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Abstract

Physical or virtual contact with greenery has positive impacts on human health. The presence
of urban green spaces provides recreational opportunities, while for viewers the contact
influences emotional states. For locations with limited floor space, green infrastructure such
as a green roofs or vertical greenery can multiply exposure opportunities. In this case study,
we sought to understand the responses of occupants to an indoor vertical greenery system
(iVGS). This study explored the responses to the iVGS using a survey based on the Short-
Version Revised Restoration Scale (SRRS), with responses collected onsite and online. The
study examined the differences in responses between the respondents who were physically
present at the iVGS (onsite) and those who viewed photographs of the iVGS online. The study
also presents data on the number of passers-by before and after the iVGS was installed. Both
online and onsite results revealed mostly positive responses towards the installation of the
iVGS, with the onsite respondents giving higher scores than the online respondents. The
restoration scores of iVGS demonstrates that it refreshes cognitive energy and brings positive
impact and emotions. Responses to the SRSS provides tentative evidence that iVGS may have
some restorative benefits, which is consistent with our understanding of the benefits of
vertical greenery more generally. However, more research is required to confirm this.
Keywords: Human Response, Restorativeness, Vertical Greenery System, Indoor, Retrofitting

Introduction

Human responses to natural and built environments have been studied by various
researchers. Responses to natural environments or scenes are generally recorded as positive,
beneficial, and healthful (Kaplan & Kaplan, 1989; Parsons, 1991; Shibata & Suzuki, 2004; van
den Berg et al.,, 2003). Responses to the built environment are either negative or mixed,
depending on the experience provided by the scene (Ulrich, 1979). These experiences are
influenced by the design, planning, and colour of the environment, and by the presence of
greenery (Jackson, 2003; Kabisch et al., 2015; Radhi et al., 2014; Wolch et al., 2014). As a
result of an increase in people moving into the built environment (WHO, 2021), there is a
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need to increase total greenery exposure to benefit people, the environment, and the fauna
living within it.

There are various types of urban green space. In urban areas, public parks are perhaps the
most common green space. However, increases in urban population density often mean that
hard surfaces, buildings, and other infrastructure increasingly occupy the horizontal space
and reduce the available opportunities for adding traditional green spaces. Therefore, a
number of urban planners recommend the use of urban green infrastructures (UGI) such as
green roofs or vertical greenery.

Introducing greenery into the built environment provides space for people to enjoy the
benefits of nature; in this way, the urban environment can promote positive emotions (Lohr
& Pearson-Mims, 1996). Urban greenery offers not only beneficial environmental services
such as air and water purification, noise filtering, and moderated urban temperatures
(Bedimo-Rung et al.,, 2005; Chiesura, 2004; Weber et al., 2014), but also restorative
opportunities (S. Kaplan, 1995; Matusiak & Klockner, 2015; Rennit & Maikov, 2015). The very
presence of green infrastructure creates aesthetic appeal and value (Abdul-Rahman et al.,
2014; Montacchini et al., 2017; Weinmaster, 2009).

Previous studies have presented evidence of the positive effect of nature on humans including
alleviating stress, increasing pain tolerance, and providing psychological benefits (Berto,
2014; Bratman et al., 2012; Bringslimark et al., 2009). Our ability to cope with stress is limited,
and it has been found that spending time outdoors or otherwise viewing nature can assist in
stress relief (Grahn & Stigsdotter, 2003; Parsons, 1991; Ulrich, 1979). Views of nature have
been found to be preferred to views of urban scenes (de Groot & van den Born, 2003; Ulrich
et al.,, 1991). However, many of these studies were limited, using only images portraying
either forest-like views (with no human-made elements) or plain all-concrete urban areas. In
practice, the urban environment exist along a continuum of no greenery present to large
amounts of greenery. Studies have explored the effects of urban scenes with some amount
of greenery, and these scenes were found to have restorative value (Fischl et al., 2007;
Raanaas et al., 2011; Rennit & Maikov, 2015; van den Berg et al., 2014). For example, just
viewing a simulated image of a rooftop covered with a flowering meadow was found to boost
attention and be more restorative compared to a concrete roof scene (Lee et al., 2015). The
presence of indoor greenery or indoor plants, as well as UGI such as an indoor vertical
greenery system (iVGS), has also been shown to have positive effects on the indoor
environment and users.

Wang et al (2016) concluded that an iVGS has various benefits, ranging from being
aesthetically pleasurable to its ability to remove contaminants by filtering the air. Various
studies have been conducted on the contributions made by indoor greenery, and have found
it reduces classroom misbehavior (Han, 2008), increases work performance (Shibata & Suzuki,
2004), and improves indoor air quality (Fjeld et al., 1998). Findings on how indoor greenery
and indoor UGI attenuates sound contrasts with that from outdoor greenery: VGS prevents 2
to 8% of sound from entering indoors (Fernandez-Bregdn et al., 2012); on the other hand iVGS
has no effective sound mitigation (Wang et al., 2016). However, indoor plants may give the
impression of creating a quieter environment as plants are perceived as lowering noise
(Mediastika & Binarti, 2013).

Studies on the relationship of greenery views and psychological states (that is, of perception
and emotion) have demonstrated that simple visual exposure to greenery has a positive
impact. Allowing views or contact with greenery (indoor or outdoor) can thus help in
recovering from daily stress (Grahn & Stigsdotter, 2003). Recovery, or restoration, occurs
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when an individual experiences relief from elevated stress, anxiety, or any kind of negative
mood or arousal. Restorative reactions manifest as psychological or physical improvements
in the body. Restoration can occur through a reduction in stress from exposure to natural
settings (Ulrich, 1983) or by replenishment of fatigue caused by prolonged directed attention
(R. Kaplan & Kaplan, 1989). Studies of environmental aesthetics provide empirical findings
that nature can reduce anxiety and provide restoration (Parsons, 1991). Views of green
landscapes, plants, or UGI arouse increased attention (Fjeld et al., 1998; Li & Sullivan, 2016;
Raanaas et al., 2011), improve work performance (Dravigne et al., 2008), reduces sick leave
(Bringslimark et al., 2008), and tend to make a worker more consistent and make less mistakes
(Lee et al., 2015). Views of greenery also make viewers less nervous or anxious (Chang & Chen,
2005). These positive outcomes show that views of greenery are restorative (Fischl et al.,
2007; Li & Sullivan, 2016).

