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Abstract

Introduction: Healthcare workers experience high rates of job-related stress and burnout,
contributing to a substantial burden of mental and emotional health conditions. Exposure to natural
environments is associated with improved mental health outcomes. However, for healthcare
workers, the effects of nature in the workplace have been underexplored. This analysis reports the
health effects of gaining a window view of nature among a sample of healthcare workers. Methods:
In November 2023, a rehabilitation hospital moved its primary location from a midsize [redacted for
anonymous review] city to a nearby area surrounded by woodlands. Employees completed surveys
on work environment, job satisfaction and burnout, and health-related outcomes prior to the move,
four weeks after the move, and one year after the move. Results: In difference-in-differences models
controlling for gender, age, and change in job category, participants who gained a window view of a
natural environment had greater odds of experiencing improvements in their reported satisfaction of
their window view (OR=8.05, p=0.02). However, no statistically-significant improvements were
reported for outcomes relating to job satisfaction, stress, burnout, or mental health associated with
the change in window view. Conclusions: Although participants gaining window views of nature
reported increases in window view satisfaction, we found no changes to job-related or health-related
outcomes either at the first followup or one year after the move associated with gaining a window
view of nature. Greater doses of nature in workplace environments, or different kinds of strategies,
may be necessary to promote mental health among healthcare workers.

Keywords: nature; window view; healthcare; stress; workplace

Introduction

Research shows that healthcare workers have disproportionately high rates of job-related stress
and burnout, with some statistics suggesting rates double the level of the general population. [1]
The burden of burnout in this population increased in recent years as a result of the COVID-19
pandemic, particularly for physicians and nurses. [2]  The result of prolonged workplace stressors,
employees experiencing burnout report exhaustion and cynicism toward their work. [3] Burnout is
also significantly associated with other mental and emotional health outcomes, including anxiety and
depression. [4]

Beneficial associations between exposure to natural environments and greenspace and positive
health outcomes, including mental wellbeing, [5] have been well established in literature. Although
the conceptualization of greenspace in these studies is frequently concerned with the environment
surrounding participants’ homes, other sources of exposure have been shown to be effective at
improving health outcomes. In a foundational study, Ulrich et al. found that surgery patients who
were assigned to rooms with window views of nature recovered more quickly than did patients who
did not have such views. [6] Since then, the concept of bringing natural environments and views of
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natural environments into healthcare settings have become increasingly prominent. For example,
many hospitals have implemented healing gardens designed as semi-private emotional retreats to
enable patients to relax, refocus, and deal with stressors. [7]

Window views of nature have also been explored in workplace settings as a strategy to deal with
job stress. Workplace exposure to nature and window views of nature have been associated with
increased job satisfaction [8], and reduced stress [9] and greater reported wellbeing. [10] One study
of office workers found that views of sky, trees, flowers, and park-like environments were associated
with higher satisfaction with window views, and that higher satisfaction with window views was
subsequently associated with better work ability and job satisfaction. [11] However, despite these
promising findings, the effect of window views of nature for work-related and mental health
outcomes for healthcare workers have been underexplored.

In summer 2023, the [redacted for anonymous review] relocated its main facility in [redacted for
anonymous review] from [redacted for anonymous review] to a new facility in [redacted for
anonymous review], a nearby less densely-developed suburban area surrounded by woodlands.
Practitioners based in the [redacted for anonymous review] location moved their primary work
locations to the new [redacted for anonymous review] facility, which had plans for outdoor therapy
gardens, green spaces, and trails on the grounds. [12] This move was expected to increase the
exposure of many of these employees to natural environments during the workday, especially
through increasing window views of nature.

To test the effect of this increased exposure to window views of nature, we conducted a series of
surveys of [redacted for anonymous review] healthcare workers, with a baseline several weeks before
the planned move, a first follow-up survey several weeks after the move, and a second follow-up a
year later. Surveys asked participants about aspects of the work environment, including their
window views, as well as job satisfaction, stress, and mental and emotional health outcomes. This
study reports the results of our investigation of the effects of gaining a window view of nature on
these outcomes among our participants.

