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A scientist is never certain, we all know that.

We know that all our statements are approximate statements with different degrees of

certainty. That, when a statement is made, the question is not whether is true or false, but
rather how likely it is to be true or false.

()

We absolutely must leave room for doubt or there is no progress and there is no learning. There
is no learning without having to pose a question and a question requires doubt.

—Richard P. Feynman —

in “The pleasure of finding things out”
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ABSTRACT

Urban designers rely on the use of physical elements to create public spaces that will be
friendly, lively, useful, attractive, and diverse, but there still a knowledge gap between how
the manipulation of such elements will increase or decrease those characteristics, in users’
perceptions.

This research identified which of those physical elements used by urban designers to
create public spaces catches users’ attention the most, divided them into subcategories
related to how they are treated during the design phase and evaluated its effects on users.

On a first stage, immersive virtual environments were used to test each physical element
to see how they affected users’ perceptions and impressions of the built environment, how
they affected their judgment about the environments suitability to develop specific
activities and how they valued the environment as a whole, which was assessed by their
willingness to stay and their willingness to pay for goods in the environment. How each
physical element works with other elements to affect users (interactions) were also
investigated.

Once the presence of an effect was confirmed, a second stage investigated the limits of that
effect, identifying whether the relation between variables and the effects was linear (the
more the better) or nonlinear (where increasing it to a certain point be beneficial but past
that point is detrimental). The effects of environment scale and its interactions were also
tested.

The users stated that the elements that caught their attention the most were: street
furniture, greenery, buildings, sidewalk and overall space, with greenery being the most
cited element.

Based on those results, the effects of tree cover ratio, seating ratio, bushes ratio, tree
height and the interactions between tree cover ratio and tree height, tree cover ratio and
seating ratio, tree height and seating ratio were tested, showing that seating ratio and tree
cover ratio had the most effect, while tree height and bushes ratio had almost no effect
(only 3 out of 23 evaluation scales). Interactions also were practically absent.

The second stage confirmed the effects observed and identified that seating ratio effect
peaks between 3 and 5% of floor area, after which, its effects become detrimental. The
effects of tree cover ratio were shown to have a continuous effect, although they diminish
at higher ratios.

Results can aid urban designers to understand how their design decisions affect users and
provide tools for evidence based design of public spaces.

Keywords: plaza design; design elements; seating ratio; tree cover ratio; bushes ratio;
immersive virtual environment.
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1 INTRODUCTION

What makes a good public space? This question, by itself, can be unfolded in a several
other questions, such as good for whom?; to perform what activity?; what kind of public
space? Or what is our definition of good?

Public spaces cannot be a “one size fits all” kind of environment and, even if designed for a
single user, an environment will be better or worse, depending on his mood, intended
activity, culture, company, the weather, and so on. Because of this, researchers have been
tackling the question “what does make a public space good?” through several other
questions that try to understand the relation between specific characteristics of the
environment and a specific feeling of its users. Typical research questions in the field are:
How trees/water/built environment/natural environment relate to the feeling of
restoration/ stress reduction/preference/attractiveness/liveliness and so on.

There is, today, a fair body of knowledge about how different aspects of our built
environment may affect the perception of specific aspects of the environment or its effects
on specific emotions of the user to a point that is possible to draw some guidelines if the
purpose is to improve one specific perception or emotion.

Unfortunately, this is not how public places are designed. An urban designer may say, for
instance, that his intent to create a relaxing space, but only in the context of the activities
he expects to be developed in it. As so, a relaxing space for reading does not correspond to
a relaxing place to meet someone or talk. Users’ behaviors vary between themselves and
the same user’s behavior varies when performing different activities, which makes it very
difficult to infer solid design guidelines based on current research.

In a simple way, there is not sufficient research relating the physical elements that urban
designers manipulate to the expected uses of such environments. Urban designers still
have little to no evidence about the effects that specific design changes will have in the
final use of the space.

The purpose of this research is to provide part of this knowledge. To understand how
increasing or decreasing the amount of seating, tree cover and bushes can influence how
people will perceive, feel and ultimately use the environment. We also explore the
relationship of those elements with tree height and environment scale.

A qualitative exploratory method is adopted to identify which elements affect public space
perception and impressions and a quantitative method is used to measure the scale of the
effects.
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At the end, it provides a clear comprehension of how the manipulation of each variable
may improve or worsen users’ perceptions and impressions of public spaces, their
judgment of suitability for different activities, willingness to pay and willingness to stay in
such environments.

Not all physical elements that may be manipulated in a design were tested, meaning that
their effects and interactions with the variables tested in this study are still unknown. This
research is also limited by its participants’ socio-demographic and results may vary with
other ethnical groups. Nonetheless, it provides a much needed data regarding the specific
effects some decisions taken by designers will have on public space users.
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2 REVIEW OF LITERATURE

2.1 The Production of Public Spaces

Public spaces permeate every aspect of our lives. They connect all places where human
activities take place and provide a stage for social life to occur. In public spaces we
consume information, goods, nature, meet others and socialize (Lefebvre, 19991). As such,
public spaces ought to provide opportunities for discussion, encounters and deliberations
as well as allow for the diverse views of the world (Németh, 2009).

Traditionally, all trades of goods and information was done in the public realm: from in the
medieval square to the Spanish and Portuguese central square or the American main
street, public life have been attached to public markets, squares, streets, ports and
riversides. With an exponential degree of urbanization and densification of cities in the
20th century, space has gradually become a scarce good and the provision of public spaces
by the government more unattainable. Nowadays streets are cities main public spaces and
cities struggle to maintain its quality. Historical plazas and central squares have been
maintained, but the provision of central, accessible parks, squares and plazas continue to
become increasingly more difficult.

With a continuous pressure for densification of the city center, in 1961 the New York City
government developed an interesting approach: they started to allow developers to build
higher and a greater total building area than allowed by current legislation as long as they
used part of the site to provide a public space to the city (Whyte, 1980; Smithsimon, 2008).
By doing that the provision of public spaces in central, dense urban areas was ensured.
This practice became known as increasing floor area ratio (FAR).

Since the 80’s, as our cities continue to become more and more compact, FAR exchange
have been widely adopted by different countries and the provision of public spaces
suitable for a prolonged stay, have shifted from the government to the private sphere,
(Banerjee, 2001; Langstraat, & Van Melik, 2013; Németh, 2009; De Magalhdes & Trigo,
2016). Nowadays, most of those spaces that we understand as public in our city centers
are a result of this policy and are known as privately owned public spaces (POPS) or,
alternatively, as privately owned publicly open spaces (POPOS).
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2.1.1 Public Spaces or Privately Owned Public Spaces

FAR exchange policies allow for the provision of publicly accessible spaces, but they still
struggle to account for the quality of those spaces. This arises from the basic conflict
between the cost of provision and benefits to be gained from the provision of public goods:
in the social contract the private sector is responsible for the design, implementation and
maintenance cost of the public space. While city governments hope to provide fully
functional and truly public spaces, developers have all the incentives to create the most
monotonous, cost effective and low maintenance spaces possible.

City governments try to ensure minimal quality through design directives, the most
notorious being the directives of NYC that emerged from the study commissioned for
William H. Whyte in the 1980’s which established a minimal amount of seats, trees, retail
space, lighting, access and maintenance. Most metropolises around the world have
adopted some version of FAR exchange policies with their own directives to ensure good
POPS.

Developers, on the other hand, may try to circumvent or deliver the bare minimum of
those requirements while doing everything in their power to selectively inhibit actual use
of the public space. Through the role of manager of the public space, developers have the
capacity to coerce, inhibit or prohibit specific people, behaviors or activities to take part in
the environment, making questionable the assertion that POPS are truly public spaces. For
an in depth discussions about the publicness of POPS please refer to Banerjee (2001),
Smithsimon (2008), Németh (2009) and De Magalhdes & Trigo (2016).

In the midst of this struggle is the urban designer. A mediator in the conflict, the designers’
vision is often aligned with the city governments’ interests of good public spaces but he is
paid by the developer, which have the power to revoke the designers’ decision capabilities
about the project at any time.

The spaces that arise from this struggle between developers and city government’s
interests are also distinct public spaces, apart from streets, city plazas or parks because
not only their maintenance, character and identity are always interlaced with the private
sphere, but they are directly affected by the sites main building - though its height, first
floor usage, facade relationship with the open space and accepted/imposed behavioral
conduct code.

Under the structure of privately managed space, civil activities such as leaflet distribution,
public speeches, political discussions, as well as panhandling, sale of home-made goods,
and other aspects of public life are commonly excluded from these environments, virtually
making those spaces not public in the sense that the public affairs necessary for the notion
of civic society cannot be freely discussed in them (Banerjee, 2001).

There is, however, another concept of public life that is our desire for social contact,
relaxation, entertainment and leisure that does not necessarily require public spaces, but
may be settled in “third places” such as bars, cafes, beauty salons, game courts, pool halls
and the like. These, along with other convivial activities, reassert the role of the public
realm. Attention should be given to the design for public life, rather than the design of
public spaces (Banerjee, 2001).

Although somewhat questionable and imperfect spaces, POPS are still the principal way in
which somewhat public spaces are produced in our metropolises and to ensure it allows
for public life, two things are necessary: an evidence based design regulations and,
secondly, more data about the effects of different design decisions to empower urban
designers when arguing the merits of different proposals. Only then the pernicious effects
of cost based design decisions and over control of the public sphere can be addressed.
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2.1.1.1 POPS in Japan

In Japan, FAR bonus policies have been adopted since the 1980’s through the
Comprehensive Design System (Sogo Sekkei Seido) and supported by the Building
Standard Act (Kenchiku Kijun Hou) (Akamine, Funahashi, Suzuki, Kita & Li, 2003; MLIT,
2003).

Table 2.1 - Tokyo POPS evaluation score.

source: Bureau of Urban Development of the Tokyo Metropolitan Government (2010). Translated by the author.

Evaluation topic Detailed explanation Evaluation levels | Score
The percentage of the greenery of A: 70% or more 25
Connectivit}{ with parks, other POPS, streets., river beds, B: 60%~70% 20
surrounding etc. that surrounds the site and that - eno 0
greenery are connected and expanded through C: 50%~60% 15
the POPS design. D: 50% or less 0
. . A: 50% or more 15
Diversity of tree The ratio of deciduous tl.‘ees.per to.tal B: 40%~50% 10
. number of tall trees on site (including
Species previously existing trees) C:30%~40% >
] D: 30% or less 0
The ratio of previous existing trees on | A: 50% or more 20
Pres_e?vat.ion and | site Wit}-l height above 1.2m and witha | . 25%~50% 15
utilization of trunk circumference of 60cm or more no 0
existing trees that were preserved or relocated C: 0%~25% 10
inside the lot. D: 0% 0
The average tree height of tall trees A: 7m or more 20
. (pre-existing tree included) that have | B: 6m~7m 15
Planting tall trees the soil thickness necessary for full C: 5m~6m 10
growth. D: 5m or less 0
A: 109 10
The ratio of grassed area or covered by /o or more
Grass, water, etc. . B: 5%~10% 8
water by total open area, with a
ground cover. . £10m2 C: 0%~5% 5
minimum of 10mz2. D: 0% 0
A: 159 10
The ratio of wall (facing the road, with /o or more
Greenery on the height up to 20m), veranda or roofto B: 10%~15% 8
building. & IZovere Frahslvane Pl ¢ 5%~10% 5
yE 4 D: 5% or less 0

Tokyo’s legislation stipulates different quality degrees and categorizes the each POPS
based on a points system that scores the environment based on the continuity with the
surrounding greenery, diversity of tree species, preservation and utilization of existing
trees, the height of the planted trees, amount of ground covered by grass, water or other
greenery and amount of greenery on top of buildings (Table 2.1). POPS are classified into
four quality categories: A (more than 80), B (61 to 80 points), C (40 to 60 points) or D (less
than 40 points) with higher bonus FAR been awarded for better environments (1.3 for A,
1.2 for B, 1.1 for C and 1 for D) which means that an environment of quality “A” is awarded
30% more area than one of quality “D” (Bureau of Urban Development of Tokyo
Metropolitan Government, 2010).

2.1.1.2 Designers’ Approach to POPS Design in Japan

Iguchi (2011) interviewed 2 designers of one of the largest construction companies of
Japan to probe the design process adopted by Landscape Architects and Urban Planners
when design POPS in Japan. According to him, designers think that POPS should be livable




The Effects of Design Elements on Users’ Perceptions and Impressions of Privately Owned Public Spaces
Olavo Avalone Neto - February 2017

places for the building users and the surrounding population; that to achieve this the use
of greenery, flower beds and benches are necessary. Designers also stated that clients
often request the design to be restrictive and/or to not induce users stay and that the

desire of the client is ultimately fulfilled. A transcription of his results may be found in the
Appendix section (Appendix 04).

Another study (Otani, Kitahara, Gotou & Kamia, 1991) interviewed the manager of 22
POPS in Nagoya city and found that POPS managers themselves almost (68%) did not use
the environment. The few that used the POPS, did it at lunch time for activities such as
eating and resting and using elements such as benches, sculptures, water fountains.
Managers also reported (91%) that they felt that the protection of users was part of their
job. Some managers (13.5%) did not know they space was a POPS and only 50% of them

thought that some kind of event planning was suitable for the plaza. They also reported
(72.7%) that the building workers did not frequently used the space.

Overall, POPS in Japan, as in other places, seems to focus its design on the buildings’ users,
reduced management requirements and the private initiative desires, resulting in
somewhat restrictive environments with a more private than public aspect.

2.2 Public Space Design Elements
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Figure 2.1 - PPS’ Great Place Diagram

source: http://www.pps.org/reference/grplacefeat/

The design of public spaces combine specific elements into its creations in the same way
that buildings can be broken down into different elements such as floors, walls, roofs,
openings, etc. Although the narrative describing public spaces often include descriptions
such as accessible, lively, social, attractive, neighborly and diverse, this can only be
ultimately achieved through the manipulation of the actual physical elements that
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compose the environments, such as seats, vegetation, amenities, pavement, shops/stores,
ramps, light posts and so on.

Research into public space design and improvement commonly identifies and categorizes
aspects of public space design in a holistic way, such as the “Project for Public Spaces”
(PPS) Great Place chart (Figure 2.1 above) which divides the desired attributes to public
spaces into several intangible aspects on 4 categories. For public spaces with less than 5
acres (20.000mz2), Project for Public Spaces (2009) suggest that this intangibles can be
achieved through the use of specific physical elements such as the use of curb cuts,
extensions, smooth paving surface, signage, transit stops and bicycle racks for accessibility
and design considerations such as use of water fountains or temporary public art
installations as focal points, creation of small and intimate areas, flexible open spaces,
triangulation of elements, landscaping, variety of seating options and interactive public art.

Other researchers have focused on the design of specific public spaces such as
neighborhood streets. Mehta (2007) analyses the neighborhood commercial street
characteristics that support social behavior (Figure 2.2) for which he proposes that social
behavior is supported by physical characteristics such as generous sidewalks, ample
seating, ample street furniture, tree cover, other landscape elements as well as a well
designed border or street front with permeable, personalized facades and diverse
commercial activity.

é{,(} <,

NS X

o < N ?('7)

f Business Variety Community 6:9
Independent Stores

Places

Stationary,
Lingering and
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Sidewalk Width
Shade

Commercial
Seating

PHYSICAL QUALITIES

Figure 2.2 - Mehta’s Characteristics of neighborhood commercial streets.
source: Mehta (2007)

Based on previous research into public space design (Mehta, 2007; Project for Public
Spaces, 2009; Iguchi, 2011) is possible to propose the structure in which different aspects
of public space design are considered and how they affect human-environment interaction
(Figure 2.3). The physical elements that compose the design may be further divided and
classified as amenities, street furniture, trees, bushes, hedges,ground cover, paving, spatial
form, boundaries and accesses, amongst others and the diagram may be expanded as
needed. As such, although some guidelines commonly proposed and adopted may be self
explanatory, such as “the use of curb cuts” or “curb extensions” for accessibility, other
guidelines are broad and ambiguous, such as “landscaping” or “intimate areas” and further
research into how those elements affect POPS users is needed. This research analyses
which physical elements manipulated by designers to compose public spaces were more
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readily perceived by public space users, and therefore are likely to have a bigger effect.
After surveying users and designers, the research was focused on three main elements:
tree cover, bushes and seating. Previous research on the use and perception of these
elements are discussed below.
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Figure 2.3 - Public Space Design Structure
2.2.1 Seats

Seats are a structural component of public spaces and the most basic element necessary to
stay to occur (Gehl, 2011). Several prolonged activities such as rest, eat/drink, stay and
talk requires seats or are facilitated by it. While all sittable surfaces in a public space may
be interpreted as seats, they are commonly classified into primary (chairs, benches, stools,
etc.) and secondary seats (stairs, steps, planter walls, etc.) with primary seats being
generally preferred and secondary seats filling the demand for extra seating when it is
necessary (Gehl, 2011).

Seats are selected considering other occupants (Hall, 1990; Whyte, 1980), spatial
distribution (Gehl, 2011), seat characteristics (Gehl, 2011; Avalone Neto & Munakata,
2015) and, moreover, based on the activity intended (Li, Chen, Hibino, Koyama & Zheng,
2009; Hayashi & Ohno, 1995; Ohno, Soeda, Kondo, Hashimoto & Sato, 2006; Avalone Neto
& Munakata, 2015).

The mere presence of seats can improve visitability (Whyte, 1980) and this effect is
amplified by other elements such as sculptures (Abdulkarim & Nasar, 2013). Mehta (2007)
finds that seats are crucial for street activity with commercial seating alone accounting for
11.5% of the variance present in his samples.

Whyte (1980) suggested that POPS should have at least a 30cm of 40cm wide bench for
each 2.80m? of plaza area. In other words, he suggested that 4.37% of the plaza area ratio
should be of sittable area. This number is, however, based on observations with no
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reported statistical analysis or relation between seats and users’ perception of the
environment.

[t is widely accepted that seats are a key element to the design of social and vibrant public
spaces and that ample range of seating should be widely provided (Mehta, 2007: Project
for Public Spaces, 2009) but, although seats are seen as positive design element, there is
no reason to assume that the more seats in an environment the better: at some point, the
positive impressions caused by the presence of seats will deteriorate as they start to be
perceived more as an obstruction than street furniture. This effect should be also
conditioned by the scale of the environment.

2.2.2 Trees

Trees resonate with our primal subconscious, with our idea of a fertile, providing
environment and, as so, they provide relief from, as well as aesthetic beauty to, our built
environment (Orians & Heerwagen, 1992). Our preferences for landscapes are likely
shaped by millennia of interactions with the natural environment in which we evolved to
prefer those elements more helpful to our survival (Kellert & Wilson 1993).

Whether we are preconditioned by evolution to prefer fertile and providing environments
(Orians & Heerwagen, 1992; Kellert & Wilson 1993) or those environments which allow
us to find shelter or escape if necessary (Appleton, 1975), there are no doubt that people
positively respond to trees and other natural elements.

Trees also have a symbolic value, representing permanence, stability, trustworthiness,
fertility, generosity (Altman, 1993 in Summit & Sommer, 1999) and are metaphorically
represented with roots, trunk and branch representing the infernal, earthly and heavenly
domains (Fuller, 1988 in Summit & Sommer, 1999).

In urban design, trees are used to provide a sense of comfort, create a specific micro-
climate, provide shade, scenery, for its colors, flowers, fruits or smells and the designer
may have to consider the tree amounts, sizes, species, combinations and maintenance
amongst other variables.

The amount of trees in the urban environment can have an effect on the users’ propensity
to develop activities such as rest, stay, meet or wait on the environment (Tanaka & Kikata,
2008; Hsieh & Lee, 2010; Jiang, Larsen, Deal & Sullivan, 2015) and its mere presence can
positively affect urban plaza perception, city image, shopping atmosphere, cleanliness,
worth of stay, willingness to visit and revisit urban squares (Raskovic & Decker, 2015). In
public housing courtyards it increases opportunities for social interactions and attract
larger and more age mixed groups of peoples (Coley, Kuo & Sullivan, 1997).

In streetscapes they mitigate oppressiveness (Asgarzadeh, Lusk, Koga & Hirate, 2012), and
the amount of tree cover have being positively correlated with street preference of
residential areas (Jiang, Larsen, Deal & Sullivan, 2015), shorter market period and higher
house prices (Donovan & Butry, 2010), higher land prices (Ishikawa & Fukushige, 2012), a
reduced risk of negative mental outcomes such as depression (Taylor, Wheeler, & White,
2015) and with reducing heat-related ambulance calls (Graham, Vanos, Kenny & Brown,
2016).

Aesthetically, deciduous trees are preferred over Conifers (Gerstenberg & Hofmann, 2016),
broad canopies over narrow ones (Sommer & Summit, 1996; Sommer, 1997; Summit &
Sommer, 1999; Lohr & Pearson Mims, 2006), dense canopy over sparse ones (Gerstenberg
& Hofmann, 2016; Lohr & Pearson-Mins, 2006; Nelson, Johnson, Strong, Rudakewich,
2001) and a high crown size to trunk ratio is preferred (Gerstenberg & Hofmann, 2016;
Sommer & Summit, 1995; Summit & Sommer, 1999).
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Preference for tree form is conditioned by context with tree shape and height being
matched to its context in suburban and city environments and taller trees being preferred
in undeveloped settings (Summit & Sommer, 1999). In streetscapes, trees planted on both
sides of the street were preferred over trees in the middle which were still considered
better than no trees at all (Ng, Chau, Powell & Leung, 2015).

Increasing the amount of trees improves general preference of streets, with the most
improvement occurring between 0 and 10% of tree ratio as measured in site plan or
between 0 and 20% as measured from panorama pictures. Effects’ magnitude diminishes
as tree ratio increases up to 60% (Jiang, Larsen, Deal and Sullivan 2015). In public
courtyards of residential buildings, higher tree ratio also yielded higher preference and
safety ratings up to 22 trees per acre (Kuo, Bacaicoa & Sullivan, 1998).

Although increasing tree coverage will improve preference, improvement seems to
plateau at higher densities and designers have to be able to justify how a high tree cover
ratio will improve users’ experiences or compromise in favor of a lower
implementation/maintenance cost since the costs associated with tree establishment and
maintenance are directly related to the amount of trees planted (Dwyer, McPherson,
Schroeder & Rowntree, 1992). Additionally, it is not clear that users’ judgment of plazas
will follow the same preference curve as streetscapes, residential courtyards or a different
pattern.

2.2.3 Bushes, shrubs and flower beds

Greenery such as bushes, shrubs and flowers are most studied regarding species selection
or spatial organization. This may be due to the fact that greenery is most commonly used
in urban design as a greenery mass or composition. None of the less, there is little research
that investigates the effects different amounts of this kind of greenery have on users in
public spaces.

Instead, bushes, shrubs and flowers are commonly studied under landscape preference
and are commonly assessed using the landscape preference matrix method (Kaplan &
Kaplan, 1989). The theory assumes that landscape preference is dependent on the human
need to extract information from the environment to properly function in it. Kaplan &
Kaplan (1989) suggests that preference for landscapes is conditioned by their
informational needs (understanding and exploration) and the information’s availability
(immediate or inferred/predicted). Regarding informational needs, understanding relates
to our need to make sense of the environment while exploration relates to our need for
novelty and the possibility for improvement and growth. Exploration is what will allow
one to gain experience and start to understand things that were previously confusing.

Information availability relates to the aspects readily available (clear, understandable
visual information) and those that require inference (partially obscured areas, or
configurations that invites to imagine hidden aspects of the scene).

The combination of these two domains provides four different scales for landscape
assessment: coherence, legibility, complexity and mystery (Table 2.2).

Table 2.2 - Kaplan&Kaplan’s (1989) Landscape Preference Matrix

UNDERSTANDING EXPLORATION
IMMEDIATE Coherence Complexity
INFERED/PREDICTED Legibility Mystery

Coherence entails the organization of a given setting with areas organized into few distinct
regions of having repeating elements, themes or textures being more coherent than those
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with several distinct and/or contrasting areas or textures (Kaplan & Kaplan, 1989).
Characteristics that allow a landscape to be perceived as a unity with focused attention are
responsible for the landscapes coherence. Coherence degree also positively affects
landscape preference when measured through plant organization (whether they were
arranged in a formal, clustered or scattered manner) with clustered arrangements being
preferred over formal ones and scattered arrangements being preferred overall (Kuper,
2017).

Complexity entails the amount of things or richness of a landscape or how much there is to
see and reflect upon. It can be measured through attributes such as amount, distinct colors,
textures, shapes, or physical dimensions of elements such as foliage, flowers, paths,
topography and structures (Kaplan & Kaplan, 1989). Higher levels of landscape complexity
have been linked to landscape preference when it was measured through the number of
unique plant species (Kuper, 2017).

Legibility is how well an environment can be understood and remembered. It is how well
structured the environment is amongst different element. An environment with good
legibility allows one to move through it forward and backwards, as they are predictable
with identifiable objects that can be easily interpreted.

Mpystery refers to the promise of opportunities not readily apparent from the start. It is the
promise that there is something further into the scene (Kaplan & Kaplan, 1989).

Within these four parameters, Kaplan & Kaplan suggest that landscape preference
requires an average degree of coherence and complexity but higher degrees of legibility
and mystery. In other words, while high degrees of coherence and complexity are not
necessary, some degree is otherwise users will not engage with the scene. Increasing
legibility and mystery, on the other hand, will increase landscape preference.

Beyond preference, views of outdoor, natural environments have been shown to influence
peoples’ psychological well-being, reduce stress (Ulrich, 1979) and improve recovery
speed of hospital patients (Ulrich, 1984) and increasing the amount of bushes, shrubs
and/or flower beds may improve psychological states (Ulrich, 1981), and allow for human
biodiversity interactions (Palliwoda, Kowarik & von der Lippe, 2017).

2.2.4 Environment Size, Area or Scale

It may look intuitive that larger open spaces will be preferred over smaller ones even if it
is just because larger environments may afford a wider range of activities - such as soccer
matches but Kaplan, R. (1985a) found that the environment size in itself played only a
minor role in residents’ satisfaction and that opportunity to grow plants, access to nearby
trees, places to take walks and well-landscaped grounds were much more related to
neighborhood satisfaction.

In another study, Talbot and Kaplan (1986) investigated the relationship between urban
open area preference and environment size to find no correlation between real or
perceived size and environment preference. Subsequent studies (Bardwell, 1985 in Kaplan
& Kaplan, 1989; Talbot, Bardwell and Kaplan, 1987) searched a larger range of outdoor
areas just to find similar results, although they found that too small (such as 1m strip front
yards) or too big spaces (huge straps of lawn with little to no development) will be
negatively seen.

Large undeveloped open spaces have received negative preference ratings in other several
studies (Talbot & Kaplan, 1984; Washburne & Wall, 1980; Kaplan, R., 1985a) while other
studies have suggested that an open space does not need to be small to be highly preferred

and that a space with many smaller regions is preferred over one large space (Kaplan, R.,
1980)
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An environment perception of its size does not depend only on its sheer area, but also in
its surroundings. Instead of merely analyzing users’ perceptions of environmental size, the
effects of environment size and the effects of the surroundings are commonly assessed
through three scales: enclosure, spaciousness and oppression. These scales are
particularly important in urban settings such as POPS and streets where the impact of high
rise buildings has to be factored in the environment perception.

Enclosure refers to the physical barriers posed by the surroundings and increasing
blocking features, whether they block vision or motion, they will increase the sense of
enclosure (Stamps, 2001).

Spaciousness, also referred as openness, refers to the feeling of how open the environment
is perceived. It positively correlates to sheer floor area (Stamps & Krishnan, 2006; Stamps,
2007) and lack of occlusion (Stamps 2007), and it negatively correlates to the percentage
of floor area obstructed (Imamoglu, 2000; Stamps & Krishnan 2006, Stamps 2007) and
boundary height (Coeterier, 1994 in Stamps & Krishnan 2006). Cities with open views and
scenery elicited better preference ratings (Nasar, 1990).

Oppression is generally understood as the opposite of spaciousness/openness. All three
terms are closely related to environment size, enclosure type and height and, although an
environment may be fairly large, the height of the surrounding buildings may cause it to
be perceived as highly oppressive, enclosed and with low openness.

2.2.5 Other elements

There are other elements that have the potential to significantly affect users’ behavior, but
that, due to the scope of this research, ended up not included in the analysis. The most
significant of those elements may be water.

Waterscapes consistently receive higher preference ratings. In natural settings,
waterscapes provide information about potential opportunities and people are willing to
pay higher rent for water view (Kaplan & Kaplan, 1989). In public open spaces,
waterscapes increase the number of visitors (Chen, Liu, Xie & Marusic, 2016). Elements
that contain water, such as fountains, ponds or streams are commonly used in public space
design as a focal point (Project for Public Spaces, 2009).

Grass cover and hedges also deserve further investigation, but have not been included in
this study past the exploratory part of this study. As a design element, grass cover, bushes,
hedges and trees are distinct elements that may be used for very distinct purposes but
they are, unfortunately, commonly bundled together in landscape preference research.
While each element offers different characteristics of the environment, research that
considers every element as greenery or landscape does not allow for the understanding of
the individual effects. This research focused strictly on bushes and trees because of
feasibility purposes since testing every element would require a timeframe outside the
scope of this research.

The characteristics of the surrounding enclosure also have the possibility to significantly
affect users’ perceptions. The boundaries of the public space may provide for its liveliness
with openings, commerce and other facilities or may reject it creating a solid border
between public/private. Public spaces’ boundaries may affect them through its height,
material, permeability and use.

According to Project for Public Spaces (2009), facades should blur the boundaries between
private and public sphere, allowing for a more seamless transition and inducing social
behavior. The activity being developed in the environments facing public spaces also have
a great impact and social inducing activities such as retail, cafes, bookstores, small shops
are preferred over social deterrent one such as blank walls/facades, office space or
banking.
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Mehta (2007) also states that the relationship between the boundaries and the street are
essential for its liveliness, and that street front with high levels of permeability, business
variety, independent stores and personalization of signs and store fronts are conducive to
stationary, lingering and social activities (Figure 2.2).

The possibilities for further investigations into the elements enumerated in this segment
are discussed in Chapter 10.

13






The Effects of Design Elements on Users’ Perceptions and Impressions of Privately Owned Public Spaces
Olavo Avalone Neto- February 2017

3 METHODOLOGY

Due to Public Spaces complexity, any analysis that tries to assess the effects of any one
aspect of the built environment in users’ perception is unable to assert if such effect is due
to the observed or due to some other, confounding variable.

To assess how design elements configuration influence user perception one must adopt a
method that eliminate those confounding variables while still allowing for dependent
variables to be manipulated.

The best approach would be to design and build a series of Privately Owned Public Spaces
and evaluate its usage while changing design patterns through a long period of time. This,
of course, is impractical because it requires too much time, money and manpower, while
still being restricted to specific sites and the public that is able to use it.

Case studies, although useful for preliminary investigations, are not a viable alternative
because there are no two different sites that are only different in their design and
variables cannot be freely manipulated.

Because of the conflict between the different levels of experiment control and mundane
realism obtained through experiments done in real settings and those done through
virtual settings, this research used a mixed approach of real and virtual environment
evaluations. The first stage of the research assessed how the environments are perceived
in real settings, which was then followed by an ‘on site’ survey and the evaluation of virtual
versions of those sites, which allowed to evaluate whether those variables were perceived
the same way in the real and virtual settings, for the assessment scales being adopted.

The last part of the research used virtual environments to freely change the design in
different public spaces and assess the effects of different design elements on users’
perceptions.

This mixed approach is useful because it has the benefits of yielding results from real
settings in the preliminary stage while being able to control for confounding variables at a
later stage and allow for the method validation for the specific measurement scales being
used.
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3.1 Instruments

For this research several surveys were used. This chapter describes the various
instruments adopted and the methods in which the environments were evaluated.

3.1.1 Caption Evaluation Method (CEM)

Caption Evaluation Method (CEM) survey consists of asking participants to freely move in
the environment with a camera and photograph elements that catch their attention or
judge remarkable. The participant will then take note about why that particular scene
caught his attention with a subtitle for each picture. Later, each picture is attached to an
evaluation card that in which the participants describe (characteristic) the pictures
scenery or elements and the reason (impression) it caught their attention (Koga, Taka,
Munakata, Kojima, Hirate & Yasuoka, 1999).

In the present research, when CEM was adopted, the evaluation was made under the
following structure: 00is, 0Obecause©©0; where“c0”was the element, characteristic and
impression respectively (Figure 3.1). Participants were also asked to classify each scene as
positive, negative or unclear.

File Name: This place/thing was (positive / unclear / negative)
( )is ( ) because (| )
( )is ( ) because (| )
( )is ( ) because (| )

Figure 3.1 - Evaluation sheet adopted

This method allows eliciting participants to choose and point out elements in the
environment that relate to them, rather than to evaluate elements relevant to the
researcher. It also allows for the possibility of participants to detail relationships between
elements and their perception as well as emotional outcomes which may elicit
descriptions and insights to the built environment that would not arrive if the elements
were chosen by the researcher to be analyzed.

Possible restrictions to the method are that data gathering involves lengthy sessions with
participants on site and may require coordination of larger groups and sites or may lead to
small sample sizes (Naoi, Yamada, lijima & Kumazawa, 2011).