Viewing nature directly has been shown to have positive consequences to a person’s
psychological state, and even virtual greenery (images of plants) have been shown to have
positive effects as well. A room with indoor plants enhances task performance (Evensen et
al., 2015). Indoor UGI have high aesthetic value and lead to increased productivity and
concentration (Montacchini et al., 2017). Virtually viewing indoor UGI has been found to help
reduce stress (Yin et al., 2019, 2020) and the physiological response is immediate (Yin et al.,
2020). Ulrich (1983) suggested that physically being in a certain setting allows restoration to
occur, while Kaplan & Kaplan (1989) proposed that merely viewing nature—by being
physically present or by observing photographs or videos—has restorative effects. The
connection between these ideas is that nature is highly effective in ameliorating stress,
regardless of whether nature is experienced through images or present in the actual
environment. Given that the surrounding environment can prompt restoration (Han, 2003),
greenery is essential for people residing in urban areas.

Most studies on the perceived restorative effects of greenery involve viewing visual aids, such
as slides (Herzog et al., 2003), altered images (Lee et al., 2015), or audio-visual media (van
den Berg et al.,, 2014). A study even constructed special rooms to investigate restorative
effects (Fischl et al., 2007). Virtual reality (VR) experiments have also reported that greenery
aids in reducing stress (Chan et al., 2021; Hedblom et al., 2019). A study comparing outdoor
and virtual nature using 360-degree VR was found to have similar restorative effects
(Browning et al., 2020). Images, videos, or posters may provide immediate restorative effects,
although the use of living plants may provide longer-lasting outcomes (Chen et al., 2016).
There are various methods and tools developed by researchers to record restorative effects.
These self-reporting questionnaires have been developed mostly based on Stress Reduction
Theory (SRT) (Ulrich, 1981) and Attention Restorative Theory (ART) (R. Kaplan & Kaplan,
1989). According to SRT, the calming effect of nature helps reduce stress, while ART proposes
that environmental elements (including nature) provide effortless attention that directs our
attention and restores our mental capacity. Examples of tools to measure restoration include
the Perceived Restorativeness Scale (PRS), Revised Perceived Restorativeness scale (RPRS),
Perceived Restorative Potential (PRP), Restorative State Scale (RSS), Restoration Scale (RS),
and Short-Version Revised Restoration scale (SRRS). All these methods have been shown to
be reliable to quantify the restorativeness of views, settings, or environmental conditions
(e.g., Herzog et al., 2003; Paddle & Gilliland, 2016; Van den Berg et al., 2014).

Evans (2003, p.536) stated that ‘the built environment can indirectly impact mental health by
altering psychosocial processes with known mental health consequences’, and the installation
of a VGS or iVGS may be highly beneficial because of the flexibility of its planting or growing
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system. VGS in the urban environment has been determined to not only have economic
benefits, but also environmental, ecosystem, and aesthetic benefits. Even indoor vertical
spaces offer the potential for greenery retrofitting. Where natural light is available, or with
the use of the correct artificial lighting (Egea et al., 2014), iVGS can thrive. Compared with
green roofs, vertical spaces on buildings offer more opportunities for greenery retrofitting,
greater coverage, and a pleasant visual appearance; however, they may compete with the
need for windows and enough corridor width.

This study tests the hypothesis that an iVGS will evoke positive responses in emotional,
physiological, and psychological aspects, and, further, will have restoration benefits.
Additionally, this study examined the differences in responses between respondents who
were actually next to the iVGS (onsite) and respondents who viewed photographs of it online.

Method

Site study

The iVGS used in this study was installed inside Building 48, one of the buildings at the Fenner
School of Environment and Society (Fenner School), Australian National University (ANU). The
Fenner School offers a range of programs at undergraduate and postgraduate levels, including
ecology, forestry, geography, and climatology; therefore, many students were presumed to
have an interest in the natural environment. Lectures for other disciplines are also scheduled
in this building, so a number of other students had the opportunity of walking through the
case study corridors.

The ground floor of Building 48 is typically busy as the hallways and corridors are passageways
for students and staff to reach their offices, lecture halls, or laboratories (Figure 1). Before
the iVGS was installed, a counter was installed in both parallel corridors to record the number
of users. Figure 2 shows images of north corridor (without iVGS) and south corridor (with
iVGS). The images were taken from the building lobby. Data were recorded using an N287
Commercial Grade Doorway Beam unit (Figure 3).

L
Main
entrance

Counter Main -S>\

for North”? North corridor entranc?_
corridor
Lecture School
Theatre lobby
Counter s ~ 7 id
for South N The VGS South corridor

corridor

Figure 1: Floor plan of the site study, showing the location of the Lecture Theatre, the two
main entrances, location of the indoor vertical greenery system, and the parallel corridors.
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Figure 2: Images of north corridor (without iVGS) and south corridor (with iVGS). Picture taken
from the building lobby.

Figure 3: N287 Commercial Grade Doorway Beam unit installed in the north corridor.

The iVGS used a pocket system in which there was a soil mixture and plants selected to survive
under artificial light. Nine plant species were used in this study: Dracaena deremensis
(“Warneckii’); Neomarica gracilis; Philodendron cordatum; Schlumbergera truncata hybrids;
Monstera deliciosa; Nephrolepis biserrata (‘Macho’); Hoya pubicalyx (‘Royal Hawaiian’);
Philodendron cordatum (‘Goldilocks’); and Cissus rhombifolia. These plants are tolerant of low
light, and some are commonly used for indoor landscaping. Commercial potting mix was used,
and the plants were watered and fertilised as needed.

