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Abstract: In today’s rapid urbanization process around the world, understanding the impact of
environmental parameters on urban dwellers” wellbeing is more important than ever. In this paper,
we explored the influence of 3D spatial and physical factors on the wellbeing of urban dwellers.
Twenty-one virtual environments comprised three street sections, five building morphologies, and
two densification rates, and were rated by 147 study participants. Our findings indicate that all three
parameters (street sections, building morphology, and density rates) can be used to independently
predict urban wellbeing. This research presents a milestone in understanding the complex relation-
ships between street sections, building morphology, and perceived density on urban wellbeing. The
outcomes of this study can be implemented by urban designers, architects, and researchers, with the
aim of creating more wellbeing-centered urban designs.
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1. Introduction

Currently, majority of the human population lives in urban settings, which will in-
crease significantly over the next few decades. By the year 2050, 68% of all humans are
expected to be living in urban areas, equaling to about 2.5 billion more people than today [1].
As such, the wellbeing of urban dwellers is of utmost importance. In this paper, we explore
the influence of 3D spatial/physical factors on the wellbeing of urban dwellers, including
the street sections, morphology of buildings (i.e., street facade), and density levels. More
specifically, this research paper explores the relationships between dense urban settings
and residents’ wellbeing.

The term wellbeing is frequently addressed in the literature through a wide range of
fields and definitions, and in relation to a variety of human domains, such as people’s health,
education, and levels of comfort [2]. Within the urban setting, certain design parameters
may also affect people’s wellbeing, such as feelings of safety and happiness, belonging,
perceived density, and vibrancy [3], as well as the morphology of buildings [4-8]. Wellbeing
has been found to increase in urban settings that are composed of more uniquely built
environments rather than repetitive ones, and when some spaces are used for commercial
purposes [1,3,6]. In addition, urban wellbeing is positively influenced by the existence of
vegetation [9-13].

This paper employs diverse methodologies to assess and compute wellbeing while
endeavoring to delineate the concept of urban wellbeing and its constituent elements.
Wellbeing is a multifaceted construct with myriad definitions across various research
domains, encompassing diverse facets of individuals’ lives, including health, comfort,
dwelling, and education [2]. Previous studies have examined how urban design parameters
can impact various dimensions of wellbeing, such as perceived density, vibrancy, belonging,
happiness, and safety [3]. However, a comprehensive investigation into the influence of
urban design parameters on all domains of wellbeing is yet to be undertaken. This study
concentrates on individuals’ subjective feelings and sensations [14], utilizing validated
wellbeing questionnaires as a foundational framework [15].
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As urban settings are desirable for many people [16-18], studies strive to identify
design principles that positively impact the needs of urban dwellers [7,19-23]. In areas that
are densely populated, architectural designs must be carefully addressed as a means for
ensuring quality living and enhanced wellbeing [24]. However, the relationship between
dense residential developments (due to increased urban dwelling) and urban morphology
is intertwined and intricate, and plays a key role in shaping urban settings [25]. As a result,
research on the complex relationships between urban density, urban design, and urban
wellbeing has been conducted extensively [7,26,27]. However, in today’s fast-paced, ever-
growing and evolving world, urban researchers, planners, and designers must continuously
examine urban wellbeing in light of the extensive urbanism, which includes traditional
public spaces, modern urban forms, and new smart technologies [28].

Despite their importance for urban dwellers” wellbeing, however, pedestrian spaces
tend to be omitted from urban research studies, with such spaces being regarded simply as
“leftovers” in urban street design. Streets are designed according to the size of motorized
vehicle sizes, including lane widths, rather that according to the optimal sidewalk width, for
example [29]. This is especially troubling as increased active mobility among pedestrians
is beneficial for their wellbeing and the environment, enabling less space-consuming
transportation options and with lower speeds [30].

The perception of enclosure experienced by individuals is influenced by the height of
buildings on both sides of the street [31]. Stamps (2005) asserts that the degree of enclosure
rises in tandem with the height of the vertical defining surfaces [32]. However, this rela-
tionship is not strictly linear, with greater disparities in the sense of enclosure observed
between two-to-four-story buildings compared to four-to-six-story buildings. This observa-
tion aligns with Gehl’s (2010) concept of vertical thresholds, dividing buildings into three
categories based on their potential interaction with the surroundings and streetscape [30].

Additionally, some studies posit that the importance of the sense of enclosure lies in
its impact on the visual attention of pedestrians at the street level [21,33]. Urban designers
and practitioners gauge the sense of enclosure using the enclosure rate, defined as the
ratio between the building’s height and the street’s width. The recommended comfort
range for enclosure rates is between 1:2 and 3:2 [34,35]; however, when the ratio reaches
1:6, pedestrians appear to lose their perception of an enclosing space [36].