3.1.2 Semantic differential Method (SDM)

The semantic differential method consists of a pair of antonyms adjectives that comprise
an evaluative dimension. Each pair is the extreme of a 7 point evaluation scale and
participants select which point along the scale, they identify as the correspondent to their
evaluation (Krosnick, Judd & Witternbrink, 2005). The scales are commonly labeled
“extremely agree”, “agree”, “somewhat agree” or “neither” at each point to clarify its
correspondence and values are typically coded 1, 2, 3, 4, 5, 6 and 7 from negative to
positive statement although the coding -3, -2, -1, 0, +1 +2 +3 are also common.

This method requires that the participant assess his attitude toward the object and
quantify it on each measurement scale and choose the point in the scale which
corresponds to that assessment. For this to work as a methodological tool, four
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requirements must be met: each evaluative dimension must cover the whole continuum;
scale must appear to be ordinal with a comprehensive order from one end to the other of
the spectrum; each participant must understand the meaning of each point in the scale and
all participants must agree on their interpretation of each scale and the research must
know the meaning of that interpretation (Krosnick Judd & Witternbrink, 2005) which
makes the preparation of the evaluation scales of great importance.

Although other evaluation scales may be used to elicit participants’ attitudes towards the
space, such as Thurstone’s equal-appearing intervals or Likert’s summated rating method,
this study chosen to make use of SDM because it offers a relatively easy method to
administer with good reliability (Krosnick Judd & Witternbrink, 2005) while allowing for a
clear distinction between positive/neutral and positive/negative scales (e.g.: not bright/
bright and dark/bright) and consequently a finer nuance to participants responses using
fewer evaluation scales.

The method also has the advantage of already being widely used in people-environment
research as well as for the evaluation of plazas and POPS (Kakutani, 2005; Fujita & Ito,
2006; Tanaka & Kikata, 2008; Tsuchida & Tsumita, 2005).

3.1.3 An alternative to Contingent Valuation Method (CVM)

Contingent Valuation consist of a method where participants are asked to consider a
hypothetical scenario where the provision of the good in question - normally something
intangible, such as air quality, access to goods, services or landscapes - is related to a
monetary contribution from the participant. The participant is then asked the range of that
contribution in which he/she will be willing to pay to maintain/gain/preserve the access
to such good. The purpose of this method is to associate a monetary value to non
monetary benefits (Ready, Berger & Blomquist, 1997).

In a preliminary study, a specific CVM question regarding the value of the public space was
tested with the intention of relate a monetary value to different design alternatives. The
questionnaire asked the following:

“The following question asks you to assign a contribution/donation for the public
space. Although no money will be charged from you (this is a hypothetical question),
we ask that you consider the worth of this public space to you and answer the
following truthfully, as if you would actually have to pay such a sum.

Suppose that you are working at company “A”, which is located in the building of this
site. At the present moment, the fee collected from tenants to maintain this plaza is not
enough and the building owner wants to clear the plaza and leave it as a sidewalk, just
with pavement. To preserve the plaza, company “A” is considering to assume the
administrative expenses and ask its employees to contribute to pay the expenses
through a small deduction in salary.

Q1: When considering that you will have to pay such a contribution, how much would
you be willing to pay? Please think of the question as if you are a 1st year employee,
with a $2,000 salary and that the contribution will be deducted from your salary once
every month for 2 years” (Answer varied from $0 to $50 or more). Questions 2 and 3
related to the reasoning behind question 1.

The question structure with the disclaimer and the scenario description was too long and
the necessity of anchor all participants in the same salary base led participants find the
questionnaire too confusing. We choose to adopt, instead, two scales that represent an
unconscious evaluation people constantly make when interacting with the environment:
time and money.
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When people decide to spend time in a place, they are validating it as a useful place that
answers to their necessities: people leave uncomfortable places (whether they are pubs,
restaurants or plazas) and prolong their stay in comfortable ones. Therefore, their
willingness to stay may stand as a representation of their satisfaction with the built
environment.

Another obvious way people approve or disapprove an environment is through their
willingness to pay for the use of such built environment, since it is assumed that a
commodity price includes the places benefits, people expect to pay more in better located
or fancier places. In fact, they justify that to themselves when they choose to pay more for
any comparable product and usually express that in phrases such as “the price of the
experience”.

Therefore, we choose to ask participants how much they would be willing to pay for a cup
of coffee served from a food truck to be consumed in that public space as a mean to
evaluate the public space aggregated value (willingness to pay), and how long would they
be willing to stay in that environment (willingness to stay). The specific questions were:

Willingness to pay: A Food Truck parks in this area and you decide to buy something to
consume here. What is the highest amount you would be willing to pay for a cup of
coffee/tea? (Answer varied from $0 to $10 or more).

Willingness to stay: How long would you like to spend here? (Answer varied from Omin to
2hours or more).

3.1.4 Questionnaire adopted

Table 3.1 - Measurement Scales Adopted for the Experiments

Measurement Scale
1 Suitability for stay Unsuitable - suitable
2 a Suitability for eat/drink Unsuitable - suitable
3 i Suitability for rest Unsuitable - suitable
4 @ Suitability for wait Unsuitable - suitable
5 Suitability for read Unsuitable - suitable
6 Appeal Not appealing — appealing
7 Interestingness Not interesting - interesting
8 Enclosure Do not feel enclosed - feel enclosed
9 5 Atmosphere Gloomy - cheerful
10 § Relaxation Not relaxing - relaxing
11 %- Openness Not open - open
12 B Oppression Do not feel oppressed - feel oppressed
13 Liveliness Not lively - lively
14 Diversity Uniform - diverse
15 Size Small - large
16 e Greenery amount Too little greenery - a lot of greenery
17 & Greenery placement Badly placed - well placed
18 % Seat amount Too little seats - a lot of seats
19 g' Seat placement Badly placed - well placed
20 © Seat design Badly designed - well designed
21 View Bad view - good view
22 Willingness to Pay 0,100, 200, 300,400, 500,600, 1000 ien or more
23 Willingness to Stay Om, 5m, 10m, 15m, 30m, 1 hour, 2hours or more

18



The Effects of Design Elements on Users’ Perceptions and Impressions of Privately Owned Public Spaces
Olavo Avalone Neto- February 2017

This research utilized the same questionnaire throughout all different experiments, with
the exception of the first part (identification of physical elements) which used data from
previous research and thus adopted slightly different questionnaire.

The questionnaire consisted of 21 questions as a 7 point semantic differential scale
followed by 2 multiple choice questions (Table 3.1). It was presented to the participants
on their smart phones when ministered on site and on paper form otherwise. They were
instructed to check both sides of each scale before answering it. The form used and an
English translation of it may be found in the Appendix section.

When the questionnaire was ministered, participants were instructed with the following
instructions:

“Please freely spend around 5min in this plaza or until you feel that it is enough.
After that, please open the questionnaire and answer the questions. There is no
need to over think and an intuitive answer works just fine”

3.2 Methods

To assess the specific effects of physical elements on users’ perceptions a survey method
that allow for the control of extraneous variables was necessary. While case studies allow
for the evaluation of a specific setting, real physical environments do not allow for easy
changes in the environment. Research of environmental preference has long relied on
simulation methods to create variation in its stimuli. Although environments may be
simulated through simple elevation of perspective drawings (Stamps, 1993; Stamps, 2003),
photograph manipulation (Kaplan, R., 1985b; Stamps, 1990; Stamps, 1993; Downes, &
Lange, 2015), architectural models (Matsumoto, Kanazawa & Kito, 2012; Mochinaga &
I[shida, 2013), computer generated images (Avalone Neto & Munakata, 2015) or computer
generated environments (Jansen-Osmann & Berendt, 2002), the term virtual reality (VR)
or virtual environments (VE) have being used to describe as different things as computer
generated images (Avalone Neto & Munakata, 2015), walkthrough routines/videos
(Bishop, Ye, & Karadaglis, 2001) and game-like virtual environments that allow for free
movement inside the modeled environment (Patterson, Darbani, Rezaei, Zacharias, &
Yazdizadeh, 2017).

The way a participant experience the environment has also significantly varied as
technology develops. While early research used still frames on paper (Stamps, 1993;
Stamps, 2003), other researchers used still frames projected on a surface or flat screen
(Avalone Neto & Munakata, 2015; Lindquist, Lange & Kang, 2016), to 360° still frames
projected on a curved surface or seen on a screen (Ohno, Soeda, Kondo, Hashimoto, & Sato,
2006), 360° still frames viewed through HMD (Jackson & Cormack, 2010), virtual
environments that allow exploration presented on a screen (Jansen-Osmann & Berendyt,
2002; Patterson, Darbani, Rezaei, Zacharias, & Yazdizadeh, 2017), virtual environments
that allow exploration presented on a projected surface (Ryu, Hashimoto, Sato, Soeda &
Ohno, 2007) and virtual environments that allow exploration presented on HMDs
(Fernandez-Palacios, Morabito & Remondino, 2016).

VR or VE may be defined as “synthetic sensory information that leads to perceptions of
environments and their contents as if they were not synthetic” (Blascovich, Loomis, Beall,
Swinth, Hoyt & Bailenson, 2002, p. 105) while Immersive Virtual Environments (IVE) is an
environment that perceptually surrounds the individual in an interaction that provides a
continuous stream of stimuli (Witmer & Singer, 1998).

The values in adopting this methodology as well as the limitations are discussed below.
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3.2.1 VR and IVE in Architectural research

Virtual environments have been used in architectural research for some time since they
avoid the constraints of the real world, allow control of extraneous variables, enable easy
spatial variability, and to control the number, position and nature of physical elements
present in the environment (Jansen-Osmann & Berendt, 2002).

Studies have found real and virtual environments to be highly correlated in open public
space settings such as plazas (Ohno, Soeda, Kondo, Hashimoto, & Sato, 2006). Experiments
using desktops and virtual environments have been shown to yield similar results even for
activities such as distance judgment (Jansen-Osmann & Berendt, 2002), personal space
(Wilcox, Allison, Elfassy & Grelik, 2003), seat selection (Ohno, Soeda, Kondo, Hashimoto, &
Sato, 2006) and seat choice (Avalone Neto & Munakata, 2015).

The evaluation of computer generated environments is a valid research tool, yielding
similar results to real settings (Stamps, 1990; Lange, 2001). Although real settings are the
most reliable method they allow for no experimental control as virtual settings allow for a
high level of experimental control at the cost of mundane realism. There is, therefore, a
tradeoff between experimental control and mundane realism, which is directly affected by
the method chosen (Blascovich, Loomis, Beall, Swinth, Hoyt & Bailenson, 2002).

An observational survey, for instance, is high on mundane realism, but low on control and
an architectural model evaluation may be considered high in control but low in mundane
realism (scenario A in Figure 3.2). With the development of better computer graphics (CG)
tools that allows for the modeling of whole city sections, as well as the increasing
disponibility of HMD, we are able to create stimuli that have high control and high
mundane realism (scenario C in Figure 3.2).

Since high experimental control was needed, this research chosen to use IVE with head
movement tracking to show the stimuli.
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Figure 3.2 - Experimental control vs. Mundane realism tradeoff.

source: Blascovish et al, 2002.

3.2.2 Experiments structure

The present research purpose was to identify the elements that most affect users’
perceptions and impressions of POPS and evaluate how those elements affect different
perceptions, impressions and propensity to develop specific activities. For that purpose,
the first stage of the research was to identify the elements most perceived for which we
used an on site survey. On a second stage, we analyzed whether the sheer amount
(quantity) of each element is responsible or if the effect comes mainly from other
characteristics of each element (quality). Once the effects presence was identified, a third
stage of the research investigated the extent of the effect of each element and created

20



The Effects of Design Elements on Users’ Perceptions and Impressions of Privately Owned Public Spaces
Olavo Avalone Neto- February 2017

logistic curves to be used as design tools. A diagram of the research structure can be seen
in Figure 3.3 below.
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4 DESIGNERS’ APPROACH TO
POPS DESIGN

Between the potential for fully public and social spaces and the reality of its private
development and management, POPS are becoming the majority of our city centers’
“public” squares and designers are in a position to negotiate between the private and
public’s interest.

Previous research (Banerjee, 2001; Smithsimon, 2008; Németh, 2009 and De Magalhdes &
Trigo, 2016) have explored how designers and managers perceive, produce and manage
POPS, while Iguchi (2011) and Otani, Kitahara, Gotou & Kamia (1991) have conducted
interviews with designers and POPS managers in Japan. With the exception of Iguchi
(2011), the focus of previous research is on the publicness of POPS rather than on the
design process. Since only the interview with two Japanese designers was available (Iguchi,
2011), further interviews with POPS designers were conducted to better understand the
creation and production of privately owned public spaces.

Interviews were conducted as an exploratory approach (Figure 3.3) to understand which
aspects are considered and valued by designers in the creation of POPS, which are
common design intentions and how that translates into design directives and physical
design of the environment.

4.1 Questionnaire

A questionnaire was developed to try to elicit designers to explain their design process
without priming for an answer. The questions were purposefully ambiguous at first and
more specific at the end. Designers were encouraged to freely talk, as much as they wished
to explain their views without constant prompting from the interviewer. The interviewer
did follow up questions to induce further thinking in the design process if the interviewee
was stuck for an answer, unwilling to respond or did not understand the question.

Interviews were conducted between November and December 2016 and took, on average,
40min per interview. Three designers, two from company A and a university professor,
formerly affiliated with company B, were interviewed. The transcriptions of the interviews
(in Japanese) can be found in the Appendix section. The translation of the questions and
the summary of answers are discussed below. The questionnaire included demographic
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information such as gender, age, profession, company affiliation, practice and teaching
experience but, because the sample is too small, they are omitted here. They are, however,
provided in the appendix section for future analysis of gender, practice and teaching
experience effects.

The questionnaire was composed of ten questions that elicited designers to describe their
design process, the relation between user and environment, specify which physical design
elements they used, how design intentions translate into the physical aspects of the
environment, how those elements are quantified, their willingness to use data and develop
evidence-based design, their perception of POPS publicness and the effects of cultural
differences on the design. The questions with the summarized answers are shown below.

Q1: Please describe the general steps vou would take to design a privately open public
space:

Designer 01: Site Context (train station location, movement lines, car lane width,
stores, demographics, information about greenery species); history (local history and
culture); buildings usage and characteristics; laws and regulations (greenery ratio,
accessibility, POPS area). On the design itself: plaza concept (greenery, liveliness,
open/close, purpose); relation to the building’s ground level; relation with
neighboring sites; zoning; movement lines; main access and building entrance;
behavioral design; clients' needs and wants; color Scheme.

Designer 02: Site Context analysis; design theme; design Concept; uses; zoning and
programming; environment structure (open/close, etc.).

Designer 03: [ look into the POPS placement and shape, its relation with the
surrounding city blocks and the flow of people coming from to and from it. Based on
what I think people will do in that specific environment I see if a green space is more
suitable or a semi enclosed plaza.

Q2: What aspects of the user you have to consider to design it? (Please, be as specific as

you can ).

Designer 01: It is not about knowing. I design based on the imagined user needs. For
instance, the desired grouping of users, can be designed through benches sizes (fitted
for 1, 2 or more) and placement, allowing or restricting the gathering of larger groups.

Designer 02: Demographic distribution (office workers, store employees, residents);
age distribution, presence/absence of kids; presence/absence of foreigners/tourist; It
is also useful to know how revenue will be made to keep the environment and if there
is a management system in place.

Designer 03: | don’t think it is necessary to know a lot about the users. If everyone
can use the environment I am content.

Q3: What are the basic elements needed for urban design (i.e.: physical elements that will
be used/designed)?

Designer 01: Greenery; paving; installations (benches, illumination, walls, bicycle
parking).

Designer 02: Benches, Grass, paving, walls, stairs, greenery.
Designer 03: benches, tables, greenery and lighting.

Q4: How do vou quantify each of those elements (e.g.: quantity, density, visual aspect, gut

feeling, etc.)?

Designer 01: Greenery is defined by the legislation through floor area ratio;
pavement by visual aspect and installations through their suitable amount (gut
feeling).
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Designer 02: The amount of greenery is defined by the legislation (ratio). Other
elements are intuitively measured.
Designer 03: Visual aspect and my judgment as a designer.

Q5: What data do you consider useful to POPS design? How is that data is useful?

Designer 01: pedestrian flow, traffic flow and data about the surrounding greenery.

Designer 02: background of the site and surrounding area; cultural and historical
data and information; site form and how the stores in the building are attracting
customers and which is the target customers.

Designer 03: The amount of people that will use the environment, user variation
during the day and night periods, data about wind direction and speed and air
temperature during the year. With that kind of data it is easier to build a meaningful
place.

Q6: Do you consider the design of POPS as being different from the design of other public
spaces such as parks and plazas?
Designer 01: They have the same basic approach, but parks and plazas are open to

everyone. POPS are a more private space since they have to provide value for the
developer/company.

Designer 02: [ design it as they are the same, but parks and plazas are much more
open to the public. Because POPS have owners, they have a big effect on how the
space is designed. From the start, it is impossible to ignore the owner’s wishes, which
make the POPS different from other public environments.

Designer 03: They are the same. Same design process and use.

Q7: How do vou design the first design proposals? Do you process the requirements
internally before committing it to paper (Black Box) or do yvou process the design

requirements through successive, incremental drawings (White or Clear box).

Designer 01: White box. | organize my ideas and design variations using diagrams. |
often come up not with one, but two or three different proposals.

Designer 02: Black box at first, but once the first proposal is ready, white box.
Designer 03: [ start drawing and decide things while drawing. White box.

Q8. Would you design a POPS on a different country similar to the ones you design in

Japan? If not, what information do you consider necessary to design POPS in countries

other than Japan?

Designer 01: Is different. The regulation in Japan is more severe. It is very specific
and detailed. In China, if the developer has leverage, he can force his will on a top
down decision style. Information about culture and history is useful.

Designer 02: Other countries have a deeper consciousness about the social value of
POPS. In the Japanese system, POPS are only seen as a way to increase floor area ratio,
while other countries have a deeper understanding of the social value and
contribution POPS provide.

Designer 03: They are basically the same. I like to know if there are cultural
differences or differences in the way they use public spaces.

Q9: Regarding differences in design of POPS in different countries, what design elements

would you use to address differences in public space usage or cultural differences?

Designer 01: It does not change. The design process and approach are the same, just
the way the process is biased that changes.
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Designer 02: [ use different elements according to the cultural behavior (such as
increasing grassed areas in places where people are used to sunbathe in the grass),
but the design is the same overall.

Designer 03: There is no change regarding the physical elements used in projects
inside or outside Japan.

Q10: Is there any important aspect of POPS design that you feel should have been
addressed, but was neglected in this questionnaire?

Designer 01: I keep thinking more and more that feedback is necessary. I also think
that we should change the way we address urban space design from landscape design
to public space design.

Designer 02: There is not.

Designer 03: The presence of POPS and other public spaces in high density areas are
extremely important. [ also feel that its distribution in the urban fabric and shape are
important.

4.2 Discussion

To design POPS, designers consider the overall context: site surroundings, place’s history,
laws and regulations and define the plaza design based on the concept, context and layout,
as shown in Figure 4.1 below. Although there are several design aspects being quoted (e.g.:
stores, local history, building characteristics, liveliness, behavior design) they are often
intangible and vague. There is little relation between which design decisions correspond
to actual design intangibles being quoted. For example, how user demographics actually
affect a project? What is used to design the space as lively? How the behavior is designed?

Regarding users, answers were vague and generic. Users seem to be considered in a
general way without actual considerations for different age, social or ethnical groups.
Although two out of the three designers did say that they consider users' needs and
demographics, it has not translated into design decisions at any time in their speeches,
neither in specific statements or generic ones such as Gehl’s (2011) statement that public
spaces should be designed for the very young and the old so that they will attend the
needs of all.

From the physical elements used to design POPS, benches, greenery and paving were the
most cited elements and illumination, bicycle racks, grass, walls, tables and stairs were
cited in a smaller degree. From those, greenery is quantified by ratio because of the
Japanese legislation requirements while other elements are quantified by visual aspect or
intuition.

Data normally used to aid POPS design include pedestrian and traffic flow, demographic
distribution, historic and cultural background and surrounding greenery (required by
legislation). One designer out of three also included wind direction and speed and air
temperature. No data regarding physical elements quantification or placement were cited.
When specifically asked whether they used any rule to quantify or place physical elements
on POPS only the legislation about the minimum greenery ratio was quoted.

Although designers stated that they use the same approach to POPS design as they would
use to design other public spaces such as parks or public plazas, they recognize the
intrinsic difference in the spaces publicness degree due to the fact that POPS have owners.
Designers also sounded as being resigned to comply with the owners/developers wishes
foremost and above all, even if that required decreasing the public value of the plazas. The
designers view is that POPS plazas should add value to the building first and to the public
second which agrees with Iguchi (2011).
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Cultural differences are mainly reflected in the development process and clear cultural
differences, such as the habit of seating on the grass or the incorporation of local symbols
into the design but with the overall space structure being the same. More than physical
design differences, cultural differences seem to affect the creation or consolidation of the
meaning of the public space.

The necessity to comply with owners desires even if it means going against the common
good and actively make the space less public seem to drive POPS designers. The public
plaza that is acquired by the government in exchange for FAR is still seen by developers
and designers as private property and, as so, they are a product commissioned by the
owner.

Since FAR exchange policies often relegate the management and maintenance of the POPS
to the building administration, it is difficult to break the perception of ownership in the
publics’ and owners’ minds. This has been, and may continue to be, POPS biggest failing
and challenge, and may only be mitigated by furthering our knowledge of what makes
POPS livable, accessible and useful so that those aspects may be incorporated into POPS
creation and legislation.
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Figure 4.1 - POPS design process as stated by designers.

* different colors denote entries by different subjects.
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5 PHYSICAL ELEMENTS
[DENTIFICATION

To evaluate the effects of design elements on users’ impressions, a first assessment of
which variables have the most effect is necessary. Previous research (Nakata, 2010)
explored the subject through the evaluation of 12 POPS in the central area of Tokyo with a
lot area larger than 3000m2 and constructed after 1990. Data was gathered during four
days in October and November 2010 from 12:30 to 17:30, in either sunny or partially
cloudy days and questionnaires were collected from a total of 30 participants (23 males
and 7 females) that visited, on average, four of the 12 sites, with an average of 10
participants per site and a total of 120 sites observations.

Nakata’s (2010) research used a caption evaluation method (CEM) survey to identify
which physical elements commonly found in POPS are selected, how they are evaluated
and which impressions are evoked on users. Based on users’ responses to different
environments, a structural relation between physical elements, element characteristics
and impressions was constructed. Participants could take and evaluate as many pictures
as they wished and write as many entries per picture as they deemed necessary and a total
of 1494 entries were made. Elements were classified into 11 macro categories composed
of 64 smaller ones (Table 5.1); characteristics into 10 macro categories composed of 40
smaller ones (Table 5.2) and impressions into 9 macro categories composed of 45 smaller
ones (Table 5.3).

According to Nakata’s (2010) data, greenery was the most quoted element, with 256
entries (E) (77% positive (P), 13% negative (N) and 10% indifferent (I)) followed by
Sidewalk (138 E, 61% P, 31% N and 8% I), Space (117 E, 42% P, 40% N, 18 I), Street
Furniture (113 E, 51% P, 43% N, 6% I) and Building (80 E, 40% P, 42% N, 18% I) as
shown in Table 5.1.

The characteristics of elements most quoted by participants, shape had 190 entries (62%
P, 17% N, 21% I) followed by presence/absence (164 E, 54% P, 29% N, 17% 1), space
composition (100 E, 55% P, 30% N, 15% I), vegetation (93 E, 90% P, 5% N, 5% I), view (83
E,73% P, 17% N, 10% I), placement (81 E, 57% P, 30% N, 13% I), amusement/variety (77
E,43% P,40% N, 17% 1) and aesthetics (70 E, 80% P, 16% N, 4% I) as shown in Table 5.2.
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Table 5.1 Elements extracted from the CEM Survey. Source: adapted from Nakata, 2010.
Macro Medium Negative / Positive Indifferent
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Table 5.2 Characteristics extracted from the CEM Survey. Source: adapted from Nakata, 2010.

Macro Medium Negative / Positive Indifferent
. History
History New and Old
Good or Bad
State A
Of ppearance
Things Quantity
Presence
Reflex; Permeability
Perception Scenery
Shadow
Use; Openness
Interpersonal Comp.
RPersqnal Managem. Maintain.
elations :
Smoking
Safety
Balance
Condition Harmony
Shape
Nature Vegetation
Intake Nature
Attraction
Urll\iz?(‘;)ilge d Liveliness
Amusing, variety
Light
Five Recollection
Senses Feeling
Sound, Smell
Path
Continuity
Placement
. Space
RSpat}al Line of Sr,)ight
elations
Boundary
Distance
Depth
Approach
Aesthetics
. Design
E]l)efrslle:gr?ts Material
Refinement
Color

Comfort was the most cited impression (191 E, 68% P, 29% N, 3% I) and like/dislike (162
E, 78% P, 21% N, 1% I) followed by restfulness (122 E, 55% P, 37% N, 8% I),
entertainment (88 E, 60% P, 20% N, 20% I), space aspiration (87 E, 38% P, 21% N, 41% I),
goodness (72 E, 96% P, 1% N, 3% I), usage (68 E, 49% P, 35% N, 16% I), people walking
(56 E, 54% P, 39% N, 7% I) and pleasantness (52 E, 67% P, 33% N) as shown in Table 5.3.

The overwhelming majority of answers identifying elements that trigger users’ attention
points to tangible physical elements that compose the built environment (i.e. Greenery,
sidewalk, street furniture and building) or to the intangible that is the sum of those
elements (i.e.: space). Those five categories alone, account for 704 entries (47%) of the
1494 gathered in the survey.

Between the characteristics, shape of the environment or things (12.7%) and the presence
or absence of elements were the most cited (11%) and three (placement, space
composition and view) of the nine categories of spatial relation account for a combined
17.7% of entries (264 E), while vegetation accounts for 6.2% of entries.
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Table 5.3 Impressions extracted from the CEM Survey. Source: adapted from Nakata, 2010.
Macro Medium Negative / Positive | Indifferent
Balance
Harmony, Unity
New and Old
Scenery
Noise
Freedom Understanding
of People walking
Behavior Behavior
Smoking
Interpersonal Comp.
Liveliness
Cars
Nature
Line of Sight
Rain Protection
Usage
Publicness Convenience
Usability Publicness
Size
Attraction
Space Aspiration
Attraction Entertainment
Design
Function Managem. Ingenuity
Maintain. Safety
Goodness
Emotion Liking
Pleasantness
Familiarity
Restfulness
Therapeutic
Comfortable
Warming
Ambiance
Presence
Cleanliness
Material Perception
High Class
Impression Seasons Perception
Ambiance Openness; enclosure
Placed in the back
Uncomfortable
Intimidating
Oppression
Bright; Dark

Harmony
Aesthetics

Nature
People

Relaxing
Rest

0 25 50

Impressions showed that comfort is highly felt (12.8%) as well as personal emotions (i.e.:
like/dislike, good/bad, pleasant/unpleasant) that had, combined, 18% of entries. An
interpersonal impression may also be observed in responses such as people walking,
usage and entertainment (14% of entries when combined).

Nakata’s (2010) research shows that the basic elements that form a POPS (i.e.: greenery,
sidewalk, street furniture and building) are the same ones that will attract or repel users
and that the perception of intangible components is almost insignificant (e.g.: all five
categories in the sensory component category combined only account for 34 entries or
2.28%). The characteristics most commonly cited also relate directly to tangible design
decisions such as the presence or absence of elements and vegetation, form, placement and
space composition. Impressions were very closely related to personal opinion, such as if
the environment is good/bad, liking/disliking and whether it is pleasant or not. More
subtle aspects of impressions, such as the ambience categories (Table 5.3) had few entries
on average, suggesting a very simple perceptual structure: an element that is important;
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the relation of that element to the overall structure (presence, shape, placement, and

aesthetics); and the personal opinion of that (like/dislike, good/bad; pleasant/not;
comfortable/not) (Table 5.4).

Table 5.4 - Summary of Nakata’s (2010) Findings.

ELEMENTS CHARACTERISTICS IMPRESSIONS
Greenery Shape Comfort
Sidewalk Presence/Absence Like/Dislike

Space Space Composition Restfulness
Street Furniture Vegetation Entertainment
Building View Space Aspiration
Placement Goodness
Amusement/Variety Usage
Aesthetics People Walking
Pleasantness

Source: developed by the author based on Nakata, 2010.

5.1 Semantic Differential Evaluation and Elements Ratio
Analysis

Table 5.5 - Sites

e s

Pacific Century Place

Nikken Sekkei

‘Sumitomo Mita Twin
Building West

a1 1021 BT
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One may argue that the knowledge that greenery affects users’ perception was already
known - even if empirically — by urban designers around the world. The knowledge about
how the manipulation of that variable changes - improve or worsen - that impression is
what is missing. Does more vegetation improve perception? Or is mainly related to other
qualities of the greenery (e.g.: smell, color, type, etc.) that were misinterpreted by
participants? We measured each element area ratio in all sites studied by Nakata (2010)
and crossed that information with the semantic differential evaluation data provided in his
research. Elements ratio was defined as the amount of area occupied by each element
divided by the publicly accessible area of the lot. Publicly accessible area was defined as
the lot area minus the buildings enclosed or otherwise not freely accessible areas. Areas
were analyzed in two different layers: ground level (seats, bushes, hedges and water) and
coverage (trees and cover). Therefore, the areas of those two layers may overlap: a tree
covered seat was accounted for its seating area in the “seat” category, while the tree
canopy area was counted on the “tree” category (Table 5.5 and Table 5.6).

Table 5.6 - Sites Area Ratio per Category

Site Name Seats  Bushes Hedges Trees Cover Water
Pacific Century 0.015 0.266 0.005 0.282 0.046 0.004
Eye Garden 0.014 0.259 0.020 0.240 0.049 0.013
Nikken Sekkei 0.021 0.124 0.061 0208 0.000 0.000
Toranomon 0.003 0.132 0.017 0257 0.294 0.014
Japan Center for Cities 0.034 0.302 0.090 0.260 0.028 0.038
TK South Aoyama 0.002 0.228 0.052 0.138 0.244 0.000
Shibaura Rune Site 0.013 0.116 0.017 0295 0.134 0.000

Sumitomo Mita Twin 0011 0203 0114 0242 0031 0.000

Building West

Sumitomo Mita Twin 0007 0292 0.000 0271 0262 0.000
Building East

Sumitomo Kanda 0010 0230 0049 0092 0200 0.000
Sumitomo Korakuen 0.022 0.223 0.013 0.301 0.158 0.000

Sumitomo West Shinjuku  0.000  0.161 0.120 0.096 0.026  0.000

The ratio - amount of public space area occupied by each element — was measured based
on the CEM survey photographs taken by the participants (for seats, bushes, hedges, trees,
cover and water) and satellite images available on Google earth were also used as
reference for tree coverage when 2010’s October to November images were available
(Figure 5.1).

- Buildings
Trees

Bushes
Seats

Cover

& Water

Figure 5.1 - Ratio Measures of a section of Pacific Century Place
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The data from the semantic differential evaluation applied by Nakata (2010) was used for
users’ impressions. The questionnaire had 26 measurement scales from which 2 related to
behavioral intent: stay duration and a place to rest (Table 5.7). The analysis was made
using participants’ average response per site and each site’s physical characteristic’s ratios
(Table 5.6).

Table 5.7 — S.D. Questionnaire Measurement Scales
Measurement Scale

1 Comfort Comfortable - Uncomfortable
2 Stay Duration Long Stay - Short Stay

3 Size Big - Small

4 Peacefulness Peaceful - Loud

5 Sophistication Sophisticated - Unsophisticated
6 Diversity Diverse - Uniform

7 Liveliness Lively - Decadent

8 Space Weight Light — Heavy feeling

9 View Good - Bad view

10 Organization Orderly - Cluttered

11 Amount of Greenery Alot - A little greenery

12 Vegetation placement Good - Bad Greenery Placement
13 Abundance of Tree Shade Alot - A little tree shade

14 [llumination Bright - Dark

15 Calmness Feeling Feel Calm - Do not feel calm
16 Safeness Feel Safe - Do not feel safe
17 Openness Feel - Do not feel openness
18 Oppression Feel - Do not feel oppressed
19 Enclosure Feel - Do not feel enclosed
20 A Place to Rest Easy - Hard place to rest

21 Interesting Interesting - Not interesting space
22 Harmony with Surrounding Harmonic - Disharmonic

23 Color Variety Colorful - Colorless

24 Atmosphere Light - Dark Atmosphere

25 Newness Contemporary - Nostalgic
26 Enjoyability Enjoyable - Lack of enjoyment

Correlations between physical elements and impressions are listed in Table 5.8. The best
predictor of stay duration was trees ratio (R2adj=0. 46; p<0.008) through the single
regression analysis formula Y=-2.73+ (10.19*Trees) where Y is the “stay duration” score.

A place to rest could also be predicted by tree ratio with a much better model (R2adj=0. 85;
p<0.001) through the formula Y=-3.80+ (16.73*Trees) where Y is the “place to rest” score.
This prediction could also be made from the hedge ratio, but with a less robust model
(R2adj=0. 27; p<0.045).

Several impressions could be predicted from tree ratio: abundance of tree shade
(R?adj=0.47; p<0.008), calmness feeling (Rzadj=0.36; p<0.023) and comfort (R?adj=0.28;
p<0.045). Others could be predicted from seats ratio, such as abundance of tree shade
(R?adj=0.40; p<0.015), sophistication (R2adj=0.36; p<0.015) and newness (R2adj=0.34;
p<0.028).