Measuring the Perceived Restorative Effect
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Restoration is the process of returning something to its former or original condition. To solicit
responses by building users to iVGS, a survey based on the Short-Version Revised Restoration
scale (or SRRS) was adopted. The SRRS is a simplified and more practical version of the
Restoration Scale, which has 17 variables (Han, 2003). SRRS has been found to be reliable,
with a 9-point scale to measure responses, and has been used by other studies (Gatersleben
& Andrews, 2013; Han, 2007; Paddle & Gilliland, 2016). SRSS asked respondents about their
emotions, physiological responses, cognitive (mental process) response, and behaviour upon
viewing the iVGS. SRSS had high internal consistency (Gatersleben & Andrews, 2013) and
reliability analysis demonstrated SRSS to be very reliable (Han, 2003) and such a high score
shows that a self-reporting questionnaire like SRSS is capable of assessing the restorative
value of iVGS through a combination of behavioural and physiological measurements (Berto,
2014).

The self-rating survey asked respondents to say how much they agreed with the questions,
and a restoration score was obtained by calculating the overall mean across the items.
However, the physiological dimension scores were reversed, as here the opposite of
restorativeness was measured (Han, 2003). The items making up the restoration scales used
here are set out in Table 1. The only difference between the questions in Table 1 with the
original questions in SRRS developed by Han (2003) is the emotion dimension, where instead
of ‘grouchy’, this study asked if the respondents felt ‘irritated’.

Table 1
Items making up the restorative scale.

How would you describe your emotional response?
Very much irritated 12 3 4 15 16 17 18 9 Very good natured
o |o |o |o |o |o|o (o |o
Very anxious 12 3 4 15 16 17 18 9 Very relaxed
o |o |o |o |o |o|o (o |o
How would you describe your psychological response?
Breathing faster (not |1 |2 |3 |4 |5 |6 |7 |8 |9 Breathing faster
at all) o |o |o |o |o |o |o |o |o |(verymuchso)
Hands are sweating |1 |2 |3 |4 |5 |6 |7 |8 |9 |Hands are sweating
(not at all) o |o |o |o |o (o |o |go |o |(verymuchso)
How would you describe your cognitive response?
Not interested in the | 1 2 3 |4 |5 6 |7 |8 |9 Yery . much
scene at all o |o |0 |o |o |O o | O interested in  the
scene
Not at all attentiveto |1 |2 |3 |4 |5 |6 |7 |8 |9 | Verymuchattentive
the scene o |o (o |o |o |o |o |o |o |tothescene
How would you describe your behavioural response?
Not at all want to|1 (2 |3 |4 |5 |6 |7 |8 |9 |Very much want to
visit more often o |o |o |o |o (o |o |o | o |visit moreoften
Not at all want to |1 2 3 4 5 6 7 8 9 Very much want to
stay here longer o |o |o |o |o (o |o |o | o |stayherelonger

In the study where the SRSS was developed, the author provided detailed explanation
regarding the selection of questions based on the four dimensions measured (emotions,
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physiological response, cognitive, and behaviour) (Han, 2003). The emotional dimension of
the scale measures mood, which covers negative as well as positive feelings. Measuring
physiological responses is complex. However, based on previous studies, there is enough
evidence that supports self-reporting of these measures (Berto, 2014; Qin et al., 2013). The
cognitive dimension of SRRS provides insights on the relationship between respondents and
the environment. Finally, the behaviour dimensions are evaluated by a tendency to approach
or avoid a scene/environment. Due to the broader perspective of SRRS, this self-rating
guestionnaire is the one most suitable to gauge the restorativeness of iVGS, since iVGS is
neither an urban nor natural setting.

Data Collection and Analysis

| surveyed both onsite and online respondents. The survey began in November 2015, 5
months after the iVGS was installed in the south corridor (Figure 2). Data were collected until
September 2016 for both onsite and online surveys. For the onsite respondents, a poster was
placed on the wall opposite the iVGS describing the plants used with some information about
what vertical greenery is, and at the bottom of the poster was an invitation to participate in
a survey (Figure 4). A participant information sheet and hard copies of the survey were
provided alongside a locked box for return of the completed survey. The onsite respondents
also had the freedom to physically touch the installation and engage their senses beyond just
sight. The location of the poster, iVGS, and the ballot box are as shown in Figure 5.

Because some students may have been too busy to stop and experience the installation for
enough time, an identical survey was provided online. A quick response (QR) code was printed
on the poster and it linked to an online survey. A link to the survey was also placed on the
student intranet information system, which could be viewed by all students enrolled at the
Fenner School. An invitation to participate was sent out using the school’s email system to all
non-students and postgraduate students at the Fenner School. Ethics approval was obtained
through the ANU Ethics Committee before the survey commenced.

é,reene
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Figure 4: Poster on the wall opposite the iVGS displaying brief information on what is vertical
greenery and the plants used, invitation to answer the survey, as well as participant
information sheet.

ﬁ Vertical greenery
Image for the
online survey v m ] ' Iw M ) "' w W : ” Iw " : ' “
was taken
while standing
on the %’

South corridor

X
[ 1 =

rLBallot box and information poster LTemperature and
humidity sensor

Figure 5: Location of the iVGS, poster with participant information sheet and the ballot box
for onsite respondents to return the survey sheet, located in the south corridor of Building
48, Fenner School of Environment and Society (Fenner School).

For the online survey, the online questionnaires collected the same information as the
onsite study. The online questionnaire was accompanied with an image of the iVGS taken
from the same location as the poster to provide a similar view of the vertical greenery to that
of the onsite respondents. Figure 6 shows a screenshot of the online survey, distributed using
Google Docs. The SRRS was used to capture the respondents’ responses to the iVGS, and an
open-ended question was also provided for the respondents to add opinions, thoughts, and
other comments regarding the study.

