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Abstract: Though several studies have explored the ways in which people perceive the qualities of
urban squares, the influence of living environments on such perceptions has received little attention.
To fill this gap, this study examined differences in preferences for urban square design elements,
particularly, the ratio of the width of a public space to the height of the surrounding buildings
(D/H ratio), square size, and façade details, among people with different living environments.
Virtual reality simulation techniques were used in controlled experiments with 100 participants
of various nationalities, mostly Koreans, and conjoint analysis was applied to determine what
combination of design elements most influenced urban square preferences. Participants experienced
eight virtual squares designed with different combinations of the three design elements and assessed
them based on five indicators of the quality of urban squares. Among the three design elements,
the D/H ratio most significantly influenced the perceptions of quality, regardless of participants’ living
environments. We conclude that the level of experience in various urban environments may affect
people’s familiarity with these environments and their spatial perception and preferences. We thus
suggest that socio-cultural differences related to users’ living environments should receive more
attention in urban design practice. We also demonstrate that the emerging combination of immersive
virtual reality technology and conjoint analysis can function as a useful tool for urban design research.
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1. Introduction

Many scholars have considered urban squares to be one of the most important elements of a
great city [1–5]; for example, Kevin Lynch noted the intense interest in squares (or plazas) in the urban
design field [3]. In imaging the ideal urban square, we may generally recall stereotyped, human-scale
European squares surrounded by beautiful buildings, filled with people drinking coffee and chatting
in open-air cafes, people walking their dogs, people waiting for their friends, and lovers sitting
side-by-side on the edge of a fountain. However, the form of European squares is not universal and
is, rather, deeply rooted in the history and culture of Western society, although such daily human
behaviors can be observed over the world. For example, streets have traditionally accommodated such
social activities in Korea, while bazaars have served these functions in Islamic countries [6–8]. As noted
by Lynch, the square model originates from historic European cities [3]. Beyond urban squares, many
other design elements and principles of contemporary urban spaces, if not all, have their roots in
Western, particularly European, society, and such design traditions have spread worldwide in recent
decades as a feature of rapid globalization [9].

However, urban design ideas that have evolved in the urban environment of Europe have
sometimes caused problems related to socio-cultural differences elsewhere in the world [10–13].
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While urbanization has long occurred in European cities, inciting the natural integration of people’s
daily lives and urban spaces within these cities, many cities in other cultures have seen mismatches
between these lives and spaces, which have been created by accepting European design principles with
little criticism [10]. Since the living environment in which people grow up affects their preferences,
people’s preferred urban environments may vary according to their living environments, and such
differences in living environments can exist even within the same country. For example, the lifestyles
and living environments in rural areas may differ from those in urban areas [14]. To apply urban design
principles to various places with different contexts, urban designers need to understand different
spatial perceptions and the preferences of users for each place.

Against this backdrop, this study examines how people who have grown up in different living
environments perceive the design elements of urban squares, which are representative open spaces in
the West (particularly in Europe). For this, we conducted an immersive virtual reality (IVR)-aided
conjoint experiment (visual assessment survey) involving 100 university students with different living
environments. This approach allows people to “jointly” perceive and evaluate the elements of urban
squares under controlled experiment conditions, thereby identifying which factors people most value.

2. Literature Review

2.1. Evolution of European Urban Squares

European urban squares accommodating social life and civic engagement, which are the research
subject for this paper, are considered one of the most important elements in mainstream urban design
field. For example, Kevin Lynch described the intense interest in squares (or plazas) in the urban
design field, “Books on city design are full of its possibilities, at times it has almost appeared that
urban design might simply be a matter of plaza design” [3] (p. 443).

Such European urban squares are unique inventions of European history and have been the core
public spaces of most European cities for over two thousand years, functioning as social gathering
places and markets [15–17]. Urban squares are rooted in the ancient Greek Agora and Roman Forum,
and similar public spaces are found in almost all historic cities throughout Europe [15,18]. Although
they have been variously named depending on time and place (e.g., agora, forum, piazza, or plaza),
urban squares are distinguishing characteristics of historic European cities [15,17].

Particularly, traditional European urban squares are mostly surrounded by an almost continuous
vertical wall of human-scale buildings with mixed uses [15]. These vertical elements formulate a visual
enclosure within the squares, and the spaces have a room-like quality [19] (p. 103). This representative
feature is considered a critical success factor for public spaces [5,20,21].

While such urban squares promoting people’s social exchange received little attention for a certain
period of time from the early- to mid-20th century when the modernist movement greatly influenced
cities around the world [12,22,23], the recent paradigm shift in urban design toward valuing the social
functions of public spaces has revived the interest in European urban squares, and the forms of the
squares have spread worldwide as a type of public space for social activities.

2.2. Design Elements of European Urban Squares

Scholars suggested that the qualities of urban squares are affected by various physical design
elements including the D/H ratio ((the ratio of the width (D) of a public space to the height (H)
of the surrounding buildings), square size and shape, façade details of surrounding buildings,
pavement patterns, public arts, street furniture, landscaping, and dominant colors [15,24–27] as well as
non-physical factors such as users’ experiences of and knowledge about urban squares, activities and
events, and their historical backgrounds and place identity [15,24]. Many scholars have emphasized
the importance of the D/H ratio, square size, and façade details, in particular, and made various design
suggestions based on European squares [1,3,15,26,28–30].
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Researchers have suggested that the D/H ratio is an important design element for the “sense of
enclosure” of an open space and have proposed optimal D/H ratios [21,28–32]; Alberti suggested as a
D/H ratio of 2/1, Lynch and Hack indicated 2/1 and 3/1, and Jacobs defined a ratio greater than 2/1
(a larger D/H ratio means a lower building height) [21,29,30]. These D/H ratios do not match precisely
but seem to demonstrate an implicit consensus that they should be greater than 1/1.

