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Abstract: Research indicates that beautiful nature can have positive impacts. Does polluted nature
have a corresponding negative impact? This paper presents two experiments investigating the impact
of viewing images of natural settings, on a college campus, that do or do not contain litter. The
moderating role of environmental identity was also examined. Study 1 showed that landscapes
with litter evoked more negative emotions among a sample of 332 U.S. residents on MTurk than
did landscapes without litter. Surprisingly, natural landscapes did not have a more positive effect
than images of buildings. In Study 2, using an MTurk sample of 310 U.S. residents, results were
similar to Study 1 but were qualified by an interaction between condition and EID: those high
in EID were more strongly affected by the images. These results suggest that viewing polluted
landscapes can have a negative effect on emotions (hedonic wellbeing), and that these effects are
stronger among those who have a stronger relationship with nature. There was no evidence for an
impact on eudaimonic wellbeing as represented by a sense of meaning, efficacy, or ethicality. Given
the continuing degradation of our natural environment, further research on the impacts of polluted
landscapes is needed.
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1. Introduction

A rapidly growing body of literature documents the potential for nature to have a
beneficial effect on human health and wellbeing. Both actual [1] and virtual [2] experiences
of nature, and even simple exposure to visual images of nature, have been shown to have a
variety of positive effects, from improved health [3], to attentional restoration and enhanced
cognitive function [4,5], to reduced stress [6]. The well-established impact of nature on
positive mood is also indicative of a positive effect on wellbeing [7-9]. Although some
of this impact could be due to better air quality, to increased physical activity in green
spaces, or to other stress-reducing mechanisms (e.g., calming natural soundscapes [10]),
much of it is presumed to be a consequence of the visual information presented by natural
environments, because immersion in nature is not required for a positive impact.

Much of the research has contrasted images of attractive nature with images of urban
environments. However, this research potentially confounds the attractive vs. unattractive
dimension with the natural vs. built dimension. Give the ongoing degradation of natural
environments, it is important to understand the potential impact of nature that is not
pristine. Some research has examined the impacts of polluted or degraded nature. It seems
clear that air pollution has negative impacts on emotions [11], as well as on cognitive
performance [12], but this effect could be neurological. Does the visual perception of a
polluted environment decrease wellbeing? Pretty et al. [13] found that degraded green
environments did not have the restorative impacts that clean alternative scenes provided.
Similarly, Wyles et al. [14] found that participants rated beach scenes as less restorative
when they were littered. In addition, the participants reported more positive emotions after
viewing a photo of a clean natural environment than students who saw the same photo
with litter added; see also [15].

Exposure to nature that is not beautiful and is in fact polluted could have negative
impacts for a variety of reasons. It could simply fail to provide the pleasure, or the stress
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reduction, associated with beautiful nature—a fairly basic perceptual impact. Perceptual
cues could also indicate disorder at a subtle level: research has found that visual disorder,
such as crooked lines and asymmetry, increases people’s likelihood of cheating on a test,
perhaps because it primes mental associations with crooked behavior or requires greater
cognitive effort [16]. Visibly polluted nature could also convey a higher-level cognitive
message: not only that the landscape is unattractive, but that it is the result of human
actions. That is, polluted landscapes could convey a negative message about human nature.

The previously described study of the impact of litter on ratings of beach scenes [14]
looked at different types of litter: seaweed, fishing litter, and public litter. The researchers
hypothesized that the public litter (e.g., cans, bottles, candy wrappers) would be seen as
more intentional and therefore have a more negative effect. Consistent with their hypothe-
ses, public litter was rated more negatively and had a larger detrimental impact on emotion
ratings. In qualitative responses, participants described fishing litter as less intentional
than public litter, and commented that the public litter was selfish and disrespectful to
nature. It seemed that the role of human agency was important in the way participants
responded to the litter, and that public litter communicated a negative message about those
who did the littering.