Very much irritated O O O O O O O O O Very good natured

1802



INTERNATIONAL JOURNAL OF ACADEMIC RESEARCH IN BUSINESS AND SOCIAL SCIENCES

Vol. 13, No. 7, 2023, E-ISSN: 2222-6990 © 2023 HRMARS

Figure 6: Screen shot of the online survey distributed to respondents using Google Docs
showing view of the iVGS if participants stand next to the information poster onsite.

To calculate the SRSS index scores, the scores of the two variables of the four dimensions
were first averaged among the scores provided by the respondents. After then, the
physiological dimension's aggregate score was reversed. This is because physiological arousal,
which is the opposite of restorativeness, is measured by this dimension. The final index score
was then calculated by averaging all of the composite values and preparing the data for
analysis (Han, 2003). To further support SRSS findings, reliability test (Cronbach’s a) for each
dimension was also calculated. Reliability coefficient of 0.70 and above is better, 0.80 and
above is considered robust and reliable, and 0.90 and above is considered strong/excellent
(Taber, 2018). To further see if there was any difference in responses between online and
onsite respondents, a t-test was conducted. A t-test is an inferential statistic that is used to
see if there is a significant difference between two groups' means. Both t-test and Cronbach’s
a for each dimension was calculated in Microsoft Excel (Microsoft Corp., USA).

Analysis of the open-ended question was done by pooling the terms or words into similar
categories. Categorising written expressions can sometimes be misleading, so classifications
of the recognisable keywords were guided by definitions derived from websites such as
dictionary.com (Dictionary.com, n.d.) and thesaurus.com (Thesaurus.com, n.d.). Definitions
from previous studies related to each response category were also adapted in this study. All
comments were grouped based on recognisable keywords, such as ‘like’, ‘pleasant’, ‘enjoy’,
and ‘“fascinating’.

Results

General information

In 2015, the Fenner School was the place of learning for 1058 students, with 704
undergraduates and 354 postgraduates. However, because the Fenner School offers a range
of classes, there were also students from other schools as well. Out of the total 1058 students,
662 were from other schools with 113 postgraduate students. Only 396 were Fenner School
students, with 155 undergraduates, 100 postgraduate (higher degree coursework students),
and 141 higher degree research (HDR) students. The Fenner School is also a place of work for
a total of 588 staff. The 588 staff are transient and consist of recurrent staff, casual staff (non-
teaching), casual staff (teaching), as well as all visitors (affiliates, campus visitors). In total,
there are 1646 individuals working and learning in the Fenner School in 2015.

Overall, this case study received 73 online and 31 onsite responses, meaning that 6.3% of the
total Fenner School population responded to this study. For the online respondents, 53%
were Fenner School (undergraduate, postgraduate, and HDR) students, 21% were students
from other schools (undergraduate, postgraduate, and HDR), and 26% were not students. For
onsite respondents, 45% of respondents were Fenner School students (undergraduate,
postgraduate, and HDR), 13% were students from other schools (undergraduate,
postgraduate, and HDR), 32% were not students, and 10% did not leave any answer.
Breakdown of the numbers into Fenner School students, students from other schools, not
students, and unknown is shown in Figure 7. For ‘not a student’, the respondents were Fenner
School staff, with just one respondent who was a Fenner School alumnus.
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Figure 7: Numbers of Fenner students, non-students and students from other schools
responding to the survey.

Short-Version Revised Restoration Scale (SRRS) findings

The score for each SRSS item ranged from 1 to 9, and there were two questions for each
response category: emotional, cognitive, behavioural, and physiological (Table 1). Table 2
gives an overview of the respondents' mean ratings of perceived restoration (and standard
deviations). A mean value above the midpoint of the 9-point rating indicates that the iVGS is
generally perceived as restorative. The high mean ratings shown in Table 2 demonstrate the
iVGS is perceived as restorative, with onsite respondents scoring slightly higher than the
online respondents. For the overall scores, iVGS had a greater impact on the respondents’
physiological dimension, followed by the cognitive and emotional, and finally the behavioural
dimension. For the online respondents, again iVGS had a greater impact on the respondents’
physiological dimension, followed by emotional and cognitive, and finally the behavioural
dimension. The onsite respondents’ response was different, as the cognitive dimension was
rated the highest, then the physiological and behavioural, and finally the emotional
dimension. The four dimensions (each consisting of two items) showed sufficient reliability.
The Cronbach’s a for the scores was 0.91 for the emotional dimension, 0.77 for the
physiological dimension, 0.94 for the cognitive dimension and 0.96 for the behavioural
dimension.

Table 2

Means and (standard deviations) for subscale scores and the overall SRSS score
Respondents Emotional Physiological Cognitive Behavioural  Overall
All 17.32(1.61)  7.64(1.91) 7.44(153) 6.68(1.74)  7.27(1.70)
Online 17.29(1.47)  7.53(1.94) 7.23(1.60) 6.35(1.74)  7.10 (1.69)
Onsite 17.38(1.94)  7.88(1.85)  7.93(1.22) 7.50(1.43)  7.68(1.61)

Table 3: T-tests comparing online and onsite scores, as rated by respondents of this study.
The response in Q1 and Q2 questions asked in each dimension were compared between
online and onsite respondents. Further the responses were grouped in overall comparing the
online and onsite respondents. Significant differences are indicated with asterisk (*).
Difference between

online and onsite

Qland Q2 Overall

Emotional, physiological, cognitive, and behavioural
dimensions inquiries in SRSS

Emotional dimension
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Q1l: When respondents are "asked if they felt irritated or | p = 0.03* p=0.700
good-natured
Q2: When respondents are asked if they feel anxious or | p =0.29
relaxed

Physiological dimension
Q1: When respondents are asked if they were breathing | p =0.36 p=0.23
more rapidly
Q2: When respondents are asked if their hands were | p=0.44
sweating

Cognitive dimension
Q1: When respondents are asked if they felt attentive | p =0.17 p =0.003*
towards the iVGS
Q2: When respondents are asked if they are more | p=0.01*
interested in the scene
Behavioural dimension
Q1l: When respondents are asked if they want to stay longer | p = 0.01* p =0.00001*