A logistic regression analysis was made using the raw data from the survey to predict
users’ satisfaction, according to tree ratio for the two activities: stay (Figure 5.2) and rest

(Figure 5.3). The graph is divided in three areas, from negative, neutral to positive
impressions. Logistic regression models can be seen in Table 5.9 and Table 5.10.
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Table 5.8 — Correlations between Impression and Physical Elements.

Seats Bushes Hedges Tree

. . ; . Cover Water
Ratio Ratio Ratio Ratio

A Seats ratio

B Bushes ratio 0.32

C Hedges ratio 0.01 -0.13

D Trees ratio 0.48 0.12 -0.53

E Cover ratio -0.49 0.01 -0.53 -0.02

F Water Ratio 0.58 0.39 0.14 0.25 -0.19

1 Comfort 0.05 -0.20 0.01 0.59 -031 0.07
2 Stay Duration 0.15 0.06 -0.08 0.72 -0.29 0.12
3 Size -0.07 0.19 0.23 0.26 -032 -0.1
4 Peacefulness 0.29 -0.23 0.29 -0.19 -0.54 0.40
5 Sophistication -0.65 | -0.48 041 -035 0.06 -0.29
6 Diversity -0.08 0.10 0.21 040 -0.18 0.26
7 Liveliness -0.18 -0.23 0.01 0.49 -0.15 -0.07
8 Space Weight 0.26 0.01 0.06 044 -0.29 0.22
9 View -0.19 -0.09 0.56 0.01 -0.36 -0.35
10 Organization -0.47 -0.56 021 -048 0.16 -0.34

11 Amount of Greenery 0.50 = 0.08 033 031 -0.83 @ 0.22
12 Vegetation placement 0.15 -0.18 0.17 041 -0.62 0.09
13 Abundance of Tree Shade  0.68 = 0.05 -0.12  0.72 -0.67 @ 0.22

14 [llumination -0.16 -0.29 0.19 018 -0.11 0.02
15 Calmness Feeling 0.24 -015 -0.16 0.5 -0.27 0.28
16 Safeness -0.08 -0.21 0.04 049 -0.14 0.10
17 Openness -0.38 -0.20 0.33 -0.03 -0.27 -0.30
18 Oppression -0.00 -0.30 0.08 034 -0.18 -0.20
19 Enclosure 040 0.24 -042 012 028 0.60
20 A Place to Rest 0.33 0.18 -0.59 093  0.05 0.28
21 Interesting -0.16 -0.24 0.06 047 -0.08 0.12
22 Harmony with Surrounding = 0.16  -0.05 0.10 -0.18 -0.14 -0.34
23 Color Variety 0.04 -0.03 0.50 ' 026 -0.57 | 0.22
24  Light/Dark Atmosphere | -0.03 -0.11 0.25 037 -026 0.10
25 Newness -0.63 | -0.31 0.13 -044 0.11 -0.22
26 Pleasantness -0.04 -0.27 0.16 049 -026 0.15

For this analysis, the 7 point scale was divided into three segments: -3, -2, -1 as negatives;
0 as neutral and +1, +2, +3 as positive. This means that in the case of a place to rest,

” o«

answers that included “extremely agree”, “agree” and “somewhat agree” with “hard to rest”
” o

are plotted as negative; “neither” is plotted as neutral and “extremely agree”, “agree” and
“somewhat agree” with “easy to rest” are plotted as positive.

The logistic regression makes it is possible to evaluate the satisfaction rate with any ratio
instead of relying on averages. Plotting results using logistic regression allow designers to
use ratio values that will satisfy more than half of users, which is extremely useful with
data that vary from positive to negative impressions.

Both measurements of activities presented in the SD survey could be predicted by tree
ratio, which had a good range, from 10 to 30% of the POPS area. Seats ratio did not
correlate with neither stay or rest activity. This may have to do with the fact that seats
ratio only varied from 0 to 3.4% of the total area. When taking into account that seats ratio
correlated well with amount of greenery and abundance of tree shade, it is possible to
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assume that seat perception is related to tree placement and the overall design. This could
also explain the inverse correlation with newness and sophistication.

Stay Disposition Ratio

1.00
1
0.75 POSITIVE
i
0.50 EUTRA
0.25 1
NEGATIVE
0.00
01 0.15 0.2 0.25 0.3

Tree Ratio

Figure 5.2 - Logistic Regression of “stay duration” by tree ratio.

Table 5.9 — Ordinal Logistic Model for Stay Disposition based on Tree ratio:

Curve Logistic function R? Prob.>ChiSq
Upper In (Y/(1-Y) = 4.37 - 14.70* [Tree ratio] 0.10 p<.0001
Lower In (Y/(1-Y) = 3.59 - 14.70* [Tree ratio] 0.10 p<.0001

Rest Disposition Ratio
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Figure 5.3 - Logistic Regression of “place to rest” by tree ratio.

Table 5.10 — Ordinal Logistic Model for Rest Disposition based on Tree ratio:

Curve Logistic function R? Prob.>ChiSq
Upper In (Y/(1-Y) = 7.12 - 28.94* [Tree ratio] 0.28 p<.0001
Lower In(Y/(1-Y) = 6.46 - 28.94*[Tree ratio] 0.28 p<.0001

5.1.1.1.1 Discussion

Basic elements of public space design (i.e.: street furniture, greenery, buildings, sidewalk
and overall space) were the ones that better caught participants’ attention. The most
quoted element, greenery, showed to be the best predictor of stay and rest activities,
analyzed through trees ratio. This agrees with Tanaka & Kikata (2008) for rest activity and
expands the results to include stay activity. Besides trees, the amount of bushes correlated
negatively with the feeling of organization of the space.
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The most prominent impression expressed by users, apart from the emotional ones (e.g.:
goodness, liking and pleasantness) was comfort and rest both highly correlated with tree
ratio. Some of the characteristics expected to be found in the physical elements were also
addressed in the present study such as presence/absence and vegetation, while others like
placement, space composition and shape need to be better explored.

The study adopted the ground level projection (depth x width) for ratio estimation. This
seemed to have worked well for all elements except hedges. Since hedges work as visual
barriers, a width x height measure obtained in loco may be a more suitable measure
because it better relates to the amount of the visual field it occupies.

Because this study was based on Nakata’s (2010) research, the definition of public space
includes all publicly accessible areas of the lot and participants were instructed to explore
the space as a whole. A more realistic measure would be to consider only those spaces that
are perceived as a public space a priori, disregarding residual spaces such as back alleys,
parking lots, service accesses and unloading docks that may be counted as public space in
the FAR legislation, but does not contribute to the public good nor is perceived as useful
public spaces unless the user is instructed to do so. This will probably lead to more robust
results than the findings described in this study.
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6 IVE VALIDITY

An ‘on site’ survey followed by an identical IVE survey of the same sites was conducted to
assess whether the impressions of simulated environments correlate with the impressions
of real environments.

Four sites in walking distance from one another in Chiyoda-ward, Tokyo were selected, so
that subjects could evaluate them on the same day. Its selection considered the seating
amount variability, greenery amount variability and place scale. From the four selected
sites, one was of small (600m?), two of medium (2000~2500m2) and one of large
(4000m?) scale (Figure 6.3, Figure 6.1, Figure 6.2 and Figure 6.4 respectively). Sites that
had potential confounding variables were discarded. Since the evaluation is based on floor
area ratio, sites that did not allow for a clear perception of floor area such as connection
with underground and areas with restricted access but with visual permeability were
discarded. Noisy areas were also discarded as a way to control sound environment -
which would not be simulated on sub sequential experiments - as a confounding variable.
Selected sites and their respective elements ratio may be seen in Table 6.1.
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Figure 6.3 - Insurance Annex Figure 6.4 - Watteras Tower
Table 6.1 - Sites Area Ratio per Category
Site Seats Bushes Hedges Trees Cover Water Grass
Terrace Square 1.5% 18.3% 0% 26.2% 5.5% 1.9% 0%
Jinbocho Mitsui 2.6% 22% 3% 23.7% 0.4% 2.4% 0%
Insurance Annex  1.4% 40% 0% 30.6% 0% 0% 0%
Watteras Tower 1% 6.3% 0% 12.5% 1% 0.5% 25.7%

6.1 Procedure

6.1.1 On site Survey

For the ‘on site’ survey, participants would receive orientations about the survey purpose,
evaluation method and how to answer the questionnaire, after which they would walk to
the first site and perform the evaluation.

After arriving at the site, participants were instructed to walk freely around the site for
about 5min., and then answer the questionnaire (Table 3.1). The questionnaire was
presented to the participants on their smart phones and they were instructed to check
both sides of each scale before answering it (Figure 6.5). The form used and an English
translation of it may be found in the Appendix section (Appendix 01).

Figure 6.5 - On site survey setting Figure 6.6 - IVE survey setting.

A total of 20 people (12 male and 08 female) participated in the study, evaluating all four
sites (80 observations in total). Participants were university students, from varied fields
with an average age of 23.35 years (SD=4.78).
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Sites were evaluated in two orders: Terrace Square, Jimbocho, Insurance Annex and
Watteras or Watteras, Insurance Annex, Jimbocho and Terrace Square with half of the
participants in each condition. The site order was not randomized because of geographical
restrictions.

6.1.2 IVE Survey

The four sites with their surroundings were modeled using SketchUp and Unity softwares.
The virtual environment models were as simple as possible, with special attention to
preserve the size and proportion of the original environments. Building facades, and
surrounding streets were textured with photographs taken on site and/or using the
Google Street view database. Since the availability of vegetation models is limited, the
virtual environment did not have the same species of the real environments, but tried to
maintain the same heights, texture and volumes of the original designs as much as
possible (Figure 6.7, Figure 6.8, Figure 6.9 and Figure 6.10).

= Sranl - oy

Figure 6.7 - Terrace Square IVE Figure 6.8 - Jinbocho IVE

Figure 6.9 - Insurance Annex IVE Figure 6.10 - Watteras Tower IVE

Virtual models were presented using an Oculus Rift DK2 head mounted display (Figure
6.11) and participants would move around the environment using a Logicool gamepad
controller (Figure 6.12). Each environment was loaded, observed and evaluated with a
brief (around 3-4 min) eye rest between stimuli (Figure 6.6). Participants were instructed
about possible side effects of the VR equipment and to stop at any time they felt
discomfort. If necessary, they could rest for as long as they wished between stimuli or end
the experiment at any time.
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Figure 6.11 - Oculus Rift Figure 6.12 - Logicool Gainepad

Participants were allowed to walk around in the virtual space for as long as they deemed
necessary to grasp it. Once they felt comfortable to evaluate it, they removed the headset
and started the evaluation by filling, by hand, a printed questionnaire. Participants were
instructed to either wear the headset again or use the screen in front of them to check any
aspect of the environment they deemed necessary while answering the questionnaire.

A total of 20 people (10 male and 10 female) evaluated each of the four virtual sites (80
observations in total). Participants were university students, from varied fields with an
average age of 22.05 years (SD=2.19). 17 of the 20 participants had participated in the on
site survey. Sites were evaluated in the same two orders of the real environments so that
the effect of evaluation order could be tested.

6.1.3 Results

Multiple regression analysis was used to determine whether the experience method (real
or virtual) had any effect in each of the 23 evaluation scales.

No effect from experience method was observed in any of the five activity scales (Table
3.1), although an interaction (p = 0.03; F (3, 152) = 3.03; R2Adj.=0.17) between the method
of experiere and site types could be observed for Read activity (Figure 6.13). The method
of experience had no effects in Stay (p = 0.14; F (3, 152) = 1.84; R2Adj. = 0.25), Eat/drink
(p=0.36; F (3, 152) = 1.08; R2Adj. = 0.27), Rest (p = 0.16; F (3, 152) = 1.73; R2Adj. =0.21) or
Wait (p = 0.08; F (3, 152) = 2.28; R2Adj. = 0.05) activities.
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Figure 6.13 - Interaction between method of experience and site type for read activity.
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Figure 6.14 - Effects of method of experience in the impression of atmosphere.

Between the scales chosen to assess users’ impressions, an effect of experience method
was observed in Atmosphere (p = 0.046; F (1, 152) = 4.04; R2Adj. = 0.41) and Interest (p =
0.02; F (1, 152) = 5.49; R2Adj. = 0.10), (Figure 6.14 and Figure 6.15). Some scales had a
small effect of experience method just outside the 5% confidence interval. They were
Appeal (p = 0.0546; F (1, 152) = 3.75; R2Adj. = 0.05), Enclosure (p = 0.0527; F (1, 152) =
3.81; R2Adj. = 0.36) and Openness (p = 0.064; F (1, 152) = 3.47; R2Adj. = 0.48). The other
scales had no effect experience method and no interactions could be observed in any
impression scale.
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Figure 6.15 - Effects of method of experience in the impression of interest.

Between the physical scales, Size had main effect (p = 0.048; F (1, 152) = 3.98; R2Adj. =
0.60) while Greenery Placement had interaction (p = 0.001; F (3, 152) = 3.93; R2Adj. = 0.06)
between experience method and site type.

The other two scales - Willingness to Stay and Willingness to Pay - also had no effect of
experience method.
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Figure 6.16 - Effects of method of experience in the size perception.
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Greenery Placement
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Figure 6.17 - Interaction between method of experience and site type for greenery
placement perception.

6.1.4 Discussion

Overall, there were no significant effects caused by the way a user experience the
environment: whether it is virtual or real, answers were very similar and no scale
generated contradictory evaluation scores based on experience method. However, some
differences were observed and its causes and correction method are discussed below.

Atmosphere and Interest differences (Figure 6.14 and Figure 6.15) arose from differences
in the detailing of the virtual environment. In this experiment, shop facades had no picture
attached to the models and glass material innate to the modeling software was used
instead (Figure 6.18), which affected the users’ experience of the virtual environment. This
was corrected for the subsequent experiments (Figure 6.19).

Figure 6.18 - Shop facade before corrections Figure 6.19 - Shop facade after corrections (plaza
(plaza with original configuration) with a setting of the 1st experiment)

Differences in the perception of the Size of real and virtual environments arose due to the
fact that the real environment prevented users to walk in the car lanes, while the virtual
environment allowed (Figure 6.20). During the experience of the virtual environment,
users constantly walked in the car lanes to observe the environment from farther away.
This way the area of the car lane in virtual environments was perceived as part of the
public space which inflated (Figure 6.16) Size perception and also explains the marginal
differences in the perception of Enclosure and Openness. In subsequent experiments, small
fences, shrubs and/or bollards were used to prevent user to step into car lanes and correct
this problem (Figure 6.21).

The perceptual difference observed in Greenery Placement was not unexpected since the
greenery utilized in the CG models was different from the actual species present in the real
environments. The difference was felt in environment S1 (Terrace Square) which had a
specific tree configuration used to seclude part of the environment, which could not be
replicated with the available models. This specific problem was not addressed in sub
sequential experiments because of the unavailability of models that could mimic the exact
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built environment. Since sub sequential experiments aimed to compare different design
options of the same virtual sites, it is assumed to be of no consequence because the same
perceptual error will be carried to all design variations of any specific site.

Figure 6.20 - Accessible car lane Figure 6.21 - Inaccessible car lane

As a methodological validity, IVE environments generated similar results to real
environments. The exception was Greenery Placement which depends on the models of
greenery being used. For experiments that intend to compare virtual models of greenery
to real greenery, the use of the exact models (e.g.: species, volume, texture, etc.) are
necessary, although for virtual comparative studies, the perceptual difference may be
carried as error, meaning that a difference of scores in a given scale reflects the difference
of dependent variable, although it may not reflect the score to be obtained in a real setting.

Whenever computer graphics (CG) are used, there is a tradeoff between the level of detail,
the cost to produce the CG and the improvement in response to be considered, which is
why this experiment tried to not over detail its computer graphics. Future research may
explore the relation between different detailing levels and a measurement scale’s accuracy
to determine the optimal CG cost ratio for each measurement scale.
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7 FIRST EXPERIMENT: ELEMENTS
EFFECT PRESENCE

Identified the elements that users claim to affect their perceptions and impressions of the
environment, it was necessary to verify whether the stated elements were indeed having
an effect or whether differences were arising from different aspects of the environment
not consciously perceived by users.

With that purpose, a first experiment tested for the presence or abscense of an effect from
the most common elements (i.e.: trees, seats, bushes) using immersive virtual
environments, a method that allows the evaluation of diifferent design compositions while
restricting the amount of confounding variables.

The environments were built in accordance to the original project, while conforming to the
new variable levels. The amount of trees, bushes and seats would vary by adding or
subtracting from the original designs, instead of being evenly distributed throughout the
whole area.

7.1 Variables Selection

Based on the preliminary analysis described in chapter 5, “greenery” and “street furniture”
were selected as variables. Greenery was separated into two different layers: bushes and
trees. This was made for several reasons, the first being that they affect environment
perception in different ways - while the trees provide cover and shadows with minimal
obstruction of vision and movement, bushes obstruct movement, take the space of the
environment and provide no shadow. The second reason is the fact that designers use
both elements with different purposes in mind and they are not interchangeable. Thirdly,
legislation in Japan considers - and scores — both elements separately. Therefore, there is
theoretical and practical value in identifying the effects of each element separately even if
users describe them together as “greenery”.

Street furniture was simplified into seats for purely practical reasons: street furniture may
be understood as a category of different elements that are not necessarily interchangeable
meaning that the actual effect of each element would have to be assessed considerably
increasing the number of variables rendering the study unfeasible. For seat type movable
table and chairs were adopted. Previous studies (Gehl, 2011; Avalone Neto & Munakata,
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2015) have shown that seats with backrest are preferred over simple benches and seats
with tables often preferred overall, while movable seats are praised by Whyte (1980).
Although the most flexible and preferred seat type, movable tables with 4 chairs are the
seating that takes the most space, making them the most notable and allowing for an
easier manipulation. The choice to adopt this kind of seat toke into consideration that,
benches may not be noted by users and lead to misguiding results.

At last, tree height was included as a variable. Tree height is explicitly considered and
individually scored in the “Tokyos’ quality evaluation of public spaces in Japan” and they
require an extra financial burden regarding unit cost and soil depth so the effects such an
extra investment may have was of interest. For the first experiment, these variables were
varied in two levels each, according to Table 7.1.

Table 7.1 - Factors selected for the 1st experiment

Factor Level 1 Level 2
Seating Ratio (SR) 1% 5%
Bushes Ratio (BR) 10% 20%
Trees Cover Ratio (TCR) 20% 40%
Trees Height (TH) 5m 10m

The original seating design (sittable areas around flower beds and benches) of each space
was maintained when possible and the area necessary to reach the predefined ratio was
filled with tables and movable chairs. Seat type, material, design and color were kept
constant across different stimulus.

Bushes and Tree Cover Ratio were achieved by adding or subtracting from the original
design. Original placement was maintained when possible, but reducing the amounts
resulted in the elimination of some areas previously present in the original design.

Building a full factorial design would require 16 stimuli per site. We chose to build a Lg
(27) Taguchi orthogonal array to evaluate the effect of each variable as well as the
interactions between Tree Height and Tree Cover Ratio, Tree Cover Ratio and Seating Ratio,
and Tree Height and Seating Ratio with only 8 stimuli per site (Table 7.2).

Table 7.2. - Taguchi design of the first experiment
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Stimuli 1 2 3 4 5 6 7
1 20% 5m 1 1% 1 1 10%
2 20% 5m 1 5% 2 2 20%
3 20% 10m 2 1% 1 2 20%
4 20% 10m 2 5% 2 1 10%
5 40% 5m 2 1% 2 1 20%
6 40% 5m 2 5% 1 2 10%
7 40% 10m 1 1% 2 2 10%
8 40% 10m 1 5% 1 1 20%

48



The Effects of Design Elements on Users’ Perceptions and Impressions of Privately Owned Public Spaces
Olavo Avalone Neto- February 2017

7.2 Procedure

The same procedure of the validity experiment was adopted. Building facade texture was
improved from the validity experiment to mitigate possible effects of display method
present in ambiance and interest scales.

Each session consisted of the observation of one set of 8 stimuli, 2 from each of the 4 sites,
either A, B, C or D stimuli group showed in random order (Table 7.3). Each environment
would be loaded, observed and evaluated, followed by a brief (around 3-4 min) eye rest
between stimuli. Participants were instructed about possible side effects of the VR
equipment and to stop at any time the felt discomfort. If necessary, they could rest for as
long as they wished between stimuli or end the experiment at any time.

Table 7.3 - Stimuli Distribution

Site S1 S2 S3 S4
Stimulus |1[23]4|5|6/7|8]|1]2]3]4]5]6]7/8/11213/4|5]/6/7/8]1]2]3]4]5]6]7]38
Participant 1 |A| A AlA AlA AlA
Participant 2 B|B B|B B/B|/B|B
Participant 3 Cc|C C|C[C|C C|C
Participant 4 D/ D|D|D DD DD
Participant 5 |A| A AlA AlA AlA

Participants were allowed to walk around in the virtual space for as long as they deemed
necessary to grasp it. Once they felt comfortable to evaluate it, they removed the headset
and started the evaluation by filling, by hand, a printed questionnaire. Participants were
instructed to either wear the headset again or use the screen in front of them to check any
aspect of the environment they deemed necessary while answering the questionnaire.

7.2.1 Participants

There were a total of 32 distinct stimuli — 8 variations to 4 different sites. Due to eye strain
caused by prolonged usage of the VR equipment, only one set of 8 stimuli was randomly
shown in a one hour session. The set contained 2 from each of the 4 sites stimuli so that
the participant would see all 8 stimuli variations and all sites, but not the same stimulus at
different sites (Table 7.3). This was done to prevent interaction between site and users,
while any variation between users was eliminated by averaging the data.

A group of 4 participants provided 1 observation to all 32 stimuli. One person could
participate in up to two sessions if they were willing to. For the second session, the
participant was asked to return in another day and was given a set of stimuli (marked A-D
in Table 7.3) different from the one he had previously evaluated.

A total of 56 people participated in the experiment, 33 participated in two sessions
(evaluated 16 of 32 stimuli) and 23 participated in only 1 session, evaluating 8 stimuli.
From those that participated of only one session, 1 person gave up in the middle of the
evaluation and their data were discarded, resulting in a total of 89 sessions conducted
with 88 of them yielding usable data. Each stimulus had a total of 22 observations with a
total of 704 environment evaluations, gathered between January and February 2016.

Participants were all Japanese, university students (75 sessions) and office workers (13
sessions) from different fields, with an average age of 24 years (SD = 6.22).
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7.3 Results

The data were analyzed using an average of each stimulus of each environment, resulting
in 32 averaged data points - 8 for each environment. Each data point, therefore, is an
average of 22 observations of a given stimulus. This was made to control for variance
between participants and ensure that any statistical difference observed was due to
variance in the stimuli and not derived from participants individual differences. An
analysis of variance was made using the variables as predictors to the evaluation scales.
“Site” was also included a predictor, as was the interactions with variables to assess
variation between sites. A summary of the results is shown in Table 7.4

Table 7.4 - Effects summary.

Activities Impressions Perceptions
Q
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© glz12318|°"° <5 | @
2 % &
TCR 40(H)|40(+)[40(+) [40(+) 140(+)|40(-) [40(+) 40(+) [40(+)
TH 10(+) 10(+) 10(+)
BR 20()[20(-) 20(+)
SR 5(H) 5 [SHE) | 5C) [SEH)[5(+) | 5(+) | 5(+) | 5(+) 5(+) | 5(+) S5 [S5EH)[SE S5 [ S5E) [5O[S | 5(+)
20x5|20x5
TCR x TH
[ORNG)
TCR x SR 20x1
(©)
TH x SR

All variables had two levels, as follows: tree cover ratio at 20 or 40% of floor area; tree height at 5 or 10m; bushes ratio at 10 or 20% of floor
area and seating ratio at 1 or 5%of floor area. An indication such as 40(+) should be read as “and increase to 40% from 20% resulted in a
positive effect on that evaluation scale”. Interactions mark the only ones observed (such as 20x5 meaning 20% of floor area covered by 5m tall
trees) and the effect it had (such as (-) meaning negative effect on that measurement scale).

7.3.1 Activities

Table 7.5 - Effect on Activities

Stay Eat/drink Rest Read Wait
TCR 591*
TH 9.07*
BR
SR 335.45** 384.89** 129.88** 47.74**  29.97*
TCRx TH
TCRx SR
TH x SR
R2 0.98 0.98 0.95 0.93 0.92

values expressed are F (1,31); ** = p<.0001; * = p<0.005.

All 5 activities were affected by the Seating Ratio (SR) with statistical significance. For all
except Wait activity, environments with 5% were perceived as more suitable than those
with only 1% of the floor area ratio occupied by seats. For wait activity the opposite effect
was observed (Figure 7.1, Table 7.4 and Table 7.5).

50



The Effects of Design Elements on Users’ Perceptions and Impressions of Privately Owned Public Spaces
Olavo Avalone Neto- February 2017

Tree Cover Ratio (TCR) affected suitability perception of Read activity and environments
that had 40% of the floor area covered by canopies being perceived as more suitable than
those with only 20% of floor area.

Tree Height (TH) had an effect on Wait activity and environments with 10m tall trees were
perceived as more suitable than environments with 5m tall trees.

Bushes ratio (BR) had no effect on the environments suitability for different activities, nor
did the interactions TCR x TH, SR x TCR or SR x TR (Table 7.4 and Table 7.5)

[ Seating Ratio >I1 Stay I

[ Tree Cover Ratio \ Read

Eat/Drink

[ Tree Height

e e e

[ Bushes Ratio

[ Tree Ratio x Tree Height ]

[ Tree Ratio x Seating Ratio ]

[ Tree Height x Seating Ratio ]

Figure 7.1 - Effects on Activities Suitability

7.3.2 Impressions

Increasing SR from 1% to 5% made ‘Appeal’, ‘Interest’, ‘Enclosure’, ‘Atmosphere’, ‘Liveliness’
and Diversity’ to be more positively felt. For positive impressions such as ‘Appeal’ this
means that the environment became more appealing, but this also means that potentially
undesirable impressions, such as ‘Enclosure’, also increased (Figure 7.2, Table 7.4 and
Table 7.6).

TCR also had a positive effect on ‘Appeal’, ‘Interest’, ‘Enclosure’, ‘Relaxation’ and ‘Oppression’
with 40% of floor area having a stronger effect that 20% of floor area covered by canopies
while for ‘Openness’ the opposite was true (Figure 7.2, Table 7.4 and Table 7.6)

TH had an effect on the ’Enclosure’ with 10m tall trees causing the environment to be
perceived as being more enclosed than 5m tall trees.BR had an effect on ‘Relaxation’ and
environments that had 20% were more relaxing than those with only 10% of floor area
occupied by bushes. The opposite effect was observed for ‘Openness’ impression (Figure
7.2, Table 7.4 and Table 7.6).

Interaction between TCR and TH was found in two scales: 'Relaxation’ and ‘Openness’. The
combination of 20% floor area covered by 5m tall trees made environments feel less
‘Relaxing’ and more ‘Open’than expected.
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Table 7.6 — Effect on Impressions
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TCR 5.54* 5.65* 122.14** 25.58* 94.20** 20.35*
TH 6.27*
BR 10.00*
SR 33.37* 18.00* 12.76* 11.44* 148.19** 28.68*
TCRxTH 8.12* 8.42*
TCR x SR
TH x SR
R2 0.92 0.92 0.98 087 097 0.98 0.90 0.97 0.94

values expressed are F (1,31); ** = p<.0001; * = p<0.005.

7.3.3 Perceptions

SR had an effect on the perception of ‘Greenery Amount’, ‘Greenery Placement’, ‘Seat
Amount’, ‘Seat Placement’, ‘Seat Design’ and ‘View’. An increase in SR improved the
perceived amount/placement/design/view (Figure 7.3, Table 7.4 and Table 7.7).

TCR had an effect on the perception of environment ‘Size’ with environments that had tree
canopies covering only 20% of the floor area being perceived as larger than those with
40% of its floor area covered by canopies. Also, with TCR at 40% of floor area, the
environments were perceived as having a greater ‘Greenery Amount’. BR also had an effect
on the perceived ‘Greenery Amount’ with environments being perceived as having more
greenery when bushes covered 20% than those environments where it only covered 10%
of floor area (Figure 7.3, Table 7.4 and Table 7.7).

TH had an effect on ‘Seat Design’with 10m tall trees had a better effect than 5m tall trees.

An interaction between TCH and SR was found In ‘Greenery Amount’, and greenery was
perceived as less than expected when 20% floor area covered by tree canopies was
combined with 1% of floor area ratio was occupied by seats.
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TCR 4.98* 123.32**
TH 6.02*
BR 32.10%*
SR 8.24* 9.12* 638.28** 20.76* 43.65** 451*
TCRx TH
TCR x SR 6.60*
TH x SR
Rz 0.97 0.96 091 0.99 0.90 0.94 0.71

values expressed are F (1,31); ** = p<.0001; * = p<0.005

7.3.4 Estimation of activity suitability from users’ impressions

A second analysis was made to identify the relationship between an environments
impression and users’ perceptions of the environments suitability to develop different
activities. In this analysis, averaged data was used and a multiple regression analysis was
made using the impressions as predictors to the activity scales.

Several impression scales had collinearity making them redundant to predict a given
behavior. Several possible models were tested using stepwise regression to identify which
scales would best predict different activities using only non collinear scales. The best
models had relaxation and liveliness as predictors (Figure 7.4). The numbers shown in
Table 7.8 are the partial regression coefficient () and the variance inflation factor (VIF).

Table 7.8 — Activities estimation from impressions

Stay Eat/drink Rest Read Wait

Relaxation  0.71(1.27) 056 (1.27) 0.70 (127)  0.94 (1.27)
Liveliness  1.18(1.27) 153(1.27) 0.67(127) 0.67 (127) -0.15 (1.00)
R? 0.87** 0.83** 0.75% 0.75% 0.13*

values expressed are partial regression coefficient (5), followed by (VIF).
** = p<.0001; * = p<0.005.
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Figure 7.4 - Activity Predictions from Impressions of the Environment

7.3.5 Estimation of activity suitability from environmental perception

The same process and analysis were made using the perception scales as predictors to the
activity scales (Figure 7.5). The values expressed in Table 7.9 are partial regression

coefficients and the variance inflation factor (VIF).

Table 7.9 - Activities estimation from perceptions

Stay Eat/drink Rest Read Wait
Size 0.14 (1.71) 0.20(1.71)
Greenery Amount
Greenery Placement -0.28 (2.43)
Seat Amount 0.37 (1.67) 0.60(1.67) 0.20(1.15) 0.14(1.15) -0.15(1.30)
Seat Placement

Seat Design 1.05(1.74) 1.00(1.74) 0.52(1.23) 0.73(1.23) 0.59(1.64)
View 0.66 (1.18) 0.56(1.18) 0.76(1.18) 0.75(1.18) 0.29(1.99)

R? 0.88 091 0.82 0.56 0.45

Prob. > p k% k% k% k% k%

values expressed are partial regression coefficient (), followed by (VIF).

Greenery Amount ]

Size

** = p<.0001; * = p<0.005.
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Figure 7.5 - Activities Predictions from the Perception of the Environment
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7.3.6 Relationship between perceptions and impressions:

A multiple regression analysis was made using the perception scales as predictors to the
impressions scales. This was made to establish a relation between what is perceived by
users out of the environment and the impressions felt by users (Figure 7.6). Table 7.10
shows those estimations. The values expressed are partial regression coefficients and VIF

was between 1.00 and 2.73.

Table 7.10 - Impressions estimation from perceptions
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Size 0.16 -062 036 -032 057 -041 0.24
Greenery Amount 0.22 0.23
Greenery Placement 0.59 0.60 0.81
Seat Amount 0.11 0.40
Seat Placement
Seat Design
View 0.56 0.59 045 0.58
Rz 0.75 0.75 0.68 085 055 0.77 0.65 088 0.63
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values expressed are partial regression coefficient ();
** = p<.0001; * = p<0.005
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Figure 7.6 - Impressions Predictions from Environment Perception

7.3.7 Willingness to pay and stay

7.3.7.1 Willingness to pay:

The users were willing to pay more for a cup of coffee in environments with 5% of floor
area occupied by seats than in environments with only 1% (R2= 0.90; F (1, 31) = 54.15; p
< .0001). Increasing seats from 1 to 5% translates into an average 17% increase in
willingness to pay for a cup of coffee.
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Table 7.11 - Elements effects on Willingness to Pay (by site)

Site S1 S2 S3 S4 Average
Standard Price * 262 230 212 299 251
Seating ratio at 5% +43 (16%) +42 (18%) +80 (38%) +5(2%) +43 (17%)
Bushes ratio 20% - - - - -
Trees cover ratio at 40% - +19 (8%) - - +\5 (2%)
Tree Heightat 10m - - - - -
Tree cover ratio 20% x Tree Height at 5m. - - +22 (10%) - +6 (2%)

*prices for Seating ratio at 1%, Bushes ratio 10%, Tree cover ratio of 20% and Tree height of 5m.

7.3.7.2 Willingness to stay:

The users were willing to stay, on average, 43% longer in environments with 5% of floor
area occupied by seats than in environments with only 1% (Rz2= 0.95; F (1, 31) =114.55; p
<.0001).