Scholars have been wary of overly large squares and have suggested an appropriate size for the
creation of human-scale squares. For example, Sitte noted that the largest squares of ancient cities were,
on average, narrower than 143 m wide and critiqued gigantic modern squares for their emptiness and
detrimental effects on the surrounding buildings [5]. Similarly, Lynch and Hack pointed out that the
smaller sides of the great squares of the past typically did not exceed 140 m [21]. Recently, Gehl also
recommended that an urban square should be no longer than 100 m wide, positing that “the 100 m
distance enables onlookers to stand on one corner and get a general view of what is going on in the
square” [28] (p. 38). The maximum dimensions presented by these scholars have been commonly based
on the human-scale, European square, keeping in mind the distance at which social interaction is possible.

Scholars have argued that façade details have both aesthetic and social effects. Regarding aesthetic
impacts, Trancik posited that the details of surrounding building facades, including “transparency,
opacity, openings, and surface ornaments”, affect the character of a square [26] (p. 61), while Jacobs
suggested that building facades should include some degree of complexity to provide visual pleasure
in public spaces [29]. Similarly, Whyte argued that overly orderly and uniform building façades could
weaken the life of public spaces such as squares or streets, particularly criticizing the blank walls of
the megastructures that are common in modern cities [33]. In terms of social impact, Gehl [28] (p. 81)
suggested that open and active building façades significantly affect people’s activity patterns and the
appeal of urban public spaces. In particular, Hadelich emphasized the aspect of social control, saying,
“Urban squares with buildings whose facades and entrances open onto the square at regular intervals
generally offer the greatest sense of security” [34] (p. 9).

Recently, several studies have attempted to empirically test theories or principles involving these
design elements. For example, Kim compared the effects of the D/H ratio, square size, and façade
design on the qualities of urban squares using 2D computer-simulated images [35], whilst Kim
and Kim examined the optimal D/H ratios for urban squares proposed by urban theorists using
immersive VR simulation [36]. Though these studies have made important academic contributions
by providing empirical evidence regarding these design principles—which had previously primarily
relied on experts’ experience and intuition—the generalization of their findings is limited because
they did not address the potential effects of users’ perception, which may vary depending on their
living environments.

2.3. Application of European Urban Squares to Cities with Different Contexts

Outside of Europe, open spaces similar to European squares were historically rare [22,23], and their
social and economic functions have been accommodated by other types of public spaces such as
streets [6] and bazaars [8,14]. However, as aforementioned, with the recent paradigm shift in urban
design have the forms of European urban squares been actively introduced in cities outside Europe.
Due to socio-cultural differences related to the living environment, however, urban square use in
non-European contexts differs in some respects. For example, the urban squares of modern Chinese
cities have been used to highlight the government’s political achievements [37] as well as for social
activities such as “urban dance” [38]. These differences in the activities in urban squares may result
from the fact that the shape of the square, created in line with European contexts, is perceived
differently by non-European urbanites. While people adapt to a given environment over time, spaces
designed with consideration of people’s different perceptions and preferences may enrich their lives.
Therefore, to design urban squares that accommodate the needs of people who have lived in different
environments, we must understand how they perceive the design elements of these squares.
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Regarding the differences among people in their spatial perceptions, many scholars in other
fields have long explored the various subjects. For example, Richard Nisbett explored how Asian and
Western people perceive and think differently [39]. Heath also mentioned culture as the determiner
for how individuals perceive urban environments [40]. Particularly, regarding spatial perception,
Saulton et al. [41] concluded that spatial perception and cognitive processes are rooted in cultural
backgrounds, based on a psychophysical experiment to investigate the differences in spatial perception
between German and South Korean people. In the urban planning and design field, scholars have also
examined differences in environmental perceptions and preferences related to people’s socio-cultural
experiences in terms of landscapes [42,43], parks [44], urban streets [43], and colors [45]. For example,
in his review of cross-cultural studies in recreation, Allison [44] recommended that the ways in which
different environmental settings are perceived by different cultures should be systematically addressed.
As Allison suggested, urban design principles for European urban squares should be also tested before
applying them to different contexts, and such an examination is the main purpose of this study.

3. Data and Methods

3.1. Outline of the Experimental Design and Analytical Framework

This study investigates the differences among people having different environmental experiences
in the perceptions of urban square qualities. For this purpose, we first conducted a visual assessment
survey-type experiment with 100 participants who had lived in a variety of living environments using
eight IVR-based urban square models with different D/H ratios, sizes, and façade details. In the
experiment, participants were asked to experience the modeled urban squares and score them using a
nine-point Likert scale for each identified quality.

Next, using the data from this experiment, we conducted two-step statistical analysis.
The first-phase analysis used multiple regression models to test the impact of participants’ characteristics
and the three urban square design elements on perceived qualities. In particular, the first-phase
analysis aimed to test the potential impact of variables related to participants’ living environments
that were classified by participants’ national-, urban-, and residential-scale environments such as the
regional origin (nationality), urbanity level of the hometown, and housing type.

In the second phase, we conducted conjoint analysis to identify the relative importance of various
urban square design elements on the evaluation of the squares according to groups classified by living
environment. Conjoint analysis is a stated-preference survey-based statistical technique that helps
determine how people value different attributes [46]. Using a series of mathematical models, it enables
people’s subjective internal preferences to be objectified and quantified, thus helping estimate the
relative importance of individual attributes. In this study, we used an approach more advanced than
standard conjoint analysis in two respects. First, we incorporated conjoint analysis with simulated VR
to allow participants to evaluate profile cards (i.e., combinations of three urban square design elements)
more accurately. Simulated VR (VR generated by computer simulation) has the advantage of being able
to manipulate the virtual environment according to research purposes [36] and is, therefore, generally
used to create planned or designed realities with components that do not yet exist in design-related
fields including architecture, landscape architecture, and urban design [47]. Moreover, it enables
urban researchers to conduct controlled experiments that would be almost impossible in real urban
environments [36]. Whereas traditional studies conducting conjoint analysis have employed text-based
descriptions [48–51] or two-dimensional visual materials such as photographs [52,53] in their profile
cards, recent studies [54,55] have applied VR techniques as a visual aid to help respondents make
accurate decisions and concluded that this approach was more valid due to its higher level of realism.
Second, we developed a quasi-rank-based conjoint experiment to overcome the limitation of a general
rank-based one. In a general rank-based conjoint analysis, respondents are asked to rank alternatives
from best to worst. However, it is neither easy or reliable for respondents to rank many square models
for various qualities in IVR environments. Hence, after asking the respondents to score each model for
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multiple qualities, we combined the scores of each quality variable and ranked the squares based on
the total scores. Only when two or more squares had the same score were respondents themselves
asked to rank the squares from worst to best. This approach can complement the limitation of multiple
regression analyses, which do not reflect the general behavior of comprehensively recognizing and
evaluating the various qualities of urban spaces. The following sub-sections present the (1) conjoint
analysis design, (2) 3D modeling and VR conversion, and (3) visual assessment survey with IVR and
the post hoc questionnaire survey.

