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Abstract
This study investigated the effects of natural elements and direct and indirect sunlight expo-

sure on employee mental health and work attitudes. We recruited participants via an online

panel from the United States and India, and analyzed data from 444 employees. Natural

elements and sunlight exposure related positively to job satisfaction and organizational

commitment, and negatively to depressed mood and anxiety. Direct sunlight was a domi-

nant predictor of anxiety; indirect sunlight was a dominant predictor of depressed mood, job

satisfaction, and organizational commitment. Natural elements buffered the relationship

between role stressors and job satisfaction, depressed mood, and anxiety. We also found

that depressed mood partially mediated the relationship between natural elements and job

satisfaction. We discuss scientific and policy implications of these findings.

Introduction
Work in modern settings has been epidemiologically linked to a variety of maladies. Many of
these are stress-related illnesses—such as depression, anxiety, hypertension, and gut ailments;
others—lower back pain, some sleep disorders, and respiratory problems—are more related to
physical conditions [1]. Much of the research on worker health, particularly mental health and
other stress-related diseases, has focused on improved management practices (e.g., giving
employees more control over their work and schedules; improving interpersonal skills) and
palliative stress-reduction treatments (e.g., meditation, mindfulness training, and employee fit-
ness centers) [2, 3]. Interestingly, little organizational and management research has examined
the effects of the physical work environment itself on employees [4, 5]. However, it is impor-
tant to consider the work environment as a causal and remedial factor in employee health. Peo-
ple spend a great deal of time at work. In fact, adults spend about 40 hours per week in offices,
most of the time at desks and workstations [6]. Research (mainly from non-management disci-
plines) on physical characteristics of workplaces (e.g., lighting, noise, air quality) shows that
the physical characteristics can influence employee health [7]. Considerable research also exists
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on the effects of natural environments–exposure to natural elements (such as greenery) and
sunlight—on physical and mental health [8–16]. However, few studies have examined the
effects of natural environments in work settings [12–13, 17]. Unlike improved management
practices and palliative stress reduction programs, the physical work environment can be a
continuous health promoting intervention—one that requires neither extra effort from
employees nor dedicated time. This study focuses on the effects of exposure to natural elements
and sunlight on employee mental health and job attitudes. We also look at the unique and
combined effects of natural elements and sunlight.

TheWork Environment and Exposure to Natural elements and Sunlight
Organizations consist of individuals and groups engaged in collective action to pursue com-
mon goals. As such, organizations require resources to survive and prosper. Organizational
resources include people, energy, material, technology, knowledge, and capital [18]. Ironically,
organizations have paid relatively little attention to natural elements and sunlight—two
resources that are available to almost all organizations, that are free or relatively inexpensive,
and that can provide physiological and psychological benefits to employees [5].

The influence of Taylorism may be partially to blame for this lack of attention. The design
of most modern workspaces still focuses on space efficiency—to maximize work flow and mini-
mize space costs per employee [11]. This approach typically excludes materials not directly
related to the tasks at hand [19], resulting in barren and angular work spaces. Another culprit
may include beliefs about human malleability. A common belief among managers and manage-
ment scholars is that people are malleable and therefore can be socialized to work in almost
any condition [20]. This belief would encourage designs maximizing efficiency, with little
attention paid to human needs.

Natural elements exposure. Exposure to natural elements is associated with decreased
levels of diastolic blood pressure, depression, and anxiety [9, 11, 21], and increased attentional
capacity [22]. Exposure to natural elements (e.g., green spaces) can reduce the impact of stress
[23], increase psychological well-being [14, 15, 24], and support recovery from illness [14, 25].
Compared to people exposed to urban views, those exposed to views of nature discount the
future less. That is, they place a greater value on the future, which has consequently been asso-
ciated with a healthier lifestyle [26].

One explanation for the link between natural elements exposure and improved mental
health involves mechanisms that reduce mental fatigue. Natural elements have a restorative
effect on mental fatigue [9, 27]. Attention-restoration theory suggests that the mind is like a
muscle [28]. When the mind is engaged in directed attention—as would be the case when it is
exposed to built environments and after extended concentration on work tasks—it becomes
fatigued and requires rest and recuperation to function effectively. Exposure to nature involves
indirect attention, characterized by fascination [29]. This has a restorative effect on the mind,
countering fatigue—much like rest has on a fatigued muscle.

Another explanation is that exposure to natural elements has a calming effect on our physi-
ology. Ulrich and his colleagues argue that natural elements are evolved, unconditioned
stimuli, associated with environments that were typically safe and resource-rich in our evolu-
tionary past [30]. Just as snakes, spiders, and heights are evolved, unconditioned stimuli pro-
ducing fear, natural elements (such as greenery, savannah-like landscapes, and clear running
water) have an automatic calming effect on physiological arousal. Thus, in work settings with
stress-producing stimuli (e.g., role conflict, role ambiguity, time demands, and heavy work-
load), exposure to natural elements has calming effects. In comparing regions of the brain acti-
vated when viewing pictures of rural and urban environments, the hippocampus (a locus for
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memory) and amygdala (a locus for anger and fear) are activated when people view urban
scenes—suggesting increases in working memory and arousal of stressful emotions [31]. Rural
scenery activates the basal ganglia, a region of the brain that is associated with pleasure [31].

Many of the benefits of natural elements can result from direct (e.g., plants in the office),
indirect (e.g., window views), or representational (e.g., photographs) exposure to natural ele-
ments [12, 32, 33]. Exposure to plants can improve mood, reduce stress, and detoxify office air
[34, 35]. Representations and window views can also be beneficial; interestingly, photographs
or paintings of nature in an office setting seem to have similar effects as views of nature
through a window [36].

Research on the benefits of natural elements exposure is compelling, and therefore we
expect that natural elements exposure in the workplace will be positively related to employee
mental health. Because exposure to natural elements is a valued resource, it should be positively
associated with job attitudes as well. When employees obtain valued resources, they experience
less discomfort [37] and are more likely to have positive attitudes toward their jobs and organi-
zations [38, 39].

Hypothesis 1: Exposure to natural elements in the workplace will be positively related to
employees’mental health (lower depressed mood and anxiety) and work attitudes (higher
job satisfaction and organizational commitment).

