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Two natural field experiments were implemented to examine the influence of framing
effects on environmental behavior. The first study examined plastic bag use at a
convenience store using low cost nudges: an informational message on a sign and
interpersonal communication at check-out. We employed a 3 × 2 treatment design
(positive message vs. negative message vs. no sign; each paired with both asking for
bag vs. not asking for bag) and report the observed plastic bag use behavior. A second
study was conducted using a pre-snorkel briefing with two message frames–positive,
negative, and no briefing (control). Environmentally damaging snorkel behavior was
anonymously observed and recorded. Both experiments show the same general
result: a significant and positive difference between subjects that were exposed to an
intervention compared to those in the control conditions. However, we do not find
significant differences in observed environmental behavior between the negative and
positive framing.
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conservation

INTRODUCTION

Ecosystems and natural resources are humankind’s basis of life, but are generally facing pollution,
degradation and overexploitation (Dwyer et al., 1993; Osbaldiston and Schott, 2012). The decreasing
environmental quality mostly originates from anthropogenic influences, a consequence of human
behavior (Dwyer et al., 1993; Steg and Vlek, 2009). The social-ecological systems literature has
focused extensively on framing and analyzing these interdependent relationships between societies
and the environment (Colding and Barthel, 2019; Vos et al., 2020). In tourism, human-environment
relationships are co-shaped by the context (Scott et al., 2012). For example, willingness to use a
reusable bag can be influenced by who sends the message, which has impacts on local environmental
pollution (Spranz et al., 2018). Similarly, the problems a tourist recognizes as important are linked to
their cultural salience and local visibility. Beach trash is more noticeable then underground sewage
leakages or invisible contaminants from plastics and sunscreen on reefs, and thus beach clean ups
and macro-pollution mitigation measures are often put forth as solutions (Brouwer et al., 2017).
These features shape tourist, business owner and environmental governance actor perceptions about
how to prioritize environmental problems and what can be done to govern human behavior to solve
them (Scott et al., 2012).
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Large-scale changes of human behavior are crucial to diminish
the underlying drivers of environmental problems and to better
structure institutions (i.e., rules and norms) that provide the
incentives for individuals to act in ways that do not undermine
pro-environmental goals of society as a whole (Dwyer et al., 1993;
Steg and Vlek, 2009). To achieve this goal, there are many possible
approaches such as international agreements, governmental
policies, technological innovations, educational programs or
market-driven changes. Individual behavior change is often
voluntary and is triggered by the social market based on
reflecting one’s image and reputation to peers.

Nudges are low-cost interventions that influence decision-
making without limiting freedom of choice and have been tested
in the environmental realm of electricity and water saving,
reduced meat consumption, recycling, and decreasing private
car transportation (Kollmuss and Agyeman, 2002; Cheng et al.,
2011; Osbaldiston and Schott, 2012). Sunstein (2014) notes that
nudging refers to “liberty-preserving approaches that steer people
in particular directions, but that also allow them to go their own
way” (p. 583), and that nudges “are specifically designed to
preserve full freedom of choice” (p. 584). The benefits of
nudging approaches include their typical low costs,
preservation of individual choice, and ability to achieve
desired outcomes without large systemic changes. They are
often low cost because a lot of nudging is about how
information is presented and organized, often referred to as
altering the ‘choice architecture’ available to individuals, which
is always there, but often not consciously designed. It preserves
individual freedom of choice because there is no coercion, but
rather information messaging or choice options are presented
transparently in different ways. Finally, nudging does not often
require systemic changes, for example changing the policy
structure of the entire health care system, but rather
influencing how individuals make choices within it to optimize
desired outcomes.

The purpose of this paper is to observe real behavior changes
using natural field experiments with different types of pro-
environmental communication framing interventions, and to
test the effectiveness of those framing intervention nudges.
Due to the disparate and largely inconclusive literature on the
topic in the environmental realm, this study aims to add clarity
with findings from two experiments on different environmental
problems 1) plastic pollution and 2) coral reef degradation on Gili
Trawangan, Indonesia. The findings of these two studies
contribute to the framing and environmental behavior
literature and can inform design of future research, but also
demonstrate practical intervention strategies for influencing
human behavior in relation to local environmental management.

According to the Theory of Planned Behavior, pro-
environmental behavior is thought to be influenced by one’s
environmental knowledge, attitudes, social pressures, values and
beliefs (Kollmuss and Agyeman, 2002). Environmental attitudes
are an often-studied component of behavioral intentions, and,
less so, of actual observed behavior (Heimlich and Ardoin, 2008).
Correlations between attitudes and actual behavior have been
proven to be weak (Kollmuss and Agyeman, 2002; Masud et al.,
2015; Nelson et al., 2020). Additionally, the type of informational

framing is thought to influence decisions but the success of the
frame is dependent not only on what is said, but how it’s said at
specific points of a person’s decision stage (i.e., early stage of
determining whether an issue is problematic based on its personal
risk/costs or the later stage of establishing intention to act)
(Entman, 1993; Cheng et al., 2011). Therefore, targeting
interventions to different audiences is necessary and to do so,
a distinction between antecedent and consequence strategies has
been made: Antecedent strategies are aimed to change the factors
that precede the behavior, e.g., informing about choice options,
raising awareness or prompting. By comparison, consequence
strategies are aimed to change the consequences following a
behavior, e.g., penalties, rewards or feedback (Steg and Vlek,
2009).

Although a multitude of studies have used interpersonal
communication to examine environmental behaviors (for a
review see Osbaldiston and Schott 2012), few of these studies
compare observed behavior between printed media and face-to-
face interactions. One study showed that in antecedent behavioral
interventions, based on giving information in advance, personal
interaction is more effective compared to only presenting
information in a non-interactive way (e.g., print, digital).
Curbside recycling was increased by personal communication
rather than by printed persuasive communication alone (Burn,
1991) and lawn watering was decreased when students were
talking to residents compared to the ‘information only’
treatment (McKenzie-Mohr, 2000). A reason for this may
result from the desire for social recognition and approval
which acts as a motivator for performing a specific behavior
(Cook and Berrenberg, 1981).

