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Abstract

In this study, we focus on the impact of daily virtual nature experiences
combined with mindfulness practices on remote workers’ creativity, stress,
and focus over an extended period (9 weeks) during the COVID-19 pandemic.
Our results show a positive e↵ect of virtual reality (VR) nature experience
on increasing focus and reducing stress. When VR nature and mindfulness
practices were combined, we also found an increase in convergent thinking
task performance. Our findings demonstrate that 10-minute daily exposure
to VR nature and mindfulness practices could compensate for some of the
adverse e↵ects of working remotely by improving some aspects of workers’
well-being and creativity.
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1. Introduction

The COVID-19 pandemic has drastically changed the way we live and
work (Rudnicka et al., 2020). Many people were suddenly forced to work
from home, a change that neither workers nor organizations have planned or
prepared for. Although previous studies show that working from home may
have some benefits like increasing productivity (Hunter, 2019; Bloom et al.,
2015) and worker satisfaction (Bloom et al., 2015), the situation for workers
during the pandemic was often challenging. The change was abrupt and many
people were not prepared to work from home. Without a proper work setup
at home, many workers had to improvise with limited resources (Newbold
et al., 2021). Sometimes that meant working from the couch or kitchen table
or sharing a small workspace with others in the home. A major challenge
for some was juggling work with personal life while surrounded by ambient
distractions. In particular, parents with younger children faced additional
obstacles since the closure of schools meant they had to take care of the
children during working hours (Gorlick, 2020). Restrictions on traveling and
social gatherings made it harder to get a break from this di�cult situation.

Studies examining work-from-home arrangements during the pandemic
indicate some negative consequences of such arrangements. Some workers
find themselves spending more hours working than before the pandemic (De-
Filippis et al., 2020; Teodorovicz et al., 2021). Even if the workers do not
spend more total time working, they sometimes extend the workday by taking
breaks during the day and working later at night (Teodorovicz et al., 2021).
To make things worse, at the end of the long working day many workers strug-
gle to unplug from work (Routley, 2020). This might indicate an erosion of
boundaries between work and personal life, a situation that increases work-
related physical and emotional exhaustion among workers (Palumbo, 2020).
Workers also report challenges to concentrate while working from home be-
cause of the surrounding distractions. Household chores, noisy neighbors,
and interruptions by children or pets make it di�cult for remote workers
to focus on work and might lead to lower productivity (Mark et al., 2017).
Lack of social interactions and of new and exciting experiences might make
the life of remote workers more monotonous, which in turn may impact the
creativity of workers (Peppercorn, 2020).

Despite facing many challenges, a recent survey found that the vast ma-
jority of workers want to have the option to continue working from home for
the rest of their careers (Routley, 2020). They stated that a flexible schedule,
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the ability to work from anywhere, and no need to commute are the main
reasons behind this choice (Routley, 2020). Many organizations are adopting
a hybrid workplace model where employees can perform at least part of the
work remotely. This helps the companies to attract top talent and reduce
operational costs at the same time (Barbuto et al., 2020). Because more
than one-third of the jobs in the United States can be performed entirely
from home (Dingel and Neiman, 2020) and both employers and employees
could benefit from work-from-home arrangements, it is clear that remote
work arrangements will continue (Barrero et al., 2021). So it is crucial to
explore ways to help remote workers deal with challenges presented by the
COVID-19 pandemic in particular, and by working-from-home arrangements
more generally.

For this reason, we conducted a longitudinal field study focusing on the
impact of daily virtual nature experiences combined with mindfulness prac-
tices on remote workers’ creativity, perceived stress, and focus over an ex-
tended period of time (9 weeks) during the Covid-19 pandemic. Over the
years researchers have investigated the e↵ect of nature exposure (real and
virtual) and mindfulness practices on stress, focus, and creativity (Atchley
et al., 2012; Palanica et al., 2019). However, most studies were cross-sectional
and were conducted in controlled laboratory environments. In contrast, this
article expands on the existing literature by reporting findings from a field
study focusing on the long-term e↵ects of daily at-home virtual nature expe-
rience combined with mindfulness practice on remote workers. Even though
in such a study we lose some experimental control compared to cross-sectional
laboratory experiments, our experimental design increases ecological validity
by observing remote workers in real-life environments without risking their
well-being. The general hypothesis guiding this study is that an at-home
intervention, which combines exposure to nature through a VR headset with
mindfulness practice (using a mobile app) enhances the creativity and focus
of remote workers and reduces stress. In the following, we present results
from the study we conducted, which show a positive e↵ect of VR nature
experiences on increasing focus and reducing stress. When VR and mindful-
ness practice were combined, we also found an increase in convergent thinking
task performance. Our findings demonstrate that 10-20 minutes of daily ex-
posure to VR nature and mindfulness practice could compensate for some of
the negative e↵ects of working remotely by reducing stress, enhancing focus,
and convergent thinking.
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2. Related Work

Well-being and productivity are two major considerations for e↵ective re-
mote work arrangements during the COVID-19 pandemic. Prior research
suggests that stress, focus, and creativity are linked with the well-being
and productivity of workers. Stress is an indicator of well-being (Lazarus
and Folkman, 1984) and also a major concern for workers and organizations
worldwide (World Health Organization and others, 2011). Di�culties in fo-
cusing on work can negatively a↵ect productivity (Mark et al., 2017). The
creativity of the workers is vital for solving personal and work-related prob-
lems. Working from home, especially during the COVID-19 pandemic, has
been shown to increase workers’ stress levels (Galanti et al., 2021; Gómez
et al., 2020). Frequent switching between work and personal life might make
it harder for remote workers to focus on a task. Moreover, the uniformity of
everyday life of remote workers can negatively impact their creativity (Pep-
percorn, 2020; Amabile, 1998).