Although we expect a positive relationship between natural elements and job satisfaction, as
Dravigne and colleagues [40] have found, we believe that the relationship may be somewhat
more complex and mediated by mood. Job satisfaction is an emotional reaction to the job and
therefore it is likely to be influenced by factors affecting employee mood. Because natural ele-
ments influence mood [41], it is plausible that the relationship between natural elements and
job satisfaction is mediated by depressed mood. In other words, we expect that a lack of natural
elements exposure will lead to depressed mood, which in turn will reduce job satisfaction.

Hypothesis 2: The relationship between natural elements and job satisfaction is mediated by
depressed mood.

Employees inevitably encounter stressors at work. Role stressors are commonly related to
lower mental health and poor job attitudes [37, 42]. Because environments with exposure to
natural elements exert restorative effects on mental fatigue and physiological arousal, these
environments should mitigate the relationship between role stressors and employee mental
health and work attitudes [43]. That is, the effects of stressors on employees should be less
severe (buffered) when employees are in environments with greater levels of exposure to natu-
ral elements.

Hypothesis 3a, b: Exposure to natural elements will moderate the relationship between role
stressors and employee mental health and work attitudes. Specifically, for individuals who
report more natural elements exposure at work, the relationships between (a) role stressors
and mental health (i.e., depressed mood and anxiety) and (b) between role stressors and job
attitudes (i.e., job satisfaction and organizational commitment) will be weaker than for the
employees who report lower levels of natural elements exposure.

Sunlight exposure. Direct and indirect sunlight are important resources for physical and
mental health.Direct sunlight refers to sunlight exposure while outside without any interference.
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Indirect sunlight, on the other hand, refers to refracted sunlight, which could be, for example,
sunlight exposure through windows. Direct sunlight exposure to the skin stimulates vitamin D
synthesis. Vitamin D improves the immune function, regulates the inflammatory response, and
influences calcium homeostasis [10, 44]. Direct and indirect sunlight exposure also influence
the sleep cycle [45]. Direct and indirect sunlight exposure on the retina stimulate intrinsically
sensitive retinal ganglion cells (isRGC), thereby influencing the secretion of melatonin, which is
critical for regulating the sleep-wake cycle (circadian rhythm) [45]. Direct and indirect sunlight
also influence the production of serotonin [46], a neurotransmitter that elevates mood [47].
Sunlight (bright light in general) also influences alertness and vitality [48, 49]. Bright light (with
its shorter wave lengths) affects endocrine and neurophysiological responses in the brain that
trigger alertness [50].

All of the above suggest that exposure to sunlight at work should be related to employee
mood. As with exposure to natural elements, we expect that exposure to sunlight in the work-
place will be positively related to employee mental health. Another similarity with natural ele-
ments exposure is that sunlight exposure is a valued resource. When employees obtain valued
resources, they experience less stress and are more likely to have positive attitudes toward their
jobs and organizations [37], suggesting that exposure to sunlight should also be positively
related with job attitudes.

Hypothesis 4: Sunlight exposure will be associated with less depressed mood and anxiety
and greater job satisfaction and organizational commitment.

Disentangling the Effects of Natural elements and Sunlight
Exposure to natural elements frequently involves exposure to sunlight. As a result, the effects
of natural elements and sunlight can be conflated [51]. Most studies typically focus on one or
the other—natural elements [30] or sunlight [52]. However, by examining natural elements
and sunlight exposure simultaneously, we can parse their effects on mental health and work
attitudes. Because there is little empirical overlap between our measures of natural elements
and sunlight exposure, we should be able to estimate their relative independent contributions
to mental health and work attitudes.

Method

Participants and Procedure
Participants were recruited through Amazon.com’s online marketplace, Mechanical Turk
(MTurk; www.mturk.com), consistent with recommendations used in previous research [53,
54]. All participants received 75 cents as payment for their participation, as suggested by
MTurk, based upon the number of items and the length of time necessary to complete the sur-
vey. Prior to data collection, this study was approved by Central Michigan University’s Institu-
tional Review Board (approval number: 153962–2). Data were collected from a bi-national
sample from the United States and India. Two distinct sources of data were used to enhance
the generalizability of the results and to aid in assessing the quality of our methods. After
removing unqualified participants (e.g., inattentive respondents, those working less than 20
hours per week), there were a total of 444 usable responses (70% retention rate). The sample
consisted of 53.4% females, with an average age of 31 (SD = 9.77), 54.3% of whom were
Asian, followed by 34.9% Caucasian. All participants reported being employed at the time of
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participation and represented various industries including business, education, training, retail,
information technology, and manufacturing.

Measures
Natural elements exposure. Researchers have measured exposure to natural elements in a

variety of ways. Most commonly, it has been measured by “view”—the degree to which natural
elements are visible, typically through windows [12, 55]. However, as noted above, the salutary
effects of natural elements exposure can occur from window views of nature, depictions of
nature on office walls, and immersion in natural settings. Therefore, our interest was in mea-
suring natural elements in general—that is, natural elements that could be viewed directly, indi-
rectly, or representationally, as might be typical in many workspaces. We developed a scale
measuring perceived exposure to natural elements that included nine items about potted
plants, photographs or paintings depicting nature, and viewing natural environments through
windows or computer screen savers. Respondents were asked to indicate the extent to which
they agreed to each statement, for example, “There are potted plants in my workspace” and “I
am exposed to depictions of nature (painting, photograph) at my workspace (see S1 Scale).”
Participants responded on a 5-point Likert scale ranging from 1, “strongly disagree” to 5,
“strongly agree.” The internal consistency of the scale was .93. Confirmatory factor analyses
(CFAs) showed that a single factor model was excellent fit, χ2 (27) = 332.63 (p = .00), CFI =
.95, SRMR = .05 [56]. The fit indices for a multi-group CFA, with factor loadings constrained
to be equal across groups, was χ2 (54) = 368.17 (p = .00) and CFI = .94, providing evidence that
the relationships between items and their latent construct (natural elements) were approxi-
mately the same strength across the two different countries [57].