Substantial research has shown that litter does convey a message: people’s behavior
is significantly affected by the presence of litter, although the effect depends on the type
of norm that is being considered and communicated [17-19]. The presence of litter may
sometimes activate injunctive moral norms as well as descriptive behavioral norms, re-
minding people that people like them consider littering to be appropriate [17]—or in some
cases, inappropriate. In other words, the litter may convey a message that is self-relevant,
triggering perceptions about the values or the characteristics of similar others.

In recent years, researchers have emphasized the distinction between hedonic and
eudaimonic wellbeing [20]. Hedonic wellbeing is characterized by pleasure and happiness,
whereas eudaimonic wellbeing emphasizes a feeling of meaning and purposefulness,
a life that fulfills its potential. Exposure to nature appears to have both hedonic and
eudaimonic effects: in addition to the effects on positive emotions, researchers have found
that exposure to beautiful nature is associated with prosocial tendencies, including empathy,
generosity, trust in others, and ethical decision-making [9,21-23]. Experiences of nature
may enhance eudaimonic wellbeing by encouraging self-transcendence and a feeling of
connection to something larger—that is, by affecting the way in which people think about
themselves [20,21,24]. Views of natural environments can encourage a sense of humility
as well as connection [23]. Might experiences of polluted nature have a parallel negative
impact? Might a perception that other people have polluted have a detrimental effect on
things like ethical decision-making and on self-perceptions?

A great deal of research and theory has explored the relationships between identity and
environment: from place identity, to environmental identity, to the potentially stigmatizing
impact of degraded environments [25]. People’s experiences in natural environments affect
the ways in which they think about themselves. These identities, in turn, affect the ways
in which people respond to environments and environmental issues. An environmental
identity (EID) [26,27] incorporates an emotional feeling of connection to nature as well as a
more cognitive association between oneself and the natural world. There is evidence that
early experiences of natural environments are associated with a stronger environmental
identity [27]. People with a strong environmental identity should pay more attention to
aspects of natural environments as well as showing a stronger emotional reaction.

Research does suggest that feeling connected to nature strengthens the relationship
between nature exposure and wellbeing [28,29]. The research described above on beach
litter [14] examined the impact of connectedness to nature (C2N) on responses to polluted
beaches. C2N (which is highly correlated with EID [27]) is considered to reflect an indi-
vidual’s emotional connection to the natural world. In the beach litter study, those who
were higher in C2N rated the clean and seaweed-covered beach images more positively,
and had more positive emotional responses, compared to those low in C2N; however, C2N
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did not make a difference in responses to the littered images. The results suggest that C2N
heightened the hedonic impact of attractive natural scenery, but the potential impact on
eudaimonic wellbeing was not fully explored.

The present studies were designed to investigate whether visibly polluted landscapes
have a negative effect on both hedonic and eudaimonic wellbeing, and whether those
effects were greater in people who had a personal connection to the environment. Hedonic
wellbeing was operationalized as a change in emotional state to reflect an overall more
positive tone. Eudaimonic wellbeing was assessed in three ways: ethical decision-making,
as in [21]; self-efficacy; and sense of meaning.

It was hypothesized that:

Hypothesis 1 (H1). Images of natural settings with litter would lead to stronger ratings of
negative emotions and lower ratings of positive emotions, compared to the same settings without
litter. There were no hypotheses regarding specific emotions; however, the possibility of different
effects for self-relevant vs. other-relevant emotions was explored.

Hypothesis 2 (H2). Images of natural settings with litter would lead to a decreased sense of
meaning, self-efficacy, and ethical decision-making, compared to the same settings without litter.

Hypothesis 3 (H3). These effects would be stronger in those who had a high level of environmental
identity.

Images of buildings were included as a control condition: it was expected that re-
sponses to natural settings would be more positive than the responses to the buildings, but
it was unclear how responses to the littered environments would compare.

Study 1 examined evidence for hedonic and eudaimonic impacts of polluted envi-
ronments. Study 2 looked at a moderating role of a connection to the environment, as
indicated by environmental identity.

