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REDUCING PLASTIC WASTE

Abstract

Plastic pollution has become a major global conservation challenge. To reduce the generation
of plastic waste, we designed and tested several behavioral interventions in a randomized
control trial to reduce plastic waste in a high-rise office building. We randomly assigned eight
floors in the building to four conditions: (1) simplified recycling signage, (2) signage with a
marine animal trapped in plastic debris, (3) signage with a pledge that invited people to be
plastic wise to protect ocean life, and (4) control. We found that the signage with the animal
reduced plastic waste by 17%, the largest effect among the other conditions. After
implementing the signage to the entire building, we found an overall reduction in plastic waste
over six weeks. The current study demonstrates the effectiveness of visualizing marine
consequences of plastic waste and provides a behavioral solution connecting disposal actions
and the downstream consequences for plastic waste reduction.

Keywords: plastic marine debris, behavior change, visualization, nudge, ocean

conservation
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Reducing Plastic Waste by Visualizing Marine Consequences

Plastic pollution has become a major environmental issue in recent decades (Sutherland
etal., 2011; UNEP, 2018). Based on a global analysis, 19 to 23 million metric tons (11%) of
plastic waste generated globally in 2016 entered aquatic ecosystems, and this amount could reach
53 million metric tons per year by 2030 if the global community does not invest extra efforts in
plastic waste reduction (Borrelle et al., 2020). The threat of plastic pollution to aquatic
ecosystems has been aggravated by the COVID-19 pandemic due to the higher demand for
single-use plastic items (e.g., plastic cutlery). Given the unexpected increase in global plastic
consumption and budget cuts on recycling programs in 2020 (Adyel, 2020; Duer, 2020; Ford,
2020; Konyn, 2020), a higher amount of plastic waste is expected to enter the ocean and further
threaten the aquatic ecosystems.

Plastic materials have a slow rate of degradation, making them difficult to break down in
the marine environment (Law et al., 2010). As plastic debris accumulates in the ocean, it causes
disastrous impacts on the marine ecosystem (Andrady, 2011; Derraik, 2002; Gall & Thompson,
2015). Marine mammals can be entangled in plastic debris, limiting their ability to catch food
and avoid predators, which leads to their death. Another major negative impact is ingestion of
plastic debris, which can cause blockages of the intestinal tract, reduction of food consumption,
and failure to reproduce in marine mammals (Barnes et al., 2009; Li et al., 2016; Wright et al.,
2013). A recent study found that marine zooplankton, near the bottom of marine food webs, are
mistakenly ingesting microplastics for food (Desforges et al., 2015). Absorbing plastic debris by
species at lower levels in the food chain can transfer microplastic to higher levels, which can

eventually affect human health (Wright et al., 2013).



REDUCING PLASTIC WASTE 4

Given the deleterious impacts of plastic debris in the marine environment, the current
paper aims to reduce overall plastic waste disposed in bins. To approach this issue, several
strategies have been developed in the past literature to either reduce initial plastic consumption
or recycle plastic waste after initial consumption. A modeling analysis shows that interventions
focusing on reducing the demand for plastic products can decrease annual plastic pollution by
59% in 2040 relative to business as usual (Lau et al., 2020). There are at least four common
approaches to single-use plastics reduction: educating the public about the adverse impacts of
plastic pollution (e.g., Chow et al., 2017, Hartley et al., 2018), banning the use of specific plastic
items (Environment and Climate Change Canada, 2020; European Commission, 2019),
incentivizing recycling with a deposit/refund program (Viscusi et al., 2012; Alpizar et al., 2020),
and imposing an economic cost to discourage the use of single-use plastic products (Wagner,
2017; Xanthos & Walker, 2017). Although these approaches have been applied broadly,
implementing a small cost to promote pro-environmental behavior has gained considerable
interest in the public sector in the last decade. For example, many municipalities in the world
have adopted an economic policy by introducing a small fee (e.g., 10 cents) on plastic bags to
reduce their consumption at grocery stores (see, e.g., Homonoff et al., 2018; Nielsen et al., 2019;
Rivers et al., 2017).

A recent development on behavior change is nudging, which involves small changes in
the environment to alter human behavior in predictable ways (Thaler & Sunstein, 2008). Unlike
the previous approaches, a nudge does not prohibit the freedom of choice, or significantly change
the incentive structure. In the context of plastic waste reduction, a prominent nudge is default,
which involves changing the default method of providing plastic straws from self-serve

dispensers on the table in restaurants to only providing the straws when customers request them.
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In a recent study, a change in default decreased the consumption of plastic straws by 40%
(Wagner & Toews, 2018). Another nudge is the use of social norms where messages conveying
descriptive social norms have effectively and consistently increased pro-environmental behaviors
(e.g., Czajkowski et al., 2019; Farrow et al., 2017).

Given the effectiveness of nudges in promoting pro-environmental behaviors, here we
propose a behavioral solution to reduce the disposal of single-use plastic items. Specifically, we
propose that visualizing marine consequences of plastic debris can be effective in reducing
plastic waste at the time of disposal. Implementing the idea into concrete interventions, we
hypothesize that presenting signage with a marine animal trapped in plastic debris near the waste
disposal bins can discourage people from disposing of single-use plastic items in the bins. This is
motivated by the idea that visual communication that connects the downstream consequences on
the environment with prior disposal actions can be a powerful tool in motivating people to
reduce their plastic use (Pahl et al., 2017). For example, visualizing the potential harm of
everyday plastic products at the end of product life (e.g., putting an image of marine mammals
suffering from plastic debris on a water bottle) may discourage consumers from purchasing
plastic products in the first place. This nudge is novel and distinct from previous approaches
because it does not change the incentive structure (i.e., the economic incentives or costs have not
changed), or prohibit the disposal action (i.e., people can still freely dispose plastic waste if they
want to).