Previous studies involved the evaluation of analytical models, replicating pedestrian
movements within urban settings through behavioral virtual reality experiments. Our
findings suggest that this approach contributes to the refinement and augmentation of
analytical models, aligning them more closely with human perceptions of space and
spatial preferences. These enhanced analytical models hold potential for assessing design
proposals and aiding decision-makers by providing reliable simulation results indicative of
residents’ potential wellbeing [37]. All street sections in the alternatives we presented to
the subjects fall within the recommended range of enclosure rates by Alexander and Jane
Jacobs [34,35] (0.5-1.5).

Gerike (2021) [29] presents two positive options for pedestrians: the supply-oriented
approach, whereby the design and width of sidewalks are in line with the needs of the
pedestrian and their activities at each specific location; and the demand-oriented approach,
whereby attractive and wider sidewalks are provided at suitable locations, offering pedes-
trians space in which to move and conduct activities, thereby encouraging people to spend
time on the streets, creating lively streets and cities. Either way, greenery, shade, shelter, and
outdoor furniture positively impact pedestrian activity and should therefore be included
in guidelines relating to urban street design [10,13,29,38—41]. Liveliness can be impacted
through urban design via means such as commercial and public seating, independent
businesses, varied buildings and blocks, and communal gathering places. Indeed, urban
planners and designers must address the social aspects of streets [28], especially as a means
for enhancing the wellbeing of urban dwellers [1].

According to Ref. [3], despite the importance of urban wellbeing and a large corpus
of related literature, this term continues to be complex from both theoretical and practical
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point of views (Bardhan) [24,42]. Striving to achieve improved urban designs by placing
peoples’ needs at the canter [30,43,44], this study examines the relationships between urban
design forms and the wellbeing of urban residents. In the current study, urban wellbeing
is defined by happiness, sense of safety, perceived density, sense of belonging and place
attachment, and the liveliness of the street [1,3]. The Integrated Wellbeing Index (IWI) was
defined as the average calculation of all senses above [45].

A framework, which integrates street morphology and human conduct with virtual
reality (VR) has been previously described as an effective tool for studying the interaction
of human behavior in urban environments [8,46-51]. The present study is extending our
previous experiment, though conducted on the Qualtrics platform and not in a VR labora-
tory due to COVID-19. Urban environments, with differing building morphologies, street
sections and densities, were presented to the participants via their personal computers.

2. Materials and Methods
2.1. Research Design

A previous research paper describes a case study of an urban street (i.e., Bloch Street) in
Tel Aviv, of which the density and form were virtually transformed and intensified up to six
times its actual density in real life. Two experiments were then conducted. The first focused
on the impact of the density rate, existence of commerce and vegetation on participants’
wellbeing, while the second focused on the relationship between urban and building
morphologies at one fixed level of density and the wellbeing of potential urban dwellers.
The latter was based on the findings of the former experiment, whereby participants’ sense
of wellbeing was only significantly affected by density when it was intensified more than
four times the real-life density level of the case study. This study is based on the findings of
these two previous experiments, focusing on the impact of morphology and street section
at two density levels. This study focuses on virtual environments that scored the best and
worst wellbeing rates in the two preliminary studies and adds the street section variable.
The case study that was employed in both previous experiments and the current one is an
existing street in Tel Aviv, as it is currently undergoing rapid urban renewal, densification,
and population expansion. Moreover, TA was deemed particularly suitable as it meets
all the criteria of prosperous urbanism with regard to congestion, urban supply, diverse
population, various services, employment, and cultural activity [3,52,53].

Figure 1 depicts the relationship between the variations in two preceding studies,
laying the groundwork for the current study detailed in this paper. The left vertical
segment showcases illustrations of environments with varied density levels, as presented
to participants in the first experiment. The horizontal set of illustrations, presented in the
second experiment reported in this paper, features environments with uniform density
levels, specifically the edge density level identified in the first experiment to maintain high
wellbeing levels. The colored circles within the figure symbolize the different components
of the Individual Wellbeing Index (IWI), with their sizes corresponding to the high/low
values observed in both experiments.

In this study, the term density is defined as “the calculated built volume”, i.e., the
existing built volume of the case study. The densified alternatives in this study were four
and six times greater than the real density of the case study.