2.1. Stress, Focus, and Creativity

According to the World Health Organization (WHO), health is not just
the absence of disease, but rather ”a state of complete physical, mental and
social well-being” (World Health Organization and others, 1995). This defi-
nition explicitly links well-being with health and underlines its importance.
Over the years, researchers introduced various definitions and descriptions
for well-being. Dodge et al. defined well-being as a balance between some-
one’s resource pool and the challenges they face (Dodge et al., 2012). When
someone experiences an environment where their resources are not enough
to meet the challenges they face, it endangers their well-being and the re-
lationship between the person and the environment can be defined as stress
(Lazarus and Folkman, 1984). Experiencing stress can cause both physical
and psychological health problems (Byrne et al., 2007; Fink, 2016; Stansfeld
et al., 1997). Stress is associated with sleep di�culties (Kim and Dimsdale,
2007; Waters et al., 1993; Lundh and Broman, 2000; Van Reeth et al., 2000),
increased blood pressure (Gasperin et al., 2009; Kulkarni et al., 1998), and
depression in some people (Van Praag, 2004; Hammen, 2005; Caspi et al.,
2003). Previous studies also found evidence of deleterious e↵ects of stress on
the heart which may lead to cardiovascular diseases (Dimsdale, 2008; Roux,
2003; Steptoe and Brydon, 2009; Schnall et al., 1994). Stress can also be re-
lated to work. A poll conducted by European Agency for Safety and Health at
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Work (EU-OSHA) found that as much as 50% of workers in Europe find their
workplace stressful (European Agency for Safety and Health at Work, 2011).
Work-related stress is considered a major challenge for organizations around
the world as it can negatively a↵ect workers’ health and productivity (World
Health Organization and others, 2011). Research suggests that high job-
strain is associated with elevated blood pressure (Landsbergis et al., 1994),
cardiovascular diseases (Johnson and Hall, 1988), musculoskeletal problems
(Houtman et al., 1994), and psychiatric disorders (Stansfeld et al., 1997).
Stress-related issues are among the leading causes of missing working days
and retiring early from work (European Agency for Safety and Health at
Work, 2011; World Health Organization and others, 2011).

While well-being is an important consideration for remote workers, so
is productivity. The ability to maintain focus while working from home
impacts the productivity of the workers. Focus has been shown to depend
on criteria such as activity involvement, time of day, and type of work (Mark
et al., 2014). Research shows that workers are often interrupted during work
and that switching focus between tasks may be di�cult (Czerwinski et al.,
2004; González and Mark, 2004). Increasing focus in the workplace increases
productivity (Mark et al., 2017).

Creativity is the capacity to produce original and useful ideas or work
(Sternberg and Lubart, 1999). According to Runco & Jaeger, for an idea to
be considered creative, it needs to be original, and it also needs to e↵ectively
solve the problem (Runco and Jaeger, 2012). Workers rely heavily on their
creativity to deal with work-related challenges. Creativity is often assessed in
terms of divergent and convergent thinking (Runco and Acar, 2012; Cropley,
2006). Divergent thinking is the capacity for exploring multiple potential
answers or solutions to a given problem. People can come up with di↵erent
valid answers which are novel and unusual for the same question (Cropley,
2006). On the other hand, convergent thinking is the capability to narrow in
on a single answer to a given situation. Convergent thinking helps people find
the correct or best solution for a clearly defined problem (Cropley, 2006). The
emphasis here is on accuracy and how quickly one can find the solution. It
is most e↵ective in real-life situations where a correct solution already exists
and needs to be worked out by applying logical reasoning (e.g. multiple
choice tests).

Measuring creativity is a challenging task (Baer and McKool, 2009; Batey
et al., 2010; Kaufman et al., 2008). Over the years, researchers have adopted
di↵erent approaches to measuring creativity (Said-Metwaly et al., 2017).
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This resulted in the development of various tools and assessment techniques
(Torrance, 1966; Amabile, 1982; Guilford, 1968, 1950; Mednick, 1968; Guil-
ford, 1978; Urban, 2005). However, a review of di↵erent creativity tests
shows that each test has some advantages and disadvantages and using mul-
tiple tests may provide a more accurate assessment of creativity (Cropley,
2000; Said-Metwaly et al., 2017).

Studies show that experiencing unusual and unexpected events or situa-
tions can enhance creativity (Ritter et al., 2012; Martindale, 1972; Goertzel
et al., 1978), while lack of interactions with coworkers and limited exposure
to new situations can negatively a↵ect the creativity of the workers (Pep-
percorn, 2020; Amabile, 1998). Thus, working from home, which can limit
experiencing new situations as well as interactions with others, can under-
mine creativity.

2.2. Positive E↵ects of Nature

One way to counteract the negative e↵ects of working from home might
be by spending time in nature. Spending time in nature can improve health,
wellness, and creativity (Palanica et al., 2019). People who spend 120 min-
utes per week in nature reported a higher level of health and well-being
(White et al., 2019). Nature helps reestablish our mental equilibrium, which
in turn helps us recover from stress (Ulrich et al., 1991; Grahn and Stigs-
dotter, 2003). This process was named ”environmental self-regulation” by
Korpela (Korpela, 1989). Nature experience also helps people think less
about the negative aspects of life (Bratman et al., 2015). Even watching
three-dimensional videos of tree-covered streets (Jiang et al., 2016), driving
along such roads (Parsons et al., 1998), or sitting in a room with tree views
(Hartig et al., 2003) can help recover from stress faster. Spending time in na-
ture has been shown to decrease symptoms of attention-deficit/hyperactivity
disorder in children (Taylor et al., 2001), and lowers aggressive behaviors
(Guite et al., 2006). People who spend more time in green spaces are less
depressed and are less likely to have high blood pressure (Shanahan et al.,
2016; Hartig et al., 2003). Exposure to nature can also increase concentration
(Taylor et al., 2001) and enhance the ability to maintain focus (Berto, 2005).
Studies show nature experience improves working memory (Berman et al.,
2008) and helps people perform better on attention tests (Berman et al.,
2008; Berto, 2005; Li and Sullivan, 2016). Attention Restoration Theory
(ART) (Kaplan, 1995) emphasizes natural environments central to restoring
attentional resources depleted by work. Even exposure to natural lights can
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improve the creativity and productivity of o�ce workers (Peters, 2015). The
benefits of experiencing nature can be gained through both short- and long-
term exposure to nature. As short as a 40-second micro-break in nature can
help people perform better in cognitive tests (Lee et al., 2015). On the other
hand, 4-day long nature exposure can improve creativity and problem-solving
task performance by as much as 50% (Atchley et al., 2012).

