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Abstract

We investigated relations between various typesetifreported nature exposure at work and
at home, and well-being among employd¢s(664) across two years. An electronic
questionnaire was delivered three times, once a Yéaidentified seven employee groups
with different long-term trajectories of four wdiking indicators (vitality, happiness, vigor
and creativity at work). More frequent physicaliaty (PA) in natural surroundings during
free time in the first measurement increased this @dl belonging to long-term “beneficial”
well-being groups after including control variabl&se decrease in using one’s home garden
decreased the odds of belonging to one benefi@ilveing group suggesting a threshold
level, the decrease of which may diminish the ckaraf better well-being longitudinally.

The dose-response relationships and the role sbpal agency in the interaction with the

natural environment deserve further attention.

Keywords nature exposure, hedonic, eudaimonic, well-bdomgitudinal
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1. Introduction

The impact of nature exposure on employees’ waltdpis not yet fully understood.
The effects of different types of nature contaatehaot been sufficiently explored,
longitudinal evidence is scarce, and there is tdalesearch on the relationship between
nature exposure, hedonic (presence of positive@féad eudaimonic (self-actualization)

well-being (Capaldi, Passmore, Nisbet, Zelenski@ko, 2015).

We aim to address these gaps by using a longitudé@s#gn to identify combined
courses, i.e., trajectories of hedonic (happinasajty) and eudaimonic well-being (vigor,
creativity) across a prolonged period of time aadnecting them to nature exposure at work
and in leisure time. Different patterns of trajews are anticipated as emotions are discrete

entities for some individuals more than for oth@rsldman Barrett, 1998).

1.1. Types of nature exposure and well-being

Longitudinal studies of nature exposure at workgdaare rare and have measured
hedonic well-being (e.g. tiredness in responsddntp, Nieuwenhuis, Knight, Postmes, &
Haslam, 2014). Another finding from an 8-week iaggrtion study among office workers
showed that self-reported emotional health imprametie lunchtime nature walking group,
but not in the built environment walking or contgrbup (Brown, Barton, Pretty, &
Gladwell, 2014).

The simultaneous effects of different types of makxposure on well-being have been
investigated rarely. Cross-sectional findings ssgtfeat employees’ self-reported use of
nearby greenspace at their workplace and windowss/@ver greenspace were positively
associated with well-being (e.g. positive feelingfgr controlling for the free time use of
garden and outdoor activity (Gilchrist, Brown, & Ktarzino, 2015). An earlier study, on
which the present study is based, found that sglbited physical activity (PA) in natural

surroundings predicted greater vitality but noteothspects of well-being across one year
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(Korpela, De Bloom, Sianoja, Pasanen, & Kinnund,72 for the experimental part see De
Bloom et al., 2017). Self-reported use of one's garden/yard marginally predicted
happiness. Exposure to the natural world at wodknadit predict well-being.

In summary, only a few benefits of nature exposiaee gained reliable longitudinal
support. As all of these include emotional, hedanittomes, we built upon these but expand
this line of research to eudaimonic outcomes. Ajuaiaim of this study is to look at the
outcomes in combination in a person-centered appr@g. Bennett, Gabriel, Calderwood,
Dahling, & Trougakos, 2016). This allows us to itiigndistinct groups of individual well-
being trajectories and to understand whether suldptpns exist in the sample. This
approach provides a more comprehensive view thatdime missed when addressing only
one well-being outcome at a time. Second, we prélagse groups with several types of
nature exposure simultaneously (ranging from vigwiature to being physically active in

nature) including both work and leisure contexts.

1.2. Pathways from nature exposure to well-being

Nature exposure and well-being have been connélatedgh 1) attention restoration,
2) stress restoration, 3) increased positive emstiand 4) responses to specific health-
enhancing conditions, such as noise (James, Bataay, & Laden, 2015; Kuo, 2015). In
addition, 5) behavioral mechanisms include incréd®&, social interaction (Gascon et al.,
2015), and healthier duration of sleep (Astell-B&eng, & Kolt, 2013a). These pathways can
be regarded as benefits as such, but also as msetsathrough which other, ensuing or
related well-being benefits, such as higher vigaereativity at work, might arise. In the
following we derive our outcome indicators from fivet three themes. The results

connecting PA and gardening to well-being are dised under “Study Aims”.

Attention restoration theory (ART) explains thatura, by modestly attracting

attention in a bottom-up fashion, provides resfate¢he cognitive control processes,
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restoring attention and promoting well-being (Benmionides, & Kaplan, 2008). In a
prolonged restorative experience, a person maypnd reflecting on personal matters in life
(Kaplan & Kaplan, 1989). There is evidence of iased capacity of reflection on a minor
life problem in natural versus urban environmeffisrd 0-15 minutes (Mayer, Frantz,
Bruehlman-Senecal, & Dolliver, 2009). Importantty Employee well-being, reflection is an
equivalent of “positive cognitive rumination” (i,éhinking about solutions to a problem;
Cropley & Zijlstra, 2011) which can reduce workateld fatigue (Querstret & Cropley, 2012),
is linked to creative behaviors (Verhaeghen, Joormé& Aikman, 2014), and predicts

enhanced emotional well-being longitudinally (Frekison & Joiner, 2002).

The link between nature exposure and well-beiradss apparent in the
psychophysiological stress recovery theory (SRTicb) 1983). According to SRT, a visual
encounter with natural scenes prompts a rapidnaatio shift towards positive emotional
states. Viewing nature scenes for five minutes \{@roBarton, & Gladwell, 2013) and short
nature walks at lunchtime increase parasympathetieity, even in the following night
during sleep (Gladwell, Kuoppa, Tarvainen, & Roger2016). Parasympathetic activity

induces relaxation contributing to long-term hegkknney & Ganta, 2014).

1.3. Well-being outcomes: vitality, happiness, vigmd creativity

We investigate hedonic and eudaimonic aspects bfseg that may co-occur or be
corollaries of the documented short-term cogniteraptional, and physiological effects. We
include hedonic experiences of vitality and hapgedhey are differentiated becawgality
is characterized by high energy or activation (heisiastic”), not necessarily true of
happiness (“content”) (Nix, Ryan, Manly, & Deci,949). Vitality includes feelings of
aliveness (Nix et al., 1999) that are more enedjihan feelings of relaxation (Ryan et al.,
2010). Studies with photographs and 15-minute wialkgature have suggested that nature

exposure has vitalizing effects (Ryan et al., 2Qd@yiding a rationale for our selection of
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this outcome. Vitality is important as such bubab&cause of its relations to subsequent
employee well-being through the more probable dGgmsitive coping responses (Ryan &

Deci, 2008).