2. Study 1
2.1. Method
2.1.1. Participants and Procedure

The Mechanical Turk (MTurk) platform was used to recruit 358 U.S. adult participants.
Mechanical Turk is an online service used to connect researchers to research participants,
who opt in to complete surveys and other tasks online via a web link in return for a small
payment. Although respondents are not a representative sample of the population, they
tend to be more diverse than a standard university student sample. After eliminating
respondents who did not rate the photos, the final sample was 332, of whom 142 identified
as female and 190 identified as male. They ranged in age from under 20 to over 55, with the
average age range chosen between 35-44. They completed the experimental task online:
a link sent them to a survey on Qualtrics, where they were randomly assigned to one of
three experimental conditions: Nature (N = 104), Litter (N = 118), or Buildings (N = 110).
Participants were first shown a series of 10 images corresponding to their experimental
condition. To encourage attention to the photographs, the participants were asked to
rate the attractiveness of each and the extent to which it seemed prototypical of a college
campus (both on 1-7 scales). After rating all the images, they completed the remaining
measures.

2.1.2. Stimuli

Three slideshows were generated, each of which showed 10 photographs for 6 s each.
Set A (Nature) included attractive photos of a college campus that emphasize the natural
setting. Set B (Litter) comprised photos of the same locations that included litter. Set
C (Buildings) presented photographs of buildings around the campus. See Figure 1 for
examples.
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2.1.3. Measures

Participants rated their current emotional state (the prompt was “Please rate your
current mood” on a 1-7 scale) on six items: happy, sad, proud, guilty, angry, grateful.
These emotions were selected to balance positive and negative terms and to reflect general
mood (happy or sad), self-relevant emotions (proud or guilty), and other-directed emotions
(angry or grateful). Participants assessed their sense of meaning, on a 1-5 scale, on three
items (taken from [30]; for example, “My life has a clear sense of meaning” Cronbach’s
alpha = 0.93) and their self-efficacy, on a 0-100 scale, on three items (taken from [31]; for
example, “Please rate how certain you are that you can meet your goals in life” Cronbach’s
alpha = 0.91). All participants were then asked to complete a four-item measure of ethical
decision making, adapted from [32], utilizing a 1-7 scale. (Sample item: “Please rate how
likely you would be to engage in this behavior: You’'ve waited in line for 10 min to buy
coffee and a muffin at Starbucks. When you're a couple of blocks away, you realize that the
clerk gave you change for $20 rather than for the $10 you gave him. You savor your coffee,
mulffin and free $10.” Cronbach’s alpha = 0.79).

Figure 1. Cont.
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Figure 1. Sample photos.
2.2. Results

A factor analysis, followed by varimax rotation, was run on the emotion ratings. Both
a scree test and eigenvalues over 1.0 indicated a two-factor solution, with emotions clearly
loading on either a positive or a negative factor. See Table 1. Factor scores were retained
and used in subsequent analyses.

Table 1. Factor loadings for emotion variables, Study 1.

Emotion Factor 1 (Positive) Factor 2 (Negative)
Happy 0.84 —0.30
Proud 0.88 0.03

Grateful 0.87 —0.12

Sad —0.29 0.74
Guilty 0.04 0.84
Angry —0.13 0.87

A one-way ANOVA looked for the effect of condition on all variables. As hypothesized,
condition had a significant effect on the emotion ratings: for the positive emotion factor,
F (2,292) = 6.26, p = 0.002, n? = 0.041; for the negative emotion factor, F (2, 292) = 4.32,
p =0.014, n2 =0.029. To explore this effect further, individual emotions were also examined
separately. Condition had an effect on all emotions, with the exception of guilt. Although
the nature condition tended to get higher ratings for positive emotions and lower ratings
for negative emotions, compared with the litter condition, the most positive scores were
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found in the building condition. See Table 2. There were no effects of condition on ethical
decision-making, sense of meaning, or general self-efficacy (all F's < 1.0).

Table 2. Effects of experimental condition on individual emotions, Study 1.