2.2. Participants

One hundred and forty-seven architecture students participated in this study, as part
of a behavioral research course that was taught by one of the authors. Due to COVID-19
restrictions, the experiment was conducted using the Qualtrics Experience Management
(XM) software platform [54]. All students signed an informed written consent form prior to
participating in the experiment. Complete anonymity was ensured to all participants. Next,
students received a link via email to access the experiment. Each participant was asked to
watch a total of 11 videos that simulated their traversing through variant environments
and complete a wellbeing questionnaire after watching each video.
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Figure 1. Designing the experiment: graphic conclusions of the past two experiments showing the
relations of variables.

2.3. Virtual Simulation

Tools for studying the impact of urban environments and architecture on wellbeing
combine virtual reality (VR) laboratories, urban morphology, and spatial human behav-
ior [8,47-51,55,56]. However, due to COVID-19 restrictions and limitations, the behavioral
experiments in the current study were conducted remotely via Qualtrics XM [54], not in
a VR laboratory. Using this platform, the participants were exposed to a set of videos
simulating a range of urban environments that differed in density, vegetation, and building
morphology, on their own personal computers. Simulations were created in SketchUp 2020
(Trimble, Sunnyvale, CA, USA) and then rendered in TwinMotion 2021.1 (Epic Games,
Cary, NC, USA) to create a realistic scenery of people and traffic.

Twenty-one environments were created using three street sections, five building
morphologies, and two densification rates (Table 1). Built morphologies with the highest
and lowest wellbeing scores from the two previous experiments mentioned above [3] were
applied in this experiment through three types of street sections (Figure 2).

Street sections: a boulevard street section, an integrated street section, and a two-lane
street section. (1) The boulevard street section was 34 m wide, avenue-type, based on the
renowned Rothschild Avenue in Tel Aviv. This street section was composed of four traffic
lanes, two in each direction, with trees and vegetation along both sidewalks. This section
also had a 7 m wide walkable avenue in the center of the four lanes, as well as a dedicated
bike lane in both directions [57]. (2) The integrated street section was also 34 m wide, based
on a typical large street type in Tel Aviv, comprising four traffic lanes, two in each direction.
Greenery was added to the traffic islands. This section also had two central electric tram
lanes, one in each direction, similar to Arlozorove Street in Tel Aviv which is currently
under construction. (3) The two-lane (two way) street section was 21 m wide, a medium sized
street type in Tel Aviv, similar to the original case study (Bloch Street) examined in the
original experiment. Alongside each lane was a dedicated bike lane, with posts separating
the car lanes from the bike lanes. Each sidewalk was 5 m wide, with street vegetation
composed of trees and private front gardens. A parking lane was also located along one
side of the street.
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Table 1. The statistical design (A) summarizing the 21 environment variations and (B) the allo-
cation matrix for the incomplete block design. Each block of participants explored a different set
of environments.

(A)

Street Section

Morphology Density Level
Boulevard Integrated Two Lane

MO0 . 1 2 3
S R
L

6x 13 14 15

. - -

o))

X 7 8 9

(B)
Block-1 1 3 4 5 6 7 14 16 18 20 21
Block-2 4 7 8 9 11 12 14 16 18 20 21
Block-3 1 6 8 9 10 12 14 16 18 19 21
Block-4 6 7 8 9 10 12 14 16 18 19 21
Block-5 1 3 4 5 10 12 14 16 17 19 21
Block-6 1 2 3 7 10 11 13 15 17 19 21
Block-7 1 2 4 5 7 11 13 15 17 19 20
Block-8 2 5 6 8 10 11 13 15 17 19 20
Block-9 2 3 5 8 11 13 15 17 18 20
Block-10 2 3 4 6 9 11 13 15 17 18 20

sidewalk  Bike  Two-lane road Electrictram

sidewalk Planting Two-laneroad  Bike = sidewalk
" lar

Sidewalkwithtrees Bk | parking Two-side road Bike | Sidewalkwith trees
lane strip ne lane lane
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Figure 2. The three types of street sections.
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Building morphology. The following are the five building morphologies that were
applied to the three street sections (Figure 3): (1) all plots at the street level housed high-rise
buildings (i.e., plot consolidation with a high rise). Resulting in two types of street sections,
this morphology was previously evaluated as having medium-to-good wellbeing ratings [6].
(2) The medium volume composition morphology allows for many outdoor private spaces.
Creating a varied street section, this morphology was previously evaluated as having
high wellbeing ratings [6]. (3) High-rise (tower-based) buildings, as the most commonly seen
morphology in urban areas undergoing densification, were previously evaluated as having
medium-to-low wellbeing ratings [3]. (4) The small volume composition is composed of small
volumetric units, and this morphology was evaluated as having the highest wellbeing
ratings in previous research [3]. (5) Merging all plots on the street (i.e., plot consolidation),
a monotonous, continuous block morphology, is a single street section along the street,
evaluated as having the lowest wellbeing ratings in previous experiments [3].