Apart from vitality, there is a lack of studies agssing specific positive emotions as
outcomes of nature exposure (McMahan & Estes, 2@die evidence is available for one
of our outcomedhappinessin a sample using mobile applications to repashmantary
feelings, the participants were happier in all rathabitat types compared with urban
outdoor environments (MacKerron & Mourato, 2013pWhg to greener areas has been
related to greater subsequent happiness and tisgagdion over several years (Alcock,
White, Wheeler, Fleming, & Depledge, 2014).

As a novel contribution, we consid@gor at work Vigor refers to high levels of
energy while working, perseverance, and willingrtessvest in one’s work (Schaufeli,
Salanova, Gonzéalez-Roma, & Bakker, 2002). Thusniigdudes eudaimonic, volitional
aspects of “willingness to invest” but also theligpto direct attention (“perseverance”) and
energetic, hedonic feelings. As nature has a pesgtifect on both attention and emotions, we
consider vigor to be an appropriate outcome.

We includecreativity at work defined as the production of novel ideas or smhst
(Amabile, Barsade, Mueller, & Staw, 2005) as thartlo outcome (eudaimonic). There is
evidence that creative problem solving improvesrafitensive nature exposure (Atchley,
Strayer, & Atchley, 2012). Creativity is relateddttention restoration and lower arousal in
nature (Atchley et al., 2012) but also to positiveod and the consequent increase in insight
and divergent associations (Shibata & Suzuki, 20@2¢ativity at work as an outcome of
nature exposure is under-researched although inffastant connections to employee

satisfaction and organizational innovation (Amalkeiiel., 2005).
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1.4. Aims and hypotheses

We investigate the existence and heterogeneiyngfterm trajectories of the four

well-being indicators simultaneously.

Research Question Do distinct trajectory groups of employees exisevehhappiness,
vitality, vigor at work, and creativity at work waguantitatively (in level) and qualitatively

(in the shape of the trajectory over time)?

Our second aim is to predict trajectory groups wikure exposure.

Research Question ¥Vhat are the relationships between the frequencyfferent

types of nature exposure and well-being trajectpoyps?

To contribute to the rare comparisons betweenrdiffietypes of exposure to the natural
world as predictors of well-being, we included esp@ to the natural world at work, at
home, and during leisure time. In a previous staldynestic garden and the frequency of
participation in outdoor activities were controlled but not the frequency of looking out of
the windows or being in the garden (Gilchrist et 2015). Our nature exposure variables
represent a perceived dimension of increasing irsimelin natural surroundings and an
increasing amount of PA, starting from sitting dmoking at plants to being physically active

outdoors.

To enhance ecological validity, we investigateeffects of nature exposure in a wider
context than previously by controlling for the fuecy of intensive PA and relevant job
characteristics. The study by Gilchrist et al. @04dccounted for work demands, job type,
and full- or part-time working. We control for satsupport, job autonomy, and workload,
which have been described in the Job Demand-Cop8apport) Model (Karasek &

Theorell, 1990) and shown to be associated witl-e2hg (llies, Dimotakis, & De Pater,
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2010). Another previously uncontrolled variableéhis number of breaks from work during

the day. More breaks have been related to more waigo less fatigue (Tucker, 2003).

We generate longitudinal conclusions by using adfwave design. We administered
our survey three times over two years, once a ysagarlier studies provide a 1-5-year range
for the long-term effects of nature exposure onl-weing. For example, green qualities
around the residence in interaction with PA premtianental health over a 5-year timespan
for women (Annerstedt et al., 2012). A one-yearbatyveen the two measurement points
accords with existing longitudinal studies on gggace and mental health where annual
records of well-being have been used (Alcock e&l14; Astell-Burt, Mitchell, & Hartig,
2014). We speculate that the types of nature expasiwour study represent recurring loops
of behaviors on a daily or weekly basis which wiltrease the likelihood of good well-being

across two years.

On the basis of existing research, all types ofgiged nature exposure at work and
during leisure time could be positively relateduell-being outcomes. However, our earlier
two-wave study (Korpela et al., 2017) proposes itwein hypotheses: Only the most intensive
forms of nature exposure, that is, (self-reportel)in nature i1) and possibly gardening or
the use of one’s yard or patio including natureh@tnts Id2), predict longitudinal well-
being. As previous studies of this kind are nortexis we have no hypotheses of the number

of trajectory groups.

H1 is based on the fact that PA in natural surrougslprovides added benefits to PA as
such (Rogerson & Barton, 2015). Experimental ssti@ve found short-term positive effects
of PA in nature on mood (Barton & Pretty, 2010; firfpson Coon et al., 2011), attentional
performance, and physiological processes (Hartigghéll, deVries, & Frumkin, 2014).
According to surveys, PA in nature has more pasiéitfects on emotional well-being than

activity indoors or outdoors in built environme@asanen, Tyrvainen, & Korpela, 2014). In
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a cross-sectional population level study, time speiting green spaces was associated with
better mental health and vitality (van den Berglgt2016). Regarding employees, a cross-
sectional survey study found a link between PAature and less need for recovery from

work (Korpela & Kinnunen, 2011).

ConcerningH2, only one study has included an employee sammleadongitudinal
design (Sahlin et al., 2014). This study invesidad 12-week nature-based stress
management course including gardening (and natalies)v Decreased burnout scores and
fewer sick leaves for female employees at the érdeocourse, and in the 6- and 12-month
follow-ups were reported. A study that quantifieden space provision in several urban and
rural areas found support for domestic gardenstadgfar against poor health (Dennis &
James, 2017). Domestic gardens were more stroegigtively associated with local area

health deprivation (including mood disorders) tipaiblic green space.