Variable Build Nat Lit F df P n?
Happy 4.98, 4.734 3.98; 9.67 2,320 <0.001 057
Proud 3.79, 3.06, 2.95, 6.04 2,317 0.003 0.037

Grateful 4.30, 3.80,p 3.64y, 3.35 2,319 0.036 0.021

Sad 1.74, 1.67, 2.15, 3.69 2,302 0.026 0.024
Angry 1.45, 0.45, 2.03 7.07 2,298 0.001 0.045
Guilty 1.57, 1.39, 1.53, 0.73 2,301 0.484 0.005

Note: Means sharing a subscript are not significantly different.

Pearson’s correlations showed that the positive emotions were associated with higher
efficacy and meaning. Negative emotions were associated with lower efficacy and meaning,
and less ethical decision-making. See Table 3.

Table 3. Correlations among variables, Study 1.

Negative Emotions Efficacy Meaning Ethics
Positive emotions 0.00 0.56 *** 0.24 *** 0.06
Negative emotions —0.20 *** —0.12 % —0.15**
Efficacy 0.46 *** 0.28 ***
Meaning 0.27 ***

*p <0.05 *p<0.01,**p <0.001.

2.3. Discussion

These results suggest a positive hedonic effect from attractive images, with a slight
(mostly non-significant) preference for built over natural settings, but a clear negative
emotional response to the litter. It may be that the positive response to buildings was due
to a perception that they reflect human accomplishment. This explanation is supported by
the fact that pride was significantly higher in the building condition than in the other two
conditions, whereas other emotions tended to differentiate between buildings and nature,
on the one hand, and litter, on the other.

There was no evidence for a eudaemonic effect, that is, an increase in meaning, efficacy,
or ethical decision-making. It is worth noting, however, that the emotional response to
the images was, in turn, associated with meaning, efficacy, and ethical decision-making.
A causal direction for this relationship cannot be concluded from the present studies.
However, it is possible that if a more immersive, or longer term, exposure to litter increases
anger and decreases happiness, this emotional response could over time lead to a reduced
feeling of personal efficacy and meaning and perhaps less ethical behavior.

Given the potential importance of the messages the images convey about human
behavior, values, and abilities, it could be that a eudaimonic effect would be limited to
those who perceived the images as personally relevant. People with an environmental
identity feel connected to the natural environment, pay more attention to it, and are
likely to see impacts to the environment as more self-relevant. Study 2 examined whether
environmental identity moderated the impact of the environmental images. In order to
look at possible practical implications of exposure to litter, it also included a measure of
support for environmental policies.
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3. Study 2
3.1. Method

Again, MTurk was used as a platform to recruit 328 U.S. participants. After remov-
ing those who failed to rate the photographs, the sample was 310, including 182 men,
126 women, and 2 who preferred not to choose a category. They ranged in age from
under 20 to over 55, with the average age range chosen between 28-34. They completed
almost the same procedure as used for Study 1 (Cronbach’s alpha for meaning = 0.95;
for efficacy = 0.92; the ethical decision-making scale was dropped), but filled out two ad-
ditional measures. First, they completed the short form of the Environmental Identity
Scale (Sample item: “I think of myself as part of nature, not separate from it.” Cronbach’s
alpha = 0.90). Second, they rated their support for conservation policies on four items
(alpha = 0.92): “We need laws that protect ecosystems;” “We need laws to protect en-
dangered species;” “We need laws to prevent people from polluting the environment;”
and “Some parts of the country should be set aside as wilderness areas.” The additional
measures were rated on a 1-5 scale. The Nature condition had 99 participants; the Litter
condition had 111; and the Buildings condition had 100.

3.2. Results

As above, emotions were subjected to a factor analysis followed by varimax rotation
and they grouped into a positive and a negative factor. See Table 4.

Table 4. Factor loadings for emotion variables, Study 2.