3.2. Conjoint Analysis Design and Key Test Variables

Conducting an efficient and appropriate conjoint analysis requires careful consideration to
determine the optimal number and level of attributes. The basic principle of conjoint analysis design
is that attributes and their levels should be realistic and feasible, covering almost the whole range
of possibilities [56] (p. 2), [57] (p. 13), [58] (p. 405). Meanwhile, the total number of attributes
and their levels should be minimized to reduce respondents’ burden. Although a larger number of
attribute levels would lead to more detailed insights into attribute preferences, this necessitates a higher
number of profile cards and increases the complexity of consistent responses [57] (p. 15), [48] (p. 41).
When faced with too much information, respondents may adopt simplification strategies by resorting
to a random pattern of evaluation [56] (p. 4). Lastly, the number of levels across all attributes should
be balanced to avoid a potential “number-of-levels effect”, a tendency in which the attributes with
more levels are more likely to be given higher importance than those with fewer levels [56,59]. As such,
attributes and their levels should be rooted in appropriate theory.

Based on these principles, we selected three attributes of urban squares as key test variables
in both our conjoint and multiple regression analyses: the D/H ratio, square size, and façade detail.
Other physical elements of urban squares, such as the functional mix of surrounding buildings,
pavement pattern and design, dominant colors, public arts, and monuments, may also affect people’s
perceptions and preferences. Additionally, non-physical characteristics of urban squares including
the activities and events within them, their historical background, and place identity may be another
determiner. However, these non-physical attributes were not considered in this study, which instead
aimed to reveal implications for the physical design principles of urban squares. Thus, among the
various physical elements, we selected the three factors that influence people’s perceptions of urban
square qualities that have been suggested by many urbanists, as discussed in Section 2.2. Nevertheless,
this limited number of attributes may represent a shortcoming of this study.

The level of each attribute was also determined based on extant literature. Regarding the D/H
ratio, we considered the boundary value problems and decided on 2, 4, and 8 as specific levels.
These values were obtained from our previous study, which empirically suggested that D/H ratios of
4–5 are optimal for urban squares [36]. We regarded 4 as the mid-level value, and half (2) and double
(8) as the bottom- and top-level values, respectively. Regarding square size, two attribute levels (25 ×
25 and 50 × 50 m) were chosen within the ranges considered to be human scale. Smaller squares
(25 × 25 m) can be considered neighborhood community spaces, while larger ones (50 × 50 m) can
be considered neighborhood community spaces or the civic centers of small towns. According to
Gehl, people usually recognize another person at approximately 50–70 m and accurately read facial
expressions and dominant emotions at about 22–25 m [28] (p. 34). As such, in these human-scale
squares, people can experience varying degrees of social interaction, such as observing others’ activities,
engaging with friends, and more intimate communication. The façade details of the surrounding
buildings were given only two levels, “monotonous” and “complex”, because it was considered easier
for respondents to choose from clearly contrasting alternatives. Regarding the visual complexity of
building facades, Jacobs suggested that a proper degree of visual complexity is required for the quality
of public spaces [29] (p. 282); therefore, we assumed that complex façades were theoretically more
desirable than monotonous ones. Many traditional European squares, which are the prototypes of
urban squares, are surrounded by buildings with complex façade details, and their complexity is
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expressed via the design elements that Jacobs suggested, such as cornice lines, balconies, and details at
the tops of windows [29] (pp. 281–285).

Within these attribute levels, the maximum number of environments (i.e., combinations) should
be 12; however, a large number of profile cards increases the burden on respondents and the duration
of the survey (in particular, in the case of VR-based experiments), which can diminish the consistency
of the ratings [60]. Therefore, fractional factorial design was used to reduce the number of alternatives.
The orthogonal array function in SPSS allowed us to calculate the minimum number of required
profiles without missing the value of each variable once. Table 1 shows the eight profile cards used for
conjoint analysis.

Table 1. Profile cards for conjoint analysis.

ID D/H
Ratio Size Number of Stories of Surrounding Buildings

Determined by D/H Ratio and Size Façade Details

1 2 25 × 25 m 4 Complex
2 8 50 × 50 m 2 Complex
3 8 25 × 25 m 1 Monotonous
4 2 50 × 50 m 8 Monotonous
5 4 50 × 50 m 4 Monotonous
6 4 25 × 25 m 2 Complex
7 2 25 × 25 m 4 Monotonous
8 2 50 × 50 m 8 Complex

Note: The height of each story was set to 3.125 m for ease of modeling.

3.3. D Modeling and VR Conversion

We used SketchUp 2016 (Trimble Inc., Sunnyvale, CA, USA) to design 3D models of eight urban
squares with different combinations of attribute levels for the D/H ratio, square size, and façade detail.
Modeling the first two attributes was easy due to their objective dimensions; however, contrastingly,
façade detail is a subjective attribute. Accordingly, the models referred to Jacobs’ descriptions and
example sketches of “monotonous” and “complex” façade details (Figure 1). He described a complex
façade as having rich spatial patterns and textures and protruding surfaces, whereas monotonous
façades avoid details and contradictions [29]. Other than these three attributes, all the square
components were identically designed to maintain consistency, thereby facilitating easier comparison.
Participants were informed of this detail during the experiment.