2. Method

2.1. Sample and Procedure

The participants were employees from eleven orgdioias (education, information
technology, and media) that were located near malhtained urban parks. The
questionnaire data were collected in three wawviest, ih spring 2013 (Time 1) an electronic
guestionnaire was sent either directly to the eygsd work e-mail addresses (in seven
organizations) or the link to the questionnaire @ebvered by contact persons, usually the
HR manager (in four organizations). Of the emplsyeentactedN = 3,593), 1,347 returned
the completed questionnaire after two reminderspase rate 37.5%). Second, in spring
2014 (Time 2) another electronic questionnaire geag to those employees who responded
in 2013 and who were still in the employ of the sasnganizationsN = 1,192). A total of

841 employees returned the completed question(rasponse rate 70.6%). Third, in spring
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2015 (Time 3) the third electronic questionnaireswant to those who had responded in 2013
and 2014, and who were still employed by the sargarizationsl = 799). Of these, 664
employees responded (response rate 83.1%). |y ptiase of the study the employees
received information about the goals of the stu@yl¢ngitudinal study about recovery from
work including a questionnaire with the themes ofky work environment, free-time, well-
being, and health with the assurance that responses would be ttreatgfidentially and that

participation was voluntary.

At Time 1 of this longitudinal sampl®&(= 664), the participants’ average age was 47.5
years (range 23—-66D = 9.9). Of the sample, 58% were women; 38% heldcauemic
degree (master’s level or higher), 26% had a polyte degree, and the rest (36%) had a
vocational school qualification or less. The mdjoaf the sample (62%) were higher white-
collar workers (e.g., teachers), 29.5% were lowhkitevcollar workers (e.g., office workers),
and 8.5% were blue-collar workers (e.g., clean®igst employees had a permanent job
(91%), worked full-time (97%), and worked a reguday shift (90%). Average hours worked
weekly were 398D = 5.9) and 13% of respondents were in managergitipos. Of the
participants, 54.5% worked in the public sectod Hre rest (45.5%) worked in the private
sector. Most of the participants (80%) were livimigh a partner (either married or
cohabiting), and 44.2% had some children (averdg¢ea) living at home.

2.2. Sample Attrition

We compared the characteristics of the responadérnike long-term sample with the
dropouts (non-respondents either at T2 or at TB¢ rEspondents did not differ from the
dropouts in terms of gender, education, occupaltistagus, weekly working hours,
managerial position, having a partner, or numberhdtiren. However, the respondents more

often had a permanent employment contract (919802, p < .001), worked more often on a
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regular day shift (90% vs. 85% < .05), and were slightly older (47.5 vs. 46.2rgga< .05)
than the non-respondents.

The longitudinal sample did not differ from the poaits in terms of the nature exposure
and outcome variables except that the longitudiaaiple reported more vigor (4.6 vs. 44,
<.05) at T1. The respondents of the longitudiaahgle also reported more autonomy (3.2 vs.
3.1,p =.001) and support (4.0 vs. 3@x .05) and had more breaks (2.5 vs. B.4,.05) at

T1 than the dropouts.
2.3. Measures

All the variables used in this study were measuatetne points T1, T2, and T3. In the
variable descriptions, we primarily present theotsm response categories (used in the

statistical analyses) in text and the correspondigjnal categories in brackets.

Nature exposure variables at the workpladee number of indoor plantgas measured
by one item asking “How many (artificial or realapts or flowers do you have in sight
inside your room/work station?”. The response waergin numbers. For the multinomial
logistic regressions (see “Statistical Analysesig coding was 0 = 0 plants, 1 =1-3,and 2 =

4-30 plants.

The type of view from the windavas measured by asking “Do you have a window, a
glass door, or a glass wall in your room/work sta®’. The response categories were 1 =
“No”, 2 = “Yes, it looks onto the inside of the lding”, 3 = “Yes, it looks onto the outside of
the building with a mainly urban view (for exampléuilding or street),” and 4 = “Yes, it
looks onto the outside of the building with a mginatural view (for example a lake, field, or
park)”. For the multinomial logistic regressiongye of view was coded: 1 = nature view (4),

2 = inside view (2), urban view (3), or no view.(If)the respondent reported not having a
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permanent room or work station (at T1 and T2 9.484,3 6.5% of the sample), the values

for the window view were imputed as 2 and the nunatb@lants as zero.

Frequency of looking out of the windevas measured in the context of energy
management behaviors during the working day (DemloKinnunen, & Korpela, 2015). We
recognized the difficulty of reporting on lookingg@ants or out of the windoper sebut
thought that people might more easily recognizettbenents when they felt elevated after
looking at their surroundings. We asked “To whaeakdo you use each of the behaviors to
manage your energy during your working day?” Amanst of 13 behaviors we included
“Look out of the window”. The original response leceanged from 1 to 5 and it was coded
for the multinomial logistic regressions as 1= fveeldom or never (1), or rather seldom”

(2), 2 = “sometimes” (3), 3 = “rather often” (4), ‘wery often or always” (5).

Nature exposure variables at home and in free firegjuency of looking out at a
nature view at homeas measured with a question “Do you have a windobalcony view
of natural surroundings, e.g., greenspace, watex,garden?” with four response categories
that were coded for the multinomial logistic regiess as 1 = “No (0), or Yes, and | look at
/use it fairly seldom” (1), 2 = “Yes, and | look/aise it sometimes” (2), 3 = “Yes, and | look

at /use it often” (3).

Use of one’s own back yard (at home) with natefamentsvas measured with one
item “Do you have a garden, yard, balcony or paiit natural (e.g., plants, flowers, trees)
or water elements (e.g., a fountain, a pond)?”. fdhie response categories were coded for
the multinomial logistic regressions as 1 = “No, @) Yes, but | seldom use it” (1), 2 = “Yes,

and | sometimes use it” (2), 3 =“Yes, and | oftese it” (3).

Frequency of physical activities in natural surralimgs during free timgvas measured

with one item “How often do you spend free timetloa following activities?” Physical
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activities in natural surroundings (e.g., swimmingning, cycling) was included in a list of
seven activities. The response categories wer@egcdor the multinomial logistic

regressions as 1 = “Hardly ever or a few timesygar (1), About once per month” (2), or A
few times per month” (3), 2 = “About once per weék), 3 = “A few times per week (5), or

Almost every day” (6).

The temporal changes in the nature exposure vasatére calculated as T2* = T2-T1
and T3* = T3-T1 differences. The change was categdras -1 = decrease in the number or
frequency or change in the type of view from thadaw, 0 = no change, and 1 = increase in
the number or frequency or change in the type @iwfrom the window. Variables T2* or
T3* were set at zero if T1, T2 or T3 were missing.