Q2: When respondents are asked if they want to visit more | p = 0.0003*
frequently

Data from the SRSS was used to test if there was a significant difference between online
and onsite respondents’ responses (Table 3). For the emotional dimension, statistical analysis
showed significant differences between the online and onsite respondents when asked if they
felt irritated or good-natured (p = 0.03) and no significant difference between the online and
onsite respondents when asked if they felt anxious or relaxed (p = 0.29). For the physiological
dimension, there were no significant differences between the online and onsite respondents
when asked if they were breathing more rapidly (p = 0.36) or if their hands were sweating (p
= 0.44). For the cognitive dimension, no significant difference was found between the online
and onsite respondents when asked if they felt attentive towards the iVGS (p = 0.17);
however, a significant difference was found with onsite respondents being more interested
in the scene (p = 0.01). Finally, there were significant and substantial differences in the
behavioural dimension, with respondents wanting to stay longer (p = 0.01) and visit more
frequently (p = 0.0003) when they were at the actual iVGS than when responding online. The
findings showed that respondents generally provided positive ratings for emotional response,
cognitive response, and behavioural response. The respondents reported feeling generally
more relaxed, good-natured, interested, and attentive, as opposed to irritated, anxious, not
interested, and not attentive. Behaviourally, the findings showed that respondents wanted to
stay longer at the iVGS installation.

Written feedback (open-ended question)

Some of the respondents provided feedback in the open-ended question. Some 45%
percent of the respondents gave written feedback (47 out of 104), being 66% from online
respondents and 34% from the onsite respondents. The written comments were mostly
positive. Emotional response may be a bit complex to identify because emotional response
can be measured through affective reactions, physiological response, or behavioural acts
(Bradley & Lang, 1994). Based on the fact that some statements may not fit exclusively into
specific responses, classification was based on the context of the respondents’ written
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feedback and the definitions derived from sources such as dictionaries and previous research.
This study also received some suggestions and opinions that had no relation to their
emotional, cognitive, physiology, or behavioural responses. One comment stated that
“Reactions to an image is different to the real thing”. However, recent studies employing a
360-degree VR study complete with audio stimuli have proven that an image can be an
emotionally beneficial alternative for people that cannot immerse themselves in natural
surroundings (Hedblom et al., 2019). The relationship between restorative scores and written
findings are further discussed in the next section. Categorisation of the written responses of
this study are shown in Table 4.

Table 4.4

Categorisation of statements/feedback provided by respondents in the open-ended questions.
Categories with asterisk (*) are considered negative feedback. ‘e’ category represents
emotional response, ‘c’ represents cognitive response, and ‘b’ represents behavioural
response. Statement with superscript 1 (1) are statements from online respondents while
superscript 2 (°) are statements from onsite respondents.

Category Statements

e* I don't have any strong feelings or thoughts about VG*

ec | like the vertical greenery hanging in forestry, it brightens up a dark, somewhat
depressing hallway?!

ec | love the idea of incorporating greenery within indoor spaces - | am especially

interested in some of the plants that have been identified (by NASA) as able to
process impurities in the air!

e b | like the plants and would like to see more around the school. It would be
interesting to have them in places like waiting rooms, where people have to
hang around and get impatient?!

ec Lovely experiment - we are all enjoying it?
| love the greenery?!
c One thought: difficult to decide whether my (positive) response is because it is

greenery/plants, or whether partly simply because it is a pleasant visual
interruption in an otherwise normal corridor?

e | love green walls?

ecb My immediate response when | first saw the plants up on the wall brought a
smile to my face; and second, whenever | walk down the stairs or walk past |
mostly always feel compelled to look at the plants on the wall. How pleasant
and what a great idea it is*

ecb Including indoor greenery in work environments is an excellent idea with known
beneficial effects for those working in these environments. | am interested in
this particular approach to that inclusion, in terms of visual amenity, space
requirements, maintenance needs and installation and maintenance costs. It
seems to me to be very positive in all these respects?

e b | love walking past the wall, looking at it and enjoying its presence. | would like
one in my room?

c Really support what you are doing Jasmin; | really believe in Urban Forestry and
the correct management of soils used in an urban environment?

ec | believe there should be more VGS. They really give the workplace a different

feel and vibe?
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ec Indoor plants are terrific. | find buildings with indoor plants significantly more
pleasant to work in. | want to learn more about how to care for them so | can do
the same in my house?

ec Thank you for adding such a delightful feature to such a dull corridor. It is
beautiful®

ecb When | walk down that corridor | always find my eyes drawn to the wall with the
greenery. | don't linger (though | did the first time when | think there were some
zygocactus in flower) but | get a pleasant feeling. My mood lightens and | smile?

ec In general, | really like vertical greenery, and think it makes a room more
attractive and relaxing?®

ec When the plants are flowering | find the green wall particularly interesting. Also
seeing new growth is exciting. | think it is the changes in the overall scene that
attract most of my attention'

e Saw the vertical greenery building near Eiffel Tower in Paris it was an eye catcher
and I'd be happy to see more around even though I'm ambivalent to them
overall!

ec | find vertical greenery very fascinating. As | understand that our dependence
on plants is crucial for survival in many ways, to the least it beautifies any place?!

b, ¢ VG area is a good thing to relax myself from a routine. However, with only one
spot in the building and there are many other options to enjoy directly the
nature outside my building, | prefer to enjoy the nature actually. This adds the
fact that the natural view is displayed quickly and | need effort to travel to see
the VG!?

C Hello, your project is very interesting. | identify myself characterized with this
because we were thinking of having plants or something similar but we live in a
building which represents a barrier for us to do so. I'd like to know more about
what kind of indoor plants can be used, . | think is a very good system?

c | think some PhD students in Fenner are too stressed out to stop and look at the
lovely greenery wall!

ec This project sounds super interesting and I'd love to hear more about it!