Figure 1. “Monotonous” and “complex” façades applied in the immersive virtual reality (IVR)
simulation for the experiment.
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Kubity (https://www.kubity.com/) was used for the VR conversion of the eight square models,
which converted the 3D models made in SketchUp into VR. This program allows users to experience
3D models at eye level via head-mounted display (HMD) devices.

3.4. Visual Assessment Survey with IVR and Variables

3.4.1. Participants

Participants were recruited using a snowball sampling process conducted between September
2019 and May 2020. To avoid extreme heterogeneity in the snowball sampling, the target population
was limited to undergraduate and graduate university students in the Seoul Metropolitan Area.
In total, 100 students of various nationalities were recruited for the experiment. The Korean
participants were mostly recruited from undergraduate and graduate courses of the Department of
Urban Design and Studies at Chung-Ang University (CAU). The snowball sampling process for foreign
participants started with students from the Urban Development and Policy Master’s Program at CAU
and the Master of Urban Administration and Planning at the University of Seoul, which are both
international scholarship programs supported by the Korea International Cooperation Agency and
Seoul Metropolitan Government. All these participants provided informed consent.

The experiment’s sample size of 100 participants is not considered small among VR studies.
In Schneider et al., a review of 87 such studies showed that the average sample size was just 69.5 people [61].
The sample size of the present study was also sufficiently large to apply conjoint analysis [62] (p. 21).
However, due to the limited population cohort (i.e., university students), we regard our experiment as an
exploratory study applying novel methodology rather than a confirmatory study. Table 2 shows participants’
characteristics related to living environments, as well as the descriptive statistics of other variables.

3.4.2. Visual Assessment Survey with IVR and Dependent Variables (Perceived Qualities of
Urban Squares)

To measure the perceived qualities of urban squares (i.e., dependent variables), a visual assessment
survey experiment with IVR was conducted for each participant under the guidance of experimental
assistants who had been pre-trained for the procedure. The assistants initially explained the potential
side-effects associated with the use of the VR HMD (e.g., dizziness) and the experiment’s aims and
procedure. Participants were then asked to sign a consent form to confirm their agreement to participate.
The assistants guided participants in putting on and adjusting the HMD to fit securely and monitored
their safety while wearing it.

Participants were asked to use the HMD to learn how to select and enter a square designated by
the assistant. This warm-up process was necessary for two reasons. First, we needed to ensure that
the participants clearly understood the number assigned to each profile card and their arrangement
within the IVR environment, since the main experiment required sequential completion (according
to instructions from the assistants) corresponding to predetermined random numbers. Second,
the process served to familiarize the participants with the new technology, in an effort to obtain more
valid responses [63–65].

In the main experiment, each participant was asked to select a number between 1 and 100
that contained a randomly predetermined survey order for the eight squares. The participant then
experienced the eight squares according to her/his survey order. This approach aimed to neutralize any
potential effect of the order in which the squares were presented [66]. Next, while experiencing each
square within the IVR, participants were asked to rate the qualities of the squares on a nine-point Likert
scale. The qualities comprised two intuitive qualities (coziness and openness), behavioral suitability
for two social activities (gathering informally with friends and holding formal events), and the overall
goodness of the urban square. These were derived from the eight qualities of an urban square tested
in our previous studies [35,36], which are four intuitive qualities (openness, coziness, magnificence,
and dauntingness), behavioral suitability for three activities, and overall goodness. Among these eight

https://www.kubity.com/
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qualities, we excluded two elements (magnificence and dauntingness) since Kim and Kim revealed
that both elements showed natures distinct from those of the others [36]. In addition, among the
behavioral suitability variables, we excluded “suitability for optional activity” because we believed it
could be difficult for participants to distinguish the squares’ suitability for optional activity from that
for informal social activity. In fact, Kim and Kim empirically showed that the results for both activities
are very similar [36] although Gehl distinguished between them [67]. Thus, we employed only five
properties of good urban squares as dependent variables in the analysis.

The participants scored each of the five qualities for each square verbally while wearing the HMDs,
and the experiment assistants transcribed their responses. This was because wearing and taking off

the HMDs to respond could have reduced participants’ concentration and lengthened the experiment
duration, thereby increasing the potential risk of health problems. In particular, for questions about the
squares’ suitability for formal/informal activities, the assistants provided participants with narrative
scenarios to embody relevant contexts for the ratings, as previously applied by Tabrizian et al. [68].

After each participant had completed their evaluations, the assistants summed their scores for the
five qualities of each square and checked whether any scores tied. In the event of a tie, participants
were required to re-experience the squares with the same total score and rank them from worst to best.
In the experiment, 80% of the participants gave the same score for at least one pair of profile cards and,
on average, 2.4 squares (alternatives) were further experienced to determine the final rankings. As a
result, an average of 10.4 assessments per person were carried out to rank eight different urban squares
(major: 8 times, additional: 2.4 times).

Oculus Go and Oculus Rift HMDs were used as visualization devices for the IVR experience
(Figure 2). Using a controller, participants could move and turn through 360◦ to view and experience
the virtual squares. The experiment was limited to 20 min for each participant (approximately 2 min
per square) to avoid long exposure to the IVR environment, which could increase negative side-effects.

Figure 2. The IVR experiment process: (a) a snapshot of the experiment; (b) a sample image of a
simulated IVR square.