Well-being variablesHappinessvas measured with a single item (“How happy do you
feel in general?”) using a 10-point scale rangiognf 1 (very unhappy) to 10 (very happy)
(Abdel-Khalek, 2006).

Vitality was measured with four items from the Subjectiitaly Scale (Bostic, Rubio,
& Hood, 2000) (e.g. “During the last month, | hde# alive and vital”). The items were rated
on a 5-point scale from 1 (very seldom or neve§ {wery often or always).

Vigor at workwas measured with three items (e.g. “At my worfieell bursting with
energy”) from the shortened Utrecht Work Engagensmate (UWES, Schaufeli, Bakker, &
Salanova, 2006), of which the construct validitg baen found to be good in Finnish
occupational samples (Seppala et al., 2009). Témorese scale ranged from O (never) to 6
(every day).

Creativity at workwas measured with three items (e.g. “My headllofunnovative
ideas that are related to my work”) (George & Zh2@01) rated on a scale from 1 (very
seldom or never) to 5 (very often or always). Far trajectory analysis, the items of vitality,

vigor, and creativity were dichotomized so thatsealues greater than 3 were set at 1 and
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the other alternatives were set at zero. Thus,maliach’s alphas are reported for these
variables.

Control variablesFrequency of intensive P#as measured with one item “Exercising
at least 20 minutes with getting at least sligbily of breath and sweating” rated on a 6-point
scale recoded to three categories for the multiablogistic regressions (see variable
Frequency of physical activities in natural surrdngs).

Job autonomyvas measured with five items (e.g., “I can infloethe amount of work
assigned to me“. Cronbach’s alpha at T1 = .782at.79, and at T3 =.77) rated on a 5-point
scale from 1 (very seldom or never) to 5 (very fte always) from the QPS Nordic-ADW
(Dallner et al., 2000).

Social supporfrom colleagues was measured with three items, (¢fgneeded, | can
get support and help with my work from my co-wos&iand from supervisors with three
items (e.g., “My work achievements are appreciaedhy immediate superior”) that were
taken from the QPS Nordic-ADW (Dallner et al., 2R00ronbach’s alpha for support from
both colleagues and supervisors (6 items) wast.8Q,a82 at T2, and .83 at T3. The items

were rated on a 5-point scale from 1 (very seldomewer) to 5 (very often or always).

Workloadwas measured with three items (e.g., “How ofte@sdgour job require you to
work under time pressure?”; Cronbach’s alpha at B8, at T2 =.87, and at T3 =.87) from
the QWI (Spector & Jex, 1998). The items were ratea scale from 1 (very seldom or

never) to 5 (very often or always).

Number of breaks lasting over 10 minutiesing a regular working day was elicited
with an open-ended question. The response was givaimbers. We also controlled for

genderandagein line with an earlier study (Gilchrist et alQ15).

2.4. Statistical analyses
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To understand the heterogeneity of multidimensitoragitudinal data, our approach is
based on a trajectory analysis (TA) by Nagin (199¥)5) and Jones et al. (2001) that applies
generalized linear models theory (exponential famildistributions) with Finite Mixtures
under the assumption that observations within argivajectory are independent. We applied
the multivariate version of this basic TA, whereammes are related but independent
response variables (see Jones & Nagin, 2007; Nxx§iB) using the R program Flexmix

(Leisch, 2004).

The analysis involves technical challenges in tesfrirobability distributions,
measuring issues, and missing data. However, wéeddo keep the analysis as simple and
accurate as possible, so that all the availablgitodinal information was used
simultaneously making the results easy to intergnet compare. The eleven response
variables for multivariate TA in our study were fotems for vitality, one item for happiness
three items for vigor, and three items for cre&fivinstead of summary scores of well-being
variables we used single items so that the comjdaggtudinal information could be used in
trajectory group formation. However, for simplicayd due to the limitations of the
probability distributions available in R progranekinix, the items of vigor, creativity and
vitality measures were dichotomized (see Measuiiés3. yielded an 11-variate mixture
regression model with ten logistic variables and narmal (happiness) response variable that
were studied as a function of time. Acceptableatkgatodel fits were assessed with the
Bayesian information criterion (BIC) criterion, temallest indices indicating the best model

fit (Schreiber, Stage, King, Nora, & Barlow, 2006).

The associations of nature exposure and other bawhkd variables with trajectory
groups were studied in a multinomial logistic resgien model (SPSS version 22.0). In the
model, nature exposure at T1 and changes in theenaxposure variables T2* = T2-T1 and

T3* = T3-T1 were used as explanatory variablestipwith the control variables intensive
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PA, job autonomy, social support, workload, gended age. For the multi-item scales of
autonomy, support, and workload we first calculdteimean summary scores at each time
point. The mean values across the three measurgroiens of intensive PA and the multi-
item scale scores were used in the regressionsasaBince the trajectory groups are based
on probabilities, the observations in multinomegmression analyses were weighted with the

posterior probability of belonging to the most lik&ajectory group.

3. Results

3.1. Descriptive Statistics

Tables la-1e (Appendix) show the zero-order caiogla between the variables. As
anticipated, all nature exposure variables had ssigmgficant positive correlations with the
well-being variables both cross-sectionally (rangies= .03 - .19 at Tl;, = .01 - .16 at T2,
=.001 - .20 at T3and longitudinally ( = .01 - .23)However, looking out of the window at
nature at home, use of home yard/garden, and PRAture had consistently the largest
correlations with the well-being variables crosst®mally and longitudinallywWell-being
indicators correlated with each other positiveld aignificantly at all time points both cross-
sectionally f =.15- .63 at Tl = .17 - .65 at T2 = .16 - .66 at T3and longitudinally ( =

10 - .77).

There were weak correlations (ranges ef.02 - .19 at Tl;, = .001 - .18 at T2; = .02
- .23 at T3) between the nature exposure variatilesstrongest ones being for making use of
a nature view at home and of a garden, balconyam with nature elements at home=(.50
at T1;r = .52 at T2y = .53 at T3), suggesting non-existent multicoking. The correlations
between the nature exposure variables and cordri@bles were likewise weak € .001 -
29 atT1lyr =.001 - .25 at T2; =.001 - .22 at T3)[he correlations between job-related

control variables (autonomy, support, workload alksy and well-being variables were of
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moderate strength and mostly significant crossiseally (r = .001 - .37 at T1;= .03 - .36 at

T2;r=.01 - .44 at T3) and longitudinally£ .01 - .38).