2

orphology 1- ‘Merging all plots’ with high rise buildings

1 )

Consolidation of all plots
on the street with high rise

2)
Medium volume
composition

3

Towers based
morphology

4)

Small volume :
composition e

5 )

Merging all plots !
onthestreet 0w

orphology 4- ‘Small volume

Morphology 5- merging al plots

Figure 3. Five building morphologies.

Volumetric density. In a previous study [3], the small-volume composition (morphol-
ogy #4) was rated with the highest wellbeing results in previous research, and towers
(morphology #3) were tested in two density levels: four times and six times the density
level of the original case study (Bloch Street).

Two density levels were defined, 4X and 6X, based on previous study [3]. X = 170,000 m3
the existing built volume on both sides of Bloch Street. It contains a four-story building
with a 20-25 m width facade and 8 m gap between the buildings and the state of Bloch
Street before urban renewal. Moreover, 4X represents four times the built volume on Bloch
Street, while 6X represents six times the built volume. Twenty-one alternative virtual
environments were created (see Table 1A). In all environments, the quantity of virtual
vegetation, traffic, and people was similar.

2.4. Wellbeing Questionnaire

The participants were asked to fill out a validated wellbeing questionnaire [14,15]. To
increase reliability of the answers, each participant receive all questionnaires in a random
sequence of questions. Moreover, certain adjustments were made to the questionnaire to
better suit urban wellbeing [45,58,59]. Each participant viewed 11 virtual environments
(out of the 21 existing environments, based on an incomplete statistical block design) and
completed 11 questionnaires. After viewing each environment, the participants were asked
to rate 18 items on a Likert-like scale of 1 (not at all) to 5 (very much so), for example, “I
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feel happy when I walk along this street” or “There are unsafe places along this street
(Supplementary Materials).

2.5. Statistical Analysis

Rather than asking the participants to view and rate 21 virtual environments, which
is time-consuming and would probably entail decreased attention and focus during the
study, the experiment was performed as an incomplete block [60], whereby participants
were asked to evaluate a total of 11 virtual environments. The following is the allocation
matrix (Table 1B):

For dimensionality reduction, we performed principal component (PC) analysis
(Figure 4) using oblique rotation, to identify different wellbeing domains. PCs were in-
cluded if their eigenvalue was >1 (Figure 4a). Each item on the questionnaire was assigned
to one PC based on the highest correlation between the item and the PC (Figure 4b). We
transformed the values of the wellbeing questions to the PC space, and all following analy-
ses were performed on the PC values. Next, we defined the IWI as the mean of the values
of all included PCs [45]. For hypothesis testing, we only used nonparametric tests to avoid
assumptions of normality.

(a) (b)

) PCS
wi

Figure 4. (a) Scree plot of the PCs. Each PC explains part of the variance in the data. We chose to
retain five PCs, which together explain > 85% of the data variance. (b) Correlation of the wellbeing
questions with each specific PC. Questions with highly positive or negative correlations defined the
wellbeing domain assigned to the PC.

Continuous variables are described as medians (interquartile range [IQR]) and were
contrasted with the multi-group Kruskal-Wallis test. If a significant difference was iden-
tified, pairwise comparisons were performed with the Mann-Whitney U rank test. Cate-
gorical variables are described as counts (percentages) and were contrasted with Fisher’s
exact test.

Univariable linear regression analysis was performed to examine street section, mor-
phology, and density, and as possible predictors of wellbeing PC scores. All factors identi-
fied as significant or marginally significant (p < 0.2) predictors were entered into a multivari-
able regression model to examine their independent predictive ability [61,62]. Regression
analyses are reported as {3 [95%CI]. Correction for multiple comparisons was performed
with the false discovery rate (FDR) [63]. All statistical analyses were performed with R
Core Team V.4.1.1 (R foundation for statistical computing, Vienna, Austria, 2021). Statistical
significance was set at p < 0.05 and all tests were two-sided.

3. Findings
The authors’ affiliated Ethics Committee approved this study. Of the 147 participants

who took part in the study, 134 (92%) participants were younger than 35 years, 125 (86%)
were single, 63 (84%) were born in Israel, 88 (60%) lived in urban areas, and 41 (28%)
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declared living in a dense urban environment (Table 2). The PC analysis is described in
Figure 4.

Table 2. Study cohort demographics.

