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Abstract

The issue of well-being in the built environment has received considerable critical attention in recent years. Especially
during COVID-19, when people had to stay indoors and stay away from green spaces, the importance of balconies
increased. The paper will in particular focus on the potential to design balconies with sufficient greenery in buildings
that contributes to people’s well-being. To test this hypothesis, virtual reality (VR) technology and experiments were
conducted with 45 participants. Virtual reality is a tool that provides the conditions for users to immerse themselves in
their surroundings. Participants were randomly assigned to three separate groups, each consisting of two different VR
environments and asked them oral questions based on a standard questionnaire (well-being in the built environment) to
test which balcony is more effective in increasing well-being. The importance and originality of this study is that it

evaluates well-being on balconies via virtual reality.

The results show that greenery on the balcony could affect people’s well-being. The most obvious finding to emerge
from the analysis is that greenery on balconies has significant differences in well-being. In such balconies, people feel
happier, satisfied, connected to others, have independence and have the ability to do something successfully, which
leads to better mental health. Further analysis showed that the amount of greenery on the balcony makes no
difference. In other words, with a small number (for instance, number of pots), the well-being can be improved.
Moreover, the tests revealed that individuals of different ages and gender have no major significance in well-being on

balconies.
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1. Introduction

The issue of well-being in the built environment has received considerable critical attention in recent years. The increase
in the population and the price of housing and land in urban life, especially in big cities, has led to living in apartments,
which has caused many problems over the years ['l. Among the problems, exposure to bad conditions of the built
environment has been shown to be related to adverse effects on mental health [?.Whereas, today it is less taken into
account during the designing progress!®l. An inappropriate physical condition in buildings is associated with increased risk
of stress which leads to mental disorders and depression [*! Mental health includes two aspects: the first aspect is called
negative mental health, which includes mental disorders and second is named positive mental health, which includes
optimal functioning and general well-being. Despite their correlation, these two aspects are different.l>I°! and evidence
supports the fact that high well-being has beneficial points for general health, longevity, productivity and social
relationships!’]. Well-being, which is given a lot of attention nowadays, is divided into objective (Eudemonic) and
subjective (Hedonic) groups[B].Subjective well-being includes satisfaction with life, positive emotions and the absence of
negative emotions, and objective well-being related to individuals’ goals and their ability to perform properly in line with
one’s goals.[9]Previous studies have agreed that subjective well-being is a broad topic that refers to evaluations of the
quality of one’s life and includes both affective and cognitivel'%/.Increased subjective well-being correlated with improved
sleep quality and decreased blood pressure, so it can be said that subjective well-being affects physical health, mental
health, reduces the risk of death and increase better social relations. Consequently, well-being plays an important role in
quality of lifel’ ”.Subjective well-being also has an impact on how individuals perceive their profession. A number of
studies show that higher subjective well-being can increase higher income, and increase productivity and reduce fatigue
or stress in work. The data suggests that people’s satisfaction with the residential setting in housing is dependent, at least

in part, on the effective use of the open spaces nearby one’s residential building |'2! and affects their social interaction.
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Figure 1. mental health's subsets

Previous studies have shown that many factors can affect mental health and well-being, but we have limited our research
to green spaces, which are an important physical factor. The reason is that findings have been reported that people with
the most access to nature have higher well-being.'] Moreover, the landscape has received enough attention as a
continuum between wild nature and designed environment such as urban and rural forests, green spaces, parks, gardens,
waters, and neighborhood areas!'“/The researches demonstrate that increasing green spaces can notably improve the
environment temperature in summertimel'®. Another literature has emphasized the importance of green spaces within and
near neighborhoods which can help to cope with public health emergencies!'®!. During covid19 most governments issued
stay-at-home orders for a long time. Therefore, this limitation to the outdoors caused serious problems like depression,
insomnia, stress and mental illness |'7]. Therefore, the balcony’s importance, as a place where private buildings can open
up to the fresh air, natural light and community interaction, has been highlighted in the recent emergence of public
space’s indisposition during the COVID-19 pandemic. In addition, in contrast to outdoor and indoor places, there is much
less information about the effect of semi-open space, especially balconies, on mental health. Taken together, the
evidence suggests that balconies could be helpful in improving['®l, and its effect on mental health has not been

addressed.