Indeed, past studies have demonstrated that adding images displaying the health impacts
of smoking on cigarette packages has significantly reduced cigarette sales and decreased the
prevalence of smoking (see, e.g., Bonfrer et al., 2019; Stead et al., 2013). Displaying aversive

health consequences around unhealthy foods has effectively reduced the intention to choose
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these foods (see, e.g., Bollard et al., 2016; Hollands et al., 2011), and instead increased the
purchase of healthy food (Donnelly et al., 2018). In addition, graphic warning labels reduced
preferences of alcoholic products (Al-Hamdani & Smith, 2015) and increased intention to
consume less of these products (Wigg & Stafford, 2016). Furthermore, images showing the
adverse impacts of climate change have been extensively used in the media to convey the
message of climate change to the public (Boomsma et al., 2016; Hart & Feldman, 2016;
Nicholson-Cole, 2005). Images of animals suffering are effective in increasing behavioral
intentions to protect animal welfare and increasing the amount of donations (Thomas-Walters et
al., 2020). Seeing a victim of plastic waste also increased people’s intention to reduce plastic use
and shift their choice to a non-plastic packaging product (Septianto & Lee, 2020). However, in
the two recent studies, the images have only influenced people’s intentions to act and there is no
evidence of actual behavior change (Thomas-Walters et al., 2020; Septianto & Lee, 2020). This
calls for the need to investigate the impact of visual images on actual conservation behavior.
Since public conservation campaigns often present visual images of animals suffering
from plastic debris, combined with a request that asks people to make a pledge to reduce plastic
waste (Ocean Wise, 2018), the independent effects of visual images and pledge making on
plastic waste reduction are currently unknown. That is, it is unclear if plastic waste reduction is
driven by the visual images or by the pledge. Past studies have shown that commitment making
(i.e., pledge), defined as the commitment of an individual to a certain action, can encourage pro-
environmental behavior that ultimately leads to a community-wide behavioral change (Kiesler,
1971; Lokhorst et al., 2013; McKenzie-Mohr, 2011; Sussman et al., 2016). In these studies,
when people signed pledges to save energy, water, or to recycle, they were more likely to follow

through on their intentions, especially when the pledges were public (Pallak & Cummings, 1976;
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Vine & Jones, 2015). The effect of commitment making has been shown to have a significant
long-term impact on pro-environmental behavior (Cialdini, 2001). Based on a meta-analysis by
Lokhorst et al. (2013), participants who made a commitment significantly increased their pro-
environmental actions during the intervention period and post-intervention period, compared to
participants who were in the control condition. A recent study has shown that people who made a
commitment in addition to receiving normative messaging showed longer-term reductions in
water use, compared to people who only received normative messaging or those who did not
make the commitment in the first place (Jaeger & Schultz, 2017). While commitment making
can increase pro-environmental behavior, it is currently unknown how the effect of visual images
compares to the effect of commitment making on plastic waste reduction. Understanding the
independent effects of the two nudges can help guide the design of future conservation
campaigns.

Finally, improving the design of signage on recycling bins by simplifying the texts is
another nudge that can promote recycling behaviors (Wu et al., 2018). Previous studies have
shown that simply posting signage above the recycling bins increased recycling behavior (Austin
et al., 1993; Miller et al., 2016). However, not all signage was effective. A survey conducted on a
university campus showed that the majority of the respondents recommended improving the
signage with more pictures and less text because many people find the sorting guidelines on the
signage confusing (Kelly et al., 2006). To simplify signage, an experimental study showed that
signage that contained images or icons was more effective than signage with texts in increasing
accurate waste disposal behavior (Wu et al., 2018). This calls for a need to replace texts with
images or icons on the signage and examine its impact on plastic waste reduction. This

simplification is especially important if the existing signage is too small or too crowded to see.
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Given the behavioral insights on how visual images, commitment making, and
simplification can promote pro-environmental behavior, the current study aimed to examine the
impact of visualizing marine consequences of plastic debris on plastic waste reduction.
Moreover, the study aimed to compare the impact of visualization to the impact of making a
pledge to reduce plastic waste in order to identify which nudge is more effective. Since the
existing signage in the target building in current study was small with text, we aimed to improve
the existing signage by using images or icons of the items on the signage. In the first experiment,
we improved the signage by simplifying the items on the poster in the improved signage
condition, visualized marine animals trapped in plastic debris in another poster in the
signage+animal condition, and presented a pledge to reduce plastic waste in the signage+pledge
condition. This design allowed us to examine the independent effects of visual images and
commitment making on plastic waste reduction after improving the signage. The target behavior
was to reduce overall single-use plastic items disposed in the bins, not the accuracy of sorting.
We measured the disposal of single-use plastic waste by computing the percent of single-use
plastic items among all items in the bins. Since our research goal was to reduce overall plastic
items, we expected the interventions to decrease the percent of plastic items disposed in all bins.
In the second study, we expanded from an experiment to a full-scale implementation by placing
the visual images in all conditions in order to examine whether the findings would apply more
broadly.

