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Abstract: Built nature spaces have been increasingly integrated into our urban environments in
recent years with the aim of reaping their psychological benefits. However, despite numerous
works of research on the relationship between nature exposure and well-being, most studies have
looked into the benefits of well-being from the lens of isolated elements of nature, such as natural
scenery or animal exposure. This study aims to fill in the gaps by examining the additive and
multiplicative relationships between natural scenery exposure and human–animal interaction on
affective well-being (i.e., positive affect, negative affect, and stress) through a daily diary study.
Over seven days, natural scenery exposure, human–animal interactions, and affective well-being
of 514 young adults were assessed. Through multilevel modelling, we found that natural scenery
exposure was associated with increased positive affect at the within- and between-person levels.
Moreover, human–animal interaction was associated with increased positive affect at the within-
person level. No evidence was found for human–animal interaction as a moderator of the relationship
between natural scenery exposure and affective well-being. Our findings support the additive, but
not multiplicative, relations between natural scenery exposure and human–animal interactions on
their influence on affective well-being. The exploratory analysis showed the lack of multiplicative
relationship which can be attributed to the distinct mechanism of the effect between natural scenery
exposure and human–animal interactions on affective well-being.

Keywords: nature; natural scenery; human–animal interaction; affective well-being; daily diary

1. Introduction

The benefits of exposure to nature—the phenomena of the physical world collectively,
including plants, animals, scenery, and other features and products of the earth, as opposed
to humans or human creations—on human well-being have been widely studied over
recent years [1,2]. Studies have reported that exposure to plants and natural scenery—such
as spending time outdoors, especially in greenspaces (e.g., parks and nature reserves)—is
associated with an improvement in mental well-being and positive affect [1,3,4], and a
reduction in stress and negative affect [1,5,6]. For instance, a cross-sectional study showed
that people who live in urban areas with more greenspaces reported higher positive affect
and lower mental distress as compared to people who live in areas with less greenspaces [7].
Similarly, a recent daily diary study found that enjoying nature was associated with in-
creased positive affect and reduced negative affect at the between-person level [8]. Driving
in conditions with greater greenness is also found to be associated with improved mental
status such as lower levels of tension, anxiety, and fatigue [9].

The well-being benefits of natural scenery are consistent with the Stress Reduction
Theory, which addresses affective restoration from stress [10–12]. Stress Reduction Theory
argues that natural environments invoke positive responses such as feeling relaxed and
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calm [13,14]. This leads to an improvement in well-being and general reduction of psy-
chological symptoms of stress, as viewing natural setting features has restorative qualities.
Viewing natural features has restorative qualities as it improves the ability for paying
attention and decreases mental fatigue. Moreover, unthreatening natural landscapes en-
able positive psychophysiological responses which increase positive affect and decrease
arousal [14,15].

1.1. Human–Animal Interaction as Part of Nature

Although natural scenery is often the most focused-on element of nature, animals are
another prominent natural element that is associated with human well-being. Research has
shown that human–animal interaction—specifically human interactions with companion
animals—trigger the release of oxytocin that supports improvements in human well-
being [16–19]. Oxytocin is released based on the human’s attachment to the animal during
physical contact [18,20], and when the oxytocin system is stimulated upon interaction
with animals, the hormone binds to several receptors which regulate emotions while
increasing social behaviour [21]. Consistently, studies have shown that attachment to one’s
companion animal is a strong predictor of well-being [18,20,22]. For instance, several cross-
sectional studies found that increased bonding with companion animals was correlated to
an increase in self-compassion, sense of meaning and purpose, and the ability to cope with
uncertainty [23–25].

Aside from companion animal exposure, several studies looking into animal encoun-
ters have also found psychological benefits from non-companion animal exposure. A
systematic review of qualitative studies suggested that intentional interactions such as
watching wildlife promote emotional well-being (e.g., improved mood) [26]. Viewing
wildlife might also elicit feelings of awe, inspiration, and wonder, promoting psychological
well-being, which leads to spiritual fulfilment [26]. Furthermore, a recent observational
study found a significant improvement in stress hormone cortisol and mood levels after
the participants’ brief encounter with free-range lemurs in a walk-through enclosure [27].

Despite numerous works of research on the relationship between nature exposure
and well-being, most studies have looked into the benefits of well-being from the lens
of isolated elements of nature, such as natural scenery or animal exposure. However, in
most natural environments, elements of nature such as natural scenery and animals tend to
coexist in harmony [28]. Thus, the current study aims to investigate the unique contribution
and the multiplicative contribution of two main elements of nature—natural scenery and
animals—to individuals’ well-being. Using data from a daily diary approach, we aim to
make several methodological improvements from previous studies. First, the daily diary
approach allows us to achieve high ecological validity by tracking our participants daily
in a natural, rather than laboratory, setting [29–31]. Second, with repeated measures of
exposure to natural scenery, human–animal interaction, and daily well-being over 7 days,
the daily diary design allows us to estimate within-person associations involving our main
variables and rules out any potential confounds that are stable over time [32,33]. Lastly, the
repeated measure in daily diary also addresses issues related to memory distortion and
increases the reliability of our participants’ responses [32,34].

1.2. Current Study

Taken together, with methodological improvements using a daily diary design, the
current study aims to examine the additive and multiplicative effect of exposure to natural
scenery and human–animal interaction in improving affective well-being. Based on Stress
Reduction Theory [35], we hypothesise that higher levels of natural scenery exposure would
lead to improved affective well-being and less stress. We also hypothesise that human–
animal interactions would additively lead to improved affective well-being and less stress
over and beyond the contribution of natural scenery exposure. Lastly, we conducted an
exploratory analysis to preliminarily investigate the possible multiplicative relationship
between natural scenery exposure and human–animal interactions, such that the presence
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of human–animal interactions would amplify the positive effect of natural scenery on
well-being.

2. Materials and Methods
2.1. Sample

Data were drawn from two parts of a larger-scale project examining daily experiences
from December 2020 to February 2021 [31,33,36,37], and from June 2021 to August 2021 [37].
It was conducted with a convenience sample of young adults in Singapore. From a total
of 514 participants, 3500 observations of daily data were obtained (97.67% response rate).
Baseline data were obtained through self-administered questionnaires, while data about
participants’ daily experiences were collected through seven days of self-administered
online diary surveys. All data collection procedures were approved by the Institutional
Review Board at a local university. All participants provided informed consent prior to
data collection. A summary of descriptive statistics can be found in Table 1.

Table 1. Descriptive Statistics.