Sunlight exposure. Because direct and indirect sunlight exposure have somewhat different
effects (e.g., only direct sunlight stimulates vitamin D), we distinguish between them. While
sunlight exposure is commonly measured by the size of sunlight patches in a workspace [12],
we believe that a more general measure of sunlight exposure is also useful because employees
rarely remain in one place during the workday. They may, for example, walk outside or go to
areas of their building where there may get more or less sunlight exposure. We developed scales
measuring perceived amounts of direct (3 items) and indirect (5 items) sunlight exposure (see
S2 Scale). The direct sunlight items represented situations where individuals were exposed to
sunlight by being outside—for example, “I am exposed to direct sunlight from being outside
while at work.” The indirect sunlight items asked respondents whether they were exposed to
sunlight indoors—for example, “There are windows that allow for natural sunlight to come in.”
All items were rated on a 5-point Likert scale ranging from 1, “strongly disagree” to 5, “strongly
agree.” Results of CFA indicated that a two-factor model (i.e., direct and indirect sunlight) was
adequate and a better fit (χ2 (19) = 258.34 (p = .00), CFI = .92, SRMR = .09) than a single factor
model (χ2 (20) = 457.67 (p = .00), CFI = .86, SRMR = .12) [56]. The two sub-scales correlated
moderately (r = .40, p< .01). The internal consistency of the full scale was .86; the direct and
indirect subscales were.73 and .91, respectively.

The fit indices for a multi-group CFA, with factor loadings constrained to be equal across
groups, were χ2 (38) = 352.31 (p = .00) and CFI = .89, indicating a marginal fit [58, 59] and pro-
viding evidence that participants from the two different countries showed approximately the
same strength of relationships between items and their underlying construct (sunlight) [57].

Differentiation between natural elements and sunlight. A CFA was conducted to exam-
ine whether our measures adequately distinguished natural elements from sunlight exposure
[60]. The three factor model, consisting of natural elements, direct sunlight, and indirect
sunlight was an adequate and better fit to the data (χ2 (116) = 1090.26 (p = .00), CFI = .91,
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SRMR = .11) than two (i.e., natural elements and sunlight exposure; χ2 (118) = 1300.07 (p =
.00), CFI = .89, SRMR = .12) or single factor models (χ2 (119) = 3801.03 (p = .00), CFI = .77,
SRMR = .19) [56].

Depressed mood. The Center for Epidemiological Studies Depression (CES-D) Scale [61]
was used to assess depressive symptoms in participants. The CES-D is a self-report scale, con-
sisting of 20 questions that ask participants to rate their feelings over the past week. The inter-
nal consistency of this scale was .92.

Anxiety. Anxiety symptoms were measured with the Beck Anxiety Inventory [62]. This
21-question self-report scale asks participants to rate how often within the past month they
have been bothered by common symptoms of anxiety such as numbness, tingling, and feelings
of choking. The internal consistency of this scale was .97.

Job satisfaction. Job satisfaction was measured with the Cammann, Fichman, Jenkins,
and Klesh scale [63], with three items that ask respondents to indicate, in general, how satisfied
they are with their job along a 7-point Likert scale, ranging from 1, “strongly disagree” and 7,
“strongly agree.” The internal consistency of this scale was .90.

Organizational commitment. Organizational commitment was measured with the Mow-
day, Steers, and Porter scale [64], which consists of 15 items asking respondents to indicate
how they feel about their organization along a 5-point Likert scale, ranging from 1, “strongly
disagree” and 5, “strongly agree.” The internal consistency of this scale was .88.

Role stressors. Role stressors were measured with the scales developed by Rizzo, House,
and Lirtzman [65] consisting of two components: role ambiguity including 6 items (e.g., “I
know exactly what is expected of me”) and role conflict including 8 items (e.g., “I have to do
things that should be done differently”). They are rated along a 5-point Likert scale, ranging
from 1, “strongly disagree” and 5, “strongly agree.” The internal consistency of the role stressor
was .83.

Control variables. Due to the potential influence of demographic characteristics on the
level of sunlight and natural elements exposure, as well as psychological well-being, we decided
to control several demographic variables. Compared to the U.S., India is less industrialized and
is classified as a middle income country according to World Bank Development criteria, with
low levels of reported depression [66]. We, therefore, anticipated the existence of some regional
differences between the U.S. and India. The results of multi-group CFAs for exposure to sun-
light and natural elements, however, found that both the US and Indian samples had approxi-
mately the same strength between items and their latent constructs, thereby justifying merging
the groups into a single sample. We controlled for sex and age based upon previous findings
suggesting that depression and anxiety are related to both of these demographics [66, 67].

Results
Descriptive statistics, reliability estimates, and correlations among variables are displayed in
Table 1. Data were standardized to reduce multicollinearity and enhance interpretability.

Hypothesis 1 was tested using hierarchical multiple regression analyses, controlling for age
and sex. This hypothesis stated that exposure to natural elements in the workplace would be
related to employees’mental health (lower depressed mood and anxiety) and work attitudes
(higher job satisfaction and organizational commitment). The results of regression analyses
indicated that natural elements exposure was negatively related to depressed mood (β = -.17,
p< .01) and positively related to job satisfaction (β = .37, p< .01) and organizational commit-
ment (β = .30, p< .01), partially supporting Hypothesis 1 (see Table 2).

We used Hayes’ PROCESS analysis [68] to test for the mediating effect of depression
between natural elements and outcomes (Hypothesis 2). If the 95% confidence interval (CI)
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does not include zero, it indicates sufficient support of a mediating effect. The results are pre-
sented in Table 3 and Fig 1. The mediating effect of depressed mood on the relationship
between natural elements and job satisfaction has a point estimate of .06 and a 95% CI of
.02—.11; therefore, Hypothesis 2 was supported.

We used hierarchical regression analysis to test Hypotheses 3, stating natural elements
would moderate the relationship between role stressors and employee mental health (a) and
work attitudes (b). The results are displayed in Table 4. Natural elements exposure moderated
the relationship between role stressors and anxiety (β = .17, p< .01), but not depressed mood,
thereby partially supporting Hypothesis 3a. The moderating effects of natural elements were
plotted using mean splits (Fig 2). These results indicated that the relationship between role

Table 1. Descriptive statistics and correlations among study variables.

Mean (SD) 1 2 3 4 5 6 7 8 9 10

1. Sex a -

2. Age 31.10 (9.77) .08 -

3. Exposure to natural elements 3.23 (1.10) -.06 -.11* (.93)

4. Exposure to direct sunlight 3.11 (.98) -.15 .18** .07 (.73)

5. Exposure to indirect sunlight 3.49 (1.03) -.09 -.02 .44** .40** (.91)

6. Role stressors 2.44 (.53) -.06 -.14** -.06 -.02 -.25** (.83)

7. Depression 1.66 (.53) -.05 -.14** -.14** .05 -.18** .47** (.92)

8. Anxiety 1.58 (.75) -.17* -.14** -.00 .20** -.05 .40** .72** (.97)

9. Job satisfaction 5.35 (1.36) -.08 -.01 .36** .20** .41** -.41** -.40** -.15** (.90)

10. Organizational commitment 3.42 (.64) -.02 -.11* .28** .19** .35** -.48** -.35** -.17** .71** (.88)

Note. N = 391–444. The values in parentheses on the diagonal are internal consistency reliabilities.
a coded 1 = male, 2 = female.

