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Abstract
To live in a good mood is not only a key consideration for future age-friendly communi-
ties, but also a critical necessity for positive ageing. Despite growing evidence of correla-
tions between contact with nature and stress reduction, little is known about the effect of
nature integration in indoor environments. Thus, this study aimed to answer the following
research questions: (a) How do biophilic characteristics of home environments correlate
with older adults’ experience of the multiple levels of the theory of gerotranscendence?
and (b) What is the relationship between these experiences and the mood states of
these older adults? The study was based on a comparative analysis to scrutinise the impact
of the COVID-19 pandemic on these questions. The data were gathered through question-
naires with 450 older adults aged between 65 and 95 years, and stratified by the biophilic
characteristics of their living environments: indoor biophilic, outdoor biophilic and non-
biophilic. Two sets of data were collected with the same participants, respectively, before
the COVID-19 pandemic (June to October 2018) and during the COVID-19 pandemic
(June to October 2020). It found that the biophilic characteristics of home environments
are correlated dynamically with older adults’ ageing experience and mood states. The
study indicates that outdoor biophilic features facilitate the recovery of tension mood
effects of the COVID-19 pandemic, whereas indoor biophilic features facilitate recovery
from depression and anger.

Keywords: gerotranscendence; Profile of Mood States; biophilic design; COVID-19; age-friendly
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Introduction
Ageing studies have been long interested in mood and its relationship with psycho-
logical wellbeing. To live in a good mood is not only a key consideration for future
age-friendly communities, but also a critical necessity for positive ageing and sus-
tainable development. Mental health and mood states are often mentioned in the
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2030 Agenda for Sustainable Development. The 17 Sustainable Development Goals
target a transformative agenda focusing on the prevention of disasters, climate
change and inequalities that could result in mental illness and negative mood states
(Council of Europe, 2021). According to the Mental Health Action Plan 2013–2020
(World Health Organization, 2013), promotion and prevention are key universal
objectives to ensure people’s health and wellbeing by reducing stress and enhancing
environmental sustainability to support the healing process. However, there are still
increasing rates of people suffering from negative moods and mental illness.
According to the World Health Organization, one in ten people worldwide lives
with a mental disorder, whereas approximately one in five people in the United
States of America has anxiety and depression (Substance Abuse and Mental
Health Services Administration, 2018) and two in five people in Turkey live in a
negative mood (Turkstat, 2019).

Although a number of studies have found that older adults may be more moti-
vated to maintain a good mood than younger adults because they remember positive
stimuli over negative stimuli (Kunzmann et al., 2000), recent studies report that one’s
capacity to enhance mood could be limited by cognitive training and participation in
physical and social activities (Piccirilli et al., 2019). Accordingly, the effects of phys-
ical exercise (Gomes-Osman et al., 2018), cognitive training (Clark et al., 2017), and
the psychological and restorative benefits of nature (Kaplan and Kaplan, 1989; Hartig,
2004) have been extensively studied regarding the phenomenological inquiry of
becoming, versus being, old. ‘If an older person is motivated to adapt in positive
ways, then the potential to continue developing and growing into very old age is
enhanced’ (Washburn and Williams, 2020: 11). Although there is diversity between
varied approaches and methodologies across ageing studies, on the macro level they
have a common increased understanding of the relevance of person–environment
interaction in later life in coping with different aspects of gerotranscendence
(Tornstam, 2005, 2011), such as adapting to changes on multiple levels (Calasanti
and King, 2021), maintaining independence (Bauger and Bongaardt, 2016) and hav-
ing an awareness of age-related changes (Diehl and Wahl, 2010).

The current COVID-19 pandemic has made the subjective experience of ageing
even more significant across the world. Long-term social distances with reduced
interaction cause older adults to experience undue stress, fewer relationships and
uncertainties about the future (Lai et al., 2016; Chee, 2020). Existing environmental
gerontology studies show the positive effects of spaces and structures on older users.
Despite the growing evidence of correlations between nature contact and stress
reduction in urban environments (Ulrich et al., 1991; Van den Berg et al., 2007;
Jović and Mitić, 2020), little is known about the effect of nature integration in
indoor environments (Yin et al., 2020). Long-term direct or indirect connections
of humans with nature, called biophilic design, is listed as a key approach in redu-
cing stress and anxiety while increasing positive moods. Although the rules of bio-
philic environments are straightforward to put in practice (Grinde and Patil, 2009),
researchers in design, environmental psychology, environmental gerontology, and
public and clinical health are still struggling to translate systematically the under-
standing and benefits of nature to indoor architecture that go beyond the presence
of plants (Salingaros, 2019). Thus, this study aims to answer the following research
questions:
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RQ1: How do the biophilic characteristics of home environments correlate with
older adults’ experience of the multiple levels of the theory of
gerotranscendence?

RQ2: What is the relationship between these experiences and the mood states of
these older adults?

The following hypotheses are formulated to elaborate these questions in detail:

H1: There is a statistically significant stress level difference between indoor bio-
philic and non-biophilic environments.

H2: All dimension levels of the Gerotranscendence Scale are statistically affected
by the COVID-19 pandemic.

H3: The effect of the Gerotranscendence Scale level on the overall mood states
significantly depends on the biophilic character of the home environment
as the moderator.

H4: The biophilic design positively moderates the relationship between gero-
transcendence level and the overall mood states.

The study is based on a comparative analysis to scrutinise the impact of the
COVID-19 pandemic on these research questions. It is expected that this compari-
son study will lead to a more comprehensive understanding of the correlation
among subjective ageing, biophilic design and mood states under changing circum-
stances, such as pandemic conditions.