Variable M or % SD Observed Range Theoretical Range

Demographics
Age (years) 22.24 1.68 19–30

Sex (% female) 75.29%
Ethnicity (% Chinese) 80.16%

Monthly household income a 3.02 1.44 1–6 1–6
Subjective socioeconomic status b 6.16 1.32 2–10 1–10

Daily measures
Natural scenery exposure 4.21 2.03 2–10 2–10

Human–animal interaction (% interacted) 15.29%
Affective well-being

Perceived stress 3.25 2.64 0–10 0–10
Negative affect 0.56 0.64 0–4 0–4
Positive affect 1.93 0.93 0–4 0–4

Note: Nparticipants = 514, Nobservations = 3500. a Monthly household income was measured in Singapore Dollars on
a 6-point scale (1 = Less than SGD 2000, 2 = SGD 2000–5999, 3 = SGD 6000–9999, 4 = SGD 10,000–14,999, 5 = SGD
15,000–19,999, 6 = more than SGD 20,000). b Subjective socioeconomic status was measured using the MacArthur
scale [38]. Participants were presented with a 10-point ladder scale. Participants were told to place themselves on
a rung indicative of “The ladder shown represents where people stand in their communities. At the top of the
ladder are the people who are the best off, those who have the most money, most education, and best jobs. At the
bottom are the people who are the worst off, those who have the least money, least education, worst jobs, or no
job. Please place an ‘X’ on the rung that best represents where you think you stand on the ladder.” (1 = lowest
status, 10 = highest status).

2.2. Measures

Daily natural scenery exposure. Daily natural scenery exposure was assessed using
the nature exposure scale [39], comprising two items (rwithin = 0.71, rbetween = 0.89). The
participants were told to include the elements of nature environments such as city parks in
urban areas, plants and animals, natural geography, natural water courses, and waterscapes
to standardise the elements which constitute natural scenery exposure. The first item
captured the participant’s level and rate of natural scenery exposure in their activities in
their daily life (i.e., “In your everyday home, travel and work environments and activities,
please rate your level of exposure to ‘natural environments’ today.”) on a 5-point scale
(1 = Very little of my everyday environment is natural, 3 = About half of my everyday
environment is natural, 5 = Most of my everyday environment is natural). The second item
captured the extent to which the participant took notice of nature in their environment (i.e.,
“How much did you notice these natural environments today?”) on a different 5-point scale
(1 = Not very much, 3 = Somewhat, 5 = A great deal). The scores were summed to form a
minimum score of 2 and a maximum score of 10 for each day for each participant. Higher
scores indicate a greater amount of natural scenery exposure.
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Daily human–animal interactions. Two questions were asked each day to determine
if the participants had positive and/or negative interactions with animals (i.e., “Did you
have any enjoyable interactions with any animals today, including any pet(s)?”, “Did
you have any unenjoyable interactions with any animals today, including any pet(s)?”).
Participants responded to each question using a binary response format (0 = No, 1 = Yes).
The response of both positive and negative interactions with animals in a day were added
together to form participants’ daily human–animal interactions. The scores represented
either a lack of human–animal interaction or a presence of human–animal interaction, with
each category scoring 0 or more than 0, respectively.

Daily perceived stress. Perceived stress was measured using one item (i.e., “How
stressed did you feel today?”) through an 11-point slider (0 = no stress, 10 = extreme stress).

Daily negative and positive affect. Negative and positive affect were measured
using the Daily Distress Scale from the Midlife Development Inventory [40]. Daily negative
(αwithin = 0.89, αbetween = 0.96) and daily positive (αwithin = 0.94, αbetween= 0.98) affect
were independently measured through the aggregate of 14 and 13 items, respectively.
The participants were instructed to report their emotions (e.g., “hopeless” for negative
affect and “cheerful” for positive affect) experienced over the past 24 h on a 5-point scale
(1 = none of the time, 5 = all of the time).

2.3. Analytic Plan

Through multilevel models, we examined (1) the direct association between natural
scenery exposure and affective well-being, (2) the direct association between human–
animal interaction and affective well-being, (3) the additive association between natural
scenery exposure and human–animal interaction in relation to affective well-being, and
(4) a moderation model whereby human–animal interaction moderated the relationship
between natural scenery exposure and well-being. Well-being was operationalised as
perceived stress, negative affect, and positive affect [41]. Three models were analysed for
each well-being measure (i.e., negative affect, positive affect, and stress). As each study
involved a seven-day diary survey, the measures for the variables were classified into level
1 (within-person) and level 2 (between-person).

We tested the first hypothesis that natural scenery exposure would be associated with
increased well-being, the second hypothesis that human–animal interaction would be
associated with increased well-being through the following models:

Natural Scenery Exposure

Level 1 (Daily well-being)di = B0i + B1i(daily natural scenery exposure)di + εdi

Level 2
B0i = γ00 + γ01(average natural scenery exposure)i + µ0i

B1i = γ10 + µ1i

Human–Animal Interaction

Level 1 (Daily well-being)di = B0i + B1i(daily human–animal interaction)di + εdi

Level 2
B0i = γ00 + γ01(average human–animal interaction)i + µ0i

B1i = γ10 + µ1i

In the Level 1 equation in the natural scenery exposure model, B0i represents the
intercept indicating individual i’s average level of well-being on days without natural
scenery exposure. B1i represents the change in well-being from a day with low natural
scenery exposure to a day with high natural scenery exposure, which signifies the reactivity
in an individual’s well-being to their level of daily natural scenery exposure. At Level 2,
the intercept coefficient B0i was modelled as a function of between-person differences,
in terms of participant’s average exposure over the seven days. The slope coefficient B1i
for each individual i was modelled as a function of average natural scenery exposure
in order to test for slope variation of each individual by their natural scenery exposure.
The deviation of the intercept and slope of each individual are shown as µ0i and µ1i. The



Sustainability 2023, 15, 2910 5 of 14

human–animal interaction model was identical to that of the natural scenery exposure
model, with the exception that the predictors were changed from natural scenery exposure
to human–animal interaction.