Many of the therapeutic e↵ects of being in nature do not require peo-
ple to be in direct contact with nature. Observing nature through a win-
dow (Kaplan, 2001; Li and Sullivan, 2016) or looking at an artificial window
(Radikovic et al., 2005), viewing pictures or videos of nature (Wooller et al.,
2016; Jiang et al., 2016), experiencing nature through virtual reality (VR)
(Yu et al., 2018; Li et al., 2021; Anderson et al., 2017; Liszio et al., 2018),
and even listening to nature-based soundscapes (Newbold et al., 2017) can
provide similar benefits. Researchers found that watching nature videos can
increase connectedness to nature, positive emotions, and attentional ability
(Mayer et al., 2009), and exposure to VR nature video can increase physi-
ological arousal and improves positive mood levels (Browning et al., 2020).
Even though in both studies the e↵ects were more dramatic for actual nature
experience, the benefits of virtual nature experience were also significant. Im-
mersive experiences, such as virtual reality environments that include sounds
and images, promote stress recovery more than only images of nature (An-
nerstedt et al., 2013) and also enhance creativity (Fleury et al., 2021).

These studies demonstrate how exposure to nature can improve physical
and mental health, productivity, and creativity. However, these studies did
not focus on remote workers, and the e↵ects of nature exposure were not
evaluated over an extended period of time. Based on these studies we hy-
pothesize that using VR headsets to experience nature scenes may negate
some of the undesirable e↵ects of working from home, especially for workers
who have limited opportunities to go out in nature.

2.3. Positive E↵ects of Mindfulness

In addition to nature experiences, one e↵ective method to enhance well-
being and creativity is mindfulness practice. Mindfulness can improve the
well-being and productivity of remote workers by helping them establish a
strict boundary between work and personal life (Toniolo-Barrios and Pitt,
2021). Over the years researchers defined mindfulness in various ways. Most
of the definitions describe mindfulness as a state of mind in which a person is
aware or paying attention to the present, both internally and to the external
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environment (Brown et al., 2007; Herndon, 2008; Kabat-Zinn, 2005; Dane,
2011). Bishop et al. defined mindfulness as ”non-elaborate, nonjudgmental,
present-centered awareness in which each thought, feeling, or sensation that
arises are acknowledged and accepted as it is” (Bishop et al., 2004). Despite
the inherent challenges of promoting and measuring mindfulness (Davidson
and Kaszniak, 2015), there is substantial evidence of its positive e↵ect on
health, productivity, and creativity (Brown et al., 2007; Klainin-Yobas et al.,
2016; Baer, 2003; Dane, 2011; Lebuda et al., 2016). Mindfulness practice
can enhance psychological well-being (Klainin-Yobas et al., 2016), help pro-
cessing one’s negative emotions (Shepherd and Cardon, 2009) and improve
mood (Broderick, 2005). A clinical intervention study conducted by Brown
and Ryan shows that increases in mindfulness can result in lower stress levels
over time (Brown and Ryan, 2003). Since mindfulness can lead to a better
attentional focus on the task, it is also associated with improved task per-
formance (Kersemaekers et al., 2018; Good et al., 2016) in di↵erent types of
jobs. Mindfulness has been linked with job performance among restaurant
workers (Dane and Brummel, 2014), health care professionals (Beach et al.,
2013), and managers working in leadership roles (Reb et al., 2014). A wide
body of research also links mindfulness to creative thinking (Greenberg et al.,
2012; Ostafin and Kassman, 2012). Mindfulness can improve the ability to
solve insight problems (Ostafin and Kassman, 2012; Ren et al., 2011) and
to find novel solutions to given problems (Greenberg et al., 2012). This in-
dicates that mindfulness can a↵ect creativity in terms of both convergent
and divergent thinking. We are also seeing uses of di↵erent technologies to
support mindfulness practice (Terzimehić et al., 2019) and the popularity
of applications developed for this purpose (Daudén Roquet and Sas, 2018;
Salehzadeh Niksirat et al., 2017) suggests that more and more people are
realizing its benefits.

These studies demonstrate that mindfulness has many benefits in terms
of enhancing well-being, productivity, and creativity. Given the challenges
remote workers are facing during the COVID-19 pandemic, it is important
to examine if mindfulness can help them in similar ways. Our contributions
focus on examining mindfulness practice as complementary to virtual nature
experiences.
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3. Method

We conducted a longitudinal field study to explore how VR nature ex-
periences combined with mindfulness practices a↵ect the stress, focus, and
creativity of remote workers during the COVID-19 pandemic. The dependent
variables in this study are focus, stress, and creativity as measured by daily
questionnaire data collected using text messages. The independent variables
are engagement in nature experiences through VR (yes/no), and engagement
in mindfulness practice (yes/no). In our nine-week study, the participants
were asked to participate in each of the following three phases:

• Weeks 1—3: No Intervention: Text check-in

• Weeks 4—6: VR + No Mindfulness: 10 minutes of VR practice daily
and text check-in

• Weeks 7—9: VR + Mindfulness: 10 minutes VR + 10 minutes mind-
fulness practice daily and text check-in

The first three weeks are for collecting baseline data, weeks four to six are for
evaluating the e↵ects of the VR nature experience, and the last three weeks
are for evaluating the e↵ects of the VR nature experience combined with
mindfulness practice. We decided not to include a phase for only mindful-
ness practice in the study for two reasons: 1) the benefits of mindfulness are
well documented. The expected results would not contribute new knowledge;
2) in order to measure the impact of mindfulness only (without VR), some
participants would have had to give up either using VR for nature exposure
or mindfulness practice in the later phases of the study. Since we conducted
the study during the challenging time of COVID-19, we did not want the par-
ticipants to give up a potentially helpful intervention. Instead, we decided to
investigate whether combining mindfulness practice with VR nature exposure
yields additional benefits compared to just experiencing nature through VR.
The study was conducted between October 2020 and January 2021. Data
from the study was used in another paper where researchers investigated the
stability of an individual’s creativity over time (Katrahmani et al., 2022), but
did not report on the e↵ect of di↵erent interventions on stress, focus, and
creativity. The study was approved by the University of New Hampshire
Institutional Review Board (IRB).
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3.1. Task

The participants were asked to check in using text messages and answer
questions (see section 3.4) every weekday during the 9-week study. They
also completed a survey before starting each 3-week phase. Figure 1 shows
the steps of the study. During the first three weeks of the study, partici-
pants were only required to check in via text messages. For the next three
weeks, participants experienced nature through a VR headset. They were
instructed to use an application (Guided Relaxation VR on Oculus Go (Cu-
bicle Ninjas)) to experience nature scenes for 10 minutes every weekday and
check in via texts after that. Each nature scene presented participants with
the sights and sounds of a dynamically changing place in nature, such as a
waterfall or a beach with waves (Figure 2). During the weekdays of the final
three weeks, participants experienced both natures through VR for about 10
minutes and practiced mindfulness for about 10 minutes. They then checked
in via text messages. For practicing mindfulness, participants selected a
mindfulness session using the HealthyMinds application (Healthy Minds In-
novations, Inc). We provided the following options for mindfulness sessions
in the HealthyMinds application for the participants to choose from:

1. Calm in the midst of chaos: This practice aims to help people to calm
their minds by connecting to their inner resilience.