Therefore, this study has three key aims. Firstly, to focus on the potential to design balconies in the built environment that
contribute to people’s well-being. Secondly, address the question of whether or not the greenery on the balcony will affect
residents’ well-being and finally, how much greenery is suitable for well-being in balcony’s buildings. The importance and

originality of this study is that, instead of traditional methods, it uses virtual reality to explore balconies.
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Physical components of residential apartment design
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Figure 2. physical factors of apartment design

2. Method

2.1. Research process

This study uses a quantitative case study approach to evaluate the effectiveness of designing balconies on users’ well-

being.

In this research, participants were randomly entered into the VR scenario separately to test the effect of greenery in
balcony environments on human well-being. We randomly divided people into three groups (group A/B, group A/C and
group A/D), and in each group we showed only two environments, one of which in each group was similar. There are two
reasons for this between-subject design. Firstly, each participant only experienced the test twice to ensure the best effect
and avoid the potential for residual effects. Secondly, in order to reduce the negative effects of wearing the VR device on
the participants, such as headache, this way can reduce the wearing time of the VR Environment simulation. Data is
collected through the “Building Well-being scale” questionnaire which was asked orally [']. For each test, the
environments were shown to the users while they were sitting on a chair and were free to explore all 360-degrees of each

environment during the trials. All environments presented on the OCULUS QUEST 1 at a resolution of 1440 x 1600
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pixels, and a 1100 field of view (FOV). Each candidate had to answer the questions while being immersed in space. This
included providing basic personal information and checking for VR related simulator sickness symptoms before the test.
The immersed virtual environment test took place in a neutral test room, containing all the VR equipment, a headset and a
desk for the researcher conducting the experiment. The cases were familiarized with the head mounted VR equipment
and given instructions for the VR viewing and questionnaires. They were asked to stay during the test within a color-
marked floor of 1m *1 m. This zone was covered by the VR spatial location sensors communicating with the VR headset.

Finally, data analysis is conducted by statistical product and service solutions (SPSS).

start record

Display pictures finish

5 min 5 min 1 min

Experiment Demographic
preparation
Introduction Questions

Remove
Equipment

test

Figure 3. Overview of the experiment procedure from start to the end test.

2.2. Research tools

2.2.1. Virtual reality

Traditionally, researches have been assessed by visualization methods (e.g., images and photos), which cannot provide
respondents with a holistic perspective to evaluate the built environment accurately. Whereas, in this study we use VR
technology, which has shown enormous potential in architecture, education, commerce, and medication and many other
areas. In addition, previous research has also shown that human psychological perception and physiological reactions are
similar in VR and real scenarios. Existing research found participants’ subjective and objective visual responses are
almost the same in the real and virtual environment/?%. The three conditions of immersion, interaction and imagination can
be provided by VR 21122 Moreover, the experience of walking in or around a structure that does not exist can be
enhanced by VR. Also, virtual reality technology helped to eliminate some of the interference factors in the experiment,

such as auditory perception, olfactory system, and interaction with surrounding people (23,

2.2.2. Questionnaire

The questionnaire was based on previous studies by Kelly j Watson, which introduces a novel well-being valuation

approach consisting of a multi-item scale to measure and quantify the well-being outcomes of building users!'!. This
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building well-being scale is made up of five components: Satisfaction, Affect, Relatedness, Autonomy and Competence. It

was developed in reference to two existing, academically developed and validated, multi - item scales for measuring well-

being in individuals or populations, not in relation to the built environment. The first scale is the Warwick - Edinburgh

Mental Well-being Scale (WEMWBS), and the second is the Questionnaire for Eudaimonic Well-being (QEWB). The final

Building Well-being scale, a combination of two questionnaires named, represents an accessible and effective method to

quantify the well-being experienced by the end users of a built environment, including well-being scores for each

individual user, an overall well-being score for the building, and a score for each measure of well-being. In this study, the

participants were asked orally. The present research tests, for the first time, ‘the well-being scale in the built environment’

questionnaire in the balcony. Participants were also asked demographic questions, such as their age, gender, marital

status and their education.

Table 1. The Building Well-being scale

variable

affect
satisfaction
affect
relatedness
autonomy
competence
competence
satisfaction
relatedness

satisfaction

autonomy

relatedness
competence
autonomy

affect

statements

| feel optimistic when I'm in this building.

| have purpose when I'm in this building.

| feel at ease when I'm in this building.

| feel interested in other people when I'm in this building.
| can be myself well when I'm in this building.

| deal with problems well when I'm in this building.