3.4.3. Post Hoc Questionnaire Survey and Control Variables

After completing each participant’s visual assessment survey, a post hoc questionnaire survey
was conducted to control for participants’ socio-demographic characteristics. As discussed in Section 2,
the living environment is a critical factor that may affect individual perceptions of urban squares as
well as preference for specific design elements. Accordingly, the multiple regression models included
national-, urban-, and residential-scale living environments, such as the regional origin (nationality),
urbanity level of the hometown, and housing type. These control variables were also considered in the
conjoint analysis for classifying participants according to their living environments.
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First, to control for participants’ nationalities, four dummy variables—African, Asian (except
Korea), European, and Central and South American countries—were used, with Korea as the reference
group. Second, we controlled for the urbanity level of where participants grew up, which was classified
using the New Urbanists’ Transect Plan concept. To collect this information, we presented six diagrams
and sample images (from natural to urban core zone) and asked participants to choose which best
described where they grew up (Figure 3). In the model, four dummy variables (suburban, general
urban, urban center, and urban core zone) were applied with a combined natural–rural zone variable
that functioned as a reference group. Lastly, the housing type (high- or low-rise) of each participant’s
most recent residence in their home country was also controlled for as a living environment variable
since this could have affected their perceptions of the building heights and public spaces.

Figure 3. Transect diagrams and sample images (source: Michigan State University, Understanding the
urban transect, https://www.canr.msu.edu/news/understanding_the_urban_transect, 2019.09.25.).

Participants were also asked to provide their basic personal details, including degree major, age,
gender, university, and previous experience with IVR. These individual characteristics were mostly
controlled for in previous studies [36,69–71]. We also applied an HMD-type variable to control for
potential bias stemming from the experiment devices. Lastly, the survey order of the profile cards
randomly assigned to each participant was applied for each participant to control for the potential
“order effect” [66,72].

Data from the visual assessment and post hoc questionnaire surveys comprised 800 records
(100 respondents × 8 profile cards) for each dependent variable. Table 2 illustrates the variables’
descriptive statistics.

https://www.canr.msu.edu/news/understanding_the_urban_transect
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Table 2. Descriptive statistics of variables.

Category Variables N Mean
(Ratio)

Standard
Deviation

Perceived qualities of urban squares (dependent variables)
Intuitive qualities Coziness 800 5.425 2.170

Openness 800 5.400 2.353
Behavioral suitability for: Informal gatherings 800 5.521 2.128

Formal events 800 4.814 2.207
Overall goodness Overall goodness 800 5.446 2.065

Living environment variables
Nationality (continent) Korea (ref. group) 100 0.500 0.503

African countries 100 0.130 0.338
Asian countries except Korea 100 0.250 0.435

Central and South American countries 100 0.070 0.256
European countries 100 0.050 0.219

Urbanity level of hometown Natural and rural (ref. group) 100 0.130 0.338
Suburban 100 0.150 0.359

General urban 100 0.220 0.416
Urban center 100 0.390 0.490
Urban core 100 0.110 0.314

Housing type High-rise building (ref. = low-rise building) 100 0.480 0.502
Other individual characteristics and control variables

Major Urban studies (ref. group) 100 0.630 0.485
Architecture 100 0.070 0.256

Arts and social science 100 0.150 0.359
Science and engineering 100 0.150 0.359

Gender Female 100 0.380 0.488
Age (years) 21–25 (reference group) 100 0.530 0.502

26–30 100 0.270 0.446
≥31 100 0.200 0.402

University Chung-Ang University (ref. group) 100 0.800 0.402
University of Seoul 100 0.150 0.359
Yonsei University 100 0.050 0.219

IVR experience Have experienced 100 0.610 0.490
HMD type Oculus Go (ref. group) 100 0.560 0.499

Oculus Rift 100 0.440 0.499

4. Analysis Results

4.1. Multiple Regression Analyses

Table 3 shows the results of the multiple regression analyses for the five qualities of urban
squares measured using a nine-point Likert scale. In general, the models showed that the three key
variables were significantly associated (p-value < 0.1) with the perceived qualities of urban squares,
after considering other factors.

First, while “D/H ratio” was negatively associated with “coziness”, it was positively associated with
the other four dependent variables. This result implies that lower surrounding buildings are generally
preferred; however, in terms of “coziness”, people might consider the need for vertical elements to
secure a sense of enclosure to some extent. Since the relationship may not be linear, this needs to be
re-examined using conjoint analysis. Second, “square size” was significantly associated only with
behavioral suitability variables, and their signs conflicted with each other, meaning that participants
preferred larger squares for formal events and smaller squares for informal gatherings. Lastly, “complex
façade” was positively and significantly associated with all the qualities of urban squares.
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Table 3. Multiple regression models of the five qualities of urban squares.

Intuitive Qualities Behavioral Suitability for
Social Activities Overall Goodness

Coziness Openness Informal Gatherings Formal Events

B p B p B p B p B p

D/H ratio −0.079 0.008 *** 0.264 0.000 *** 0.088 0.002 *** 0.125 0.000 *** 0.133 0.000 ***
Large square −0.087 0.553 −0.201 0.184 −0.698 0.000 *** 0.676 0.000 *** 0.043 0.746

Complex façade 0.704 0.000 *** 0.801 0.000 *** 0.541 0.000 *** 0.641 0.000 *** 1.245 0.000 ***
Nationality (ref. = Korea)

African 0.115 0.767 −0.285 0.478 0.388 0.301 −0.737 0.058 * −0.312 0.376
Asian (except Korea) −0.487 0.101 −0.219 0.476 -0.191 0.505 −0.604 0.043 ** −0.572 0.034 **

C/S American −0.050 0.895 −0.394 0.313 −0.085 0.816 −0.845 0.025 ** −0.741 0.030 **
European −0.578 0.184 0.074 0.870 −0.655 0.119 −0.382 0.380 −0.522 0.185

Urbanity level of hometown
(ref. = natural and rural)

Suburban −0.096 0.762 0.121 0.713 0.358 0.242 −0.157 0.621 −0.121 0.673
General urban −0.285 0.328 0.527 0.081 * 0.298 0.291 −0.191 0.514 0.062 0.815
Urban center 0.027 0.922 −0.167 0.563 −0.074 0.783 −0.499 0.074 * −0.531 0.036 **
Urban core 0.130 0.702 -0.478 0.174 0.211 0.521 −0.742 0.030 ** −0.787 0.011 **