Multiple levels of the theory of gerotranscendence
The theory of gerotranscendence was defined as a developmental theory of positive
ageing by Tornstam (1989). According to Tornstam (2005), the ageing experience
is defined as a new way of life perspective through which oneself, others and activ-
ities are seen as more profound, thereby encouraging a cosmic comprehension of
life and a positive mood. This comprehension is a shift, as explained by
Tornstam (2005), under the two types of transcendence: (a) cosmic transcendence,
as a shift from the material to the meta-perspective (reflecting a Zen Buddhist-type
approach); and (b) ego transcendence, as a meditation journey to solitude. This the-
ory was developed as a result of conflict between empirical data and theoretical
assumptions. Unlike the expected decrease in life satisfaction, there is a develop-
mental context for late life, which is examined in thousands of studies (Patton,
2006; Chen et al., 2019); some of these studies refer to gerotranscendence as a pos-
sibility rather than a myth (Jewell and Nell, 2014). Harper (2014) highlighted the
significance of gerotranscendence regarding the social and economic implications
of the changing patterns of the ageing population. Rodrigues (2016) focused on
the value of visual art programmes for older adults in long-term care and concluded
that gerotranscendence could be experienced in creative art forms. Tesch-Römer
and Wahl (2017) emphasised individual differences in late life and argued that
there is an essential need for environmental and societal interventions for success-
ful ageing based on Rowe and Kahn’s (2015) model. Jothikaran et al. (2020) con-
ducted a qualitative study to examine the effects of living arrangements on Indian
older adults’ sense of belonging and the challenges they experience.
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Successful and positive ageing has been discussed in Erikson’s psycho-social
stages of development as well (Erikson, 1950, 1963, 1982). Erikson’s theory,
which was built on eight stages (infancy, early childhood, preschool, school age,
adolescence, young adulthood, middle adulthood and maturity), emphasises the
role of culture and society on an individual’s development (Erikson, 1982).
According to Erikson’s theory, each stage has conflicts that influence experiences
to become turning points. Related to positive ageism, the final stage, ‘maturity’,
has conflict with ego and reflection on life as an important event; if it is handled
well it can be turned into wisdom. ‘As Tornstam himself states, his theory of ger-
otranscendence can be very closely related to Erikson’s final and eighth stage of
human psycho-social development’ (Ratan and de Vries, 2020: 1399). Ratan and
de Vries (2020) investigated longevity and the narratives of centenarians, focusing
on the value of Erikson’s psycho-social stages of development and Tornstam’s the-
ory of gerotranscendence. However, there are still limitations in these two theories.
There are debates regarding its operationalisation and generalisability considering
different cultural backgrounds (Diehl and Wahl, 2010; Ehni and Wahl, 2020).
The challenges and concerns associated with gerotranscendence are complex, and
there are many other studies in the ageing literature addressing these issues in
physiological, psychological, social, emotional and spiritual dimensions.
Therefore, contrary to the many studies reviewing and conceptualising all these
dimensions, the reflectance of gerotranscendence within the framework of this
study lies in its architectural portrayal that could influence the mood of older
adults. Moreover, the theoretical perspective of gerotranscendence also aligns
with the biophilic design approach.

Biophilic design and its healing influence on users
Biophilic design emerged from the theory of biophilia, a Greek word meaning ‘love
of life’. It sees humans as a part of nature and considers their evolvement with
nature in psychological, emotional and spiritual manners (Wilson, 1984). Due to
increased urbanisation, there is less access to natural environments and a higher
ratio of time spent indoors (Neil et al., 2001). In coping with these urbanisation
challenges, biophilic design becomes more important than ever to reduce stress
and enhance performance, creativity and wellbeing (Kellert and Wilson, 1993). A
review of the design literature shows that there are well-defined biophilic guidelines,
strategies and attributes to practise nature in built environments and understand
opportunities for relating humanity to nature in buildings. Although the metrics
in these strategies differ slightly, the aim is the same. Kellert et al. (2008) proposed
more than 70 different strategies to incorporate biophilia that go beyond greening
buildings and reflecting the ecological design process. These strategies are sum-
marised under the following six elements: (a) environmental features, such as
water, air, sunlight; (b) natural shapes, such as egg, botanical motifs, shells; (c) nat-
ural patterns and process, such as fractals, growth; (d) light and space, such as light
pools, natural light; (e) place-based relationships, such as landscape ecology;
and (f) evolved human–nature relationships, such as curiosity, change, order.
Heerwagen and Gregory (2011) contextualised these strategies under the following
seven attributes of biophilic design: sensory richness, motion, serendipity,
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variations on a theme, resilience, sense of freeness and prospect, and refuge. These
seven attributes aim to combine sustainability, focusing mainly on lowering envir-
onmental impact, with the positive experience of nature. Later, Browning et al.
(2014) proposed the biological connection of humans with nature under the
three major categories of biophilic design. The first category includes the seven
guidelines of integrating nature in the space patterns. These guidelines are: visual
connection with nature, non-visual connection with nature, non-rhythmic sensory
stimuli, thermal and airflow variability, presence of water, dynamic and diffused
light, and connection with natural systems. These seven guidelines focus the direct
and physical presence of nature in built environments. The second category is nat-
ural analogues patterns, defined under the three principles of biomorphic forms,
material connection, and complexity and order. They are in the form of indirect
experiences of nature, such as colour, material, shapes, etc. The last category is
defined as nature of space patterns, which addresses the spatial configurations of
space under the four principles: prospect, refuge, mystery and risk. Researchers
studied each of these 14 patterns regarding their capability to support stress reduc-
tion, improve cognitive performance and to enhance mood states. To exemplify, the
first guideline of the first strategy, visual connection with nature, helps reduce stress
by lowering blood pressure and heart rate (Brown et al., 2013) while improving
concentration and attention (Vessel and Biederman, 2006) and enhancing overall
happiness (Barton and Pretty, 2010)