We tested the third hypothesis for the additive association between natural scenery
exposure and human–animal interaction on affective well-being (Figure 1), where the results
of Model 1 and 2 were utilised to examine if natural scenery exposure and human–animal
interaction will contribute independently to well-being using the following model:

Additive Model

Level 1
(Daily well-being)di = B0i + B1i(daily natural scenery exposure)di + B2i(daily

human–animal interaction)di + εdi

Level 2

B0i = γ00 + γ01(average natural scenery exposure)i + γ02(average
human–animal interaction)i + µ0i

B1i = γ10 + µ1i
B2ii = γ20 + µ2i
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We tested the fourth hypothesis that human–animal interaction would moderate the
relationship between natural scenery exposure and well-being (Figure 2), such that the
relationship between natural scenery exposure and well-being would vary by whether
human–animal interaction occurred, using a multiplicative model:

Multiplicative Model

Level 1
(Daily well-being)di = B0i + B1i(daily natural scenery exposure)di + B2i(daily
human–animal interaction)di + B3i(daily natural scenery exposure × daily

human–animal interaction)di + εdi

Level 2

B0ii = γ00 + γ01(average natural scenery exposure)i + γ02(average human–animal
interaction)i + γ03(average natural scenery exposure × average human–animal

interaction)i + µ0i
B1ii = γ10 + µ1i
B2ii = γ20 + µ2i

B3ii = γ30
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The fourth model uses similar parameters to the first two hypotheses with the addition
of interaction terms, where the within-person parameter of interest γ30 indicates the multi-
plicative relationship between natural scenery exposure and human–animal interaction in
influencing well-being (i.e., how much the relationship between natural scenery exposure
and well-being changes in relation to human–animal interaction). The corresponding
between-person parameter of interest is γ03.

In instances where the models have convergence failure or singular fit issues, we
reduced the model by removing the random slope component.

2.4. Transparency and Openness

The current study’s design and its analysis plan were not pre-registered. The relevant
materials, dataset, and R analytic code have been made publicly available on ResearchBox
(#805; https://researchbox.org/805). All analyses were conducted in R version 4.2.1 [42].
Descriptives were calculated using psych version 2.2.5 [43]. Scale reliabilities were calcu-
lated using lavaan version 0.6-11 with semTools version 0.5.6 [44,45]. Multilevel modelling
was conducted using lme4 version 1.1.30 [46], and significance testing was carried out
via lmerTest version 3.1.3 [47]. Effect sizes were calculated in the form of standardised
coefficients for fixed effects using effectsize version 0.7.0 with the “pseudo” method [48].
The zero-order correlations between all Level 2 variables are available as Supplementary
Materials in Researchbox #805”.

3. Results
3.1. Natural Scenery and Affective Well-Being

First, we found significant associations between natural scenery exposure and positive
affect at both the within-person level (γ10 = 0.09, SE = 0.01, ß = 0.20, 95% CI = [0.16, 0.24],
p < 0.001) and the between-person level (γ01 = 0.10, SE = 0.02, ß = 0.22, 95% CI = [0.13, 0.31],
p < 0.001), such that there was a small positive relationship between natural scenery
exposure and positive affect (Table 2). These results suggest that within each individual,
higher levels of positive affect are observed on days with higher levels of natural scenery
exposure (vs. days with lower levels of natural scenery exposure), and in addition, between
individuals, individuals who generally have higher levels of natural scenery exposure (vs.
individuals who generally have lower levels of natural scenery exposure) also have higher
levels of positive affect in general.

https://researchbox.org/805
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Table 2. Multilevel Analysis Results for Natural Scenery Exposure and Stress, Negative Affect and
Positive Affect.

Stress

Predictors ß 95% CI Unstd. est. SE p

Fixed effects
Intercept, γ00 3.25 0.09 <0.001

Level 2 (Between-person)
Natural scenery exposure, γ01 −0.03 [−0.12, 0.06] −0.03 0.05 0.548

Level 1 (Within-person)
Natural scenery exposure, γ10 −0.03 [−0.07, 0.004] −0.05 0.03 0.083

Random effects
Intercept, µ0i 3.20

Slope of natural scenery exposure, µ1i 0.05

Negative Affect

Predictors ß 95% CI Unstd. est. SE p

Fixed effects
Intercept, γ00 0.56 0.02 <0.001

Level 2 (Between-person)
Natural scenery exposure, γ01 −0.04 [−0.13, 0.05] −0.01 0.01 0.377

Level 1 (Within-person)
Natural scenery exposure, γ10 −0.03 [−0.07, 0.004] −0.01 0.007 0.082

Random effects
Intercept, µ0i 0.21

Slope of natural scenery exposure, µ1i 0.004

Positive Affect

Predictors ß 95% CI Unstd. est. SE p

Fixed effects
Intercept, γ00 1.93 0.03 <0.001

Level 2 (Between-person)
Natural scenery exposure, γ01 0.22 [0.13, 0.31] 0.10 0.02 <0.001

Level 1 (Within-person)
Natural scenery exposure, γ10 0.20 [0.16, 0.24] 0.09 0.009 <0.001

Random effects
Intercept, µ0i 0.48

Slope of natural scenery exposure, µ1i 0.006

Note: ß = effect size or standardised coefficient; 95% CI = 95% confidence interval of ß; γ = unstandardised
coefficients; SE = standard error. Random effect values indicate variances.

In contrast, we did not find any evidence for significant associations between natural
scenery exposure and negative affect nor between natural scenery exposure and stress, at
both the within- and between-person levels (Table 2).

3.2. Human–Animal Interaction and Affective Well-Being

We found significant associations between human–animal interaction and positive af-
fect in the human–animal interaction model at the within-person level (γ10 = 0.24, SE = 0.05,
ß = 0.14, 95% CI = [0.08, 0.21], p < 0.001), such that there was a small positive relationship
between human–animal interaction and positive affect, but not at the between-person level
(Table 3). These results suggest that within each individual, higher levels of positive affect
are observed on days with human–animal interaction (vs. days without human–animal
interaction).
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Table 3. Multilevel Analysis Results for Human–animal Interaction and Stress, Negative Affect and
Positive Affect.