2. Clarity in uncertain times: This practice aims to help people to re-
frame things with insight and appreciation.

3. A true break: This practice aims to help people to take a break by
focusing on doing nothing at all.

We did not track which session participants were choosing. The mindfulness
practice sessions we selected in that application were similar in nature, where
a speaker guided the participant through meditative practices focusing on
breathing, awareness, etc. These mindfulness sessions were guided through
audio only, no visuals were used. The sessions we selected were also similar
in duration (about 10 minutes). Since the participants were practicing mind-
fulness daily for three weeks, giving them a list of options allowed them to
try various mindfulness sessions instead of practicing the same session every
day. The aim was to ensure that each mindfulness practice session for all the
participants was similar in nature and duration. The HealthyMinds applica-
tion can be installed on both Android and iOS systems. This application has
been shown to enhance well-being in a clinical trial (Goldberg et al., 2020).
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Figure 1: Steps and timeline of the study.

Figure 2: Nature scenes participants used for virtual nature experience.

After completing the 9-week study, participants were invited to partici-
pate in a semi-structured exit interview (via Zoom) regarding their experi-
ence in the study including the use of VR headset and mindfulness practice
throughout the study.

3.2. Procedure

We conducted a screening survey that was distributed through popular
social media platforms. The survey included questions about people’s living
environment, work arrangements, experience with virtual reality, and general
anxiety. The goal of the screening survey was to recruit participants who lived
in urban cities, did not own a VR headset, and had a relatively low anxiety
rating.

After recruiting the participants, we distributed a video describing the
study and asked them to set a time to meet with us via Zoom. Participants
were required to watch the video before the meeting. At the meeting, we
discussed the requirements for the study and answered questions. We sent
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an Oculus Go virtual reality headset to each participant. They received this
headset towards the end of the first three weeks of the study and used it
for the final six weeks. Before the start of each new 3-week phase, we sent
instruction videos to participants explaining what they were expected to do
during that period of the study. The videos included instructions about
how to set up the VR headset, install applications, and select specific nature
scenes, duration, and no background music for experiencing nature through
VR. We also met (via Zoom) with the participants individually before the
start of each 3-week phase to discuss their role in the study, troubleshoot,
and answer questions. Participants could also reach us via email if they
experienced any di�culties or had concerns.

On each weekday during the study, participants received an automated
text message in the morning reminding them to complete the daily tasks. The
daily text check-ins were then initiated by the participants at their conve-
nience, anytime during the day by sending a text message to a given number.
We used Twilio (Twilio Inc, 2021), a cloud communications platform, to au-
tomate the participants’ text check-in process. After sending the initial text
message, participants received questions via text messages regarding stress,
focus, and creativity (see section 3.4). After sending each question, the sys-
tem waited for the participant to answer via text message before sending the
next question. In addition to the daily reminder text, participants received
another reminder text if they missed check-ins on two consecutive days.

3.3. Participants

For this study, we recruited 20 remote workers from urban and suburban
areas in five U.S. states: Massachusetts, Washington, New York, Illinois, and
Mississippi. We selected people who do not own a VR headset, live in ur-
ban or suburban areas, and performed all or some of their work from home.
The recruited people were less likely to experience nature in their day-to-day
life, therefore more likely to be benefited from VR nature experience and
mindfulness practice. Another selection criterion was a general anxiety score
below the clinical threshold (not higher than 50) on the State-Trait Anxiety
Inventory (STAI) measure (range 20-80) (Spielberger, 2010). Although anx-
iety is more likely a dimensional construct without strict cut-o↵ points, this
cut-o↵ has nevertheless been used in other studies(Kim et al., 2010). Our
screening survey did not include a question about gender, as we did not use
gender as a selection criterion.
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Fifty-eight people applied (filled out the screening survey) to take part in
the study. The first 20 people meeting the selection criteria were recruited
to participate in the study (19 women and one man). Historically women
participants are underrepresented in VR research (Peck et al., 2020; Stanney
et al., 2020). Thus, our participant population presented an opportunity to
contribute to VR literature by studying VR with more women participants.
It is also important to consider the major impact of working from home dur-
ing the pandemic specifically on women (Ibarra et al., 2020; Brower, 2021;
Molla, 2021) and that anxiety is substantially higher in women than in men
(Bekker and van Mens-Verhulst, 2007). This indicates that our study partic-
ipants are directly included in the target audience for the interventions we
investigate.

Participants were between the ages of 25 – 68 (M = 43.45 years, SD =
12.85). Fourteen participants (out of 20 participants) also participated in a
semi-structured exit interview at the end of the study. The participants kept
the VR headset as compensation for the study. They also received a $15
Amazon gift card after completing each 3-week phase of the study. Those
who participated in the exit interview received an additional $15 Amazon
gift card.

3.4. Measures

We tracked participants’ creativity and self-assessed stress and focus over
nine weeks. The participants reported their focus by responding to the ques-
tion: ”On a scale of 1 to 7 (1 being lowest and 7 being highest), how focused
are you on your current task?”. Similarly, to measure their stress we asked
”On a scale of 1 to 7 (1 being very relaxed and 7 being very stressed), how
stressed do you feel today?”.

We used adapted versions of two di↵erent creativity measures, the Re-
mote Associates Test (RAT) (Mednick, 1968) and the Alternate Uses Task
(AUT) (Guilford, 1978), which measure participants’ convergent and diver-
gent thinking ability, respectively. We chose these measures because they
are well-validated and widely used in the creative problem-solving literature
(Carroll, 1968; Colzato et al., 2012; Mednick, 1968). The RAT measures
creativity in terms of the ability to make associations where the participants
are given three words and they need to come up with a word that connects
all three given words. An example of a RAT question we asked is ”Look
at the three given words and find a fourth word that is related to all three:
fly/clip/wall”. In contrast, the AUT measures the ability to generate diverse
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ideas where the participants have to find as many uses for a given object as
possible within a certain period of time. An example of an AUT question we
asked is ”Name all possible uses of the item mentioned below within 2 min-
utes. Please reply with only 1 use (1 or 2 words) per text message. Broom”.
Both measures were adapted to fit a short, mobile-friendly version for the
current study.