Table 7.12 - Elements effects on Willingness to Stay (by site)

Site S1 S2 S3 S4 Average
Standard Price * 22min 15min 12min 21min 18min
Seating ratio at 5% +6min (27%) +7min (47%) +14min(117%) +3min (14%) +8min (43%)

Bushes ratio 20% - - - - -
Trees cover ratio at 40% - - - - -
Tree Heightat 10m - - - - -

*Stay time for Seating ratio at 1%, Bushes ratio 10%, Tree cover ratio of 20% and Tree height of 5m.

7.3.8 Demographic analysis

Several demographic factors could have an effect on environment perception, such as
gender (male or female), architectural background (architect or layperson) and work
experience (student or worker). The effects of gender and architectural background were
tested and are shown below.

7.3.8.1 Effects of gender

To investigate if there were any effect of gender, the data was averaged by site, stimuli and
gender, resulting in 64 data points: 4 sites, 8 stimuli and 2 gender categories. This was
done to eliminate the effect of differences between participants.

Because each stimulus is, essentially, a different environment structure, analysis used
gender as a predictor for each of the 23 evaluation scales (Table 3.1) by stimulus, meaning
that, in each of the 8 stimulus (Table 7.2) the average male and female answers for each
environment were compared.

With 8 stimuli and 23 evaluation scales, 184 possible gender effects were tested. Each
analysis considered 8 data points that represented the average male and female answer
for each of the 4 sites given an evaluation scale and stimuli.

Effects of gender were only observed in 6 scales across all 184 possible stimuli/evaluation
scale combinations. No effect could be seen in stimulus 1, 4, 5 or 7 (Table 7.2).

In stimulus 2 (tree ratio at 20%, tree height of 5m, seating ratio at 5%, and bushes ratio at
20%), gender effect could be observed in eat/drink activity (R*=0.63; F (1,7) =10.40; p=
0.0180) and in atmosphere (R>= 0.50; F (1, 7) = 6.05; p = 0.0492). Women found the
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environments to be better suited to eat/drink activity and as having a better atmosphere than as
perceived by man.

Stimulus 3 (tree ratio at 20%, tree height of 10m, seating ratio at 1%, and bushes ratio at
20%) showed a gender effect in greenery amount (R*= 0.68; F (1, 7) = 13.07; p = 0.0112) and
women perceived the environment as having more greenery than did men.

In stimulus 6 (tree ratio at 40%, tree height of 5m, seating ratio at 5%, and bushes ratio at
10%), gender effect could be observed in wait activity (R*= 0.51; F (1, 7) = 6.15; p = 0.0479)
and liveliness (R2= 0.52; F (1, 7) = 6.47; p = 0.0439), with women perceiving the environment
and more suitable for wait activity and more lively than did men.

In stimulus 8 (tree ratio at 40%, tree height of 10m, seating ratio at 5%, and bushes ratio at
20%) gender effect could only be seen in eat/drink activity (R*=0.61; F (1,7)=9.20; p=
0.0230) and women found the environments to be more suitable to eat/drink activity than man.

Since no evaluation scale had a consistent effect across different stimulus it is possible to assert
that no gender effect could be consistently observed.

7.3.8.2 Effects of architectural background

Amongst the participants there were students and workers with and without architectural
background meaning that the most suitable way of testing for expertise effect would be to
look into differences between four groups: architectural students, non-architectural
students, architects and non-architects, but with 4 different groups and 8 stimuli on 4
different sites, it is not possible to objectively evaluate the effects of participant’s expertise
in this manner because the data is heavily skewed towards students over workers. With
the data averaged by stimuli, site, and the four groups, there are 128 distinct data points
but with an irregular distribution. Overall, there were 22 observations of each stimulus of
each site, but, when broken into the four expertise groups, one group will average 10
participants while another may average only 2.

There were no sufficient office workers with or without an architectural background in the
sample to conduct a proper analysis. Any visible effect from expertise would not be
distinguished from personal differences between participants, since there would not be
sufficient individuals of each expertise group represented at all 32 different environment
settings. Therefore, no definite statistical conclusion regarding expertise effect can be
drawn from this dataset.

The effect of architectural background can be tested, however, within the student group
(architecture students vs. non-architecture students), since there is sufficient data and an
acceptable data distribution. An analysis to test the effects of architectural background on
university students was conducted using the dataset averaged by site, stimuli and the four
expertise groups. The analysis was then conducted by work/student condition, and the
analysis regarding workers was disregarded.

Architecture background was used as predictor for each of the 23 evaluation scales (Table
3.1) by stimuli, meaning that, for each of the 8 stimuli (Table 7.2) the average answer of
architecture students and non-architecture students for each environment was compared.

From the 184 possible expertise effects tested (23 evaluation scales in 8 different stimuli)
only 3 showed an effect of architectural background. They were view (R*=0.55; F (1, 7) =
7.20; p = 0.0364) in stimulus 1, wait activity (R*= 0.51; F (1, 7) = 6.17; p = 0.0476) in
stimulus 5 and greenery amount (R*= 0.62; F (1, 7) = 9.89; p = 0.0200) in stimulus 6.
Participants with architectural background found environments to have a worse view,
being better for wait activity and as having more greenery than participants with no
architectural background. No other effect could be seen in stimulus 2, 3, 4, 7 or 8.

Since there was no consistent effect across different stimuli it is possible to assume that
architectural background had no effect on students’ perception of the environment.
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7.3.9 Discussion

Overall, all activities (Stay, Rest, Eat/drink and Read) with the exception of Wait are
correlated, perceived and affected in a similar manner, being positively affected by Seating
Ratio. Read activity was also positively affected by the Tree Cover Ratio.

Users based their judgment mainly on the perception of Seat Amount, Seat Design, View
(Stay, Rest, Eat/drink) and environment Size (Stay and Eat/drink).

Lively and Relaxing environments are the most suitable for Stay, Eat/drink, Rest and Read
activities. Livable environments are perceived through environment Size, Seat Amount and
Greenery Placement, while the perception of environment Size and View will determine
how Relaxing it will be perceived.

Wait activity requires a different environment, where less seats and taller trees are
desirable. It is negatively affected by the perception of Seat Amount and Greenery
Placement, but still positively affected by View and Seat Design. Less Livable places are
more suitable for this activity.

Increasing Seating Ratio to 5% of floor area improved the environment Appeal, Interest,
Liveliness, Atmosphere and Diversity impression, but it also made the environment seem
more Enclosed.

Increasing Tree Cover Ratio improved the environments Appeal, Interest and Relaxation
while making it seem more Enclosed, Oppressive and less Open.

Other, minor effects could be observed: taller trees increased the feeling of Enclosure;
more bushes made it more Relaxing, but less open and the combinations of smaller trees
(5m) at smaller ratios also made the environment more Open but less Relaxing.

Users’ perception of the environment Size affected environment Appeal, Liveliness,
Atmosphere, Relaxation, Openness, Oppression and Enclosure. View affected environment
Appeal, Interest, Atmosphere and Relaxation. Greenery Placement affected environment
Appeal, Diversity, Interest and Liveliness. The perception of Seat Amount affected
Atmosphere and Liveliness while Greenery Amount only affected Appeal.

Seating Ratio affected the most users’ perception of the environment, having an effect on
how users perceive Greenery Amount and Placement; Seat Amount, Placement and Design
and View. Tree Cover Ratio positively affected Amount of Greenery and negatively affected
environment Size perception.

Other variables had a smaller effect on users’ perception of the environment: Amount of
Greenery perception was positively affected by the Amount of Bushes and negatively
affected by the relation between less tree ratio and less seat ratio (trees as 20% of floor
area and 1% of seats). Seat Design perception was also negatively affected by Seating Ratio.
Table 7.4 summarizes the findings.

Some differences between sites were observed under the same conditions. Those
differences were expected since the four sites were completely different in several aspects
such as size, enclosure, retail space, location, access, surroundings and relationship to the
street for which no control method was attempted. Broadly speaking, all sites displayed
the same effects with more or less intensity with no environment displaying an “inverse”
effect on a systematic way or across several scales. The environment's effects and
interactions observed are briefly discussed below.

Terrace Square (S1) was perceived as more suitable than other environments for stay, rest
and read activities: Trees at 20% also interacted positively with the environment for stay
activity. It was perceived as less suitable than other environments for wait activity. It had a
positive effect for environment appeal, interest, relaxation, diversity and enclosure. The
feeling of enclosure was enhanced when combined with trees at 20%. With seats at 1%, S1
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was perceived as less livable than other environments in the same condition. Users also
perceived this environment as having fewer seats than other environments when seating
ratio was only 1% of FAR; less greenery than other environments with the same bushes
ratio, although the greenery was perceived as better placed. Its seat design was also
perceived as better than other environments, when tree canopies occupied 20% of floor
area. Differences in perception may be due to environment enclosure because S1 was the
most enclosed space, with buildings close to the site on all sides and/or element
placement since S1 had a distinct grove like area designed to be perceived as such (Figure
6.1).

Jinbocho (S2) was perceived as more suitable than other environments for stay activity
when bushes were at 10%. It also was perceived as less suitable for read activity and
people are willing to stay for shorter times than other environments under the same
conditions. It was perceived as less enclosed, less relaxing, more spacious and livelier than
other environments at the same condition. Enclosure perception was accentuated when
trees were at 5m and mitigated when seating ratio was at 1%. It was also seen as less
relaxing when seats were at 1%. It was perceived as larger than other environments under
the same conditions and seat design perception was improved when tree height were 5m.
Impressions regarding enclosure, relaxation, openness, unsuitability for reading and
environment size perception may be related with the amount of environment enclosure,
since S2 was the least enclosed space, with only one side enclosed and three sides open to
the streets (Figure 6.2).

Insurance Annex (S3) was perceived as worse than other environments under the same
conditions for stay and eat/drink activities and better for wait activity. When tree
canopies occupied 20% of floor area, suitability for wait activity was worse than in other
environments under the same conditions. When seats were at 1%, suitability for stay,
eat/drink, rest and read activities declined as did environment appeal, interest, relaxation
and diversity impressions. Users were inclined to pay less for a cup of coffee (Table 7.11)
and stay less time in the environment than in other environments under the same
conditions (Table 7.12). It was perceived as more enclosed and less spacious (accentuated
when trees were 5m tall); more oppressive, having worst atmosphere, more relaxing
(mitigated by trees at 20%), and less lively than other environments under the same
conditions. It was also perceived as smaller, with more greenery (mitigated by bushes at
10%), better placed greenery, fewer but better placed and better designed seats
(mitigated by seats at 1%) S3’s differences in perception most likely were related to
environment scale: with an open public space area under 600m?, it was the smallest space
studied and the easiest environment to be grasped and judged in its totality (Figure 6.3).
On small environments, 1% of floor area may be translated in only one seat affecting the
way (units instead of volume) the environment is perceived and judged.

7.4 Conclusions:

[t is clear that seating ratio is the element that most affect users’ perceptions, impressions
and, ultimately the activities users will perform in the public space. Overall, increasing the
amount of seats in the public space will improve impressions and perceived suitability for
different activities. Conversely, it will also make it feel more enclosed and less suitable for
wait activity.

Although tree cover ratio did not have a direct effect on intended activities, it did had an
effect in several impressions of the environment, such as appeal, interest, relaxation,
oppression openness and enclosure as well as the perception of environment size and
greenery placement. It had a greater impact than bushes, which just affected the
perception of openness and relaxation. Furthermore, this experiment investigated users’
evaluations once they are already in the environment and it does not account for effects in
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perception when observed from afar, which may affect users’ decision to enter the public
space or contribute to other dimensions of the built environment.

The effects from different sites seems to derive from environment scale and degree of
enclosure and environments of different scales is perceived differently, especially very
small (under 1000m2) and very large (over 3000m2). The specific effect of environment
scale and degree of enclosure (enclosed in one, two, three or four of its sides) should be
further explored in future research.

This study provided an insight of what have and what does not have an effect, but it was
very limited since it only used two levels for each variable. Further experiments that
explore the limits to which increasing seating, bushes and tree ratio starts to have a
negative impact were still necessary.
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8 SECOND EXPERIMENT: SEATS
EFFECT RANGE

In the first experiment, it was established that increasing seating ratio will improve
perceptions and impressions of the environment as well as perceived suitability for
different activities, as shown in Table 7.4.

The second experiment assessed whether the effect persisted at higher seating ratios or
whether perception and impressions would deteriorate. It also tested the effects of
environment scale as it was considered in the first experiment.

8.1 Implementation

The same methodology of the first experiment was adopted for comparative purposes and
IVEs were used to test the effects of different seating ratios and environment size
combinations. This experiment adopted two variables, each varying in three levels: seating
ratio at 1%, 3% and 10% and environment size varying from small (600m2), medium
(2000m?2) and large (3500mz2), resulting in 9 different environment combination (Table
8.1).

Table 8.1 - Stimuli matrix
Small (600m2)  Medium (2000m2)  Large (3500m2)

Seating ratio at 1% S01 S04 S07
Seating ratio at 3% S02 S05 S08
Seating ratio at 10% S03 S06 S09

While the first experiment used variations of four real environments with different areas,
surrounding conditions, street width and so on, the second experiment controlled for all
variables except seating ratio and POPS area (Table 8.1).
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Figure 8.7 - Stimulus 07 Figure 8.8 - Stimulus 08 Figure 8.9 - Stimulus 09
IVE stimuli were made using SketchUp and compiled into the software Unity for the final
environments. All stimuli had 10% of floor area covered by bushes and 10% covered by
trees. The site was always open to 3 sides to streets 7m wide while the fourth side was
occupied by a 120m tall (34 floors) building with a coffee shop on the ground level. All
sidewalks were designed with 4m wide and the total area of the plaza includes sidewalk
area (Figure 8.1 to Figure 8.9). Stimuli were presented to participants using an Oculus rift
HMD (Figure 6.11), and participants were able to move around the environment using a
Logicool gamepad (Figure 6.12).

Questionnaires were presented in paper format, after the participant examined each
environment. Participants were still able to see the environment in the monitor and move
through it while answering the questionnaire and were free to wear the IVE goggles as
much as they wanted for each environment, even in the middle of the questionnaire if they
deemed necessary.
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8.1.1 Participants

There were 20 participants in the study (13 Male, 7 Female), all Japanese university
students from different fields. Participants averaged 21.25 years of age (SD=1.52) and
each of them evaluated all 9 stimuli.

8.2 Results

An analysis of variance was conducted to evaluate the presence/absence of each variable’s
effect and differences between levels.

8.2.1 Activities:

Seating ratio had an effect in Stay, Eat/drink and Rest activities. Increasing seating ratio from
1% to 3% increased perceived suitability for those activities while increasing it to 10% reduced
perceived suitability (Table 8.2).

No effect of Seating Ratio could be observed in Read activity while Wait activity was negatively
affected. Although increasing Seating Ratio from 1% to 3% had no significant effect, increasing
it up to 10% reduced perceived suitability for Wait activity.

Scale also had an effect. For Stay activity small environments were worse than medium or large
environments, but no statistical difference was observed between medium and large scale
environments and no interaction was observed.

For Eat/drink activity and Read activity, small environments were less suitable than medium
environments and large environments were not statistically different than neither small nor
medium environments. No interaction was observed for either Stay, Eat/drink, Read or Rest
activities (Table 8.2).

No effect of scale was observed for Rest or Wait activities. An interaction could be observed
between small environments and seating ratio at 10% for wait activity: for small environments
the negative effect of a high Seating Ratio was mitigated by environment size. Differences
between Wait and other activities may arise from a specific behavior required for such activity —
visual search. The more things occupy the field of vision the more strain a visual search requires
but an environment with only 600m® may be small enough that more elements in the visual field
will not cause strain since the environment may be fully grasped with ease.

Table 8.2 - Effect on Activities

Stay Eat/drink Rest Read Wait
Seating Ratio 21.00** 12.30** 5.89** 20.42**
Scale 8.93* 3.51* 5.15*
SR x Scale 2.50*
R2 0.27 0.19 0.12 0.12 0.23

values expressed are F (2,171); ** = p<.0001; * = p<0.005.

8.2.2 Impressions:

Seating Ratio effects could also be seen in Appeal, Interest, Atmosphere and Diversity.
Increasing Seating Ratio up to 5% improved the impression, but increasing past 5% worsens it.

For Relaxation, Openness, Oppression and Enclosure there was no effect when Seating Ratio
was increased from 1% to 3%, but an effect could be seen between 1% and 10%. The
impressions were worst with seating at 10% of floor area ratio and environment were perceived
as being less Relaxing, less Open more Oppressive and more Enclosed.
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There was a clear effect where Liveliness increased as Seating Ratio increased. No upper limit
was found for this effect and it probably relates with the environment affordance — the more
seats, the more the environment allow for it to be bustling with activities. It is worth noticing
that the simulated environments had no people in it but empty chairs. One may assume that a lot
of empty seats would signalize the absence of people (and the opposite of liveliness) but since
all environments were equally empty and since humans make comparative rather than objective
judgment, it is reasonable to assume that the affordance for liveliness was assessed. This
assessment may change with different amounts of people occupying the environment (e.g.: one
person occupying only one seat in a 10% seating ratio environment) but that still has to be tested
in further studies.

Interest, Liveliness and Diversity were also affected by scale and small environments were
worse than medium ones. No difference between medium and large or small and large
environments was observed and no interaction was observed.

Feelings of Enclosure and Oppression were mitigated by the Scale of large environments
(3500m?), although small and medium environments were statistically the same. No interaction

was observed.

The opposite happened to Openness: medium and large environments were perceived as more
open than small scale environments, although no statistical difference could be observed
between medium and large environments and no interaction was observed.

No effect of Scale or interaction could be observed for Appeal, Atmosphere or Relaxation.

Table 8.3 — SR and Scale Effects on Impressions
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Seating Ratio 12.23** 12.71** 9.09* 7.57* 18.92** 19.02** 18.77** 69.40** 7.25*

Scale 5.67* 7.90%* 8.93* 7.35% 8.16* 7.73*
SR x Scale
R2 0.17 0.20 0.17 0.11 0.21 0.25 0.24 0.49 0.17

values expressed are F (2, 171); ** = p<.0001; * = p<0.005.

8.2.3 Perception:

There was an effect of Seating Ratio in the perception of environment Size and seat placement.
Increasing Seating Ratio up to 10% will make the environment feel smaller with worst placed
seats. This effect is probably due to cluttering. No statistical difference was found between 1%

and 3% Seating Ratio.

The perception of Seat Amount matched the actual Seating Ratio at all variable levels, showing
that no perception bias arose from the method chosen.

Although the data show an effect of Seating Ratio in Greenery Placement, since the
environment changes size, greenery was, indeed, placed differently (e.g.: different distances
from the curb) making it impossible to say if the observed effect is the effect of a bias or actual

greenery placement.

Seating Ratio did not have an effect in the perception of Greenery Amount, Seat Design or View.
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Size perception did match actual enviromment Scale at all levels, showing that no scale
perception bias arose from the selected method. No interaction between Seating Ratio and
environment Size was observed.

An effect of Scale could be observed in the perception of Greenery Amount and Seat Amount.

Small environments were perceived as having less than medium or large scale environments
with the same ratio (i.e.: greenery at 10% of floor area) and no interaction was observed.

No effect of Scale or interactions could be observed in the perception of Seat Placement, Seat
Design or View.

Table 8.4 — SR and Scale Effects on Perceptions

> £ E & = E (]
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5 % 8¢ s§g §g 28 ¢
5 o 2 2 5 = 5 g & S
Seating Ratio 5.49* 4.96** 232.70** 5.31*
Scale 66.29** 8.66* 0.95* 24.93**
SR x Scale
R2 0.46 0.11 0.10 0.75 0.10

values expressed are F (2, 171); ** = p<.0001; * = p<0.005

8.2.4 Willingness to pay and willingness to stay:

No valid model that included both Seating Ratio and environment Scale could be made. When
considering only Seating Ratio as a predictor, a small effect (R*= 0.06; F (2, 177) = 5.19; p =
0.0065) in Willingness to Pay could be observed. Willingness to Pay increases with Seating
Ratio up to 3%, but diminished as it reached 10%. Environment Scale had no effect in

Willingness to Pay and no interaction was observed.

Willingness to Stay was effected (R*= 0.09; F (2, 171) = 6.07; p = 0.0028) by Seating Ratio
with increasing duration up to 3% and diminishing durations at 10%. No effect of Scale or
interaction was observed.

8.2.5 Demographic analysis

Effects of gender and architectural background were tested and the results are described
below.

8.2.5.1 Effects of gender

To analyze the effects of gender, the averaged data by stimuli and gender was used,
resulting in 18 data points. Each data point was the average answer for a given stimulus
and gender, and corresponded to the averaged answer of 7 participants when female and
13 participants for male data points. An analysis of variance using male and female
averaged answers for the 9 stimuli was conducted.

Whiting the 23 different evaluation scales (Table 3.1) only perception of seat design was
affected by gender (Rz2= 0.86; F (1, 17) =96.79; p <.0001), with women perceiving seats as
better designed than man. All other evaluation scales had no significant gender effect.
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8.2.5.2 Effects of architectural background

The effects of architectural background used an averaged answer by background and
stimuli, resulting in 18 data points - one for each stimulus and background. An analysis of
variance using background as predictors for each of the 23 evaluation scales was
conducted.

Four evaluation scales were affected by architectural background: Appeal (R2= 0.28; F (1,
17) = 6.12; p = 0.0250), Diversity (Rz2=0.25; F (1, 17) = 5.22; p = 0.0363), Greenery Amount
(R2=0.29; F(1,17) = 6.41; p = 0.0222) and View (R2=0.34; F(1,17) =8.12; p = 0.0116).
All other scales had no significant effect of architectural background.

Generally, people with architectural background found environments to be less appealing,
less diverse, having less greenery and having a worse view, in agreement with Llinares &
Inarra, (2014) and Akalin, Yildirm, Wilson & Kilicoglu (2009) that people with
architectural background are more critical of the environment than laypeople.

8.3 Discussion

The effects of Seating Ratio in perceived suitability for different activities agreed with the
first experiment and suggest that optimal ratio is between 3 and 5% of floor area (Figure
8.10). When combining the results of both studies, no discrepancies were found and a
seating ratio of 3% or 5% received similar ratings for all activities and impression scales
(Figure 8.10 and Figure 8.12).

Between both experiments, impressions followed one of three distinctive patterns: a)
score improved linearly, as seating ratio improved: this happened to Openness, Oppression
and Liveliness; b) score improved up to 3% to 5% and worsened past 5% - Appeal, Interest,
Relaxation and Diversity; and c) score improved linearly up to 5% and remained the same
past that point - Enclosure and Atmosphere (Figure 8.12).

Seating Ratio had effects similar to the first experiment in environmental perception for
the perception of Size, Greenery Amount, Greenery Placement, Seat Amount and Seat
Placement (Figure 8.14). Differences were found, however, regarding the perception of
Seat Design and View: while in the first experiment a positive effect of Seating Ratio in
those scales was found, no effect was found in the second experiment. This discrepancy is
not unexpected since their experiments utilized four different environments - with
different seat designs and surrounding buildings - and this study controlled for such
variables.

Activities suitability rating by seating ratio Activities suitability rating by scale

2 2
2 2
g 1 S g 1
3] 5]
= =
o 0 - Y /
80 80
] ]
B -1 = -1
) )
> >
<2 <.2

1%(*) 1% 3% 5% (%) 10% S(600) M(2000) L(3500)
Seating ratio Scale

==0==Stay =={J==Eat ==fy==Rest ==O==Vait =M= Read Q= Stay === Eat e=fym=Rest === Vaijt ==H==Read

Figure 8.10 - Activities average rating by

seating ratio.
«(+)» denotes results obtained from 1% experiment

Figure 8.11 - Activities average rating by
scale.

This study also found an effect of Scale, as expected from the results of the first experiment.
Small environments (600m2) were, indeed, perceived as less suitable for Stay, Eat/drink
and Read activity (Figure 8.11) as well as less Interesting, more Enclosed, less Open, more
Oppressive, less Lively and less Diverse aelement environments built with the same
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elements composition (Figure 8.13). Small environments were perceived as having less
Greenery and less Seating than bigger environments, which substantiates that the
perception of smaller environments (600m?2) is different than the medium (2000m2) or
large (3500m2) environments (Figure 8.15). In small environments, it is possible for the
user to grasp the whole environment at a glance. In this situation, it appears that the user
registers the environment “by numbers” (i.e.: “there are 3 seats here”) while in a bigger
environments, this is not possible and a perception “by area” (i.e.: “there are a lot/not
enough seats here”) seems to be used.

Impressions ratings by seating ratio Impressions ratings by scale
2 2
o0 o0
=
~ & .
) 0 4 "] 0 +——i
80 80
5 s 7:/5 !E 8
g1 g ' a
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1%(*¥) 1% 3% 5% (*) 10% S(600) 1;’16(51200) L(3500)
Seating ratio ==0O== Appeal e={J== [nterest e=fy==Enclosure
=== Appeal =={J==[nterest e=f= Enclosure .
e==Q== Atmosphere ==de= Relaxation Oppenness ==0=Atmosphere ==#=Relaxation Oppenness
Oppression == Lijveliness e Diversity Oppression === Liveliness === Diversity

Figure 8.12 - Impressions average rating by

seating ratio. Figure 8.13 - Impressions average rating by

: Y , scale.
“(*)” denotes results obtained from 1™ experiment
Perceptions ratings by seating ratio Perceptions ratings by scale
W 5 Y, ) 0O
£ £ ——"°
s 1 51
-4 b = =3 -4 P o
Y 0 O e =S %o m
E V2l E ( ra
v 1 o-1
> >
< \/ < 2
1%(*) 1% 3% 5% (%)  10% S(600) M(2000) L(3500)
Seating ratio Scale
==0==Size =={J}==Greenery amount ==0==Size e==Greenery amount
==f= Greenery Placement ==0==Seating Amount ==f=Greenery Placement ==0==Seating Amount
=== Seating Placement Seating Design === Seating Placement Seating Design
View View

Figure 8.14 - Perceptions average rating by
seating ratio.

"(*)” denotes results obtained from 1st experiment

Figure 8.15 - Perceptions average rating by
scale.

As with the first experiment, increasing seating ratio to 3% also increased Willingness to
Pay and Stay. This shows a perceived improvement in the overall quality of the
environment and not only in specific individual metrics: users perceived the environment
as, overall, better and were willing to stay longer and pay more for a cup of coffee based
solely on the amount of seats in the POPS.

8.4 Multi-regression Analysis

A Multi-regression analysis was conducted. While the analysis of variance allows for the
evaluation of the presence/absence of a variable effect and to identify which levels are
different from others, the multiple regression analysis allows a quantification of each level
of each variable for each evaluation scale, which allows for a simple and quick comparison
between different scenarios. Table 8.5 summarizes the results.
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Table 8.5 - Formulae from seating ratio and environment scale.

Scale Formulae R2 | Prob>tratio
-0.83 [if seating ratio = 1%] | -0.55 [if scale is 600]
Stay Activity +0.88 | +0.68 [if seating ratio = 3%] | +0.43 [if scale is 2000] 0.25 <.0001**
+0 [if seating ratio = 10%] +0 [if scale is 3500]
-0.58 [if seating ratio = 1%] | -0.24 [if scale is 600]
Eat/Drink Activity +1.06 | +0.51 [if seating ratio = 3%] | +0.32 [if scale is 2000] 0.15 <.0001**
+0 [if seating ratio = 10%] +0 [if scale is 3500]
-0.42 [if seating ratio = 1%] | -0.37 [if scale is 600]
Rest Activity +0.77 +0.5 [if seating ratio = 3%] | +0.12 [if scale is 2000] 0.09 0.0022**
+0 [if seating ratio = 10%] +0 [if scale is 3500]
+0.44 [if seating ratio = 1%] | +0.16 [if scale is 600] 8(5)2 Eggggzﬂ
Wait Activity +0.31 | +0.56 [if seating ratio = 3%] | +0.03 [if scale is 2000] +0 '12 [2000xlg/] 0.24 <.0001**
+0 [if seating ratio = 10%)] +0 [if scale is 3500] +0'21 [2000)(3%(:]
-0.03 [if seating ratio = 1%] | -0.53 [if scale is 600]
Read Activity -0.28 | +0.37 [if seating ratio = 3%] | +0.4 [if scale is 2000] 0.08 0.0047**
+0 [if seating ratio = 10%)] +0 [if scale is 3500]
-0.52 [if seating ratio = 1%]
Appeal +0.1 +0.65 [if seating ratio = 3%] 0.12 <.0001**
+0 [if seating ratio = 10%)]
-0.59 [if seating ratio = 1%] | -0.38 [if scale is 600]
Interest -0.34 | +0.52 [if seating ratio = 3%] | +0.38 [if scale is 2000] 0.17 <.0001**
+0 [if seating ratio = 10%] +0 [if scale is 3500]
-0.58 [if seating ratio = 1%] | +0.52 [if scale is 600]
Enclosure -0.53 | -0.12 [if seating ratio = 3%] | +0.15 [if scale is 2000] 0.17 <.0001**
+0 [if seating ratio = 10%] +0 [if scale is 3500]
-0.54 [if seating ratio = 1%] | -0.28 [if scale is 600]
Atmosphere +0.82 | +0.21 [if seating ratio = 3%] | +0.09 [if scale is 2000] 0.10 0.0010**
+0 [if seating ratio = 10%] +0 [if scale is 3500]
+0.33 [if seating ratio = 1%]
Relaxation +0.02 | +0.63 [if seating ratio = 3%] 0.17 <.0001**
+0 [if seating ratio = 10%]
+0.52 [if seating ratio = 1%] | -0.63 [if scale is 600]
Openness +0.68 | +0.44 [if seating ratio = 3%] | +0.14 [if scale is 2000] 0.24 <.0001**
+0 [if seating ratio = 10%] +0 [if scale is 3500]
-0.55 [if seating ratio = 1%] +0.5 [if scale is 600]
Oppression -0.68 | -0.38 [if seating ratio = 3%] | +0.02 [if scale is 2000] 0.23 <.0001**
+0 [if seating ratio = 10%] +0 [if scale is 3500]
-1.29 [if seating ratio = 1%] | -0.51 [if scale is 600]
Liveliness +0.23 | -0.13 [if seating ratio = 3%] | +0.41 [if scale is 2000] 0.46 <.0001**
+0 [if seating ratio = 10%] +0 [if scale is 3500]
-0.45 [if seating ratio = 1%] | -0.55 [if scale is 600]
Diversity -0.45 +0.5 [if seating ratio = 3%] | +0.4 [if scale is 2000] 0.15 <.0001**
+0 [if seating ratio = 10%] +0 [if scale is 3500]
-1.47 [if scale is 600]
Size Perception 0.7 +0.16 [if scale is 2000] 0.42 <.0001**
+0 [if scale is 3500]
-0.52 [if scale is 600]
Greenery Amount -0.04 +0.46 [if scale is 2000] 0.09 0.0002**
+0 [if scale is 3500]
-0.36 [if seating ratio = 1%] | +0.09 [if scale is 600]
Greenery Placement +0.36 | +0.40 [if seating ratio = 3%] | +0.11 [if scale is 2000] 0.06 0.0242*
+0 [if seating ratio = 10%)] +0 [if scale is 3500]
-1.92 [if seating ratio = 1%] | -0.73 [if scale is 600]
Seat Amount +0.17 | -0.07 [if seating ratio = 3%] | +0.43 [if scale is 2000] 0.75 <.0001**
+0 [if seating ratio = 10%] +0 [if scale is 3500]
Seat Placement No valid model.
Seat Design No valid model.
View No valid model.
-26.67 [if seating ratio = 1%)]
Willingness to Pay | +258.33 | +40 [if seating ratio = 3%] 0.06 0.0065**
+0 [if seating ratio = 10%]
-4.22 [if seating ratio = 1%]
Willingness to Stay +26.22 [+7.11 [if seating ratio = 3%)] 0.06 0.0028**

+0 [if seating ratio = 10%]
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8.5 Nominal Logistic Regression Analysis

At last, we conducted a logistic regression analysis for each scale. Logistic regressions use
the raw data to plot the response along the range of the dependent variable. In this kind of
analysis, it is possible to identify what percentage of respondents would find any value of
the dependent variable acceptable or not, which allows for a dynamic visualization of the
effects the variables have in each scale and is not constrained by interpretations of
average. Alongside each regression plot, the regression model and its probability range is
provided.

Several scales had a response better fitted for quadratic rather than linear functions. In
those cases, linear regression will not yield a valid regression model and a quadratic
logistic regression is provided. When plotted into a quadratic surface, the probabilities of
higher and lower responses are maximized. The quadratic plot uses the same arithmetic
and structural parameters, but the curves are plotted as to become a folded pile of curves
with the optimal response at the same point (critical value) instead of shifting logistic
curves. While the continuous response plot displays the population response score along
the variables range, the quadratic surface plot is centered around a critical value “X” that
will yield the highest probability of favorable outcomes (highest scores). Critical values are
plotted at Mean (X) - 0.5*b1/b2 where “b1” is the linear coefficient and “b2” is the
quadratic coefficient.

Even when a linear or quadratic model was not statistically significant, the analysis is
shown for comparison purposes. For easy recognition, models that were not statistically
significant are shaded gray.

The graph is divided in three areas, from negative, neutral to positive responses. The 7
point scale was divided into three segments: -3, -2, -1 as negatives; 0 as neutral and +1, +2,
+3 as positive. In other words, answers that included “extremely agree”, “agree” and
“somewhat agree” with the negative side of the scale (e.g.: unsuitable, unappealing, etc.) is

plotted as negative; “neither” is plotted as neutral and “extremely agree”, “agree” and
“somewhat agree” with the positive side of the scale is plotted as positive.