3.2. Identifying well-being trajectory groups

We tested the number of trajectory groups fromtorr@ne such that each run was
repeated ten times. The Bayesian information ooie(BIC) values obtained were 31273.92,
27192.51, 26267.89, 25615.51, 25240.37, 2504748211, 24990.04 and 25043.17. This
shows that the best, i.e., the minimum value (248B8f BIC (Schreiber et al., 2006) is
obtained when the number of groups is seven. To@goam plot of posterior probabilities
(Appendix) shows that groups are very well sepdraddl the groups have a meaningful size
with mixture proportions: p1 = 0.1146, p2 = 0.2188,= 0.1586, p4 = 0.1158, p5 = 0.1316,
p6 = 0.0995 and p7 = 0.1664. These can be integhiest percentages of the sample
belonging to the group, e.g., 0.1146 = 11.46% (EjgFor clarity and ease of interpretation,
in drawing Figure 1 of trajectory groups, we usael summary scores of the three
dichotomized multi-item well-being indicators (Mitg, vigor, and creativity) so that each

group includes four well-being indicators only.

In general, the major differences between thedtarg groups were in the absolute
level of the four well-being indicators and theiffefing combinations rather than in the
shapes of the slopes across time. For the followasgriptions of the trajectory groups (Fig.
1), all four indicators and their relative scoresrgvevaluated approximately and

simultaneously.

Group 1 (low, declining well-being) — Quite highose for happinesassociated with
moderate and declining but then leveling out séoréeeling vigorous at work. Feelings of
creativity and vitality have relatively low sconetich decline somewhat to T2 and level after

that.


sesira
Rectangle


NATURE EXPOSURE AND LONG-TERM WELL-BEING AMONG EMPRYEES
17

Group 2 (high well-being but low creativity) — Velnygh score on feeling vigorous at
work associated with a steadily high score on haggs. The score for feeling vital is
moderate and quite steady. Quite low and decreasimig of feeling creative at work. This

group comprising 21.4% of the participants wasléingest and most typical in our sample.

Group 3 (high well-being, especially creativityMederately increasing, very high
scores for feeling vigorous and creative at wodoamted with moderately increasing, fairly
high scores for happiness. There is a moderatggtore for feeling vital. On the whole,

this group might be labeled “moderately increasusdj-being”.

Group 4 (poorest well-being; reference group intmamial logistic regressions) —
Quite steady and low scores for feeling vigorousative or vital. Steady but only moderate

score for feeling happy.

Group 5 (highest well-being) — Steady and very lsgbres for feeling vigorous, happy

and vital. High but somewhat decreasing scoredelirig creative at work.

Group 6 (average but decreasing well-being, loaliyf) — High but declining score for
creativity associated with moderate score for feghappy. Moderate and declining but then
leveling score for feeling vigorous at work. Lowdasomewhat declining score for feeling

vital. This group was the smallest (9.95%) and tost atypical in our sample.

Group 7 (high vigor, low creativity and vitality@es) — Very high, slightly increasing
score for feeling vigorous at work associated viaily high, steady score on happiness.
Rather low but somewhat increasing score for fgatmeative. Steady, low score for feeling

vital.

To sum, across all trajectories, the score for heggs was most consistently on a high

(> .70) or moderate (.40 < score <.70) level. Tlhws sample consists of quite happy
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employees. The steepest slopes (decreases) wagwir(trajectory groups 1 and 6). Thus,
these two groups are characterized by a declingg at work and moderately low levels of
vitality across two years. Groups with clear inse=ain well-being (all four indicators) were
not detected although group 3 had moderate incseaseppiness, vigor, and creativity. This
group together with group 5 are groups with higberalt vigor and creativity at work who
also are generally happy and vital. Groups 2 ahdvé low levels of vitality and creativity at
work but are otherwise happy and vigorous. Groupé reference group in multinomial

regression, is clearly at the lowest level in viggeativity, and vitality and only moderately

happy.

3.3. Predicting well-being trajectory groups with natesgosure

The multinomial logistic regression model with cmhtvariables and nature exposure
variables as predictors fitted the data wek4rson’s/%(3576) = 3389p = .99;Nagelkerke R
=.59). For ease of reading, the results of tmglsiregression analysis are presented in three

separate tables (Tables 2a-c).

In accordance with our main hypothesis, the mossistent, positive, nature-related
predictor of the trajectory groups after contralliior covariates was PA in nature (Tables 2a-
c). Those who were more frequently physically ativnature (more than once a week) had
at least three times higheonditional odds (Table 2a; 3.8=xp(B)< 25.3; .001 9 < .05) for
belonging to the happier and/or more vigorous atad trajectory groups (1-2 and 5), i.e.,
“beneficial groups” than to the “lowest well-beingfoup 4. The most notable increase in
odds, 25-fold, was in the most positive trajectgryup 5 having high scores on all four
experiences of happiness, vigor, vitality, and tvég. In that trajectory group, being

physically active in nature once a week increaBedtlds 5-fold compared with PA less than
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once a week. However, PA in nature did not preglictps 3 with moderate, and groups 6

and 7, with low scores for vitality.

Nature-exposure variables at work had unexpectatiars to the trajectory groups.
The greater the number of plants in a work roortistahe lower were the conditional odds
(Table 2a; .17 €xp(B)< .29; .007 9P < .05) for belonging (in reference to the trajegt)
to the “beneficial groups” 1, 3, 5, and 6, whicldhagh scores on happiness. Groups 1, 3, and
6 had also medium or low scores for feeling vitébreover, increase in the number of plants
from T1 to T2 decreased the odds of belonging ¢oigs 1, 2, 5, and 7 whereas no such trend
was observed of the increase in the number of pfaotn T1 to T3 (Table 2b). Looking out
of the window at work at T1 often rather than seldeas associated with low conditional
odds of belonging to the group 6 (average but @song well-being, low vitality) (Table 2a).
Those looking out often at T1 were more likely tvé a natural viewf € 55) than an urban
or indoor view {= 151) than those looking out seldofs(30 and 149, respectively), a

significant associatior)(’((l) =5.5,p=.02).