Recent studies have supported a quantitative approach to explore interventions
of biophilic design and optimise its implementation strategies (Berto, 2014). The
researchers of the above-mentioned guidelines did not propose to assess the mea-
sures of these guidelines in a quantitative manner. However, Salingaros (2019) sug-
gested quantifying biophilic design by calculating the ‘biophilic index’ of a building.
Table 1 lists the ten components of the biophilic index along with its definitions
and the metric used in assessing the index value based on the study by
Salingaros (2006). This quantitative approach suggests a numerical estimate that
is calculated based on the intensity and presence of each component. Biophilic
index (represented by B) could range from 0 to 20 depending on the building char-
acteristics. Although having a maximum biophilic index score of B = 20 could not
be expected, increasing the index value depends on various practical and theoretical
combinations of these ten components (Salingaros, 2015).

It should be noted that this quantitative formulation is not a rigid definition.
Still, researchers are searching for answers as to the most important components
that influence biophilic effect. To the best of our knowledge, there are no studies
that analyse the biophilic index of environments associated with gerotranscendence
in extreme conditions, such as a pandemic. There is only one study investigating
biophilic design in extreme climates (Parsaee et al., 2019). These ten biophilic com-
ponents have strong associations with emotional and physiological factors that
require considering multiple interacting variables (Salingaros, 2019).

A review of the mood studies and the Profile of Mood States (POMS)
Mood is defined as a positive or negative emotional state of changing intensity as a
response to life circumstances. The variability in mood states is a key determinant
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of psychological wellbeing outcome (Jin, 1992). There is extensive literature on meas-
uring mood, which is systematised under depression, anxiety and multiple mood-
measuring studies. Depressed mood is measured most commonly by the following
measures: the Zung Self-rating Depression Scale (Zung, 1965), used for affective, psy-
chological and somatic symptoms; the 20-item Center for Epidemiologic Studies
Depression Scale (CES-D; Radloff, 1977), designed for community populations; and
the Geriatric Depression Scale (GDS; Yesavage et al., 1983), designed for clinical
populations. Anxiety is measured most commonly by the State Trait Anxiety
Inventory (STAI; Spielberger, 1983), which is designed for current and general anx-
iety. With regards to multiple mood-measuring studies, the Positive and Negative
Affect Schedule (PANAS; Watson et al., 1988) is the most popular 20-item scale
used for self-reporting mood over a week. The Global Mood Scale (GMS; Denollet,
1993) is another commonly used scale for measuring these two moods but differs
from PANAS by defining the negative affect as exhaustion. There are also
dementia-specific mood scales, such as the Dementia Mood Assessment Scale
(DMAS; Sunderland et al., 1988), which measures observable mood while rating func-
tional abilities, and The Cornell Scale for Depression in Dementia (CSDD;

Table 1. The ten components of the biophilic index adapted from Salingaros (2006)

Components Definitions

Sunlight Considering directions and varying intensities of daylight, shade and
shadow (Kellert et al., 2008)

Colour Using a wide variety of hues, chroma and values of natural
environments, such as earth tones, shades of an overcast sky
(Heerwagen and Gregory, 2011)

Gravity Producing a creative balance that transforms the equilibrium of nature
to buildings vertically (Browning et al., 2014)

Fractals Integrating repetition in variations of nature patterns, such as varying
patterns of a snowflake or leaves (Kellert et al., 2008)

Curves Integrating organic forms of nature literally, structurally or
metaphorically, such as shell-like structures, or egg-like or tubular
forms (Kellert and Wilson, 1993)

Detail Reflecting the cognitive richness of nature stimulating creativity,
curiosity, discovery, etc. (Kellert et al., 2008)

Water Considering its visual and audible presence, which stimulates higher
levels of human liking and preference (Kellert and Wilson, 1993)

Life Inserting directly or indirectly living plants or animals in a literal,
structural or metaphorical manner (Heerwagen and Gregory, 2011)

Representations of
nature

Simulating natural features such as structure, planning, façade design,
decoration, ornamentation, etc. (Kellert and Wilson, 1993)

Organised complexity Addressing richness of structure and organisation in the form of spatial
hierarchy, variety, controlled variety (Kellert et al., 2008)

Equation Estimates: none = 0, some = 1, a large amount = 2.
Biophilic index B = Light + Colour + Gravity + Fractals + Curves + Detail +
Water + Life + Representations of nature + Organised complexity.
Range: 0 < B < 20.
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Alexopoulos et al., 1988), which is designed to assess depressive symptoms of parti-
cipants with dementia.

These self-reported measures are critical when assessing mood in older adults
due to the difficulties of data collection, such as time, impracticality of compu-
terised applications and cognitive decline (Dennis et al., 1995). POMS (McNair
et al., 1971) is defined as one of the most efficient self-report assessment tools
that could be valid for current mood states; it is conducted in many different studies
with alternate language forms (Watson, 2000). POMS is a 65-item affect rating tool
which uses a five-point ordinal scale (0 = not at all, 4 = extremely) to identify per-
sonality under the six mood states: five for negative mood (tension/anxiety (TA),
depression/dejection (DD), anger/hostility (AH), fatigue/inertia (FI) and confu-
sion/bewilderment (CB)) and one for positive mood (vigour/activity (VA)).
A score for each state is calculated by the sum of the responses for each adjective
item defining that state, and an overall mood state score (OM) is obtained by sub-
tracting the sum of the five negative states from the positive state: TA + DD + AH +
FI + CB−VA =OM (McNair et al., 1971). There are several versions of POMS,
such as POMS-2nd edition with an additional state of friendliness (FR) (Heucert
and McNair, 2012). According to Brown et al. (1995), the shortened version of
POMS is the most reliable, valid and proper instrument to measure the mood states
of older adults living in community dwellings. In the shortened version of POMS,
its 65 items are reduced to 37 items while keeping the internal consistency and reli-
ability of the survey and decreasing the required time it takes to conduct it
(Shacham, 1983). Considering the proposed validity and reliability, the present
study administered this shortened version to assess the moods of older adults,
which is comprehensively explained in the next section.