Nevertheless, a cross-cultural phenomenon called ‘knowledge-
action’ gap occurs. Hundreds of studies have failed to explain the
gap between environmental knowledge held by individuals and
the resulting pro-environmental behavior they exhibit (Kollmuss
and Agyeman, 2002). Consequently, while the type and
availability of information should continue to be studied, how
this information is being communicated also needs to be further
examined (Kennedy et al., 2009; Cheng et al., 2011). This includes
the framing of how information is communicated both verbally
and visually (Nelson et al., 2019; Nelson et al., 2020).

Framing Effects
The framing effect, resulting from message or valence framing, is
described as a cognitive bias emerging from the way information
is communicated or presented (Entman, 1993; Plous, 1993; Levin
et al., 1998; Avineri and Waygood, 2013). Although the “Classic
Economic Theory of Rational Choice” concludes that individuals
base their choices only on the content of the information and not
in the way it is presented, “Prospect Theory” states that the kind
of framing can influence decision making and behavior
differently (Kahneman and Tversky, 1979). Prospect theory
posits that decision making can be altered by the potential
perceived losses (loss frame) or perceived gains (gain frame)
from a specific reference point with which information is
presented (e.g., 10% lives lost vs. 90% lives saved) (Kahneman
and Tversky, 1979; Tversky and Kahneman, 1992; Avineri and
Waygood, 2013).
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Research has shown that communicating a descriptive norm that
gives people cues about expected behavior (or inappropriate
behavior) through written information can induce conformity
(Schultz, 1999; Nolan et al., 2008). Although much research has
been done in the field of framing in various contexts such as politics,
consumer behavior, health or environmental communication, many
contradictory results exist and the answer to which framing (e.g.,
positive or negative) leads to more behavior change in a specific
context is not consistent (Entman, 1993; Levin et al., 1998; Piñon and
Gambara, 2005; Entman et al., 2009; Spence and Pidgeon, 2010;
Cheng et al., 2011; Kim and Kim, 2014; Baxter and Gram-Hanssen,
2016). For instance, in a study where the benefits of performing
climate change mitigating behaviors were highlighted, subjects
reported higher average positive environmental attitudes in
comparison to the frame focusing on the risks and threats of
refraining from mitigation behaviors (Spence and Pidgeon, 2010;
Maibach et al., 2014). Nonetheless, as stated previously, there is weak
evidence, at best, that attitudes and intentions (e.g., knowledge)
translate into actual behavior, and more research is needed in
different contexts.

For example, in a virtual reality-based intervention, it was tested
whether gain or loss framing was more influential in provoking
respondents to be willing to donate money and time for biodiversity
conservation organizations (Nelson et al., 2020). The authors found
that the negatively framed audio together with 360° virtual reality
video resulted in more money donated, but only in the context of
tourists that were immediately impacted by the health of the natural
resource–which in this case happened to be coral reefs. Respondents’
behavioral attitudes were not a significant indicator for their
behavior (Nelson et al., 2020). Ahn et al. (2015) conducted a
virtual experiment with a visual framing (instead of semantic
framing) in which subjects were exposed to either cutting
(negative) or planting (positive) a tree in an animation. Overall,
the virtual experience (regardless of negative or positive frame)
resulted in higher intentions of purchasing recycling paper
compared to the control (only text). This experiment only
measured reported behavior and intentions and was conducted in
a laboratory which may have resulted in a difference to real-world
behavior (Levitt and List, 2007).

Surprisingly, to the authors’ knowledge, only one pro-
environmental framing experiment has been implemented as a
natural field experiment using observable behavior (White et al.,
2011). White et al. (2011) show that the mind-set of the message
played a role in a recycling study: negative frames led to more
recycling with a concrete mind-set (how should be recycled) and
positive frames led to more recycling with an abstract mind-set
(why should be recycled) (White et al., 2011). Although actual
recycling behavior was measured, the framing itself was not tested
on its own, but together with the induced mind-set message. They
conclude that framing effectiveness is highly context dependent
and they do not offer general recommendations favoring positive
or negative framing to enhance pro-environmental behavior
change interventions.

Study Location and Context
The Gili islands–Gili Trawangan, Gili Meno and Gili Air–are
small tropical islands off the northwest coast of Lombok, located

in the strait between Lombok and Bali, Indonesia. Gili Trawangan
is the largest of the three islands, at approximately six square
kilometers. The population consists of around 2000 people,
mainly Indonesians, but also western expatriates (Hampton
and Hampton, 2008; Willmott and Graci, 2012; Halim, 2017).
Gili Trawangan is the furthest developed and most frequently
visited of the Gili islands with an estimate of well over a million
visitors annually (Partelow and Nelson, 2018). Gili Trawangan
is highly dependent on tourism, particularly marine tourism as
it is the second most popular destination in South East Asia
for SCUBA certification (Partelow and Nelson, 2018).
Overcapacity and degradation of natural resources from
pollution (i.e., challenges with waste management) and
tourism are rapidly becoming a problem. This includes a lack
of freshwater, insufficient solid waste and sewage treatment,
plastic pollution, reef degradation, beach erosion due to
coastal construction, and illegal fishing and anchoring
(Bachtiar, 2000; Hampton and Hampton, 2008; Willmott and
Graci, 2012; Graci, 2013).

On Gili Trawangan, waste collection volumes range from
10–15 tons per day during high season and 3–5 tons per day
in low season of which 42% is non-organic waste (Cannucciari
and Martiana, 2016). All non-recyclable waste stays on the island
and is brought to the landfill. Burning of waste is typical and it is
common to see waste dumping sites scattered around the island
and eventually ending up in the ocean.