Stress

Predictors ß 95% CI Unstd. est. SE p

Fixed effects
Intercept, γ00 3.25 0.09 <0.001

Level 2 (Between-person)
Human–animal interaction, γ01 −0.05 [−0.16, 0.06] −0.32 0.34 0.345

Level 1 (Within-person)
Human–animal interaction, γ10 −0.002 [−0.06, 0.06] −0.10 0.17 0.942

Random effects
Intercept, µ0i 3.22

Slope of human–animal interaction, µ1i 0.55

Negative Affect

Predictors ß 95% CI Unstd. est. SE p

Fixed effects
Intercept, γ00 0.57 0.02 <0.001

Level 2 (Between-person)
Human–animal interaction, γ01 0.006 [−0.10, 0.11] 0.01 0.08 0.908

Level 1 (Within-person)
Human–animal interaction, γ10 −0.03 [−0.09, 0.02] −0.04 0.04 0.250

Random effects
Intercept, µ0i 0.21

Slope of human–animal interaction, µ1i

Positive Affect

Predictors ß 95% CI Unstd. est. SE p

Fixed effects
Intercept, γ00 1.89 0.03 <0.001

Level 2 (Between-person)
Human–animal interaction, γ01 −0.01 [−0.11, 0.09] −0.03 0.12 0.822

Level 1 (Within-person)
Human–animal interaction, γ10 0.14 [0.08, 0.21] 0.24 0.05 <0.001

Random effects
Intercept, µ0i 0.51

Slope of human–animal interaction, µ1i 0.08

Note: ß = effect size or standardised coefficient; 95% CI = 95% confidence interval of ß; γ = unstandardised
coefficients; SE = standard error. Reduced model was run for negative affect. Random effect values indicate
variances.

In contrast, we did not find any evidence for significant associations between human–
animal interaction and negative affect nor between human–animal interaction and stress,
at both the within- and between-person levels (Table 3).

3.3. Additive Associations with Well-Being

From the additive model, we found significant associations between natural scenery
exposure and positive effect at both the within-person level (γ10 = 0.09, SE = 0.009, ß = 0.19,
95% CI = [0.15, 0.23], p < 0.001) and the between-person level (γ01 = 0.09, SE = 0.02, ß = 0.20,
95% CI = [0.11, 0.29], p < 0.001), such that there was a small positive relationship between
natural scenery exposure and positive affect. Furthermore, we also found significant
associations between human–animal interactions and positive affect at the within-person
level (γ01 = 0.20, SE = 0.05, ß = 0.12, 95% CI = [0.06, 0.18], p < 0.001) such that there was a
small positive relationship between human–animal interaction and positive affect, but not
at the between-person level.
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In contrast, we did not find any evidence for significant associations between natural
scenery exposure and negative affect nor between natural scenery exposure and stress, at
both the within- and between-person levels. Furthermore, we did not find any evidence
for significant associations between human–animal interaction and negative affect nor
between human–animal interaction and stress, at both the within- and between-person
levels (Table 4).

Table 4. Multilevel Analysis Results for the Additive Model Predicting Stress, Negative Affect and
Positive Affect.

Stress

Predictors ß 95% CI Unstd. est. SE p

Fixed effects
Intercept, γ00 3.25 0.09 <0.001

Level 2 (Between-person)
Natural scenery exposure, γ01 −0.02 [−0.12, 0.07] −0.02 0.05 0.648

Human−animal interaction, γ02 −0.05 [−0.16, 0.05] −0.33 0.33 0.327
Level 1 (Within-person)

Natural scenery exposure, γ10 −0.03 [−0.07, 0.00] −0.05 0.02 0.074
Human–animal interaction, γ20 −0.003 [−0.06, 0.06] 0.02 0.17 0.903

Random effects
Intercept, µ0i 3.23

Slope of natural scenery exposure, µ1i 0.049
Slope of human–animal interaction, µ2i 0.616

Negative Affect

Predictors ß 95% CI Unstd. est. SE p

Fixed effects
Intercept, γ00 0.57 0.02 <0.001

Level 2 (Between-person)
Natural scenery exposure, γ01 −0.03 [−0.13, 0.06] −0.01 0.01 0.493

Human−animal interaction, γ02 0.008 [−0.09, 0.11] 0.01 0.08 0.874
Level 1 (Within-person)

Natural scenery exposure, γ10 −0.03 [−0.07, 0.005] −0.01 0.007 0.089
Human–animal interaction, γ20 −0.03 [−0.09, 0.03] −0.04 0.04 0.308

Random effects
Intercept, µ0i 0.22

Slope of natural scenery exposure, µ1i 0.004
Slope of human–animal interaction, µ2i 0.007

Positive Affect

Predictors ß 95% CI Unstd. est. SE p

Fixed effects
Intercept, γ00 1.90 0.03 <0.001

Level 2 (Between-person)
Natural scenery exposure, γ01 0.20 [0.11, 0.29] 0.09 0.02 <0.001

Human−animal interaction, γ02 −0.03 [−0.12, 0.07] −0.06 0.12 0.595
Level 1 (Within-person)

Natural scenery exposure, γ10 0.19 [0.15, 0.23] 0.09 0.01 <0.001
Human–animal interaction, γ20 0.12 [0.06, 0.18] 0.20 0.05 <0.001

Random effects
Intercept, µ0i 0.49

Slope of natural scenery exposure, µ1i 0.007
Slope of human–animal interaction, µ2i 0.07

Note: ß = effect size or standardised coefficient; 95% CI = 95% confidence interval of ß; γ = unstandardised
coefficients; SE = standard error. Reduced models were run for stress and negative affect. Random effect values
indicate variances.
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3.4. Multiplicative Associations with Well-Being

From the multiplicative models, we did not find evidence for human–animal inter-
action as a moderator of the relationship between natural scenery exposure and positive
affect, between natural scenery exposure and negative affect, nor between natural scenery
exposure and stress, at both the within- and between-person levels (Table 5).

Table 5. Multilevel Analysis Results for the Moderation Model Predicting Stress, Negative Affect and
Positive Affect.

Stress

Predictors ß 95% CI Unstd. est. SE p

Fixed effects
Intercept, γ00 3.25 0.09 <0.001

Level 2 (Between-person)
Natural scenery exposure, γ01 −0.03 [−0.12, 0.07] −0.03 0.06 0.597

Human–animal interaction, γ02 −0.05 [−0.16, 0.06] −0.30 0.35 0.385
Natural scenery exposure × human–animal interaction, γ03 −0.008 [−0.10, 0.08] −0.03 0.20 0.868

Level 1 (Within-person)
Natural scenery exposure, γ10 −0.03 [−0.07, 0.01] −0.04 0.03 0.127

Human–animal interaction, γ20 −0.002 [−0.06, 0.06] −0.008 0.17 0.961
Natural scenery exposure × human–animal interaction, γ30 −0.0008 [−0.04, 0.04] −0.003 0.07 0.968

Random effects
Intercept, µ0i 3.22

Slope of natural scenery exposure, µ1i
Slope of human–animal interaction, µ2i 0.56

Negative Affect

Predictors ß 95% CI Unstd. est. SE p

Fixed effects
Intercept, γ00 0.56 0.02 <0.001

Level 2 (Between-person)
Natural scenery exposure, γ01 −0.04 [−0.13, 0.05] −0.01 0.01 0.389