Methods

The move of employees from the city hospital to the suburban hospital provided the
opportunity to conduct a natural experiment. Based on survey data from employees before and
after the move, we considered participants exposed if they gained a window view of nature following
the move. Employees who did not gain a window view of nature served as controls. We used
difference-in-differences models to assess changes to employee’s perceptions of their window views,
job stress and job satisfaction, and health-related variables.

Survey

We conducted a series of electronic surveys among hospital employees, using an instrument that
assessed job-related outcomes and perceived health outcomes. Items relating to job satisfaction and
job stress were job satisfaction, work ability, workplace supportiveness, and resilience. The survey
assessed job satisfaction with the multiple-choice question “How would you rate your overall job
satisfaction? Very satisfied, satisfied, neither satisfied nor dissatisfied, dissatisfied, or very
dissatisfied.” For analysis, we binarized this question as “Very satisfied or satistied” versus all other
responses. We assessed work ability with the single question “How do you rate your current work
ability compared to when it was best?” which is operationalized as a continuous 0-10 value with 0
indicating “completely unable to work” and 10 indicating “work ability at its best.” We used the
work supportiveness subscale of the Mini Z Worklife and Burnout Reduction Instrument,
operationalized as continuous. [13] We assessed perceived resilience using the Brief Resilience
Scale, [14] which we operationalized as continuous.

Health outcomes of interest were general perceived health, anxiety, depression, stress, physical
activity, and sleepiness. We assessed perceived general health with the multiple choice question
“Would you say your general health is... excellent, very good, good, fair, or poor?” We then
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binarized these responses as “Excellent or very good” versus “good, fair, or poor” for analysis. We
used the Hospital Anxiety and Depression Scale [15] to assess anxiety and depression symptoms,
which were each operationalized as continuous. We used the Perceived Stress Scale [16] for stress,
operationalized as continuous. We operationalized physical activity as the number of days in the
past week that participants reported exercising 30 minutes or more. We assessed sleepiness using
the Epworth Sleepiness Scale [17].

Window Views

To assess participant window views in their primary workspace, window view content was
assessed with the item “What dominates the view of the outdoor environment from your work
station?” This survey question was adapted from Lottrup et al. (2015) [11] and included nine
multiple choice responses: buildings/signs, cars/traffic, sky, trees, mowed lawn, flowers, park-like
environment, wild self-seeded natural environment, or no view of the outdoor environment.
Participants could also provide a free response if none of the multiple choice options were sufficient.

We categorized the responses of window views as “no window view,” “built environment
view,” or “nature view.” Some participants reported a mix of built-environmental and natural
features through their window, and these were categorized based on what seemed like the most
predominant feature. For example, a response of “Parking lot, trees” was categorized as a built-
environmental view, while a response of “we have traffic, bushes, trees, and sky” was categorized as
a nature view. Participants who reported that they had no consistent workspace, such as
participants who worked in patients” homes, were coded as no response for this variable rather than
a window view category.

Our main exposure variable for this analysis is the gain of a window view of nature, a
longitudinal construction based on two waves of data of the window view question. Participants
who responded to the window view question in both the baseline and first follow-up surveys were
assigned a value for this exposure. Participants who did not report a window view of nature in the
baseline survey, but did report a window view of nature in the first follow up, were considered
“exposed.” Participants who did not report gaining a window view of nature served as the control

group.
Recruitment

Hospital administrators sent out emails inviting employees to complete each of the surveys.
Emails were sent to a listserv of all employees who were active at the time of each survey, including
practitioners, administrators, clerical and service staff; the total number ranged between 1000 and
1500 employees.

Emails included a link and QR code to the online survey. Potential participants were notified
that the survey was voluntary and their participation would not affect their employment. Participants
of any of the surveys were enrolled in a drawing for twenty $50 gift cards distributed after the final
survey. Because hospital administrators were involved in distributing the gift cards, administrators
would be aware of the participation of the twenty winning participants. However, neither
individual-level nor otherwise identifiable survey data were provided to the hospital, and the full list
of email addresses of participants were kept confidentially by the research team.