Regarding the marine environmental problems, coral reef
degradation is one of the most severe ones. As a result, the local
non-governmental organization Gili Eco Trust was established
in 2002 with the aim to conserve the coral reefs. Scuba diving
and snorkeling can immensely deteriorate the health of coral
reefs, mainly from physically touching the reef whether
accidently or purposefully (Barker and Roberts, 2004;
Hannak et al., 2011). Scuba divers as well as snorkelers
were reported to physically damage corals and harass
marine wildlife (Barker and Roberts, 2004). Although the
impact of touching corals might not be obvious, it can
adversely affect the coral’s physiological condition,
especially repeated occurrence by millions of snorkelers and
divers visiting the island annually (Barker and Roberts, 2004).
By disturbing the thin mucous layer the susceptibility for
diseases and algal overgrowth can increase (Morrow et al.,
2011). It is evident that even minimal impacts caused by divers
can result in irreversible damage, of which the extent of these
affects is cumulative in high traffic areas, such as on Gili
Trawangan (Krieger and Chadwick, 2013).

As snorkeling and diving are the main tourist activities on Gili
Trawangan, exploring management interventions that could
minimize their impacts should be considered. Already in 1997,
Hampton and Hampton (2008) found signs of damage caused by
snorkelers on the reefs of Gili Trawangan. Most damage resulted
from snorkelers walking or standing on corals, or bumping into
them while snorkeling (Hampton and Hampton, 2008). With
increasing tourist volume, pressure on the coral reefs is also
increasing, threatening the health of coastal ecosystems and the
viability of tourism as form of sustainable development for the
island’s economy.
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EXPERIMENT 1: PLASTIC BAG
INTERVENTION

The amount of plastic pollution ending up in the world’s oceans is
increasing (Jambeck et al., 2015; PEMRG, 2018). Plastic pollution
harms marine wildlife, such as turtles, whales and sea birds
because they confuse it with nutritious food. Indonesia is the
second biggest contributor to marine plastic pollution with an
estimated input of 0.48–1.29 million metric tons each year
(Jambeck et al., 2015). Plastic bags in Indonesia are commonly
provided for free, often with every purchase, regardless of the size
or quantity of items. In this study, we introduce different verbal
and visual treatments as framing interventions to discourage the
use of plastic bags at a convenience store on Gili Trawangan.

Methods
The study location was a convenience store called Coco Express, a
retail chain. This was chosen because it is one of the two most

common and busiest shops on Gili Trawangan. The location was
at the south end of the main beachfront strip frequented heavily
by tourists. The sitting area in front of the shop (bottom-right in
Figure 1A) allowed for anonymous observation of consumer
purchases (Figure 1A) and facilitated the follow-up questionnaire
of each customer upon exit.

A 3 × 2 full factorial between-subject’s experimental design
was implemented to observe differences in behavior. The first
factor is message framing with three levels: positive, negative and
a control with no sign. The second factor refers to whether the
shop assistant asks the customer if he/she needs a plastic bag
(asking) (“Do you need a plastic bag?”) or places the purchased
items in a plastic bag without asking unless the customer actively
refuses a plastic bag (not asking). A total of 721 observations were
included for analysis (see Table 1 for sample sizes by treatment).

The treatments were displayed as an informational sign on the
check-out counter of the shop (Figure 1B). The positively framed
message was: “Do you really need a plastic bag? Refuse it and you

FIGURE 1 | (A) (top): The seating area in front of the Coco Express store with window fronts. (B) (bottom): Positive message sign on the counter of the Coco
Express store.
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will save the ocean!” and the negatively framedmessage read: “Do
you really need a plastic bag? Refuse it or you will destroy the
ocean!” (see Figure 2). The message was in English as the target
audience was foreign tourists and it was also translated into
Indonesian (Bahasa Indonesia) and printed in smaller font below
the English text.

A structured survey was created to collect personal data and
supplement the interpretation of the observed behavioral
intervention experiments on each subject as they exited the
shop, including questions on socio-demographics, income,
activities on the island, perceptions on plastic pollution on Gili
Trawangan, pro-environmental behavior intentions and actions
already performed on the island (see Appendix I). The research
was approved by the institutional ethical review committee for
Leibniz ZMT, and was conducted in accordance with the ethical
standards of the German Data Protection Act, and the 1964
Helsinki Declaration and later amendments. Informed consent
was obtained from all individual participants that filled out the
survey. Given the large mix of nationalities and difficulty

standardizing income with purchasing power parity across so
many different contexts, participants were asked for the cost of
their hotel per night as a proxy to income, in addition to their self-
assessment of income status relative to others in their home
country.

From 2:00–8:00 pm was chosen for observations as this was
the busiest time. To randomize observation times and days, each
treatment was set to a period of 2 h with 5 min in between. The
random assignment of treatments to observation times was done
with R Studio (Package: Base) using the function sort() and
order(). The target minimum sample size per treatment was
100. Interventions and observations took place on 19 days
between November 14, 2018 and December 17, 2018.

Before a treatment was implemented, shop assistants were
briefed about their verbal cues (asking/not asking) using Google
Translate to ensure proper understanding and adherence to the
treatment. The customers were observed through the glass window
of the shop and the following information was recorded: gender
(male or female), single item purchased, number of small items

TABLE 1 | Sample size by treatment allocation.