*p < .05,

** p < .01

doi:10.1371/journal.pone.0155614.t001

Table 2. Effects of natural elements on outcome variables.

Criteria Variables Step 1 β Step 2 β Δ R2 Total R2

Depression Sex a -.04 -.05 .02** .05**

Age -.15** -.17**

Natural elements -.17** .03**

Anxiety Sex -.17** -.17** .04** .04**

Age -.13** -.14**

Natural elements -.03 .00

Job satisfaction Sex -.09 -.07 .00 .14**

Age .02 .06

Natural elements .37** .13**

Organizational commitment Sex -.03 -.00 .01 .09**

Age .11* .14**

Natural elements .30** .09**

Note. N = 391–410.
a coded 1 = male, 2 = female.

*p < .05,

**p < .01

doi:10.1371/journal.pone.0155614.t002
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stressors and anxiety was weaker for individuals who were exposed to more natural elements
than their counterparts. Natural elements exposure also moderated the relationship between
role stressors and job satisfaction (β = .13, p< .01), but not organizational commitment, again
partially supporting Hypothesis 3b. The moderating effects of natural elements were plotted
using mean splits (Fig 3), with results suggesting that the relationship between role stressors
and job satisfaction varied based on the level of natural elements exposure. In other words, for
individuals with greater exposure to natural elements, the relationship between role stressors
and job satisfaction was weaker than those with less exposure to natural elements.

Hypothesis 4 stated that sunlight exposure (i.e., direct sunlight and indirect sunlight) would
be negatively related to depressed mood and anxiety and positively related to work attitudes. It
was examined with hierarchical regression, and the results are presented in Tables 5 and 6.
Direct sunlight was positively related to anxiety (β = .21, p< .01), job satisfaction (β = .20,
p< .01), and organizational commitment (β = .18, p< .01). Indirect sunlight was negatively
related with depressed mood (β = -.20, p< .01) and positively related with organizational com-
mitment (β = .36, p< .01). Hypothesis 4 was partially supported.

We used dominance analysis to disentangle the effects of natural elements from sunlight
(that is, to examine the relative amounts of variance accounted for by each). Dominance analy-
sis, also called relative weights analysis, compares all possible R2 values accounted for by every
possible combination of the predictors and describes the relative impact that each variable has
on the overall R2 [69]. The results of the dominance analyses are presented in Tables 7 and 8.
The average R2 values are shown in Table 7, and the relative contributions of natural elements,
direct sunlight, and indirect sunlight on the outcome variables are displayed in Table 8.

Table 3. The mediating effects of depression on the relationship between natural elements and job
satisfaction.

Variables Product of
coefficient

Bootstrapping

B SE 95% CI lower 95% CI upper

Total effect .46 .06 .34 .57

Direct effect .40 .06 .29 .50

Indirect effect .06 .02 .02 .11

Note. N = 401

doi:10.1371/journal.pone.0155614.t003

Fig 1. Mediating effects of depression between natural elements and job satisfaction. Values indicate
the standardized regression coefficients taking into account the effects of control variables. A value in
parenthesis indicate the bivariate coefficient between natural elements and job satisfaction.

doi:10.1371/journal.pone.0155614.g001
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The overall R2s accounted for by the three predictors were .06 for depression, .07 for anxiety,
.20 for job satisfaction, and .14 for organizational commitment. Indirect sunlight was the domi-
nant predictor of all outcomes except anxiety, which was dominantly predicted by direct sun-
light. Direct sunlight explained 78.19% of the overall R2 in anxiety, whereas indirect sunlight
explained 55.26% of the overall R2 in depression, 50.43% of the overall R2 in job satisfaction,
and 56.33% of the overall R2 in organizational commitment.

Table 4. The moderating effects of natural elements on outcome variables.

Criteria Variables Step 1 β Step 2 β Step 3 β Δ R2 Total R2

Depression Sex a -.05 -.04 .03 .02** .25**

Age -.15** -.12* -.12*

Natural elements (N) .44** .46** .22**

Role stressors (R) -.14** -.14**

N * R .07 .00

Anxiety Sex -.17** -.15** -.13* .04** .20**

Age -.13** -.09 -.08

Natural elements (N) -.01 -.00 .13**

Role stressors (R) .37** .41**

N * R .17** .03**

Job satisfaction Sex -.08 -.07 -.06 .01 .30**

Age .03 .01 .01

Natural elements (N) .34** .34** .15**

Role stressors (R) -.40** -.36**

N * R .13** .02**

Organizational commitment Sex -.02 .03 -.04 .01 .31**

Age .12* .08 .08

Natural elements (N) -.46** -.48** .30**

Role stressors (R) .27** .27**

N * R -.06 .00

Note. N = 383–403.
a coded 1 = male, 2 = female.

*p < .05,

**p < .01

doi:10.1371/journal.pone.0155614.t004

Fig 2. Natural elements exposure as amoderator of the relationship between role stressors and
anxiety.

doi:10.1371/journal.pone.0155614.g002
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Discussion
This study examined how natural elements and sunlight exposure in workspaces influence
employee mental health and job attitudes. Both natural elements and sunlight exposure influ-
enced employee mental health and job attitudes. Natural elements and sunlight exposure
simultaneously explained more variance in job attitudes than mental health outcomes (R2s of
.20 and .14 versus .06 and .07).

Sunlight had a more powerful effect than natural elements. It had considerably stronger
effects on mental health outcomes, with indirect sunlight associated with about twice as much
of the explained variance in depression as natural elements exposure (55.26% versus 29.82%).
The disparity was even larger with anxiety. Indirect sunlight was associated with more variance
in job attitudes, although disparity was not as large as it was with mental health outcomes.