Human–animal interaction, γ02 −0.009 [−0.12, 0.10] 0.01 0.08 0.870
Natural scenery exposure × human–animal interaction, γ03 0.07 [−0.03, 0.16] 0.07 0.05 0.176

Level 1 (Within-person)
Natural scenery exposure, γ10 −0.04 [−0.08, 0.01] −0.01 0.007 0.096

Human–animal interaction, γ20 −0.03 [−0.09, 0.03] −0.04 0.04 0.329
Natural scenery exposure × human–animal interaction, γ30 0.007 [−0.04, 0.05] 0.005 0.02 0.739

Random effects
Intercept, µ0i 0.21

Slope of natural scenery exposure, µ1i 0.004
Slope of human–animal interaction, µ2i

Positive Affect

Predictors ß 95% CI Unstd. est. SE p

Fixed effects
Intercept, γ00 1.90 0.034 <0.001

Level 2 (Between-person)
Natural scenery exposure, γ01 0.21 [0.12, 0.29] 0.09 0.02 <0.001

Human–animal interaction, γ02 −0.02 [−0.12, 0.08] −0.04 0.12 0.716
Natural scenery exposure × human–animal interaction, γ03 −0.04 [−0.14, 0.06] −0.05 0.07 0.456

Level 1 (Within-person)
Natural scenery exposure, γ10 0.19 [0.14, 0.23] 0.09 0.01 <0.001

Human–animal interaction, γ20 0.12 [0.06, 0.18] 0.20 0.05 <0.001
Natural scenery exposure × human–animal interaction, γ30 0.01 [−0.03, 0.06] 0.016 0.023 0.491

Random effects
Intercept, µ0i 0.49

Slope of natural scenery exposure, µ1i 0.007
Slope of human–animal interaction, µ2i 0.07

Note: ß = effect size or standardised coefficient; 95% CI = 95% confidence interval of ß; γ = unstandardised
coefficients; SE = standard error. Reduced models were run for stress and negative affect. Random effect values
indicate variances.
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4. Discussion

With the growing interest in the psychological benefits of nature in our daily lives, our
current study examines an understudied yet necessary research question—what are the
additive and multiplicative contributions of natural scenery exposure and human–animal
interaction to affective well-being (i.e., positive affect, negative affect, and stress)? Using
a daily diary approach with multilevel analyses, our methodology enhanced both the
ecological and internal validity of the current study [29], which enabled us to critically
untangle the effects of natural scenery exposure and human–animal interaction on affective
well-being.

Several findings in our study were noteworthy. Firstly, the results support our first
hypothesis, indicating a significant non-trivial small to medium positive association be-
tween natural scenery exposure and positive affect in within-person analyses. The findings
demonstrate that on days where participants are exposed to more natural scenery, they were
more likely to experience higher positive affect when compared to days when participants
were exposed to less natural scenery. Moreover, we also found a significant non-trivial
small to medium positive association between natural scenery exposure and positive affect
in between-person analyses, suggesting that participants who were exposed to more natural
were more likely to have higher positive affect when compared to participants who had
lower exposure to nature scenery. These findings are consistent with previous literature
that found that exposure to natural scenery was positively associated with an increase in
well-being [49,50]. Our finding of a significant within-person association contributed to
the existing literature by ruling out the possibility that the association between natural
scenery and positive affect is confounded by stable individual differences. Nonetheless,
our study did not find a significant association between exposure to natural scenery and
negatively valanced well-being indicators such as stress and negative affect, suggesting
that the benefits of natural scenery exposure are limited to positively valanced well-being
indicators such as positive affect. Additionally, the daily diary method does not manipulate
stress in our participants prior to the survey, indicating that the participants might not have
undergone stress for Stress Reduction Theory to take effect.

Secondly, consistent with our second hypothesis, we found a significant non-trivial
small to medium positive within-person association between human–animal interaction
and positive affect. The findings demonstrate that on days where participants interacted
with animals, they were more likely to experience an increase in positive affect compared to
days when participants did not interact with animals. The results support previous research
where an increase in positive affect was observed after interacting with animals [27].
However, similar to exposure to natural scenery, the association between human–animal
interaction and negatively valanced well-being indicators such as stress and negative
affect were not significant. Taken together, the results suggest that exposure to nature,
which consists of viewing natural sceneries and human–animal interactions, may benefit in
increasing positive affect but is less likely to decrease existing negative affect.

Thirdly, our exploratory multilevel moderation analysis showed no significant inter-
action between human–animal interaction and natural scenery exposure on well-being
outcomes. The lack of interaction suggests that the relationship between human–animal in-
teraction and natural scenery exposure is additive rather than multiplicative. The additive
relationship implies that natural scenery exposure and human–animal interaction each have
unique effects on well-being outcomes. Thus, it is likely that the mechanisms underlying the
effect of natural scenery exposure and human–animal interaction on well-being outcomes
are distinct. Nature, according to Stress Reduction Theory may increase well-being through
restorative effects of natural environments to invoke positive responses such as feeling
relaxed and calm [12]. In contrast, the well-being benefits of human–animal interaction
are likely to be reliant on the role of oxytocin in regulating emotions and increasing social
behaviours [16–19,22].
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Our study is not without caveats. Firstly, our study has a restricted demographic,
as the sample were university students from Singapore. Singapore is a unique context,
as the country attempts to integrate and consistently maintain nature together with our
urban city [51,52]. Given that not all natural environments may have similar psychological
benefits [53–55], our study might not be generalisable to other studies that have landscapes
that are different from Singapore. Moreover, the sample comprises of more females than
males and no older adults, who show more positive attitudes towards animals compared to
men [56]. Henceforth, future research can take note of the proportion of female participants
and young adults to encourage generalisability. Secondly, although the current study
employs a longitudinal design, the correlational nature of our design may limit causal
inferences. Thus, the current study may still be vulnerable to potential reverse causation and
time varying confounds [57–59]. Thus, future research can add value to our data through
experimental designs to manipulate the presence of natural scenery and human–animal
interaction to demonstrate its effects on well-being. Thirdly, considering that negative
events with animal contact might not occur often, future studies should consider increasing
the time period of the daily diary study for greater significant impact.

5. Conclusions

The present study adds value to the understudied literature on the relations between
natural scenery and human–animal interaction. Using a large-scale daily diary study, our
study supports the additive relations between natural scenery exposure and human–animal
interaction and highlights their distinct mechanisms in promoting affective well-being.