Methods
Procedure

The study was based on two sets of data that were collected with the same partici-
pants before the COVID-19 pandemic (between June and October 2018) and dur-
ing the COVID-19 pandemic (between June and October 2020), respectively. Each
dataset was comprised of two questionnaires: the 37-item shortened version of
POMS (SV-POMS) and the ten-item Gerotranscendence Scale (GS). The detailed
description of these psychological measures used in the study is given in the
‘Measures’ sub-section. During the first visit, all measures were administered by
trained research interviewers to participants during a single session lasting 45–60
minutes. The same questions – although, with random ordering –were conducted
during the second visit, considering the role of the biophilic character of home
environments on participants’moods during the COVID-19 pandemic. The second
visit was also a single session and lasted 75–90 minutes. The reason that the second
visit lasted longer than the first visit was due to the COVID-19 transmission and
protective measures during the visit, such as wearing masks, avoiding close contact
and social distancing, etc. Both visits occurred during similar times of the day to
eliminate the potential effect of circadian rhythm on psychological performance.
Ethical permission for the study was obtained first by the Ankara Governorship
and then later by the Bilkent University Institutional Ethical Review Board.
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Table 2. Socio-demographic characteristics of the participants

Environment

Overall Indoor biophilic Outdoor biophilic Non-biophilic

Number of participants 450 150 150 150

Mean age (SD) 77.2 (4.2) 74.5 (5.6) 79.3 (4.8) 77.8 (2.7)

Frequencies

Gender:

Female 258 88 80 86

Male 192 62 70 60

Marital status:

Not married 47 17 22 8

Married 291 108 93 90

Widow/widower 112 25 35 52

Before During Before During Before During Before During

Self-reported sleep quality:

Excellent 92 52 23 20 28 22 41 10

Very good 86 54 37 19 20 21 29 14

Good 158 114 43 31 40 57 65 26

Fair 124 230 47 80 62 50 15 100

Self-reported stress level1 2.4 3.1 2.4 2.9 2.9 2.7 2.0 3.7

Notes: SD: standard deviation. Before: before COVID-19. During: during COVID-19. 1. 1 = lowest, 5 = highest.
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Participants

In the study, a total of 450 older adults aged between 65 and 95 years (mean = 77.2,
standard deviation = 4.2) were recruited among apartment-type clusters of similar
urban neighbourhoods in Ankara, Turkey. The overall socio-demographic charac-
teristics of the participants are given in Table 2; 258 participants were female and
192 were male. Most of them (291 participants) were married, whereas 47 partici-
pants were unmarried. More than half of the participants (86 participants) reported
a very good or a good sleep quality (158 participants) before the pandemic. There
were no significant differences of demographic characteristics among the groups
(p = 0.000). However, during the COVID-19 pandemic, there was a significant
decrease in the self-reported sleep quality of the participants; half reported a fair
sleep quality in the repeated session of the instruments. There were statistically sig-
nificant differences among the sample groups regarding self-reported sleep quality
before and during the pandemic conditions ( p = 0.000). Non-biophilic living envir-
onments were significantly associated with a decrease in self-reported sleep quality.
With regards to the biophilic character of living environments, a drastic increase in
the number of participants was observed in non-biophilic environments as well as
in indoor biophilic environments. Although participants living in outdoor biophilic
environments had the highest average mean age, their self-reported sleep quality
and stress level remained almost unaffected by the pandemic situation.

There were two criteria when choosing appropriate participants for the study.
First, participants were selected among older residents with an average residing
length of five years or more to ensure their representation of experience within
their home environments. Second, a stratified sample method was used to select
apartment-type clusters of similar urban neighbourhoods. The five volunteer archi-
tects with 15 years’ experience on sustainability projects in various typologies eval-
uated the residential buildings in these neighbourhoods and identified apartments
with a similar floor area (ranging from 120 to 140 square metres) through the
Ankara Municipality database. There were three strata of 150 participants each
with medium-income level. The first and second strata were formed based on
the three categories of biophilic design (Browning et al., 2014), which were cate-
gorised as indoor biophilic and outdoor biophilic, respectively. In this study, indoor
biophilic was defined as interiors having biophilic features. These features were fre-
quently used in interior design practice, such as double-height ceilings resulting in
mezzanine floors that enable enhanced visual and spatial experiences or the use of
natural materials (wood and stone) or natural colours (earth-tone and green).
Outdoor biophilic was defined as intergrating nature in the outdoor patterns,
such as having direct access to a garden or integrating curvilinear lines in
façades or the interior circulation patterns of living environments. The biophilic
index value of each participant’s home was also calculated. This index value in
the indoor biophilic stratum ranged from 10.2 to 13.3; similarly, the value in the
outdoor biophilic stratum was calculated between 10.9 and 13.8. The third stratum
includes older adults living in traditional apartments without any biophilic features.
The impact factor of each biophilic attribute on the physiological and cognitive
performance of older adults has been studied and evaluated in previous research,
however, this study presents a multi-sample approach to explore the correlations
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among sampling clusters and ageing experience with and without the COVID-19
pandemic. All of the participants were independent in their daily living activities
according to the Barthel Index (Mahoney and Barthel, 1965) and were recorded
as mentally healthy in their registered Family Health Centres.

