement
07: many obstacles 1 _2_3_4_5 noobstacles
08: few roadside trees 1 _92_3_4_5 many roadside trees
09: isolated 1_2_3_4_15 open
010: ugly architecture 1 _2 _3_4 _5 beautiful architecture
011: dense 1_2_3_4_5 scattered
Q12: noisy 1_2_3-4_5 Qquiet
013: congested 1_2_3_4_5 Vvacant
014: fewshops 1 _2_3_4_5 manyshops
015: few office buildings 1_2_3_4_5 many office buildings
016: few residential houses 1 _2_3_4_5 many residential houses
Q17: few factories 1 _2_3_4_5 many factories

Figure 3. 10 Content of local distributor road questionnaire

After the questionnaire was created in Japanese and translated in Chinese, it was checked

for accuracy of nuance by a native Chinese speaker.

3.3 Implementation of the questionnaire

Among the questionnaire respondents, 100 graduate students were from the Southwest
Jiaotong University in Chengdu and 159 undergraduate students were enrolled in the Faculty
of Humanities and Environment at Hosei University, Japan. Both surveys were conducted in
August 2011.
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In Hosei University, the questionnaire was conducted in the class. The scene of the
questionnaire survey can be seen in figure 3.10. 287 Respondents were requested to rate the
impressive wide road (includes primary distributor road and district distributor road) and
impressive narrow road (local distributor road) in Tokyo 23 wards accordingly. The valid

response is 159.

Figure 3. 11 the scene of the questionnaire survey

In Southwest Jiaotong University, as the campus of undergraduate students is in suburb and
the campus in urban area houses graduate students, the respondents in Chengdu
questionnaire survey are 180 graduate students from the Southwest Jiaotong University. The
conduct way of questionnaire survey is face to face and one by one. The valid response is

100.
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Chapter 4 Streetscape Evaluation of primary and district

distributor roads

In a questionnaire analysis of this kind, it is not rare to have discussions (Shimokawa et al.
2009, and Yang. et al. 2012a, 2012b) about fitness of a regression model. In recent years,
ensemble learning, as a statistical method to rapidly improve the fitness of a model has been
attracting attention. Ensemble learning is a method of combining multiple models to obtain
better predictive performance than it that obtained from any one of the constituent models. In
this paper, Breiman’s random forests method (Breiman, 2001) — one of the most famous
ensemble learning methods — is used. The excellent reported model’s prediction accuracy
was expected to yield fundamental knowledge about differences and similarities in

evaluation of urban streetscape development in Japan and China.

4.1 Overview of statistical analysis

The following provides an overview of statistical analysis in this survey.

1) To reduce the influence of individual differences in the questionnaire, the

normalization of each subject was conducted.
X’jki = (X;; _)_(i)/si (4.1)

, where points assigned in the ith subject’s jth item in the questionnaire isx;, andx; is
the mean number of points of the ith subject. Also, s, represents the standard deviation

of the ith subject’s points allocations.

2) The median response of each questionnaire was calculated and the difference in points
between Tokyo and Chengdu was compared using the Mann-Whitney Wilcoxon test (a
non-parametric test of the null hypothesis) which has greater efficiency than the t-test

on non-normal distributions.

3) To estimate the evaluation of landscape using factor analysis, a focus was made on

33


http://en.wikipedia.org/wiki/Predictive_inference

physical characteristics of streetscape (mentioned in section 3.2.2). To adequately
compare Japan and China, the same weightings were given to the questionnaire results

from Tokyo and Chengdu.

4) The random forests method was used to process the questionnaire results. In addition,
variable importance and partial dependencies were analysed to evaluate physical

factors that affect evaluation of streetscapes.

4.2 Introduction of random forest method

Random forests are an ensemble learning method for classification and regression that
operate by constructing a multitude of decision trees at training time and outputting the class
that is the mode of the classes output by individual trees. The algorithm for inducing a
random forest was developed by Breiman (2001). It is a substantial modification of bagging
that builds a large collection of de-correlated trees, and then averages them. On many
problems the performance of random forests is very similar to boosting, and they are simpler
to train and tune. As a consequence, random forests are popular, and are implemented in a

variety of packages.
1. Outline of random forests

This model is constructed based on combines the B decision trees. Each tree is constructed
using a bootstrap samples. In regression problem, the random forest model fre(x) for

estimation of output y, is given by

1 B
fRF (X) = E ZTb (X;Gb)
b=1 (4.2)

, where x is P predictor variable x=(x1,X2,...,Xp)", and @, is a parameter vector (partitioning
variables, and splitting points) of bth tree. The algorithm of constructing trees Ty(X;6) is
applied growth process in CART algorithm, under randomly selected m (< P) variables at
each node to consider for splitting. Given a training set L= {X,, y»}, n=1... N, the random

forest procedure is described in Algorithm 4.1.
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Algorithm.4.1:The random forest algorithm for regression problem

0 Input : B: the number of tree in the forest. m: the number of random predictor variable
to select (default P/3)

1 Forb=1,..,B
a: Generate a bootstrap sample L, of size N by sampling with replacement from the

training set L. The nonbootstrap samples for iteration b is called Out-Of-Bag (OOB)

ooB
samples Ly°°.

b: Grow a tree model T,(x;6,) using the bootstrap samplesL; , randomly selecting at

each node in the tree m variables to consider for splitting, until the minimum node size

Nmin-
2 Nextb

3 Output: the estimated random forest model is given by

A 18 n
fRF(X) = EZTb(X;Bb) :
b=1

2. Variable importance

The random forests model is constructed so many trees that they are useless for
interpretation. In interpretation of estimated random forests model, a descriptive statistics
that is often of interest is the variable importance of the respective predictor variables. The
variable importance uses the OOB samples to construct a different variable importance
measure, apparently to measure the prediction strength of each variable. When the bth tree is
grown, the OOB samples are passed down the tree, and the prediction accuracy is recorded.
Then the values for the pth variable are randomly permuted in the OOB samples, and the
accuracy is again computed. The decrease in accuracy as a result of this permuting is
averaged over all trees, and is used as a measure of the importance of variable x, (Hastie et

al., 2009).
3. Partial dependence

For two or more predictor variables, we are difficult to graphical evaluate influences of
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predictor variables to the random forests model. A useful alternative can sometimes be to
view a collection of plots, each one of which shows the partial dependence of the

approximation fre(X) on a selected small subset of the predictor variables (Friedman, 2001).

suc={12,..,p}. Then, estimated random forest model in principle depend on variables in both
subsets f..(x) = fo(Xs,X. ). The partial dependence of fre(X) on Xs is defined as
fs (Xs)zExc fRF(XS’XC) (4.3)

Given a training set L={Xn, Yo}, n=1,...,N, the partial dependence function for subset

variables x; is estimated by

1
N %5 | (4.4)

, where {Xc1, Xc2,..., Xcn} are the values of xc (Hastie et al.2009) .

4.3 Result

4.3.1 Summary of the result

T-Tests are widely used by researchers to compare the average values of a numeric outcome
between two groups. If there are doubts about the suitability of the data for the requirements
of a t-test, most notably the distribution being non-normal, the Wilcoxon-Mann-Whitney test
is often used instead. Wilcoxon-Mann-Whitney test has greater efficiency than the t-test on
non-normal distributions, such as a mixture of normal distributions, and it is nearly as

efficient as the t-test on normal distributions (Mann and Whitney, 1947).

Normalized questionnaire results for each question were compared using the Mann-Whitney
Wilcoxon test and are shown in Table 4.1. Iltems that were significantly higher for Chengdu
than for Tokyo are stated in the questions Q9 (lot of garbage-no garbage), Q16 (noisy-quiet),
Q17 (congested-vacant), andQ20 (few office buildings-many-office buildings). In other

words, we can say that Chengdu had a strong tendency toward the right side of the response
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range in comparison with Tokyo. In regard to the item mentioned in Q9, the tendency may
have been influenced by street cleaners’ very frequent sweeping of main roads of Chengdu’s
center. In regards to the item mentioned in Q16, the tendency may be a result of the presence
of noisy advertising vehicles in the commercial area of Tokyo, but rarely in Chengdu, hence
making Chengdu residents sensitive to noise. In regard to the item mentioned in Q17, the
number of roadways does not necessarily correlate with the width of sidewalks. However, in
Chengdu, the sidewalk along the main road is very wide and is not liable to cause a feeling
of congestion. In regard to the item mentioned in Q20, the tendency may be a result of the
presence of high office buildings in Chengdu’s centre with loose height restriction.