Housing type (high-rise = 1) −0.178 0.363 0.598 0.003 *** 0.136 0.471 0.031 0.873 0.238 0.178
Major (ref. = urban studies)

Architecture −1.360 0.000 *** −0.536 0.160 −1.515 0.000 *** -0.721 0.051* −1.138 0.001***
Arts and social science −1.179 0.000 *** −0.596 0.021 ** −0.977 0.000 *** -0.620 0.013** −0.405 0.073*

Science and engineering −0.571 0.028 ** 0.010 0.971 −0.430 0.086 * -0.209 0.420 −0.209 0.375
Gender (female = 1) −0.218 0.192 0.234 0.177 0.226 0.161 0.027 0.873 0.473 0.002***

Age (ref. = 21–25) (years)
26–30 0.037 0.867 −0.168 0.463 −0.566 0.008 *** -0.482 0.029 ** −0.068 0.736
≥ 31 0.506 0.067 * −0.516 0.071 * -0.950 0.000 *** -0.626 0.024 ** 0.144 0.565

University (ref. = CAU)
University of Seoul −0.748 0.033 ** 0.040 0.911 −0.141 0.677 −0.142 0.686 −0.415 0.190
Yonsei University 0.295 0.526 −1.039 0.031 ** 0.193 0.667 −0.018 0.970 0.280 0.507

IVR experience (Y = 1) 0.174 0.333 −0.472 0.011 ** −0.112 0.519 −0.535 0.003 *** 0.099 0.543
HMD type (Oculus Rift = 1) 0.958 0.000 *** 0.919 0.000 *** 0.814 0.000 *** 0.786 0.000 *** 0.940 0.000 ***

Survey order of the profile cards −0.039 0.222 −0.003 0.933 −0.014 0.647 −0.015 0.635 −0.011 0.707
(Constant) 5.783 0.000 *** 3.985 0.000 *** 5.466 0.000 *** 4.796 0.000 *** 4.322 0.000 ***

Adj. R-Square 0.103 0.181 0.129 0.130 0.185

Note: *** p < 0.01, ** p < 0.05, * p < 0.10; N = 800; C/S American: Central and South American.
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The three sets of living environment variables showed significant associations with certain
qualities of urban squares. From the results, we found some clues that the living environments can
affect people’s spatial perceptions and preferences. First, in terms of “suitability for formal events”,
some of nationality and urbanity level of hometown variables were significantly associated with the
perceived quality of urban squares. This implies that the types of formal events held at a square may
differ by culture [37], even though everyday informal activities at squares are not dissimilar between
them. Second, regarding housing type, participants living in high-rise apartments tended to give
higher scores for the quality of openness than those living in low-rise houses. As such, people’s living
environments might affect their perception of and preferences for urban square design. Thus, a series
of stratified conjoint analyses according to participants’ living environments were then conducted.

The results for the control variables were also theoretically and empirically reliable [35,36].
The control variables related to the experiment conditions, including “university” and “survey order”,
showed insignificant or inconsistent results. However, contrary to our expectations, the participants
who used the Oculus Rift HMD gave higher scores for all quality variables than those who used
Oculus Go. Although Kubity—our VR conversion software—supports both devices, differences in the
resolution between them are expected to have affected this result.

4.2. Conjoint Analyses

4.2.1. Results of Full Sample Model and Stratified Models by Regional Origin

Table 4 presents the results of the quasi-rank-based conjoint analyses for the full samples and
the stratified samples by regional origin. In the table, the “importance” columns show the relative
importance of each attribute. The results of the full sample model revealed that the D/H ratio was the
most dominant attribute (44.020%), and the importance of façade detail (29.999%) appeared slightly
larger than that of square size (25.981%). The stratified conjoint analyses for the five groups also
showed similar trends, although the sample sizes of some groups were too small to confirm their
trends. For the façade detail and square size, only the European group, which had the smallest sample,
showed exactly the opposite trend to the others.

Table 4. Results of conjoint analysis by participant origin.

Korean African Asian
Central and

South
American

European Full
Sample

Attribute importance
D/H ratio 46.139 38.715 42.517 44.676 46.138 44.020

Square size 25.441 26.038 28.270 19.653 29.399 25.981
Façade detail 28.420 35.247 29.212 35.671 24.462 29.999

Utilities (part-worth)
D/H ratio 2 −0.913 −0.179 −0.568 −1.333 −0.400 −0.753
D/H ratio 4 0.482 −0.083 0.228 0.452 −0.500 0.302
D/H ratio 8 0.432 0.263 0.340 0.881 0.900 0.452

25 × 25 m square Size −0.280 0.654 0.037 −0.036 0.900 0.000
50 × 50 m square Size 0.280 −0.654 −0.037 0.036 −0.900 0.000
Monotonous façade −0.780 −0.885 −0.852 −1.143 −0.750 −0.837

Complex façade 0.780 0.885 0.852 1.143 0.750 0.837

# of participants 50 13 25 7 5 100

Regarding the specific part-worth utility of each attribute level, the full sample model showed
that the complex façade had the highest value (0.837). This means that the complex façade detail was
preferred over any other elements included in the analysis. This tendency also similarly appeared in
other stratified models.
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In the full sample model, the D/H ratios 4 and 8 showed relatively large utilities, and the D/H ratio
2 presented the second-lowest utility value. This result was consistent with the results of the regression
analysis that respondents generally preferred urban squares surrounded by low-rise buildings in terms
of most qualities. However, the stratified model results varied according to origin, although the sample
sizes of some groups were quite small. In particular, whereas all other groups showed a consistent
trend that a higher D/H ratio (lower surrounding buildings) was preferred, the D/H ratio 4 had the
highest part-worth utility (0.482) among the Korean group. This result reconfirmed the finding of our
previous study focused on Koreans, in which the optimal D/H ratios for urban squares appeared to be
between 4 and 5 [36].