Supplementary Materials: The following supporting information can be downloaded at: Research-
Box (#805; https://researchbox.org/805&PEER_REVIEW_passcode=TMKEKX), where you can find
the relevant materials, dataset, and R analytic code of the current study, as well as the zero order
correlation table.

Author Contributions: Conceptualization, A.Y.H.G., S.M.C., N.M.M. and A.H.; writing—original
draft preparation, A.Y.H.G., S.M.C.; writing—review and editing, A.Y.H.G., S.M.C., N.R.Y.C., N.M.M.
and A.H.; supervision, N.R.Y.C., N.M.M. and A.H.; funding acquisition, N.M.M. and A.H. All authors
have read and agreed to the published version of the manuscript.

Funding: This research was supported by grants awarded to Andree Hartanto by Singapore Manage-
ment University through research grants from the Ministry of Education Academy Research Fund
Tier 1 (20-C242-SMU-001 & 21-SOSS-SMU-023) and Lee Kong Chian Fund for Research Excellence.

Institutional Review Board Statement: The study was approved by the Institutional Review Board
(or Ethics Committee) of Singapore Management University (IRB-20-118-A075-M3(121); IRB-20-118-
A075-M4(621)).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Data Availability Statement: The data availability statement can be downloaded at: ResearchBox
(#805; https://researchbox.org/805).

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Samus, A.; Freeman, C.; van Heezik, Y.; Krumme, K.; Dickinson, K.J. How do urban green spaces increase well-being? The role of

perceived wildness and nature connectedness. J. Environ. Psychol. 2022, 82, 101850. [CrossRef]
2. Buijs, A.; Jacobs, M. Avoiding negativity bias: Towards a positive psychology of human–wildlife relationships. AMBIO 2020, 50,

281–288. [CrossRef]
3. Bakolis, I.; Hammoud, R.; Smythe, M.; Gibbons, J.; Davidson, N.; Tognin, S.; Mechelli, A. Urban Mind: Using Smartphone

Technologies to Investigate the Impact of Nature on Mental Well-Being in Real Time. Bioscience 2018, 68, 134–145. [CrossRef]
4. MacKerron, G.; Mourato, S. Happiness is greater in natural environments. Glob. Environ. Chang. 2013, 23, 992–1000. [CrossRef]
5. Baceviciene, M.; Jankauskiene, R. The Mediating Effect of Nature Restorativeness, Stress Level, and Nature Connectedness in the

Association between Nature Exposure and Quality of Life. Int. J. Environ. Res. Public Health 2022, 19, 2098. [CrossRef] [PubMed]

https://researchbox.org/805&PEER_REVIEW_passcode=TMKEKX
https://researchbox.org/805
http://doi.org/10.1016/j.jenvp.2022.101850
http://doi.org/10.1007/s13280-020-01394-w
http://doi.org/10.1093/biosci/bix149
http://doi.org/10.1016/j.gloenvcha.2013.03.010
http://doi.org/10.3390/ijerph19042098
http://www.ncbi.nlm.nih.gov/pubmed/35206285


Sustainability 2023, 15, 2910 13 of 14

6. Martin, L.; Pahl, S.; White, M.P.; May, J. Natural environments and craving: The mediating role of negative affect. Health Place
2019, 58, 102160. [CrossRef] [PubMed]

7. White, M.P.; Alcock, I.; Wheeler, B.W.; Depledge, M.H. Would You Be Happier Living in a Greener Urban Area? A Fixed-Effects
Analysis of Panel Data. Psychol. Sci. 2013, 24, 920–928. [CrossRef]

8. Anderson, A.R. Enjoying nature, exercise, social interaction, and affect: A daily diary study. J. Health Psychol. 2020, 27, 890–900.
[CrossRef]

9. Jiang, B.; He, J.; Chen, J.; Larsen, L.; Wang, H. Perceived Green at Speed: A Simulated Driving Experiment Raises New Questions
for Attention Restoration Theory and Stress Reduction Theory. Environ. Behav. 2020, 53, 296–335. [CrossRef]

10. Han, K.-T. Effects of Three Levels of Green Exercise, Physical and Social Environments, Personality Traits, Physical Activity, and
Engagement with Nature on Emotions and Attention. Sustainability 2021, 13, 2686. [CrossRef]

11. Jones, R.J.F.; Littzen, C.O.R. An Analysis of Theoretical Perspectives in Research on Nature-Based Interventions and Pain. Int. J.
Environ. Res. Public Health 2022, 19, 12740. [CrossRef]

12. Memari, S.; Pazhouhanfar, M.; Nourtaghani, A. Relationship between perceived sensory dimensions and stress restoration in care
settings. Urban For. Urban Green. 2017, 26, 104–113. [CrossRef]

13. Jiang, B.; Chang, C.-Y.; Sullivan, W.C. A dose of nature: Tree cover, stress reduction, and gender differences. Landsc. Urban Plan.
2014, 132, 26–36. [CrossRef]

14. Berto, R. The Role of Nature in Coping with Psycho-Physiological Stress: A Literature Review on Restorativeness. Behav. Sci.
2014, 4, 394–409. [CrossRef] [PubMed]

15. Ulrich, R.S.; Simons, R.F.; Losito, B.D.; Fiorito, E.; Miles, M.A.; Zelson, M. Stress recovery during exposure to natural and urban
environments. J. Environ. Psychol. 1991, 11, 201–230. [CrossRef]

16. Beetz, A.; Uvnäs-Moberg, K.; Julius, H.; Kotrschal, K. Psychosocial and Psychophysiological Effects of Human-Animal Interactions:
The Possible Role of Oxytocin. Front. Psychol. 2012, 3, 234. [CrossRef]

17. Nagasawa, M.; Kikusui, T.; Onaka, T.; Ohta, M. Dog’s gaze at its owner increases owner’s urinary oxytocin during social
interaction. Horm. Behav. 2008, 55, 434–441. [CrossRef]

18. Odendaal, J.; Meintjes, R. Neurophysiological Correlates of Affiliative Behaviour between Humans and Dogs. Veter. J. 2003, 165,
296–301. [CrossRef]

19. Wells, D.L. The State of Research on Human–Animal Relations: Implications for Human Health. Anthrozoös 2019, 32, 169–181.
[CrossRef]

20. Odendaal, J.S.J. Animal-assisted therapy—-Magic or medicine? J. Psychosom. Res. 2000, 49, 275–280. [CrossRef]
21. Carter, C.S. Oxytocin Pathways and the Evolution of Human Behavior. Annu. Rev. Psychol. 2014, 65, 17–39. [CrossRef] [PubMed]
22. Wells, D.L.; Clements, M.A.; Elliott, L.J.; Meehan, E.S.; Montgomery, C.J.; Williams, G.A. Quality of the Human–Animal Bond and