Table 4.1 Comparison of the items between Tokyo and Chengdu
(' is represents significant item, *p<0.05, **<0.01, ***<0.001)

Tokyo Chengdu p value

Q1 poor - good 0.612 0.605  0.937

Q2 uncomfortable - comfortable 0.299 0.194  0.243

Q3 ugly - beautiful 0.236 0.332 0.290

Q4 inharmonious - harmonious 0.208 0.104 0.362

Q5 uninteresting - interesting 0.180  -0.152 0.001
Q6 unapproachable - approachable 0.076 0.053 0.839

Q7 deserted - bustling 0.891 0.524 0.003
Q8 hard to walk - easy to walk 0.115 0.062 0.625

Q9 lot of garbage - no garbage -0.075  0.428 <0.001""
Q10 many obstacles - no obstacles 0719  0.203 <0.001 "
Q11 poor road surface- good road surface -0.010 -0.032 0.831
Q12 few roadside trees - many roadside trees 0.037 -0.035 0.539
Q13 isolated - open 0.493 0371  0.237
Q14 ugly architecture - beautiful architecture 0.488  0.204 0.009
Q15 dense - scattered -0.647 -0.562 0.439
Q16 noisy - quiet -0.863 -0.620 0.011 ~
Q17 congested - vacant -0.761  -0.400 0.001 7
Q18 few shops - many shops 0.298 0.217  0.579
Q19 few residential houses - many residential houses  0.153 ~ -0.131  0.012
Q20 few office buildings - many office buildings -1.035  -0.235 <0.001 "
Q21 few factories - many factories 0.813 0.875  0.637

Items that were scored higher in Tokyo than in Chengdu are given in the following questions

37



Q5 (uninteresting-interesting), Q7 (deserted-bustling), Q10 (many obstacles-no obstacles),

Q14 (ugly architecture-beautiful architecture), and Q19 (few residential houses-many
residential houses). It means that Tokyo is much more interesting and bustling than Chengdu.
The architecture is more beautiful in Tokyo than in Chengdu. And the quantity of residential
houses is bigger and the obstacles are less in Tokyo’s centre. Tokyo is an international
metropolis. Many foreigners from worldwide make Tokyo become a multicultural city. As a
result, many streets are active and interesting. Besides that, land in japan is privately-owned,
so in the centre of Tokyo, there still remain many residential houses. While in Chengdu, in
order to build more departments and hotels, residential houses are mainly migrated to the
edge of city urban. From the situation mentioned above, it is easy to understand the results

obtained from the table 4.1.
4.3.2 Estimation of factors affecting evaluation of streetscapes

In many areas of psychology and other disciplines in the behavioural sciences, it is often not
possible to measure directly the concepts of primary interest. Two obvious examples are
intelligence and social class. In such case the researcher is forced to examine the concepts
indirectly by collecting information on variables that can be measured or observed directly,
and which can also realistically be assumed to be indicators, in some sense, of the concepts
of real interest (Everitt, 2004). In the landscape field, factor analysis is often be used to

explore the latent structure as mentioned in section 2.5.

The basis of factor analysis is a regression model linking the manifest variables to a set of
unobserved (and unobservable) latent variables. In essence the model assumes that the
observed relationships between the manifest variables (as measured by their covariances or
correlations) are a result of the relationships of these variables to the latent variables (Everitt,
2004). Here, we estimate the factors affecting evaluation of streetscapes by using factor
analysis. Because the goal of the study was to explore the physical factors affecting the
evaluation derived from streetscapes and consider similarities and differences between
Tokyo and Chengdu, the same factors were considered for both cities. The data from both
Tokyo and Chengdu was analyzed using factor analysis of both comprehensive evaluation

items (Q1-Q2) and individual evaluation items (Q3-Q8). In addition, the maximum
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likelihood estimation was used to estimate the parameters in factor analysis. The minimum
number of factors was decided when the p-value of the good-of-fit test became insignificant.

Varimax factor rotation was used and the factor score was calculated using the Bartlett

method.
Table 4. 2 Factor loadings for evaluation of streetscape
(= expresses the item that the factor loading is bigger than 0.20)
The 1st factor ~ The 2nd factor ~ The 3rd factor
(comfort) (beauty) (activity)
Q1 poor- good 0.288 0.133 -0.203
Q2 uncomfortable - comfortable 0.994 0.073 0.050
Q3 ugly - beautiful 0.005 0.963 -0.162
Q4 inharmonious - harmonious 0.064 0.229 0.128
Q5 uninteresting - interesting -0.004 0.024 0.385
Q7 deserted - bustling -0.180 -0.010 0.619
Q8 hard to walk - easy to walk 0.005 0.098 -0.240
Q6 unapproachable - approachable -0.077 -0.122 0.073
Contribution 0.139 0.128 0.09

Three factors were extracted (p-value = 0.518). The factor loadings are illustrated in Table
4.2. For the 1% factor, the factor loading of the item given in Q2
(comfortable-uncomfortable) was extremely high and that of the item given in Q1
(good—poor) was the next highest. Therefore, comfort was termed as the 1* factor. The factor
loading of the item given in Q7 (deserted-bustling) had a negative value, which means
“bustle” and “comfort” have a contradictive relationship. This relationship agrees with Yang
et al.’s research (2012a, 2012b). For the 2" factor, the factor loading of the item given in Q3
(ugly-beautiful) was extremely high, and the second highest item was given in Q4
(inharmonious-harmonious). Accordingly, beauty was termed as the 2" factor. For the 3"
factor, the item given in Q7 (deserted-bustling) had the largest factor loading, and the second
largest was given in Q5 (uninteresting-interesting), whereas items such as “hard to walk-easy
to walk,” “ugly-beautiful” and “poor-good” had negative values. Therefore, activity was

termed as the 3™ factor. The three factors together have a cumulative contribution of 35.7%.
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Figure 4.1 The box-whisker plots of factor scores between Tokyo and Chengdu
(p-value calculated using the Mann-Whitney Wilcoxon test)

Figure 4.1 provides a comparison of factor scores between Tokyo and Chengdu through a
notched box plot with the Wilcoxon test. There is no significant difference between comfort
and beauty factor scores between Tokyo and Chengdu (comfort’s p-value = 0.724, beauty’s
p-value = 0.929). However, for the activity factor, the factor score in Tokyo was significantly
higher than that in Chengdu (in other words, it hints that Tokyo is much more active than
Chengdu). In Table 4.1, it can be seen in Q5 (uninteresting-interesting) and Q7
(deserted-bustling) that the factor loading in Tokyo is significantly higher than that in

Chengdu. This is considered to be the cause for differences in factor scores.
4.3.3 Exploration of physical factors affecting evaluation of streetscape

The three cognitive characteristics (comfort, beauty, and activity) obtained in section 4.3.2
were used as dependent variables, and the 13 physical factors from items given in Q9-Q21
were made independent variables. The random forests method was applied to the data for
both cities on this basis. In this method, the number of trees is selected when the out-of-bag
estimator of the error sum of squares is the minimum, under a condition where the maximum

number of trees is 1000.

The goal of the study was to answer the following questions. (1) What are the physical
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factors that affect evaluation of streetscapes? (2) Are there differences in the physical factors
between Chengdu and Tokyo that affect evaluation of streetscapes? (3) If there are
differences, how do the evaluations in Tokyo and Chengdu change according to the changes

in physical factors?

1. Exploration of the factors affecting comfort

The variable importances for comfort are shown in Table 4.3. Variable importance is a
relative statistical value that is given when independent variables (in this case, the physical
factors) affect the dependent variable (comfort) under the presumption of the random forests

model and the variable importance that affects the dependent variable most is set to 100 .