8.5.1 Activities

8.5.1.1 Stay Activity
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Figure 8.16 - Logistic Regression for Stay Figure 8.17 - Quadratic Logistic Regression for
Activity from Seating Ratio Stay Activity from Seating Ratio
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Table 8.6 — Logistic Model for Stay Activity based on seating ratio:
Curve Logistic function R? Prob.>ChiSq
Upper  In(Y/(1-Y)) =-0.75 - 10.70* [seating ratio] ~ 0.02 p = 0.0952
Lower In (Y/(1-Y)) = - 1.59 - 6.19* [seating ratio] 0.04 p =0.0952

A statistically significant logistic regression model could not be made for stay activity from
seating ratio. The quadratic logistic regression model was statistically significant (R2=
0.11; p <.0001) and shows a critical value of 0.06, or 6% of floor area ratio as seating being
optimal for stay activity.

8.5.1.2 Eat/Drink Activity

No statistically significant logistic regression model could not be made to Eat/drink
activity from seating ratio. The quadratic logistic regression model was statistically
significant (R2=0.11; p <.0001) and shows a critical value of 0.05, or 5% of floor area ratio
as seating being optimal for eat/drink activity.
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Figure 8.18 - Logistic Regression for Eat/drink Figure 8.19 - Quadratic Logistic Regression for
Activity from Seating Ratio Eat/drink Activity from Seating Ratio

Table 8.7 — Logistic Model for Eat/Drink Activity based on seating ratio:
Curve Logistic function Rz Prob.>ChiSq
Upper In (Y/(1-Y)) =-1.27 - 7.36* [seating ratio] ~ 0.01 p=0.1783
Lower In (Y/(1-Y))=-2.46 - 7.43* [seating ratio]  0.01 p=0.1783

8.5.1.3 Rest activity:

No statistically significant logistic regression model could be made for rest activity from
seating ratio. The quadratic logistic regression model was statistically significant (R2=
0.03; p = 0.0447) and shows a critical value of 0.06, or 6% of floor area ratio as seating
being optimal for rest activity.
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Table 8.8 — Logistic Model for Rest Activity based on Seating Ratio:

Curve Logistic function R? Prob.>ChiSq
Upper In (Y/(1-Y)) = - 1.10 - 1.27* [seating ratio] _
Lower In (Y/(1-Y)) = - 1.66 - 10.94* [seating ratio] DRLA p=0.33

8.5.1.4 Wait activity:

A statistically significant logistic regression model could be made for wait activity from
seating ratio. The quadratic logistic regression model was also statistically significant (R2=
0.11; p <.0001) but since the relationship between variables is linear, it does not provide a

useful critical value.
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Figure 8.23 - Quadratic Logistic Regression for
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Table 8.9 - Logistic Model for Wait Activity based on Seating Ratio:

Curve Logistic function R? Prob.>ChiSq
Upper In (Y/(1-Y)) = - 1.57 + 24.55* [seating ratio] o
Lower In(Y/(1-Y)) = - 2.30 + 13.88* [seating ratio] 0.10 p <0001
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8.5.1.5 Read activity:

No statistically significant logistic regression model or quadratic logistic regression model
(R2=0.02; p=0.0776) could be made for read activity from seating ratio.
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Figure 8.24 - Logistic Regression for Read Figure 8.25 - Quadratic Logistic Regression for
Activity from Seating Ratio Read Activity from Seating Ratio
Table 8.10 — Logistic Model for Read Activity based on Seating Ratio:
Curve Logistic function R? Prob.>ChiSq

Upper In (Y/(1-Y)) = - 0.07 + 7.12* [seating ratio]

Lower In (Y/(1-Y)) = - 0.79 - 1.76* [seating ratio] e Sl

8.5.2 Impressions

8.5.2.1 Appeal:

No statistically significant logistic regression model could be made for appeal from seating
ratio. The quadratic logistic regression model was statistically significant (R2= 0.08; p
<.0001) and shows a critical value of 0.05 and 0.06, or 5 to 6% of floor area ratio as seating
being optimal for impressions of environment appeal.

Table 8.11 - Logistic Model for Appeal based on Seating Ratio:
Curve Logistic function R? Prob.>ChiSq
= _ = — _ * o o
Upper In Q('/(l Y)) 0.24 +2.23 [seat'lng rat}o] 0.009 p=0.19
Lower In (Y/(1-Y)) =-0.70 - 8.93* [seating ratio]
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Figure 8.26 - Logistic Regression for Appeal Figure 8.27 - Quadratic Logistic Regression for
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8.5.2.2 Interest:

No statistically significant logistic regression model could be made for interest from
seating ratio. The quadratic logistic regression model was statistically significant (R2=
0.07; p <.0001) and shows a critical value of 0.06, or 6% of floor area ratio as seating being
optimal for impressions of environment interest.
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Figure 8.28 - Logistic Regression for Interest  Figure 8.29 - Quadratic Logistic Regression for
from Seating Ratio. Interest from Seating Ratio

Table 8.12 - Logistic Model for Interest based on Seating Ratio:
Curve Logistic function R? Prob.>ChiSq
Upper In (Y/(1-Y)) = + 0.75 - 3.44* [seating ratio]
Lower In (Y/(1-Y)) = - 0.60 + 1.23* [seating ratio]

0.003 p =0.5889

8.5.2.3 Enclosure:

A statistically significant logistic regression model could be made for enclosure from
seating ratio. The quadratic logistic regression model was also statistically significant (R2=
0.07; p = 0.0004) but since the relationship between variables is linear it does not provide
a useful critical value.
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from Seating Ratio Enclosure from Seating Ratio

Table 8.13 - Logistic Model for Enclosure based on Seating Ratio:
Curve Logistic function R? Prob.>ChiSq
Upper In (Y/(1-Y)) = + 1.13 - 15.85* [seating ratio] ok
Lower In (Y/(1-Y)) = - 2.43 + 9.20* [seating ratio] 0.06 p<.0001

8.5.2.4 Atmosphere:

No statistically significant logistic regression model could be made for atmosphere from
seating ratio. The quadratic logistic regression model was statistically significant (R2=
0.03; p = 0.0328) and shows a critical value close to 0.06, or 6% of floor area ratio as
seating being optimal for impressions of environment atmosphere.
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Figure 8.32 - Logistic Regression for Figure 8.33 - Quadratic Logistic Regression for
Atmosphere from Seating Ratio Atmosphere from Seating Ratio

Table 8.14- Logistic Model for Atmosphere based on Seating Ratio:
Curve Logistic function R? Prob.>ChiSq
Upper In (Y/(1-Y)) = - 0.77 - 12.67* [seating ratio] _
Lower  In(Y/(1-¥)) = - 1.06 - 0.94* [seating ratio] 0.015 p=00842
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8.5.2.5 Relaxation

A statistically significant logistic regression model could be made for relaxation from
seating ratio. The quadratic logistic regression model was also statistically significant (R2=
0.11; p <.0001) and shows a critical value close to 0.04, or 4% of floor area ratio as seating
being optimal for impressions of environment relaxation.
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Figure 8.34 - Logistic Regression for
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Figure 8.35 - Quadratic Logistic Regression
for Relaxation from Seating Ratio

Table 8.15 - Logistic Model for Relaxation based on Seating Ratio:

Curve Logistic function

R2 Prob.>ChiSq

Upper In (Y/(1-Y)) = - 1.15 - 24.86* [seating ratio]
Lower In (Y/(1-Y)) = - 1.20 - 3.69* [seating ratio]

0.09 p <.0001**

8.5.2.6 Openness:
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Figure 8.36 - Logistic Regression for
Openness from Seating Ratio
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Figure 8.37 - Quadratic Logistic Regression
for Openness from Seating Ratio
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Table 8.16 — Logistic Model for Openness based on Seating Ratio:

Curve Logistic function

R2 Prob.>ChiSq

Upper  In(Y/(1-Y)) = - 2.25 - 27.62* [seating ratio]
Lower In (Y/(1-Y)) = - 1.86 - 7.07* [seating ratio]

0.11 p <.0001**
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A statistically significant logistic regression model could be made for openness from
seating ratio. The quadratic logistic regression model was also statistically significant (R2=
0.12; p <.0001) but since the relationship between variables is linear it does not provide a
useful critical value.

8.5.2.7 Oppression:

A statistically significant logistic regression model could be made for oppression from
seating ratio. The quadratic logistic regression model was also statistically significant (R2=
0.12; p <.0001) but since the relationship between variables is linear it does not provide a
useful critical value.
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Figure 8.38 - Logistic Regression for Figure 8.39 - Quadratic Logistic Regression for
Oppression from Seating Ratio Oppression from Seating Ratio

Table 8.17 - Logistic Model for Oppression based on Seating Ratio:
Curve Logistic function R? Prob.>ChiSq
Upper In (Y/(1-Y)) = + 1.88 - 22.97* [seating ratio]
Lower In (Y/(1-Y)) = - 0.87 - 9.31* [seating ratio]

0.09 p <.0001**

8.5.2.8 Liveliness:

A statistically significant logistic regression model could be made for liveliness from
seating ratio. The quadratic logistic regression model was also statistically significant (R2=
0.21; p <.0001) and shows a critical value close to 0.08, or 8% of floor area ratio as seating
being optimal for impressions of environment liveliness.

Table 8.18 — Logistic Model for Liveliness based on Seating Ratio:
Curve Logistic function R? Prob.>ChiSq
Upper In (Y/(1-Y)) = + 1.70 - 46.11* [seating ratio]
Lower In (Y/(1-Y)) = + 0.12 - 21.25* [seating ratio]

0.19 p <.0001**
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Figure 8.40 - Logistic Regression for Liveliness Figure 8.41 - Quadratic Logistic Regression for
from Seating Ratio. Liveliness from Seating Ratio.

8.5.2.9 Diversity:

A statistically significant logistic regression model could not be made for diversity from
seating ratio. The quadratic logistic regression model was statistically significant (R2=
0.04; p = 0.0069) and shows a critical value close to 0.06, or 6% of floor area ratio as
seating being optimal for impressions of environment diversity.
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Figure 8.42 - Logistic Regression for Diversity = Figure 8.43 - Quadratic Logistic Regression for
from Seating Ratio. Diverstity from Seating Ratio.

Table 8.19 - Logistic Model for Diversity based on Seating Ratio:
Curve Logistic function R? Prob.>ChiSq
Upper  In(Y/(1-Y)) =+ 0.63 + 0.26* [seating ratio] _
Lower  In (Y/(1-¥)) = - 0.21 - 3.34* [seating ratio] 0.0014 p=07783
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8.5.3 Perceptions

8.5.3.1 Size Perception:

A statistically significant logistic regression model could be made for size perception from
seating ratio. The quadratic logistic regression model was not statistically significant (R2=
0.02; p=0.0839).
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Figure 8.44 - Logistic Regression for Size
Perception from Seating Ratio.
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Figure 8.45 - Quadratic Logistic Regression for

Size Perception from Seating Ratio.

Table 8.20 - Logistic Model for Size Perception based on Seating Ratio:

Curve Logistic function R? Prob.>ChiSq
Upper In (Y/(1-Y)) = -1.19 + 12.39* [seating ratio] B
Lower In (Y/(1-Y)) = - 1.60 + 5.88* [seating ratio] 0.02 p=0.0169

8.5.3.2 Greenery amount:
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Figure 8.46 - Logistic Regression for Greenery

Amount from Seating Ratio.
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Figure 8.47 - Quadratic Logistic Regression for

Greenery Amount from Seating Ratio.

Table 8.21 - Logistic Model for Greenery Amount based on Seating Ratio:

Curve Logistic function R? Prob.>ChiSq
Upper  In (Y/(1-Y)) = - 0.10 + 3.46* [seating ratio] _
Lower  In(Y/(1-Y)) = - 0.43 + 4.33* [seating ratio] 0.0002 DS (UERE S
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No statistically significant logistic regression model or quadratic logistic regression model
could be made for greenery amount from seating ratio.

8.5.3.3 Greenery placement:

No statistically significant logistic regression model could be made for greenery placement
from seating ratio. The quadratic logistic regression model was statistically significant (R2
= 0.03; p = 0.0176) and shows a critical value close to 0.06, or 6% of floor area ratio as
seating being optimal for impressions of greenery placement.
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Figure 8.48 - Logistic Regression for Greenery Figure 8.49 - Quadratic Logistic Regression for
Placement from Seating Ratio. Greenery Placement from Seating Ratio

Table 8.22 - Logistic Model for Greenery Placement based on Seating Ratio:
Curve Logistic function R2 Prob.>ChiSq
Upper In (Y/(1-Y)) = - 0.41 - 2.97* [seating ratio] _

Lower In (Y/(1-Y)) =-0.77 + 2.05* [seating ratio] 0.002 p=0.6401

8.5.3.4 Seat Amount:
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Table 8.23 - Logistic Model for Seat Amount based on Seating Ratio:
Curve Logistic function R? Prob.>ChiSq
Upper In (Y/(1-Y)) = + 4.32 - 134.70* [seating ratio]
Lower In (Y/(1-Y)) = + 1.97 - 43.04* [seating ratio]

0.38 p=<0.001**

A statistically significant logistic regression model could be made for seat amount from
seating ratio. The quadratic logistic regression model was also statistically significant (R2=
0.42; p <.0001) and shows a critical value close from 0.04 to 0.09, or 4 to 9% of floor area
ratio as seating being optimal for perceptions of seat amount.

8.5.3.5 Seat Placement:

No statistically significant logistic regression model or could be made for seat placement
from seating ratio. The quadratic logistic regression model was statistically significant (R2
=0.03; p = 0.0334) and shows a critical value between 0.05 and 0.06, or between 5 and 6%
of floor area ratio as seating being optimal for impressions of seat placement.
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Figure 8.52 - Logistic Regression for Seat Figure 8.53 - Quadratic Logistic Regression for
Placement from Seating Ratio. Seat Placement from Seating Ratio.

Table 8.24 - Logistic Model for Seat Placement based on Seating Ratio:
Curve Logistic function R? Prob.>ChiSq
Upper  In (Y/(1-Y)) = - 0.28 + 4.94* [seating ratio] _

Lower  In (Y/(1-¥)) = - 0.79 - 4.40* [seating ratio] 0.008 p=02280

8.5.3.6 Seat Design:

No statistically significant logistic regression model or quadratic logistic regression model
(Rz= 0.0045; p = 0.8388) could be made for the perception of seat design from seating
ratio.

Table 8.25 - Logistic Model for Seat Design based on Seating Ratio:
Curve Logistic function R? Prob.>ChiSq
Upper  In(Y/(1-Y))=-1.57 - 6.41* [seating ratio] _

Lower In(Y/(1-¥)) = - 0.34 - 3.75* [seating ratio] UL PSS
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Figure 8.54 - Logistic Regression for Seat Figure 8.55 - Quadratic Logistic Regression for
Design from Seating Ratio. Seat Design from Seating Ratio.
8.5.3.7 View:

A statistically significant logistic regression model could be made for view from seating
ratio. The quadratic logistic regression model was also statistically significant (Rz2=0.03; p
= 0.0323) and shows a critical value close to 0.05, or 5% of floor area ratio as seating being
optimal for perceptions of view.
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Figure 8.56 - Logistic Regression for View from Figure 8.57 - Quadratic Logistic Regression for
Seating Ratio. View from Seating Ratio.

Table 8.26 — Logistic Model for Seat Amount based on Seating Ratio:
Curve Logistic function R? Prob.>ChiSq
Upper In(Y/(1-Y)) =-0.27 - 11.57* [seating ratio] _ "
Lower In(Y/(1-Y)) = - 0.42 + 5.06* [seating ratio] 0.02 p=0.0408
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9 THIRD EXPERIMENT: TREES
EFFECT RANGE

The first experiment investigated the presence/absence of an effect of and the
presence/absence of interactions of tree ratio to tree height and seating ratio and, for that
purpose, adopted 20% and 40% of floor area ratio (FAR) as the variable levels. It
identified an effect of tree ratio on 9 out of 23 measurement scales. This experiment
expands the range of tree ratio from 5% to 50% and investigates the effects and possible
interactions with environment scale.

9.1 Implementation

The same methodology adopted in the first experiment was adopted for practical and
comparative purposes. This experiment adopted two variables, each varying in three
levels: tree ratio at 5%, 10% and 50% and environment size varying from small (600m2),
medium (2000m2) and large (3500mz2), resulting in 9 different environment combination
(Table 9.1). All other variables, such as surrounding buildings, amount of bushes, seats or
cars were controlled for. The stimuli created can be seen in Figure 9.1 to Figure 9.9.

Table 9.1 - Stimuli Matrix

Small (600m2) Medium (2000m?2) Large (3500m?2)

Tree cover ratio at 5% So01 S04 S07
Tree cover ratio at 10% S02 S05 S08
Tree cover ratio at 50% S03 S06 S09

An immersive virtual environment (IVE) of each stimulus was digitally modeled using
SketchUp and compiled into the software Unity for materials, lighting and camera
positioning. Participants experienced the environment through an Oculus rift HMD and
were able to move around it using a Logicool gamepad.

Stimuli consisted of the same plaza used for the second experiment, (10% of floor area
covered by bushes, 3 of its sides open to 7m wide streets and the fourth side occupied by a
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building with a coffee shop at the ground level and 4m wide sidewalks) with the only
difference being that tree ratio varied and seating was fixed at 3% of FAR (Figs. 9.1 to 9.9).

The same questionnaire and same proceeding was used.

Figure 9.7 - Stimulus 07 Figure 9.8 - Stimulus 08

Figure 9.9 - Stimulus 09

9.1.1 Participants

A total of 20 participants (13 Male, 7 Female) took part in the study, each evaluating all 9
stimuli, with a total of 180 observations. They were all Japanese university students from
different fields of study and averaged 21.3 years of age (SD=1.89)

9.2 Results

To evaluate the effects of tree ratio and environment scale in each measurement scale, an
analysis of variance was conducted and the following results were found:
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9.2.1 Activities:

Tree Cover Ratio had an effect on Read activity and increasing it from 5% or 10% to 50%
increased perceived suitability for Read activity. It also had a small effect in Stay and Rest
activities. But only between the ratios of 5% and 50%, while no statistical difference could
be perceived between 5% and 10% or 10% and 50% of Tree Cover Ratio. No effect of Tree
Cove Ratio could be observed on Eat/drink or Wait activity (Table 9.2).

Scale also had an effect in Stay, Rest and Read activities where small environments were
worse than medium or large environments but no statistical difference was observed
between medium and large scale environments and no interaction was observed.

For Wait activity, small environments were perceived as more suitable than medium or
large environments while no statistically difference could be observed between medium
and large environments. No effect of scale was observed in Eat/drink activity and no
interaction between Tree Cover Ratio and environment Scale was observed for any activity
(Table 9.2).

Table 9.2 - Effect on Activities

Stay Eat/drink Rest Read Wait
Tree Cover Ratio 10.76** 3.45%* 12.70**
Scale 6.64* 8.20* 9.70%* 6.77*
TCR x Scale
R2 0.17 0.12 0.22 0.08

values expressed are F (2,171); ** = p<.0001; * = p<0.005.

9.2.2 Impressions:

A direct effect of Tree Cover Ratio could be seen in Appeal and increasing Tree Cover Ratio
improved environment Appeal at all levels.

Interest, Enclosure, Relaxation, and Oppression had no effect when Tree Cover Ratio was
increased from 5% to 10% but a positive effect could be seen between 5% and 50% and
between 10% and 50%.

A negative effect of Tree Cover Ratio could be perceived in the impressions of Openness and
when Tree Cover Ratio was increased from 5% or 10% to 50% the environment was
perceived as less Open.

Diversity was affected by Tree Cover Ratio, but only when increasing it up to 50% and no
statistical difference could be observed between 5% and 10% or 10% and 50%. Tree Cover
Ratio had no effect in Atmosphere or Liveliness.

The environment Scale had a direct effect in Openness perception and the larger the
environment, the more open it was perceived. Interest, Liveliness and Diversity were also
affected by scale and small environments were worse than medium or large ones. No
difference between medium and large environments was observed.

Atmosphere was also affected by Scale and large environments were perceived as better
than small ones. No difference between medium and large or small and large
environments was observed.

Medium and large environments were perceived as less Enclosed than small environments
and small environments were perceived as more Oppressive than large ones although no
statistical difference could be observed between small and medium or medium and large
environments.
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No effect of environment Scale could be observed for environment Appeal or Relaxation.
Interactions between Tree Cover Ratio and environment Scale could be observed only in
impressions of Enclosure (R2 = 0.36; F (4, 171) = 3.59; p = 0.0078), Openness (Rz2 = 0.33; F
(4,171) =2.89; p = 0.0237) and Oppression (R2=0.15; F (4,171) = 2.90; p = 0.0235) where
large environments with 50% of tree ratio coverage were perceived as less open, more
enclosed and more oppressive than expected. No other interaction between Tree Cover
Ratio and environment Scale could be observed in any perception scale.

Table 9.3 - TCR and Scale Effects on Impressions

= o
-
> 5 s 3§ & S 0z 3 S
o ot = o L [©] = ) <
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e o 0 o =1 = ) = 1
= 4 5 g 9 2 s 2 g
o 3 = e S v
Tree Cover Ratio 14.74** 12.32** 31.53** 15.03** 17.80** 5.33* 3.62*
Scale 9.22* 9.53** 4.77* 18.27** 4,03* 11.50** 12.04**
TCR x Scale 3.59* 2.89* 2.90*
Rz 0.17 0.20 036 0.09 0.15 033 0.15 0.12 0.16

values expressed are F (2, 171); ** = p<.0001; * = p<0.005.

9.2.3 Perception:

Tree Cover Ratio directly affected the perception of Greenery Amount and increasing tree
coverage increased perceived greenery amount at all levels. View required a larger
coverage ratio to be affected and an effect could be observed when the ratio was
incremented from 5% to 50% and from 10% to 50% but no effect was observed when
incrementing from 5% to 10%.

A small effect could be perceived with Greenery Placement and Seat Amount where
increasing tree ratio from 5% to 50% improved perception but no effect could be seen in
increments from 5% to 10% or 10% to 50%. Tree Cover Ratio did not have an effect in the
perception of Size, Seat Placement or Seat Design.

Environment Scale matched actual environment Size at all levels, showing that no scale
perception bias arouse from the selected method. No interaction between Tree Cover Ratio
and environment Size was observed.

An effect of scale could be observed in Greenery Amount, Seat Amount and View
perception. Small environments were perceived as having less seats/greenery and worst
view than medium or large scale environments with the same ratio (i.e.: greenery at 10%
of floor area), no statistical difference could be observed between medium and large
environments and no interaction was observed.

No effect of Scale nor interactions could be observed in the perception of greenery
placement, seat placement or seat design.
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Table 9.4 — TCR and Scale Effects on Perceptions
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Tree Cover Ratio 72.17** 6.49* 3.83* 7.45*
Scale 88.30** 12.36** 18.81** 14.37**
TCR x Scale
R2 0.52 0.50 0.10 0.21 0.22

values expressed are F (2, 171); ** = p<.0001; * = p<0.005

9.2.4 Willingness to pay and willingness to stay:

Tree Cover Ratio had a positive effect on both Willingness to Pay (R2 = 0.10; F (2, 171) =
6.30; p = 0.0023) and Willingness to Stay (Rz = 0.22; F (2, 171) = 14.19; p <.0001) and
people were willing to pay more and stay longer in environments with 50% of tree
coverage than in environments with only 5% of tree ratio coverage. No statistical
difference could be observed between 5% and 10% or 10% and 50%.

Scale also had an effect and people were Willing to Pay (R2 = 0.10; F (2, 171) =3.37;p =
0.0333) more and Willing to Stay (R2=0.22; F (2,171) = 8.66; p = 0.0003) longer at larger
environments than small ones. Additionally, people also were willing to stay more in
medium sized environments than small ones, although this could not be observed in
willingness to pay. No interaction between scale and tree ratio was observed.

In numbers, when Tree Cover Ratio was at 50% of floor area, participants were Willing to
Pay up to 16.8% more and spend 34% more time than at times when trees covered only
5% of the floor area. People were also Willing to Pay 12.4% more and stay 40.9% longer in
larger environments than in smaller ones and stay 52.3% more in medium sized
environments than in small ones.

9.2.5 Demographic analysis

The influence of gender and architectural background were tested and are shown below.

9.2.5.1 Effects of gender

The averaged data by stimuli and gender was used to analyze the effects of gender. There
were two data points for each stimulus, one for the male average answer (13 participants)
and another for the female (7 participants) averaged answer. Analysis of variance was
done with gender as predictor for each of the 23 evaluation scales, using those 18 data

points.

Whiting the 23 different evaluation scales (Table 3.1) gender effect was found in
Atmosphere (R2=0.28; F (1, 17) = 6.19; p = 0.0243) and Seat Placement (R2= 0.22; F (1, 17)
= 4.56; p = 0.0485) with women judging the environment as having a better Atmosphere
and better Placed Seats being better than as judge by men. All other evaluation scales had
no significant gender effect.

9.2.5.2 Effects of architectural background

The averaged answer by background and stimuli was used to test for the effects of
architectural background, resulting in 18 data points: two for each stimulus, one for
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architecture students and another for non-architect students. An analysis of variance using
background as predictors for each of the 23 evaluation scales was conducted.

Only Atmosphere (R2= 0.22; F (1, 17) = 4.60; p = 0.0476) was affected by architectural
background, with architectural students perceiving the environment as having a worse
atmosphere than non-architecture students. This notion agrees with Llinares & Inarra,
(2014) and Akalin, Yildirm, Wilson & Kilicoglu (2009) that people with architectural
background are more critical of the environment than laypeople. All other scales had no
significant effect of architectural background.

9.3 Discussion

In agreement with the first experiment, Tree Cover Ratio had a clear effect in suitability for
read activity. A small effect in stay and rest activities was also observed in the this but not
in the first experiment. Since the improvement of perceived suitability was small for these
two activities, it could only be observed at greater differences of Tree Cover Ratio (e.g. 5%
and 50%) but not at smaller (e.g, 20% and 40%) ones, when the effects seem to be
negligible. Also in agreement with the first experiment, no effect could be observed for
Eat/drink or Wait activities (Figure 9.10).

Activities suitability rating by tree ratio Activities suitability rating by tree ratio
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==0==Stay =={l==FEat ==—fy==Rest === Wait === Read ==0==Stay =={==Eat ==f==Rest ===Wait === Read

Figure 9.10 - Activities average scores by

Tree Cover Ratio.
«(+)» denotes results obtained in the 1st experiment.

Figure 9.11 - Activities average scores by
scale.

Perception of Appeal, Interest, Enclosure, Relaxation, Openness and Oppression were
affected by Tree Cover Ratio in a similar manner as the first experiment, as were the
absence of effects on the Atmosphere and Liveliness evaluation scales. A difference could be
observed in the impression of Diversity: although in the first experiment no effect was
found, a small effect could be observed when increasing tree ratio from 5% to 50% (Figure
9.12). This too can be expected as the effect is small and could only be observed at a high
ratio difference.

Perception of Greenery Amount, Seat Placement and Seat Design was consistent with the
first experiment. Greenery Placement and Seat Amount showed a small effect, while no
effect was found in the first experiment which may be explained by Tree Cover Ratio range
evaluated. Differences between experiments could be observed in view and environment
Size perception scales: while the first experiment found a small effect of Tree Cover Ratio
in the perception of environment size and no effect on perceived View, no effect was found
for the perception of environment Size and a small effect in View perception (Figure 8.14)
in this experiment. Since in both cases the effect observed is small, differences could be
attributed to Tree Cover Ratio range studied, but further investigations are necessary for
conclusive results.
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Figure 9.14 - Perceptions average scores by

Tree Cover Ratio.
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Figure 9.15 - Perceptions average scores by
scale.

Overall, when the effect of Tree Cover Ratio is present it seems to follow a response curve
similar to that proposed by Jiang, Larsen Deal & Sulivan (2015) in which, although there is
an effect, it offers only a small improvement in perception/impression/suitability in the
ranges from 5% and 50% and large increments in the range between 0% and 5%. The only
exceptions to this pattern were the perception of greenery amount and enclosure, both
with a more steep increment curve.

The effects of Scale partially agreed with the suppositions drawn in the first experiment,
that small environments are perceived somewhat different than other environments.
Small environments were perceived to be less suitable for Stay, Rest and Read activity,
more suitable for Wait activity, less Open, less Interesting, less Lively, less Diverse, more
Enclosed, more Oppressive, smaller, having less Seats, less Greenery and worst View.

No consistent difference was observed, however, between medium and large scale
environments, with the exception of Atmosphere, where large environments were
perceived as better than medium or small environments.

Environment Scale had not observable effect in suitability for Eat/drink activity,
impression of Appeal, Relaxation or perception of Greenery Placement, Seat Placement or
Seat Design.
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9.4 Multi-regression analysis

A Multi-regression analysis was also conducted for Tree Cover Ratio as to allow for a
quantification of each level of each variable for each evaluation scale, allowing for a simple
and quick comparison between different scenarios.

Table 9.5 - Formulae for Tree cover ratio and environment size.

Scale Formulae R2 | Prob>tratio
-0.49 [if Tree Cover Ratio = 5%] | -0.44 [if scale is 600]
Stay Activity +1.31 | +0.01 [if Tree Cover Ratio = 10%] | +0.19 [if scale is 2000] 0.17 <.0001**
+0 [if Tree Cover Ratio = 50%] +0 [if scale is 3500]
-0.32 [if Tree Cover Ratio =5%] | -0.21 [if scale is 600]
Eat/Drink Activity | +1.17 | +0.19 [if Tree Cover Ratio = 10%] | -0.02 [if scale is 2000] 0.05 0.0479*
+0 [if Tree Cover Ratio = 50%] +0 [if scale is 3500]
-0.23 [if Tree Cover Ratio = 5%] | -0.46 [if scale is 600]
Rest Activity +1.21 | -0.06 [if Tree Cover Ratio = 10%] | +0.16 [if scale is 2000] 0.12 0.0002**
+0 [if Tree Cover Ratio = 50%] +0 [if scale is 3500]
+0.54 [if scale is 600]
Wait Activity +0.49 -0.11 [if scale is 2000] 0.07 0.0013**
+0 [if scale is 3500]
-0.52 [if Tree Cover Ratio = 5%] | -0.56 [if scale is 600]
Read Activity +0.27 | -0.14 [if Tree Cover Ratio = 10%] | +0.06 [if scale is 2000] 0.21 <.0001**
+0 [if Tree Cover Ratio = 50%] +0 [if scale is 3500]
-0.60 [if Tree Cover Ratio = 5%] | -0.25 [if scale is 600]
Appeal +0.73 | -0.03 [if Tree Cover Ratio = 10%] | +0.02 [if scale is 2000] 0.17 <.0001**
+0 [if Tree Cover Ratio = 50%] +0 [if scale is 3500]
-0.54 [if Tree Cover Ratio =5%] | -0.56 [if scale is 600]
Interest +0.16 | -0.09 [if Tree Cover Ratio = 10%] | +0.11 [if scale is 2000] 0.20 <.0001**
+0 [if Tree Cover Ratio = 50%] +0 [if scale is 3500]
-0.78 [if Tree Cover Ratio = 5%] | +0.59 [if scale is 600] ++00'2169[[55(;/2(X2600000]]
Enclosure -0.36 | -0.36 [if Tree Cover Ratio = 10%] | -0.08 [if scale is 2000] +0'13 [103/ X600] 0.36 <.0001**
+0 [if Tree Cover Ratio = 50%)] +0 [if scale is 3500] +0 '19 [10%;2000]
+0.22 [if Tree Cover Ratio =5%] | -0.35 [if scale is 600]
Atmosphere +0.95 | -0.02 [if Tree Cover Ratio = 10%] | +0.05 [if scale is 2000] 0.07 0.0112*
+0 [if Tree Cover Ratio = 50%] +0 [if scale is 3500]
-0.62 [if Tree Cover Ratio = 5%]
Relaxation +0.58 | -0.12 [if Tree Cover Ratio = 10%)] 0.15 <.0001**
+0 [if Tree Cover Ratio = 50%]
+0.46 [if Tree Cover Ratio = 5%] | -0.64 [if scale is 600] +(§)(§); [[55;4;(268&])]
Openness +0.67 | +0.29 [if Tree Cover Ratio = 10%] | -0.06 [if scale is 2000] _0'23 [103/ X600] 0.33 <.0001**
+0 [if Tree Cover Ratio = 50%)] +0 [if scale is 3500] 0 .26 [10%2(2000]
-0.31 [if Tree Cover Ratio = 5%] | +0.37 [if scale is 600] ++00'1288[[55(;/2(X2600000]]
Oppression -0.84 | -0.13 [if Tree Cover Ratio = 10%] | -0.08 [if scale is 2000] +0'09 [103/ X600] 0.15 0.0004**
+0 [if Tree Cover Ratio = 50%] +0 [if scale is 3500] +0 69 [10%;2000]
-0.68 [if scale is 600]
Liveliness +0.31 +0.22 [if scale is 2000] 0.12 <.0001**
+0 [if scale is 3500]
-0.24 [if Tree Cover Ratio =5%] | -0.67 [if scale is 600]
Diversity -0.04 | -0.14 [if Tree Cover Ratio = 10%] | +0.18 [if scale is 2000] 0.15 <.0001**
+0 [if Tree Cover Ratio = 50%] +0 [if scale is 3500]
-1.39 [if scale is 600]
Size Perception +0.89 +0.15 [if scale is 2000] 0.49 <.0001**
+0 [if scale is 3500]
-1.08 [if Tree Cover Ratio = 5%] | -0.61 [if scale is 600]
Greenery Amount | +0.28 | -0.35[if Tree Cover Ratio = 10%] | +0.27 [if scale is 2000] 0.49 <.0001**
+0 [if Tree Cover Ratio = 50%] +0 [if scale is 3500]
-0.5[if Tree Cover Ratio = 5%)]
Greenery Placement | +0.57 | +0.05 [if Tree Cover Ratio = 10%] 0.07 0.0019**
+0 [if Tree Cover Ratio = 50%]
-0.20 [if Tree Cover Ratio =5%] | -0.60 [if scale is 600]
Seat Amount +0.17 | -0.07 [if Tree Cover Ratio = 10%] | +0.18 [if scale is 2000] 0.21 <.0001**
+0 [if Tree Cover Ratio = 50%] +0 [if scale is 3500]
Seat Placement No valid model.
Seat Design No valid model.
-0.36 [if Tree Cover Ratio = 5%] | -0.64 [if scale is 600]
View +0.29 | -0.12 [if Tree Cover Ratio = 10%] | +0.09 [if scale is 2000] 0.20 <.0001**
+0 [if Tree Cover Ratio = 50%] +0 [if scale is 3500]
-43 [if Tree Cover Ratio = 5%)] -33 [if scale is 600]
Willingness to Pay | +299 -1 [if Tree Cover Ratio = 10%)] +2 [if scale is 2000] 0.10 0.0008**
+0 [if Tree Cover Ratio = 50%] +0 [if scale is 3500]
-8 [if Tree Cover Ratio = 5%] -9 [if scale is 600]
Willingness to Stay | +31 -3 [if Tree Cover Ratio = 10%)] +2.5 [if scale is 2000] 0.21 <.0001**
+0 [if Tree Cover Ratio = 50%] +0 [if scale is 3500]
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9.5 Nominal Logistic Regression

The same logistic regression and quadratic logistic regression analysis were conducted for
tree cover ratio at each scale using raw data to allow for a dynamic visualization of the
effects the variables had at each scale without being constrained by averages
interpretation.