I think clearly when I'm in this building.

| feel useful when I'm in this building.

| feel close to other people when I'm in this building.

| feel fulfilled when I'm in this building.

| can make up my own mind about things when I'm in this
building.

| feel valued when I'm in this building.

| can apply myself to what I'm doing when I'm in this building.

| feel in control of my own decisions when I'm in this building.

| feel energized when I'm in this building.

2.2.3. Participants

Questionnaire

WEMWBS

QEWB

WEMWBS

WEMWBS

QEWB

WEMWBS

WEMWBS

WEMWBS

WEMWBS

QEWB

WEMWBS

WEMWBS

QEWB

QEWB

WEMWBS

Strongly
disagree

-2
2
-2

2

-2
-2

-2

-2
-2

-2

Disagree Neutral Agree

Strongly
agree

2

2

The resulting total sample size, estimated according to a global effect size of 0.962% with a type error of 0.05 and a

power of 0.8 was 36. Though to ensure more than a few people were tested. The random sample of 45 participants was

recruited from building users in the city where the experiment took place. Participation was voluntary and eligible

participants were selected based on criteria of normal vision, age between 20 and 60 years old (M=21, F= 24).

2.3. Study environment

Qeios ID: XZAMMG - https://doi.org/10.32388/XZAMMG

6/15



Q Qeios, CC-BY 4.0 - Article, January 4, 2024

The VR environments were created by SKETCHUP and ENSCAPE engine. First, we investigated and grouped the
existing balconies in the city. An initial interview was conducted and the existing damages were identified. Then five
balconies were designed based on the needs and preferences of the residents. Afterwards, a re-interview was held and
the best balcony was chosen for the final test. The final balcony was designed into 4 final models. In other words, as
shown in Figure 1. We designed a balcony with four different amounts of greenery and, in order to allow for fair

comparison all of them were constructed with equal visual quality (sharpness and resolution).

Figure 4. Environment A, B, C and D

3. Results

A total of 45 samples were tested and analyzed. The research test was set based on the PLS test. Regarding their
education level, all the participants had university education. Table1 shows the demographic characteristics of the

participants.

Table 2. Characteristics of the participants
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Age(years)

Gender

Marital status

education

Source: the authors

20-40

40-60

Male

female

single

Married

diploma

Bachelor
degree

Master degree

Ph.D.

Overall (n=45)

n

15

30

21

24

15

30

20

17

%

34

66

47

53

34

66

45

37

Qeios, CC-BY 4.0
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To test the hypotheses of this research, first, the normality of the research variables is measured, and then the correlation

between them is calculated. Finally, the research hypotheses are tested based on the partial least squares method.

Table2 shows the descriptive statistics indicators including mean, standard deviation, skewness, kurtosis related to

research variables.

Qeios ID: XZAMMG
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L test

IN WS(EFS) BG F) SD M SK KU Picture group Var.
0.16**(0.001) 80.77*(0.65) 2.26**(0.97) 2.38 1.18 2.62 032 -059 A
A/B
0.83 391 -048 -0.75 B
1.02 277 061 A
Bz AC  affect
048 420 049 -1.19 C
1.33 3.28 -052 -091 A
A/D
0.62 451 -1.20 069 D
1.30**(0.05) 82.21*(0.66) 0.79**(0.03) 5.94 117 291 -043 -1.06 A
A/B
1.01 3.82 -0.60 -057 B
0.88 2.77 -0.70 -0.21 A
A/C Satisfaction
0.39 4.11 1.07 059 C
1.18 3.02 -0.23 -1.23 A
A/D
0.64 442 -097 013 D
0.47*(0.02)  62.94*(0.60) 1.32**(0.05) 0.48 1.11 2.88 -0.71 -0.82 A
A/B
0.82 3.73 -0.19 -044 B
095 2.82 -054 -065 A
A/C Relatedness
0.65 393 -0.71 034 C
1.29 322 -0.52 -0.67 A
A/D
0.69 4.33 -055 -0.96 D
0.03**(0.001) 40.38*(0.49) 1.61**(0.07) 2.10 1.04 271 038 032 A
A/B
0.89 3.35 -0.15 -0.11 B
094 288 -0.35 -0.96 A
A/C Autonomy
0.61 360 0.33 051 C
0.99 3.24 -0.18 -0.74 A
A/D
1.00 3.93 -0.39 -1.03 D
1.87**(0.08) 34.70%*(0.45) 3.27**(0.13) 2.09 1.05 320 -0.36 0.00 A
A/B