Measures

The study used two psychological measures. The first measure was the SV-POMS, a
widely used affect rating tool with a high internal consistency. Shacham (1983)
reduced the 65 items of POMS to 37 items and found the correlation coefficient
between short and original scales to be 0.95. The study used the original
SV-POMS, which was composed of the following six sub-scales: tension/anxiety
(six items), depression/dejection (eight items), anger/hostility (seven items),
vigour/activity (six items), fatigue/inertia (five items) and confusion/bewilderment
(five items). SV-POMS with these six sub-scales was prepared based on the Selvi
et al. (2011) study that translated the English version to Turkish by an expert
team approach. Participants rated the extent to which they were experiencing or
had experienced these 37 mood states in the past week. Their responses were
based on a five-point scale ranging from ‘not at all’ (0) to ‘extremely’ (4). The
second measure was the ten-item GS, which was developed by Tornstam (1997).
There were two scales of gerotranscendence: GS Type-1 (Tornstam, 1994) including
cosmic transcendence (six items) and ego transcendence (four items), and GS
Type-2 (Tornstam, 1997) including cosmic transcendence (five items), coherence
(two items) and solitude (three items). The study used the GS Type-2 scale, in
which time, space and objects reflected the content of cosmic transcendence (see
the online supplementary material). The coherence was derived from ego integrity,
and the solitude was referred by importance of relations and increased need for
allowing reflection and mediation of inner life. Participants rated the extent to
how well they agree with each item considering their own personal ageing experi-
ences. These dimensions were measured on a five-point scale ranging from ‘not at
all’ (0) to ‘extremely’ (4). The responses were scored from 0 to 40. The high score of
the scale represented a high level of gerotranscendence. It is worth noting that
unlike the SV-POMS scale, the GS was only translated from English into Turkish
for the purpose of this study, and its Turkish version had no previous psychometric
studies.

Data-analysing strategy

The data were analysed statistically using IBM® SPSS® Statistics 19. Analysis of vari-
ance (ANOVA) was conducted to test the effectiveness of biophilic design on mood
states and ageing experience. Wilcoxon rank-sum was used to determine the signifi-
cance of differences of mood states among indoor biophilic, outdoor biophilic and
non-biophilic samples, considering the COVID-19 pandemic as an observed vari-
able. The statistical difference between non-biophilic and biophilic living environ-
ments by the COVID-19 pandemic based on the experience of gerotranscendence
was evaluated using one-sample t-tests. Chi-square tests were performed to explore
the effect of each biophilic category on the relationships between mood state and
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ageing experience. The study also included moderation analysis as a comprehensive
statistical method to strengthen the findings. The moderation analysis was analysed
statistically using JSAP version 0.14, which is an open-source, flexible and reliable
statistics program developed by University of Amsterdam (JASP, 2021). The study
recognised the common method bias, which is defined as a potential problem in the
literature of applied research. This occurred when data were collected by the same
method, such as Likert-type scales (Podsakoff and Organ, 1986). This study applied
the following procedures to reduce the risk of common method bias: applying ran-
dom ordering of questions, requesting participants to respond to the self-report
measures more accurately, avoiding ambiguous items and keeping the items concise
while translating them into Turkish. The confidence interval for the statistical tests
is defined as 95 per cent.

Results
Correlations among older adults’ gerotranscendence experience and biophilic
environments

The average mean score stress level of the participants was calculated as 2.4. The
ANOVA results show that there was a statistically significant difference in the self-
reported stress level among the sample groups ( p = 0.000). The participants living
in non-biophilic environments reported the highest stress level with an average
mean value of 3.7 during the pandemic, although they reported lower stress levels
before the pandemic. The results from the t-tests and Wilcoxon rank tests indicate
that the participants living both in indoor and non-biophilic environments showed
a significantly different pattern regarding self-reported sleep quality and stress level.
Their sleep quality decreased while the stress level increased significantly during the
COVID-19 pandemic. Hypothesis H1 was supported.

Table 3 shows that there are no significant differences in the overall mean values
of cosmic and solitude items considering the repeated measures among the groups
( p = 0.571; p = 0.000; p = 0.387, respectively). The study also used t-tests to compare
the differences of gerotranscendence experience within the same sample group
between two points of time: before the COVID-19 pandemic and during the
COVID-19 pandemic (Table 3). With regards to the overall cosmic aspect, only
the indoor biophilic sample group shows a statistically significant difference in
terms of GS rating, whereas the outdoor biophilic group rated eight of the ten
items very similarly. Figure 1 summarises the changes in the GS rating among
the three groups in the form of a contour diagram. This diagram confirms the stat-
istical findings and demonstrates that the coherence and solitude aspects were the
only dimensions of the GS affected by the pandemic, independent of the designed
environment. Hypothesis H2 was not supported.