Table 4. 3 Variable importances for comfort
(mvariable importance=90, variable importance=280,
mdifference of variable importance=30, w=difference of variable importance = 20)
Tokyo Chengdu Tokyo-Chengdu

Q9 lot garbage — no garbage 43.3 52.2 -8.9
Q10 many obstacles — no obstacles 83.3 77.4 5.9
Q11 poor road surface — good road surface 72.9 75.4 -2.5
Q12 few roadside trees— many roadside trees 63.0 80.1 -17.1
Q13 isolated — open 2.7 80.3 -7.6
Q14 ugly architecture — beautiful architecture 53.8 81.9 -28.1
Q15 dense — scattered 55.0 100.0 _
Q16 noisy — quiet 59.0 47.8 11.2
Q17 congested — vacant 51.9 64.7 -12.8
Q18 few shops — many shops 100.0 87.9 12.1
Q19 few residential houses — many residential house 38.0 50.0 -12.0
Q20 few office buildings — many office buildings 62.0 50.9 11.1
Q21 few factories — many factories 74.9 74.4 0.5

In the Tokyo survey, the highest variable importance was given to the item mentioned in Q18
(few shops-many shops). The same item’s variable importance was 87.9 in the Chengdu
survey, which made it clear that it was also important for Chengdu’s streetscape comfort.
The variable importance of the item given in Q10 (many obstacles-no obstacles) was 83.3

for Tokyo, which made it second item with respect to variable importance.
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In the Chengdu survey, the highest variable importance occurred for the item given in Q15
(dense-scattered) with a variable importance of 55.0 in the Tokyo survey, which is not very
high. The variable importances of the items in Q13 (isolated-open) and Q14 (ugly
architecture-beautiful architecture) were also high. Therefore, it is suggested that among the
physical factors for Chengdu, the comfort of streetscapes was particularly strongly

influenced by landscape and spatial situation.
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Figure 4. 2 The partial dependencies on the comfort
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Figure 4.2 shown above expresses the partial dependencies for the items which had a
variable importance of more than 90 in either Tokyo and Chengdu, or when the absolute
value of the difference between Tokyo and Chengdu was larger than 30. The full green line
represents Chengdu and the dashed red line represents Tokyo. The horizontal blue line is the
datum of 0. The lug in green at top of the graph represents the observed values in Chengdu
and red lug at the bottom expresses those observed in Tokyo. The degree of partial
dependence indicates how independent variable (i.e., the physical factor) affects the
dependent variable (i.e., comfort) under presumptions of the random forests model. Figure
4.2(a) shows that the degree of partial dependence of item in Q15 (dense-scattered) with
comfort tends to increase when it becomes more scattered in Chengdu. In contrast, in Tokyo,
although a downward tendency is expected at the right end of the graph, because there are

few lugs, it is possible that there is over-fitting. From Figure 4.2(b) the following can be
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observed. Considering the item in Q18 (few shops-many shops), comfort tends to decrease
with an increase in the quantity of shops in both Tokyo and Chengdu. Here, although the
sharp reduction at the right side of the graph in Chengdu is expected, because the number of
lug is only 1, there is a possibility of over-fitting. For that reason, it is considered that the

change should not be interpreted.

Therefore, it is suggested that the existence of shops should strongly influence the evaluation
of comfort in both Tokyo and Chengdu and comfort should decrease if the quantity of shops
increases. Furthermore, the tendency observed in Chengdu states that more scattered the

streetscape are, the better the comfort becomes.
2. Exploration of the factors affecting beauty
The variable importances for beauty are shown in Table 4.4.
Table 4. 4 Variable importances for beauty

(™ variable importance=90, ' variable importance=80, Mdifference of variable
importance= 30, difference of variable importance = 20)

Tokyo Chengdu Tokyo-Chengdu

Q9 lot garbage — no garbage 56.5 50.6 5.9
Q10 many obstacles — no obstacles 57.4 56.2 1.2
Q11 poor road surface — good road surface 68.9 43.7 25.2
Q12 few roadside trees— many roadside trees 71.9 38.7 _
Q13 isolated — open 63.3 38.0 25.3
Q14 wugly architecture — beautiful architecture 78.7 51.6 27.1
Q15 dense — scattered 100.0 100.0 0.0
Q16 noisy — quiet 64.5 35.0 29.5
Q17 congested — vacant 82.4 58.9 23.5
Q18 few shops — many shops 53.2 46.7 6.5

Q19 few residential houses — many residential house = 99.4 49.5
Q20 few office buildings — many office buildings 89.6 48.2
Q21 few factories — many factories 74.8 42.6

The highest variable importance was given to the item given in Q15 (dense-scattered) for

both Tokyo and Chengdu. The variable importances of items given in Q19 (few residential
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houses-many residential houses), Q20 (few office buildings-many office buildings), and Q17
(congested-vacant) were high. The variable importance of the item given in Q21 (few
factories-many factories) for Tokyo was not very high. But it was 32.2 points higher than
that for Chengdu. At the same time, the difference values of items between Tokyo and
Chengdu in the Q19 (few residential houses-many residential houses) and Q20 (few office
buildings-many office buildings) are both larger than 30. Therefore, the influence of building
use on beauty is bigger in Tokyo than Chengdu. In contrast, the effect of item in Q15
(dense-scattered) in Chengdu is striking. The variable importance of the item in Q12 (few

roadside trees-many roadside trees) for Tokyo was 33.2 points higher than that for Chengdu.

Figure 4.3 shows the degrees of partial dependence on items where the variable importance
was more than 90 for either Tokyo and Chengdu or where the absolute value of the
difference between the variable importances for Tokyo and Chengdu was larger than 30. The
full green line represents Chengdu and the dashed red line represents Tokyo. The horizontal
blue line is the datum of 0. The lug in green at top of the graph represents the observed
values in Chengdu and red lug at the bottom expresses those observed in Tokyo. Figure
4.3(a) shows that with respect to item (Q12: few roadside trees-many roadside trees), beauty
tended to increase with an increase in the quantity of roadside trees for Tokyo, while there
was no pronounced increase tendency for Chengdu. This may be due to the fact that in
Chengdu, roadside trees are planted along almost all main roads but in Tokyo this only
occurs sometimes. In relation to the item in Q15 (dense-scattered), beauty tended to reduce
rapidly when density became lower for both Tokyo and Chengdu. In Figure 4.3(b), it can be
seen that the reduction was more dramatic in Tokyo than in Chengdu. In this survey, the
focus was on the main roads in urban areas. In such areas, roads with a scattered impression
may have an ugly appearance. For the item in Q19 (few residential houses-many residential
houses), beauty tended to reduce with an increase in the quantity of residential houses in
Tokyo. For Chengdu, an increasing trend near zero can be observed, which means that even
if the quantity of residential houses decreases, the level of beauty will not change, and the
level of beauty will rise with an increase in the quantity of residential houses. The reason
may be that in Tokyo, many residential areas along the main road are similar to those at

downtown, while in Chengdu, even if residential areas are along the main road, they can be
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of high quality. To sum up, the different partial independencies may be affected by the

different residential situations in Tokyo and Chengdu. In Tokyo, although the partial

independence of the item in Q20 (few office buildings-many office buildings) tends to

decrease rapidly toward the right side of the graph, it is appropriate to regard this as

overfitting because there is almost no lug. Apart from that occurrence, no remarkable change

can be observed. For partial independence of the item in Q21 (few factories-many factories),

beauty tended to decrease when the quantity of factories became larger for both Tokyo and

Chengdu. The reduction tendency was marked high for Tokyo than for Chengdu.
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3. Exploration of the factors affecting activity
The variable importances for activity are shown in Table 4.5.
Table 4. 5 Variable importances for activity

(mvariable importance=90, «variable importance=80, mdifference of variable importance
=30, w=difference of variable importance =20)