Characteristic n=1471
Age

18-25 70 (48%)
25-35 64 (44%)
35-50 8 (5.5%)
50-65 1 (0.7%)
Other 4 (2.8%)
Family Status

Single 125 (86%)
Married 13 (8.9%)
I have children 8 (5.5%)
Unknown 1

Participants” Hometown Environment

Urban 88 (60%)
Dense Urban 41 (28%)
Rural 17 (12%)
Unknown 1

Tn (%).

3.1. Descriptive Statistics

Density. Of the five wellbeing domains, happiness, belonging, and perceived density
positive values were found to be significantly higher in the 4x density compared to the 6x
density levels (Figure 5). The remaining two domains (safety and vibrancy) were similar
across the different densities. IWI values were significantly higher for the 4x compared to
6X densities.

Street section. Happiness values were significantly higher for the boulevard than for the
other two street sections (integrated and two lanes). However, belonging values were the
highest for the two-lane section and lowest for the boulevard. Perceived density, safety, and
vibrancy values were the lowest for the two-lane street section, yet had similar values for
the other two sections. Finally, IWI values were the highest for the Boulevard, followed by
the integrated street section. The two-lane street section exhibited the lowest IWI values
(Figure 6).

Morphology. Happiness values were the highest for the small-volume composition
and the lowest for plot consolidation. No significant differences were seen between other
morphologies. Safety values were the highest for plot consolidation with high-rise buildings,
with no significant difference between other morphologies. Moreover, no significant
differences were seen in perceived density values between morphologies. Belonging values
were the lowest for plot consolidation with high-rise buildings, and the highest for plot
consolidation, high-rise buildings, and medium-volume compositions. Finally, vibrancy
values were the highest for a medium-volume composition, followed by the small-volume
composition. The lowest vibrancy values were seen in plot consolidations with high-rise
buildings. IWI values were the highest for small-volume compositions and the lowest for
plot consolidation (Figure 7).

3.1.1. High-Rise Morphology

When focusing on tower morphologies (plot consolidations with high-rise morpholo-
gies #1 and #3), all wellbeing domains had higher values in the 4x density, except for
vibrancy (Figure 8a).
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gies in integrated street sections: 4x versus 6x density levels. (d) PC values in high-rise morphologies
in two-lane street sections: 4x versus 6x density levels.
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For the boulevard street sections with high-rise morphologies, happiness, belonging,
vibrancy, and IWI values were significantly higher for the 4x density levels (Figure 8b).

Safety and IWI values were significantly higher for the lower density level (4x) in the
integrated street section with high-rise morphologies (Figure 8c).

Happiness values were significantly lower in the 4x density for the two-lane street
section with the high-rise morphologies. All other morphologies were similar across both
densities (Figure 8d).

3.1.2. Small-Volume Composition Morphology

In the small-volume composition morphology, belonging and vibrancy values were
similar across both densities, while all other wellbeing domain values were higher for the
lower (4x) density (Figure 9a).
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Figure 9. (a) Wellbeing values for the small-volume composition. (b) Wellbeing values for the boule-
vard street section and small-volume composition. (c) Wellbeing domain values for the integrated
street section with a small-volume composition by density. (d) Wellbeing domain values for the
two-lane street section with a small-volume composition by density.

Happiness and IWI values were significantly higher in the 4x density for the boulevard
street section and the small-volume composition. All other wellbeing domains were similar
across the different densities (Figure 9b).

Happiness and IWI values were significantly higher in the lower (4x) density for the
two-land street section with a small-volume composition. No other differences were
demonstrated across density levels (Figure 9c).
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Perceived density and IWI values were significantly higher for the lower (4x) density in
the integrated street section with a small-volume composition (Figure 9d).

3.2. Regression Analyses

Density. Univariable analysis indicates that the higher density (6x) was a predictor of
lower happiness and belonging, and higher perceived density. Density was not found to be
a predictor of safety or vibrancy. Moreover, the higher density predicted lower IWI values
(Table 3).

Table 3. Wellbeing component prediction by density levels.

Outcome Beta 95% CI ! p-Value q-Value 2
Happiness -1.1 —1.4, -0.74 <0.001 <0.001
Safety —0.01 —0.14, 0.12 0.8 0.8
Perceived density —0.18 —0.29, —0.08 <0.001 0.001
Belonging —0.22 —0.32, —0.12 <0.001 <0.001
Vibrancy —0.06 —0.15, 0.04 0.3 0.3
IWI —0.31 —0.38, —0.23 <0.001 <0.001

1 CI = Confidence Interval. 2 False discovery rate correction for multiple testing.

Street section. Compared to the boulevard section, the two-lane street section was
a predictor of lower values for all five PC domains and IWI, except belonging where it
predicted higher values. Furthermore, the integrated street section was a predictor of lower
happiness and IWI. An integrated street section was not an independent predictor of safety,
perceived density, or vibrancy (Table 4).