The baseline survey was administered prior to the hospital move in July 2023, the first follow-
up during October-November 2023, and the second follow-up during October-November 2024. The
study protocol was approved by the Lehigh University Institutional Review Board (2063381-3).

Statistical Analysis

To determine the effect of gaining a window view of nature on job satisfaction and health
outcomes, we employed a difference-in-differences analysis. Each outcome of interest was assessed
in separate mixed-effect models with random intercepts for participant. Linear regression models
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were used for continuous outcome variables and logistic regression models were used for binary
outcome variables. All models included a two-way interaction term between exposure status
(gaining a window view between baseline and follow-up, or not) and survey wave, which served as
the difference-in-differences parameter. Both uncontrolled models and models controlling for age,
gender, and change in job category were computed.

Because relatively few participants completed all three surveys, the main models were restricted
to the baseline and first follow-up waves. Participants were included in models if they had sufficient
survey completion in the baseline and first follow-up waves to have complete data for all variables
in each respective model. However, because this time period reflects only a few weeks after the
move to the suburban location, it may not provide enough follow-up time for changes in outcomes
to manifest. Therefore, a sensitivity analysis was performed restricted to the baseline and second
follow-up waves, allowing a full year of follow-up time after the move. Participants were included
in these models if they had sufficient survey completion in the baseline and second follow-up waves
to have complete data for all variables in each respective model. All analyses were conducted in R
version 4.4.3, and models were fitted in the Ime4 package.

Results

Survey Respondents

A total of 330 participants partially completed the baseline survey, with 285 completing the
survey fully. 128 participants fully completed both the baseline survey and the first follow-up.
However, only 43 participants fully completed all three waves of surveys. Therefore, to preserve as
much data as possible, all models focus on the baseline and first follow-up surveys.

The most common job category reported at baseline was therapist (n=269), followed by clerical
jobs (n=88), registered nurses, (n=86), and management positions (n=85). Twenty participants
reported changing job categories between baseline and the first follow-up. Additionally, at the first
follow-up survey, 55 participants reported changing facilities after the baseline survey, of whom 35
reported that they moved to the new suburban facility.

Table 1 provides information on the demographic composition of the survey respondents at
baseline, stratified by whether or not respondents gained a view of nature between baseline and the
first follow-up, the primary exposure of this analysis. No demographic characteristic is statistically

significantly different between exposure categories.

Table 1. Participant Characteristics.

Overall Gained Nature Did Not Gain P-value
View Nature View
Gender Male 45 (13.64%) 3 (18.75%) 19 (14.62%) 0.863
Female 274 (83.03%) 13 (81.25%) 109 (83.85%)
Age  44.55(12.46) 40.94 (12.32) 44.6 (12.35) 0.279
Race White 282 (85.45%) 14 (87.5%) 119 (91.54%) 0.063
Black 8 (2.42%) 0 (0%) 3(2.31%)
Asian 10 (3.03%) 0 (0%) 2 (1.54%)
Other/Prefer Not to 23 (6.97%) 2 (12.5%) 5 (3.85%)
Answer
Ethnicity Hispanic/Latino 18 (5.45%) 1 (6.25%) 4 (3.08%) 0.722
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Not Hispanic/Latino 289 (87.58%) 14 (87.5%) 120 (92.31%)
Prefer not to answer 15 (4.55%) 1 (6.25%) 5 (3.85%)

Window Views

In each survey wave, participants reported whether or not they had a window view in their
work area, and if they did, what was visible through their window. Figure 1 presents the
distributions of window views reported in each survey wave, including rates of missing data for this
question. Between the baseline and first follow-up survey, the proportion of participants reporting
a view of nature increased relative to participants reporting a built-environment view.

We constructed our main exposure variable, the gain of a nature view, for those participants
who responded to the window view question in both the baseline survey and the first follow-up
survey (n=146). Of these participants, 16 participants gained a window view of nature (intervened)
and 130 did not (control). Participants who reported changing their work location between baseline
and the first follow-up were more likely to gain a window view of nature (n=8, 20.5%) than
participants who did not move between the two waves (n=8, 6.3%).