Views from the window at work at T1 did not predicé odds of belonging to the
groups (Table 2a) but the change from T1 to Thewiew from the window at work away
from nature to urban (incl. indoor or no view) d=ased the odds of belonging to groups 1

and 7 (Table 2b), which both included high scordnappiness.

Unexpectedly, the change from an urban (incl. imadwoo view) to a natural view at
work decreased the conditional odds of belongingréap 2 with high scores on happiness
and vigor (Table 2b). Again unexpectedly, the cleaingm T1 to T3 in the view from the
window away from nature to urban, indoor or no viargely increased the conditional odds
of belonging to the “beneficial groups” 1, 2, 5day for the most positive group 5 (having

high scores on all four experiences of happindagsywvitality, and creativity) the odds were
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84-fold (Table 2b). To understand this unexpecesdlt, we checked the change in the type
of work room from T1 to T3 among those who had dvan view at T3r{ = 496). Of those,
6.7% (4.8% <Cl95%< 9.2%) at T1 reported that their work room vated no-one (0% <
Cl195%< 0.8%) reported this at T3; a significant diffece as the confidence intervals do not
overlap. Moreover, there were other changes imdagi direction although non-significantly:
24.2 % (20.6% €195% < 28.2%) had a work room of their own at T3 versoly 21.2%
(17.8% <Cl195%< 25.0%) at T1. There was an increase in havipgrenanent classroom
among teachers; 4.0% (2.6%495%< 6.1%) at T3 versus 3.4% (2.2%_495%< 5.4%) at
T1. The share of those sharing a room but withsk @€ their own also increased from 65.9%
(61.7% <CI195%< 70.0%) at T1 to 68.1% (63.9%G195%< 72.1%) at T3. We speculate
that these changes, i.e., decrease in changegkra@ms and increases in personal and
permanent working rooms/ desks, may explain theeased odds of belonging to

“beneficial” trajectory groups even though the womdview changed from natural to urban.

Regarding nature exposure at home, unexpectedhg tlee garden/home yard at T1
more frequently, i.e., sometimes rather than sejdteareased the conditional odds of
belonging to group 3 (Table 2a) with steady, vaghtscores on vigor, creativity, and
happiness (in reference to the lowest well-beiraygrd). However, the conditional odds of
using the garden and looking out at nature at hofte® rather than seldom were mostly
greater than 1, but they were not statisticallysigant. In accordance with our expectations,
however, the decrease in the use of home yard (frbto T3) decreased the conditional odds
of belonging to group 5 (Table 2b) with very higloges for feeling vigorous, happy, vital,

and creative (in reference to group 4).

3.4.Control variables as predictors
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Of the control variables, social support increahedconditional odds of belonging to
all groups, most notably to group 5, which inclutiegh scores on all four experiences, in
reference to group 4. Autonomy at work increasedconditional odds of belonging to the
“beneficial” groups 2, 3, and 5, whereas workloacréased the odds of belonging to group 3
only. Being female increased the odds of belonginttpe “highest well-being” group 5 but

also to group 7 with low vitality and creativity.

4. Discussion

We were able to identify trajectory groups basedbog-term individual developments
of happiness, vitality, vigor, and creativity indtors that differed in the levels rather than in
the shape of the temporal trend. Happiness had enosistently high or moderate level
scores at all time points, which accords with firgdi of considerable stability in happiness
and the finding that different types of well-beimgy change at different rates or directions
(Diener, Lucas, & Scollon, 2006). The least benaficajectory group had a moderate, steady
level of happiness and steadily low levels of othel-being experiences (11.6% of
participants). The most beneficial trajectory grénapl high and steady levels of all four well-
being indicators (13.2% of participants). Othejeitéory groups were combinations of the
levels between these two extremes. Thus, in saajertory groups, all indicator trajectories
were densely packed at the high or low end of tlhees, whereas in others the four indicators
were widely dispersed along the scale. These sesufiport the notion of individual variation
in the experience emotion clusters (Feldman Bart688).

Consistent wittH1 we observed that the more frequent nature actatiflylincreased
the conditional odds of belonging to the long-tébaneficial” groups in relation to the least
beneficial group, independently of the frequencinténsive PA, job characteristics, age or
gender. These beneficial groups included the mastficial one (5), where all four

experiences, including aspects of both hedonicearai@imonic well-being, were on a high
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level; all others (1-3) had a high level of hapgméut two had low levels of creativity
(eudaimonic well-being). The result supports theamothat nature exposure works via or
together with PA to promote well-being (Annerstetal., 2012) but the long-term effects of

the changes in nature PA remain unknown as thesegels were unrelated to the odds.

At T1, using the home garden/yard more often dee@éhe odds of belonging to one
of the “beneficial” trajectory groups (group 3) whicontradicts our hypothedi and does
not accord with gardening being related to betteli-veing among adults (Wang &
Macmillan, 2013)However, the decrease in using one’s home gardgardrover time was
associated with low odds of belonging to the “bexaf group (5) which is supportive ¢12
but in an unanticipated direction. This result ssgigthresholdeffect where the decrease in

nature exposure under a certain level starts nad/tle deprivation of well-being.

All other results were in an unexpected directibime larger number of plants at work at
T1 and its increase over one year were consistegitliyed to the decreased odds of belonging
to “beneficial” groups; a result defying clear ingeetations as the trend disappeared after two
years. Changes in window views from natural to nréad vice versa were associated with
low odds of belonging to “beneficial” groups. Moveo, the change in the window view at
work from natural to urban significantly increagad odds of belonging to “beneficial”
groups. A technical check implied that increasgsarsonal and permanent working rooms/

desks and decrease in having to change work rocagserplain this result.

At T1, looking out of the window at work often ratithan seldom was associated with
the low odds of belonging to one “beneficial” gro@ (but not others making the result
inconsistent) although those looking out often warge likely to have a natural view than
those looking out seldom. However, 65% of thoséilog out often had an urban, indoor or

no view. Speculatively, irrespective of the typelod window view, if a working person
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looks out often the work may be boring which diralreés well-beingn fact, little is known
about the role gbersonal agencin and thecontrol of the interaction with the natural
environment. This is due to a focus on bottom-ugressing of perceptual properties of
nature in existing theories on restorative envirenta (Ratcliffe & Korpela, 2016). However,
evidence suggests that people use their environaseatcoping and self-regulation
mechanism (Korpela, 2012). Future research cowiesingate the differential effects of plants
brought by workers versus provided by the comparof the personal maintenance of plants

on well-being.