Table 4. Wellbeing component prediction by street section.

Outcome Beta 95% CI T p-Value 2
Happiness <0.001
Boulevard — —
Integrated section —2.2 -2.6,—-19
Two lanes —2.0 -23,—-16
Safety <0.001
Boulevard — —
Integrated section —0.09 —0.24, 0.05
Two lanes —0.73 —0.87, —0.59
Perceived density <0.001
Boulevard — —
Integrated section —-0.11 —0.23,0.01
Two lanes —0.48 —0.60, —0.37
Belonging <0.001
Boulevard — —
Integrated section 0.16 0.05, 0.28
Two lanes 0.32 0.20,0.43
Vibrancy <0.001
Boulevard — —
Integrated section —-0.07 —0.18,0.04
Two lanes —-0.41 —0.52, —0.30
IWI <0.001
Boulevard — —
Integrated section —-0.47 —0.55, —0.39
Two lanes —0.66 —0.74, —0.58

1 CI = Confidence Interval. 2 False discovery rate correction for multiple testing.

Morphology. Wellbeing domain associations with morphology are described in Table 5.
A small-volume composition was most strongly associated with happiness (3 2.3 95% CI
[1.7, 3]) among all morphologies. Plot consolidation with high-rise morphology was the
only significant predictor of safety (with an average increase of 0.53 [0.22, 0.84] in safety
value compared with plot consolidation) among the different morphologies. None of
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the morphologies predicted perceived density. Belonging values were predicted by plot
consolidation with high-rise buildings, followed by a medium-volume composition (with
an average increase of 0.65 [0.41, 0.89] and 0.54 [0.30, 0.78] in belonging compared with plot
consolidation, respectively). Vibrancy values were positively predicted by all morphologies
except for high-rise buildings. Finally, IIWI was positively predicted by all morphologies,
with the strongest association between plot consolidation and high-rise buildings (0.65
[0.41, 0.89]).

Table 5. Wellbeing component prediction by street morphology.

Characteristic Beta 95% CI 1 p-Value
Happiness <0.001
Plot consolidation — —
Plot consolidation with a high rise 1.3 0.54,2.1
Medium-volume composition 1.1 0.34,1.9
High rise 0.85 0.18,1.5
Small composition 2.3 1.7,3.0
Safety <0.001
Plot consolidation — —
Plot consolidation with a high rise 0.53 0.22,0.84
Medium-volume composition 0.08 —0.24, 0.39
High rise —0.09 —0.35,0.18
Small composition -0.13 —0.40,0.13
Vibrancy 0.4
Plot consolidation — —
Plot consolidation with a high rise 0.11 —0.16, 0.37
Medium-volume composition 0.06 —0.21,0.33
High rise —0.10 —0.33,0.13
Small composition 0.03 —0.20, 0.26
Perceived density 0.053
Plot consolidation — —
Plot consolidation with a high rise —-0.15 —0.40,0.10
Medium-volume composition 0.13 —0.12,0.38
High rise —0.03 —0.24,0.19
Small composition 0.17 —0.04,0.38
Belonging <0.001
Plot consolidation — —
Plot consolidation with a high rise 0.65 0.41,0.89
Medium-volume composition 0.54 0.30,0.78
High rise 0.17 —0.03,0.38
Small composition 0.42 0.22,0.62
IWI <0.001
Plot consolidation — —
Plot consolidation with a high rise 0.65 0.41, 0.89
Medium-volume composition 0.54 0.30,0.78
High rise 0.17 —0.03,0.38
Small composition 0.42 0.22,0.62

1 CI = Confidence Interval.

3.3. Multivariable Regression Analysis

Since density did not predict safety and vibrancy, and morphology did not predict
perceived density, these features were excluded from the multivariable analysis. All vari-
ables were independent predictors of all wellbeing domains, except for density that did
not significantly predict safety and vibrancy values, and morphology that did not predict
perceived density values. Street section had the strongest association with happiness, safety,
and vibrancy, with boulevard predicting the highest values. Density and street section had
similar associations with perceived density, and density had the lowest association with
belonging. Finally, street section, density, and morphology predicted IWI independently of
one another, with street section having the greatest impact on IWI values (Table 6).
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Table 6. Multivariable regression analysis.
Happiness Perceived density Belonging IWI Safety Vibrancy

Characteristic Beta 95% CI'! Beta 95% CI ! Beta 95% CI'! Beta 95% CI ! Beta 95% CI'! Beta 95% CI !
Density