Positive framing Negative framing Control (no poster) Total

Asking Treatment1 (T1) N � 124 Treatment2 (T2) N � 118 Treatment3 (T3) N � 124 N � 366
Not asking Treatment4 (T4) N � 119 Treatment5 (T5) N � 114 Treatment6 (T6) N � 122 N � 355
Total N � 243 N � 232 N � 246 N � 721

FIGURE 2 | Positively (left) and negatively (right) framed signs that were placed on the store’s counter.
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purchased (defined as items that fit in a trouser pocket/small hand
bag), number of large items purchased (items that do not fit into a
trouser pocket/small hand bag), and whether the customer took a
plastic bag. Single items were items that are consumed right after the
purchase, for example ice cream, hot beverages, beverages that were
opened in the shop or right after leaving the shop. The customers
that bought a single item were recorded (N � 602), but later they
were excluded from the analysis because no bag was necessary since
these items were immediately consumed, and their inclusion may
bias the effect of the intervention (Total N � 1,323–602
dropped � 721).

After the customer’s behavior had been observed and upon
exiting the store they were approached and asked whether they
would have time for a three-minute survey about plastic pollution
on Gili Trawangan. When a couple or a group of persons bought
items together, the behavior of the one who paid was observed as
he/she was in the position to make a decision about taking a
plastic bag or refusing it. Consequently, only this person was
asked to fill in the survey.

Results of Experiment 1
Of the 721 people observed, 319 were women and 402 were men.
On average, 3.32 ± 1.85 items were purchased per subject,
whereby the number of small purchased items is 0.43 ± 0.73
and the number of large purchased items is 2.89 ± 1.77. From the
total sample, an average of 46.60% of the subjects actively refused
to take a plastic bag.

The largest proportion of people who actively refused plastic
bags were found under T1 (positive and asking) with 58.06% and
the lowest proportion of people who refused plastic bags were
exposed to T6 (no sign and not asking) with 30.03%. The
percentage of actively refused plastic bags per treatment is
presented in Figure 3.

Although the proportion of people refusing plastic bags was
higher in the treatments with the positive framing, suggesting a
trend, the two-sided proportion test revealed no significant
differences between the positive and negative framing (see
Table 2).

The interaction factor (asking/not asking) only showed
significant differences between treatment 3 and 6 (p � 0.008),
which were the treatments without a sign. Compared to the
control for no sign/not asking (T6) and all treatments with a sign,
there are significantly higher proportions of refused plastic bags
in all sign treatment conditions (see Table 2).

The logistic stepwise regression (Table 3) revealed that the
numbers of small and large items are both highly positively related
to the acceptance of a plastic bag (both: p < 0.001). Consequently,
the probability of accepting a plastic bag is increasing with the
number of purchased items (small or large). Similarly, subjects
exposed to the treatment 5 (p � 0.048) and treatment 6 (p < 0.001)
are more likely to obtain a plastic bag.

Of the 201 subjects who filled in the survey, 53.7% stated their
gender as female, 44.8% as male and 1.5% as other. The age of the
survey participants ranged from 17 to 71, with a median of 27.
The observed behavior of survey respondents differs from the
overall observed behavior: only 40.80% of the survey respondents

FIGURE 3 | Percentage of actively refused plastic bags per treatment including the treatment description.

TABLE 2 | Proportion test results of refused plastic bags.

Comparison Treatments p-value (Effect size)

. . .Between positive and negative framings T1*T2 0.259 (0.16)
T4*T5 0.457 (0.11)

. . .Between asking/not asking T1*T4 0.231 (0.17)
T2*T5 0.421 (0.12)
T3*T6 0.008 ** (0.36)

. . .With control for sign T1*T3 0.127 (0.21)
T2*T3 0.804 (0.05)

. . .With control for sign and asking/not
asking

T1*T6 <0.001 *** (0.57)

T2*T6 0.003 ** (0.40)
T4*T6 0.003 ** (0.40)
T5*T6 0.044 * (0.28)

*, **, *** indicates significance levels at the p < 0.05, 0.01, and 0.001 levels, respectively.
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actively refused plastic bags. Responses on statements about
observation of plastic pollution on Gili Trawangan, concern
about pollution, self-efficacy and contribution to it are
summarized in Table 4.

Survey results suggest strong agreement that a plastic pollution
problem exists and agree is negative, but also that subjects could
do something about it (93%) (Table 4). In contrast, the most
effective treatment (T1) shows less than 60% take an individual
action (i.e., refused bag). This indicates a knowledge-action gap.
More specifically, survey respondents that stated they paid a
higher price for their accommodation were significantly more
likely to accept a plastic bag (p � 0.039). Concern about the
environmental consequences of plastic pollution on Gili
Trawangan increased the probability of accepting a plastic bag
(p � 0.038) which appears contradictory but also demonstrates
the knowledge-action gap. Together, the sum of all pro-
environmental behaviors performed on Gili Trawangan was
significant (p � 0.003) and negatively correlated to the
probability of subjects accepting a plastic bag.

Overall, all treatments were significantly more effective in
discouraging the use of plastic bags compared to the control
treatment (T6–no sign and not asking). Although no framing
effect was detected, the treatment T1–positive and asking
resulted in the largest proportion of actively refused plastic
bags and the probability of people actively refusing a plastic
bag is significantly higher compared to the control treatment
(T6–no sign and not asking). The interaction (asking whether a
plastic bag is needed) is especially important when there is no
sign. However, a sign discouraging the use of plastic bags is
helpful as a low-cost and low-effort approach to reduce plastic
bag use, even if it serves only as a reminder to the clerk to ask
each customer if they need a bag.

Despite the significant difference between treatment 5
(negative framing and not asking) and treatment 6 (no sign
and not asking) resulting from the proportion test, the logistic
regression indicates that both treatments cause a higher
probability of people accepting a plastic bag. Consequently,
when no interaction with customers is possible (i.e., through
self-checkout lanes), a positively framed visual message is
advisable to reduce the consumption of plastic bags.