Mental Wellbeing During a COVID-19 Lockdown. Anthrozoös 2022, 35, 847–866. [CrossRef]
23. Kogan, L.; Currin-McCulloch, J.; Bussolari, C.; Packman, W.; Erdman, P. The Psychosocial Influence of Companion Animals on

Positive and Negative Affect during the COVID-19 Pandemic. Animals 2021, 11, 2084. [CrossRef] [PubMed]
24. Clements, H.; Valentin, S.; Jenkins, N.; Rankin, J.; Gee, N.; Snellgrove, D.; Sloman, K. Companion Animal Type and Level of

Engagement Matter: A Mixed-Methods Study Examining Links between Companion Animal Guardianship, Loneliness and
Well-Being during the COVID-19 Pandemic. Animals 2021, 11, 2349. [CrossRef]

25. Applebaum, J.W.; Ellison, C.; Struckmeyer, L.; Zsembik, B.A.; McDonald, S.E. The Impact of Pets on Everyday Life for Older
Adults During the COVID-19 Pandemic. Front. Public Health 2021, 9, 652610. [CrossRef]

26. Keniger, L.E.; Gaston, K.J.; Irvine, K.N.; Fuller, R.A. What are the Benefits of Interacting with Nature? Int. J. Environ. Res. Public
Health 2013, 10, 913–935. [CrossRef]

27. Sumner, R.C.; Goodenough, A.E. A walk on the wild side: How interactions with non-companion animals might help reduce
human stress. People Nat. 2020, 2, 395–405. [CrossRef]

28. Franco, L.S.; Shanahan, D.F.; Fuller, R.A. A Review of the Benefits of Nature Experiences: More Than Meets the Eye. Int. J. Environ.
Res. Public Health 2017, 14, 864. [CrossRef]

29. Scollon, C.N.; Kim-Prieto, C. Experience Sampling: Promises and Pitfalls, Strengths and Weaknesses. J. Happiness Stud. 2003, 4,
5–34. [CrossRef]

30. Majeed, N.M.; Tan, J.J.; Tov, W.; Hartanto, A. Dispositional optimism as a buffer against emotional reactivity to daily stressors: A
daily diary approach. J. Res. Pers. 2021, 93, 104105. [CrossRef]

31. Hartanto, A.; Lee, K.Y.X.; Chua, Y.J.; Quek, F.Y.X.; Majeed, N.M. Smartphone use and daily cognitive failures: A critical
examination using a daily diary approach with objective smartphone measures. Br. J. Psychol. 2022, 114, 70–85. [CrossRef]

32. Almeida, D.M. Resilience and Vulnerability to Daily Stressors Assessed via Diary Methods. Curr. Dir. Psychol. Sci. 2005, 14, 64–68.
[CrossRef]

33. Hartanto, A.; Wong, J.; Lua, V.Y.Q.; Tng, G.Y.Q.; Kasturiratna, K.T.A.S.; Majeed, N.M. A Daily Diary Investigation of the Fear of
Missing Out and Diminishing Daily Emotional Well-Being: The Moderating Role of Cognitive Reappraisal. Psychol. Rep. 2022.
[CrossRef] [PubMed]

34. Stone, A.A.; Shiffman, S. Capturing momentary, self-report data: A proposal for reporting guidelines. Ann. Behav. Med. 2002, 24,
236–243. [CrossRef]

35. Ulrich, R.S. Natural Versus Urban Scenes: Some Psychophysiological Effects. Environ. Behav. 1981, 13, 523–556. [CrossRef]

http://doi.org/10.1016/j.healthplace.2019.102160
http://www.ncbi.nlm.nih.gov/pubmed/31260858
http://doi.org/10.1177/0956797612464659
http://doi.org/10.1177/1359105320977642
http://doi.org/10.1177/0013916520947111
http://doi.org/10.3390/su13052686
http://doi.org/10.3390/ijerph191912740
http://doi.org/10.1016/j.ufug.2017.06.003
http://doi.org/10.1016/j.landurbplan.2014.08.005
http://doi.org/10.3390/bs4040394
http://www.ncbi.nlm.nih.gov/pubmed/25431444
http://doi.org/10.1016/S0272-4944(05)80184-7
http://doi.org/10.3389/fpsyg.2012.00234
http://doi.org/10.1016/j.yhbeh.2008.12.002
http://doi.org/10.1016/S1090-0233(02)00237-X
http://doi.org/10.1080/08927936.2019.1569902
http://doi.org/10.1016/S0022-3999(00)00183-5
http://doi.org/10.1146/annurev-psych-010213-115110
http://www.ncbi.nlm.nih.gov/pubmed/24050183
http://doi.org/10.1080/08927936.2022.2051935
http://doi.org/10.3390/ani11072084
http://www.ncbi.nlm.nih.gov/pubmed/34359212
http://doi.org/10.3390/ani11082349
http://doi.org/10.3389/fpubh.2021.652610
http://doi.org/10.3390/ijerph10030913
http://doi.org/10.1002/pan3.10074
http://doi.org/10.3390/ijerph14080864
http://doi.org/10.1023/A:1023605205115
http://doi.org/10.1016/j.jrp.2021.104105
http://doi.org/10.1111/bjop.12597
http://doi.org/10.1111/j.0963-7214.2005.00336.x
http://doi.org/10.1177/00332941221135476
http://www.ncbi.nlm.nih.gov/pubmed/36282043
http://doi.org/10.1207/S15324796ABM2403_09
http://doi.org/10.1177/0013916581135001


Sustainability 2023, 15, 2910 14 of 14

36. Lua, V.Y.Q.; Majeed, N.M.; Leung, A.K.-Y.; Hartanto, A. A daily within-person investigation on the link between social expectan-
cies to be busy and emotional wellbeing: The moderating role of emotional complexity acceptance. Cogn. Emot. 2022, 36, 773–780.
[CrossRef]

37. Ng, M.H.; Lua, V.Y.; Majeed, N.M.; Hartanto, A. Does trait self-esteem serve as a protective factor in maintaining daily affective
well-being? Multilevel analyses of daily diary studies in the US and Singapore. Pers. Individ. Differ. 2022, 198, 111804. [CrossRef]

38. Adler, N.E.; Epel, E.S.; Castellazzo, G.; Ickovics, J.R. Relationship of subjective and objective social status with psychological and
physiological functioning: Preliminary data in healthy, White women. Health Psychol. 2000, 19, 586–592. [CrossRef]