Study 1

To measure the effectiveness of commitment making and visual images on the disposal

of single-use plastic items, we conducted an experiment in an office building of a financial

accounting company in downtown Vancouver, Canada.
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Site

Eight floors in the office building inhabited by the same company were selected for the
experiment. Approximately 100 employees worked on each floor. Seven floors had a similar
layout, containing mostly offices and a kitchen area with two cans and bottles bins, two recycling
bins, two organics bins, and two garbage bins. The other floor contained a larger cafeteria
containing the same set of bins except with two more organics bins and two more garbage bins.
The eight floors were randomly assigned to four conditions, with two floors per condition (see
Section A of Supplementary Materials for the suitability of combining floors in each condition
and the justification of the cafeteria floor). Since there were four types of bins (cans and bottles,
recycling, organics, and garbage), we anticipated that plastic waste would appear in all four types
of bins: plastic bottles in the cans and bottles bin, plastic containers and cups in the recycling bin,
plastic containers and package with food remains in the organics bin (i.e., incorrect disposal),
and plastic bags, containers, and wraps in the garbage bin.
Stimuli

There were four conditions in the experiment: improved signage, signage+animal,
signage+pledge, and control (see Figure 1). In the improved signage condition, we designed new
posters (8.3 inches in width by 11.7 inches in height) which were larger than existing signage
(3.9 inches in width by 2.8 inches in height) with simplified images to guide sorting behaviors
for each bin type (cans & bottles, recycling, organics, and garbage). In the signage+animal
condition, we used the same posters as in the improved signage condition but added an image of
a marine animal trapped in plastic debris at the top. In the signage+pledge condition, we used the
same posters as in the improved signage condition but added a pledge at the top that encouraged

people to sign a pledge to be plastic wise to protect ocean life. We also provided a sign-up sheet
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next to the posters in this condition. In the control condition, we used the existing signage
without further intervention. The posters were placed on the kitchen countertop above the bins,
so people could see the poster when they disposed of their waste.

Figure 1

Signage used in the four conditions in Study 1

Improved signage

Organics Cans & Bottles Recycling Garbage

Garbage

E —

Control

Note. Signage used in the four conditions (improved signage, signage+animal, signage+pledge, and
control). Plastic items can go to cans & bottles, recycling, organics, or garbage bins.
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Procedure

The experiment ran for a total of nine weeks from October to December 2018 with the
first three weeks as the baseline period, during which we measured the bins without any
intervention, followed by four weeks as the intervention period, during which we posted the
signage above the bins in the kitchen area, and the final two weeks as the post-intervention
period, during which we removed the signage. During each week, two research assistants (RAS)
examined the bins on Monday, Wednesday, and Friday from 1 pm to 3 pm to avoid lunch traffic.
Each bin was approximately 15x5x20 inches. The RAs counted the number of plastic items and
the number of non-plastic items in each bin (see the validation of measurement in Section B of
Supplementary Materials). The sum of the two was the total number of items in each bin. Plastic
items were defined as items that were made of materials from one of the seven plastic categories
created by the Resin identification coding system (#1 to #7). Since the bins contained different
numbers of items, we used the percent of plastic items in each bin, which was calculated as the
number of plastic items divided by the total number of items, as the standardized dependent
measure, with bins as the unit of analysis.
Results

To measure the effectiveness of visual images, commitment making, and simplification
on the disposal of single-use plastic items, we conducted Kruskal-Wallis tests to examine the
differences in the percent of plastic items across conditions and periods (see Figure 2a). We used
non-parametric tests due to the violation of the normality assumption in our data. We also used
pairwise comparisons with corrections for multiple comparisons to further elucidate any

significant differences between conditions.
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We first analyzed the percent of plastic items across conditions to examine any
differences in the baseline period. The Kruskal-Wallis test showed that there was a statistically
significant difference in the percent of plastic items between the different conditions in the
baseline period [X?(3)=9.78, p=.02, £?=.32]. According to the rules suggested by Cohen (1992),
the effect size (i.e., epsilon squared, ¢?) is considered a small, medium, or large effect, when the
value is 0.02, 0.13, or 0.26, respectively. The effect size observed here was therefore large.
Pairwise comparisons using the Wilcoxon rank-sum tests with Holm-Bonferroni corrections
showed that only the improved signage condition had a significantly higher percent of plastic
items than the signage+pledge condition in the baseline period (p=.04). No other pairwise
comparisons were significant (p’s>.14). This baseline difference between the improved signage
condition and the signage+pledge condition reflects a pre-existing difference in the waste
produced between the floors, which was outside the control of the researchers. Since each
condition only contained two floors, it was difficult to balance the conditions due to the small
number of floors even with random assignment. This said, this baseline difference was unlikely
to account for the effect observed in the intervention period which will be explained below.

In the intervention period, we found that there was a significant difference in the percent
of plastic items between the conditions [X?(3)=13.69, p=.003, £°=.32, a large effect]. Pairwise
comparisons using the Wilcoxon rank-sum tests with Holm-Bonferroni corrections showed that
the signage+animal condition had the lowest percent of plastic items, compared to the control
condition (p=.01), improved signage condition (p=.03), or signage+pledge condition marginally
(p=.06). None of the other comparisons were significant (p’s>.22). The lack of a difference

between the signage+pledge condition and the control condition could be due to the fact that
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only 74 out of 200 employees (37%) on the two floors in the signage+pledge condition signed
the pledge.