P* | don't believe that anyone gets sweaty hands as a psychological reaction to a
green wall*

e Other plant types? Very nice VGS! Thoughts of running water feature??

ec | wonder about how plants are tended to-- how do they get water, how often
etc? They seem to be doing well, so someone must be watching out for them
(perhaps a small sign on the side could give this info + educate folks-- so
someone like doesn't worry). Great to have, to enjoy. | like the diversity of
plants?

ec Looks great! | wish there was more around?

ecC Beautiful! | want to see more of this?

c Need more VGS's particularly indoors?

b The greenery really improves the space and makes it more inviting and a unique
feature of the building?

c | think it makes the corridor seem happier?

e, c,b,p This greenery in the corridor is beautiful and | look for it every time | am in the

building. | feel it almost balances out the artificial lighting and infrastructure.
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The organic shapes make me feel relaxed and grounds me, makes me feel more
whole. It helps to remind me that life goes on regardless of the day-to-day

stress?

ec | think vertical greenery is a fantastic idea. The air seems fresher and it is
pleasant to be around?

ec | really love the green space - it makes a bland hallway so much more beautiful
and happier to walk past. I'd love to see more around. Also, this one is really well
maintained?

c Can | have some in my office? | think they are fantastic and want more of them
around the building at FSES?

e The fluorescent lights make it seem a bit laboratory-like but overall | like it?

ec Very nice project! | was feeling | would like the garden was bigger?

e Amazing idea! I'm from the city (Toronto and Montreal, Canada) and hate the

buildings. This would be a fantastic way to naturally renovate cities back into a
more tolerable and delightful living space/condition?

c More green walls in Canberra?

Discussion

This case study tested the hypothesis that an iVGS evokes positive responses in emotional,
physiological, and psychological aspects, and, further, will have restoration benefits. Including
online respondents in the survey enabled me to sample a greater number of people and
evaluate whether perceptions of iVGS vary if it is experienced in person or virtually. Results
showed the iVGS was perceived as restorative by refreshing cognitive energy and brings
positive emotions. The results of the SRSS suggest that iVGS may have some restorative
properties, which is consistent with our understanding of the benefits of vertical greenery in
general. Findings showed the onsite findings gave stronger and more positive responses.
Although some dimensions indicated no significant differences between online and onsite
respondents, the behavioural dimension showed very significant differences (Table 3). Onsite
ratings tended towards the maximum scores possible in the survey, showing that the
respondents were very interested and attentive towards the iVGS, felt relaxed and good
natured, very keen to remain longer near the iVGS, and to visit the iVGS more frequently.

Generally, the respondents liked the iVGS and the idea of having plants in the corridor.
Some respondents were very satisfied with the variety of plants, although they would have
liked the iVGS to be larger. The greenery beautified the hallway, and one respondent wrote
that the ‘air seems fresher’, making them ‘happy’ to walk past it. The particulate matter levels
were also shown to reduce after installation of the iVGS, as confirmed by earlier studies
(Ghazalli et al., 2018).

One respondent provided a negative response, with the iVGS not evoking any feelings or
thoughts (Table 4). As identified by previous studies, greenery can generate negative effects
(Grinde & Patil, 2009; Larsen et al., 1998; Shibata & Suzuki, 2004) and the possible explanation
for this contrary response is that people prefer scenes with an abundance of nature (Han,
2007). The iVGS installation is clearly just a small extension of nature. However, most
respondents indicated they were highly interested in and attentive towards the iVGS. This can
be related to a sense of attachment that humans have with nature (Berto, 2014; Chang &
Chen, 2005).
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Emotional Dimension

For the emotional dimension, the overall SRSS score was the third highest recorded in
this study (M =7.32, SD = 1.61), with onsite respondent having a slightly greater score (Table
2). It was presumed that physical contact would generate stronger emotions; however, it is
also possible that the online respondents had prior physical contact with the iVGS, as
suggested by the non-significant difference (p = 0.7) between the onsite and online
respondents for the emotional response category (Table 3). Some of the comments were that
the iVGS was ‘attractive’, ‘relaxing’, and ‘interesting’. One respondent claimed that the
building was ‘significantly more pleasant to work in’. The presence of plants in the corridor
provided a pleasant visual distraction and ‘brightens up somewhat depressing hallway’. Even
though there was not any significant difference in general between the online and onsite
respondents, one of the emotional response item ratings was significantly different: when the
respondents were asked if they felt irritated or good-natured (p = 0.03). On the other hand,
there was no significant difference when the respondents were asked if they feel anxious or
relaxed (p = 0.29). These two items have an internal consistency of Cronbach’s a = 0.84.

The numerical findings of the SRSS on emotional dimension are further supported by the
responses provided in the open-ended questions. Words related to emotion can be divided
into positive feeling words and negative feeling words. Examples of positive feeling words
include excited and comfortable, while examples of negative feeling words include ugly and
dirty. Emotion is defined as ‘an affective state of consciousness in which joy, sorrow, fear,
hate, or the like, is experienced, as distinguished from cognitive and volitional states of
consciousness’ (Dictionary.com, n.d.). Love, shame, anger, sympathy, and happiness are other
words related to emotion. Bradley & Lang (1994, p.53) measured emotions identifiable as
‘happy, pleased, satisfied, contented, hopeful, relaxed’, as well as ‘unhappy, annoyed,
unsatisfied, melancholic, despairing, or bored’. Therefore, for this study, keywords such as
‘smile’, ‘love’, ‘happy’, and ‘beautiful’ best represent the emotional response category.
Overall, there were 29 written responses related to emotion, with 10 onsite and 19 online.
One negative emotional response (e*) was recorded, as shown in Table 4.

Physiological Dimension

Previous studies derived their physiological data from electrocardiograms or
electroencephalograms (e.g., Qin et al., 2013; Tyrvadinen et al., 2014). Even though this study
was based on self-reporting using SRRS, this tool has been shown to be reliable in assessing
restorative value (Berto, 2014; Han, 2003). According to Qin et al. (2013), data collection via
a perception-based approach is reliable if it achieves high levels of internal reliability, and
measuring tools such as SRRS fit this category (Han, 2003). In this study data collected using
SRRS was based on visual exposure, either online or onsite. Kaplan (1995) proposed that
improvement in cognitive functioning is affected by visual contact with nature, while Ulrich
(1993) maintained that mood affected cognitive functioning. Both theories suppose that
positive or negative responses to the environment can be prompted via various approaches.