3.5. Data Collection

After the participants completed their daily activities, they were asked
to check in via text messages using their smartphones. During the check-
in process, they were asked four questions (see section 3.4). The first two
questions were intended to assess their stress and focus levels, and the last
two questions were intended to assess their creativity in terms of convergent
and divergent thinking. The timestamps and received text messages were
stored in a cloud-based spreadsheet on Airtable (Airtable, 2021).

In the recorded online exit interviews we asked the participants open-
ended questions about their general experience with the study, virtual nature
experience, and benefits to their well-being. To achieve an understanding of
the virtual nature experience we asked some questions on the VR experience
such as: Tell us about the VR experience. Did you enjoy it? Do you feel that
it was beneficial? How? Did you experience any discomfort? How was the
VR equipment? We also asked some questions about the combined VR and
mindfulness experience- Tell us about the combined VR and mindfulness
experience. Did you enjoy it? Do you feel that it was beneficial? How?
Which one did you like more? (VR/mindfulness) and why?

3.6. Data Processing

During their daily text check-ins, participants reported their level of focus
and stress with a number between 1 and 7 with 1 being the lowest level of
focus and stress and 7 being the highest.

For the RAT, their responses were scored 1 (correct) and 0 (incorrect).
The response times were also calculated as the time di↵erence between the
timestamps of RAT text sent and received.

For the AUT, participants’ responses were scored on fluency and origi-
nality. The fluency score represents how many ideas a participant generated
for a task. To measure fluency, the total number of uses mentioned by the
participant for a given object was calculated. The originality score repre-
sents how unique the generated ideas are. To find the originality score, at
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first, the semantic similarity between the given object and each use named by
the participant was calculated using spaCy (Honnibal and Montani, 2017),
a library for natural language processing. Semantic similarity scores range
from -1 to 1, with higher scores indicating higher similarity and therefore
lower originality. The semantic distance score was calculated by subtracting
the semantic similarity score from 1 which produced originality scores rang-
ing from 0 to 2 with higher scores indicating higher originality. Maximum
semantic distance scores were calculated from all the uses mentioned by a
participant for a given object.

3.7. Data Analysis

3.7.1. Daily Check-ins
For analyzing the daily check-ins data, we used linear mixed models (using

the open-source R package lme4 (Bates et al., 2015)) to assess the relation-
ship between intervention types and self-reported level of focus and stress,
RAT response time, and AUT-related measures (total number of uses, max-
imum semantic distance). Due to the binomial distribution of RAT response
correctness, we used a logistic mixed model to assess the relationship between
RAT response correctness and intervention types. For all the models, inter-
ventions were included as a fixed e↵ect, and participants were included as a
random e↵ect. Day number was treated as a competing exposure and was
included as a fixed e↵ect to control for its e↵ect on dependent variables. An
interaction term between intervention and day number was included; how-
ever, we note that we only include day number and interaction term in our
models to control for the e↵ects of time in the study. That is, including both
the day number and the interaction term will help us understand if the in-
tervention types have a main e↵ect that explains unique variance above and
beyond time in the study, but we do not have su�cient power to investigate
any potential interactions in the current work (see section 6 for more on this).
Interventions and participants were treated as a factor and day were treated
as a numeric. All the models are presented in Table 1. For each model, we
performed the analysis of variance using Chi-square tests. We also compared
each pair of intervention types by comparing estimated marginal means using
the Tukey method. A comparison of intervention types is shown in Table 2.

3.7.2. Exit Interviews
Two researchers first reviewed the autogenerated transcripts of the recorded

interviews. Corrections were made where necessary. The researchers indi-
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Table 1: Parameters of all the mixed-e↵ects models (the estimates of the models are
conditional e↵ects corresponding to day = 0)

Creativity
Convergent thinking (RAT) Divergent thinking (AUT)

Focus
(Scale 1-7)

Stress
(Scale 1-7)

Correctness probability
(logit)

Response time
(Sec)

Total number of uses
(Fluency)

Max. semantic distance
(Originality)

Predictors Estimates 95% CI Estimates 95% CI Estimates 95% CI Estimates 95% CI Estimates 95% CI Estimates 95% CI
(Intercept)

No intervention
4.39 [3.82,4.96] 4.14 [3.68,4.59] 0.45 [-0.38,1.28] 47.25 [28.30,66.21] 9.20 [7.87,10.53] 0.82 [0.79,0.85]

VR only 0.13 [-0.29,0.55] -0.97 [-1.42,-0.52] -0.54 [-1.43,0.35] -5.6 [-26.74,15.55] -0.49 [-1.4,0.38] -0.02 [-0.06,0.02]
VR+Mindfulness 0.29 [-0.08,0.65] -0.86 [-1.25,-0.47] 0.41 [-0.41,1.22] -11.73 [-30.25,6.78] -2.16 [-2.93,-1.39] 0.04 [0.007,0.07]

Day -0.01 [-0.03,0.01] -0.04 [-0.07,-0.02] -0.05 [-0.09,0] 0.3 [-0.78,1.38] -0.05 [-0.1,-0.007] 0.0002 [-0.002,0.002]
VR only:Day 0.01 [-0.02,0.05] 0.06 [0.02,0.09] 0.06 [-0.01,0.14] -0.03 [-1.77,1.72] -0.03 [-0.1,0.05] 0.001 [-0.002,0.004]

VR+Mindfulness:Day 0.006 [-0.03,0.04] 0.03 [-0.006,0.06] 0.08 [0.003,0.15] -0.98 [-2.59,0.64] 0.10 [0.04,0.17] -0.003 [-0.006,-0.0002]
Random e↵ects � � � � � �
Participants 1.18 0.84 1.44 32.38 2.79 0.04
Residual 1.1 1.18 55.54 2.31 0.1

Table 2: Weighted mean and standard deviation of measures for each intervention and
pairwise comparison of estimated means for intervention types.