Tokyo Chengdu Tokyo-Chengdu

Q9 lot garbage - no garbage 54.2 46.4 7.8

Q10 many obstacles - no obstacles 49.7 35.7 14.0
Q11 poor road surface — good road surface 18.2 25.7 -1.5
Q12 few roadside trees- many roadside trees 23.2 52.7 -29.5
Q13 isolated - open 20.6 31.4 -10.8
Q14 ugly architecture - beautiful architecture 22.4 30.6 -8.2
Q15 dense - scattered 59.0 52.8 6.2

Q16 noisy - quiet 51.8 53.7 -1.9
Q17 congested - vacant 100.0 100.0 0.0

Q18 few shops - many shops 58.2 29.4 28.8
Q19 few residential houses - many residential house  22.7 33.6 -10.9
Q20 few office buildings - many office buildings 20.7 48.2 -27.5
Q21 few factories - many factories 26.0 52.7 -26.7
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The highest variable importance was given to the item in Q17 (congestion-vacant) for both

Tokyo and Chengdu. The other physical factors hardly affected activity.
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Figure 4. 4 The partial dependencies on the activity
(red: Tokyo, green: Chengdu)

Figure 4.4 shows degrees of partial dependence on items where the variable importance was
more than 90 for either Tokyo and Chengdu, or where the absolute value of the difference
between the variable importances for Tokyo and Chengdu was larger than 30. The full green
line represents Chengdu and the dashed red line represents Tokyo. The horizontal blue line is
the datum of 0. The lug in green at top of the graph represents the observed values in
Chengdu and red lug at the bottom expresses those observed in Tokyo. For the item given in
Q17 (congestion-vacant), a rapid downward tendency was shown as the road became vacant
for both Tokyo and Chengdu. The value of partial independence was higher for Tokyo than
for Chengdu. Figure 4.1(c) shows that activity for Tokyo is significantly higher than
Chengdu. Therefore, it can be inferred that the magnitude of item in Q17

(congestion-vacant) led to difference in activity.
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4.4 Summary

In this chapter, using a questionnaire, the effect of similarities and differences in the
importance of physical factors on the evaluation of urban main road (primary and district
distributor roads) streetscapes in both Japan and China was explored. The study areas were
chosen to be Tokyo 23 wards in Japan and Chengdu 5 central districts in China, as they were

considered similar enough and could be compared. The results are summarized as follows:

1. The three chief factors affecting perception of streetscapes were determined as comfort,
beauty, and activity. These factors were also extracted in the experiments by Kitamura

(1976) and the same trend has been apparent in other researches.

2. Out of the three factors, the activity score of Tokyo was significantly higher than

Chengdu.

3. The number of shops strongly influenced the evaluation of comfort for both Tokyo and
Chengdu. Comfort plummeted in areas with many shops. Density had a strong effect on
comfort in Chengdu, low density increases comfort. It was suggested that for Chengdu,

comfort of streetscapes is strongly influenced by landscape and spatial situation.

4. For beauty, the density had the strongest influence in both Tokyo and Chengdu, beauty
reduced heavily at great scattering. An increase in the quantity of houses decreased the
level of beauty in Tokyo but increased in Chengdu. The impact of building usage on

beauty was stronger in Tokyo than in Chengdu.

5. For activity, the congestion of streets had the strongest influence for both Tokyo and

Chengdu, with decreasing activity, streets become vacant.
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Chapter 5 Streetscape evaluation of local distributor

roads

In this chapter, the data of questionnaire survey on local distributor road will be analysed. In
the survey, the traffic lane of associable road was required to less than 2 lanes and with

sidewalk.

5.1 Overview of statistical analysis

The following provides an overview of statistical analysis in this survey.

1) The median response of each questionnaire was calculated and the difference in points
between Tokyo and Chengdu was compared using the Mann-Whitney Wilcoxon test (a
non-parametric test of the null hypothesis) which has greater efficiency than the t-test

on non-normal distributions.

2) The correlations in all items were calculated using spearman’s rank correlation
coefficient. To adequately compare Japan and China, the same weightings were given

to the questionnaire results from Tokyo and Chengdu.

3) The conditional inference trees method was used to process the questionnaire results.
In addition, production rule and mean value of each terminative node were analysed to
evaluate physical factors that affect evaluation of streetscapes. At the same time,
investigation region was added to explore the interaction from region X physical

characteristic that is the regional physical characteristic.

5.2 Introduction of conditional inference trees method

Conditional inference trees estimate a regression relationship by binary recursive partitioning
in a conditional inference framework. It is generally applicable to regression problems with
arbitrary measurement scale of responses and covariates (Hothorn et al., 2006). Roughly, the

algorithm works as follows:
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1) Test the global null hypothesis of independence between any of the input variables and the
response (which may be multivariate as well). Stop if this hypothesis cannot be rejected.
Otherwise select the input variable with strongest association to the response. This
association is measured by a p-value corresponding to a test for the partial null hypothesis

of a single input variable and the response.
2) Implement a binary split in the selected input variable.
3) Recursively repeats steps 1) and 2).

The implementation utilizes a unified framework for conditional inference, or permutation
tests, developed by Strasser and Weber (1999). The stop criterion in step 1) is either based on
multiplicity adjusted p-values (test type = "Bonferroni" or test type = "MonteCarlo" in
ctree_control) or on the univariate p-values (test type = "Univariate"). In both cases, the
criterion is maximized, i.e., 1 - p-value is used. A split is implemented when the criterion
exceeds the value given by mincriterion as specified in ctree_control. For example, when
mincriterion = 0.95, the p-value must be smaller than 0.05 in order to split this node. This
statistical approach ensures that the right sized tree is grown and no form of pruning or
cross-validation or whatsoever is needed. The selection of the input variable to split in is
based on the univariate p-values avoiding a variable selection bias towards input variables

with many possible cut points.

5.3 Totalled results of questionnaire

After counting up the number of local distributor road mentioned in the survey, it is found
that in Tokyo’s survey, the associable roads were concentrated in the vicinity of the Hosei
University such as Kagurazaka Street, lidabashi area, and the percentage was up to 50.3%.
The situation was the same in Chengdu, 58% of the mentioned roads was around the
Southwest Jiaotong University. Therefore, we can say that, both in Tokyo and Chengdu,
most of the respondents associated the roads around their campus. (Refer to the appendix for

the photo of streetscape around the university in Tokyo and Chengdu)

Figure 5.1 is a summary for the four items of streetscape evaluation. The mean value of the
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whole, Tokyo and Chengdu is shown. And the p-value of the evaluation result of Tokyo and
Chengdu by Mann-Whitney Wilcoxon test is also shown. The significant differences were

found for all items from the p-value.
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Tokyo Chengdu Tokyo Chengdu
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The whole: 2.96 p<0.001*** The whole: 2.98 p=0.002**
Tokyo Chengdu Tokyo Chengdu
Mean=3.52 Mean=2.79 Mean=2.47 Mean=2.89
(c) Affinity (d) The ease of walking
The whole: 3.24 p<0.001*** The whole: 2.63 p=0.003**

Figure 5. 1 Summary of streetscape evaluation items
(Comfort (Q1), Beauty (Q2), Affinity (Q3), Ease of walking (Q4))

It is clear that the mean value of item in Q1 (comfort), Q2 (beauty), and Q3 (affinity) in
Tokyo is higher than in Chengdu. The mean value of item in Q4 (ease of walking) is 2.89 in
Chengdu which is larger than in Tokyo. In other words, as for the perceptual item
(qualitative item), much more have been satisfied in Tokyo and as for the functional item
(quantitative item), more have been satisfied in Chengdu. Especially, the most frequent value
of item in Q1 (comfort) is 2 in Chengdu. It hints that there are many complaints from

respondents. On the other hand, the most frequent value of the item in Q4 (ease of walking)
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in Tokyo is 1, and the second frequent value is 2. Therefore, it is considered that difference

exists in the streetscape between Tokyo and Chengdu.