The overall SRRS score for the physiological dimension of this study was, surprisingly, the
second highest (M = 7.64, SD = 1.91), with higher onsite ratings (Table 2). When comparing
online and onsite responses, there was no significant difference (p = 0.23), even when both
guestions in the physiological dimension were considered (Table 3). Both items in the
physiological dimension have an internal consistency of Cronbach’s a = 0.75, which is
acceptable. Manifestation of physiological responses, as gauged by written responses in this
study, received the lowest response. Physiology is defined as ‘the branch of biology dealing
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with the functions and activities of living organisms and their parts, including all physical and
chemical processes’ (Dictionary.com, n.d.), and so to provide written feedback might have
been a challenge. In total, there were two comments fitting the physiological response
category. One negative physiological reaction was recorded in the online response, stating ‘I
don’t believe that anyone gets sweaty hands as a psychological reaction to a green wall’, and
one onsite positive response, stating ‘The organic shapes make me feel relaxed and grounds
me, makes me feel more whole’.

Cognitive Dimension

The questions for the cognitive response category asked whether the respondents were
interested in or felt attentive towards the scene. The cognitive dimension of this study
received the highest score (M =7.44, SD = 1.53), with the onsite respondents providing higher
ratings than the online respondents (Table 2); this is also reflected in the significant difference
found between the overall online and onsite findings (p = 0.003). Cognition is defined as ‘of
or relating to the mental processes of perception, memory, judgment, and reasoning, as
contrasted with emotional and volitional processes’ (Dictionary.com, n.d.). Due to the
introduction of new element in the corridor, this may have intrigued the respondents’
curiosity and interest, and this is reflected in the written responses. The written cognitive
response in this study also recorded the highest rating compared to other categories. Overall,
there were 30 written responses related to cognition, with 12 onsite and 18 online. As shown
in Table 3, no significant difference was found between the online and onsite respondents
when asked if they felt attentive towards the iVGS (p = 0.17), but a significant difference was
found with onsite respondents being more interested in the scene (p = 0.01). Both items in
the cognitive dimension have good internal consistency with a Cronbach’s a = 0.86.

Identifying written cognitive responses however can be misleading in terms of emotional
responses because cognition involves mental process such as memory. As a result, emotional
responses may be affected by unconscious cognitive responses. To ensure clarity, this study
defined cognitive capacities as those involving attention, memory, emotional state, or stress
(Bratman et al.,, 2012). Thus, the keywords under cognitive response in this study were
associated with thinking as well as understanding, such as ‘interest’ and ‘different’. One
respondent commented about the condition of the plants by saying that the system ‘looks a
bit unhealthy, and just “hanging there” even though it isn’t unhealthy’. Other feedback
related to cognitive responses included questions such as ‘I think more opportunities
at/around ANU to display vertical greenery the better’ and ‘Other plant types? Thoughts of
running water feature?’. Perhaps the most interesting written feedback was how a non-
student respondent wrote ‘Can | have some in my office?”” without rating the SRRS
questionnaire. There was also another respondent who would like an iVGS in his/her room
(Table 4). Some non-students showed high appreciation in their written feedback, stating that
the iVGS was a ‘delightful feature’, was ‘fascinating’, and gave the building a ‘different feel
and vibe’.

Behavioural Dimension

The final dimension is the behavioural, which asked if the respondents wanted to visit
more or stay longer at the scene. The overall SRRS scores were M =6.68, SD =1.74, with higher
onsite ratings (Table 2). The higher onsite SRRS scores were also reflected in a significant
difference, with respondents wanting to stay longer (p = 0.01) and visit more frequently (p =
0.0003) when they were at the actual iVGS than when they were responding online (Table
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4.3). Both items in the behavioural dimension have good internal consistency of Cronbach’s
o =0.89. There were more written responses relating to emotion compared to behaviour, but
ratings for the onsite behavioural response were higher than the onsite emotional scores
(Table 2), showing that the iVGS elicited stronger behavioural than emotional effects, with a
significant difference between the online and onsite responses. The respondents also
reflected this behavioural finding in their written feedback.

Behaviour is the ‘manner of behaving or acting’ and is defined as a pattern
(Dictionary.com, n.d.). Words related to behaviour presented on the dictionory.com website
include attitude, role, action, and demeanour. The behavioural response category in this
study was identifiable using keywords such as ‘pleasant’, ‘mood’, ‘enjoy’, and ‘exciting’.
Overall, there were 8 written responses related to emotion, with 2 onsite and 6 online. Ulrich
(1979) says that the preference towards greenery is multi-sensory, meaning that physically
being present in the scene allowed respondents to be immersed in it and might be the reason
for the higher scores among the onsite respondents (Table 2). Other than written responses
on behaviour, this study also recorded data on the number of users in the corridor before and
after the iVGS installation. Changes in walking behaviour demonstrated in this study were
published in a previous study and the data showed that more people chose to use the corridor
with iVGS (Ghazalli et al., 2018).

Mood, stress, and physical environment are some of the factors that affect behaviour.
The positive responses that the respondents displayed towards the iVGS may explain why
they commented that they would like to have ‘more’ VGSs, as they provide a place to ‘relax
from routine’. The addition of the iVGS ‘compelled [the respondents] to look at the plants’
every time they entered the building, and the respondents claimed that the iVGS improved
their mood and caused them to smile. An online respondent expressed the opinion that the
iVGS provided ‘the same positive feeling when seeing colourful pot plants’, while an onsite
respondent stated that it ‘improves the space’, making it more ‘inviting’ and ‘a unique
feature’. The organic shape provided by the plants was appreciated and a respondent
described the iVGS as ‘a fantastic way to renovate cities back into a more tolerable and
delightful living space’. Generally, Canberra is a place with plenty of green spaces, with
avenue plantings, green belts, as well as pocket parks, yet the respondents still rated the iVGS
as restorative. A previous study found that people with access to green spaces at home are
likely to enjoy other green spaces as well (Grahn & Stigsdotter, 2003).