39. Kamitsis, I.; Francis, A.J. Spirituality mediates the relationship between engagement with nature and psychological wellbeing. J.
Environ. Psychol. 2013, 36, 136–143. [CrossRef]

40. Brim, O.G.; Featherman, D.L. Surveying midlife development in the United States. 1998; unpublished manuscript.
41. Robinson, J.P.; Andrews, F.M. Measures of subjective well-being. In Measures of Personality and Social Psychological Attitudes:

Measures of Social Psychological Attitudes; Elsevier Science: Amsterdam, The Netherlands, 2014; pp. 61–76.
42. R Core Team. R: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing: Vienna, Austria,

2019. Available online: https://www.R-project.org/ (accessed on 10 December 2022).
43. Revelle, W. psych: Procedures for Psychological, Psychometric, and Personality Research, R package version 2.2.5; Northwestern

University: Evanston, IL, USA, 2022. Available online: https://CRAN.R-project.org/package=psych (accessed on 10 December
2022).

44. Rosseel, Y. lavaan: AnRPackage for Structural Equation Modeling. J. Stat. Softw. 2012, 48, 1–36. [CrossRef]
45. Jorgensen, T.D.; Pornprasertmanit, S.; Schoemann, A.M.; Rosseel, Y. semTools: Useful Tools for Structural Equation Modeling, R

package version 0.5-6. 2022. Available online: https://CRAN.R-project.org/package=semTools (accessed on 10 December 2022).
46. Bates, D.; Mächler, M.; Bolker, B.; Walker, S. Fitting Linear Mixed-Effects Models Using lme4. J. Stat. Softw. 2015, 67, 48. [CrossRef]
47. Kuznetsova, A.; Brockhoff, P.B.; Christensen, R.H.B. lmerTest Package: Tests in linear mixed effects models. J. Stat. Softw. 2017, 82,

1–26. [CrossRef]
48. Ben-Shachar, M.S.; Lüdecke, D.; Makowski, D. effectsize: Estimation of Effect Size Indices and Standardized Parameters. J. Open

Source Softw. 2020, 5, 2815. [CrossRef]
49. Johansson, M.; Hartig, T.; Staats, H. Psychological Benefits of Walking: Moderation by Company and Outdoor Environment.

Appl. Psychol. Health Well-Being 2011, 3, 261–280. [CrossRef]
50. Hartig, T.; Evans, G.W.; Jamner, L.D.; Davis, D.S.; Gärling, T. Tracking restoration in natural and urban field settings. J. Environ.

Psychol. 2003, 23, 109–123. [CrossRef]
51. Tan, P.Y.; Wang, J.; Sia, A. Perspectives on five decades of the urban greening of Singapore. Cities 2013, 32, 24–32. [CrossRef]
52. Tan, K.W. A greenway network for singapore. Landsc. Urban Plan. 2006, 76, 45–66. [CrossRef]
53. Douglas, I. Urban ecology and urban ecosystems: Understanding the links to human health and well-being. Curr. Opin. Environ.

Sustain. 2012, 4, 385–392. [CrossRef]
54. Wyles, K.J.; White, M.P.; Hattam, C.; Pahl, S.; King, H.; Austen, M. Are Some Natural Environments More Psychologically

Beneficial Than Others? The Importance of Type and Quality on Connectedness to Nature and Psychological Restoration. Environ.
Behav. 2019, 51, 111–143. [CrossRef]

55. Yao, W.; Chen, F.; Wang, S.; Zhang, X. Impact of Exposure to Natural and Built Environments on Positive and Negative Affect: A
Systematic Review and Meta-Analysis. Front. Public Health 2021, 9, 758457. [CrossRef]

56. Herzog, H.A. Gender Differences in Human–Animal Interactions: A Review. Anthrozoös 2007, 20, 7–21. [CrossRef]
57. Hartanto, A.; Quek, F.Y.X.; Tng, G.Y.Q.; Yong, J.C. Does Social Media Use Increase Depressive Symptoms? A Reverse Causation

Perspective. Front. Psychiatry 2021, 12, 641934. [CrossRef] [PubMed]
58. Rohrer, J.M. Thinking Clearly About Correlations and Causation: Graphical Causal Models for Observational Data. Adv. Methods

Pract. Psychol. Sci. 2018, 1, 27–42. [CrossRef]
59. Grosz, M.P.; Rohrer, J.M.; Thoemmes, F. The Taboo Against Explicit Causal Inference in Nonexperimental Psychology. Perspect.

Psychol. Sci. 2020, 15, 1243–1255. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1080/02699931.2022.2054778
http://doi.org/10.1016/j.paid.2022.111804
http://doi.org/10.1037/0278-6133.19.6.586
http://doi.org/10.1016/j.jenvp.2013.07.013
https://www.R-project.org/
https://CRAN.R-project.org/package=psych
http://doi.org/10.18637/jss.v048.i02
https://CRAN.R-project.org/package=semTools
http://doi.org/10.18637/jss.v067.i01
http://doi.org/10.18637/jss.v082.i13
http://doi.org/10.21105/joss.02815
http://doi.org/10.1111/j.1758-0854.2011.01051.x
http://doi.org/10.1016/S0272-4944(02)00109-3
http://doi.org/10.1016/j.cities.2013.02.001
http://doi.org/10.1016/j.landurbplan.2004.09.040
http://doi.org/10.1016/j.cosust.2012.07.005
http://doi.org/10.1177/0013916517738312
http://doi.org/10.3389/fpubh.2021.758457
http://doi.org/10.2752/089279307780216687
http://doi.org/10.3389/fpsyt.2021.641934
http://www.ncbi.nlm.nih.gov/pubmed/33833700
http://doi.org/10.1177/2515245917745629
http://doi.org/10.1177/1745691620921521
http://www.ncbi.nlm.nih.gov/pubmed/32727292

	Untangling the additive and multiplicative relations between natural scenery exposure and human-animal interaction on affective well-being: Evidence from daily diary studies
	Citation

	Introduction 
	Human–Animal Interaction as Part of Nature 
	Current Study 

	Materials and Methods 
	Sample 
	Measures 
	Analytic Plan 
	Transparency and Openness 

	Results 
	Natural Scenery and Affective Well-Being 
	Human–Animal Interaction and Affective Well-Being 
	Additive Associations with Well-Being 
	Multiplicative Associations with Well-Being 

	Discussion 
	Conclusions 
	References