4x — — — — — — — — — — — —

6x —0.78 —1.1,-0.42 -019 -0.29,-0.08 —-021 -033,-0.09 —034 —042,—-0.25
Street Section

Boulevard — — — — — — — — — — — —

igi’;g;sted 22 —26,-19 —011 -023,001 016 005028  —047 -055-039 —009 —023,005 —007 —0.18,0.04
Two-Lanes —2.0 —23,-17 —049 —0.61, —0.37 0.31 0.20,0.43 —0.66 —074,-058 —-073 -0.87,-059 —040 —0.51,-0.30
Morphology

Plot

consolidation - _ o B - - - - B - - -

Plot

consolidation 1.2 0.63,1.7 —041 —0.58, —0.23 0.36 0.24,0.48 0.84 0.62,1.1 0.22 0.05, 0.39

with high-rise

Medium

volume 1.0 043,15 —023 —041,-0.05 0.29 0.17,0.41 0.21 0.00, 0.43 0.43 0.26, 0.60

composition

High-rise 0.67 0.18,1.2 —0.16 —0.33,0.00 0.02 —0.09,0.13 —-0.01 —0.20,0.17 0.04 —0.10,0.18

Small 1.8 13,22 —0.23 —0.39, —0.06 0.34 0.22,0.45 0.03 —0.15,0.22 0.37 0.22,0.51

composition

1 CI = Confidence Interval.

4. Discussion

In line with previous studies, this experiment indicates the great impact of density,
morphology, and street sections on the wellbeing of city dwellers. All wellbeing domains
(happiness, safety, perceived density, belonging, vibrancy) received higher values for the
lower density than for the higher one—a finding that was reinforced by the univariable
regression model, whereby the volumetric density rate along the street was found to be a
significant predictor of IWI values (3 = —0.31 [-0.38, —0.23]). Similar to previous studies
on wellbeing at various density levels [3,6], the current study shows that IWI values are
significantly higher for lower densities along the street than for higher ones. The current
study also reinforces findings, whereby lower density levels predict higher IWI values. For
example, higher levels of actual density were found to create higher levels of perceived
density, which in turn retracted from people’s sense of wellbeing [50,64,65].

The boulevard street section provided the highest values for all wellbeing domains
except for belonging, while the two-lane street section presented the lowest values. This
aligns with previous research that advocates for a comfort range of enclosure rates between
1:2 and 3:2 [34,35]. Notably, all the sections and morphologies we examined fall within
this recommended range. However, for the boulevard and integrated sections of the two-
lane street, half of the enclosure rates were outside this range, which may contribute to
explaining the lower values observed for that particular street section.

Our regression analysis also demonstrated the positive influence of the boulevard
street section and the negative effect of the two-lane street section on wellbeing. These
results imply that the wider the street section is, the lower the actual measured density
is, mitigating the detrimental effect of densification processes on wellbeing. Moreover,
our results show that all three parameters, i.e., density, morphology, and street section,
independently predict wellbeing values. For example, high density constraints combined
with a wide street section and a small-volume composition (i.e., more dynamic morphology)
will compensate the low wellbeing values caused by the high density level. As such, these
three parameters may offer urban designers flexibility in maintaining reasonable urban
wellbeing values.

In a univariable model focusing on the street section, we also found that belonging
values were higher for the two-lane street section, whereby the narrower the street, the
higher the sense of belonging. This is in line with previous claims, whereby human-scale
street sections contribute to feelings of belonging and safety [30,35,44]. Similar to previous
work on wellbeing in various density levels, in this study the IWI values were found
to be significantly higher for the lower volumetric density level than for the higher one.
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The current study reinforces earlier findings whereby lower density levels predict higher
IWI values.

Similar results were also seen for the high rise morphology, whereby for all street
sections, the 4x volumetric density was associated with higher IWI values in a high rise
morphology. The impact of volumetric density along the street side persisted, regardless of
the street section. In addition, for the small-volume composition, higher IWI values were
found with a 4x density compared to the 6x density. However, when using a small-volume
composition, the effect of volumetric density was significantly diminished across all three
street sections or most wellbeing domains. These results suggest that density independently
influences wellbeing, regardless of the street section and morphology, except in cases of
a small-volume composition, which almost completely negates the effect of density. The
results of this study further reinforce the results of previous studies [3,6], whereby the
more complex the morphology and the less repetitive the patterns, the higher the sense of
wellbeing. As such, urban wellbeing increases when the morphology is more complex and
less repetitive, thereby creating a sense of human scale. We also found a trend whereby
people prefer the small/medium-volume composition over other morphologies, which
is line with previous findings, whereby a good city is one that creates a balance between
order and form [66].