The same treatment described in section 8.5 was applied. Alongside each regression plot,
the regression model and its probability range is provided. For easy recognition, models
that were not statistically significant are shaded gray.

9.5.1 Activities

9.5.1.1 Stay activity:

A statistically significant logistic regression model could be made for Stay activity from
Tree Cover Ratio. The quadratic logistic regression model was also statistically significant
(R2=10.09; p = 0.0005) and shows a critical value of 0.35, or 35% of floor area ratio as tree
cover being optimal for stay activity.
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Figure 9.16 - Logistic Regression for Stay Figure 9.17 - Quadratic Logistic Regression for
Activity from Tree Cover Ratio. Stay Activity from Tree Cover Ratio.

Table 9.6 — Logistic Model for Stay Activity based on Tree Cover Ratio:
Curve Logistic function R? Prob.>ChiSq
Upper In (Y/(1-Y)) = - 0.96 - 6.92* [tree cover ratio] B ok
Lower In (Y/(1-Y)) = - 1.83 - 3.21* [tree cover ratio] 0.08 p =0.0002

9.5.1.2 Eat/Drink activity:

No statistically significant logistic regression model or quadratic logistic regression model
(R2=0.02; p=0.4222) could be made to eat/drink activity from tree cover ratio.

Table 9.7 - Logistic Model for Eat/Drink Activity based on Tree Cover Ratio:
Curve Logistic function R2 Prob.>ChiSq
Upper In (Y/(1-Y)) =-1.63 - 0.67* [tree cover ratio] _

Lower In (Y/(1-Y)) = - 1.62 - 0.92* [tree cover ratio] L
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Figure 9.18 - Logistic Regression for Eat/drink  Figure 9.19 - Quadratic Logistic Regression for
Activity from Tree Cover Ratio. Eat/drink Activity from Tree Cover Ratio.

9.5.1.3 Rest activity:

No statistically significant logistic regression model or quadratic logistic regression model
(R2=0.03; p = 0.1923) could be made for rest activity from tree cover ratio.
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Figure 9.20 - Logistic Regression for Rest Figure 9.21 - Quadratic Logistic Regression for

Activity from Tree Cover Ratio. Rest Activity from Tree Cover Ratio.

Table 9.8 — Logistic Model for Rest Activity based on Tree Cover Ratio:
Curve Logistic function R? Prob.>ChiSq
Upper  In(Y/(1-Y)) = - 1.72 - 2.41* [tree cover ratio] _
Lower  In (Y/(1-Y)) = - 1.88 + 2.18* [tree cover ratio] 0.002 p=0.0978

9.5.1.4 Wait activity:

No statistically significant logistic regression model or quadratic logistic regression model
(R2=0.02; p=0.2110) could be made for wait activity from tree cover ratio.
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Figure 9.22 - Logistic Regression for Wait Figure 9.23 - Quadratic Logistic Regression for
Activity from Tree Cover Ratio. Wait Activity from Tree Cover Ratio.

Table 9.9 - Logistic Model for Wait Activity based on Tree Cover Ratio:
Curve Logistic function R? Prob.>ChiSq
Upper  In (Y/(1-Y)) = - 0.66 - 0.20* [tree cover ratio] _

Lower  In (Y/(1-Y)) = - 1.45 + 1.34* [tree cover ratio] 0.006 p =0.3208

9.5.1.5 Read activity:

A statistically significant logistic regression model could be made for read activity from
tree cover ratio. The quadratic logistic regression model was also statistically significant
(R2=0.06; p = 0.0004) and shows a critical value between 0.35 and 0.40, or 35 to 40% of
floor area ratio as tree cover being optimal for read activity.
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Figure 9.24 - Logistic Regression for Read Figure 9.25 - Quadratic Logistic Regression for
Activity from Tree Cover Ratio. Read Activity from Tree Cover Ratio.

Table 9.10 - Logistic Model for Read Activity based on Tree Cover Ratio:
Curve Logistic function R? Prob.>ChiSq
Upper In (Y/(1-Y)) = + 0.36 - 3.95* [tree cover ratio]
Lower In (Y/(1-Y)) = - 1.10 - 1.51* [tree cover ratio]

0.06 p <.0001**
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9.5.2 Impressions

9.5.2.1 Appeal:

A statistically significant logistic regression model could be made for environment appeal
from tree cover ratio. The quadratic logistic regression model was also statistically
significant (R2= 0.06; p = 0.0003) and shows a critical value between 0.30 and 0.40, or 30
to 40% of floor area ratio as tree cover being optimal for environment appeal.
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Figure 9.26 - Logistic Regression for Appeal Figure 9.27 - Quadratic Logistic Regression
from Tree Cover Ratio. for Appeal from Tree Cover Ratio.

Table 9.11 - Logistic Model for Appeal based on Tree Cover Ratio:
Curve Logistic function R? Prob.>ChiSq
Upper In (Y/(1-Y)) = - 0.33 - 4.14* [tree cover ratio]
Lower In (Y/(1-Y)) = - 0.68 - 2.46* [tree cover ratio]

0.05 p =0.0002**

9.5.2.2 Interest:
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Figure 9.28 - Logistic Regression for Figure 9.29 - Quadratic Logistic Regression
interest from tree cover ratio. for Interest from Tree Cover Ratio.
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Table 9.12 - Logistic Model for interest based on Tree Cover Ratio:
Curve Logistic function R? Prob.>ChiSq
Upper In (Y/(1-Y)) = + 0.50 - 3.24* [tree cover ratio] _ o
Lower In (Y/(1-Y)) = - 0.11 - 2.65* [tree cover ratio] 0.04 p =0.0003

A statistically significant logistic regression model could be made for environment interest
from tree cover ratio. The quadratic logistic regression model was also statistically
significant (R2= 0.05; p = 0.0012) and shows a critical value between 0.30 and 0.35, or 30
to 35% of floor area ratio as tree cover being optimal for environment interest.

9.5.2.3 Enclosure:

A statistically significant logistic regression model could be made to the environment
enclosure from tree cover ratio. The quadratic logistic regression model was also
statistically significant (R2= 0.16; p <.0001) but offers no useful critical value since the
relationship between variables is linear.
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Figure 9.30 - Logistic Regression for Enclosure Figure 9.31 - Quadratic Logistic Regression for
from Tree Cover Ratio. Enclosure from Tree Cover Ratio.

Table 9.13 - Logistic Model for enclosure based on Tree Cover Ratio:
Curve Logistic function R? Prob.>ChiSq
Upper In (Y/(1-Y)) = + 1.62 - 5.54* [tree cover ratio] o
Lower In (Y/(1-Y)) = - 1.86 - 0.19* [tree cover ratio] 0.15 p <0001

9.5.2.4 Atmosphere:

No statistically significant logistic regression model or quadratic logistic regression model
(R2=0.003; p = 0.9212) could be made for atmosphere from tree cover ratio.
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Figure 9.32 - Logistic Regression for Figure 9.33 - Quadratic Logistic Regression
Atmosphere from Tree Cover Ratio. for Atmosphere from Tree Cover Ratio.

Table 9.14 - Logistic Model for Atmosphere based on Tree Cover Ratio:
Curve Logistic function R? Prob.>ChiSq
Upper  In(Y/(1-¥)) = - 1.78 + 0.68* [tree cover ratio] _

Lower  In(Y/(1-Y)) = - 1.43 + 0.71* [tree cover ratio] 0.002  p=0.6709

9.5.2.5 Relaxation

A statistically significant logistic regression model could be made for environment
relaxation from tree cover ratio. The quadratic logistic regression model was also
statistically significant (R2= 0.08; p <.0001) but offers no useful critical value since the
relationship between variables is linear.
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Figure 9.34 - Logistic Regression for Figure 9.35 - Quadratic Logistic Regression for
Relaxation from Tree Cover Ratio. Relaxation from Tree Cover Ratio.

96



The Effects of Design Elements on Users’ Perceptions and Impressions of Privately Owned Public Spaces
Olavo Avalone Neto- February 2017

Table 9.15 - Logistic Model for Relaxation based on Tree Cover Ratio:
Curve Logistic function R? Prob.>ChiSq
Upper In (Y/(1-Y)) =- 0.17 - 3.45* [tree cover ratio]
Lower In(Y/(1-Y)) = - 0.26 - 5.79* [tree cover ratio]

0.08 p <.0001**

9.5.2.6 Openness:

A statistically significant logistic regression model could be made for openness from tree
cover ratio. The quadratic logistic regression model was also statistically significant (R2=
0.04; p = 0.0048) but offers no useful critical value since the relationship between
variables is linear.
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Figure 9.36 - Logistic Regression for Openness Figure 9.37 - Quadratic Logistic Regression for
from Tree Cover Ratio. Openness from Tree Cover Ratio.

Table 9.16 — Logistic Model for Openness based on Tree Cover Ratio:
Curve Logistic function R? Prob.>ChiSq
Upper In (Y/(1-Y)) = - 1.55 + 3.27* [tree cover ratio] _ o
Lower In (Y/(1-Y)) = - 1.64 + 1.03* [tree cover ratio] 0.04 p =0.0006

9.5.2.7 Oppression:

A statistically significant logistic regression model could be made for openness from tree
cover ratio. The quadratic logistic regression model was also statistically significant (R2=
0.03; p = 0.0332) but offers no useful critical value since the relationship between
variables is linear and the effect is small.

Table 9.17 - Logistic Model for oppression based on Tree Cover Ratio:
Curve Logistic function R? Prob.>ChiSq
Upper In (Y/(1-Y)) = + 1.58 - 1.72* [tree cover ratio] _ "
Lower In(Y/(1-Y)) = - 0.36 + 0.65* [tree cover ratio] 0.002 p =0.0268
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Figure 9.38 - Logistic Regression for Figure 9.39 - Quadratic Logistic Regression
Oppression from Tree Cover Ratio. for Oppression from Tree Cover Ratio.

9.5.2.8 Liveliness:

No statistically significant logistic regression model or quadratic logistic regression model
(R2=0.005; p = 0.7710) could be made for liveliness from tree cover ratio.
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Figure 9.40 - Logistic Regression for Liveliness  Figure 9.41 - Quadratic Logistic Regression for
from Tree Cover Ratio. Liveliness from Tree Cover Ratio.

Table 9.18 - Logistic Model for Liveliness based on Tree Cover Ratio:
Curve Logistic function R? Prob.>ChiSq
Upper  In (Y/(1-Y)) = - 0.48 + 0.25* [tree cover ratio] _
Lower In(Y/(1-¥)) =-0.82 + 0.72* [tree cover ratio] R 1= L7
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9.5.2.9 Diversity:

A statistically significant logistic regression model could be made for diversity from tree
cover ratio. The quadratic logistic regression model was also statistically significant (R2=

0

.03; p = 0.0275) but offers no useful critical value since the relationship between

variables is linear.

Diversity
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Figure 9.42 - Logistic Regression for Figure 9.43 - Quadratic Logistic Regression
Diversity from Tree Cover Ratio. for Diversity from Tree Cover Ratio.

Table 9.19 - Logistic Model for Diversity based on Tree Cover Ratio:
Curve Logistic function R? Prob.>ChiSq
Upper In (Y/(1-Y)) = + 0.65 - 2.65* [tree cover ratio] _ o
Lower In (¥/(1-Y))=-0.78 - 1.07* [tree cover ratio] 0.03 p=0.0054

9.5.3 Perceptions

9

.5.3.1 Size Perception:

No statistically significant logistic regression model or quadratic logistic regression model
(R2=0.004; p = 0.8804) could be made for size perception from tree cover ratio.

Size Perception
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Figure 9.44 - Logistic Regression for Size Figure 9.45 - Quadratic Logistic Regression
Perception from Tree Cover Ratio. for Size Perception from Tree Cover Ratio.
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Table 9.20 - Logistic Model for size perception based on tree ratio:
Curve Logistic function R? Prob.>ChiSq
Upper  In (Y/(1-Y))=-1.01 + 0.19* [tree cover ratio] _
Lower  In (Y/(1-¥)) = - 1.83 - 0.50* [tree cover ratio] I

9.5.3.2 Greenery amount:

A statistically significant logistic regression model could be made for the perception of the
greenery amount from tree cover ratio. The quadratic logistic regression model was also
statistically significant (Rz2= 0.20; p <.0001) but offers no useful critical value since the
relationship between variables is linear.
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Figure 9.46 - Logistic Regression for Greenery  Figure 9.47 — Quadratic Logistic Regression for
Amount from Tree Cover Ratio. Greenery Amount from Tree Cover Ratio.

Table 9.21 - Logistic Model for Greenery Amount based on Tree Cover Ratio:
Curve Logistic function Rz Prob.>ChiSq
Upper In (Y/(1-Y)) =+ 1.51 - 10.19* [tree cover ratio]
Lower In (Y/(1-Y)) = + 0.54 - 4.63* [tree cover ratio]

019  p<.0001**

9.5.3.3 Greenery placement:

A statistically significant logistic regression model could be made for the perception of the
greenery amount from tree cover ratio. The quadratic logistic regression model was also
statistically significant (R2= 0.03; p = 0.0216) with a critical value of 0.35 or 35% of floor
area ratio as critical value for the perception of greenery placement. Since the relationship
between variables is linear, the logistic regression is a more suitable measure of the
relationship between variables.

Table 9.22 - Logistic Model for Greenery Placement based on Tree Cover Ratio:
Curve Logistic function Rz Prob.>ChiSq
Upper In (Y/(1-Y)) = - 0.22 - 2.12* [tree cover ratio] _ -
Lower In (Y/(1-Y)) = - 0.54 - 2.89* [tree cover ratio] 0.03 p =0.0062
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Placement Perception from Tree Cover Ratio.

9.5.3.4 Seat Amount:

Greenery Placement
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Figure 9.49 - Quadratic Logistic Regression for
Greenery Placement from Tree Cover Ratio.

A statistically significant logistic regression model could be made for the perception of
seat amount from tree cover ratio. The quadratic logistic regression model was not

statistically significant (R2=0.02; p = 0.0578).
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Figure 9.51 - Quadratic Logistic Regression for

Seat Amount from Tree Cover Ratio.

Table 9.23 - Logistic Model for seat amount perception based on tree ratio:

Curve Logistic function Rz Prob.>ChiSq
Upper In (Y/(1-Y)) =+ 0.11 - 2.47* [tree cover ratio] _ N
Lower In (Y/(1-Y)) =+ 0.24 + 0.39* [tree cover ratio] 0.02 p=0.0204

9.5.3.5 Seat Placement:

A statistically significant logistic regression model could be made for the perception of
seat placement from tree cover ratio. The quadratic logistic regression model was not

statistically significant (R2=0.02; p = 0.1157).
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Table 9.24 - Logistic Model for seat placement based on Tree Cover Ratio:
Curve Logistic function Rz Prob.>ChiSq
Upper In (Y/(1-Y)) =+ 0.02 - 2.23* [tree cover ratio] _ N
Lower In (Y/(1-Y)) = - 0.48 - 0.34* [tree cover ratio] 0.02 p =0.0468

9.5.3.6 Seat Design:

No statistically significant logistic regression model or quadratic logistic regression model
(R2=0.003; p = 0.9247) could be made for the perception of seat design from tree cover
ratio.
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Figure 9.54 - Logistic Regression for Seat Figure 9.55 - Quadratic Logistic Regression for
Design Perception from Tree Cover Ratio. Seat Design from Tree Cover Ratio.

Table 9.25 - Logistic Model for Seat Design based on Tree Cover Ratio:
Curve Logistic function R2 Prob.>ChiSq
Upper In (Y/(1-Y)) = - 1.50 + 0.60* [tree cover ratio] _

Lower In (Y/(1-Y)) =+ 0.09 - 0.19* [tree cover ratio] i S
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9.5.3.7 View:

A statistically significant logistic regression model could be made for the perception of the
greenery amount from tree cover ratio. The quadratic logistic regression model was also
statistically significant (R2= 0.03; p = 0.0253) but offers no useful critical value since the
relationship between variables is linear.
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Figure 9.56 - Logistic Regression for View Figure 9.57 - Quadratic Logistic Regression for
Perception from Tree Cover Ratio. View Perception from Tree Cover Ratio.

Table 9.26 — Logistic Model for View based on Tree Cover Ratio:
Curve Logistic function R? Prob.>ChiSq
Upper In (Y/(1-Y)) = + 0.17 - 3.10* [tree cover ratio] _ -
Lower In(¥/(1-Y)) =-0.33 - 0.88* [tree cover ratio] 0.03 p=0.0049
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10 CONCLUSIONS

Urban designers commonly manipulate different physical elements during the design
process with the purpose of obtaining high public space attendance and improve users’
perceptions and impressions of the built environment.

The present study looked into the relationship between the quantity of those physical
elements and specific user activities, perceptions and impressions. It adopted an
exploratory survey to assess which elements are most perceived by POPS users and
investigated the effects of such elements. The effects of seating ratio, bushes ratio and tree
cover ratio, as well as tree height and environment scale were tested. The compiled results
of all four studies are described below.

10.1 Overall scale analysis

Small environments (600m2) were perceived as less suitable than medium environments
(2000m?) for all (stay, eat/drink, rest and read) except wait activity. This probably occurs
because, small environments reduces distances among people possibly making them feel
uncomfortable. There is a necessary distance between people just passing by and people
staying in the environment and the smaller scale studied (600m2) do not seem to provide
it. For wait activity the necessity is different and being seen/search for others requires
less strain, making smaller environments the most desirable. Small environments were
worse than other environments in practically all impression and physical scales - small
environments do seem to be perceived somewhat different than other scales and, as so,
should adopt a different design strategy. The results that large environments are preferred
over smaller ones are in agreement with Talbot, Bardwell & Kaplan (1987).

In some cases, large scale (3500mz2) also was less favorable than medium scale (2000m2)
environments. When an environment is as large as 3500m2 and does not vary in design it
becomes monotonous and it directly affects users’ perception, impressions and the
environments suitability for different activities. Medium scale environment seems to be
the scale more suitable for the design to be perceived as one environment while still not
being monotonous. Large environment can be divided into smaller sections with different
characteristics which may cause them to be perceived as a group of smaller environments
with different characteristics.
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10.2 Conclusions about Seats

Increasing the seating ratio up to 5% of FAR increases environmental suitability to stay,
eat/drink and rest activities but when it passes 5% suitability diminishes. For wait activity,
the opposite is true and the effects are similar with seats between 1 and 3% but decreases
as seating ratio increases. No effect could be consistently observed for read activity.

Appeal, interest and diversity, will also improve when seating ratio increases up to 5% but
will worsen past it. Other impressions are consistently affected by seating ratio and will
consistently be affected by it, such as enclosure, openness, oppression and liveliness.
Atmosphere improves up to 5% and stagnates, while relaxation is constant up to 5% when
it starts to worsen.

The amount of seats also affects how the environment is perceived. Increasing seating
ratio pass 5% will cause the environment to be perceived as smaller and seat placement as
worse.

Increasing seat ratio up to 5% will increase willingness to pay and stay duration, while
further increases will worsen it. Considering only willingness to pay, seating ratio at 10%
is as bad as only 1% of floor area ratio.

Overall, seating ratio seems to be ideal between 3 and 5% for most activities, impressions
and perceptions, in agreement with Whyte (1980). The exception to this is wait activity
which seems to require the opposite of other activities.

10.3 Conclusions about Trees

Increasing tree coverage ratio to 50% increases environment suitability for read, stay and
rest activities, although, for stay and rest, no difference could be found between 5 and 10%
or 10 and 50%. No effect could be consistently observed for eat/drink or wait activity.

Increasing tree ratio will make the environments to be perceived as more appealing,
interesting, relaxing and diverse (marginally) but also, more enclosed, less open and more
oppressive. It had no effect in the environments atmosphere or liveliness.

Environments with a higher tree ratio were perceived as having more greenery but, at
50%, greenery placement also was perceived as better and as having a higher seat amount.
Higher tree ratio also improved the perception of view, willingness to pay and willingness
to stay, but it had no effect in the perception of environment size, seat placement, seat
design.

Overall, increasing tree ratio made the environments’ perception, impressions and
suitability for activities to either improve or remain the same, with the exceptions of
enclosure, openness and oppression. It also positively affected willingness to pay and
willingness to stay in the environment.

Small environments (600m2) were perceived as less suitable for stay, rest and read and
more suitable for wait activity.

10.4 Conclusions about Bushes

Bushes ratio had no effect in increasing the environments suitability for any of the 5
activities studied. It also had a minor effect on the users' impressions of the environment.
From all nine impressions studied, it only affected relaxation and openness: increasing
bushes amount will improve how relaxing the environment is perceived but it will make is
seem less open. Increasing bushes negatively affect openness by increasing the percentage
of floor area with obstructions and increasing occlusion (depending on the bush's height),
in agreement with Imamoglu (2000) and Stamps (2007). Regarding perception, increasing
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the amount of bushes in the environment will only affect the perception of greenery
amount.

These results reflect only the effects from sheer amount or the ratio of floor area occupied
by bushes. Other research has found other effects that arise from different placement
patters and species viability (Kaplan & Kaplan, 1989; Kuper, 2017).

10.5 Design recommendations

There are several ways to incorporate the findings of this research into POPS design,
depending on the desired purpose. Designers can use the recommendations described
below to improve environment perception, impressions and perceived suitability for
different activities, while governments may wish to incorporate it into building standards
to improve overall POPS quality. While the recommendations described below offer a
quick reference and practical rule of thumb, if the purpose is to design for a specific
activity or focus on a specific impression, designers may prefer to use the multi regression
and/or logistic analysis for the desired effect.

Overall impression of the environment is not determined only by the elements ratio, but is
also directly affected by several other aspects such as layout, climate, culture,
programming, maintenance, etc. (see Figure 2.3). Urban designers ought to consider all of
those elements into urban design while using the design recommendations presented here
as areference guide to the effects of the adopted ratios.

Designers may wish to incorporate the research method adopted in this research into the
design process, and elicit potential users to evaluate different design options as IVE
environments at different stages of design. Since designers already commonly create
virtual environments as a rendering tool, the extra work to transform them into functional
IVEs is very small while the feedback at the design stage may be invaluable.

10.5.1 Design for activities

Designers should consider which specific activities for which they are designing the
environment, since perceived suitability is affected by seating and tree ratio.
Environments or areas with different purposes should be designed with different ratios in
mind.

Stay, Eat/Drink, Rest and Read requires similar environments. They are most affected
by seating ratio, which is ideal around 5% of floor area ratio.

Read activity is also affected by the tree cover ratio and increasing tree cover improves
perceived suitability.

Wait activity requires an environment different from the other activities, and reducing
seating ratio and increasing tree height will improve its suitability. The environment of
the area destined for wait activity may also benefit from easily recognizable visual
landmarks, such as sculptures or water fountains. Visual easiness is imperative since
visual search is a requirement.

10.5.2 Seating ratio

Seating ratio should be between 3% and 6% of floor area (the area occupied by seats and
tables) with the exception of environments or areas designed for wait activity.
Environments with excessive (10%) of insufficient (less than 3%) seating ratio are
perceived less suitable for different activities and cause worse impressions on users. The
exceptions to this rule are wait activity for which less seating improves suitability and
perception of liveliness which improves even at greater seating ratios.
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10.5.3 Tree cover ratio

Although tree cover ratio does not affect perceived suitability for activities other than read,
it does improve users’ impressions of the environment considerably. Overall, the more
tree cover the better are the impressions of the environment, at least up to 50% of floor
area which are the limits of this investigation. The obvious exceptions to this rule is
perceived openness, oppression and enclosure which are negatively affected by higher
cover ratios (less open, more oppressive and more enclosed).

10.5.4 Bushes and tree height

Bushes ratio did not affect perceived suitability for different activities or users’
impressions of the environment and may be freely used. The exception to this is perceived
relaxation which increases and perceived openness which decreases at higher ratios.
Bushes ratios, as described here, refer to shrubs, plants and flower pots that do not
obstruct view of the environment as hedges would do. Several aspects of bushes other
than the ground cover ratio may have an effect on users’ that is out of the scope of this
research.

Tree height may also be freely adopted since it also had no overall effect on perceived
suitability for different activities or users’ impressions of the environment, with the
exception of improving perceived suitability for wait activity and increasing perceived
enclosure with higher trees.

10.5.5 Environment size/scale

Environments with an area close to 2000m? are, overall, better perceived, cause better
impressions on users and are perceived as more suitable for stay, eat/drink, rest and read
activities.

Environments with an area superior to 2000m2 can improve the way the environment is
perceived merely by subdividing it so that users do not perceive the whole environment
from one observation point.

Special attention should be given to environments or areas with less than 1000m?2 since
they are perceived differently from larger places. In these places, users’ judgments are

affected by the quantity (units) rather than the total area occupied by it. The environment
can be easily perceived at a glance and they are judged more critically. Small places are the
most suitable for wait activity because it can be easily surveyed.
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11 LIMITATIONS AND FUTURE
RESEARCH POSSIBILITIES

No research can address all aspects of a subject as to eliminate any further advancement
possibilities. The following chapter addresses the limitations of the present study and the
possibilities for future developments in the subject.

11.1 Research limitations

The present study was made in Japan and, as such, is limited by its cultural factors.
Although there is the possibility that different cultures will yield similar results, a
generalization cannot be stated without further studies.

Different social and economic strata may also yield different results. Japan does not have a
population with clear socioeconomic differences but other settings may have to
incorporate socioeconomic conditions into the data treatment. If there is a difference in
environmental preference for different activities based on socioeconomic factors, there
may be design repercussions in perceptions of territoriality and feeling of belonging.

Although expertise bias did not limit the present research, the fact that a large subset of
the participants were university students is a clear limitation. The first aspect of this
limitation is age: with the average age being 23 in the preliminary study, 24 in the first
experiment, and 21 years old for the second and third experiments, this study is clearly
representative of users in their 20’s. The second, more subtle aspect is the lifestyle: as
people graduate and move on, their lifestyle and preferences will mature which may
greatly differ from the preferences gathered in this study.

Tree cover ratio measured the overall area of the canopy tree against the floor area ratio,
but it did not take into consideration the canopy density itself. There may be some
differences in the effects of dense canopies and sparse ones, as suggested by Gerstenberg
& Hofmann (2016); Lohr & Pearson-Mins (2006) and Nelson, Johnson, Strong, Rudakewich,
(2001). If there is an effect of the canopy density itself in the perception and impressions
of the environment, a tree cover ratio measure that accounts only for the leaf area of the
canopy may be more suitable.
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At last, this research addressed environmental perception on a specific moment where
the user is already in the public space and before he/she have sat. There are other
environmental evaluations that will happen before and after that moment. Generally
speaking, there are at least three distinct moments where the environment will be
evaluated by the user and perception may be affected by different things at different
moments.

The first moment is the approach, when the user is observing the environment from
outside and have to decide whether to enter or not. In this situation tree height, for
example, may have a completely different effect, especially at different distances.

The second moment is when the potential user has entered the environment and is
considering it as a whole, which is the moment evaluated in this research.

A third moment is once the user will choose a place to perform an activity. The user will
then make comparative judgments between different parts of the environment and
aspects such as people surrounding a given seat, distance from foot and vehicle traffic and
the presence or absence of short walls, hedges, etc. may have a greater effect on users’
perceptions and impressions of a section of the environment as opposed to another.

11.2 Future Development Possibilities

There is still a lot to be learned from this study and replications with different ethnical and
social demographic groups may offer interesting insights.

Future studies may explore the effects of canopy density into users’ perception and
impressions of the built environment. Since tree cover is widely used to regulate the
thermal environment, such study may contribute to a comprehensive guide of tree cover
design that structure tree height, trunk size, canopy density and tree cover ratios’ effects
on users.

This research adopted a table with four seats as representative of the “seating” element,
but seats with different characteristics may have different perceptions at the same ratio
levels. Interactions between seating ratio and seat characteristics could also be tested.

This research adopted “greenery” as two distinct elements: tree cover ratio and bushes
ratio. Future research may investigate the effects of grass cover and hedge ratios.

Grass cover provides a greenery element without the obstruction caused by bushes and, as
so, it may provide the benefits of greenery placement without the downside of increasing
the feeling of enclosure and oppression. It may also be perceived as a different element
altogether since it allows for other activities such as lying down and play.

Hedges, on the other hand, may be used as two distinct elements: as a surface material to
cover walls and building facades or as standalone elements in the environment. Some
studies have investigated the use of hedges as green walls into building fagade and its
effects on oppressiveness mitigation (Asgarzadeh, Koga, Yoshizawa, Munakata & Hirate,
2010) but still no conclusive design guidelines could be drawn.

As standalone elements, hedges obstruct movement, vision and have the potential to
change environment size perception by dividing the environment into sub-areas and
because they are commonly bundled into “landscape” or “greenery” in research, there is
still a lot to be discovered about how to properly use hedges to nudge users into
prolonging their stay and improve their perceptions and impressions of the built
environment.

Another factor that was purposefully kept constant was the design pattern or the elements’
placement pattern. Different patterns will most likely affect users perceptions and
impressions of the environment and may interact with element amounts as have been
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shown in landscape preference research. Future research can profit greatly by
investigating elements placement, environment enclosure settings and seats design
variation as well as combining quantitative and qualitative characteristics to provide
designers with data to back their design decisions. Research in the field should always go
beyond the preference matrix (coherence, complexity, legibility and mystery) to try and
establish a specific purpose based design guidelines.
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APPENDIX 01

1. Questionnaire in Japanese.

2. Questionnaire in English.
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APPENDIX 02

1. Sites Floor Plans with variables levels
2.Stimuli floor plans.

3. Sites Pictures.
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APPENDIX 03

1. Iguchi (2011) interview results [in Japanese]

2. Translation of Iguchi’s (2011) interview results.

125



b7 U UREREHE ZLICEN LI DER 3 ITRT, AR E L FEICAREM S FEUERE, 21—
F—OHBMIC/2 2 K57, ZIIATE <25 L5 RAREMAEBTSHY | ZODITITRD VA
VELWI BERER LN, EREMICHD ) BERARDW T L, @o TITE < b &) RiEH%s
BEHT D 2 L TP —OWERM AL L, L0 JWABRZEHICAR 20 TIXE DB REHB, #iHE N
%< DFEMEOFIEIHKATEY | BEINZIEZ 747 FOBMMESLEND LW o Rz, F
oG E TOEMRMOFTONIAEL RITAEZF RS EL LN TEH0EH L Tz, &EHE & LTI
RN A R e ETRAEMEZRA L TH WA, EEORMELH Y, B X5 3fAsnT
WV, ZZTEDL S RIEGEMPUEL SN TWEINENELENG DL EEX NS, /M, EKE
DARF S, FERICITHESEROMBERH LM, 2= -t 8D LI REBELEZLOPRUTRD EDER
BT, 7747V NOBEERHHH T, REAF~OBEHEIIKREEL0FH LD T, ZOBEN
BMEHZ 2T W D E R B TEV -,

Ql. #Ebo T ARZEMOERNE2EH L TTIN
M7 ar hEL - AIEES B - HE S THE L « BIERES v /82 REHEA: LT A
WHI v RET Y Y =—T ¢ Kl - RFEHT—T B MK MR - EAEIIMEY ) —Ta v &

#& B: LLFB)

Q2. FIHEFIZE o TRVWARZEME X E I VWolobDE L BnETH

b b R C AV AN S VD DR S &1L S 28, BT b OER, O — i SRRk
A= 72 ERS Y | FBERRL Y a— by MRHZTEY 72< 725 X5 28R KT, BUR, ABZEHA B
H, 2TV ELTRIONTODIHIZARNOT, ZOBITITEDWVIILE,  (A)

FU<EHRT, HATHREIED L5 0EHA O, (B)

Q3. TNEFEBTDHIZDICE D Vo TeEENMLELLLZEZ TOETH

T, (ICEDVEFEET 272 DIER B AR A EATZY T2, ()
A, NoF, JRE. BRI TRBLICELTHL 9 720L,  (B)

WU ZNHDEENLE I HLRENEBEZTWVETN

WHI AL L N TV RICRETORNR Db DL WEIZOBRNAF T RHIUTOWDNE LI, 247 EH 00
b, (A)

05, HESRIEOR & 2 OEROBFOMICERORE LT L5510 £, E1h 2 BR LHOBROMIHED
TEIAT = & 5 0 £ 570

WA CISEE L0 LS B, 2547 b S Al VOB = & BB, L FICH—AL AR
ERERANL DAY, LS 54T T DT, 2 AT M D L S RS E, ()

LEDPWE LT D DI KGZEM 2 E - TOHIEORME CRERE A TE o735, (B)

Q6. FH L BEEOMIEER DS T2HE. £ SNTWET M

HEEDOHLFOEL T A =2 —OfEE, HKT 5 HONRHTEGE, MEOEENMERIZR D, Ha K7
WHREELV ()

BIZIEE Y THEBIOREEZRHIZ LD E LT, 2747 Y "OBEERTNAIANTII RN TH, 7747 hOEER
W, RAMFEOEENPAD Z LIFFREE, (B)




Translation of the interview results presented by Iguchi (2011).