Emotion Factor 1 (Positive) Factor 2 (Negative)
Happy 0.83 —0.36
Proud 0.90 0.05

Grateful 0.89 —0.06

Sad —0.27 0.85
Guilty 0.09 0.82
Angry —0.13 0.90

A one-way ANOVA looked for the effect of condition on all variables. The effect of
condition was similar to the findings from Study 1, but the effect on the positive emotion
factor was not significant: for the positive emotion factor, F (2, 297) = 1.61, p = 0.20,
n? = 0.011; for the negative emotion factor, F (2, 297) =9.70, p < 0.001, n? = 0.061. Analyses
of the individual emotions showed that there were significant effects of condition on the
affect variables happy, angry, and sad. Nature received the highest score on happy and the
lowest on angry and sad, with the reverse true for the litter condition. See Table 5.

Table 5. Effects of experimental condition on individual emotions, Study 2.

Variable Build Nat Lit F df p n>
Happy 4274 4,55, 3.84, 3.74 2,303 0.02 0.024
Sad 1.68, 1.60, 2.52y, 13.03 2,301 <0.001 0.08
Angry 1.44, 1.35, 2.28;, 16.68 2,298 <0.001 0.10

Note: means sharing a subscript are not significantly different.

To look for a possible interaction between condition and EID, EID scores were di-
chotomized based on a median split. Two-way analyses of variance showed a near-
significant interaction effect for both the positive emotion factor (F (2, 292) = 2.90, p = 0.056,
n? = 0.019), and the negative emotion factor (F (2, 292) =2.30, p = 0.10, n? = 0.016. How-
ever, when looking only at the emotions for which there was a significant condition effect
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(happy, sad, and angry), there was a significant interaction with EID in all cases: for happy
(F(2,298) =4.48,p =0.01, n%=0.029), angry (F (2,293) =3.90, p = 0.02, n? = 0.026), and sad
(F (2, 296) = 3.07, p = 0.05, 1 = 0.02), such that the impact of condition was stronger for
those high in EID. See Figure 2.

Mean ratings of happiness

55

4.5

3.5
2.5

1.5

nature buildings litter

e high EID === |ow EID

Mean ratings of sadness

5.5
4.5
35
2.5

2
1.5

nature buildings litter

e high EID = oW EID

Mean ratings of anger

5.5
4.5
35
2.5

2
1.5

nature buildings litter

e high EID == |ow EID

Figure 2. Interaction between condition and EID on happiness, sadness, and anger in Study 2.



Sustainability 2021, 13, 9422

9of 12

Once again, there were no effects of condition on meaning or efficacy. There were
also no effects on support for conservation policies—although the mean rating of support
was 4.31 out of 5, so there may have been a ceiling effect. Correlations, seen in Table 6,
were similar to those in Study 1; in addition, they showed that EID score was positively
correlated with overall positive emotions, efficacy, meaning, and support for conservation
policies.

Table 6. Correlations among variables, Study 2.

ENI:l%:it(i): Efficacy Meaning  Policy Support EID
Positive emotions 0.00 0.50 *** 0.38 *** —0.03 0.18 **
Negative emotions —0.13* —0.05 —0.19 ** —0.02
Efficacy 0.62 *** 0.13* 0.36 ***
Meaning 0.01 0.18 **
Policy support 0.57 ***

¥p<0.05,* p<0.01, " p<0.001.

3.3. Discussion

This study affirmed the negative hedonic impact of images of litter that was seen in
Study 1. In addition, it found that the effect of experimental condition was stronger for
those who had a strong environmental identity, meaning that the natural environment
was more self-relevant to them. This is consistent with previous research showing that
impacts of exposure to natural environments are stronger for those who feel connected to
nature [14,28,29]. As in Study 1, there was no evidence of a eudaimonic effect.

4. General Discussion

These studies confirmed that viewing images of polluted landscapes had a detrimental
impact on emotional state: there was a tendency for participants to report lower levels of
positive emotions, and a higher level of negative emotions, after viewing images with litter.
Thus H1 was supported. In general natural scenes showed no advantage over built scenes.
Some previous research has suggested that the affective advantage of natural scenes is
based on aesthetic preference rather than an inherent advantage of nature [33], which is
consistent with the effect of attractive buildings in the current studies. It is important, given
our rapidly urbanizing society, to recognize that built environments can be designed to be
restorative [34]. Nature vs. built is not the only distinction that affects people’s response;
attractive vs. unattractive is also important.