Another important analysis was to examine whether there was a reduction in the percent
of plastic items from baseline to intervention periods in each condition. A Mann-Whitney U test
indicated that only the signage+animal condition showed a 17.1% decline from baseline to
intervention periods [U=69, p=.04], whereas the control condition [U=16, p=.02] and the
signage+pledge condition [U=16, p=.02] showed a significant increase from baseline to
intervention periods, and the improved signage condition showed no significant difference
[U=36, p=.54]. Since the baseline difference was only between the improved signage condition
and the signage+pledge condition, it could not have explained the significant reduction in the
percent of plastic items in the signage+animal condition.

After the posters had been removed (post-intervention period), there was no significant
difference between the conditions [X?(3)=3.71, p=.29, ¢* =.16, a medium effect]. The percent of
plastic items remained unchanged in the signage+animal condition [U=31, p=.88], the improved
signage condition [U=49, p=.12], and the signage+pledge condition [U=44, p=.30], but not in the
control condition [U=51, p=.03]. Thus, the removal of the posters did not seem to change the

percent of plastic items compared to the intervention period.
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Figure 2

Percent of plastic items in Study 1

a) Percent of plastic items in all bins
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items in each bin in the four conditions over three periods (error bars reflect £1 SEM).
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We further analyzed each waste stream separately to examine whether this effect was

15

observed in each type of bin (Figure 2b and also see Table 1 for a summary table of the pairwise

comparisons).

Table 1

Pairwise comparisons in each type of bin reported in Study 1. The value in each cell shows the p-value of
the pairwise comparisons using the Wilcoxon rank-sum tests with Holm-Bonferroni corrections (*p<.05,

'p<.10).
Baseline Intervention . Post-.
period period Intervention
period
Overall Control vs. improved signage .26 .70 .96
Control vs. signage+animal .70 01* 1.0
Control vs. signage+pledge .70 .23 1.0
Improved signage vs. signage+animal .70 .03* .79
Improved signage vs. signage+pledge .04* .23 1.0
Signage+animal vs. signage+pledge 14 06" .90
Cansand  Control vs. improved signage .03* 75 1.0
bottles Control vs. signage+animal A7 .07t .55
Control vs. signage+pledge 91 A7 1.0
Improved signage vs. signage+animal .50 .02* .89
Improved signage vs. signage+pledge .08f .03* 1.0
Signage+animal vs. signage+pledge .56 .75 .86
Recycling Control vs. improved signage 1.0 .79 1.0
Control vs. signage+animal 1.0 067 1.0
Control vs. signage+pledge 1.0 .86 1.0
Improved signage vs. signage+animal 1.0 24 1.0
Improved signage vs. signage+pledge 1.0 .90 1.0
Signage+animal vs. signage+pledge 1.0 24 1.0
Organics  Control vs. improved signage 1.0 1.0 1.0
Control vs. signage+animal 1.0 .70 1.0
Control vs. signage+pledge 1.0 1.0 1.0
Improved signage vs. signage+animal 1.0 1.0 1.0
Improved signage vs. signage+pledge .63 1.0 1.0
Signage+animal vs. signage+pledge 1.0 1.0 1.0
Garbage  Control vs. improved signage 1.0 1.0 1.0
Control vs. signage+animal 1.0 1.0 1.0
Control vs. signage+pledge .50 1.0 1.0
Improved signage vs. signage+animal 1.0 1.0 1.0
Improved signage vs. signage+pledge 1.0 91 .79
Signage+animal vs. signage+pledge 52 1.0 1.0
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For the cans and bottles bin, there was a difference between the conditions in the baseline
period [X?(3)=10.51, p=.01, &2 =.34, a large effect], where the improved signage condition was
higher in the percent of plastic items than the control condition (p=.03) and was marginally
higher than the signage+pledge condition (p=.08). In the intervention period, there was a
difference in the percent of plastic items between the conditions [X2(3)=13.74, p=.003, ¢? =.32, a
large effect], where the signage+animal condition was lower in the percent of plastic items than
the improved signage condition (p=.02) and was marginally lower than the control condition
(p=.07). In the post-intervention period, there was no difference between the conditions
[X?(3)=4.31, p=.23, > =.19, a medium effect].

For the recycling bin, there was no difference between the conditions in the baseline
period [X?(3)=1.39, p=.71, &* =.04, a small effect]. In the intervention period, there was a
difference in the percent of plastic items between the conditions [X?(3)=8.46, p=.04, ¢ =.20, a
medium effect], where the signage+animal condition was marginally lower in the percent of
plastic items than the control condition (p=.06). In the post-intervention period, there was no
difference between the conditions [X?(3)=1.62, p=.65, &2 =.07, a small effect].

For the organics bin, there was no difference in the percent of plastic items between the
conditions in the baseline [X?(3)=2.53, p=.47, > =.08, a small effect], intervention [X?(3)=3.03,
p=.39, ¢2 =.07, a small effect], and post-intervention periods [X?(3)=0.59, p=.90, > =.03, a small
effect].