A synthesis of the designers answers to each question is presented in the table below.

The designers interviewed are of the opinion that, ideally, POPS, as with parks and other public
space, should be lively places, making them an appealing destination to the surrounding population
and other users. Moreover, the liveliness of the space should attract passers by and inducing a
desire to enter the space and prolong the stay of users already present.

Designers have to deal with several design requirements and restrictions, but the desires of the
client are the most important and will be a priority over other priorities. Apart from that, the
priority is to induce diverse behavior on the environment, allied with the access to the building.
While it is the desire of the urban designer to create environments that will actively promote a
number of events and outside activities there is limitations that arise from regulations and the
space may not be used as expected.

This must be taken into consideration in the design. Elements such as water streams or fountains
require constant maintenance, but its actual impact on users’ impressions is unclear. There is a
constant struggle between the desires of the client and the intentions of the designer, which is why

this research is needed.

Shinagawa Front Building, Kadogawa 3rd Building, Nishi-Shinjuku 8 Chome Building, Kokugakuin
Campus (Designer A).

Tokyo Mid Town, Sony City Otaki, Otemachi 1 Chome 1st redevelopment project, Sumitomo
Corporation Outer Structure Renovation (Designer B)

Q2. What makes a POPS good forusers?
I think it is different for the building occupants and the surrounding population, but the guiding
principles are the same. For the building users, is the presence of rest spaces and the like and for
the community, the connection with the surroundings and a walkable space is the important part
(A).

I think the same, the guiding principle is to create stay (B).

Greenery, flower beds that bring liveliness to the space (A).
Greenery, benches, climate and nature to provide good feelings (B).

The pathway should connect the main entrance to the street in the shortest path possible. If, by
doing that, it also connects with areas of stay and rest, it is even better. Grass is also good (A).

Q5. How do you deal with the conflicts between architectural constraints and design intentions or
Although I think it is important to induce stay, sometimes the client requests a design that does not
induce stay or to use benches that will not allow homeless persons to sleep on and so on. Since it is
the client that will have to provide the maintenance, we must use materials and the like that will
comply with the clients’ demands (A).

There are times that, although we want to create livable plazas, there is a conflict between design
regulations and intended commercial activities that prevent it (B).

Q6. How do you deal with conflict between elements?

The designers’ job is to deal with several parameters, but when there is a conflict, the clients wishes
takes precedent. But, on the contrary, the difficulty is when there are no restrictions (A).

Let’s say that the designer wants all trees aligned with the street by the client wants it distributed
instead of aligned. The will of the client will prevail and the intentions of the designer will wither

(B).
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1. Transcriptions from the interviews with POPS designers [in Japanese]
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Abstract

This paper seeks to determine which physical elements of privately owned public spaces affect users'
impressions, which characteristics of these elements are noticed, and what impressions they cause. The study
is based on a caption evaluation and semantic differential survey of 12 public spaces in the center of Tokyo.
Ten participants were surveyed for each space, and 1494 of the obtained entries were analyzed. The semantic
differential survey was then cross-referenced with density measures to evaluate the effect of physical
elements' densities on participants' impressions.

It was found that the physical elements that caught users' attention were greenery, street furniture, the
building, the sidewalk and the space itself. From all of the elements, tree coverage density was the best
predictor of desire to stay and rest activities in the space. A logistic regression analysis of each activity by

tree density is also provided.

Keywords: behavior; public space; caption evaluation; semantic differential; impression

1. Introduction

In 1961, New York City started to offer a floor-area
ratio (FAR) bonus to ensure the provision of public
spaces on the ground level (Whyte, 1988; Smithsimon,
2008). This practice has since been widely used by
different countries and is generally referred to as
"increasing FAR". In Japan, similar policies have been
adopted since 1971 through the Comprehensive Design
System (Sogo Sekkei Seido) and have been used as a
deregulation policy since the 1980s to promote urban
redevelopment through the Building Standards Law
(Kenchiku Kijun Hou) (Akamine ef al., 2003; MLIT,
2003).

In 2015, there were approximately 720 privately
owned public spaces (POPS) in the Tokyo area alone.
Lately, the design of public spaces generated by
these policies has considered not only the lot area
but also the integration of the public space with its
surroundings, thereby connecting the lot to existing
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spaces and infrastructures. This design has played an
important role in the production of public spaces.

Although POPS are widely recognized for enhancing
the quality of public spaces and are a valuable urban
development tool, there is little research regarding the
quantification and placement of the physical elements
that compose those plazas and the effects on users'
impressions and behaviors. This leaves the design of
POPS to each designer's individual ability and personal
judgment.

This research seeks to improve the knowledge about
the effects of physical elements on users' impressions
and behavior and to fill the gap in knowledge so that
urban planners can create evidence-based designs and
reduce the difference between expected and actual
effects on users' impressions by the built environment.
1.1 Physical Elements and Users' Impressions

Some studies sought to establish a relationship
between POPS physical elements and the impressions
they caused. Kakutani (2005) used the semantic
differential method (SDM) to evaluate POPS
produced through the comprehensive design system
in Hiroshima. He analyzed overall area and typology
relations of public spaces on users' impressions with
a focus on policy making rather than public space
design.

Fujita & Ito (2006) characterized POPS in the
Minato ward of Tokyo by its connections with walking
paths and evaluated them based on pedestrian traffic
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and traffic direction. Their results are somewhat useful
for building placement and policy decisions.

According to Tanaka & Kikata (2008), physical
elements such as benches and stairs/steps are directly
related to a good impression of public spaces for
stay, rest and passing through activities. However,
their research was limited to three public spaces in
Kagoshima with the caption evaluation method.

Tsuchida & Tsumita (2005) studied how the physical
characteristics of the public space affect wait and rest
activities. They selected 16 areas in different POPS
and asked participants to mark on a map the areas
where they would want to stay or rest and give their
reasoning. The study indicates a positive effect of
greenery and seats on rest activities, while greenery
has a negative and visibility a positive effect on wait
activities. Unfortunately the study asked participants
to adopt one of two pre-determined behaviors: rest
or wait. If participants were allowed to evaluate the
environment for any behavior, a better relationship
between behavior, physical aspects and impressions
could have been established.

2. Study Area and Sample Size

For the purpose of this study, 12 POPS in the center
of Tokyo with lot areas larger than 3000 m” constructed
after 1990 were chosen (Table 1.).

Table 1. Sites Chosen for the Survey

Site Ward Lotarea  Openspace g 4 iy
[m] ratio
Building 01  Chiyoda 6383 52.2% 2011
Building 02 Chiyoda 20875 75.0% 2003
Building 03  Chiyoda 6079 45.8% 2003
Building 04 Minato 3647 47.5% 2004
Building 05  Chiyoda 6368 54.0% 1999
Building 06 ~ Minato 3039 50.6% 2003
Building 07  Minato 3217 57.1% 2009
Building 08 ~ Minato 15206 65.6% 2006
Building 09  Minato 5479 56.3% 2006
Building 10 Chiyoda 3101 53.7% 2006
Building 11~ Bunkyo 3417 52.0% 1998
Building 12 Shinjuku 3734 61.9% 2009

Data were gathered over 4 days in October and
November 2010 from 12:30 to 17:30, on sunny or
partially cloudy days (16°C — 19°C) that offered
suitable weather conditions for outside activities.

Questionnaires were collected from a total of 30
participants (23 males and 7 females), aged between
21 and 29 years (M=23; SD=1.54), university students
who were randomly assigned to visit four of the 12
sites. Each site had an average of 10 participants,
leading to a total of 120 site observations.

All participants in this study were architecture
students for practical reasons because they develop a
specialized language (Wilson, 1996) that facilitates
built environment description. A laypersons description
of the environment would be in too broad terms or too
ambiguous for the purpose of this study.
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Although there are several studies (Hershberger,
1969; Devlin & Nasar, 1989; Nasar, 1989; Devlin,
1990; Stamps, 1991; Hubbard, 1994; Brown & Gifford,
2001) that found a perceptual difference between
architects and non-architects, those differences are
related to the overall evaluation of building facades
made from pictures or slides and not real environments
or public spaces.

Other researchers also found no difference
between architects and laypersons (Nasar & Purcel,
1990; Imamoglu, 2000), showing that correlation is
dependent on the evaluation scales and the object of
evaluation. On the evaluation of outdoor spaces using
semantic differential scales no difference was found
between architects and laypersons measuring variation,
friendliness, functionality and desirability scales
(Yazdanfar et al., 2015).

3. Methods
3.1 Caption Evaluation Method (CEM) Survey

A CEM survey was conducted to identify which
physical elements to select from those commonly
found in POPS, how they are evaluated and which
impressions are caused within users. Based on users'
responses to different environments, a structural
relation between physical elements, element
characteristics and impressions was constructed.

This method was chosen because it allows real
environment evaluations while prompting users to
note which elements caught their attention and what
impressions they caused.

In a CEM survey, participants move freely (e.g.
walk around, sit) in the environment with a camera
and photograph elements that catch their attention.
Participants will then take note about why that
particular scene caught his or her attention with a
subtitle for each picture. Later, each picture is attached
to an evaluation card in which the participants describe
(characterize) the picture's scenery or elements and the
reason (impression) it caught their attention (Koga, T.,
Taka, A., Munakata, J., Kojima, T. et al., 1999; AlJ,
2011).

Participant's evaluations were made by describing
the elements that caught their attention, their
characteristics and the impressions they caused under
the following structure: cois oo because 0o; where
"oo" is the element, characteristic and impression,
respectively. Participants could take and evaluate
as many pictures as they wished and write as many
entries per picture as they deemed necessary (M=12.14;
SD=5.93). From the 120 site visits, a total of 1494
entries were made. These entries were classified
and divided into groups using the KJ method, which
agglutinates answers by similarity. All answers
where categorized into medium and macro groups of
elements, characteristics and impressions (Figs.1., 2.
and 3.).
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Overall, elements were classified into 11 macro
categories composed of 64 smaller ones (Fig.1.);
characteristics were classified into 10 macro categories
composed of 40 smaller ones (Fig.2.); and impressions
were classified into 9 macro categories composed of 45
smaller ones (Fig.3.).

Macro Medium Negative / Positive  Indifferent
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Fig.1. Elements Extracted from the CEM Survey
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Between the elements pointed out by the
participants, greenery was the most relevant, with 256
entries (E) (77% positive (P), 13% negative (N) and
10% indifferent (I)), followed by sidewalks (138 E,
61% P, 31% N and 8% I), space (117 E, 42% P, 40%
N, 18 I), street furniture (113 E, 51% P, 43% N, 6% 1)
and building (80 E, 40% P, 42% N, 18% I). All other
characteristics had less than 46 entries overall.

Macro Medium Negative / Positive  Indifferent
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Fig.2. Characteristics Extracted from the CEM Survey

From the element characteristics noted by the
participants, shape was the most prominent (190 E,
62% P, 17% N, 21% I), followed by presence/absence
(164 E, 54% P, 29% N, 17% 1), space composition
(100 E, 55% P, 30% N, 15% I), vegetation (93 E, 90%
P, 5% N, 5% I), view (83 E, 73% P, 17% N, 10% 1),
placement (81 E, 57% P, 30% N, 13% I), amusement/
variety (77 E, 43% P, 40% N, 17% I) and aesthetics (70
E, 80% P, 16% N, 4% I). Other characteristics varied
from a range of 3 to 59 entries (0.2% to 4%) as shown
in Fig.2.

Comfort was the most cited impression (191 E, 68%
P, 29% N, 3% I), followed by like/dislike (162 E, 78% P,
21% N, 1% 1), restfulness (122 E, 55% P, 37% N, 8%
I), entertainment (88 E, 60% P, 20% N, 20% I), space
aspiration (87 E, 38% P, 21% N, 41% 1), goodness (72 E,
96% P, 1% N, 3% I), usage (68 E, 49% P, 35% N, 16%
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I), people walking (56 E, 54% P, 39% N, 7% I) and
pleasantness (52 E, 67% P, 33% N). Other impressions
varied from a range of 2 to 43 entries (0.13% to 3%) as
shown in Fig.3.
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Fig.3. Impressions Extracted from the CEM Survey
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3.1.1 Results

The overwhelming majority of answers identifying
elements that attract attention pointed to tangible
physical elements that compose the built environment
(i.e., greenery, sidewalk, street furniture and building)
or to the intangible that is the sum of those elements
(i.e., space). Those five categories alone account for
704 (47%) of the 1494 entries gathered in the survey.

Of the characteristics, the shape of the environment
or things (12.7%) and the presence or absence of
elements were the most cited (11%), and three
(placement, space composition and view) of the nine
categories of spatial relation combined accounted for
17.7% of entries (264 E), while vegetation accounted
for 6.2% of entries.

The data regarding users' impressions showed that
comfort (12.8%) and personal emotions (i.e., like/
dislike, good/bad, pleasant/unpleasant) were commonly
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felt and composed 18% of entries. Interpersonal
impressions may also be observed in responses such
as people walking, usage and entertainment (14% of
entries combined).

3.1.2 Discussion

The results show that the basic elements that form
a POPS (i.e., greenery, sidewalk, street furniture and
building) are the same ones that will attract or repel
users. Although this may seem to be an obvious
conclusion, the magnitude to which these elements
are perceived in relation to other elements (Fig.1.) is
surprising, and the perception of intangible components
is almost insignificant (e.g., all five categories in the
sensory component category combined accounted
for only 34 entries or 2.28%). Based on these results,
future research should seek further evidence for how
and to what extent these basic elements affect users'
perceptions.

This can also be observed in the characteristics
pointed out with entries that directly relate to tangible
design decisions such as the presence or absence of
elements and vegetation, form, placement and space
composition. Although this has been explored in
previous research (Tanaka & Kikata, 2008; Tsuchida &
Tsumita, 2005), directives regarding how to manipulate
these variables in public space designs to garner
specific impressions from users are limited.

Impressions are very closely related to personal
opinion (e.g., is the environment good/bad, liked/
disliked, pleasant/unpleasant, etc.). More subtle aspects
of impressions, such as the ambience categories
(Fig.3.), had few entries on average, which suggests a
very simple perceptual structure: an important element
is sought; the relationship between that element and
the overall structure (presence, shape, placement,
and aesthetics) is perceived; and the personal opinion
of that characteristic is felt (like/dislike, good/bad;
pleasant/not; comfortable/not).

The results are limited by the participants age group
(M=23; SD 1.54) and specialty (architecture students).
Furthermore, the present study could not control for
individual differences or the possible effect of subjects
and site combinations. The analysis considers entries
for all 12 POPS and difference between sites will be
investigated in future research.

3.2 Semantic Differential Evaluation and Density
Analysis

To analyze how much of each element was used in
each project and their effects on users' impressions, a
semantic differential questionnaire combined with the
element density measurements was used. The element
density was defined as the amount of area occupied
by an element divided by the publicly accessible area
of the lot. The publicly accessible area was defined as
the lot area minus the buildings' enclosed or otherwise
not freely accessible areas. Areas were analyzed in two
different layers: ground level (seats, bushes, hedges
and water) and coverage (trees and cover). Therefore,
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the areas of those two layers may overlap: a tree
covering a seat was counted for its seat area in the
"seat" category, while the tree canopy area was counted
in the "tree" category (Table 2.).

Table 2. Site Area Ratio per Category

Site Seats Bushes Hedges Trees Cover Water
Building 01  0.015  0.266 0.005  0.282 0.046  0.004
Building 02 0.014  0.259 0.020  0.240 0.049 0.013
Building 03  0.021  0.124 0.061 0208  0.00 0.00
Building 04  0.003  0.132 0.017 0257 0294 0.014
Building 05  0.034  0.302 0.09 0.26  0.028 0.038
Building 06 0.002  0.228 0.052  0.138 0244  0.00
Building 07  0.013  0.116 0.017 0295 0.134  0.00
Building 08  0.011  0.203 0.114 0242 0.031  0.00
Building 09  0.007  0.292 0.000  0.271 0262  0.00
Building 10 0.01 0.23 0.049 0.092  0.20 0.00
Building 11~ 0.022  0.223 0.013 0301 0.158  0.00
Building 12 0.00  0.161 0.12 0.096 0.026  0.00

B Buildings

Trees EaRaama==asi  Scats

BRI Bushes Water
Fig.4. Density Measure of a Section of Bld. 01's POPS

Table 3. SD Questionnaire Measurement Scales
Measurement Scale

1 Comfort Comfortable - Uncomfortable
2 Stay Duration Long Stay — Short Stay
3 Size Big — Small
4 Peacefulness Peaceful — Loud
5 Sophistication Sophisticated — Unsophisticated
6 Diversity Diverse — Uniform
7 Liveliness Lively — Decadent
8 Space Weight Light — Heavy feeling
9 View Good — Bad view
10 Organization Orderly — Cluttered
11 Amount of Greenery A lot — A little greenery

—_
[\

Vegetation placement Good — Bad Greenery Placement

13 Abundance of Tree Shade A lot — A little tree shade

14 Illumination Bright — Dark

15 Calmness Feeling Feel Calm — Do not feel calm
16 Safeness Feel Safe — Do not feel safe
17 Openness Feel — Do not feel openness
18 Oppression Feel — Do not feel oppression
19 Enclosure Feel — Do not feel enclosure
20 A Place to Rest Easy — Hard place to rest

21 Interesting Interesting — Not interesting space
22 Harmony with Surroundings Harmonic — Disharmonic

23 Color Variety Colorful — Colorless

24 Atmosphere Light — Dark Atmosphere

25 Newness Contemporary — Nostalgic

26 Enjoyability Enjoyable — Lack of enjoyment
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The density — amount of public space area occupied
by each element — was measured based on the CEM
survey photographs taken by the participants (for seats,
bushes, hedges, trees, cover and water) and satellite
images available on Google earth were also used as
reference for tree coverage when images from October
to November 2010 were available (Fig.4.).

To consider the impact that such elements have on users'
impressions, a semantic differential survey was applied to
participants with a total of 26 measurement scales. In this
survey, two of the scales were related to behavioral intent:
stay duration and a place to rest (Table 3.).

An analysis of the participants' average response
per site and each site's physical characteristics was
performed (Table 2.). Effects of gender were tested but
were not statistically significant.

3.2.1 Results

Correlations between physical elements and
impressions are listed in Table 4. Measurement scales
that did not correlate well (bellow 0.5) with any
physical aspect are omitted.

The best predictor for stay duration was the tree ratio
(R*adj=0.46; p<0.008) through the single regression
analysis formula Y=-2.73+(10.19*Trees), where Y is
the "stay duration" score.

Table 4. Correlations of Impression and Physical Elements

© Physical Element no 8o 8o o0 o 5o
2 or SEZESE 25 28 B8
© Impression s 5 A CGE 2 EEOX B
A Seats ratio|

B Bushes ratio 0.32

C Hedges ratio 0.01 -0.13

D Trees ratio 0.48 0.12 -0.53

E Cover ratio -0.49 0.01 -0.53 -0.02

F Water Ratio 0.58 0.39 0.14 0.25 -0.19

1 Comfort 0.05 -0.20 0.01 0.59 -0.31 0.07
2 Stay Duration 0.15 0.06 -0.08 0.72 -0.29 0.12
4 Peacefulness 0.29 -0.23 0.29 -0.19 -0.54 0.40
5 Sophistication -0.65 -0.48 0.41 -0.35 0.06 -0.29
6 Diversity -0.08 0.10 0.21 0.40 -0.18 0.26
9 View -0.19 -0.09 0.56 0.01 -0.36 -0.35
10 Organization -0.47 -0.56 0.21 -0.48 0.16 -0.34
11 Amount of Greenery 0.50 ' 0.08 0.33 0.31 -0.83 0.22
12 Vegetation placement 0.15 -0.18 0.17 0.41 -0.62 0.09
13 Abundance of Tree Shade 0.68 ' 0.05 -0.12 0.72 -0.67 0.22
15 Calmness Feeling 0.24 -0.15 -0.16 0.65 -0.27 0.28
19 Enclosure 0.40 0.24 -0.42 0.12 0.28 0.60
20 A Place to Rest 0.33 0.18 -0.59 0.93 0.05 0.28
21 Interesting -0.16 -0.24 0.06 0.47 -0.08 0.12
22 Harmony with Surrounding 0.16 -0.05 0.10 -0.18 -0.14 -0.34
23 Color Variety 0.04 -0.03 0.50 0.26 -0.57 0.22
25 Newness -0.63 -0.31 0.13 -0.44 0.11 -0.22

A place to rest could also be predicted by tree ratio
with a better model (R*adj=0.85; p<0.001) through
the formula Y=-3.80+(16.73*Trees), where Y is the
"place to rest" score. This prediction could also be
made from the hedge ratio but with a less robust model
(R%adj=0.27; p<0.045).
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Several impressions could be predicted from the
tree ratio: tree shade (R’adj=0.47; p<0.008), calmness
(R*adj=0.36; p<0.023) and comfort (R’adj=0.28;
p<0.045). Others could be predicted from the seat
ratio, such as the abundance of tree shade (R’adj=0.40;
p<0.015), sophistication (R*adj=0.36; p<0.015) and
newness (R’adj=0.34; p<0.028).

A logistic regression analysis was made using the
raw data from the survey to predict users' satisfaction
according to the tree ratio for the two activities: stay
(Fig.5.) and rest (Fig.6.). The graph is divided into
three areas: negative, neutral and positive impressions.

For this analysis, the 7-point scale was divided into
three segments: -3, -2, -1 as negatives; 0 as neutral; and
+1, 42, +3 as positives. This means that in the case of
"place to rest", the answers "extremely agree", "agree"
and "somewhat agree" to the survey prompt "hard to
rest" are plotted as negative; "neither" is plotted as
neutral and "extremely agree", "agree" and "somewhat
agree" in response to the prompt "easy to rest" are
plotted as positive.

The logistic regression makes it possible to evaluate
the satisfaction rate with any density instead of relying
on averages. Plotting results using logistic regression
allows designers to use density values that will satisfy
more than half of the users, which is extremely
useful for data that vary from positive to negative
impressions.
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Fig.5. Logistic Regression of "Stay Duration" by Tree Ratio
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Fig.6. Logistic Regression of "Place to Rest" by Tree Ratio

3.2.2 Discussion

Both activity measurements in the SD survey could
be predicted by tree ratio, which consisted of a broad
range (from 10 to 30%) of the POPS area.
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The seat ratio did not correlate with either the stay
or rest activity. This may be because the seat ratio only
varied from 0 to 3.4% of the total area. Considering
that the seat ratio correlated well with the amount of
greenery and abundance of tree shade, it is possible to
assume that seat perception is related to tree placement
and overall design. This could also explain the inverse
correlation between the seat ratio and the newness and
sophistication impressions.

It is worth noting that a negative correlation between
the amount of bushes and organization exists (more
bushes means a less organized space) because the
number of bushes directly relates to the amount of
greenery and overall space.

4. Conclusions

When asked to identify which physical elements
caught their attention, participants pointed to basic
elements: street furniture, greenery, buildings, sidewalk
and overall space.

Greenery was the most cited physical element, and
the tree ratio proved to be the best predictor of stay and
rest activities. This result agrees with Tanaka & Kikata
(2008) who related the amount of trees to rest activities
and expands the results to include stay activities. In
addition to trees, the amount of bushes correlated
negatively with the impression of an organized space.

The most prominent impressions pointed out by
users apart from emotional ones (e.g., goodness, liking
and pleasantness) were comfort and restfulness; both
highly correlated with the tree ratio.

Some of the characteristics expected to be found
in the physical elements were also addressed in the
present study such as presence/absence and vegetation,
while others should be explored further in future
research, particularly placement, space composition
and shape.

A deeper study on the effects of hedges can profit
from some in loco measures. A width x height
measurement is probably more suitable for hedges
instead of the flattened measure (depth x width)
adopted in this study.

Further studies should also broaden the age group
and include people from other fields of study to test
education effect, which may lead to different results.

This study used all of the publicly accessible area
of the lot to define the public space and instructed
participants to explore the space as a whole. A more
realistic measure would be to consider only those
spaces that are perceived as a public space a priori,
disregarding residual spaces such as back alleys,
parking lots, service accesses and unloading docks that
may be counted as public space in the FAR legislation
but do not contribute to the public good, which will
probably lead to more robust results to the findings
described in this study.
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Future studies can investigate impressions in
other seasons to compare the effects of tree coverage
and intended activity. Different climates, cultures,
user profiles (e.g. age, necessities) and affordability
could also yield different results that would be worth
comparing.
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Evaluating public spaces though immersive virtual environment: real and virtual environments differences

Privately Owned Public space
Immersive virtual environment (IVE)

1. Introduction
Recently head mount display technology has become

affordable, providing designers with a new visualization
tool that allows the environment to be experienced instead
of merely understood through graphical renderings.

As a design tool, virtual environments may be used to
evaluate different design proposals and provide designers
with actual data about the environment before it is built.

For the data to be reliable a relationship between real
and virtual environments has to be unveiled. Different
visualization methods, evaluation methods as well as
types
relationships between real and virtual environments.

environment will  probably vyield different

The present study evaluates 4 real public spaces and
the immersive virtual environment (IVE) equivalent of
those four public spaces, experienced through head

mounted display. Then it explores the differences between

those methods and how it can be used by urban designers.

2. On site survey

Four sites within walking distance from one another were
selected in Tokyo, so that subjects could evaluate them on
the same day. Site selection considered variability of the
amount of sitable area, amount and variation of vegetation
and scale. From the four selected sites, one was of small,
two of medium and one of large scale. Sites that had
potential confounding variables and sites that did not allow
for a clear perception of floor area such as connection with
underground and areas with restricted access but with
visual permeability were discarded. Noisy areas were also
discarded as a way to control sound environment, which
would not be simulated on sub sequential experiments, as
a confounding variable. Selected sites and their respective
elements ratio may be seen in Table 1.

Table 1 — Selected sites and its compositions.
Site Est. Area Seats Bushes

Trees Cover Water Grass

S1 2050m* 1.5% 18.3% 26.2% 5.5% 1.9% 0%
S2 2650m° 2.6% 22% 23.7% 0.4% 24% 0%
S3  600m* 1.4% 40% 30.6% 0% 0% 0%
S4 4000m* 1% 6.3% 125% 1% 0.5% 25.7%

For the on site survey, participants received orientations
about the survey purpose, evaluation method and how to
answer the questionnaire, after which they walked to the
first site and perform the evaluation.

Head mounted display
Semantic differential method

Member O Olavo Avalone*' Jun Munakata*?
Sinwon Jeong** Yushi Yoshida**
Activities

Impressions

After arriving at the site, participants were instructed to
walk freely around the site for about 5min. and then
answer the questionnaire. The questionnaire consisted of
21 questions as a 7 point semantic differential scale
followed by 2 multiple choice questions (Table 2)
presented to the participants on their smart phones. They
were instructed to check both sides of each scale before
answering it.

Table 2 — Measurement scales adopted.

Measurement Scale

1 Suitability for stay Unsuitable — suitable
2 % Suitability for eat/drink Unsuitable — suitable
3 8 Suitability forresting Unsuitable — suitable
4 © Suitability for meeting Unsuitable — suitable
5 Suitability for reading Unsuitable — suitable
6 Appeal Not appealing — appealing
7 Interestingness Not interesting — interesting
8 _ Enclosure Do not feel enclosed — feel enclosed
9 % Ambiance Gloomy — cheerful
10 ﬁ Relaxation Not relaxing — relaxing
1 %- Spaciousness Not spacious — spacious
12 ° Oppression Do not feel oppressed — feel oppressed
13 Liveliness Not lively — lively
14 Diversity Uniform — diverse
15 Size Small — large
16 Greenery amount To little greenery — a lot of greenery
17 2 Greenery placement Badly placed — well placed
18 5. Seat amount To little seats — a lot of seats
19 5’_: Seat placement Badly placed — well placed
20 Seat design Badly designed — well designed
21 View Bad view — good view
22 Price of a cup of coffee From 0 to 1000 yen or more
23 Stay time From 0 to 2 hours or more

3. IVE survey

The four sites with their surroundings were modeled
using SketchUp and Unity software. The virtual
environment models were as simple as possible, with
special attention to preserve size and proportion of the
original environments. Building facades, and surrounding
streets were textured with photographs taken on site
and/or using the Google Street view database. Since the
availability of vegetation models was limited, virtual
environments did not had the same species of the real
environments but tried to maintain the same heights,
texture and volumes of the original designs as much as
possible.

Virtual models were presented using an Oculus Rift DK2
head mounted display (Figure 1) and participants would
move around the environment using a Logicool gamepad

IVE % W7ot NIZ 381 5 ABHZE DRl « 525/ & IVE D3N
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controller. Each environment was loaded, observed and
evaluated with a brief (around 3-4 min) eye rest between
samples. Participants were instructed about possible side
effects of the VR equipment and to stop at any time they
felt discomfort. If necessary, they could rest for as long as
they wished between samples or end the experiment at
any time.

Figure 1 — Oculus Rift head mounted display.

Participants were allowed to walk around in the virtual
space for as long as they deemed necessary to grasp it.
Once they felt comfortable to evaluate it, they removed the
headset and started the evaluation by filling, by hand, a
printed questionnaire. Participants were instructed to
either wear the headset again or use the screen in front of
them to check any aspect of the environment they
deemed necessary while answering the questionnaire.

4. Participants

Participants were university students, from varied fields.

A total of 20 people (12 male and 08 female) participated
in the real environment survey, evaluating all four sites (80
observations in total). Average age was 23.35 years
(SD=4.78). Virtual sites were also evaluated by a total of
20 people (10 male and 10 female) with 80 observations
in total. Average age was 22.05 years (SD=2.19). There
were 17 people that participated on both surveys. Sites
were evaluated in the same two orders of the real
environments so that the effect of evaluation order could
be tested.

5. Results

An analysis of variance was used to determine whether
the environment type (real or virtual) had any effect in
each of the 24 evaluation scales.

There was no main effect or interactions from
environment type in four of the five behavioural scales
(Table 2). The exception was read activity (p<0.0001),
where, although there was no main effect, an interaction

(p<0.05) between environment type and sites could be
seen (Fig. 2).
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Figure 2 — Read Activity.

The scales chosen to access impressions had no effect
of environment type, except for ambiance (p<0.05) and
interest (p<0.05), both of which had main effect of
environment type (Fig. 3 and 4).
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Figure 3 — Ambience. Figure 4 — Interest.

Between the physical scales, size had main effect
(p<0.05) while greenery placement had interaction
(p<0.001) with site type (Fig. 5 and 6).

The other two scales — stay time and coffee price — also
had no effect of environment type
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Figure 5 — Size. Figure 6 — Greenery placement.

6. Conclusion

Overall, there were no effects caused by the way a user
experience the environment: whether it is virtual or real,
answers were very similar.

Impression scales that showed some effect from
environment type (i.e. ambiance and interest) were
probably due to the level of detail of the virtual
environment (shop facade used glass material innate to
the modelling software instead of photo texture).

Size and greenery placement divergence between real
and virtual is not unexpected since the greenery utilized in
the virtual models was different from the actual species
present in the real environments.

Whenever virtual environments are used, there is a
tradeoff to be considered between the level of detail
production cost and the improvement in response, which
is why this experiment tried to not over detail it. Future
research may explore the relation between different
detailing levels and measurement scale accuracy to
determine the optimal CG cost ratio to each measurement
scale.
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SEAT CHOICE AND DISTANCE JUDGMENT IN PUBLIC SPACES!

OLAVO AVALONE NETO anp JUN MUNAKATA

Chiba University

Summary.—This research assessed whether public space users will adopt a
least-effort approach and choose a less suitable seat nearby or seek the most suit-
able seat, even if it is farther away from them when the decision is made. How
distance assessment affects seat choice was investigated through an observational
survey, which allowed the identification of behavioral patterns. Those behavioral
patterns were then tested in a paired comparison experiment with 40 participants.
The results showed that the effect of distance on seat choice is related to the dif-
ference in distance between the options and that a sufficient difference can cause
trade-offs between distance and seat properties. The necessary difference in dis-
tance is conditioned by the activity and the seat properties.