Unlike previous research, and in contrast to H2, the present studies found no evidence
for a eudaimonic impact such that sense of meaning, ethicality, or self-efficacy were lower
after viewing scenes with litter compared to scenes without litter. Piff et al. [21] found
that the positive effects of awe-inspiring nature were fully mediated by an experience of
a “small self;” other research [35] found that the effects of mundane nature on mood and
behavior were less than those of awe-inspiring nature. The images of nature in the present
studies were not awe-inspiring, but were intended to be commonplace (though attractive)
natural settings. In addition, the “exposure” to nature was limited to viewing a series of
images on a computer screen. In one study [36], the ability of natural environments to create
awe was mediated by the extent to which people felt immersed in those environments. It
remains possible that more immersive exposure to polluted nature would have a negative
eudaimonic effect, and that the difference between polluted and unpolluted images of
awe-inspiring nature would emerge more clearly when applied to awe-inspiring nature
(trash beneath a stand of redwood trees, for example).

Supporting H3, Study 2 showed that people high in environmental identity were more
strongly affected by the images they viewed. This could indicate either greater attention to
the images, or greater care and concern. This is an important reminder that even when it
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comes to something that seems like a reasonably straightforward “main effect,” such as
exposure to nature, there may well be interactions associated with individual attributes.
Longstanding identities that guide the interpretation of environments, such as EID, may be
particularly important. National or cultural identities, however, may also be important to
consider, as they too can guide the ways in which people attribute meaning to natural and
other types of environments. An interesting series of studies that take the malleability of
identity into account [37] showed that the effects of exposure to nature images depended
on whether or not those images were consistent with a currently active (rural or urban)
identity.

This research has implications for human wellbeing. As pollution increases in many
parts of the world and the environment becomes more degraded, the psychological impact
of such environments may contribute to the growing burden on mental health. The
present study only measured emotions and not wellbeing more generally, but it seems
possible that repeated or continual exposure to litter may serve as a source of stress. It
is worth noting that, in addition to predicting overall support for conservation policies,
EID was also positively correlated with positive emotions, efficacy, and sense of meaning
across experimental conditions. This study reaffirms the connection between a strong EID
and psychological wellbeing. EID can help to satisfy the fundamental human need for
belongingness, and could be the focus of programs designed to enhance wellbeing, e.g.,
among new students.

More broadly, it is possible that this information could help in the advancement of
sustainability by serving as a reminder that the goal of protecting the natural environment
is a selfish one: people cannot remain unaffected when their environment is degraded.
Public health policies that take this information into account could make a stronger push
for maintaining healthy ecosystems.

4.1. Limitations

The MTurk samples were reasonably diverse but not representative. Personal back-
ground may affect response to these images in ways that were not measured.

Similarly, the images used were very far from representing all possible natural, pol-
luted, or built environments. Rather than attempting that impossible task, the decision was
made to pick a particular setting (a college campus) and include natural, polluted, and
built images in that setting. This may have affected the response, and future studies should
sample other settings.

The biggest limitation to the study is the use of computer images as a manipulation. It
is quite likely that immersion in polluted landscapes would have a stronger effect. Such
research is difficult to do while retaining experimental control over confounding variables
and avoiding demand characteristics due to participants” guessing the hypotheses. The
emerging use of virtual reality provides an intriguing alternative that could enhance the
immersive quality of artificially constructed environments. Nevertheless, field research is
necessary to fully examine the impacts of these environments. Given the large number of
people who confront degraded environments frequently, even continuously, this research
would provide an important contribution to understanding the potential impacts on mental
health.

4.2. Conclusions

These studies consistently demonstrate a negative impact on mood from a brief
exposure to images of littered landscapes as compared to non-littered landscapes. Buildings
that were attractive, however, did not have a negative effect. The impact of viewing the
images was moderated by environmental identity. Further research could examine whether
this is because EID enhances attention to environments, the value for those environments,
or both.
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