092 357 -0.11 -090 B

0.87 295 -0.99 -0.17 A
A/C Competence
0.56 3.86 042 -0.38 C

0.95 3.64 -0.36 -0.91 A
A/D
0.70 4.40 -0.77 -0.50 D

0.0017* 0.05** var.: variables M: mean SD: Standard L test(F): Levene's Test BG: between group WS: within group IN:

interaction

Nevertheless, the values of skewness and kurtosis of variables are in the range between 1.96 and -1.96 Therefore, the
normality of the research variables is accepted. In this way, parametric tests can be used to analyze the data. The results

of multivariate analysis of variance shows that there is a significant correlation between pictures(environments) in each
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group. However, no statistical differences between the groups and the environment*group were found.

Table 4. Provides the results of multivariate analysis of variance.
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Table 4. The results of multivariate analysis of variance

Partial Eta Squared SIG.

.097

.036

.059

.071

135

0.65

0.66

0.60

0.49

0.45

.008

.059

.022

.002

.082

A17

.458

.276

.21

.048

0.001

0.001

0.001

0.001

0.001

0.85

0.28

0.62

0.96

F

2.260

.795

1.328

1.616

3.274

80.775

82.215

62.941

40.387

34.709

0.16

1.305

0.47

0.03

1.874
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MS

3.098

1.048

1.911

2.359

3.875

38.678

33.205

23.511

10.449

10.449

0.07

0.52

0.17

0.00

0.56

0.47

0.40

0.37

0.25

0.30

DF

2.000

2.000

2.000

2.000

2.000

1.000

1.000

1.000

1.000

1.000

2.000

2.000

2.000

2.000

2.000

42.000

42.000

42.000

42.000

42.000

SS

6.195

2.096

3.822

4.719

7.751

38.678

33.205

23.511

10.449

10.449

0.15

1.05

0.35

0.01

20.111

16.963

15.689

10.867

12.644

Measure
Affect
Satisfaction
Relatedness
Autonomy
Competence
Affect
Satisfaction
Relatedness
Autonomy
Competence
Affect
Satisfaction
Relatedness
Autonomy
Competence
Affect
Satisfaction
Relatedness
Autonomy

Competence
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Figure 5. the mean changes of each variable.

Surprisingly, the competence figure is different from others. The reason for this is not clear, but a possible explanation

could be that other factors like personal, housing and neighborhood factors are correlated with well-being and its

variables [2°].

Additionally, the results of Table3 show that the significance level of the test for the variance is more than 0.05, so the use

of greenery is the same among males and females and also is the same among different age groups.

Table 5. The results of multivariate analysis of variance between different ages and gender

Partial Eta Squared SIG. F MS DF

.624 .000 54.796 18.403 1.000
.651 .000 61.466 20.245 1.000
527 .000 36.741 11.930 1.000
.508 .000 34.089 8.509 1.000
.286 .001 13.248 4.295 1.000
.031 315 1.042 .350 1.000
.011 552 .361 119 1.000
.000 .905 .014 .005 1.000
.032 305 1.087 .271 1.000
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SS