The stepwise logistic regression results are presented in
Table 5. The regional codes 3 (p � 0.014) and 5 (p � 0.014)
which refer to Latin America and Caribbean and North America,
respectively, resulted in a significant negative correlation to the
acceptance of a single-use plastic bag.

Discussion About Experiment 1
Overall, findings indicate any intervention (sign and/or asking) is
more effective than none. Any sign regardless of framing, coupled
with asking customers if they want a bag, can be an effective and
low-cost way to reduce plastic bag use. Interestingly, no
significant difference in plastic bag refusal was observed
between the positive and negative framing treatments. The
human interaction of asking whether a customer needs a
plastic bag is particularly important when there is no sign. A
sign may also serve as a reminder to the clerk to ask each
customer if they need a bag.

Regarding survey results, a large majority of respondents
agreed plastic pollution is observable, a problem, and they
could do something about it. Nevertheless, our findings
confirm that a knowledge-action and intention-action gap
exists (Hines et al., 1987). This reiterates the need for more
studies to report on observed behavior rather than to draw
conclusions about real behavior based on knowledge, attitudes,
and behavioral intentions (Nelson et al., 2020). Many reasons
may explain this. For example, tourists may have scarce
knowledge of the fate of plastic wastes on Gili Trawangan.
Also, in the short moment when the decision is made whether
to take a bag or not during the purchasing process, other social,
cultural or interpersonal factors associated with communication,
exchange or the normalization of transaction behavior may have
influenced the choice. The choice also had to be made quickly, as
the sign intervention was placed at the counter. Perhaps if the sign
was placed in the entrance, or at various locations around the
shop, the customer would have more time to be primed about the
issue and think about the decision during the purchasing process.
Other aspects can only be speculated, but could be considered in
future research such as how far the subjects need to carry the

TABLE 4 | Survey results about plastic pollution on Gili Trawangan.

Survey statement Agree (%) Disagree (%) No answer (%)

During my stay on Gili Trawangan I observed plastic pollution 88.56 9.95 1.49
Plastic pollution is a problem on Gili Trawangan 89.05 10.45 0.50
Plastic pollution on Gili Trawangan concerns me because of the environmental consequences 94.53 4.47 1.00
Marine plastic pollution is a danger for both marine wildlife and humans 98.01 1.49 1.00
My stay on Gili Trawangan contributes to plastic pollution 65.67 33.33 1.00
I can do something against plastic pollution on Gili Trawangan 93.53 4.47 1.00

TABLE 3 | Regression results for accepted plastic bags (observation data).

Time 2 (4:05–6:05 pm) 0.145 (0.269)
Time 3 (6:10–8:10 pm) 0.486 (0.259)
Treatment 2 0.190 (0.317)
Treatment 3 0.009 (0.327)
Treatment 4 0.272 (0.339)
Treatment 5 0.697 * (0.352)
Treatment 6 1.204 *** (0.327)
Number of small items 0.472 *** (0.138)
Number of large items 0.682 *** (0.079)
Pseudo R-squared (Mc Fadden) 0.164
No. observations 721

Standard errors are reported in parentheses.
*, **, *** indicates significance levels at the p < 0.05, 0.01, and 0.001 levels, respectively.
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items or the state of intoxication of the subject (e.g., many tourists
on the island consume alcohol).

The high significance of the sum of pro-environmental
activities reveals an important factor. The more people already
behave environmentally-friendly (i.e., refuse straws, avoid reef
touching, use waste bins), the higher the likelihood is that they
will perform other environmentally-friendly actions, such as
refusing a plastic bag. Although the previous environmentally-
friendly actions were self-reported, this finding is in line with
other research revealing a positive spill-over effect from one
sustainable behavior to multiple others (Berger, 1997; Barnes
et al., 2014).

Interestingly, the more money people spent on their
accommodation, the more likely they were to accept a single-
use plastic bag. As the family’s income status did not reveal any
significant differences between observations, and was, thus,
eliminated from the regression model, this factor does not
correlate directly to the individual’s economic situation, but
rather to the importance of luxury and or convenience while
on holiday. This may also be reflected in the use of plastic bags as
they are an item of convenience.

Attributing relevance to the lower likelihood of refusing bags
based on the consumer’s region of origin being Latin America/
Caribbean and North America compared to those from East Asia/
Pacific Islands should be carefully interpreted given the uneven
distribution of the number of observations per world region (both
regions were only represented by a small sample size n � 11 and
n � 16, respectively). Nevertheless, cultural differences in the
effectiveness of differently framed messages (Uskul et al.,
2009) as well as differences in concern about environmental
issues have been previously reported (Gifford and Nilsson,
2014). There may also be various vacation effects. When
tourists are away from their home countries and cultural
contexts influencing their day-to-day behavior, the norms
typically guiding their behavior may be altered or left
behind on vacation. Additionally, because tourists are only
there for a short time, they do not have to personally bear the
costs of mismanagement or environmental degradation from

their behavior in the long-term. Furthermore, vacation is
typically a time for relaxing, and the convenience of taking
a bag may not be viewed as a substantial negative action from
the perspective of an individual who, in their eyes, is only more
likely to do it on vacation.

EXPERIMENT 2: SNORKELING
INTERVENTION

Coral reefs provide important public goods and ecosystem
services worldwide, but are increasingly impacted by people
through climate change induced coral bleaching, pollution and
overuse from fishing and tourism (Hughes et al., 2003;Wilkinson,
2000). Declines in coral reef health and biodiversity have been
linked to the diving industry and snorkeling (Schleyer and
Tomalin, 2000; Uyarra et al., 2009). Pre-trip briefings are a
common behavioral intervention to minimize diver impacts by
reminding divers to be cautious shortly before entering the water.
A growing body of literature suggests that snorkelers and divers
who experience a pre-trip briefing, cause less impacts and damage
(Camp and Fraser, 2012; Krieger and Chadwick, 2013;
Hammerton and Bucher, 2015; Webler and Jakubowski, 2016).