Relevant to our results is the dose-response nmadiglat describes how individuals
respond to nature exposure, whether that be mehaarduration, frequency, or quality/type
of nature (Shanahan, Fuller, Bush, Lin, & Gastd@1,% Shanahan et al., 2016). In
accordance with the concept of an increase in desdéound that PA in nature predicted
increased odds of belonging to several benefi@gttory groups, thereby suggesting that it
can serve aan enhancer, a promot@f well-being. The present results showed a negati
predictive power of the decrease in the use ofagdy@rd suggesting that dose-response
modeling should focus on both directions betweesednd response. It is not known whether
a decrease in nature dose can leave well-beints @ailier level or diminish it. How long
need the decrease in dose to persist before teaatation in well-being begins? Does
increase in nature dose produce positive effecsralar temporal rates as the decrease

exacerbates them? Future studies are needed tmg&such questions.

As the nature exposure variables did not predebitids of belonging to all trajectory
groups but only to some, we conclude, as in eastigdies, that the benefits of nature
exposure depend on the outcomes (Bringslimark,igjatPatil, 2009; Shanahan et al.,
2016). However, we also maintain that the bendg{send on the constellations of the

outcomes. For example, PA in nature at T1 moshgtyopredicted belonging to the most
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beneficial well-being trajectory group (5). On thiker hand, the trajectory group with high
values on all other outcomes except vitality (3) #me group with low vitality and creativity
but high vigor (7) had the smallest number of digant nature exposure predictors, thus
being the most difficult ones to predict. As littteeknown about the effects of nature exposure
on simultaneous combinations of emotions and aséatell-being, future longitudinal

studies focusing on these issues are important.

4.1. Limitations

Using self-report measures for all variables grgs to concerns about common
method variance (CMV) (Richardson, Simmering, &r8tan, 2009). Temporal separation of
predictor and criterion variables, as in the presamly, is one acceptable way of reducing the
risk of CMV (Podsakoff, MacKenzie, Lee, & Podsak@®03). Despite this, and the fact that
we included temporal changes in our predictor \@emand modeled simultaneously
associations of several plausible “causes” whilgr@ling for relevant variables, causal
claims require further research as our models wemnelative and due to the large number of

variables may include coincidental results. Thestiag should be varied in future studies.

A further limitation of the present study is thag were not able to measure the amount
or type of interaction with nature during the wadsiday. The test-retest reliabilities of our
one-item measures were satisfactory (correlatiebsden T1 and T2 were .52 - .68, between
T1land T3 .47 - .67, and between T2 and T3 .52). However, the validity of self-reports
of the frequency of using the garden, for exampédeticularly if that varies by season, is not
known. The participants knew that the study wasiabecovery from work but both the
questionnaire and a time lag between the questiaere quite long, making demand

characteristics (guessing the research questioap&ssing factor unlikely.
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Concerning selective attrition from the first t@ tthird measurement point, the non-
respondents were more often e.g. younger, on teanpemployment contracts, and working
irregular shifts. Hence the findings cannot be gaieed to the working population as a

whole.
4.2. Practical implications

Acknowledging the limitations of a self-report, celational study, we found that more
frequent PA in natural surroundings during freeetiat the first measurement increased the
odds of better well-being over a two-year periokisTrelationship held independent of the
frequency of intensive PA, job autonomy, socialmarpat work, workload, number of breaks
during the workday, age or gender. Thus, promatimgloyee well-being by recommending
and rewarding nature-based, free-time physicaliéies is an option to consider in
knowledge-intensive workplaces if the causalityto$ relationship is verified in future
studies. However, PA in nature did not predicteitigry groups with low vitality suggesting a

need to tailor workplace interventions for differgnoups (Nielsen, Taris, & Cox, 2010).

The decrease of using one’s home garden or yahdnaiural elements decreased the
odds of better well-being. This, if proven moreaably, suggests that domestic gardens
deserve to be maintained in urban structure ase thery be a threshold level of their use
protecting against the incidence of poor well-bamthe long run (cf. Dennis & James,

2017).
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Table 2a. Conditional odds (significant in bolddgaof the nature exposure variables at time 1 fnauitinomial logistic regression for seven
trajectory groups (“traj. group”), the referenceéegmry being trajectory group 4 (“lowest well-being

Time 1 Traj. group 1 Traj. group 2 Traj. group 3 rajTgroup 4 Traj. group 5 Traj. group 6 Traj. gool
Exp(B) Sig. Exp(B) Sig. Exp(B) Sig. Exp(BPig. Exp(B) Sig. Exp(B) Sig. Exp(B) Sig.

Intercept .016 .000 .000 ref .000 .004 .000

Number of plants (work) > 3 plants 294 .050 .573 310 217 .016  ref 275 051 .166 .007  .458 .156
1-3 plants .760 593  1.047 922 550 256  ref .258 021  .483 A72 792 .629
No plants ref

Window view (work) Nature 1.367 705 1.264 .759 T7A9 .173 ref 720 713 1.342 722 1743 .468
Urban/indoors/no ref

Looking out (work) Often .864 .806 .524 232 .398 .141  ref 485 276 .258 026  .383 .083
Sometimes 1.322 614 .849 747 657 456  ref .820742  .654 442 862 773
Seldom ref

Looking out, nature Often 1294 753 2.614 209 5.159 .071 ref 5.37095. 4.004 .108 2.866 .165

home

( : Sometimes .833 774 936 910 1.497 574  ref 513373  1.041 952 1.348 .603
Seldom ref

Garden/balcony usage Often 1.297 740 2459 230 1.260 .772 ref .721 07.7 1.049 .950 .664 .568

home

( : Sometimes 718 .613 1.839 .339.176 .012  ref 473 317 612 458  1.094 .878
Seldom/no ref

Physical activity in nature> Once aweek 3.844 050 3958 .025 3.130 .104 ref 25272 000 1.282 .715 2310 .176
Once a week 1.055 928 1.153 .789 .766 673  ref 5181 .034 .562 331 1.015 .979
< Once a week ref

Note.1: Tables 2a-2c are from a single, multinomial esgion analysis. Intercept reported only in theldah. IfExp(B)> 1 there is an
increased conditional odds (and Exp(B)< 1 decreased conditional odds) of belongindnéd group in comparison to the reference group (ref
4 “Lowest well-being”. Among the predictors, theeggory followed by an empty row (e.g. no plantsy ieference category. For example,
physical activity in nature more often than onagegk in relation to less than once a week resnl8&844 times larger conditional odds of
belonging to the trajectory group 1 rather thagrtmup 4.
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Table 2b. Conditional odds (significant in boldd¢aof the changes (from T1 to T2 and from T1 to df3he nature exposure variables from
multinomial logistic regression for seven trajegtgroups (“traj. group”), the reference categoringdrajectory group 4 (“lowest well-being”).