Public spaces ought to provide opportunities for encounters, discus-
sions, deliberation, and socialization, while allowing for a diverse view-
point of the world (Lefebvre, 1991; Németh, 2009). In recent decades, the
production of public spaces, such as plazas and squares, has been gradu-
ally transferred from the public to the private sector through government
policies of exchanging floor area ratio for the provision of publicly accessi-
ble spaces. When unregulated, these policies allow for the design of spac-
es that will become neglected or underused and with no public function.
Furthermore, it allows for designs that actively segregate the population
or purposefully inhibit its usage (Németh, 2009). Alongside the changes in
public space production, technological advances continue to change our
social relations and our conceptions of place and location (Banerjee, 2001)
that also contribute to lower public space attendance.

To ensure the public function of a place, it is necessary to increase peo-
ple's attendance in a democratic way and maximize interactions in such
spaces, making them livelier. While an increase in the number of users will
make a place livelier, an increase in the users' stay time will be more effec-
tive in generating encounters (Gehl, 2011). Researchers have investigated
the effects of several factors in people's attendance in public spaces, such
as comfort (Walton, Dravitzki, & Donn, 2007; Lin, Tsai, Liao, & Huang,
2013), amount of sittable space and the presence of food stands (Whyte,
1980; Abdulkarim & Nasar, 2013), seat properties, placement and mate-
rials (Whyte, 1980; Abe, Hayashida, Tetsuo, & Watanabe, 2009; Li, Chen,

!Address correspondence to Olavo Avalone Neto, Bldg. 10, 3F, Room 303, Department of
Architecture, Division of Architecture and Urban Planning, Faculty of Engineering, Chiba
University, Nishi Chiba Campus, Chiba City, Chiba Prefecture, 263-8522, Japan or e-mail
(avalone@gmail.com).
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SEAT CHOICE AND DISTANCE JUDGMENT 549

Hibino, Koyama, & Zheng, 2009; Gehl, 2011), seat configuration (Hayashi
& Ohno, 1995), group size (Golicnik & Ward Thompson, 2010), intended
duration of stay (Gehl, 2011, p. 155), scenery (Gehl, 2011, p. 159), and the
activity to be performed (Hayashi & Ohno, 1995; Li, et al., 2009). Over-
all, this subject is approached using a stated preference methodology that
ranks such factors as more or less suitable. The present study investigates
how users make a decision between two options and whether the most
suitable option is chosen or if a trade-off favoring shorter distances occur.

Distance Judgment

Distance judgment is one of several ways for people to understand
their surrounding environment and to orient themselves. Knowledge
about distance derives from several, sometimes redundant, information
sources, including the number of environmental features, travel time, and
travel effort (Montello, 1997). Judgments are susceptible to biases, and
perceived distances may differ from measured, objective distances.

Physical or objective distances can be objectively and consistently
measured. They can be expressed in or converted into different scale sys-
tems and can be reproduced, while perceptual distance is the estimation
of a distance in plain view from a single observation point, based on judg-
ment of spatial and other cues (Montello, 1997).

Environmental or cognitive distance is a third term that, according
to Crompton and Brown (2006), refers to our knowledge about how far
places are away from each other. For a detailed account of cognitive dis-
tance and the three main theories seeking to explain distance judgment
biases—feature-accumulation, segmentation, and scaling—see Montello
(1997) and Crompton and Brown (2006).

The present study will focus on perceptual distance and its effects on
seat choice. Given choice scenarios in which people are expected to es-
timate distances between themselves and several options from a single
point of view, judgment biases may occur when the perceptual distances
differ from the objective distances. An overestimation of distance will lead
to an overestimation of the effort required for reaching farther options,
which can, in turn, bias the decision-making process. Furthermore, be-
cause distance estimation is not the purpose in itself, the way people per-
ceive each individual option may also affect their judgment and choice.

Decision Processes, Seat Choice, and a Decision Model

When faced with a decision, two processes start in the brain, one sub-
conscious and one conscious. The subconscious process relies on intuition
and generates impressions to be evaluated by the conscious mind in a
quick and effortless manner. The conscious process uses part of the think-
ing capacity to consider different scenarios, necessities, variables, and op-
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tions and to weigh possible results against one another in order to deter-
mine which is the most suitable. This process takes effort, concentration,
and time (Kahneman, 2011, p. 24).

People have a limited amount of working memory, and anything that
occupies working memory reduces a person's thinking capacity. To save
thinking capacity, choices are simplified by breaking complex problems
into smaller, easier ones, to which there are solutions that may be inter-
preted as the answer to the complex question (Kahneman, 2011, p. 97).
Recalling different variables with the purpose of weighing their value is a
conscious process, but the brain is always processing current stimuli and
providing suggestions. According to Kahneman's (2011, p. 129-136) avail-
ability heuristic, for a complex decision only those variables that can be
easily recalled by the subconscious will prompt the conscious mind with
an option set. Because the suggestions that arrive in the conscious mind
originate from the stimulus processed by the subconscious mind, it is pos-
sible to infer that those stimuli will determine which variables will be con-
sidered in the decision.

Studies related with seat choice (Hayashi & Ohno, 1995; L, et al., 2009;
Gehl, 2010) evaluated stated preference, meaning that they presuppose
a user will make a conscious choice and choose what he likes. Applying
the ideas of Kahneman (2011), it is most probable that the choice is sub-
conscious, and the subconscious suggestion is simply adopted using the
availability heuristic. This means that variables that are causing discom-
fort will be prioritized and prompt the subconscious for a suggestion and
an alternative that will mitigate the discomfort will be chosen.

As one example of the above choice process, Lin, et al. (2013) sug-
gested that thermal comfort is responsible for attendance in parks, which
means that when it is too hot people choose to be indoors so they can miti-
gate the discomfort with air conditioning. When there is a small discom-
fort, people may choose outdoor places, but comfort will be highly valued
by the subconscious and people will choose to sit in shaded places to mit-
igate that discomfort. If there is no discomfort to begin with, other vari-
ables—such as seat properties, personal space, view, etc.—will be consid-
ered instead.

If nothing is causing a major discomfort, then the user may choose an
ideal seat. The search for the best available seat or the better equipped seat
works well in small public spaces because the user is physically able to be
aware of all options—since all options may be in his field of view—and
that no better choice is available than the one presented at the time of the
choice. As the space becomes larger and the user can only perceive some
of the options—as others may present themselves as the user enters and
changes his field of vision—he has to keep searching for the best seat, re-



SEAT CHOICE AND DISTANCE JUDGMENT 551

gardless of distance, or compromise and choose a worse seat that is closer.
If the user compromises, he is weighing distance against the seat's quali-
ties and trading them in favor of a closer seat. Because people may trade
some of the seat qualities in favor of closer seats, the range in which indi-
viduals are willing to search without compromising can offer designers a
tool for stipulating the size of public spaces, dividing them into areas for
different activities and providing guidelines for amenities and seat place-
ments based on users' expected activities.

Stamps (2011, 2012) noted that perceived threat from visual clues
gradually reduces with distance up to 30m and ceases somewhere be-
tween 30 and 90m, and Gehl (2011, p. 65) also indicated 30m as the limit
to perceive another person's expression. The increasing cognitive strain
necessary to identify things farther away from us may explain possible ef-
fects of scale in searching for available seats.

The decision model in Fig. 1 is proposed as the process undertaken
when an individual is weighing any variable against distance. Seat re-
quirements refer to any seat properties that respond to a discomfort or
necessity. A seat that offers more appealing attributes is seen as preferable
to one that does not possess those same attributes. The letter “8” stands
for the distance ratio between the options and is obtained by dividing the
distance to the closest preferable seat by the distance to the closest non-
preferable seat. If 3<1, the preferable seat is the closest; if §>1, it means
that the preferable seat is not the closest and trade-off favoring distance
may occur.

OBSERVATIONAL SURVEY

An observational survey was conducted to identify behavioral pat-
terns related to distance and seat choice and to assess the validity of the
decision model proposed. Observation consists of systematically watch-
ing people's behavior in their environment, recording their actions, what
activities they perform, how they affect others, how they relate spatially,
and how the environment supports or interfere in their activity (Zeisel,
1981, p. 111). The observational survey method was chosen because it of-
fers an unobtrusive method appropriate for natural settings while avoid-

Seat Property /Scale/
C Activity )—)l Requirement

Most fit seat Aat d,
Less fit seat B at dy,

Fic. 1. Choice model based on activity and distance
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FiG. 2. Recorded behavior of Subject 08 on Chiba Univer. Plaza

ing non-representative findings caused by reactivity to being observed
(Cherulnik, 1993). The place chosen was the central plaza inside Chiba

University's campus (Figs. 2, 3, and 4).
with the exact measurement of pathways, seat locations, and properties,

Through careful measurement of the plaza, a floor plan was made
and tree and greenery locations (See Fig. 2). Observations were made dur-

Fic. 3. Picture from first camera
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FiG. 4. Picture from second camera

ing one hour on two different days: October 26, 2012, from 15:07 to 16:07
and November 15, 2012, from 11:30 to 12:30. Observation periods were
chosen to reflect high-use and low-use periods. The observations were
made on sunny days with few clouds, with low wind, and with tempera-
tures of 22°C and 15°C, respectively. The selection of observation days was
made to minimize the effect of thermal discomfort, thus eliminating an ex-
traneous variable.

The data were recorded in time lapse, with two tripod-mounted cam-
eras and a 10-sec. interval shooting, allowing for observation of every seat
on the main plaza as well as the path or entrance each user was using
when approaching a seat (Figs. 3 and 4).

The starting point considered was the point at which a participant
left the pathway around the campus plaza to move in the direction of
the seats, because this point represents the moment that the decision was
made. From each participant or group, the distance between the starting
point and the closest seat with different properties (with a table, with a
backrest, or flat) was recorded to evaluate if any trade-offs were being
made favoring closer seats (Fig. 2).

Participants

The movement and choice patterns of a total of 37 users were record-
ed, along with the users' activity, age, sex, group size, stay duration, and
the paths utilized to access the seating areas. From the initial sample, only
individuals with stay durations over 5min. and in groups of one to three
persons were selected. Participants with stay times less than 5min. were
excluded from the analysis because their stay was so short that it did not
require a choice from users, meaning that any seat would provide for
a short stay. If stays under 5min. were included in the analysis, results
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would be skewed toward trade-offs favoring distances but it would not
mean that users are actually choosing distance over other variables. Stays
under 5min. were considered to be too short because of the assumption
that distance was being favored above all other variables.

Also excluded from the analysis were participants who chose second-
ary seats (stair steps, small walls) when those choices were made under
at least one of the two conditions: stay time under 5min. or absence of
close available primary seats, leaving no other option besides the second-
ary seats in question.

Data from 5 users were omitted for the above-mentioned reasons. The
final sample consisted of 32 people: 14 individuals, six couples, and two
trios. The participants were categorized by group size to evaluate behav-
ioral changes, because groups have to consider the number of seats above
other variables.

Because seats with tables offer a support surface and can be used as
a backrest depending on the direction the user is facing, they were initial-
ly considered preferable to seats with backrests but without tables, which
were considered preferable to flat seats, such as backless benches or stools.
In the later paired comparison experiment this assumption was shown to
be false, and users considered seat properties according to their intended
activity (see the paired comparison experiment, below). This assumption
was revised with seats with backrests and seats with tables being consid-
ered equivalent at the same distance, as shown in Table 1.

Of the 14 individuals observed, eight of them had the best option clos-
est to them at the time of choice, making the occurrence of a trade-off im-
possible (§<1). Of the other six, three chose a preferable seat (1<8<1.32)
and three traded the preferable option for a closer seat (4.62<8<7.65). Ad-
ditionally, only one seat was chosen beyond a 40 m radius, which may be
the extent of an individual's distance judgment when making this type of
decision (Table 1).

From the observed couples, the only trade-off occurred when a cou-
ple chose a flat seat at 11 m instead of a seat with a table at 24.5m (§=2.23),
and preferable seats were chosen when the distance ratio () was between
1.00 and 1.10. Only one possibility of trade-off was observed with groups
of three people, and they chose the preferable seat at a distance ratio (3) of
2.00. Groups of three people were immersed in conversation during seat
selection, which may indicate that the participants argued among them-
selves regarding where they should sit, making it a conscious choice. Since
the participants were not questioned about the subject of conversations,
this may only be supposed. Another supposition about the difference in
behavior between groups of three people may be the necessity of a mini-
mal number of seats: as the group gets larger, the necessity for a matching
number of seats apparently is considered before other variables.
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TABLE 1
SuBJECTS” DISTANCES TO DIFFERENT SEATS

Distance to Seat
ID Activity n With Different Properties (m) 8=d_/d, Behavior Assessment
Table  Backrest Flat Seat

1 Rest 1 166-6 65.0 8.5* 7.65 Trade-off

2 Rest 1 100-6 69.0 11.0* 6.27 Trade-off

3 Rest 1 485 9.0* 33.0 0.27 Preferable is closest

4 Read 1 1660 30.0 6.5" 4.62 Trade-off

5 Stay 1 556 12.0* 315 0.38  Preferable is closest

6 Eat 1 750 29.0* 22.0 1.32 Preferable over distance
7 Eat 1 166 12.0* 37.5 0.32 Preferable is closest

8 Meet 1 45 35.5* 37.5 0.95 Preferable is closest

9 Other 1 38.0* 340 36.5 1.04 Preferable over distance
10 Eat 1 41.0* 386 36.5 1.12 Preferable over distance
11 Eat 1 32.5* 39.0 0.83 Preferable is closest

12 Rest 1 13.0* 33.0 0.39 Preferable is closest

13 Other 1 11.5* 325 24.5 0.35  Preferable is closest

14 Meet 1 11.0* 730 21.0 0.15 Preferable is closest

15 Eat 2 44 5* Preferable is closest

16 Eat 2 550 10.5* 33.0 0.32 Preferable is closest

17 Rest 2 46:9 11.5* 26.5 0.43 Preferable is closest

18 Eat 2 24.5 48:0 11.0* 2.23 Trade-off

19 Other 2 38.0* 345 36.5 1.10 Preferable over distance
20 Eat 2 34.5* 445 33.5 1.03 Preferable over distance
21 Eat 3 46.0* 576 23.0 2.00 Preferable over distance
22 Rest 3 27.5* 585 33.0 0.83 Preferable is closest

Note—XX%X: discarded distance (because there was a closer seat with the same utility). The
tables and backrests were found as having the same utility, meaning that they are equally
preferable. &: the “trade-off ratio,” which is acquired by dividing the distance to the clos-
est preferable seat by the distance of the closest less preferable seat (flat seat). *Chosen seat.

Considerations

The observational survey suggested that seat choice would be condi-
tioned by group size, with larger groupings willing to walk greater dis-
tances for a seat. The survey also provided some baseline parameters to be
further tested, such as the 2.23 distance ratio as the limit for distance trade-
off. The survey had a small sample size, making it difficult to generalize.
Alonger observation time and site variety would be necessary to generate
valid statistical conclusions and, even if an expanded survey were con-
ducted, the presence of extraneous variables such as climate, familiarity



556 O. AVALONE NETO & J. MUNAKATA

with the environment, and groupings would always put the results under
scrutiny. Here, the observational survey served as a pilot study for identi-
fying likely variables of interest.

PAIRED COMPARISON EXPERIMENT

A second experimental study was done, controlling for extraneous
variables in the real environment to test the hypothesis and to establish a
proper trade-off distance. The experiment used computer-generated im-
ages and a paired comparison method to assess the effects of distance and
seat properties in a controlled setting. Virtual environments allow for easy
variability of spatial relations and afford control of the number, position,
and nature of landmarks, avoiding the constraints of real-world experi-
mental situations (Jansen-Osmann & Berendt, 2002).

Studies have compared real and virtual environments in the evalua-
tion of seat choice, finding that they are highly correlated (Ohno, Soeda,
Kondo, Hashimoto, & Sato, 2006). Experiments using desktop virtual en-
vironments to evaluate distance perception are shown to be a valid re-
search tool yielding similar results as real-environment experiments (Jan-
sen-Osmann & Berendt, 2002).

People find it difficult to assign a score to each option when judging
between options (Tsukida & Gupta, 2011). The paired comparison meth-
od provides a means of evaluating a set of options through multiple di-
rect comparisons between alternatives. The participant is asked to quali-
fy or choose one of two options until every available pairing is evaluated
(Tsukida & Gupta, 2011). From an analysis of those independent assess-
ments, an overview of the participants' preferences, as well as their deci-
sion-making process, can be inferred.

Stimuli and Experiment Design

Stimuli consisted of computer graphic images generated in SketchUp
and rendered in Lumion software. Two main variables were used with three
levels each: seat properties, composed of flat seats, seats with backrests, and
seats with tables; and the distance between the observation point and the
available seats, which were 20, 35, or 50m. This combination resulted in
nine different alternatives, which were combined into pairs, resulting in 36
paired choices (Table 2). Those 36 images were presented to the participants
in four different settings: two scale variations and two different activities.

The two scales were chosen through considering real-environment
settings and based on how easily a user may visually perceive the envi-
ronment from one point in its entirety, along with all available seat choices
and with cognitive ease. Following Lynch's (1984) suggestion that public
spaces with a small dimension up to 25m will be perceived as comfortable
and well dimensioned, the small scale environment was set as a 1,500 m?
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TABLE 2
SAMPLES MATRIX

Table Table Table Back- Back- Back- Flat Flat Flat

20 35 50 rest20 rest35 rest 50 20 35 50
Table 20 o . . . . . . .
Table 35 . . . . . . .
Table 50 . . . . . .
Backrest 20 o o o . .
Backrest 35 . . . .
Backrest 50 o . .
Flat 20 o .
Flat 35 o

Flat 50

(25x60m) public square enclosed by buildings (Fig. 5), while the medi-
um scale followed Gehl's (2011) notation that perceptions of things at a
70m distance is limited. Therefore, the medium scale was set as a 3,000 m?
(50 x 60m) public square enclosed in the same condition (Fig. 6).

The observation direction was adjusted to preserve as much as pos-
sible the feeling of an enclosed public space. Because it was not possible
to maintain distance perception and show buildings on three sides in the
medium scale, a diagonal view was adopted.

All other factors were kept fixed between scales whenever possible. In
both scales, every seat was placed under a tree, all seats were rotated so they
could be perceived from the same angle, and all seats had the same amount of
sittable space (sufficient for four individuals) independent of seat properties.

The number of people present in one scene, independent of scale, was
also the same. In both the medium and the small environment, 10 people were
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FiG. 5. Table at 20m (A) and backrest at 35m (B) in a small-scale environment
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standing, and the same number in all samples displaying four seats, two of
which were occupied. The number of trees was not kept constant because the
medium scale had twice the area of the small-scale condition, and primary at-
tempts to maintain a constant number proved to affect the impression of the
smaller-scale environment as crowded and compromise the visibility of seats
placed farther away; therefore, the medium scale had 13 trees and the small
scale had nine trees.

To enable the evaluation of distance from computer-rendered images,
they were made with reference to a wide-angle lens with a 24-mm aper-
ture and a 35-mm film, rendering an 83° angle of vision. The images were
presented on a 42-in. full HD television with a 93-cm wide screen.

The participants were seated with their eye level on the horizon line of
the picture, and their heights were adjusted so they could look straight for-
ward without having to move their heads up and down. Their faces were at
53cm from the screen so that they would view the samples from the same
distance from which they were designed, preserving distance perception.
Samples were made with a 1920 x 1080 pixels and 428 pixels/cm resolution.

Participants

The participants were asked to choose one of the two available seats
in each image—marked as A and B—to perform a specific activity—either
eating or reading. All participants made decisions regarding the whole set
of 72 images—36 samples for each scale—for one activity and responded
to the set again for the other activity. The order of the activities was al-
ternated between participants. The participants were instructed that they
had approximately one hour to spend doing the specified activity.
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TABLE 3
ANALYSIS OF VARIANCE FOR EATING AcTiviTY, MEDIUM SCALE
Factor df SS MS F p R? Adj R?
.29 .28

Seat property 2 95.55 4778 1211 <.001

Distance 2 32535 162.68  41.23 <.001

Property * distance 4 15.65 391 0.99 41

Model 8 577.15 7214 1828 <.001

Error 351 1384.85 3.95

A total of 40 people, 16 women and 24 men, participated in the experi-
ment. They were all university students from different areas of expertise.
Their ages varied from 18 to 30 years (M =23.0, SD=3.2). From the sample
of 40 people, 30 were Japanese (20 men, 10 women) and 10 were foreigners
who had been living in Japan for at least 2 years (4 men, 6 women).

A repeated-measures analysis of variance (ANOVA) was conducted
using JMP software to determine the effect of seat properties and distance
on seat choice given different intended activities and environments of dif-
ferent scales. Models that included the effects of sex and nationality were
tested, but those factors were not statistically significant. Therefore, the fi-
nal model adopted considered all participants under four different condi-
tions, two of scale and two of activity. Tables 3, 4, 7, and 8 show the ANO-
VA and model fit for each condition.

The model constructed assesses the fit of distance and seat properties,
as well as its interaction in predicting the number of times a seat would be
chosen against every other available choice. With three levels in each vari-
able, any given seat could be chosen from 0 to 8 times (Table 2).

Results

Although both variables showed main effects in the chosen model, no
statistically significant interaction was found between distance and seat
property across all activity and scale conditions (Tables 3, 4, 7, and 8).

TABLE 4
ANALYSIS OF VARIANCE FOR EATING ACTIVITY, SMALL SCALE
Factor df SS MS F p R? Adj R?
41 40

Seat property 2 118.05  59.03 17.60 <.001
Distance 2 44295 22148 66.05 <.001
Property *distance 4 5.53 1.38 0.41 .80

Model 8 823.10 102.89 18.28 <.001

Error 351 1176.90 3.35
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TABLE 5
ANALYSIS OF VARIANCE FOR READING AcTIVITY, MEDIUM SCALE
Factor df SS MS F p R? Adj R?
42 40

Seat property 2 183.52  91.76  28.14  <.0001

Distance 2 237.65 118.82 36.44 <.0001

Property *distance 4 28.63 7.15 2.20 .07

Model 8 81730 102.16 31.33  <.0001

Error 351 1144.70 3.26

Eating activity.—The models proposed for analysis accounted for 41%
of variance in the small scale and for 29% of variance in the medium scale
for the eating activity. Although there was not a strong fit, both models ac-
counted for statistically significant variance as seen in Tables 3 and 4.

For the eating activity, seats with backrests were chosen as often as
seats with tables in both scales, suggesting that seats with backrests provide
the same utility as seats with tables for this activity. Tukey's HSD post hoc
multiple comparison tests of seat properties supported this result for both
scales. As both properties were weighted the same for this activity, the re-
sults show a predictable behavioral pattern, with tables and backrests being
chosen over flat seats and closer seats with backrests and close tables being
preferred over farther ones. Overall, there was a strong seat property effect,
and seats with backrests and tables at 35m were perceived as having more
utility, being frequently chosen over flat seats at 20m in both scale condi-
tions (Figs. 7 and 8).

In the small-scale condition this effect was also observed, and seats
with tables and backrests at 50m were also frequently chosen over flat
seats at 35m, as seen in Fig. 7. Trade-offs favoring distance were observed
when there was a considerable difference in seat distance, with flat seats at
20m having more utility and frequently being chosen over backrest seats
and table seats at 50 m. Some trade-offs favoring distance only occurred in

TABLE 6
ANALYSIS OF VARIANCE READING ACTIVITY, SMALL SCALE
Factor df SS MS F p R? Adj R?
40 .39

Seat property 2 134.82 67.41 20.84  <.0001
Distance 2 251.22  125.61 38.84  <.0001
Property *distance 4 7.67 1.92 0.59 .67

Model 8 770.90 96.37 29.80  <.0001

Error 351 1135.10 3.23
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Eating, Medium Scale
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Fic. 7. Average seat choice for eating activity in medium scale

the medium-scale condition, with tables at 35m frequently being chosen
over backrest seats at 50m, and flat seats at 35m over table seats at 50m,
as seen in Fig. 8.

Reading activity.—In the reading activity, the model proposed account-
ed for 40% of variance in the small scale and 42% in the medium scale, as
seen in Tables 5 and 6. When the activity to be performed was reading,
seats with backrests at any distance and in both scales were preferred over
all flat seats at any distance. They were also preferred over seats with ta-
bles, a finding that was supported by significant Tukey's HSD multiple
comparison tests. The only trade-off favoring distance over seat property
occurred with tables at 20 m being preferred over backrests at 50 m in both
scale conditions (Figs. 9 and 10).

Considering only flat seats and seats with tables, trade-offs favoring
distance were observed, with flat seats at 20m being chosen over seats
with tables at 50m but seats with tables at 35m being chosen over flat

Eating, Small Scale
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Fic. 8. Average seat choice for eating activity in small scale
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Fic. 9. Average seat choice for reading activity in medium scale

seats at 20m in both scales. Flat seats at 35m were also chosen over seats
with tables at 50m in the medium but not in the small-scale condition
(Figs. 9 and 10).

Trade-off Distance

Because no interaction was observed between factors in any activity
or scale, a second set of models was created in which distance was treated
as a continuous variable to estimate the distance at which different prop-
erties are traded in favor of a smaller distance. This model allowed predic-
tion of choice outcomes from the pattern devised in the multiple regres-
sion analysis. The formulae for seat choices in each condition are shown
in Table 7.

These formulae allowed prediction of the perceived utility (Y) a seat
has, given its characteristics (flat, backrest, or table) and the distance from
the user at the moment of the choice. When there is a choice between two
seats, the one with the higher perceived utility (higher Y) is more likely to

Reading, Small Scale
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TABLE 7
SEAT CHOICE MODEL FOR BOTH SCALES AND ACTIVITIES
Scale/Activity  Intercept Table Backrest  Flat Distance Adj R?
Eating Medium 6.71+ 0 0.93 -1.04 -0.078 x [Distance] 28%
Eating Small 7.12+ 0 0.58 -1.43  -0.089 x [Distance] 407
Reading Medium 6.30+ 0 1.70 -1.21  -0.065 x [Distance] A0%
Reading Small 6.35+ 0 1.38 -1.53  -0.067 x [Distance] .39%

Note—Y is the utility of a given seat. Y=intercept + [characteristic] — [z*distance]. For the
utility of a given seat, add only the value corresponding to the seat’s characteristics (table,
backrest, or flat). Distance is in meters. ip<.001.

be chosen, and seats with very similar Y values are perceived as having the
same utility.

For the eating activity in medium-scale environments, a flat seat at
20m (Y=4.11) is predicted to be chosen over a seat with a table at 34m
or farther (Y=4.06) and over a seat with a backrest at 46m or farther
(Y=4.06 m). In the small scale and for the eating activity, a flat seat at 20m
(Y=3.91) is predicted to be chosen over a seat with a table at 37m or far-
ther (Y=3.83) and over a seat with a backrest at 43m or farther (Y =3.87).
For the reading activity, trade-offs in the medium scale are predicted to
occur between flat seats at 20m (Y =3.79) and seats with tables at 39m or
farther (Y=3.77) and seats with backrests at 65m or farther (Y=3.78). On
the small scale and for the reading activity, trade-offs favoring flat seats at
20m (Y =3.48) are predicted to occur when seats with tables are at 43m or
farther (Y=3.47) and seats with backrests are at 64 m or farther (Y=3.44).

Considerations

Overall, a significant effect of seat properties was observed, with back-
rest seats preferred over seats with tables for the reading activity and hav-
ing the same utility as seats with tables for the eating activity, as shown in
Figures 7-10.

Flat seats were undesirable across both activities and both scales, with
any seat with better properties being preferred in almost every instance.
This finding supports Li, et al. (2009) that seats with backrests were wide-
ly preferred. This effect was observed in small-scale environments more
than in medium-scale ones, which may be due to perceived visibility—the
ease with which one can grasp the environment as a whole and consider
its alternatives—in accord with Gehl's (2011) and Lynch's (1984) directives
of comfortable public spaces, as well as Thiel's (1997) definition of “local”
space (up to 60m) and transitional space (over 60 m). The bigger the envi-
ronment, the more cognitive strain is required for its assessment.

For the eating activity, distance-favoring trade-offs were found when
the distance to a seat with a table was, on average, 15.5m more than the



564 O. AVALONE NETO & J. MUNAKATA

TABLE 8
OBSERVATIONAL SURVEY'S SEAT UTILITY

Utility of Different Seats

ID Activity n Seat Chosen
Table Backrest Flat Seat

1 Rest 1 -0.20 3.78 4.55 Flat

2 Rest 1 -0.20 3.52 4.39 Flat

3 Rest 1 3.15 7.42 2.96 Backrest

4 Read 1 -0.20 6.05 4.68 Flat

5 Stay 1 242 6.71 3.21 Backrest

6 Eat 1 0.86 5.38 3.95 Backrest

7 Eat 1 5.46 6.71 2.74 Backrest

8 Meet 1 3.20 4.87 2.74 Backrest

9 Other 1 3.75 4.99 2.82 Table

10 Eat 1 3.51 4.68 2.82 Table

11 Eat 1 5.11 2.63 Backrest

12 Rest 1 6.63 3.20 Backrest

13 Other 1 5.81 5.11 3.76 Table

14 Meet 1 5.85 1.95 4.03 Table

15 Eat 2 2.20 Flat

16 Eat 2 2.42 6.82 3.10 Backrest

17 Rest 2 3.12 6.75 3.60 Backrest

18 Eat 2 4.80 3.90 4.81 Flat

19 Other 2 3.75 4.95 2.82 Table

20 Eat 2 4.02 417 3.06 Table

21 Eat 3 3.12 3.20 3.88 Table

22 Rest 3 4.57 3.08 3.10 Table

distance to a flat seat and when the distance to a seat with a backrest was,
on average, 24.5m more than the distance to a flat seat.

For the reading activity, trade-off distances were larger because seat
properties had a greater effect on the user's decision. When the distance to
a table seat was, on average, 21 m more, and the distance to a backrest seat
was, on average, 44.5m more than the distance to a flat seat, trade-offs fa-
voring distance occurred.

Consistency Between Observed Behavior and Paired Comparison Experiment

Although not all activities observed on site were tested in the paired
comparison experiment, those observed behaviors may be predicted
through the formulae proposed in Table 7. Table 8 shows the data gath-
ered in the observational survey and presented in Table 1, with the respec-
tive perceived utility of each alternative. For Table 8, the formulae present-
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ed in Table 7 for the medium scale were used (because the area of sittable
space in the observed square was 4,240m?). For the reading and resting
activity, the formula for the reading activity was used. For all other activi-
ties, the formula for the eating activity was used (Table 8).

Only six of the 22 choices observed resulted in a behavior different
from those expected from the formula. The differences are likely due to
extraneous variables, such as the effects of seat design or seat materials,
although further research with a wider sample would be necessary for any
further generalization.

Conclusions

This study examined seat choice from a decision-making perspec-
tive, considering how people process distance against seat properties. In
this process, the intended activity played a crucial role in seat selection,
and seat properties are considered in relation to the intended activity, in
agreement with Li, et al. (2009). Because in the experiment the only differ-
ence between activity settings was the instruction given to the participants
while all other variables were the same, based on Kahneman (2011), it is
reasonable to assume that intended activity will prime the subconscious
to search for specific seat characteristics that fulfill such activity needs. To
assess actual thought processes, further research is required.

Abe, et al. (2009) claimed that the distance to the entrance and the dis-
tance to pathways play a major role in seat choice, although they did not
provide actual measures. Current results indicate that these distances play
a role, albeit a minor one: a considerable distance difference between op-
tions is necessary for distance to have an effect on a decision. This research
also provides actual distance measures that may be used by urban design-
ers to create different zones in public spaces based on users' intended activ-
ities—creating zones that are separated by distances beyond the trade-off
threshold or inducing users to enter the environment to perform specific
activities by locating preferable seats within the trade-off threshold.

A more important role of distance may be the visual ease it provides
for identifying closer seats. Farther seats may be neglected not for the ef-
fort required to reach them but simply because they are harder to identify
than closer seats, and so having a lower probability of entering the choice
set. This should be considered when dimensioning different sections of
large public spaces.

The results from the paired comparison experiment were consistent
with observed behavior, with some differences appearing when the per-
ceived utility of a set of options was too similar. This consistency is re-
stricted only to single participants, and considerations about pairs and
other groupings require further research, since different groupings may
provide quite different results. Also, differences between participants from
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different countries were not found. However, all participants had lived in
Japan for a period over two years and might not be considered to be rep-
resentative of their cultures. Cultural differences should also be checked
in future studies.

In this study, only eating and reading activities were explored in depth.
Further research can profit from exploring other activities and requirements
as well as exploring other variables that were maintained constant in the
present study such as seat materials and design, variations in sun/shad-
ow condition, other variations in environment scale, and variations in the
surrounding enclosure.

Considering the decision-making process, this study focused on the
first seat choice. Future studies may want to explore how users who are
dissatisfied with the first choice reassess and change seats or leave. Also,
it is possible to divide the decision to stay in a place in several succes-
sive decisions: to enter a public space or not, in which area of the public
space to stay, which seat in that area to use, and if there is a choice reas-
sessment. Different stages of the decision may consider different variables
from which users make their choices.
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