Journal of Iranian Architecture & Urbanism. 13(1): 327-338, Spring & Summer 2022

Journal of Iranian Architecture & Urbanism

(JIAU)
Homepage: https://www.isau.ir/

| ORIGINAL RESEARCH PAPER |

The impact of virtual reality (VR) technology on the results of green roof adoption in residential
buildings; Case study: Qaemshahr *

Elham Shokrinia Omrani* ©, Raheleh Rostami 2-**

1 Ph.D. Candidate in Architecture, Department of Architecture, Sari Branch, Islamic Azad University, Sari, Iran.
2 Assistant Professor, Department of Architecture, Sari Branch, Islamic Azad University, Sari, Iran.

ARTICLE INFO Extended ABSTRACT
Article History: . ACKGROUND AND OBJECTIVES: Today, the use of virtual reality in various fields is
Received 2020/05/17 expanding rapidly. Although there is a lot of research on virtual reality technology in
Revised 2020/10/19 i design and architecture education, the research on virtual reality (VR) technology in the
Accepted 2021/02/28 {architectural analysis as a tool in research methods is scarce. Due to the rapid growth
Available Online  2022/09/22 i of urbanization, cities around the world are becoming concrete jungles. Worldwide, the
itotal urban population has surpassed the rural population. Rapid population growth
Keywords: §and urbanization, coupled with limited biological resources, have been the cause of
Virtual Reality inumerous environmental problems. Some solutions have been suggested to address
Adoption i urban environmental issues. The contribution of roof surfaces to environmental problems
Green Roof i cannot be overlooked in this discussion because they cover many cities. Green roofs have
Residential Buildings gbeen offered as an effective strategy for tackling these problems. Green roofs are very

i popular in many countries due to their sustainable benefits. Green roofs can help reduce
i the negative impacts of urbanization. This overview discusses green roofs and their effect
ion the energy consumption of buildings and living environments (aesthetic, ecological,
éand climate aspects), health, and quality of life — optimal parameters of green roofs.
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ETHODS: In the present work, we pursued two aims. According to the literature
: review, the first aim of this research was to identify and describe the effective factors
i of adopting green roofs for residential buildings. The following factors were observed:
i economic, environmental, and social benefit, type of plant, type of irrigation, and extensive
i green roof type. The second aim was to study the impact of VR technology on green roof
gadoption. Virtual reality (VR) has become a valuable tool to study. We conducted a VR
i experiment with a total of 374 participants. The research findings based on SmartPLS
i support that selected factors positively influence the adoption of green roofs in residential
i buildings. In examining the impact of factors on the adoption of green roofs for residential
%buildings, the advantage of this methodology is that researchers can observe actual

i behavior.
Number of References INDINGS: Regardless of the type, green roofs have many advantages in urban
59 environments, including aesthetic, ecological, climate-related, and health benefits,
ias well as improved quality of life. Furthermore, given that about 40% of global energy
gconsumption is related to building construction and maintenance, green roofs can play
ia part in reducing the energy consumed for heating and cooling buildings. Moreover,
Number of Figures while green roofs may use more energy for maintenance, there is evidence that their
3 ioverall energy consumption is less than that of white roofs. Green roofs insulate

:§buildings against the wind and sunlight, and the combination of the added insulation
iand evaporative cooling could decrease the cooling requirements inside the building.
§'They also reduce the surface temperature of roofs, which can help ameliorate the

Number of Tables {UHI effect in cities. In addition, green roofs can help with stormwater management
3 i by reducing and slowing runoff and may help to reduce the pollutants that enter the
gsurface water. Green roofs can also reduce lead concentrations in runoff and increase
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?air quality, provide wildlife habitats for animal species, create beautiful city views, serve
i as cultivation spaces for food production, and reduce noise pollution from traffic. Urban
i green spaces can also have important benefits for social, mental, and physical health.
People living in environments with more green spaces have better physical health and
i higher self-esteem and experience less stress, anxiety, and depression; as a result, they
i have better social and mental health than those with very few green spaces. Green
i spaces also provide opportunities to interact with nature and other people and can
gserve as recreational spaces. Finally, they can improve city residents’ well-being by
i reducing air pollution and facilitating physical exercise.

ONCLUSION: Finally, it was concluded that the mentioned factors played a significant
: role in adopting green roofs. Also, the results show that VR has many positive effects on
i the results of green roof adoption in residential buildings by creating a sense of presence
in a virtual reality experience.