Traj. group 1 Traj. group 2 Traj. group 3 Trajogp Traj. group 5 Traj. group 6 Traj. group 7
4
Exp(B) Sig. Exp(B) Sig. Exp(B) Sig. Exp(Bpig. Exp(B) Sig. Exp(B) Sig. Exp(B) Sig.
Changes in the Negative .814 .765 .549 .352 .829 .790 ref 979 78.9 523 424 621 478
number of plants T2-
T1
Positive 154 .008 133 .002 433 .200 ref 72 .027 .364 139 201 011
No change ref
Changes in the Negative 1.167 .817 779 .687 1.644  .475 ref 1.069927 1.120 .883 .605 444
number of plants T3-
T1
Positive 2.102 .231 1.824 312 .901 .880 ref .912 .907 447 .296 .935 .915
No change ref
Changes in window From natureto  .097 .046 170 .089 .253 197 ref .138 .104 .184 .149 .091 .040
view (work) T2-T1 urban
From urban to .318 144 219 .034 .281 110 ref .248 114 .235 .104 534 .383
nature
No change ref
Changes in window From natureto 3050 .021 33.394 .012 13.537 .069 ref 84.489 .004 20.139 .049 8.502 174
view (work) T3-T1 urban
Fromurbanto 2.852 .182 2225 .301 .833 .845 ref 3.896 150 4.69 .738 1.282 .756
nature
No change ref
Changes in looking Negative 322 .058 457 .145 .566 .358 ref .586 .399 375 .148 .645 424 .
out of the window
T2-T1
Positive .728 572 .756 .586 .905 .861 ref .380 123. 1.217 721 .699 .490
No change ref
Changes in looking Negative 1.441 518 1.016 .976 1.968 .244 ref @.10.878 1.319 .648 .901 .852
out of the window
T3-T1
Positive 1.175 772 1.043 .934 1.158 .797 ref 69.7 .350 478 .190 .862 773
No change ref
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Table 2b continued

Changes in looking out Negative .244 .079 .549 .338 .296 114 ref 581 18.5 .612 474 .363 .130
at nature (home) T2-T1
Positive .623 .536 0.974 970 2423 284 ref 2.01 .990 .897 .893 1.221 767
No change ref
Changes in looking out Negative 921 914 0.984 981 1.230 .788 ref .725.712 .808 779 .847 .814
at nature (home) T3-T1
Positive .997 .997 1.043 .948 .369 .205 ref 2.041435 1.849 425 .960 .950
No change ref
Changes in Negative 1.231 741 1.143 .813 1.675 .424 ref .861.838 1.860 324 1.066 915
garden/balcony usage
T2-T1
Positive .938 .925 .970 .960 1.675 .454 ref .869 .852 .822 775 521 .278
No change ref
Changes in Negative .614 412 .853 .764 .292 .063 ref 160 .020 .640 469 .851 72
garden/balcony usage
T3-T1
Positive .823 .789 .579 425 .918 .910 ref .849 835. .933 .926 1.147 .831
No change ref
Changes in nature Negative 1.488 515 1.456 514 .595 428 ref 1.250740 1.339 .662 1.438 541
exercise T2-T1
Positive 1.692 .392 927 .894 .557 .380 ref 2.232294 974 .965 1.037 .949
No change ref
Changes in nature Negative 1.335 .629 .716 .556 .689 .559 ref 737 644. 797 .733 1.206 742
exercise T3-T1
Positive 1.876 .298 1.776 .291 1.290 .681 ref 490.9 .939 1.360 .600 1.337 .603

No change ref




NATURE EXPOSURE AND LONG-TERM WELL-BEING AMONG EMPRYEES 39

Table 2c. Conditional odds (significant in bolddaof the control variables from multinomial logistegression for seven trajectory groups
(“traj. group”), the reference category being tcépey group 4 (“lowest well-being”).

Traj. group 1  Traj. group 2 Traj. group 3 Trajogp 4 Traj. group 5 Traj. group 6 Traj. group 7
Exp(B) Sig. Exp(B) Sig. Exp(B) Sig. Exp(B) Sigexp(B)  Sig. Exp(B) Sig. Exp(B) Sig.
Age .992 .725 .995 .807 1.001 .953 ref 1.023 .354 .988 .607 .977 .253
Workload 1.112 .7231.306 .337 4.354 .000 ref 1.459 .252 1.747 .080 1.571 121
Autonomy 1.232 .5222.136 .011 7.308 .000 ref 5.699 .000 1.770 .087 1.639 .105
Support 3155 .002 7.876 .000 7.217 .000 ref 44972 .000 3.338 .002 6.102 .000
Breaks 1.186 .4511.270 .258 1.276 .297 ref 1.277 .318 1.188 466 214 .385
Intensive >Once aweek 1.615 .458.435 .530 1.582 489 ref 1.810 434 1.384 .606 102. .865
gzgj;g,al Once a week 1.568  .481966 .953 1.781 377 ref 1.177 .835 1.348 .628 66.0 .912
< Once a week ref
Gender:  Female 2.269  .068.109 .069 1.614 291 ref 2.961 .027 2.026 124 4.860 .000
Male ref
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Figure 1. Relative scores of one-item happinesssantmary scores for vigor, creativity, and
vitality in the seven trajectory groups, and graupportions of the sample. Y-axis: relative
score (max/score), ranging from 0 to 1. X-axis: saseament points 1, 2, and 3.



Highlights

» Exposure to nature at work and at home is related with well-being longitudinally.
*  Weidentified developmentsin vitality, happiness, vigor, and creativity.
» Morefrequent nature-based physical activity increased odds of better well-being.

» Decrease in using a domestic garden decreased odds of better well-being.