Correlations among the POMS scales of older adults in indoor biophilic, outdoor
biophilic and non-biophilic environments

The Cronbach’s alpha values for the POMS’ six sub-scales were calculated for the
sample groups (Table 4). The alpha value, including the two repeated sessions,
ranges from 0.98 to 0.88 in indoor biophilic environments; the range for outdoor
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Table 3. The overall mean values of the Gerotranscendence Scale sub-scales

p

Environment

Overall Indoor biophilic Outdoor biophilic Non-biophilic

Before During Before During Before During Before During

Cosmic 0.571 1.97 1.79 2.03 1.71 2.25 2.23 1.63 1.43

Coherence 0.000 2.50 3.01 2.43 3.06 2.56 3.21 2.66 2.30

Solitude 0.387 3.05 3.28 3.21 2.94 2.94 3.25 2.97 3.39

Notes: Before: before COVID-19. During: during COVID-19.
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Figure 1. The Gerotranscendence Scale rating among the three groups in the form of contour diagrams: (a) before the COVID-19 pandemic and (b) during the COVID-19
pandemic.
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biophilic environments was 0.84–0.98, and 0.87–0.98 for non-biophilic environ-
ments. In line with the literature (McNair et al., 1971), this study found lower
alpha values for the confusion sub-scale. The study also calculated the mean values
of each sub-scale (Table 5). ‘Fatigued’ was the only item with the highest mean
value in all the sample groups with and without the COVID-19 pandemic.
‘Confused’ was the item with the second highest mean value in all the sample
groups in the pandemic condition only. As anticipated, the COVID-19 pandemic
revealed a significant change in the overall mood state score. In the non-biophilic
environment, the overall mood state score changed from 0.89 to 1.22, in the indoor
biophilic from 0.45 to 0.85, and in the outdoor biophilic from 0.32 to 0.55. The
results from the Wilcoxon rank tests indicate that the tension and depression
mood states of the participants living in non-biophilic environments increased sig-
nificantly while experiencing the COVID-19 pandemic. The older adults living in
the non-biophilic environment, whose GS ratings were affected more by the pan-
demic, had the highest overall mood state score during the COVID-19 pandemic.
The between-participants analyses of the ANOVA results confirm a different pat-
tern in older adults living in non-biophilic environments (Table 5). This sample
group shows significant differences in fatigue and tension, whereas the older adults
living in indoor and outdoor biophilic environments show identical patterns of dif-
ferences before the pandemic and during the pandemic.

Table 6 shows correlations among the POMS scales of older adults in indoor
biophilic, outdoor biophilic and non-biophilic environments. Compared to indoor
biophilic environments, the highest negative correlation was calculated between the
activity and tension mood aspects in outdoor biophilic environments, followed by
high correlations between depression and tension mood aspects, and between activ-
ity and depression mood aspects in the same environment. These correlations are in
line with the literature, because outdoor green space exposures, rather than indoor
biophilic environments, are more highly linked with decreased depression and

Table 4. The Cronbach’s alpha values for the six sub-scales of the Profile of Mood States

Environment

Indoor biophilic Outdoor biophilic Non-biophilic

Before During Before During Before During

Tension/anxiety 0.98 0.92 0.84 0.95 0.87 0.89

Depression/dejection 0.92 0.91 0.95 0.96 0.88 0.98

Anger/hostility 0.91 0.88 0.89 0.93 0.93 0.92

Fatigue/inertia 0.94 0.95 0.92 0.90 0.98 0.96

Confusion/
bewilderment

0.88 0.82 0.93 0.91 0.91 0.92

Vigour/activity 0.91 0.97 0.91 0.95 0.90 0.93

Overall 0.93 0.94 0.97 0.98 0.96 0.92

Notes: Before: before COVID-19. During: during COVID-19.
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Table 5. The mean values of each sub-scale of the Profile of Mood States

Environment

Before COVID-19 During COVID-19

Indoor biophilic Outdoor biophilic Non-biophilic p Indoor biophilic Outdoor biophilic Non-biophilic p

Tension/anxiety 0.71 0.58 1.60 0.001 1.18 0.88 2.17 0.000

Depression/dejection 0.78 0.68 1.10 0.000 0.98 0.92 1.85 0.000

Anger/hostility 0.88 0.65 0.85 0.000 1.15 0.79 0.96 0.000

Fatigue/inertia 0.99 10.1 2.10 0.003 1.23 1.33 2.25 0.001

Confusion/bewilderment 0.45 0.51 0.59 0.001 1.14 1.28 1.33 0.002

Vigour/activity −1.1 −1.6 −0.85 0.000 −0.55 −1.92 −1.2 0.000

Overall mood state 0.45 0.32 0.89 0.005 0.85 0.55 10.22 0.000
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tension (Twohig-Bennett and Jones, 2018). The highest positive correlation was cal-
culated between fatigue and depression mood states of the older adults living in
non-biophilic environments. Different than the literature, a medium-positive cor-
relation was found between depression and anxiety in indoor biophilic environ-
ments (Yin et al., 2020). The lowest correlation was found between confusion
and activity in outdoor biophilic environments. The correlation findings of the
study highlight that non-biophilic environments facilitate the highest correlation
between depression and anger, while indoor and outdoor biophilic environments
facilitate a medium correlation.