Finally, for the garbage bin, there was no difference in the percent of plastic items
between the conditions in the baseline [X?(3)=4.05, p=.25, ¢* =.13, a medium effect],
intervention [X?(3)=2.58, p=.46, > =.06, a small effect], and post-intervention periods

[X?(3)=1.77, p=.62, £2 =.08, a small effect]. Although the bin-level analyses were less conclusive,
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the overall pattern in Figure 2b showed that only the signage+animal condition showed a
consistent decline in plastic waste from baseline to intervention periods in all waste streams.
Plastic Item Composition Analysis

We examined the types of plastic items that were found in the bins in each condition
across the three periods. The top five plastic items were plastic wrappers (e.g., candy wrappers,
tea bag wrappers, or chips bags; 29%), cutlery (26%), lids (e.g., cup lids, container lids, or bottle
lids; 12%), plastic containers (11%), and plastic bags (6%). We also found that the composition
of the top five plastic items remained stable in each condition across the three periods (see the
item composition analysis in Section C of Supplementary Materials). This suggests that the
reduction in plastic waste occurred in all types of plastic items rather than eliminating one
specific type of plastic waste.

Study 2

To expand from an experiment to a full-scale implementation, we placed the poster in the
signage+animal condition on every floor in the building four months after Study 1 finished, in
order to examine whether the results would apply to the entire building. For the two floors in the
signage+animal condition in Study 1, the poster on these floors remained unchanged. The
important feature in Study 2 was that this study was no longer an experiment, but an observation
of the effect of the signage+animal poster implemented in all four conditions (i.e., all eight floors
in the building). In other words, all conditions now had the same treatment.
Site

The same eight floors in Study 1 were included in the study. The type and the number of

bins remained identical as in Study 1.
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Procedure

The measurements in Study 2 ran for six weeks from March to mid-April 2019. We
shortened the frequency of measurement from three times per week to once per week. Our
research assistants measured each bin on each floor every Wednesday from 1 pm to 3 pm. The
procedure to conduct the measurements was the same as that in Study 1.
Results

To examine whether the poster in the signage+animal condition reduced the percent of
plastic items on all floors, we computed the cumulative percent of plastic items in all bins for the
four previous conditions and all conditions combined (i.e., all eight floors combined). The goal
of the cumulative analysis was to show whether there was an overall decrease in the percent of
plastic items in the bins in week 6 after the implementation of the signage+animal poster across
all floors in week 1 (see Figure 3).

Figure 3

Cumulative percent of plastic items in Study 2

80 r
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g
=75 r Previous
2 improved signage
(72}
=70 Previous
y— signage+animal
o
$ 65 r Previous
o signage+pledge
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=2 L ——Overall (combining
g 55 all conditions)
@)
50
1 2 3 4 5 6
Week

Note. Cumulative percent of plastic items in all bins for the four previous conditions and all conditions
combined over six weeks.
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To quantify the change over time, we conducted a chi-square test to examine whether the
overall percent of plastic items reduced from week 1 to week 6. We found that the cumulative
percent of plastic items was significantly lower in week 6 (64% of plastic items) compared to the
percent of plastic items in week 1 (72% of plastic items) [X?=19.50, p<.001] (see Table 2). This
analysis suggests that implementing the poster with a marine animal trapped in plastic debris
reduced the overall percent of plastic items on all the floors in the building.

Table 2.

Cumulative percent of plastic items in each week in Study 2 where the signage+animal poster was
implemented in all conditions. The first number in the bracket is the cumulative number of plastic items,
and the second number is the cumulative total number of items (both plastic and non-plastic items).

Previous

imoroved Previous Previous Previous Overall
Week TP signage+animal  signage+pledge  control (combining all
signage e 2. o o
2 condition condition condition conditions)
condition
1 77% 68% 67% 67% 72%
(307/397) (115/169) (150/223) (85/126) (657/915)
5 73% 57% 67% 60% 66%
(530/727) (209/368) (315/473) (185/309) (1239/1877)
3 73% 58% 65% 59% 66%
(804/1102) (295/508) (427/660) (279/469) (1805/2739)
4 71% 57% 64% 57% 64%
(984/1383) (378/658) (545/855) (340/595) (2247/3491)
5 71% 59% 65% 57% 65%
(1188/1670) (463/783) (714/1098) (411/718) (2776/4269)
6 70% 59% 65% 56% 64%
(1313/1880) (531/904) (848/1301) (472/840) (3164/4925)

We further analyzed each waste stream separately to examine whether the overall percent

of plastic items was reduced from week 1 to week 6 in each type of bin (see Table S2 in Section
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D of Supplementary Materials). We found that the cumulative percent of plastic items was
significantly lower in week 6 compared to week 1 in the organics bin [X?=4.89, p=.03] and
marginally lower in the recycling bin [X?=2.72, p=.099], but not in the cans and bottles bin
[X?<.001, p=1.00] or the garbage bin [X?=0.73, p=.39].
Debriefing

After the completion of the two studies, we conducted an informal debriefing session as
part of a lunch and learn event with around 120 employees in the company where the studies
took place. During the session, we asked the employees in attendance three specific questions
about whether they had seen the posters in the kitchen area on their floor, whether they had seen
the pledge or the signup sheet, and whether they had changed their waste disposal behavior if
they had seen the posters. To our surprise, only six employees (5%) reported that they had seen
the posters, and only two employees (1.67%) reported that they had signed the pledge. None
reported that they had changed their waste disposal behavior over the course of the studies.