We found that greater levels of natural elements exposure were associated with lower
depressed mood and higher job satisfaction and organizational commitment (Hypothesis 1).
Contrary to our expectations, natural elements exposure did not have a direct effect on anxiety,

Fig 3. Follow-up for natural elements as a moderator of the relationship between role stressors and
job satisfaction.

doi:10.1371/journal.pone.0155614.g003

Table 5. Effects of direct sunlight exposure on outcome variables.

Criteria Variables Step 1 β Step 2 β Δ R2 Total R2

Depression Sex a -.05 -.04 .03** .03**

Age -.16** -.18**

Direct Sunlight .06 .00

Anxiety Sex -.18** -.14** .05** .10**

Age -.16** -.20**

Direct Sunlight .21** .04**

Job satisfaction Sex -.06 -.03 .00 .04**

Age .04 .00

Direct Sunlight .20** .04**

Organizational commitment Sex -.02 .02 .02* .05**

Age .13** .10*

Direct Sunlight .18** .03**

Note. N = 397–421.
a coded 1 = male, 2 = female.

*p < .05.

**p < .01

doi:10.1371/journal.pone.0155614.t005
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Table 6. Effects of indirect sunlight exposure on outcome variables.

Criteria Variables Step 1 β Step 2 β Δ R2 Total R2

Depression Sex a -.03 .05 .02** .06**

Age -.15** -.15**

Indirect Sunlight -.20** .04**

Anxiety Sex -.17** -.17** .05** .06**

Age -.14** -.14**

Indirect Sunlight -.07 .00

Job satisfaction Sex -.07 -.04 .00 .17**

Age .02 .03

Indirect Sunlight .40** .16**

Organizational commitment Sex -.03 .05 .01 .14**

Age .11* .11*

Indirect Sunlight .36** .13

Note. N = 397–421.
a coded 1 = male, 2 = female.

*p < .05,

**p < .01

doi:10.1371/journal.pone.0155614.t006

Table 7. Dominance analysis: averageR2 Values.

DV K Natural elements Direct Sunlight Indirect Sunlight

Depression 0 .03 .00 .04

1 .02 .01 .03

2 .00 .01 .03

Anxiety 0 .00 .04 .01

1 .03 .05 .01

2 .00 .06 .02

Job satisfaction 0 .13 .04 .16

1 .08 .01 .09

2 .04 .00 .04

Organizational commitment 0 .09 .03 .13

1 .05 .00 .07

2 .02 .00 .07

Note. N = 383–403. K refers to the number of predictors, excluding a variable in column. For example, K = 0 indicates no other variable was entered into

the equation (see [69]).

doi:10.1371/journal.pone.0155614.t007

Table 8. Dominance analysis: relative amounts of variance and total R2 values.

DV Natural elements Direct Sunlight Indirect Sunlight Total R2

Depression 29.82% 14.91% 55.26% .06

Anxiety 3.19% 78.19% 18.63% .07

Job satisfaction 42.77% 6.80% 50.43% .20

Organizational Commitment 37.35% 6.33% 56.33% .14

Note. N = 383–403.

doi:10.1371/journal.pone.0155614.t008
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though it did seem to have a buffering effect (Hypothesis 3)—mitigating some effects of role
stressors on anxiety. Although natural elements exposure did not buffer the relationship
between role stressors and depressed mood, it moderated the relationship between role stress-
ors and job attitudes. The relationships between role stressors and job satisfaction or organiza-
tional commitment were weaker for individuals with greater exposure to natural elements
(Hypothesis 3). The ameliorating effects of natural elements on this relationship may be
explained in several ways. First, natural elements exposure may buffer the relationship by
counteracting the effects of stressors on mood, which would influence job attitudes. Alterna-
tively, it might be a byproduct of factors associated with exposure to natural elements. For
example, greater exposure to natural elements at work may also be associated with greater
autonomy and status, often associated with satisfaction and commitment. Another possibility
is that people who work outdoors (e.g., landscapers, construction workers) not only have more
exposure to natural elements but also engage in more physical activity, which can improve atti-
tudes and mental health.

We also found that the relationship between natural elements exposure and job satisfaction
is mediated by depressed mood (Hypothesis 2). This is a unique and potentially important
finding. First, this finding suggests that natural elements exposure influences mood and that
mood in turn influences job satisfaction. Few studies in organizational psychology have explic-
itly examined the relationship between depressed mood and job satisfaction, although many
typically include both constructs as dependent variables. A meta-analytic study by Faragher
et al. found a fairly robust relationship between job satisfaction and depression (corrected cor-
relation ρ = .42, k = 46), and their interpretation was that job dissatisfaction leads to depression
[70]. This seems reasonable enough—when people are dissatisfied with their jobs, dissatisfac-
tion spills over to mood. Our results, however, indicate that the reverse could also be true. A
depressed mood might spill over onto how one experiences a job—with a low mood leading to
job dissatisfaction.

Direct and indirect sunlight exposure had different effects on mental health outcomes.
Direct sunlight had no effect on depressed mood but was positively related to anxiety. Indirect
sunlight was negatively associated with depressed mood, but it had no effect on anxiety. The
effect of direct sunlight on anxiety was unexpected. It may be due to sunlight’s stimulating
effects, influencing alertness and vitality [48, 50]. Alternatively, the relationship might have
occurred because people who are experiencing anxiety in their workspaces may be more likely
to go outdoors to calm themselves or find respite from a situation producing anxiety. Indeed,
people with higher levels of arousal are more likely to immerse themselves to nature [71]. The
opportunities that anxious employees have to go outdoors into nature or sunlight—and the
effects of those opportunities—are intriguing areas for future research.

As was the case with natural elements exposure, sunlight exposure was positively related to
job satisfaction and organizational commitment. Perhaps the most promising theoretical
explanations are conservation of resources theory [37] and social exchange theory [38]. Con-
servation of resources theory argues that people who obtain resources they value are likely to
experience less stress and more satisfaction. This is not dissimilar to Locke’s theory of job satis-
faction [72], which argues that job satisfaction results from a job meeting expectations for
what a person values. To the extent that natural elements and sunlight exposure are valued
resources, it stands to reason that they will be associated with greater job satisfaction and possi-
bly organizational commitment. Social exchange theory [38] might be a better explanation for
the association with organizational commitment. People who perceive that their organizations
provide valued resources or take care of them are more likely to feel an obligation to pay the
organization back [73]. One way of doing this is by evidencing greater organizational commit-
ment [74].
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Limitations
We used a cross-sectional design, which precludes the ability to draw causal inferences. We also
used self-reported, single source data. Although some suggest that this can lead to common
method variance (CMV) [75], others argue that concerns over CMVmay be overemphasized
[75–78] and that in-depth analyses can help overcome the potential limitations associated with
CMV [75, 79]. In this vein, we found that our results were generalizable across a bi-national
sample and that our scales displayed similar internal properties within each sample. Of course
future research should seek to replicate these findings using additional measures and on other
samples.