Table 2 shows the distribution of all outcome variables at the baseline survey, stratified by
exposure category. No outcomes at baseline were statistically different between participants who
did and did not gain a nature view, showing balance. Because only those participants who
responded both to the baseline and first follow-up survey have a constructed “gained nature view”
variable, the combined distribution of intervened and control participants does not necessarily match
the overall distribution of all participants at baseline.

Table 2. Balance between intervened and control participants.

Overall Gained Nature Did Not Gain P-value
View Nature View
Natural Light 55.45% 62.5% 60.77% >0.999
Presence (Present)
Satisfaction with 29.39% 25% 35.38% 0.449
Window View
(Very satisfied or
satisfied)
Satisfaction with 73.64% 93.75% 72.31% 0.120
Window Lighting
(Very satisfied or
satisfied)
Job Satisfaction 80% 93.75% 83.08% 0.493
(Very satisfied or
satisfied)
Work Ability 7.9 (1.67) 8.4 (0.97) 7.9 (1.62) 0.168
Workplace 18.2 (3.49) 17.7 (2.81) 18 (3.31) 0.714
Supportiveness
Resilience 3.7 (0.66) 3.3(0.73) 3.7 (0.65) 0.060
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General Health 49.7% 43.75% 54.62% 0.492
(Excellent or very
good)

Anxiety 6.7 (3.6) 7.2 (3.19) 7(3.57) 0.782

Depression 3.3(2.59) 3.2 (2.21) 3.5(2.72) 0.674

Stress 15.6 (5.92) 16.6 (5.81) 15.5 (5.73) 0.486

Days of Physical 3.1 (2.06) 2.4 (1.21) 3.1(2.16) 0.064
Activity

Sleepiness 8.7 (2.06) 8.3 (1.21) 8.6 (2.16) 0.883

150
.0 Window View
§ . No Response
:g Built Environment View
((1.5 Nature View
c . No Window View

50
. 1IN J —
Baseline Follow-Up 1 Follow-Up 2
Wave
Figure 1. Window views in each wave.
Modeling Results

In both controlled and uncontrolled models, participants who gained a window view of nature
between baseline and followup were more likely to report an increase in their satisfaction with the
window view (Table 3). Controlling for age, gender, and job change, participants who gained a
nature view had 8.05 times the odds of increasing their satisfaction with the window view between
baseline and followup than were participants who did not gain a window view. However, the
relationship between gaining a nature view and changes in satisfaction with natural lighting was not
significant. Both of these models assessing changes to perceptions of window view and lighting
were by necessity restricted to those participants who reported some window view in both the
baseline and first followup surveys, as participants without window views skipped survey questions
relating to those window views.
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Table 3. Modeling results for window view satisfaction.
Uncontrolled Models Controlled Models
Form  Parameter P-value Parameter P-value
Satisfaction with Binary 6.54 0.01 8.05 0.02
Window View
Satisfaction with Binary -04 0.78 -0.49 0.73
Window Lighting
Table 4. Modeling results for job-related outcomes.
Uncontrolled Models Controlled Models
Form Parameter P-value Parameter P-value
Job Satisfaction Binary 363.2 0.62 158.7 >0.99
Work Ability  Continuous 0.06 091 0.12 0.82
Workplace Continuous 1.6 0.03 1.18 0.14
Supportiveness
Resilience Continuous 0.24 0.09 0.28 0.05

Table 4 shows the results of models assessing the relationships between gaining a window view
of nature and job-related variables. In uncontrolled models, there is a significant association
between gaining a nature view and experiencing an increase in perceived workplace supportiveness
(b=1.60, p=0.034), but this relationship is not maintained after controlling for age, gender, and job
change, and no other job-related outcomes are significant. Similarly, Table 5 presents uncontrolled
and controlled models for health-related outcomes, none of which have a significant relationship with
gaining a window view of nature.

Table 5. Modeling results for health outcomes.