No Intervention VR only VR+Mindfulness
No Intervention

-
VR only

No Intervention
-

VR+Mindfulness

VR only
-

VR+Mindfulness

Mean (SD) Mean (SD) Mean (SD)
E↵ect size
(Cohen’s d)

p
E↵ect size
(Cohen’s d)

p
E↵ect size
(Cohen’s d)

p

Focus
(Scale 1-7)

4.26 (1.05) 4.54 (1.31) 4.64 (1.41) 0.23 0.025 0.31 0.001 0.07 0.70

Stress
(Scale 1-7)

3.72 (0.97) 3.31 (0.92) 3.1 (1.11) 0.43 0.001 0.60 <0.001 0.21 0.21

Convergent
thinking
(RAT)

Correctness probability 0.5 0.51 0.69 0.89 <0.001 <0.001
Response time

(sec)
49.98 (42.92) 45.02 (33.99) 30.06 (28.7) 0.13 0.48 0.55 <0.001 0.48 0.008

Divergent
thinking
(AUT)

Total number of uses
(fluency)

8.66 (2.87) 7.79 (2.82) 7.65 (3.25) 0.31 <0.001 0.33 <0.001 0.05 0.31

Max semantic distance
(originality)

0.82 (0.05) 0.81 (0.05) 0.83 (0.05) 0.13 0.79 0.25 0.62 0.39 0.29

vidually read through the transcripts and each generated a code-book with
themes from the recorded responses. The themes from the separate code
books were discussed as a team and were consolidated into 17 codes. The
researchers independently coded all data, and then discussed the transcripts
for participants with the least inter-coder agreement. Cohen’s kappa was cal-
culated with 97% inter-coder reliability. For quantifying the exit interview
responses, we used a binary coding system (1/0) to indicate the presence
or absence of a particular e↵ect. For example, in the category positive VR
experience, a rating of ‘1‘ by a coder would indicate a participant had a pos-
itive VR experience while a rating of ‘0’ would indicate that the participant
did not have a positive VR experience.

4. Results

We recorded a total of 812 check-ins out of the 900 expected check-ins
during the 9 weeks of the study (20 participants x 9 weeks x 5 days a week).
After cleaning the data and removing the non-relevant data points (non-
relevant answers, answers during weekends, incomplete check-ins, etc.), 749
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data points were extracted for analysis purposes.

4.1. Stress

We found a significant e↵ect of intervention type on the stress level of
the participants (�2 = 32.08, p < 0.001). The control variables were also
significant: we found a significant main e↵ect of the day (�2 = 5.95, p =
0.015) as well as the interaction between day and intervention type (�2 =
9.5, p = 0.0087). Post-hoc tests for the main e↵ect of interest showed that VR
nature experience and VR+mindfulness practice reduced stress compared to
no intervention. Further, Cohen’s e↵ect size value (d = 0.43 & d = 0.60)
suggested low to moderate practical significance. However, the addition of
mindfulness practice did not reduce stress significantly compared to only
experiencing nature in VR (Table 2), thus suggesting that both intervention
types involving VR had some benefit to stress.

4.2. Focus

We found that intervention type was a significant factor for predicting the
focus level of the participants (�2 = 14.13, p < 0.001). This indicates that
the focus level of the participants was influenced by the interventions. We
did not find a significant main e↵ect of day and also no interaction between
day and intervention. Post-hoc tests showed that VR nature experience and
VR+mindfulness practice improved focus levels compared to no intervention.
Further, Cohen’s e↵ect size value (d = 0.23 & d = 0.31) suggested small
practical significance. However, the addition of mindfulness practice did not
improve focus levels significantly compared to just using VR for experiencing
nature (Table 2).

4.3. Creativity Assessment

We explored the e↵ects of di↵erent interventions on participants’ creativ-
ity in terms of convergent and divergent thinking.

4.3.1. Convergent Thinking
To assess participants’ convergent thinking, we analyzed the response

time and correctness probability of their reply to the remote associates test
(RAT). We found that the intervention type was a significant factor for pre-
dicting the probability of getting the correct answer to a RAT question (�2 =
28.74, p < 0.001) as well as for the response time (�2 = 19.83, p < 0.001).
This indicates that convergent thinking was influenced by the interventions.

xvii



We did not find a significant main e↵ect of day or interaction between day
and intervention type. Post-hoc pairwise comparisons revealed that using
VR for nature experience did not significantly improve convergent thinking
ability (both in terms of increasing the probability of coming up with the
correct answer and reducing the response time) but VR+mindfulness prac-
tice improved convergent thinking ability compared to no intervention and
only experiencing nature through VR (Table 2). Cohen’s e↵ect size value
(d = 0.55 & d = 0.48) suggested small to medium practical significance for
change in response time.

4.3.2. Divergent Thinking
We assessed participants’ divergent thinking ability in terms of fluency

(number of uses) and originality (semantic distance) of their replies to the
alternate uses task. We found that intervention type was a significant fac-
tor for predicting the number of uses (�2 = 34.44, p < 0.001) but not the
maximum semantic distance. This indicates that the interventions influenced
the divergent thinking ability of the participants in terms of fluency but not
originality. In terms of control variables, we did not find a significant main
e↵ect of day, but we did observe a significant interaction between day and
intervention type for the total number of uses (�2 = 14.18, p < 0.001) and
maximum semantic distance (�2 = 8.02, p = 0.02). Post-hoc analysis of the
main e↵ect of intervention type indicated that the number of uses decreased
significantly for both experiencing nature through VR and VR+mindfulness
practice compared to no intervention, but no significant di↵erence was ob-
served between the intervention types for maximum semantic distance (Table
2). Cohen’s e↵ect size value (d = 0.31 & d = 0.33) suggested small practical
significance for change in the number of uses (fluency). In sum, divergent
thinking ability did not change significantly in terms of originality (seman-
tic distance) between intervention types, but it actually worsened in terms
of fluency (number of uses) for VR nature experience and VR+mindfulness
practice.

4.4. Participant experience and perceived benefits
In this section, we discussed our findings from the qualitative analysis of

the post-study (exit) interviews with 14 participants.