Policy Implications
Although some organizations are creating more naturalistic environments for their employees,
this area remains under examined [80, 81]. This present study adds to the literature suggesting
that natural elements and sunlight exposure have positive effects on employee mental health
and job attitudes, thereby supporting policies that encourage the design of workspaces with
natural elements and sunlight exposure.

Remodeling workspaces can be expensive. However, there are less costly yet effective design
and policy approaches for enhancing exposure to natural elements and sunlight in the work-
place [82]. For example, organizations could allow employees to keep plants in their offices or
hang photos of nature on office walls, and allow employees time for walks outside of the office.
These small and inexpensive changes could result in noticeably better mental health and work
attitudes. These results suggest that organizations and policy makers should pay more attention
to the physical design of workspaces.

Supporting Information
S1 Scale. Exposure to natural elements.
(PDF)

S2 Scale. Exposure to sunlight.
(PDF)

Acknowledgments
We are grateful to Norman Li for commenting on previous versions of the manuscript. We
also thank Carl Nicol and Shane Gilligan for their help with the literature review. Caitlin
Demsky assisted in developing earlier versions of the scales.

Author Contributions
Conceived and designed the experiments: SC MAMB. Performed the experiments: MAMB.
Analyzed the data: MA. Contributed reagents/materials/analysis tools: MA KO. Wrote the
paper: MA SC KOMB.

References
1. Zhang Z, Zypnur MJ. Physiological functioning and employee health in organizations. In: Colarelli SM,

Arvey RD, editors. The biological foundations of organizational behavior. Chicago: University of Chi-
cago Press; 2015. pp. 139–167.

2. Ganster DC, Rosen CC. Work stress and employee health: A multidisciplinary review. J Manage. 2013;
39: 1085–1122.

WhyWe Need More Nature at Work

PLOS ONE | DOI:10.1371/journal.pone.0155614 May 23, 2016 13 / 17



3. Van der Klink JJL, Blonk RWB, Schene AH, Van Dijk FJH. The benefits of interventions for work-related
stress. Am J Public Health. 2001; 91: 270–276. doi: 10.2105/AJPH.91.2.270 PMID: 11211637

4. Carlopio JR. Construct validity of physical work environment satisfaction questionnaire. Journal of
Occupational Health Psychology. 1996; 24: 579–601.

5. Cohen LM. Bridging two streams of office design research: a comparison of design/behavior and man-
agement journal articles from 1980–2001. J Archit Plan Res. 2007; 24(4): 209–307.

6. U.S. Census Bureau [internet]. Usual hours worked in the past 12 months for workers 16 to 64: 2008
and 2009. 2010 [cited 2015 September]. Available from: https://www.census.gov/prod/2010pubs/
acsbr09-4.pdf.

7. Vischer JC. The effects of the physical environment on job performance: towards a theoretical model of
workspace stress. Stress Health. 2007; 23: 175–184.

8. Berman MG, Jonides J, Kaplan S. The cognitive benefits of interacting with nature. Psychol Sci. 2008;
19: 1207–1212. doi: 10.1111/j.1467-9280.2008.02225.x

9. Hartig T, Evans GW, Jamner LD, Davis DS, Garling T. Tracking restoration in natural and urban field
settings. J Environ Psychol. 2003; 23: 109–123. doi: 10.1016/S0272-4944(02)00109-3

10. Holick MF. Sunlight and vitamin D for bone health and prevention of autoimmune diseases, cancers,
and cardiovascular disease. Am J Clin Nutr. 2004; 80: 1678S–1688S. PMID: 15585788

11. Knight C, Haslam SA. The relative merits of lean, enriched, and empowered offices: an experimental
examination of the impact of workspace management strategies on well-being and productivity. J Exp
Psychol-Appl. 2010; 16: 158. PMID: 20565201 doi: 10.1037/a0019292

12. Leather P, Pyrgas M, Beale D, Lawrence C. Windows in the workplace: sunlight, view, and occupa-
tional stress. Environ Behav. 1998; 30: 739–762. doi: 10.1177/001391659803000601

13. Nieuwenhuis M, Knight C, Postmes T, Haslam SA. The relative benefits of green versus lean office
space: three field experiments. J Exp Psychol Appl. 2014; 20: 199–214. doi: 10.1037/xap0000024
PMID: 25068481

14. Ulrich RS. View through a windowmay influence recovery from surgery. Science. 1984; 224: 420–421.
PMID: 6143402

15. Ulrich RS. Biophilia, biophobia, and natural landscape. In: Kellert SR, Wilson EO, editors. The biophilia
hypothesis. Washington, D. C.: Island Press; 1993. pp. 74–137.

16. Velarde MD, Fry G, Tveit M. Health effects of viewing landscapes–landscape types in environmental
psychology. Urban For Urban Gree. 2007; 6: 199–212.

17. Lottrup L, Grahn P, Stigsdotter UK. Workplace greenery and perceived level of stress: benefits of
access to a green outdoor environment at the workplace. Landscape Urban Plan. 2013; 110: 5–11.
doi: 10.1016/j.landurbplan.2012.09.002

18. Demerouti E, Bakker AB, Nachreiner F, Schaufeli WB. The job demands-resources model of burnout. J
Appl Psychol. 2001; 86: 499–512. PMID: 11419809

19. Harris C, Harris R. Developing a lean workforce: a guide for human resources, plant managers, and
lean coordinators. New York: Productivity Press; 2006.

20. Colarelli SM, Arvey RD. Introduction: biology and organizational behavior. In: Colarelli SM, Arvey RD,
editors. The biological foundations of organizational behavior. Chicago: University of Chicago Press;
2015. pp. 1–21.