General Discussion

The current paper examined the impact of visualizing marine consequences from plastic
debris on the disposal of single-use plastic items, which was measured as the percent of plastic
items in the bins, in an office building. In Study 1, the signage with a marine animal trapped in
plastic debris showed the largest reduction in plastic waste (17%), compared to improved
recycling signage alone, signage with a pledge to reduce plastic waste, or a control condition.

Since the signage with the marine animal was displayed on the kitchen countertop of the
bins, it directly connected waste disposal behavior to the consequence of plastic pollution in the
ocean. Perhaps seeing the negative impact on the marine animal served as a motivation to reduce

plastic waste (Boomsma et al., 2016; Pahl et al., 2017; Smith & Joffe, 2009). One cognitive
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framework suggests that after internalizing the visual image, people may increase their
motivation for long-term goals and this motivation serves as a trigger for actions (Boomsma et
al., 2016). In our study, after seeing the animal image in the kitchen area several times, people
may retain a mental image that triggers a reconsideration when they attempt to use a plastic item.
The mental image may also boost the motivation to reduce plastic waste over time since the
percent of plastic items remained at a similar level from intervention to post-intervention periods
in the signage+animal condition.

Moreover, in the signage+animal condition, we presented either a sea turtle or a dolphin
trapped in plastic debris in the signage. The efficacy of visualizing a single marine animal
trapped in plastic debris could be explained by the identifiable victim effect where people are
more willing to act for a specific victim (Jenni & Loewenstein, 1997; Small et al., 2007). Future
studies are needed to replicate the effect and provide evidence for the specific underlying
psychological processes. Further work could also examine how empathy toward different marine
species (e.g., a dolphin vs. a shark) can mediate or moderate the reduction in plastic waste.
Additionally, this reduction was solely due to the image of the marine animal rather than a
combined effect of the text and the image on the signage, because the text “Break Your Plastic
Pattern. Protect Our Ocean.” was on the signage in the signage+animal condition, and also on the
signage in the signage+pledge condition. Thus, the text could not be the distinguishing factor
between the two conditions.

The fact that plastic waste was reduced across all bins suggests that the signage with the
animal minimized the plastic items entering the waste streams, rather than diverting plastic items
from one bin to another. However, we observed a larger decrease in the percent of plastic items

in the cans and bottles bins than the garbage bins which had the largest percent of plastic waste
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throughout the study. One reason that the percent in the garbage bins did not change could be
due to the prevalent disposal of the plastic wrappers of teabags. From the item composition
analysis, these plastic wrappers represented 20% to 40% of all waste items. Because the plastic
wrappers could not be recycled in VVancouver, they should go to the garbage bins. As a result, the
percent of plastic items in the garbage bins remained high throughout the study and any effect
from the interventions could be drowned out by the vast amount of plastic wrappers in the
garbage bins. To reduce plastic wrappers, we made a recommendation to the company’s
sustainability team at the end of the study to use alternative packaging of teabags without plastic
wrappers.

A puzzling finding in Study 1 was that the signage+pledge condition did not show a
significant reduction in plastic waste. If anything, it showed a numeric (although non-significant)
increase from baseline to intervention periods. There are several explanations for this. First, not
many people (only 37% of the employees) voluntarily signed the pledge. Second, for those who
signed the pledge, they may be prone to the single action bias, where they were willing to take
one action and felt that one action is sufficient (Weber, 1997). After signing the pledge, they
might feel that they had committed sufficiently to protect the ocean from plastic pollution, and
therefore they took a less rigorous approach in their follow-up actions to reduce plastic waste.
Third, commitment effects tend to be more robust when concerns about others’ reactions have
been elicited (Cialdini, 2001). The signage+pledge condition might not have created an
environment that activated social norms since we did not actively promote the pledge among the
employees, resulting in reduced commitment effects.

Moreover, the improved signage condition did not show a significant reduction in plastic

waste. In past studies, similar recycling signage was used to improve the accuracy of recycling
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behaviors and to reduce overall waste contamination (e.g., Wu et al., 2018). The lack of an effect
in the current study could be driven by the fact that the improved signage did not explicitly
request people to reduce plastic waste in particular, since a past model of sign-to-behavior
process suggested that greater clarity of purpose is associated with higher perceived effectiveness
of the signage for unfamiliar signage (Meis & Kashima, 2017).

It is encouraging to see a potential reduction in plastic waste when we implemented the
signage with the animal in the entire building in Study 2. Indeed, following the completion of the
studies, the company that resided in the building has phased out plastic cutlery and cups in their
offices and is currently implementing the signage+animal poster in their offices in 155 countries,
which will likely have a significant reduction in plastic waste worldwide.

During the debriefing session, we found that very few employees reported that they had
noticed the posters, that they had signed the pledge, or changed their waste disposal behavior
over the course of the studies. It is remarkable that we still observed a significant reduction in
plastic waste in the signage+animal condition despite the fact that very few employees reported
noticing the poster. This suggests that the visual image of a marine animal trapped in plastic
debris may not require conscious awareness to elicit behavior change, which is consistent with
past literature showing the lack of relationship between awareness of messaging and pro-
environmental behavior change (Nolan et al., 2008). The low number of employees who were
aware of the posters could be driven by several factors, such as a decay in long-term memory in
the multiple months between the intervention period and the debriefing session. This decay could
contribute to forgetting having ever seen the posters, or forgetting the change in behaviors during
the studies. Another factor could be inattention to the posters or the pledge. A previous study

found that longer exposure to an environmental message was associated with higher knowledge
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of the recommended practices and increased memory retention of the message (Cole et al.,
1997). Since the pledge poster was only up for four weeks, it may not be sufficiently long for
people to notice, which could explain why only a small proportion of the employees signed the
pledge.