However, different framings of the briefing message, and how
their effectiveness may differ, have not been previously tested. For
example, if whether highlighting “what to do” (e.g., always keep
2 m distance) vs. “what to avoid doing” (e.g., do not touch marine
life) leads to fewer impacts. The following experiment tests the
variation in effectiveness of different pre-trip briefing framings on
a random sample of snorkelers on Gili Trawangan.

Methods
The study location was the northeast beach of Gili Trawangan
commonly known as “Turtle Point.” Various signs indicate the
location of the area where turtles can be observed on a regular
basis and snorkeling gear can be rented on multiple stands along
the beach. This site was chosen because most interactions
between snorkelers and turtles occur here (informal interviews
with Gili Eco Trust staff and local dive businesses), it is the most
frequented snorkel area around Gili Trawangan accessible from
land, and, consequently, receives the most reef damage by
snorkelers (Hampton and Hampton 2008).

The experiment comprises two treatments and a control
setting. The medium for this experiment was a printed
briefing sheet informing snorkelers about either a positive
(careful) or negative (damaging) snorkeling behavior (see
Table 6). This information sheet was shown to the subjects on
a one-to-one basis (procedure explained below). After the
interaction, the subjects were anonymously observed (by
another researcher) while snorkeling for a period of 10 min.
Under the control setting, snorkelers were observed without
prior interaction or intervention. The sampling times were
fixed in the afternoon from 1:00 pm onwards, but slightly
adjusted depending on the weather conditions. To minimalize
confusion during the sampling only one of the treatments or
control were implemented on each single day. To randomize the
observation days, random assignment was done by using the

TABLE 5 | Regression results for accepted plastic bags (survey data).

Europe and Central Asia 0.404 (0.458)
Latin America and Caribbean ‒2.340* (0.949)
Middle East and North Africa ‒0.358 (1.413)
North America ‒2.174* (0.885)
South Asia 0.180 (1.250)
Sub-Saharan Africa 0.319 (2.030)
East Asia and Pacific Islands 0.000
Family income status 0.425 (0.280)
Accommodation cost class 0.477* (0.231)
Plastic pollution is a problem ‒1.126 (0.800)
Concern about plastic pollution 2.420* (1.165)
Marine plastic pollution is a danger ‒17.520 (858.518)
Tourists have a potential to mitigate plastic pollution 0.615 (0.430)
Sum of pro-environmental behavior on Gili Trawangan ‒0.225** (0.077)
Pseudo R-squared (Mc Fadden) 0.239
No. observations 176

Standard errors are reported in parentheses.
*, **, *** indicates significance levels at the p < 0.05, 0.01, and 0.001 levels, respectively.
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function sort() and order() in R Studio. The sample size per
treatment and control was first set to 50. Each sampling day a
minimum of 10 snorkelers were supposed to be observed. After
the implementation of roughly 30 subjects per treatment and
control, the effect size was calculated (Cohen’s d � 0.71), and the
sample size was adjusted to 60 per treatment and control. In total,
interventions and observations took place on 18 days between
December 26, 2018 and January 20, 2018.

Snorkelers who were preparing to get into the water were
approached by one of the volunteers of the local NGO Gili Eco
Trust. The volunteers introduced themselves as volunteers, briefly
outlined the work of the NGO (being coral reef conservation and
waste treatment) and then provided information about
snorkeling behavior to reduce impacts on the reef.

Following this interaction, and allowing for time for the subjects
to adjust their gear and become comfortable in the water, the
underwater observer watched the snorkeler(s) for 10min. Gender,
use of snorkel, fins, camera and other equipment as well as the
number of people surrounding the individual snorkeler (>2m
distance to subject) during the 10-minute observation were
noted. The position in the water was recorded every 60 s as the
average position over the 10-minute period can act as a proxy for
the snorkelers’ level of experience. The snorkelers’ proximity to the
reef was also assessed every 60 s given the obvious correlation
between reef proximity and contact. Several different kinds of
impacts on the reef and marine life were observed, including
type of contact (kick, touch, stand, etc.), type of coral
(branching, foliaceous, massive, soft, table) or sponge, body part/
equipment (foot, hand, leg, fin, camera), type of impact (sediment
suspension, single abrasion, multiple abrasion, breakage), voluntary
vs. involuntary impact (voluntary included standing on the reef and
grabbing the reef as opposed to accidental brushing against the reef
and accidental fin kicks), coming closer than 1.5 m distance to a
turtle, touching, obstructing and feeding (see Appendix II). When
the 10-min observation was finished, the observer signaled to the
volunteer on the beach that she was done and ready for the next
observation. Consequently, the volunteer either indicated who she
had informed already or approached a new snorkeler.

During data analysis, the number of impacts was included, as
well as, a calculated impact score which was created to account for
the different severity of impacts on marine wildlife. These were

calculated by the type of impact with the coral reef (sediment
suspension � 1, single abrasion � 2, multiple abrasion � 3,
breakage � 4), the type of impact with a turtle (chasing,
distance closer than 1.5 m, obstructing � 2, touching/feeding �
4) and the intention of the subject (impact was voluntary � 1,
impact was involuntary � 0). For subjects with multiple impacts,
the scores of each impact were summed up. With the ten
observations of the subject’s proximity to the reef, a median
was calculated. A position index was created to use as a proxy for
one’s level of experience and comfortability snorkeling. For this,
the observation every 60 s was assigned to a number (standing on
the reef � 1, standing on sand � 2, swimming vertically � 3,
floating on the water surface � 4, swimming horizontally � 5,
diving down � 6) and the ten observations were averaged.