Both square sizes were equally preferred in the full sample model. However, the stratified models
showed a great contrast between the origin groups: European and African participants preferred
smaller squares, while the Korean participants preferred larger ones. Asian and Central and South
American participants showed similar preferences for both square sizes. Lastly, all groups preferred
complex façade details.

Among the groups, the Asian and Korean participants were expected to have the greatest
socio-cultural similarities; however, they exhibited huge differences in their part-worth utility values.
Rather, regarding the D/H ratio, which had the highest importance, the results showed similarity
between the African, Asian (except Korean), and Central and South American groups (i.e., the lower
the surrounding buildings, the higher the preference). The similarity between these groups was also
identified in the multiple regression models. However, it was difficult to find geographical common
ground to interpret the three groups’ similarities revealed in the analysis.

Hence, we sought potential characteristics other than origin that could have a meaningful impact
on people’s spatial perceptions and preferences and found that the level of economic development
in the regional origin could be a plausible explanation. In fact, according to the four income levels
defined by Rosling et al. [73], none of the countries classified as African, Asian (except Korean), or
Central and South American in our data belong to the highest economic level (i.e., level 4 countries
with more than USD 24,200 GDP per capita, adjusted for inflation), while Korea and the European
countries did. Rosling et al. argued that the lifestyles of people who have similar economic status
show similar patterns, regardless of their geographical locations [73]. Therefore, it can be tentatively
inferred that urban environments in relatively underdeveloped countries, where there are not many
high-rise buildings, can make people familiar with buildings of human scale and influence them to
prefer squares surrounded by low-rise buildings. That is, the differences between groups may not
be directly attributable to the regional origin, but to the living environment formed by the level of
economic or urban development.

To confirm this inference, we compared the living environments experienced by participants
in each group using Fisher’s exact test. The results of the cross tabulation and Fisher’s exact test in
Table 5 show that Korean participants were more likely than African and other Asian participants to
grow up in urbanized areas. Table 5 also suggests that Korean participants were more likely to live
in high-rise buildings in their home towns (70%), while most African, Asian, and Central and South
American participants tended to live in low-rise housing (approximately 78%). The results coincided
with the above inference that the classification by regional origin in the analyses was highly related
to the participants’ living environments. Thus, we conducted additional stratified analyses based on
participants’ living environments.
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Table 5. Urbanity level and housing type by origin (results of Fisher’s exact test).

Total Korea African Asian Central and South
American European

T1–T2 13 3 3 6 0 1
T3–T4 37 10 8 12 4 3
T5–T6 50 37 2 7 3 1

Low-rise 52 15 12 17 6 2
High-rise 48 35 1 8 1 3

N 100 50 13 25 7 5

Note: Urbanity levels T1 to T6 represent natural, rural, suburban, general urban, urban center, and urban core,
respectively. The distribution of the urbanity level and housing type significantly varied across groups by regional
origin at a 0.01 probability level.

4.2.2. Results of the Stratified Models by Living Environment

Table 6 and Figures 4 and 5 illustrate the stratified conjoint analysis results by the urbanity level
of hometown and housing type. First, the results by urbanity level showed both similarities and
dissimilarities between groups. The results of the T3–T4 (suburban and general urban) and T5–T6
(urban center and urban core) groups were generally similar, except for conflicting signs for square
sizes. By contrast, the T1–T2 (natural and rural) groups showed distinctive patterns. Crucially, their
importance score for square size was the largest among all sub-groups, which signified that they were
more concerned with the size of the square in their evaluations than the other groups. The part-worth
utilities for square size attributes also suggested that participants who grew up in natural and rural
areas preferred smaller squares. With regard to the D/H ratio, while city-born participants (T3–T6)
showed distinctive preferences for a higher D/H ratio, country-born participants (T1–T2) showed
small differences (Figure 5). Country-born participants’ lack of experience with various urban space
characteristics may affect the absence of a particular preference for different levels of D/H ratio (height
of surrounding buildings).

Table 6. Results of conjoint analysis by living environment.

T1–T2 T3–T4 T5–T6 High-Rise
Housing

Low-Rise
Housing

Full
Sample

Attribute importance
D/H ratio 41.473 40.826 47.045 45.809 42.368 44.020

Square size 32.873 27.736 22.891 24.791 27.080 25.981
Façade detail 25.653 31.438 30.064 29.400 30.552 29.999

Utilities (part-worth)
D/H ratio 2 0.077 −0.838 −0.907 −0.729 −0.776 −0.753
D/H ratio 4 0.096 0.264 0.383 0.432 0.181 0.302
D/H ratio 8 −0.173 0.574 0.523 0.297 0.595 0.452

25 × 25 m square size 0.346 0.095 −0.160 −0.078 0.072 0.000
50 × 50 m square size −0.346 −0.095 0.160 0.078 −0.072 0.000
Monotonous façade −0.538 −0.865 −0.895 −0.781 −0.889 −0.837

Complex façade 0.538 0.865 0.895 0.781 0.889 0.837

# of participants 13 37 50 48 52 100

Note: Urbanity levels T1–T6 represent natural, rural, suburban, general urban, urban center, and urban
core, respectively.

Second, the results by housing type generally showed similar trends in the differences between
the Korean and other participants to the results shown in Table 4. However, the result regarding the
D/H ratio showed much clearer differences between high- and low-rise housing resident groups than
those between the groups by origin. That is, the pattern showing the shape of a concave curve with
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a maximum value of 4 for the D/H ratio (Figure 5) was more pronounced in the high-rise housing
group than in the Korean group (Table 4). These results suggested that people living in high-rise
buildings may prefer a moderate level of enclosure (i.e., a D/H ratio of about 4), while low-rise building
residents may prefer lower buildings surrounding the square (i.e., having a higher D/H ratio). Low-rise
building residents may prefer more open squares enclosed by low-rise buildings because they are more
familiar with such environments. In other words, the familiarity level with urban spaces can affect
place preferences. Together, these analysis results lead us to the conclusion that, rather than just their
regions of origin, differences in the physical environment they have lived in may influence people’s
perceptions and preferences regarding the design elements of urban squares.