One limitation in Study 1 is that the number of social events, employees, and visitors on
each floor were not recorded at each visit. A social event that occurred on a given floor could
increase the percent of plastic items, for example, the number of water bottles could surge after a
social gathering. This might explain the increase in the percent of plastic items from baseline to
intervention period in the signage+pledge condition and the control condition. Since our study
lasted three months, the change in the number of employees and visitors, such as clients or
maintenance workers, on a given floor could also influence the percent of plastic items on that
floor. For example, more employees could consume more tea, leading to more tea bag wrappers
being thrown away. We could not control these factors in our study. Future studies should track
the number of social events and the number of employees in each condition as covariates to more
cleanly examine the impact of the interventions. Another limitation is that employees on a given
floor could move to another floor, and therefore seeing the poster in a different condition.
However, this contamination between conditions should be minimal because for most floors in
the building (except the lobby and the cafeteria), the employees would need access permissions
to move to floors that are not their office space.

In conclusion, the current study demonstrated that signage with a marine animal trapped
in plastic debris was more effective in reducing plastic waste than commitment making or
improving information about the appropriate disposal behaviour alone. Importantly, the study

was conducted as a field experiment in a high-rise office building and showed a significant
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impact on plastic waste reduction. The findings provide a behavioral insight into the

effectiveness of visualizing marine consequences of plastic pollution in reducing plastic waste.
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Supplementary Materials
A. Justification of the cafeteria floor

This analysis examined whether the cafeteria floor presented a bias in our data. There
were three reasons why the cafeteria floor did not bias our data. First, we used the percent of
plastic items in the bins as our measure rather than the total number of plastic items. This ratio
controlled for the total number of items in the bins due to differences in traffic.

Second, we examined any differences between the two floors in each condition. Since our
data violated the normality assumption, we used non-parametric tests instead of t-tests or
ANOVA. Mann-Whitney U tests showed no significant difference between the two floors in the
improved signage condition [U=45, p=.19], signage+pledge condition [U=29, p=.80], and
control condition [U=30, p=.88], but only a marginal difference in the signage+animal condition
[U=51, p=.05]. Therefore, we combined the two floors in each condition.

Third, the cafeteria floor was randomly assigned to the improved signage condition.
During the baseline period, we found a marginal difference in the percent of plastic items
between the cafeteria floor and the other seven floors [X?(7)=12.49, p=.09, £2=.19, a medium
effect]. During the intervention period, the improved signage condition showed no change in the
percent of plastic waste (p=.54), whereas the control condition and the signage+pledge condition
showed an increase in the percent of plastic waste (p’s=.02), but the signage+animal condition
showed a decrease (p=.04). Given the different changes in these conditions, it is unclear how the
cafeteria could have contributed to an increase in some conditions but a decrease in another. For
these reasons, we do not believe the cafeteria presented a bias in our data or explained the results

in the signage+animal condition.
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Study 1 results excluding the cafeteria floor

To further ensure that the cafeteria floor did not affect the overall results in Study 1, we
conducted the same analyses while excluding data from the cafeteria floor. We first analyzed the
percent of plastic items across conditions to examine any differences in the baseline period. The
Kruskal-Wallis test showed that there was no significant difference in the percent of plastic items
between the conditions in the baseline period [X?(3)=3.74, p=.29, £2=0.12, a small effect]. In the
intervention period, we found that there was a significant difference in the percent of plastic
items between the conditions [X?(3)=14.65, p=.002, £2=0.34, a large effect]. Pairwise
comparisons using the Wilcoxon rank-sum tests with Holm-Bonferroni corrections showed that
the signage+animal condition had the lowest percent of plastic items (41.7%), compared to the
control condition (55.7%, p=.02) or signage+pledge condition (50.7%, p=.06). The improved
signage condition (45.2%) also had a significantly lower percent compared to the control
condition (p=.02). None of the other comparisons were significant (p’s>.26). When the posters
were removed in the post-intervention period, there was no significant difference between the
conditions [X?(3)=2.05, p=.56, £2=0.09, a small effect]. Moreover, a Mann-Whitney U test
indicated that the improved signage condition without the cafeteria floor showed no significant
difference [U=46, p=.90] from baseline to intervention periods. When the posters were removed
in the post-intervention period, the percent of plastic waste remained unchanged in the improved
signage condition [U=31, p=.88]. Thus, the results in Study 1 remained largely unchanged when
data from the cafeteria floor were excluded.
Study 2 results excluding the cafeteria floor

We found that the cumulative percent of plastic items was significantly lower in week 6

(62% of plastic items) compared to the percent of plastic items in week 1 (69% of plastic items)
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[X?=11.21, p<.001] (see Table S1). Thus, the results in Study 2 remained unchanged when data

from the cafeteria floor were excluded.

Table S1.

Cumulative percent of plastic items in each week in Study 2 without the cafeteria floor in the previous

improved signage condition.