21. Bodin M, Harting T. Does the outdoor environment matter for psychological restoration gained through
running? Psychology of Sports and Exercise. 2003; 4: 141–153. doi: 10.1016/S1469-0292(01)00038-3

22. Mayer FS, Frantz CM, Bruehlman-Senecal E, Dolliver K. Why is nature beneficial? The role of connect-
edness to nature. Environ Behav. 2008; 41: 607–643. doi: 10.1177/0013916508319745

23. Parsons R, Tassinary LG, Ulrich RS, Hebl MR, Grossman-Alexander M. The view from the road: impli-
cations for stress recovery and immunization. J Environ Psychol. 1998; 18: 113–139. doi: 10.1006/
jevp.1998.0086

24. Ulrich RS. Human response to vegetation and landscapes. Landscape Urban Plan. 1986; 13: 29–44.
doi: 10.1016/0169-2046(86)90005-8

25. Verderber S. Dimensions of person-window transactions in the hospital environment. Environ Behav.
1986; 18: 450–466. doi: 10.1177/0013916586184002

26. Van der Wal AJ, Schade HM, Krabbendam L, Van Vugt M. Do natural landscapes reduce future dis-
counting in humans? Proc. R. Soc. B 2013; 280

27. Kaplan R. The restorative benefits of nature: toward an integrative framework. J Environ Psychol. 1995;
15: 169–182. doi: 10.1016/0272-4944(95)90001-2

WhyWe Need More Nature at Work

PLOS ONE | DOI:10.1371/journal.pone.0155614 May 23, 2016 14 / 17



28. Kaplan R, Kaplan S. The experience of nature: a psychological perspective. New York: Cambridge
University Press; 1989.

29. Kaplan S. The urban forest as a source of psychological well-being. In Bradley GA. Eds., Urban Forest
Landscapes: integrating multidisciplinary perspectives. Seatlle; University of Washing Press; 1995.

30. Ulrich RS, Simons RF, Losito BD, Fiorito E, Miles MA, Zelson M. Stress recovery during exposure to
natural and urban environments. J Environ Psychol. 1991; 11: 201–230.

31. Kim TH, Jeong GW, Baek HS, Kim GW, Sundaram T, Kang HK. Human brain activation in response to
visual stimulation with rural and urban scenery pictures: A functional magnetic resonance imaging
study. Sci Total Environ. 2010; 408: 2600–2607. doi: 10.1016/j.scitotenv.2010.02.025 PMID:
20299076

32. Felsten G. Where to take a study break on the college campus: an attention restoration theory perspec-
tive. J Environ Psychol. 2009; 29: 160–167.

33. Hansmann R, Hug SM, Seeland K. Restoration and stress relief through physical activities in forests
and parks. Urban For Urban Gree. 2007; 6: 213–225.

34. Wood RA, Burchett MD, Alquezar R, Orwell R, Tarran J, Torpy F. The potted-plant microcosm substan-
tially reduces indoor air VOC pollution: I. office field-study. Water, Air, and Soil Pollution. 2006; 175:
163–180.

35. Bringslimark T, Hartig T, Patil GG. The psychological benefits of indoor plants: A critical review of the
experimental literature. J Environ Psychol. 2009; 29: 422–433.

36. Beukeboom CJ, Langeveld D, Tanja-Dijkstra K. Stress-reducing effects of real and artificial nature in a
hospital waiting room. J Altern ComplemMed. 2012; 18(4): 329–333.

37. Hobfoll SE. The influence of culture, community, and the nested self in the stress process: advancing
conservation of resource theory. Applied Psychology: An International Review. 2001; 50: 337–370.

38. Blau P. Exchange and power in social life. New York: Wiley. 1964.

39. Lambert S. Processes linking work and family: a critical review and research agenda. Human Relations,
1990; 43: 239–257.

40. Dravigne A, Waliczek TM, Lineberger RD, Zajicek JM (2008). The effects of live plants and window
views of green spaces on employee perceptions of job satisfaction. Hort. 2008; 43: 183–187.

41. Ulrich RS. Natural versus urban scenes: some psychophysiological effects. Environ Behav. 1981; 13:
523–556. doi: 10.1177/0013916581135001

42. Podsakoff NP, LePine JA, LePine MA. Differential challenge stressor-hindrance stressor relationships
with job attitudes, turnover intentions, turnover, and withdrawal behavior: a meta-analysis. J Appl Psy-
chol. 2007; 92: 438–454. PMID: 17371090

43. Brosschot JF, Pieper S, Thayer JF. Expanding stress theory: prolonged activation and perseverative
cognition. Psychoneuroendocrino. 2005; 30: 1043–1049.

44. Verhoeven V, Vanpuyenbroeck K, Lopez-Hartmann M, Wens J, Remmen R. Walk on the sunny side of
life-hpidemiology of hypovitaminosis D and mental health in elderly nursing home residents. The Jour-
nal of Nutrition, Health & Aging. 2012; 16: 417–420.

45. Dumont M, Beaulieu C. Light exposure in the natural environment: relevance to mood and sleep disor-
ders. Sleep Med. 2007; 8: 557–565. PMID: 17383230

46. Lambert GW, Reid C, Kaya DM, Jennings GL, Esler MD. Effect of sunlight and season on serotonin
turnover in the brain. The Lancet. 2002; 360: 1840–1842.

47. Wurtman RJ, Wurtman JJ. Carbohydrates and depression. Scientific American. 1989; 260: 50–57. doi:
10.1038/scientificamerican0189-68

48. Kaida K, Takahshi M, Haratani T, Otsuka Y, Fukasawa K, Nakata A. Indoor exposure to natural bright
light prevents afternoon sleepiness. Sleep. 2006; 29: 462–469. PMID: 16676779

49. Partonen T, Lonnqvist J. Bright light improves vitality and alleviates distress in healthy people. Journal
of Affective Disorders. 2000; 57: 55–61. PMID: 10708816

50. Vandewalle G, Balteau E, Phillips C, Degueldre C, Moreau V, Sterpenich V et al. Daytime light expo-
sure dynamically enhances brain responses. Current Biology. 2006; 16: 1616–1621. doi: 10.1016/j.
cub.2006.06.031 PMID: 16920622

51. Beute F, de Kort YAW. Salutogenic effects of the environment: review of health protective effects of
nature and daylight. Applied Psychology: Health and well-being. 2014; 6: 67–95.