{ HIGHLIGHTS:

i - Assessing the acceptance of green roof by a questionnaire.

i - The use of virtual reality (VR) technology, In architectural analysis as a tool in research.
- Identify and describe the efficient factors of adoption of green roof for residential
{ buildings.
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Table 1. Factors that effect on adoption of green roof
Factor Reference Description
Plant Type (Squier & Davidson, 2016) PT1 green roofs can provide wildlife habitat for

(Bates, Sadler, & Mackay, 2013)
(Lata et al., 2018b)
(Catalano et al., 2016)

(Tang & Qu, 2016)
(Morakinyo et al., 2017)
(Dunnett, Nagase, Booth, & Grime, 2008)
(Johannessen, Hanslin, & Muthanna, 2017)

many species
PT2 The use of plants that will improve the quality
of sight is viewed.
PT3 Green roofs have increased the urban
agriculture
PT4 Use of great plants and shrubs to create
shadows.

PTS5 Using plants that require little need of care.

Social Function

(Zhou et al., 2014)
(Douglas, Lennon, & Scott, 2017)

(Eksi, Rowe, Fernandez-Canero, & Cregg, 2015)
(Whittinghill, Bradley Rowe, & Cregg, 2013)

SF1 Green roofs tend to interact more and build
residents.

SF2 The green roof can increase the physical
activity and vitality of residents.

SF3 The green roof contributes to the participation
of residents in urban farming.
SF4 green roofs can be a space for food making

Irrigation

(Qin, Peng, Tang, & Yu, 2016)
(Tsang & Jim, 2016)
(Shafique, Kim, & Rafiq, 2018)

I1 The smart irrigation system will ease the use of
green roof.
12 The green roof will cause the rain water to be
used again.
13 The green roof controls the flood waters due to
severe rain.

Type of Green Roof

(Berardi, 2016)
(Nagase & Dunnett, 2013)
(Mahdiyar et al., 2016)

TG1 The use of extensive green roof helps to
reduce the dead weight of the building.

TG2 The extensive green roof needs to be a
component for irrigation and maintenance.

TG3 The type of green roof has less cost to set up.

Economic Benefits

(Perini & Rosasco, 2016)
(Brudermann & Sangkakool, 2017)

EB1 The green roof increases the value of the
property.
EB2 The use of green roof reduces the cost of
energy consumption.

Social Benefits

(Van den Berg et al., 2016)
yMadureira, Nunes, Oliveira, Cormier, & Madureira,
2015)(Mesiméki, Hauru, & Lehvévirta, 2019)
(Mahdiyar, Tabatabaee, Abdullah, & Marto, 2018)

SB1 Green roofs increase the health and welfare of
the residents.

SB2 Green roofs create new social opportunities for
residents.

SB3 The green roof promotes the perspective.

Environmental Benefits

(Mahdiyar et al., 2018)
(Squier & Davidson, 2016)
(Bianchini & Hewage, 2012)

(Jennett & Zheng, 2018)

ELB1 The green roof reduces the heat of the
environment, air pollution and sound pollution.
ELB2 The green roof creates new habitat for
animals.

ELB3 The green roof reduces waste.
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Fig.2. The image of the green roof used in virtual reality(VR) technology
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Table 2. Average variance

Construct Average variance
Plant type 0.786
Social function 0.868
irrigation 0.849
Extensive roof garden 0.796
Economic benefits 0.824
Social benefits 0.778
Environmental benefits 0.782
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Table 3. Summaries of the Results

Hypothesis Patch Coefficients T-Value P-Value Results
H1: plant type = Adoption of green roof 0.182736 5.232520 1.40 E-06 Support
H2: social function = Adoption of green roof 0.180259 7.012348 7.87 E-10 Support
H3: irrigation - Adoption of green roof 0.146042 12.544119 2.69 E-20 Support
H4: extensive green roof > Adoption of green roof 0.048284 2.135209 3.59 E-04 Support
H5: economic benefits > Adoption of green roof 0.214678 17.260114 3.46 E-28 Support
H6: social benefits - Adoption of green roof 0.145625 11.812925 5.76 E-19 Support
H7: environmental benefits = Adoption of green roof 0.220330 13.467357 6.17 E-22 Support
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Fig.3. Participants’ satisfaction with the use of virtual
reality (VR) glassesreality
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