Table 6. The correlations among the sub-scales of the Profile of Mood States of older adults in indoor
biophilic, outdoor biophilic and non-biophilic environments

TA DD AH FI CB VA

Tension/anxiety (TA):

Indoor biophilic 1.0

Outdoor biophilic 1.0

Non-biophilic 1.0

Depression/dejection (DD):

Indoor biophilic 0.552 1.0

Outdoor biophilic 0.410 1.0

Non-biophilic −0.850 1.0

Anger/hostility (AH):

Indoor biophilic 0.330 0.489 1.0

Outdoor biophilic 0.415 0.312 1.0

Non-biophilic 0.289 0.855 1.0

Fatigue/inertia (FI):

Indoor biophilic 0.369 0.423 0.299 1.0

Outdoor biophilic 0.252 0.396 0.363 1.0

Non-biophilic 0.655 0.758 0.316 1.0

Confusion/bewilderment (CB):

Indoor biophilic 0.316 0.199 0.276 0.302 1.0

Outdoor biophilic 0.174 −0.220 −0.239 0.252 1.0

Non-biophilic 0.182 0.196 0.301 0.190 1.0

Vigour/activity (VA):

Indoor biophilic 0.501 0.499 0.265 −0.202 0.152 1.0

Outdoor biophilic −0.853 −0.769 0.180 0.192 −0.135 1.0

Non-biophilic 0.265 0.336 0.172 0.360 0.256 1.0
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The study also analysed the moderator role of the biophilic design on the effect of
GS level on the overall mood states. Moderation analysis in JASP was used to test
hypotheses H3 and H4. Scatter plots in Figure 2 indicate that the effect of the GS
level on the overall mood states significantly depends on the biophilic character of

Figure 2. The scatter plot diagram of the relationship between Gerotranscendence Scale (GS) level and
overall mood states moderated by the biophilic character: (a) before the COVID-19 pandemic and (b) dur-
ing the COVID-19 pandemic. The line indicating the relation between overall mood and GS level has a
different angle for biophilic environments than for non-biophilic environments, and also before the
COVID-19 pandemic than during the pandemic. Specifically, the line is almost flat for non-biophilic envir-
onments before the COVID-19 pandemic, indicating that GS level to non-biophilic environments has a
very small effect on the overall mood.
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the home environment as the moderator, both before and during the COVID-19
pandemic. The study conducted a linear regression analysis to analyse this expected
moderation statistically. The biophilic design positively moderates the relationship
between GS level (regarding the three sub-scales) and the overall mood states, both
before and during the COVID-19 pandemic. The estimated coefficients of the ‘before
the pandemic’ set and ‘during the pandemic’ set are: R = 0.954; R2 = 0.911; adjusted

Figure 3. The scatter plot diagram of the relationship between Gerotranscendence Scale (GS) level and
overall mood states moderated by the type of biophilic design: (a) before the COVID-19 pandemic and
(b) during the COVID-19 pandemic. The line indicating the relation between overall mood and GS level
has a different angle for indoor biophilic environments than for outdoor biophilic environments.
Specifically, the line is almost flat for indoor biophlic environments compared to outdoor biophilic envir-
onments, indicating that GS level to indoor biophilic environments has a very small effect on the overall
mood. The confidence intervals indicated by the colored shades around the lines.
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Table 7. A summary table showing the correlation between all the methods used in the study

Methods Major focus
Hypotheses
number

Hypotheses
status Analysis; output

SV-POMS – 37 items
based on a five-point
Likert scale

To explore the extent to which the
participants were experiencing or had
experienced these 37 mood states in
the past week

H1 Supported ANOVA; significant stress level difference between
indoor biophilic (mean age = 74.5) and
non-biophilic environments (mean age = 77.8)

Wilcoxon rank; significant increase in the tension
and depression mood states of the participants in
non-biophilic environments (mean age = 77.8)
while experiencing the COVID-19 pandemic

GS – ten items based
on a five-point Likert
scale

H2 Not
supported

t-Test, ANOVA; the coherence and solitude aspects
as the only dimensions of the GS scale affected by
the pandemic in indoor biophilic (mean age =
74.5), outdoor biophilic (mean age = 79.3) and
non-biophilic environments (mean age = 77.8)

SV-POMS × GS H3 Supported Moderation analysis, linear regression analysis;
the biophilic design as the positive moderator of
the relationship between GS level (regarding the
three sub-scales) and the overall mood states

H4 Supported

Notes: SV-POMS: shortened version of the Profile of Mood States. GS: Gerotranscendence Scale. ANOVA: analysis of variance.
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R2 = 0.910, Root Mean Square Error of Approximation (RMSEA) = 6.630; F =
2,277.30; p < 0.001 and R = 0.972; R2 = 0.945; adjusted R2 = 0.945, RMSEA = 2.452;
F = 3,835.61; p < 0.001, respectively. The study further elaborated this moderation
analysis by exploring whether the effect of GS scale on the overall mood states
changed based on the type of biophilic characteristics. Biophilic design type as the
demographic variable of the participants was added to the linear regression model
to control its effect on GS scale and overall mood states. The findings in Figure 3
indicate that the effect of the GS level on the overall mood states does not signifi-
cantly depend on the biophilic character type of the home environment as the mod-
erator ( p = 0.158), whereas the outdoor biophilic environment exerted a moderating
effect on this relationship during the COVID-19 pandemic. The estimated
coefficients of the ‘before the pandemic’ set and ‘during the pandemic’ set are:
R = 0.111; R2 = 0.012; adjusted R2 = 0.006, RMSEA = 2.888; F = 1,858; p = 0.158 and
R = 0.768; R2 = 0.590; adjusted R2 = 0.588, RMSEA = 4.623; F = 214.67; p < 0.001,
respectively. Table 7 is a summary table showing the correlation between all the meth-
ods used in the study. The variable age is included in the output column.