52. Boubekri M, Hull RB, Boyer LL. Impact of window size and sunlight penetration on office workers’mood
and satisfaction: a novel way of assessing sunlight. Environ Behav. 1991; 23: 474–493. doi: 10.1177/
0013916591234004

WhyWe Need More Nature at Work

PLOS ONE | DOI:10.1371/journal.pone.0155614 May 23, 2016 15 / 17



53. Barger P, Behrend TS, Sharek DJ, Sinar EF. I-O and the crowd: frequently asked questions about
using Mechanical Turk for research. The Industrial-Organizational Psychologist. 2011; 49: 11–18.

54. Buhrmester M, Kwang T, Gosling SD. Amazon’s Mechanical Turk: A new source of inexpensive, yet
high-quality, data? Perspect Psychol Sci. 2011; 6: 3–5. doi: 10.1177/1745691610393980 PMID:
26162106

55. Taylor AF, Kuo FE, SullivanWC. Views of nature and self-discipline: evidence from inner city children.
J Environ Psychol. 2002; 22: 49–63.

56. Hu LT, Bentler PM. Cutoff criteria for fit indexes in covariance structure analysis: conventional criteria
versus new alternative. Struct Equ Modeling. 1999; 6: 1–55.

57. Cheung GW, Rensvold RB. Evaluating goodness-of-fit indexes for testing measurement invariance.
Struct Equ Modeling. 2002; 9: 235–255.

58. Browne MW, Cudeck R. Alternative ways of assessing model fit. In: Bollen KA, Long JS, editors. Test-
ing structural equation models. Newbury Park, CA: Sage; 1993. pp. 136–162.

59. Pettit JW, Roberts RE, Lewinsohn PM, Seeley JR, Yaroslavsky I. Developmental relations between
perceived social support and depression symptoms through emerging adulthood: blood is thicker than
water. J Fam Psychol. 2011; 25: 127–136. doi: 10.1037/a0022320 PMID: 21355652

60. Jöreskog KG, Sörbom D. LISREL 8.8 [computer software]. Lincolnwood, IL: Scientific Software Inter-
national; 2006.

61. Radloff LS. The CES-D scale: A self-report depression scale for research in the general population.
Applied Psychological Measurement. 1977; 1: 385–401. doi: 10.1177/014662167700100306

62. Beck AT, Epstein N, Brown G, Steer RA. An inventory for measuring clinical anxiety: psychometric
properties. J Consult Clin Psych. 1988; 56: 893–897. PMID: 3204199

63. Cammann C, Fichman M, Jenkins GD, Klesh J. Michigan organizational assessment questionnaire. In:
Seashore SE, Lawler EE, Mirvis PH, Cammann C, editors. Assessing organizational change: a guide
to methods, measures, and practices. New York: Wiley-Interscience; 1983. pp. 71–138.

64. Mowday RT, Steers RM, Porter LW. The measurement of organizational commitment. J Vocat Behav.
1979; 14: 224–247. doi: 10.1016/0001-8791(79)90072-1

65. Rizzo JR, House RJ, Lirtzman SI. Role conflict and ambiguity in complex organizations. Admin Sci
Quart. 1970; 75: 150–163. doi: 10.2307/2391486

66. Bromet E, Andrade LH, Hwang I, Sampson NA, Alonso J, de Girolamo G et al. Cross-national epidemi-
ology of DSM-IV major depressive episode. BMCMedicine. 2011; 9: 90. doi: 10.1186/1741-7015-9-90
PMID: 21791035

67. Somers JM, Goldner EM, Waraich P, Hsu L. Prevalence and incidence studies of anxiety disorders: a
systematic review of the literature. Canadian Journal of Psychiatry. 2006; 51: 100–113. PMID:
16989109

68. Hayes AF. Introduction to mediation, moderation, and conditional process analysis: a regression-based
approach. New York: Guilford Press; 2013.

69. Budescu DV. Dominance analysis: a new approach to the problem of relative importance of predictors
in multiple regression. Psychol Bull. 1993; 114: 542–551.

70. Faragher EB, Cass M, Cooper CL. The relationship between job satisfaction and health: a meta-analy-
sis. Occupational Environmental Medicine. 2005; 62: 105–112. PMID: 15657192

71. Wohlwill JF. Environmental aesthetics: the human environment as a source of affect. In: Altman I, Wohl-
will JF, editors. Human behavior and environment: advances in theory and research. New York: Ple-
num; 1976. pp. 37–86.

72. Locke EA. The nature and causes of job satisfaction. In: Dunnette M, editor. Handbook of industrial and
organizational psychology. Chicago: Rand McNally; 1977.

73. Emerson RM. Social exchange theory. Annual Review of sociology. 1976; 2: 335–362.

74. Eisenberger R, Fasolo P, Davis-LaMastro D. Perceived organizational support and employee dili-
gence, commitment, and innovation. Journal of Applied Psychology 1990; 75: 51–59.

75. Spector PE. Method variance in organizational research: truth or urban legend? Organizational
Research Methods. 2006; 9: 221–232. doi: 10.1177/1094428105284955

76. Lindell MK, Whitney DJ. Accounting for commonmethod variance in cross-sectional research designs.
J Appl Psychol. 2001; 86: 114–121. doi: 10.1037/0021-9010.86.1.114 PMID: 11302223

77. Spector PE. Method variance as an artifact in self-reported affect and perceptions at work: myth or sig-
nificant problem? J Appl Psychol. 1987; 72: 438–443. doi: 10.1037/0021-9010.72.3.438

78. Spector PE. Using self-report questionnaires in OB research: a comment on the use of a controversial
method. J Organ Behav. 1994; 15: 385–392. doi: 10.1002/job.4030150503

WhyWe Need More Nature at Work

PLOS ONE | DOI:10.1371/journal.pone.0155614 May 23, 2016 16 / 17



79. Doty DH, Glick WH. Commonmethods bias: does commonmethods variance really bias results?
Organ Res Methods. 1998; 1(4): 374–406. doi: 10.1177/109442819814002

80. Cohen LM. Bridging two streams of office design research: a comparison of design/behavior and man-
agement journal articles from 1980–2001. J Archit Plan Res. 2007; 24: 209–307.

81. Stegmeier D. Innovations in office design: the critical influence approach to effective work environ-
ments. Hoboken, NJ: Wiley; 2008.

82. Bringslimark T, Hartig T, Patil GG. The psychological benefits of indoor plants: a critical review of the
experimental literature. J Environ Psychol. 2009; 29: 422–433.

WhyWe Need More Nature at Work

PLOS ONE | DOI:10.1371/journal.pone.0155614 May 23, 2016 17 / 17