The table 5.1 shows the spearman’s rank correlation coefficient between streetscape
evaluation items. The value of correlation coefficient between items in Q1 (comfort) and in
Q2 (beauty) is the highest, 0.50. Additionally, we can know that the item in Q1 (comfort) has
the correlation coefficient higher than 0.4 with the other 3 items in Q2, Q3, Q4. That is to say,
the item, comfort, is synthetic evaluation measure connected with other factors. As discussed
earlier in this chapter, the tendency of mean value of functional item in Q4 (ease of walking)
is different from the other three items in Q1, Q2, and Q3 between Tokyo and Chengdu. A
point to notice is that the correlation coefficient between item ‘ease of walking’ and item
‘comfort’ is 0.40. The correlation coefficient between item ‘ease of walking’ and item
‘beauty’ is also not low, reaches to 0.36. Therefore, it is beyond doubt that perceptual

evaluation items in Q1, Q2, and Q3 are not uncorrelated with functional evaluation items in

Q4.

Table 5. 1 Spearman’s rank correlation coefficient between evaluation items

Comfort Beauty Affinity Ease of walking
Comfort 1.00
Beauty 0.50 1.00
Affinity 0.40 0.38 1.00
Ease of walking 0.40 0.36 0.17 1.00

The summary for the physical characteristic is listed in the figure 5.2. In the figure, the blue
chart bar represents Tokyo and the red chart bar represents Chengdu. P-value is calculated by
Mann-Whitney Wilcoxon test. The significant difference can be observed in items (Q6:
sidewalk pavement), (Q9: isolated/ open), (Q10: architecture), (Q11: density), (Q13:
congestion), (Q16: residential house) and (Q17: factory). Expect item in Q16 (residential
house) and item in Q17 (factory), the value of items relating to the maintenance around
streets, such as item ‘sidewalk pavement (Q6)’, ‘architecture (Q10)’ in Tokyo is superior to
in Chengdu. Relating to items such as ‘isolated/ open (Q9)’, ‘density (QI11)’, ‘congestion

(Q13)’, Chengdu is superior to Tokyo.
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garbage(Q5) - 291 2.89 0.992

sidewalk pavement (Q6) 2.96 2.62 0.017"
obstacle(Q7) 2:50 2.66 0.169
roadside trees(Q8) 3.01 312 0.471
isolated/open(Q9) 2.69 3.20 <0.000™""
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Figure 5. 2 Summary of physical characteristic in Tokyo and Chengdu
(blue chart bar : Tokyo ; red chart bar: Chengdu )

The spearman’s rank correlation coefficient between physical characteristics and streetscape
evaluation items is shown in table 5.2. The color pink in the cell of table pinpoints the value
which is bigger than 0.30 and the color blue means that the value is larger than 0.40. As the
factors involved in the street, item in Q5 (garbage), Q6 (sidewalk pavement), and Q7
(obstacle) obviously correlates with evaluation item in Q1 (comfort), as the correlation
coefficients are all larger than 0.30. Factors involved in the surrounding environment such as
‘architecture’ and ‘noise’ also have higher positive correlation with ‘comfort’ with the larger
than 0.30 correlation coefficient. Regarding to the streetscape evaluation item in Q2 (beauty),
the physical characteristics that the correlation coefficient is larger than 0.30 with ‘beauty’

are items in Q5 (garbage), Q10 (architecture) and Q12 (noise). The correlation coefficient
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between these three physical characteristics and ‘comfort’ is also larger than 0.30 as we have
explained above. Relating to the evaluation item in Q3 (affinity), there is nothing worthy of
remark because of the less than 0.30 correlation coefficient overall. It is worthy of note that
the spearman’s rank correlation coefficient between streetscape evaluation item in Q4 (ease
of walking) and physical characteristic in Q7 (obstacles) reaches up to 0.427. In addition to
that, the correlation coefficient between item in Q12 (noise), item in Q13 (congestion) and

Q4 (ease of walking) is 0.323 and 0.347 respectively.

Table 5.2 Spearman’s rank correlation coefficient between evaluation items and
physical characteristics
(In the cell of table, > 0.30, >0.40)

Comfort Beauty Affinity Ease of walking
(Q1) (Q2) (Q3) (Q4)
Q5.garbage 0.308 0.313 0.118 0.213
Q6.sidewalk pavement 0.329 0.295 0.230 0.295
Q7.obstacles 0.335 0.191 -0.043 0.427
Q8.roadside trees 0.076 0.233 -0.080 0.177
Q9 isolated/open 0.114 0.170 0.095 0.255
Q.10 architecture 0.323 0.388 0.254 0.292
Q.11 density 0.101 0.093 -0.257 0.281
Q.12 noise 0.369 0.306 0.140 0.323
Q.13 congestion 0.215 0.076 -0.107 0.347
Q.14 shops 0.078 0.071 0.278 -0.102
Q.15 office -0.211 -0.158 -0.092 -0.134
Q.16 residential houses -0.061 0.032 -0.114 0.066
Q.17 factory 0.138 0.224 0.204 0.001

The spearman’s rank correlation coefficients between physical characteristics are displayed
in the table 5.3 below. The color pink in the cell of table pinpoints the value which is bigger
than 0.30, the color blue means that the value is larger than 0.40 and the color orange
represents that the value is larger than 0.50. From the table, it is easy to understand the
correlation between physical characteristics themselves. The absolute value of correlation
coefficient of ‘garbage’ and ‘obstacles’, ‘sidewalk’ and ‘architecture’, ‘obstacle’ and
‘density’, ‘obstacle’ and ‘noise’, ‘obstacle’ and ‘congestion’ , ‘density’ and ‘shop’,
‘congestion’ and ‘shop’ is larger than 0.30. Among them, the correlation coefficient of
‘density’ and ‘shop’, ‘congestion’ and ‘shop’ is negative. The correlation coefficient of ‘noise’
and ‘garbage’, ‘density’ and ‘congestion’ is 0.41 and 0.45 respectively. The value of

correlation coefficient between item in Q12 (noise) and item in Q13 (congestion) deserves
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special note. The value 0.51 refers strong correlation between noise and congestion.

Table 5. 3 Spearman’s rank correlation coefficient between physical characteristics
(In the cell of table, > 0.30, >0.40, W >0.50)

Q5 [Q6 |Q7 |Q8 |Q9 |Q10 |Q11 |Q12 |Q13 [Q14 Q15 |Q16 |Q17

Garbage(Q5) 1.00

Sidewalk

pavement(Q6) 0.28 1.00
Obstacle(Q7) 0.39 (0.26 [1.00

Roadside trees(Q8) |0.12 |0.01 [0.18 [1.00

Isolated/Open(Q9)  (0.04 [0.12 0.16 |0.14 [1.00

Architecture(Q10)  |0.29 |0.33 |0.24 (0.12 |0.12 |1.00

Density(Q11) 0.150.00 (0.39 |0.19 |0.00 |-0.02(1.00
Noise(Q12) 0.41 |0.23 |0.35 |0.17 |-0.02/0.18 [0.24 [1.00
Congestion(Q13) 0.26 |0.12 (0.38 |0.16 |0.07 |0.09 [0.45 _Il.OO
Shop(Q14) -0.17/0.01 |-0.23]-0.22/0.04 |-0.04{-0.36[-0.24/-0.31|1.00
Office(Q15) -0.01/-0.06[-0.02/0.01 |0.00 |-0.01|-0.01}-0.19-0.08/0.01 |1.00
Residential
0.06 |-0.01/0.06 |-0.03|0.00 [-0.04/0.10 [0.04 |0.18 |-0.07|-0.04{1.00
house(Q16)
Factory(Q17) 0.1710.05 |-0.14-0.07|0.09 |0.13 |-0.25/0.04 |-0.08/0.19 [-0.12]-0.14{1.00

5.4 Exploration of factors affecting evaluation streetscape

In the previous section, the difference of streetscape evaluation and physical characteristic
between Tokyo and Chengdu has been discussed. As a result, the sensitivity characteristics
receive high commendation from respondents in Tokyo than in Chengdu. On the contrary,
the functional characteristics are rated highly in Chengdu than in Tokyo. In this section,
whether the physical characteristic from Q5 to Q17 influents the evaluation item from Q1 to
Q4 and how the physical characteristic from Q5 to Q17 influents the evaluation item from
Q1 to Q4 will be discussed by the conditional inference trees method. At the same time,
region will be considered as an explanatory variable. Therefore, it is possible to explore the
interaction from region X physical characteristic. To put it in another way, the regional

physical influential factors can be explored.