Discussion
Effects of biophilic design on gerotranscendence and mood states in experiencing
the COVID-19 pandemic

Overall, the findings from the study highlight the significance of biophilic design on
positive ageing and an increase in life satisfaction. Participants in non-biophilic
environments during the COVID-19 period had greater decreases in the cosmic
aspect of the GS scale specifically. This implies that the cosmic dimension of
being part of the spirit of the universe as well as the dimension of self, social
and personal relationships could be met by nature integration to cope with the
negative impacts of the COVID-19 pandemic. This finding was in line with the pre-
vious studies highlighting the restorative benefits of natural environments in terms
of increased social and psychological wellbeing (Hartig, 2004). Compared with the
mood state change in depression and activity in the non-biophilic sample group,
the change in depression and activity in the indoor and outdoor biophilic groups
was statistically significant. This finding illustrates that the subjective ageing experi-
ence of older adults could be enhanced through mood enhancement (Washburn
and Williams, 2020). In the study, nature was considered a possible mechanism
for positive mood states. Moreover, the findings of the study on sleep quality
and stress level are in accordance with the literature (Brown et al., 2013). In the out-
door biophilic group, visual connection with nature helped with stress reduction
more compared with the indoor biophilic and non-biophilic groups. These results
indicate that outdoor biophilic features facilitate recovery from tension mood
effects of the COVID-19 pandemic, whereas indoor biophilic features facilitate
recovery from depression and anger. This finding differs from the literature, show-
ing the effect of the pandemic on the relationship between biophilic design and
mood states (Yin et al., 2020). Moreover, this study found that fatigue and confu-
sion were the mood states most related to the changing circumstances, regardless of
the biophilic character of the living environment.
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The challenges associated with subjective ageing, biophilic design and mood states
in changing circumstances

Maintenance of subjective wellbeing in later adulthood is of increasing concern. As
noted by Jović and Mitić (2020), bringing nature to living environments is essential
to promote social interaction, physical fitness, and emotional health and wellness,
while ensuring a sustainable urban experience. This could be achieved by sustain-
able housing policies, changes in urban development patterns and physical infra-
structure design, rather than adding minor nature forms, colours and plants to
existing residential buildings. Equally important is establishing continuous contact
with nature. This was evident in the participants living in non-biophilic environ-
ments who were more tense and unhappy during the COVID-19 pandemic com-
pared with participants living in indoor and outdoor biophilic environments.
Although the non-biophilic sample group had the opportunity to contact with
nature directly through neighbourhood parks, the recovery effect of this type of
contact was not the same as the biophilic character of the living environment.

The study found that the most critical challenge associated with subjective ageing,
biophilic design and mood states in changing circumstances was the question of how
to cope with the social withdrawal of older adults. In this respect, the coherence and
solitude dimensions of gerotranscendence are the most significant dimensions; they
were affected significantly by the biophilic character of the environment in this study.
However, with regards to the overall GS value, the challenge was not valid because the
overall GS ratings of participants living in outdoor biophilic environments remained
the same before and during the COVID-19 pandemic. Therefore, understanding the
association among gerotranscendence, mood states and biophilic character of living
space requires a broader perspective that should go beyond subjective ageing experi-
ences. Personality type, age span and culture are other critical parameters of this asso-
ciation, as suggested by Jewell and Nell (2014).

Conclusion
This study found that the biophilic characteristics of home environments correlate
both positively and negatively with older adults’ experience of the multiple levels of
the theory of gerotranscendence. The relationship between these experiences and
the mood states of these older adults was found to be dynamic depending on the
changing circumstances, which, in this study, were based on the comparative ana-
lysis of the impact of the COVID-19 pandemic. This comparison would lead to a
more comprehensive understanding of the correlation between the ageing experi-
ence and built environments. Since the COVID-19 pandemic was unexpected for
most people, this sudden pandemic has created negative mood states and affected
the experienced positive meaning of life regardless of the design characteristics of
people’s living environments. Moreover, it is worth noting that this study demon-
strates the importance of outdoor biophilic environments in maintaining positive
ageing experiences with reduced tension moods during a pandemic. Therefore,
this study has the potential to consider the diverse dimensions of gerotranscen-
dence in relation to which older adults are responding to changing mood states,
and diverse strategies for developing biophilic age-friendly built environments
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that impact and heal the ageing experience of older adults. Although current pol-
icies in Turkey promote healthy ageing and sustainable development, these
approaches are very local and the dimensions of gerotranscendence are not per-
ceived as significant to cope with the negative effects of the COVID-19 pandemic;
rather, they are limited by the engagement level of both older adults and designers.
This study has the following limitations. First, it was conducted in the Turkish cul-
ture. The results could be different in a different culture. Second, the study consid-
ers participants living in cities. Older adults living in suburban areas and other rural
communities could have different mood states and experience ageing differently.
Third, the study was based on quantitative findings, which could result in a com-
mon method bias. Including qualitative research methods, developing new psycho-
metric measures and/or obtaining data from secondary sources, such as health
reports of older adults, would avoid this common method bias.

Notwithstanding these limitations, this study empirically and theoretically contri-
butes to the significance of further studies by elaborating the results in terms of the
relationship between ageism and social isolation. Although the participants were
recruited from locations determined to have levels of biophilic features, with regards
to studies in environmental gerontology there are also important issues to consider
outside appearance, such as environmental press, competency, agency and even
choice of living location. Regarding positive ageing, there needs to be much greater
exploration into the multiple components that influence ‘home’ and ‘place’ outside
architectural features and/or green space, especially with regards to a concept such
as gerotranscendence, which Erikson (1950) placed above wisdom. Future studies
could also focus on care homes, where older adults experience ageing with decreased
dimensions of personal and social relationships. Moreover, investigating biophilic
impacts on the mood states of older adults based on their age (such as those from
65 to 74 years old as early elderly and those over 75 years old as late elderly)
would give deeper insights into multiple levels of gerotranscendence. Another poten-
tial future study could examine the relationships between the biophilic design prefer-
ence of older adults and their social connectedness through in-depth interviews.

Supplementary material. The supplementary material for this article can be found at https://doi.org/10.
1017/S0144686X21001860.
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