Other Findings

SRSS collects perceived restorative outcomes by inquiring on the emotional,
physiological, cognitive, and behavioural responses. This study also collected additional
information in the open-ended question. Although there were concerns about the plants
looking ‘unhealthy’, the respondents commented that the iVGS ‘balances out the artificial
lighting and infrastructure’ and ‘changes the overall scene’. The iVGS was also considered a
‘pleasant visual interruption in an otherwise normal corridor’. Some respondents suggested
that there should be more iVGS installations in the school building and that they should be
included in waiting rooms. Conclusions of this finding were shared with the Director of Fenner
School, who subsequently arranged installations of several more iVGSs in the school building.

As a tertiary institution and a public research university, life as a student or staff member
is generally overwhelmed with exams, deadlines, life problems, financial worries, and
relationship issues. This study did not ask the current state of the respondents (whether they
felt stressed or overwhelmed) but it did assume that the respondents experienced some level
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of stress in their daily activities. According to an observation in a previous study, a high
preference for greenery is linked with a high level of stress (van den Berg et al., 2003). High
preference for greenery is also associated with greater affective restoration and therefore,
the capability to increase total green space using urban infrastructure such as iVGS is expected
to carry various positive outcomes.

There is an exceptionally strong relationship between aesthetics and restoration (Deng
et al., 2020). Findings of this study demonstrated that the iVGS installation elevated the
aesthetic quality of the space, and this is closely related to beauty and taste. A preference for
iVGS is also reflected in the significant difference in traffic before and after installation of the
iVGS; in the same way, there was a higher rating for the onsite behavioural dimension
(Cronbach a = 0.89). Before the iVGS installation, more people used the north corridor, the
maximum number of users per day recorded in the south corridor was 257 whereas it was
283 in the north. The reason here is that north corridor is the most direct route to the main
lecture hall, and the north corridor also house student lockers, information boards, and
posters. In June 2015 the iVGS was installed in the southern parallel corridor, which also leads
to the lecture hall, and has rooms for lecturers and honours and PhD students (Figure 4). After
the installation, the number of users in the south corridor increased and the relationship of
users between the two corridors significantly changed (r? = 0.8748, p<0.0001, RMSE = 23.452)
(Ghazalli et al., 2018). During those 5 months of data collecting there was a relative increase
in the number of people using the south corridor, showing that the iVGS significantly changed
the number of users in both corridors.

Positive reactions and restorative experiences are higher in a natural environment than
in a built environment. However, the built environment can include natural components that
allow people to perceive restorativeness in urban surroundings (Rennit & Maikov, 2015). This
study has demonstrated that an iVGS may be perceived as restorative, even if it is small and
located in a narrow corridor. Over time, the definition of ‘natural’ in an environment changes
(Bratman et al., 2012) and, given the increased positive emotions evoked in this study, a small
iVGS has additional value as a natural element in an urban environment, and this can bring
potential restorative effects.

Limitations

Greenery can alleviate stress regardless of gender (Lottrup et al., 2013), and the iVGS
provided a greenery option that was perceived as restorative by the participants. Although
the results suggest that the iVGS was perceived to be restorative, according to Han (2003)
these scores are not a measure of actual restorativeness because SRRS was developed to
measure only potential restorative effects of a scene and, for this study, the iVGS was the
‘scene’. Even though SRSS has been shown to be a reliable tool in accessing restorative value
(Berto, 2014; Han, 2003), the sampling size was fairly small, and the sample may be biased
towards people with an interest in the environment. This study examined only responses
towards the iVGS, and data such as age and gender were not considered. For ethics approval
reasons, responses were not examined based on gender, race, or ethnicity.

Due to the nature of how we respond physiologically towards the environment, this
study only managed to record little information that might give further insight into how we
respond physiologically towards an indoor greenery installation. Further studies could include
physiological testing to validate the claims provided by the respondents. Physiological
measurement methods, such as electromyography, skin conductance response, and
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electroencephalography, may be useful. A longitudinal study with bigger sampling size may
give more precise and significant results.

Conclusion
The central theme of this study was to explore human responses to a small iVGS. This study
sought to determine whether the iVGS evoked positive responses in terms of emotions,
physiology, and psychology, and whether it was rated as beneficial for restoration. This study
also examined if there was a difference in responses between respondents who were present
at the iVGS (onsite) and those who viewed photographs of the iVGS (online). Since these
responses were both based on visual contact with the iVGS, it can be concluded that the iVGS
has benefits in terms of better aesthetic and visual qualities. The restoration scores of iVGS
provide tentative evidence that it refreshes cognitive energy and brings positive impact and
emotions — either if present and remotely. However, more research is required to confirm
this.

The iVGS used in this case study was shown to increase positive emotions and engender
a sense of belonging in the respondents, which further supports studies that viewing an iVGS
is perceived as restorative. There was a small yet statistically significant difference in the
perceptions of those who experienced the iVGS onsite and those who only saw an image via
an online survey. This difference suggests that previous research, based on virtual images and
photographs, may underestimate the benefits of VGS and iVGS. Further work with bigger
samples can better identify the differences and potential underestimates. However, the small
number of survey respondents and indeed the small extent of the iVGS used in this study,
may not have allowed further statistically significant differences in perceptions to be found.

In this case study, the SRRS was reliable in quantifying perceptions and differences.
Although the three iVGS pockets each measured only 38 x 285 cm, the respondents rated the
system as being restorative. This project represents a preliminary attempt to study the
restorative effects of VGSs, and the outcomes may benefit designers, planners, and building
owners alike. These findings present iVGS and VGS as useful urban infrastructure tools that
can assist in creating a healthier living environment.
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