In the method of conditional inference trees, streetscape satisfaction cluster is decided by the

production rules on the basis of street physical characteristic and regions (Tokyo /Chengdu).
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In this analysis, physical requirement in the streetscape development and maintenance which
pays attention to landscape will be considered from the production rules of most satisfactory

cluster and most unsatisfactory cluster.

Additionally, in order to verify the regional difference (Tokyo /Chengdu), the categorical
variables to the region can be added to explanatory variable. Because the tree structure
approach method is not dependent on the type of explanatory variables. If the regional
difference is selected as a branch point, the physical factor in connection with subsequent

branches becomes the characteristic (difference of influential factor) of that region.
5.4.1 Exploration of the factors affecting comfort
Table 5.4 is a result of the conditional inference trees to comfort.

Table 5. 4 Results of conditional inference trees to comfort evaluation

Noise Garbage Architecture | Pavement Region Result
=2|>2|=1|>1 | =4| =5|=1|>1 | Tokyo | Chengdu
TN.1 | O O 1.86
(T:14, C:7)
TN.2 | O O O 1.89
(T:4, C:5)
TN.3 | O O O 2.82
(T:58,C:51)
TN.4 O O O 3.42
(T: 73, C: 0)
TN.5 O O O 2.86
(T:0, C:35)
TN.6 O O 4.50
(T:10, C:2)

When noise is annoying (with a mark less than 2) and with a great deal of garbage (mark=1),
comfort is the lowest with the mark 1.86. In this cluster, there is no significant difference in
the proportion of the responded subjects to the whole between Tokyo and Chengdu. When
noise is annoying (with a mark less than 2), the quantity of garbage is not extremely large
(with a mark bigger than 1), and the quality of sidewalk pavement is not very bad (with a

mark bigger 1), the mean value of the comfort is 2.82. The proportion of the respondents
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who did that response described above to the whole respondents is 51% in Chengdu city,
accounts for more than half. The results in this cluster point to the conclusion that although
garbage and sidewalk pavement are not negative replies to the comfort, there is
dissatisfaction about noise. That is to say, compared with Tokyo, the dissatisfaction of

Chengdu about noise is strong.

=9 ( noise ] 22
|(5:quiet, 1:noisy) |

=1 garbage >1 =4 building =5
(5:little, 1:much) (5: beautiful, 1:ugly)

pavement

Tokyo Investigation LChengdu
=1 (5:g00d, 1 :bad)|]>1 &

darea

TN.1 (N=21) TN.2 (N=9) TN.3 (N=109) TN.4 (N=73) TN.5 (N=36) TN.6 (N=12)
I = | .00 0| lIII- - _IIII . Ill . _-_l

1 2% 3 48 A 1 2 3 4 5§ 1 2 3 4 5 1" 2 13 4 5 1 2 3 4 5§ 12 3 4 5
mean=1.86 mean=1.89 mean=2.82 mean=3.42 mean=2.86 mean=4.50

T:14, C:7) (T:4, C:5) (T:58, C:51) || (T:73, C:0) || (T:0, C:35) (T:10, C:2)

Figure 5. 3 Results of comfort evaluation by conditional inference trees
(In the node box, N means the size of sample. The numerical value at the bottom is the
breakdown of Tokyo and Chengdu)

What is more, the evaluation result of the respondents who consider that the noise was not
noisy (bigger than 2) and architecture cannot be said very beautiful (less than 5), is different
in Tokyo and Chengdu, and the evaluation mark in Tokyo is higher than Chengdu (Tokyo:
3.42, Chengdu: 2.86). On the other hand, satisfaction for the comfort of the respondent who
replied that the noise is not noisy (bigger than 2) and architecture is beautiful is the highest

with the mark 4.50. Therefore, the surrounding environment is likely to contribute more
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strongly to satisfy the comfort of the streetscape than the street itself. On the other hand, that
the garbage or sidewalk pavement affects comfort of streetscape negatively is suggested. To
put it in another way, in street development and maintenance, as a controllable factor, such
as garbage or sidewalk pavement, the importance is to avoid giving discomfort, rather than
contributing to the comfortable streetscape. On this point, there is no difference between

Tokyo and Chengdu.

Figure 5.3 is pictorial diagram of table 5.4. From the figure, we can get a clear understanding
to the part discussed above. In the node box of the figure, N represents the size of sample.
The numerical value at the bottom is the breakdown of Tokyo and Chengdu.

5.4.2 Exploration of the factors affecting beauty

Table 5.5 is a result of the conditional inference trees to beauty evaluation. Figure 5.4 is
pictorial diagram of table 5.5. From the figure, we can get a clear understanding to the part
discussed above. In the node box of the figure, N represents the size of sample. The

numerical value at the bottom is the breakdown of Tokyo and Chengdu.

Table 5.5 Results of conditional inference trees to beauty evaluation

Architecture Sidewalk pavement office Sidewalk tree Result
=3 | >3 | =2 | >2 =1 >1 =3 | >3 =4 =5
TN.1 | O O 1.83
(T:10, C:8)
TN.2 | O O O O 2.56
(T:33, C:33)
TN.3 | O O O O 2.94
(T:53, C:41)
TN.4 | O O O 3.72
(T:17, C:1)
TN.5 O O 3.92
(T:38, C:11)
TN.6 O O 2.50
(T:8), C:6)

The respondents’ satisfaction of beauty gets to the highest (3.92) when they consider that the

architecture is beautiful (bigger than 3) and with not many offices (less than 4). That is, the
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best beautiful area is to depend on the surrounding environment. On the other hand, the
satisfaction of beauty extremely decreases to 2.5 when the quantity of office buildings is
large (with a mark bigger than 3) despite the architecture is beautiful. In the central part of
city, the office building is often new. As a result, the reason of significant reduction is

considered to be that there is some possibility of stark landscape in such area.

<3 ( building I >3
l(5 :beautiful, 1:ugly)

N ~
=1 pavement >1 <3 office S.3
(5:good, 1 :bad)) _(5:many, 1 :few)
(G
=4 | Roadside trees =5
\(3:many, | :few)
=<2 building >2
(5:beautitul, 1:ugly
TN.1 (N=18) TN.2 (N=66) TN.3 (N=94) TN.4 (N=18) TN.5 (N=49) TN.6 (N=14)
: III - .III_ i -IIl_ : |III i IIII . IIIII
1 2 3 4 5 1 2:3 .4 § 1 2 34 5 T 2 34 :5 1 23 4 8 1 2 3 4 5
mean=1.83 mean=2.56 mean=2.94 mean=3.72 mean=3.92 mean=2.50

(T:10, C:8) || (T:33, c:33) || (T:53, c:41) || (T:17, c:1) |[(T:38, c:11) || (T:8, C:6)

Figure 5. 4 Results of beauty evaluation by conditional inference trees
(In the node box, N means the size of sample. The numerical value at the bottom is the
breakdown of Tokyo and Chengdu)

The lowest satisfaction to beauty is 1.83 when architecture is considered not beautiful (less
than 3) and the quality of sidewalk pavement is considered poorest (=1). TN.2, TN.3, and
TN.4 are clusters under the condition that the architecture is not very beautiful and the
quality of sidewalk pavement is not very bad. The mean value of them is 2.56, 2.94, and 3.72
respectively. All of them exceed mean value of TN.1.We can infer that the poor pavement
has a great bad influence on the beauty. The same with the result in comfort evaluation,

sidewalk pavement is strongly associated with negative image in the beauty evaluation.
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Comparing the TN.2, TN.3 with TN.4, we find that there is a great difference because of the
quantity of the roadside trees. It hints that the big quantity of roadside trees has positive
influence to evaluation on beauty. In the figure 5.2, we have noticed that, regarding to the
image of sidewalk pavement and surrounding buildings, Chengdu is significant poor
compared to Tokyo. That may be the reason to the evaluation difference of beauty between

two cities.