Results of Experiment 2
In total, 184 snorkelers were observed. As one of the observed
snorkelers noticed that he was observed, this subject was removed
from analysis, leaving 183 observations for data analysis. Overall,
144 impacts on marine wildlife by 73 snorkelers were noted, of
which 28 impacts were involuntary. Impacts included standing
and walking on the reef, touching the reef, breaking/kicking
corals, suspension of sand close to corals, coming closer than
1.5 m to sea turtles, obstructing, chasing, and touching sea turtles.
Although the Gili Eco Trust staff had reported feeding of turtles
by snorkelers, this was not observed during the sampling days.
The mean number of impacts per snorkeler is highest with 1.34 ±
1.76 per 10-minute observation period in the control setting. In
the positive (0.39 ± 0.78) as well as in the negative framing (0.62 ±
1.03), the mean number of impacts was lower. The mean position
index is 4.17 ± 0.50. The number of impacts is not normally
distributed, and the variances are not homogeneous (all: p <
0.001), thus, the non-parametric Kruskal Wallis Rank Sum test
was run. There are highly significant differences between the
treatments and control (p < 0.001) regarding the number of
impacts a snorkeler had on the marine environment. These
significant differences occur between the control and the
positive treatment (p < 0.001) and between the control and
the negative treatment (p � 0.013). There is no significant
difference (p � 0.244) between the framed treatments (positive
and negative).

TABLE 6 | Briefing sheets with four key notes highlighting positive (careful) snorkeling behavior (left) and negative (damaging) snorkeling behavior (right).

Positive framing Negative framing

Save the reef Don’t harm the reef
How to be a good guest in the underwater world How to minimize your negative impact underwater
You can help life underwater stay colorful and beautiful by keeping your hands to
yourself and your feet off the ground as much as possible to avoid touching the reef,
turtles and other marine wildlife

Your presence on the reef can have disastrous outcomes for the reef in the long-run if
you touch or step on the reef, the turtles and other marine wildlife

As a good snorkeler you are always aware of where your fins and other equipment
(camera, etc.) are to avoid involuntary contacts

If you are not aware of the position of your fins and other equipment (camera, etc.) you
may contact the coral reef and injure it

Good snorkeler behavior means you keep at least 1.5 m distance to turtles at all times
to ensure they remain calm in their environment and can surface to breathe. Good
snorkelers enjoy watching the natural behavior of turtles and if it swims away, let it go!

Bad snorkeler behavior is when you get too close to turtles (less than 1.5 m) and they
become distressed and cannot surface to breathe. Don’t chase themwhen they swim
away!

Take your plastic trash with you and earn extra karma by picking up more. You
improve the marine animals’ chances for survival and reproduction

Plastic trash is a hazard to marine wildlife. It decreases their chances of survival and
successful reproduction. Pick it up!
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Concerning the weighted impact score, similar results were
found. The mean impact score is highest in the control (3.69 ±
5.47), and lower in the positive (0.97 ± 2.07) and the negative
treatment (1.42 ± 2.44). Likewise, the impact scores are not
normally distributed, and the variances are not homogeneous
(all: p < 0.001). Significant differences between the treatments
were detected (p < 0.001) and the post-hoc test revealed that
these differences occur, again, between the control and the
positive treatment (p < 0.001) and between the control and
the negative treatment (p � 0.005). In between the framed
treatments there is no significant difference (p � 0.280) (see
Figure 4).

Regarding the Zero-inflated Poisson (ZIP) regression with the
number of impacts and the Zero-inflated negative-binomial
(ZINB) regression with the impact score, both indicate that
the treatments, as well as a higher position index, are
significantly negatively related with the number of impacts
and the impact score (see Table 7). In the model with the
number of impacts as the response variable, the factor “male”
is significant. Concerning the logistic part of both models, the
likelihood of obtaining a zero for the number of impacts, or for
the impact score, increases with an increasing distance from
the reef.

As the regression results reveal, neither the use of a camera, a
life vest, fins or the tide and current had significant effects on the
number of impacts or the impact score, as these variables were
eliminated from the model due to insignificance.

DISCUSSION OF EXPERIMENT 2

The impact of snorkel related damages on the coral reef at “Turtle
Point” was already reported in 1997 (Hampton and Hampton,
2008). The impacts observed in this survey included standing and
walking on the reef, touching the reef, breaking/kicking corals,
suspension of sediment close to corals, coming closer than 1.5 m
to sea turtles, obstructing, chasing and touching sea turtles. Both,
the analysis on the number of impacts as well as the calculated
impact score produced similar results: The briefing sheet
highlighting positive (careful) snorkeling behavior resulted in
the least number of impacts and lowest impact scores. Both the
positive and the negative briefings had a significant effect on
mitigating damaging snorkeling behavior compared to the
control. This was also confirmed by the zero-inflated Poisson
(ZIP) regression of the number of impacts, as well as the zero-
inflated Negative Binomial (ZINB) regression of the impact score.

TABLE 7 | Regression results for number of impacts (ZIP) and impact score (ZINB).

Count model with number of impacts Count model with impact score

Negative treatment ‒0.544 * (0.219) ‒0.527** (0.188)
Positive treatment ‒0.798 ** (0.251) ‒0.720*** (0.207)
Position index ‒0.927 *** (0.146) ‒0.783*** (0.129)
Sex: male 0.374 * (0.182) –

Logistic model with number of impacts Logistic model with impact score
Median proximity to reef 1.953 *** (0.461) 1.718*** (0.332)

Standard errors are reported in parentheses.
*, **, *** indicates significance levels at the p < 0.05, 0.01, and 0.001 levels, respectively.

FIGURE 4 | The calculated impact score per treatment including the p-value resulting from the Kruskal-Wallis Rank Sum test and the p-values of Pair-wize
Comparison Wilcoxon Rank Sum test. Boxes represent the interquartile range which contain 50% of the values. A line across the box indicates the median and filled
circles are the outliers.
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Nevertheless, a framing effect could not be discovered as the
differences between the positive and the negative treatment were
insignificant, although indicating a trend toward the positive
framing, similar to experiment 1 above.