4.4.1. VR experience
The VR experience of the participants was coded based on three cate-

gories: the e↵ect of the VR equipment on the experience, the experience
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with the VR nature scene, and the e↵ect of the study structure on the VR
experience. When asked about the VR experience, 71%(10/14) participants
described having a positive experience with the VR headset describing the
experience using terms such as relaxing, calming, and ability to travel. For
example, participant 12 mentioned that ”for me being able to be in the scene
and really be able to be present for ten minutes was great, but I loved, I
loved VR,”. While 29%(4/14) had negative experiences due to factors such
as technical di�culties in setting up the headset, the repetitive nature scene,
and not being able to choose their own nature scenes. 64%(9/14) participants
had a positive experience with the VR nature scenes; participant 12 shared:
”I loved all of the scenes, especially the water and just the peacefulness and
serenity.”, while 29%(4/14) had a negative experience. Participant nine de-
scribes it as ”the clouds they’re not moving and they were they were just like
little specks on white things” and participant 10 also described the scenes
as ”some sort of streams dystopian science fiction world in which you’re in
nature, but it’s never going to change.”. For 29%(4/14) of participants, the
study structure contributed to a negative experience. For example, partic-
ipant two expressed this sentiment by saying: “I would like to be able to
choose. I think if I had been able to choose from one or two, from two or
three di↵erent scenes every day? I think the variety would have kept me
more interested.”

4.4.2. Perceived VR benefits
During the exit interview, participants were asked if they experienced

any benefits from the VR task. 64%(9/14) of participants reported feeling
‘calm’, ’relaxed’, or ‘refreshed’ as a benefit of the VR nature experience and
50%(7/14) described the VR nature benefits as ‘an escape’. For example,
participant 14 stated, “I felt that calming and soothing, VR is kind of a
nice way to escape out of the walls of your home”. Some participants also
shared that the VR experience allowed them to feel focused as participant
13 describes it, ”I would feel just more relaxed and focused”.

4.4.3. VR plus Mindfulness experience
The VR plus mindfulness experience was coded into two main categories:

Whether participants liked the combination of VR and Mindfulness and
whether they favored one over the other. 50%(7/14) of participants liked the
combination of VR and Mindfulness. Participants with a positive combined
experience shared that the VR experience prepared them for the mindfulness

xix



practice. Participant 3 shared ”having the nature first, let me really like relax
into it and be in a better place to do the guided meditation”. Factors con-
tributing to a negative experience included the added time for the combined
tasks and some participants preferring one practice over the other. Partic-
ipant 13 shared, ”I’d say the biggest challenge of that was just the added
time. Because like I said, I mean 20 minutes is not that much, but I, like, it’s
funny how hard it is to find 20 minutes of time that I can just like completely
be for myself uninterrupted.”. Participant one shared: ”I could have done
without the VR part of it. And the length of time was, it was hard to fit that
into my schedule.” Despite the added time, some participants experienced a
benefit of the combined experience as described by participant 14: ”honestly,
before I would do it, I’d be like, Oh, I don’t really have time to do this or
I’m not in the mood to do this but then once you get into it, it just kinda,
kinda resets like hitting the reset button, I guess.” 21%(3/14) participants
preferred mindfulness to VR and 21%(3/14) preferred VR to mindfulness.

4.4.4. Perceived benefits of VR plus Mindfulness
The perceived benefits of VR and mindfulness were coded according to

participants feeling ’calm’ or ’relaxed’ and feeling ’focused’ or ’centered’.
86%(12/14) of participants reported feeling more calm and relaxed; ”they
both relaxed me”, participant nine described, as well as participant eight who
described feeling ”grounded” and ”I guess a little bit refreshed”. 50%(7/14)
of participants reported feeling more focused or centered after the combined
experience. ”It made me feel more focused, ready for the day at hand and
the challenges that it was going to bring. And again, I mentally could check
o↵ that I did something to try to center myself a little bit before the start
of an unpredictable day, which most of December was anyway”, participant
seven shared.

5. Discussion

This remote nine-week study examined how experiencing nature through
a virtual reality device, and then also engaging in mindfulness practices,
a↵ected the focus, stress, and creativity of remote workers. The results
showed that the VR nature experience increased participants’ focus. How-
ever, adding mindfulness practices to the VR nature experience did not pro-
vide additional benefits. In addition to improving focus, the study also re-
vealed that the VR nature experience decreased participants’ stress levels.
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Similarly, adding mindfulness did not a↵ect the stress level significantly high-
lighting the potential benefits of VR nature experiences on their own. In gen-
eral, we can conclude that a 10-minutes daily experience of nature through
a VR headset may increase focus and reduce stress for remote workers over
time. These findings were further supported by participants’ responses dur-
ing their exit interviews. Most of the participants stated that the VR nature
experience helped them to relax and some of them thought of it as an escape
from the situation they are in.

In terms of creativity, we assessed both convergent and divergent thinking
using adapted versions of the Remote Associates Test (RAT) and Alterna-
tive Uses Task (AUT), respectively. Results suggested that VR experiences
did not improve convergent thinking. However, adding a daily mindfulness
practice to the VR experience improved convergent thinking both in terms of
the rate of getting correct answers and decreased response time. In contrast,
neither the VR experience nor the mindfulness practice improved divergent
thinking, as assessed by fluency and originality. The fluency scores were lower
during the VR nature experience and combined VR mindfulness phase. This
suggests that the same interventions may have di↵erent e↵ects on di↵erent
aspects of creativity. Further, this may be an artifact of our creativity mea-
sures since we adapted two measures that are more traditionally used in
single-session experiments rather than over multiple months.

5.1. Implications for Designing Interventions

Our results are encouraging for a number of reasons. The brief daily
VR and mindfulness interventions were well-received by participants, who
remained engaged in the study for nine weeks, and told us in exit inter-
views that the interventions provided them with positive experiences. This
is indeed good news because we expect that many workers will continue to
work from home, partly because many firms see a number of advantages in
working-from-home arrangements (Neeley, 2021; Barrero et al., 2021). The
workers of these firms are likely to enjoy not having to spend time commuting
(Kun et al., 2020), but they could still be at risk of not experiencing nature
or interacting with co-workers often enough. Simple interventions like the
ones we tested can be e↵ective in supporting the general well-being of these
remote workers, as well as their work productivity.