5.4.3 Exploration of the factors affecting affinity

Table 5.6 is a result of the conditional inference trees to affinity evaluation.

Table 5. 6 Results of conditional inference trees to affinity evaluation

Investigation area Shop Architecture Result
Tokyo Chengdu 4 =5 =3 >3

IA

TN.1 O O 3.12
(T: 100), C: 0)

TN.2 O O 4.19
(T: 59, C:0)

TN.3 O O 2.64
(T:0, C:83)

TN.4 O O 3.53
(T:0, C:17)

All the data is classified into two groups by the factor investigation area at first. It shows that
there is great difference in the affinity evaluation between Tokyo and Chengdu. As shown in
figure 5.1, the mean value of affinity evaluation in Tokyo is 3.52 and the proportion of
respondents who rated the affinity highly (larger than 4) is high. On the contrary, the mean
value of affinity evaluation in Chengdu is 2.79 and many respondents gave mark 2 to the

affinity evaluation.

Furthermore, different variables were selected at the second branch after being divided by
the investigation region. It indicates that respondents in these two cities evaluated affinity
from different viewpoint. In Tokyo, the affinity is high when there are many shops (with
mark =5) along the street. In all likelihood, shopping district is regarded as a symbol of
region ties in Japan. While in Chengdu, the evaluation on affinity is affected by the beauty of
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building. As shown in the figure, the affinity evaluation is not high under the condition that
the surrounding building is not very beautiful ( with the mark <3). Overall, the affinity

evaluation in Chengdu depends on the surrounding maintenance such as the beauty of the

buildings.
Tokyo ( Investigation ] Chengdu
L area J
=4 shops =5 =3 Buildings >3
(5:many, 1 :few) (5:beautiful , 1:ugly)

TN.1 (N=100) TN.2 (N=59) TN.3 (N=83) TN.4 (N=17)

: lIIII : .III ] lIII_ " IIII
1.2 3 4 5§ 1.2 3 4 35 1 2 3 4 & 1.2 3 4 5§
Mean =3.12 Mean =4.19 Mean =2.64 Mean =3.53
(T:100, C:0) (T:59, C:0) (T:0, C:83) (T:0, C:17)

Figure 5. 5 Results of affinity evaluation by conditional inference trees
(In the node box, N means the size of sample. The numerical value at the bottom is the
breakdown of Tokyo and Chengdu)

Figure 5.5 is pictorial diagram of table 5.6. From the figure, we can get a clear understanding
to the part discussed above. In the node box of the figure, N represents the size of sample.

The numerical value at the bottom is the breakdown of Tokyo and Chengdu.

5.4.4 Exploration of the factors affecting ease of walking

Table 5.7 is an evaluation result of walking ease by the conditional inference trees. Figure
5.6 is pictorial diagram of table 5.7. From the figure, we can get a clear understanding to the
part discussed above. In the node box of the figure, N represents the size of sample. The

numerical value at the bottom is the breakdown of Tokyo and Chengdu.

The results from the table5.7 and figure 5.6, we can observe that the factor obstacle has
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strong influence on the ease of walking, for the data is branched twice by the mark of factor

obstacle.

Table 5. 7 Evaluation results of walking ease by conditional inference trees

Obstacle Noise Pavement Density Result
=2 | >2 | =1| =2 =3 | >3 =3 >3 =2 | >2

TN.1 O O 1.77
(T:30, C:15)

TN.2 O O 2.37
(T:52, C:30)

TN.3 O O O 2.62
(T:34, C:31)

TN.4 O O O 3.93
(T:20, C:8)

TN.5 O O O 3.24
(T:13, C:4)

TN.6 O O O 4.00
(T:10, C:12)

The functionality (ease of walking) is extremely low if there are a very large number of
obstacles (=1). It will be branched by the noise under the condition that there are few
obstacles (>2). Noise, it feels like there is no direct relation to the ease of walking, but in
figure 5.2, the spearman's rank correlation coefficient of the noise and congestion is 0.51, the
respondents may get a bad image of walking ease because it is widely known that congestion

leads to noisy surroundings.

In attrition to that, TN.3 and TN.4 is branched by the quality of the sidewalk pavement. The
mean value is 2.62 and 3.93 respectively. The difference value between high quality
pavement (bigger than 3) and low quality pavement (not bigger than 3) reaches up to 1.31.
The quantity of obstacle strongly affects the ease of walking. The next is noise. In the

research of Yang et al (2012b), the same conclusion has been investigated.

Although the quality of pavement affects the evaluation of walking ease, it is under the noisy
environment. As there is no branch by the investigation area, it is considered that there is no

difference in the tendency between two cites.
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Figure 5. 6 Results of walking ease evaluation by conditional inference trees
(In the node box, N means the size of sample. The numerical value at the bottom is the
breakdown of Tokyo and Chengdu)

5.5 Summary

Figure 5.7 shows the positive rule (the mean value in terminative node is larger than 4) and

negative rule (the mean value in terminative node is less than 2) abstracted from figure 5.3 to

figure 5.6. What is more, the difference between Tokyo and Chengdu is also abstracted.

Item in Q10 (architecture) is important to get high satisfaction of comfort and beauty. As

shown in figure 5.2, the point of the item in Q10 (architecture) is significant higher in Tokyo

than in Chengdu. It can be considered to lead to the superiority of comfort evaluation and

beauty evaluation.
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Characteristic rule (Positive = 4, Negative =2) Difference between Tokyo and Chengdu m

Positive [ {noise>2} n {architecture =5} 4.50 [ {noise>2} n {architecture =<4} ]
— 2.96
Negative [ {noise= 2} 1 {garbage=1} 1.86 (T:3.14)
(C:2.67)

I Tokyo:3.42 | |Chengdu :2.86|

Negative [ {noise = 2} n {garbage> 1} n {sidewalk pavement= 1} H 1.89 I

Positive [ {architecture>3} n {office<3} 2.98

(T:3.14)

NegatiVE[ {architecture = 3} n {sidewalk pavement=1} ]—)l 1.83 I (C:2.72)
*1:itis less than 4,but almost close to 4
=£4(3.12)
[ Tokyo H Shop >4(4.19) 3.24
— (T:3.52)
: =3(264) (C:2.79)
[ Chengdu H Architecture >3(3.53)
- Positive [{obstacle>2}n{noise>3}n{density>2} ]—)I 4.00 | -

. — (T:2.47)
Negative l{obstacle=1}= >I 1.77 | (C:2.89)

Figure 5. 7 the summary of conditional inference trees to four streetscape evaluation
items

Item in Q6 (sidewalk pavement) has contributed to a negative image in both comfort
evaluation and beauty evaluation. In either case, when the cut-off value of sidewalk
pavement is 1, the evaluation on both comfort and beauty becomes worse. In fact, as shown
in figure 5.2, the sidewalk pavement in Tokyo was significantly better than in Chengdu. It
also may show the connection with the superiority in comfort and beauty in Tokyo.
Furthermore, that the comfort was influenced by garbage was also suggested. Specially,
street-cleaning is important in reducing the discomfort because the garbage is a negative
factor of comfort, and it seems that there is no regional difference between Tokyo and

Chengdu.

Regarding to the difference in comfort evaluation between Tokyo and Chengdu , there are 2
terminative nodes branched by the rule {noise>2}N {building=4}. From the bar graph in
the terminative node TN.4 and TN.5 of Figure 5.3, it indicates that more respondents in
Tokyo feel slightly comfortable under the streetscape like that, while in Chengdu,

respondents feel slightly uncomfortable.
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In the beauty evaluation, there is no branch by investigation region, but we can see that there
is a bias in the sample size of Tokyo and Chengdu in the TN.4 (Figure 5.4). However, rather
than the difference of the beauty between two cities, it is should be considered that the

number of respondents corresponding to TN.4 in Chengdu is few.