A gender effect was revealed by the ZIP of the number of
impacts. Men were more likely to have a higher number of
impacts compared to women. This effect was also detected by
a study that had exposed snorkelers to a pre-trip media-based
intervention in Puerto Rico (Webler and Jakubowski, 2016). A
reason for this effect may originate from the finding that women
had a higher tendency to follow instructions from skill-briefings
prior to diving (Hannak et al., 2011). This is also consistent with
other studies that compare environmental attitudes and
behaviors between male and female recreationists. Men are
more likely to take risks and are less likely to follow pre-dive
instructions (Vredenburgh and Cohen, 1993). As a result,
compared to men, women are less damaging in general to the
marine environment while snorkeling.

The position index can be used as a proxy for the subject’s
snorkel experience. Individuals that stand on the reef or sand for
long time periods during their snorkel trip may feel
uncomfortable swimming with snorkel and mask which
indicates that they might be beginners. This highly correlates
with the number of impacts and the impact score. The lower a
subject’s position index, the higher the number of impacts on the
marine environment.

As expected, the median proximity to the coral reef correlates
with the probability of impact. This is rather unsurprizing given
that the closer the proximity, the higher the probability of impact.
Subsequently, the designation of snorkel areas that are easily
accessible without close contact to the reef, thus, sandy entry areas
and deeper reefs, would make direct damaging impacts of
snorkelers less likely. For this site, clear instructions on where
and how to enter and exit the water without contacting the reef
would likely decrease the probability of damaging impacts. The
effect of the personal interaction would have to be considered as
influential, as other studies have shown observed behavior change
differences between mediums where the same message was
conveyed. For example, having a real person convey the
message has been shown to be more effective than just a sign.
Nonetheless, a sign whether positive or negative, can very likely
be an effective low-cost management tool.

OVERALL CONCLUSION

Overall, the findings of these two experiments are difficult to
directly compare. However, they provide important and
congruent insights on the effectiveness of informational
messaging as an effective way to nudge pro-environmental
behavior. They also both show that there are only small
differences between positively and negatively framed
informational messages. Both messages are effective as
interventions, with both experiments indicating a trend toward
a positive framing being slightly more effective but not
statistically different. Future research could examine similar
interventions, to confirm their effectiveness in other contexts.

From a policy perspective, the most important conclusions from
this study would be to have any nudging intervention rather than
none, regardless of the negative or positive framing. However, our
understanding of this may differ across contexts with further
studies in the future.

It is clear from this study that informational messaging
strategies can be implemented as effective management tools
to reduce harmful environmental behavior at the individual level.
A key reflection is that the interventions tested here are very low
cost and easy-to-implement. These results have broader practical
applications for encouraging pro-environmental behavior,
particularly in situations where there is already a human
interaction (i.e., entrance to a park, check-out counter,
transportation, rental equipment, etc.). Regarding the situation
in a grocery store, asking whether a customer needs a bag is
effective in reducing the number of plastic bags used and,
consequently, this should be implemented to decrease the
consumption of single-use plastic bags where necessary.

Concerning snorkel tourism, we show that pre-trip briefings
can be very effective. We suggest implementing a briefing upon
rental of snorkel gear, or before entering the water during regular
SCUBA dive briefings. Due to the finding that impacts are highest
from beginners, an introductory lesson would be helpful to
improve snorkeling skills of novices. In the case of Gili
Trawangan, information sheets could be offered to rental stall
owners and require mandatory reading of the briefing sheet
before renting the equipment. Likewise, snorkel and SCUBA
boat tour operators could present a briefing sheet before
snorkelers enter the ocean.

Reflecting broadly, understanding how and why human
behavior changes, or not, is essential for effective
environmental conservation and management (Cinner, 2018).
More generally, as noted by Reddy et al. (2017), behavioral
sciences are a “largely untapped resource for conservation,” (p.
248). This is now changing, spurred by a growing literature on
‘nudging’ as a conceptual framing about how to use simple
interventions to guide behavior toward more desirable social
and environmental outcomes, popularized by the book Nudge
(Thaler and Sunstein, 2008). Nudging interventions, particularly
through framed informational messaging, are an undervalued
low-cost and non-invasive approach for helping achieve more
pro-environmental behavior. Tourism is a sector with a large
untapped potential to utilize these types of approaches to reduce
its local impacts. While it may be difficult to fundamentally
change human behavioral tendencies on vacation, nudging
approaches don’t require these large systemic changes.
Although larger systemic changes in the tourism sector such
as travel and consumptions practices are likely to solve issues in
the long term, non-invasive nudges provide workable and quick
solutions in the short term.

From a research perspective, and specifically in the
environmental context, more experiments with real observed
behavior are needed to test the effectiveness of the many
proposed interventions, mediums for implementation and
framings that have been suggested (Yoeli et al., 2017; Spranz
et al., 2018; Nelson et al., 2019; Rare, 2019). Finally, one of the
most well supported findings in the environmental and human
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behavior literature is the existence of the knowledge-action and
intention-action gaps. While both studies in this paper confirm
this gap, they also provide robust data on low-cost and easily
implementable nudging interventions to help close those gaps in
practice.
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Table 8 |
Observation Scheme for Experiment 2.

Date Sex (f/m) Camera (y/n)

Snorkel (y/n) Fins (y/n) Crowd
Tide (l/m/h) Current (l/m/h)

Minutely
observation

1 2 3 4 5 6 7 8 9 10

Position in water*
Proximity to reef (in m)

* standing on the reef � 1, standing on sand � 2, swimming vertically � 3, floating on the water surface � 4, swimming horizontally � 5, diving down � 6.
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