Designers can also use our results as an indication that VR nature expe-
riences can reduce stress and improve focus for remote workers. Of course,
we only tested one implementation of VR nature experiences, and all of our
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participants engaged in these experiences in a uniform way, spending a few
minutes on them each workday. Additional research can shed light on how
to design VR experiences for di↵erent workers, where relevant variables to
test include types of nature experiences (e.g. walking through nature vs.
observing static or moving images), VR quality, and time spent in VR. In
addition, some of our participants expressed a desire to control the details
of interventions, like the time and duration of the intervention, selecting vir-
tual nature scenes, and mindfulness practice options. It would be important
to assess how personal user preferences, and the ability to control di↵erent
aspects of the interventions, a↵ect the outcomes of the interventions.

An additional important implication for design is that any particular in-
tervention might have di↵erent e↵ects on creativity depending on whether it
is related to convergent or divergent thinking. Tools and techniques devel-
oped for enhancing the creativity of workers might be more useful if focused
on enhancing either convergent or divergent thinking based on the types of
jobs or tasks on hand.

We want to note that our decision to trade o↵ statistical power (relatively
small sample size) for increased ecological validity and longer-term observa-
tion allowed us to collect data under real-world conditions, over a relatively
long period of time (9 weeks). Our study became part of our participants’
everyday routines for multiple weeks. This gives us confidence that designs
that are based on our implications could be well received by users, as well as
applied in work-from-home settings using commercially available VR head-
sets.

As we discussed in the related work section, there is already substantial
evidence for the therapeutic e↵ects of both real and virtual nature exposure
and the results from our study extend these results by demonstrating that
daily brief (10 minutes) interventions over an extended period of time are
su�cient for positive impact on stress, focus, and some aspects of creativity
during a time of crisis like the COVID-19 pandemic.

6. Limitations

Conducting longitudinal VR studies remotely is challenging (Ratcli↵e
et al., 2021a,b). Even though on average, participants were highly com-
pliant (daily task completion rate dropped below 70% for only one day of
the study), there were some issues that may have impacted the study. One
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issue was that maintaining experimental control was a challenge. In the in-
structions for the participants we tried to specify all the factors that may
influence the study (nature scenes, background music, duration, etc), but we
could not verify that all the participants were following these instructions.
Another challenge was that our study was conducted in the US in a time
frame that included the US presidential election, Christmas, Thanksgiving,
New Year’s Eve, and varying COVID-19 restrictions. All these events may
have a↵ected the participants di↵erently, which may have introduced noise
in the data.

We used self-reported measures instead of standard questionnaires or
physiological measures for assessing perceived stress and focus. We chose
this approach because it made it easier for participants to report their per-
ceived focus and stress level using simple text messages on a daily basis for
nine weeks. This experimental design decision indicates a trade-o↵ between
using validated measures and lowering barriers for participants to report data
on a daily basis.

Our sample size was relatively small (n=20). The fact that we see signif-
icant results despite having relatively low power suggests that the observed
e↵ects are robust for practical purposes. Some of the null e↵ects may be
significant if replications are completed with a larger sample, but this does
not detract from the overall findings presented. We also observed some in-
teractions with Day in the study that we did not follow up on within the
current paper due to this limitation in sample size. Future work, however,
should be designed with power in mind so that we can ensure that our null
results are not a type 2 error and other factors like the age of participants
and e↵ects of time can be studied more intentionally. Moreover, the stability
of our creativity measures within individuals over a longer period of time
needs further investigation as well, particularly since these were adapted for
quick, mobile-friendly usage (Baer, 1994; Magnusson and Backteman, 1978;
Katrahmani et al., 2022). For example, a recent study found that the two
measures of creativity used here are quite variable over time, indicating that
these measures are not simply tracking a stable individual di↵erence measure
(Katrahmani et al., 2022). This variability suggests that we can expect to see
some fluctuations in creativity scores (at least for these tasks) over time and
that they may be influenced by various situational and cognitive-a↵ective
factors. However, we also note that it may be worthwhile using other cre-
ativity tasks that are specifically designed for longitudinal data collection, or
ones that are more directly related to workplace creativity.
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Another limitation of the study was that the order of interventions was
not counterbalanced. In order to do that, some participants would have had
to give up using VR headsets or mindfulness practice, or both in the later
phases of the study. Since the pandemic already put a lot of mental pressure
on people, we did not want to ask the participants to give up practices that
might help them cope with the added stress. For this reason, we could
not have both VR-only and Mindfulness only phases in our study. Since
many researchers have investigated the e↵ect of mindfulness practices on
creativity and well-being (Brown et al., 2007; Keng et al., 2011), we decided
not to include a phase in which the participants only focused on mindfulness
practices without using the VR. For our analysis, we did not consider the
novelty e↵ect of using VR technology. Even though none of the participants
owned a VR headset, we expect the novelty e↵ect to be small because of
repeated exposure to VR technology throughout the study (Huang et al.,
2021).

An additional limitation of our study is that almost all of our participants
were women (19/20), which may limit the generalization of our results. Ad-
ditional work is necessary to assess how di↵erent people in di↵erent contexts
would be able to benefit from VR nature experiences and mindfulness prac-
tices. However, considering the major impact of working from home dur-
ing the pandemic specifically on women (Ibarra et al., 2020; Brower, 2021;
Molla, 2021) and that anxiety is substantially higher in women than in men
(Bekker and van Mens-Verhulst, 2007), we believe it is important to consider
such interventions with population that is likely to benefit from them. It
is also important to note that considering women are underrepresented in
VR research (Peck et al., 2020; Stanney et al., 2020), we believe that the
contribution of the study is important even if it cannot be generalized to all
workers.

Despite these limitations, this study contributes to exploring how expo-
sure to VR nature scenes and mindfulness practice can improve the focus,
stress, and creativity of remote workers.

7. Conclusion

In conclusion, our study shows that experiencing nature through VR for
as little as 10 minutes a day can help people focus on a task and also reduce
stress, but it may not have any e↵ect on convergent creative thinking. Adding
mindfulness practice to the nature VR experience, may not a↵ect focus or
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stress, but it can improve convergent creative thinking. Both VR nature
experience and mindfulness practice may diminish some aspects of divergent
thinking (fluency) and may not have any e↵ects on other aspects (originality).
Taken together, findings from this study can help researchers explore di↵erent
ways in which VR interventions could be used to improve the well-being of
remote workers.
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Gómez, S.M., Mendoza, O.E.O., Ramı́rez, J., Olivas-Luján, M.R., 2020.
Stress and myths related to the covid-19 pandemic’s e↵ects on remote
work. Management Research: Journal of the Iberoamerican Academy of
Management .

xxix
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