Figure 4. Part-worth utilities of groups by living environment.
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Figure 5. Part-worth utilities for D/H ratio by sub-group.

5. Conclusions

This study examined the differences among people having different environmental experiences
in perceptions of and preferences for design elements of an urban square by applying a series of
IVR-aided conjoint analyses. From the analyses, we identified some similarities and differences among
participants with different living environments. First, the D/H ratio had the most dominant influence
on the perception of the qualities among the three design attributes of urban squares irrespectively of
participants’ living environments. Our earlier study had already shown the influence of D/H ratios on
perceptions of squares [35]; however, due to research method limitations, we were previously unable to
grasp the relative importance of the D/H ratio compared to that of other design elements. In particular,
while participants living in high-rise buildings preferred a moderate level of enclosure (i.e., a D/H ratio
of 4), participants living in low-rise buildings preferred a higher D/H ratio (i.e., lower surrounding
buildings). In addition, participants who grew up in natural or rural areas lacked a particular preference
for different D/H ratios. Second, participants who lived in high-rise buildings or grew up in urbanized
areas preferred larger squares than those who did not. Lastly, in all the stratified models, complex
façades were highly preferred over monotonous façades, as anticipated [26,29,35]. Summing up these
findings, we tentatively conclude that the degree of experience in diverse urban environments may
affect people’s familiarity with specific urban spaces and alter their spatial perceptions and preferences.
However, extant studies have also supported the counterargument that people prefer unfamiliar
landscapes [74,75], and, therefore, the present study merely augments the evidence in the body of
existing literature on whether people prefer familiar cityscapes or vice versa.

This study suggests that participants’ characteristics, in particular, those related to living
environments, rather than regional origin, may be an important factor influencing spatial perception.
We believe that these findings could contribute to improving urban spaces to suit peoples’ needs,
which may differ according to socio-cultural contexts. As aforementioned, urban design theories and
principles based on European culture have often been uncritically adopted by the rest of the world [9].
However, the application of urban design without consideration of socio-cultural differences can make
their lives uncomfortable, similar to wearing clothes that do not fit, and may also impede the continued
development of culture. Urban designers should bear in mind such differences when designing urban
squares or improving other urban public spaces.
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Another contribution of this study is its improvement of research methods that synthetically
combines conjoint analysis and IVR technology. Conjoint experiments using visual materials enable
more accurate research than conventional text-based approaches. In particular, the use of IVR as a
visual aid can greatly enhance studies that require spatial experiences [54,55]. However, conjoint
experiments using IVR pose difficulty in terms of execution compared to those using paper profile cards.
In rank-based conjoint experiments, paper profile cards make comparing and ranking easy. However,
if alternatives (profiles) are presented sequentially in the form of simulated IVR, not all alternatives
can be experienced simultaneously, inevitably diminishing the accuracy of the task or increasing the
experiment duration. In the case of choice-based conjoint experiments, the number of alternatives to
experience greatly increases. Even though typical choice-based experiments have a similar number
of trials to rank-based experiments, they present multiple alternatives (typically three to six) in a
single task [76,77]. This approach is more likely to increase experiment duration, leading to potential
health problems. Therefore, we developed a quasi-rank-based conjoint experiment as an alternative.
This method, which combines rating- and rank-based experiment approaches, allows participants
to experience and score all alternatives in the first evaluation and through an additional evaluation
and give rankings only for alternatives with the same sum of scores. By clarifying the ranking of
alternatives that did not differ much, we obtained benefits similar to those of choice-based experiments
that accurately identify people’s preferences. In fact, in the first evaluation, 80% of the participants
gave the same score for at least one pair of profile cards, and on average, 2.4 squares (alternatives)
had to be additionally experienced to determine the final rankings (an average of 2.4 additions per
person). Thus, the limitations of conventional VR-based conjoint experiments were minimized by
effectively conducting conjoint experiments with an average of 10.4 assessments, thus minimizing
the time required to experience the simulated environments via VR devices. The chronic problem of
rank-based experiments, in which participants find it difficult to rank the alternatives from just one
experience of each VR environment, was also alleviated. The proposed IVR-aided quasi-rank-based
conjoint analysis is expected to be a promising and sound research method, particularly for public
space studies using VR.

However, despite the aforementioned contributions, this study has the following limitations.
As noted throughout, only 100 students participated in our experiment. Although this sample size is
relatively large among VR studies [61] and acceptable for conjoint analysis [62], our stratified model
analysis required a larger sample size for better generalizability. Nevertheless, this study is meaningful
in that it demonstrated that the uniform acceptance of design principles without any consideration
of socio-cultural context might be problematic. Follow-up studies targeting specific groups sharing
experiences in a common living environment could suggest how to design cities with consideration
of socio-cultural context. In addition, like other research using VR, this study targeted a limited
population cohort of university students, thus making generalizing our results difficult. Although
avoiding extreme heterogeneity with the snowball sampling method was intended, the present research
should be regarded as a pioneering study applying novel methodology, rather than a confirmatory
study using a robust experiment design and rich data. Lastly, despite the various advantages of
IVR-aided conjoint analysis, this method limits the number of attributes (i.e., design elements of urban
squares) that can be analyzed simultaneously in an experiment. This is the common shortcoming
of conjoint experiments; however, it becomes more critical when conducting experiments with IVR,
as this study did. Although we developed a quasi-rank-based conjoint experiment to alleviate this
problem, the experiment design only allowed up to three attributes to be included in the analysis.
Due to this limitation, it is not appropriate to deduce general design principles, and, therefore, the
contribution of this study is limited to demonstrating that people’s preferences for design elements
may vary depending on their living environments. Thus, follow-up studies considering more diverse
factors, including physical and non-physical elements, of urban squares are needed. These limitations
are all common shortcomings of studies using VR equipment, and it is expected that they can be
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overcome in future studies if the convenience of equipment utilization improves and the price of
equipment decreases.
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