18.403

20.245

11.930

8.509

4.295

.350

119

.005

271

Measure source
Affect

Satisfaction

Relatedness Environment
Autonomy

Competence

Affect

Satisfaction

Relatedness Environment*Age

Autonomy
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.015

.025

134

.009

.022

.036

.010

.006

.030

.003

.001

.091

.136

.047

.025

.065

.055

164

.076

.003

.074

.088

.045

.054

.073

.045

167

.061

105

.158

.002

4. Discussion

481

.659

.092

.855

.693

.548

572

.650

.323

.756

.841

.206

.089

449

.664

.332

A77

.016

110

.756

113

.220

468

401

.288

468

.049

.353

159

.058

.969

.507

423

2.561

.158

.370

612

.326

210

1.007

.098

.041

1.659

2.606

.819

415

1.140

1.905

6.480

2.700

.098

2.648

1.584

778

.938

1.292

777

3.306

1.076

1.945

3.100

.031

.164

142

.844

.051

.092

.199

110

.069

.327

.024

.013

.557

.858

.266

104

.369

.640

2.134

877

.024

.858

.532

.256

.305

322

.252

1.110

.355

.632

774

.010

.336

.329

.325

.250

.324

1.000

2.000

2.000

2.000

2.000

2.000

1.000

1.000

1.000

1.000

1.000

2.000

2.000

2.000

2.000

2.000

1.000

1.000

1.000

1.000

1.000

2.000

2.000

2.000

2.000

2.000

2.000

2.000

2.000

2.000

2.000

33.000

33.000

33.000

33.000

33.000

.164

.284

1.687

102

.185

.397

110

.069

.327

.024

.013

1.115

1.717

.532

.207

.739

.640

2.134

877

.024

.858

1.064

.609

.645

.504

2.221

.709

1.263

1.547

.020

11.083

10.869

10.715

8.237

10.698

Competence
Affect
Satisfaction
Relatedness
Autonomy
Competence
Affect
Satisfaction
Relatedness
Autonomy
Competence
Affect
Satisfaction
Relatedness
Autonomy
Competence
Affect
Satisfaction
Relatedness
Autonomy
Competence
Affect
Satisfaction
Relatedness
Autonomy
Competence
Affect
Satisfaction
Relatedness
Autonomy
Competence
Affect
Satisfaction
Relatedness
Autonomy

Competence
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Environment*gender

Environment*age*group

Environment*age*gender

Environment*group*gender

Environment*age*group*gender

Error
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The aim of the present research was to examine whether greenery in the balcony could affect people’s well-being. The

Qeios ID: XZAMMG

https://doi.org/10.32388/XZAMMG

12/15



Q Qeios, CC-BY 4.0 - Article, January 4, 2024

most obvious finding to emerge from the analysis is that greenery in balconies has significant differences in well-being. In
such balconies, people feel happier, satisfied, connected to others, become independent and have the ability to do
something successfully. Contrary to expectations, this study did not find a significant difference between well-being and
different amount of greenery. It means that well-being can be improved even with a few pots and there is no need for more
green. Therefore, one way to reduce the symptoms of low well-being is to be exposed to green spaces in balconies, which
is less taken into account. Our finding broadly supports the work of other studies in this area linking green spaces to well-
being ['4]. Also, this finding consists with that of Dzhambov (2021) who found that the students who spent most of their
time at home during the COVID - 19 epidemic had better mental health when exposure to greenery ['7]. This also accords
with our earlier observations, which showed that a high percentage of dwellers asserted the importance of having a
balcony in an apartment and its far-reaching impact on boosting mental health!?®]. In this research, it was shown that the
greenery on the balcony has an effective relationship with the increasing tendency of people to have social connections,
which consists with that of Huang (2006) who found that space design and the existence of greenery and plants can have
an important role in increasing social interaction!®”]. Another research shows that indoor and outdoor greenery connected
with fewer depressive symptoms during COVID-19 lock downs while gender, education, and income did not modify

relationships between green spaces and depressive symptoms (28],

Moreover, in this research no significant differences were found between greenery and different ages or gender. It is
encouraging to compare this with that found by Khaledi (2022) who found that the use of green spaces and the rate of
depression and anxiety are the same among males and females and also at different ages[29]. This study supports
evidence from research on students in India during COVID-19 to evaluate built environment attributes that found gender
has no significant associations with mental health®%]. In accordance with the present result, previous studies
demonstrated that there are no significant differences between gardeners and non-gardeners in gender in assessing
garden use and mental well - being in the elderly.[31] This outcome is contrary to that of Roe et al. (2013) who found a
notable interaction effect between gender and percentage green space on mean cortisol concentrations, demonstrating a

positive effect of higher green space concerning cortisol measures in women but not in men 221,

Although the current study is based on a small sample of participants, it is possible to hypothesize that people’s
expectation of a balcony, as a semi-open place to relax in, could be somehow the same. The present study has a number
of strengths. The key strengths of this study are its method. In this research we used virtual reality as a tool and as
mentioned before, to create more accurate results than traditional methods, as VR provides a situation that helps

candidates to immerse [211122],

5. Conclusion

Residents who spent most of their time on balconies experienced better well-being when exposed to greenery.
Experiencing greenery on balconies was associated with feeling happier, satisfied, connected to others, independence

and having the ability to do something successfully which led to higher well-being.
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