Regarding to the affinity evaluation shown in figure 5.5, because all the data were branched
by Tokyo and Chengdu at first, the answers from respondents were very different by the
region. In the subsequent branch of Tokyo, the data was further branched by the quantity of
shop, more shops(=4) made the affinity increasing with the mean value up to 4.19. On the
other hand, the data was further branched by the architecture in Chengdu, the mean value of
affinity decreased to 2.64, less than 3 when the building was not very beautiful (with a mark

less than 3).

Regarding to the ease of walking, the effect of the obstacle was remarkable in both positive
and negative image. Additionally, as the positive image, not only the obstacle but also the
factors associated with bustling image such as noise and density affected the evaluation of
walking ease. At this time, regional differences between Chengdu and Tokyo were not

observed.
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Chapter 6 Conclusions and recommendations

6.1 Conclusions

In this research, the new methodology was introduced to clarify the physical factors affecting
the streetscape evaluation and reveal the distinction of influential physical factors between
Japan and China. The study areas were chosen to be Tokyo 23 wards in Japan and Chengdu
5 central districts in China. The survey was conducted from wide roads (primary and district
distributor roads) and narrow roads (local distributor roads) respectively. The following

conclusions can be drawn.

1. Regarding to the wide roads (primary and district distributor roads), there was no
significant difference in comfort evaluation and beauty evaluation, but the activity score

of Tokyo was significantly higher than Chengdu.

2. For comfort evaluation of wide roads, the quantity of shops played an important role in
both Tokyo and Chengdu. With the increasing of shops’ quantity, the comfort evaluation
decreased. Besides that, density had a strong effect on comfort in Chengdu’s wide roads,
and they were in inverse relation. It was suggested that for Chengdu, comfort of wide

road’s streetscapes is strongly influenced by landscape and spatial situation.

3. With respect to the beauty evaluation of wide roads, the density had the strongest
influence in both Tokyo and Chengdu, beauty reduced heavily at greater scattering. An
increase in the quantity of houses decreased the level of beauty in Tokyo but increased that

in Chengdu. The impact of buildings on beauty was stronger in Tokyo than in Chengdu.

4. In relation to the activity evaluation of wide roads, the congestion of streets had the
strongest influence for both Tokyo and Chengdu. When streets become vacant, the activity

decrease.

5. For the perceptual item (comfort, beauty, affinity), much more have been satisfied in
Tokyo’s local distributor roads and for the functional item (ease of walking), more have
been satistied in Chengdu’s local distributor roads
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6. The beauty of the architecture affects comfort and beauty evaluation of local distributor
roads. Especially, to the positive impression, impact of the beautiful surrounding buildings
is very important. At the same time, the impact of the beauty of the architecture is much
more remarkable to the comfort evaluation in Chengdu’s local distributor roads than that

of Tokyo.

7. Maintenance of sidewalk pavement was a very important way to eliminate the negative
impression of comfort and beauty in local distributor roads. That is, the high quality
sidewalk pavement did not have much impact to the comfortable or beautiful streetscape,

but the poor sidewalk pavement certainly led to an uncomfortable or ugly streetscape.

8. Maintenance of roadside trees was important to comfort evaluation of local distributor

roads as a positive factor.

9. Tokyo had a stronger affinity of the local distributor road than Chengdu. And in Tokyo,
the quantity of shops (Functional aspects of the streets) contributed to the affinity, while in

Chengdu, the beauty of buildings (Scene aspects of the streets) contributed to the affinity.

10. The ease of walking was strongly impacted by the obstacles of local distributor roads. In
addition to that, by strengthening the quality of sidewalk pavement, the walking ease

could be improved dramatically.

6.2 Recommendations

In addition to the aforementioned achievements and contributions, we think that the

following research prospects related to this study are worth further investigation:

1. From the statistical analysis results, a deficiency of sample size can be seen. Although
comparing to the existed research, the sample size is not small, we also need to enlarge the
sample size to obtain a complete tendency. As a result, the minute description of the data

can be given.

2. The survey was only conducted in Tokyo and Chengdu. Although, they are the typical

cities in their own countries, it is necessary to investigate more cities to enrich the samples.
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Additionally, the investigation regions in this research were both Asian cities, more
research should be done in European cities where the streetscape develops well. What is
more, the respondents in the survey were all university students, and the age was mainly
concentrated in the age group twenties. The future study was supposed to cover different
group ages. In that case, the common influential factors from various factors that affect the
streetscape evaluation in different cultures, different regions and by different people can
be extracted. At the same time, the international model for streetscape evaluation may be

constructed.

. Similar to this study, a vast amount of research with subjective data has been performed to
evaluate streetscape. Few attempts have been made pertaining to the stress relaxing effect
of streetscape by physiological-psychological analyses based on objective data. Muto et al.
(2010, 2011) of our research group compared psychological and behavioural indicators for
the evaluation of river landscape. And Li et al. (2013) also conducted some tentative
relative studies. It is supposed to conduct physiological-psychological analyses based on

objective data of this research.
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Appendix A

The typical streetscape images in Japan and China
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Appendix B

The questionnaires in Japan and China
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Appendix C

Raw data for analysis

87



Raw data of wide streetscape survey

luation point Tokyo Chengdu

Items 1 2 3 4 5 1 3 4 5
Q1 3 13 | 39 | 64 | 40 2 31 | 41 | 21
Q2 5 20 | 60 | 52 | 22 3 16 | 33 | 42 6
Q3 2 35 | 51 | 43 | 28 2 10 | 37 | 38 | 13
Q4 11 | 24 | 50 | 47 | 27 6 24 | 22 | 33 | 15
Q5 23 | 58 | 50 | 21 5 19 | 51 | 22
Q6 38 | 50 | 39 | 23 5 20 | 34 | 35
Q7 11 30 41 77 2 9 25 44 20
Q8 13 | 35 | 38 | 49 | 24 5 17 | 40 | 28 | 10
Q9 21 | 32 | 51 | 36 | 19 2 9 32 | 41 | 16
Q10 16 | 29 | 59 | 42 | 13 7 14 | 46 | 28 5
Q11 2 8 42 | 52 | 55 3 16 | 32 | 40 9
Q12 16 | 29 | 60 | 32 | 22 8 18 | 35 | 33
Q13 1 22 | 45 | 49 | 42 3 14 | 26 | 40 | 17
Q14 18 | 50 | 39 | 48 4 13 | 39 | 34 | 10
Q15 51 | 37 | 52 | 17 2 16 | 39 | 26 | 17
Q16 50 | 63 | 37 5 4 15 | 38 | 32 | 12
Q17 56 | 46 | 39 | 14 4 10 | 32 | 36 | 18
Q18 17 | 22 | 37 | 32 | 51 4 18 | 29 | 28 | 21
Q19 83 | 39 | 20 | 13 4 9 28 | 33 | 24
Q20 14 | 81 | 35 | 20 8 25 | 30 | 32
Q21 13 | 28 | 35 | 78 1 11 | 16 | 24 | 48
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Raw data of narrow streetscape survey

aluation point Tokyo Chengdu

Items 1 2 3 4 5 1 2 3 4 5
Q1 11 30 59 43 16 8 43 27 18 4
Q2 8 37 58 36 20 8 35 38 15 4
Q3 11 18 47 44 39 8 33 36 18 5
Q4 44 43 38 21 13 11 26 30 29 4
Q5 15 37 65 32 10 8 31 27 32 2
Q6 14 42 55 33 15 10 37 35 17 1
Q7 30 52 ol 19 7 15 30 29 26 0
Q8 24 30 49 32 24 26 25 36 7
Q9 21 55 45 29 9 30 23 32 12
Q10 6 41 66 29 17 32 43 13 4
Ql1 74 40 31 8 6 18 42 25 11 4
Q12 29 47 40 30 13 17 46 17 15 )
Q13 56 41 38 12 12 15 35 26 19 5
Q14 24 18 28 30 59 3 18 21 32 26
Q15 16 29 82 25 7 10 22 34 24 10
Q16 42 54 37 13 13 29 15 28 20
Q17 4 12 29 33 81 10 20 35 32
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