The multivariable regression model reinforces the results of the univariate regression
analysis, demonstrating that all three variables independently predict wellbeing. Similarly,
the 4x density predicted higher IWI values. Findings whereby the higher the density the
lower the IWI were also seen in a previous study [3], where urban environments can be
densified up to 4x (4x = 680,000 m3; street width 21 m) and still maintain wellbeing in urban
residents. From this limit onward, however, a significant impairment in people’s sense of
wellbeing is seen, even if vegetation and commerce are added. In this study, we showed
that there is a significant decline in IWI values when transitioning from a 4x to a 6x density,
and that certain morphologies we improve IWI values even at higher densities such as 6x,
as claimed in previous studies [23].

In addition, the boulevard street section predicted the highest IWI and happiness values,
while the two-lane section predicted the lowest perceived density, safety, and vibrancy values.
Interestingly, the two-lane section predicted the highest belonging values. This result is a
milestone in understanding the relationship between street section and urban wellbeing,
indicating that any street section can contribute to different aspects of wellbeing. This
important finding could be added to our knowledge of how to design a pedestrian-friendly
street [10,13,39,67,68] to enhance how the pedestrian feels.

Finally, regarding the morphology parameter, we showed that the small-volume
composition predicted the highest IWI values, similar to plot consolidation with high-rise
buildings. However, the plot consolidation morphology (i.e., a continuous block) predicted
the lowest IWI values. Plot consolidation alone was found to predict low IWI values in all
our studies [3], yet this study is unique as it shows that this morphology combined with
high-rise morphology creates a changing, diverse and complexed street section that receives
high IWI values. As such, applying the findings of this study for all three parameters offers
urban designers the flexibility and knowledge needed when planning in urban dense
environments to address urban residents” wellbeing.

Our findings indicate that all three design parameters (street sections, building mor-
phology, and density rates) can be used to independently predict urban wellbeing. More
specifically, we found that a higher-perceived density predicts lower urban wellbeing.
Moreover, the wider the street section, the higher the urban wellbeing. Finally, the boule-
vard street section provided the highest wellbeing values, while the two-lane street section
presented the lowest values. Further studies are needed to elucidate the interplay between
additional parameters and their effect on urban wellbeing.
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5. Limitations

Our study has several limitations. First, the research population is mostly homogenous,
mainly consisting of architecture students. Differences were seen in previous studies as to
how people perceive urban environments, depending on their background in architecture
or design [69]. Moreover, the age distribution of the participants in this study is narrow,
with most participants being younger than 35. Finally, most participants were single and
had no children. As such, generalizations of these findings to the general public should
be made with caution. Future research could therefore benefit from performing similar
experiments with a larger range of participants.

Secondly, due to the COVID-19 pandemic, the experiments were not conducted in
a VR laboratory. Instead, the study was conducted via the Qualtrics platform, with the
participants taking part in the study from the comfort of their home. However, although
this differs from immersive devices, our findings are similar in all three experiments, each
of which was conducted using a different 3D methodology (visualization lab wide screen,
Vive HTC, and Qualtrics). Moreover, the current findings validate all three VR methods.
The absence of a VR laboratory setting could have impacted the immersive experience
and participants’ responses. Therefore, the findings might differ in a more controlled and
immersive environment.

Lastly, the study did not test the interaction between different environmental features
as this is a hypothesis-generating study. Since we have three features, adding all the
interaction terms will render the model unexplainable. We believe that restricting our
model is the right strategy and our results should be the basis of designing future studies
that can examine the interaction between features and their effect on wellbeing.

6. Future Research

Further investigation into higher density levels and additional building morphologies
could offer additional insights into the intricate interactions between design parameters
and wellbeing. Our use of a generic building facade across all experiments means that we
did not assess the impact of varying facade styles (such as balconies and visual complexity),
textures, and colors on dwellers” wellbeing. Exploring additional street sections might
enable a more comprehensive examination of the interplay between street sections, density,
and building morphology. It is worth noting that research analyzing the relationships
between spatial parameters and urban wellbeing contributes significantly to accurate
predictions of wellbeing for city dwellers.

Finally, this research is part of a series of experiments aimed at creating a theoretical
framework for establishing urban architecture and design principles. We hope to empha-
size the importance of specific parameters on urban dwellers” wellbeing, which could
pave the way to additional research for establishing additional principals that should be
implemented in dense urban spaces to enhance urban wellbeing in city residents.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/buildings14010211/s1.
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