Previous : . . I
improved P_reV|0us _ P_rewous Previous Overa_ _
Week . signage+animal signage+pledge  control (combining all
signage e e o o
e condition condition condition conditions)
condition
1 73% 68% 67% 67% 69%
(77/105) (115/169) (150/223) (85/126) (427/623)
5 64% 57% 67% 60% 62%
(155/241) (209/368) (315/473) (185/309) (864/1391)
3 64% 58% 65% 59% 62%
(242/376) (295/508) (427/660) (279/469) (1243/2013)
4 64% 57% 64% 57% 61%
(290/452) (378/658) (545/855) (340/595) (1553/2560)
5 66% 59% 65% 57% 62%
(356/543) (463/783) (714/1098) (411/718) (1944/3142)
5 65% 59% 65% 56% 62%
(388/595) (531/904) (848/1301) (472/840) (2239/3640)

Note. The first number in the bracket is the cumulative number of plastic items, and the second
number is the cumulative total number of items (both plastic and non-plastic items).
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B. Validation of measurements

Since the experiment was conducted in an office building used by the same company, the
items in the bins were highly similar across floors and over time. After the first two
measurements, we created a list of items (e.g., cutlery, bottles, wrappers) commonly found in the
bins. Two RAs were trained to count and record the type of items according to the list.
Specifically, one RA emptied each bin and went through each item in the bin, and the other RA
recorded the frequency of each item on the computer. If an item was not on the list, the RAs
were required to record the type of the new item and subsequent frequency. Additionally, the
RAs took a photo of the surface layer of each bin before counting to allow post validation
processes. The graduate student examined the photos at the end of each day to make sure the data
recorded on the computer approximately matched the photo.
Counting dry and wet items in the bins

We defined dry items as discrete and countable items according to the municipal waste

guidelines (City of Vancouver, 2020). Examples of dry items were plastic bags and water bottles.
Plastic items that were contaminated by other waste, such as food scraps or liquid, were counted
as dry items regardless. For the organics bin, we only counted the number of dry items, and
could not count ‘wet’ items, such as coffee grounds, liquid, and food scraps. To compensate for
wet items, we defined the fullness of each bin in all waste streams which was calculated as the
height of the waste filled in the bin divided by the height of each bin (20 inches). We found that
the fullness of the bin and the total number of items in the bin were highly correlated (r=.84,
p<.001). Thus, we built a regression model (total number of items in the bin=0.54xfullness of the

bin+0.98) using the fullness of the bin to approximate the total number of items in the organics
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bin. We then derived the percent of plastic items by the number of plastic items divided by the

total number of items in the organics bin.
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C. Study 1: Plastic item composition analysis
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Kruskal-Wallis tests of plastic item composition

We conducted a Kruskal-Wallis test for each of the top five plastic items to examine
whether the composition of these items remained stable in each condition across the three
periods. In the improved signage condition, there were no differences across periods for
wrappers [X%(2)=0.14, p=.93, 2 =.005, a small effect], cutlery [X?(2)=2.22, p=.33, ¢* =.09, a
small effect], lids [X?(2)=0.54, p=.76, £2 =.02, a small effect], plastic containers [X?(2)=.05,
p=.98, £2 =.002, a small effect], and plastic bags [X?(2)=1.04, p=.59, &2 =.04, a small effect]. In
the signage+animal condition, there were no differences across periods for wrappers
[X?(2)=0.03, p=.98, > =.001, a small effect], cutlery [X3(2)=1.58, p=.45, ¢2 =.07, a small effect],
lids [X?(2)=5.05, p=.08, & =.21, a medium effect], plastic containers [X?(2)=1.57, p=.46, &* =.07,
a small effect], and plastic bags [X?(2)=3.44, p=.18, ¢*> =.14, a medium effect]. In the
signage+pledge condition, there were no differences across periods for wrappers [X?(2)=4.31,
p=.12, ¢2 =.18, a medium effect], cutlery [X?(2)=0.17, p=.92, ¢? =.007, a small effect], lids
[X?(2)=3.32, p=.19, ¢* =.14, a medium effect], plastic containers [X?(2)=3.56, p=.17, ¢ =.15, a
medium effect], and plastic bags [X?(2)=0.73, p=.69, &> =.03, a small effect]. In the control
condition, there were no differences across periods for wrappers [X?(2)=2.48, p=.29, 2 =.10, a
small effect], cutlery [X?(2)=2.04, p=.36, &2 =.09, a small effect], lids [X?(2)=2.53, p=.28, &% =.11,
a small effect], plastic containers [X?(2)=3.30, p=.19, &2 =.14, a medium effect], and plastic bags
[X?(2)=1.15, p=.56, > =.05, a small effect]. This suggests that the reduction in plastic waste

occurred in all types of plastic items rather than eliminating one specific type of plastic waste.
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Table S2.

Cumulative percent of plastic items in each week by the type of bin in Study 2

D. Study 2: Cumulative percent of plastic items
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Week Cans and bottles  Recycling Organics Garbage

1 36% 83% 43% 87%
(10/28) (156/189) (112/263) (379/435)

5 27% 77% 38% 86%
(22/83) (324/421) (223/592) (670/781)

3 27% 75% 38% 86%
(32/120) (459/608) (330/863) (984/1148)

4 35% 76% 36% 85%
(58/166) (577/763) (421/1163) (1191/1399)

5 35% 77% 37% 86%
(73/208) (727/945) (523/1421) (1453/1695)

6 37% 77% 35% 85%
(84/229) (835/1087) (590/1671) (1655/1938)

Note. The first number in the bracket is the cumulative number of plastic items, and the second
number is the cumulative total number of items (both plastic and non-plastic items).