Uncontrolled Models Controlled Models

Form Parameter P-value Parameter P-value
General Health Binary -0.55 0.83 -1.14 0.67
Anxiety Continuous -0.52 0.44 -0.53 0.46
Depression Continuous 0.28 0.60 -0.14 0.81
Stress  Continuous -1.72 0.17 -2.16 0.11
Physical Activity ~Continuous 0.28 0.49 0.1 0.81
Sleepiness Continuous 0.68 0.49 0.55 0.61

Although controlled difference-in-differences models demonstrate that participants who gained

a window view of nature were more likely to report increases in their satisfaction with their window
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view, this increase in window view satisfaction does not translate to consistent improvements in job
satisfaction or in mental or physical health outcomes between the baseline survey and first follow-up
survey. A sensitivity analysis focusing on the contrast between the baseline and second follow-up
survey to provide a longer follow-up window did not have sufficient positivity for stable results, but
consistently with the main analysis did not find improvements in job satisfaction or health outcomes
associated with gaining a window view of nature.

Discussion

Taking advantage of a natural experiment occurring when participants moved their primary
work location to an area with greater exposure to nature, this study employed a longitudinal
difference-in-differences approach to examine the effect of gaining a window view of nature on the
job satisfaction and health of a sample of healthcare workers at a rehabilitation hospital. Consistent
with prior research, participants who gained a window view of nature experienced increases in
their satisfaction with their window view relative to participants who did not gain a window view
of nature. However, effects on job satisfaction, stress, and health outcomes were not statistically
significant. Although the main models used data from only a few weeks following the move,
these results were consistent with models using one-year followup times.

Several important limitations to this study should be taken into account. First, although several
hundred participants initially completed the baseline survey, retention at follow-up was inconsistent,
and only eight participants reported gaining a window view of nature across survey waves. This
low number of intervened participants limits the statistical power of our study as well as our ability
to conduct more nuanced stratified analyses. Second, participants were not randomized to
intervention categories. While we demonstrated statistical balance between exposed and control
participants on all measured variables, unmeasured confounding is a risk in any nonrandomized
design, and could threaten the validity of the results we report. Finally, our primary measure of
exposure is based only on participant perception and self-report. This could compromise our ability
consistently to categorize exposure status between participants, particularly when participants
reported complex window views that mixed natural and built-environmental components, or if
participants are inconsistent in defining their “primary work area.”

Our analysis is part of a growing body of research that goes beyond cross-sectional associations
to assess the impact of interventions that increase participants’ exposure to natural environments.
This work aims both to better elucidate causal relationships between greenspace and health as well
as to determine what kind of interventions are effective at promoting wellbeing. While cross-
sectional research frequently identifies positive associations between greenspace exposure and both
physical and mental health, results from these intervention studies are less consistent. As interest
in the concept of health promotion through greenspace increases, this work is increasingly important
to determine the composition and magnitude of successful interventions. For example, while
window views of nature have been demonstrated to be a successful intervention in patient
populations, our study suggests that different intervention types (or higher “dosages” of nature) may
be necessary to improve job satisfaction, reduce stress, and improve the mental health of healthcare
workers. However, we also note that our results from a natural experiment of a facility move may
not be generalizable to other kinds of interventions adding greenspace to workplaces, such as
landscaping changes, garden construction, or building renovation.

Interventions other than workplace nature exposure may be beneficial for the mental health of
healthcare workers. Studies suggest that burnout in this population can be attributed to too-high
workloads, [2] including large amounts of bureaucratic tasks, [1] as well as aspects of organizational
climate. [18] Hiring additional staff to manage growing workloads, streamlining work processes,
promoting the autonomy of healthcare workers, and improving relationships with leadership have
been demonstrated to reduce burnout rates. [19] In addition, other aspects of workplace physical
environments, such as overall aesthetic appeal, privacy, safety, and layout changes that improve
convenience and flow have been shown to improve job satisfaction among healthcare workers. [20]
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Given the high rates of job-related stress and burnout experienced by healthcare workers,
finding and implementing effective workplace interventions to improve employee mental health is
essential. Given prior studies showing employee preferences for natural environments in the
workplace, such as healing gardens, researchers should continue to explore the role of greenspace in
healthcare settings both to improve patient outcomes as well as employee wellbeing.
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