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Abstract: The diffusion of environmentally sustainable consumption patterns is crucial for reaching
net carbon neutrality. As a promising policy tool for reaching this goal, scholars have put forward
social tipping interventions (SOTIs). “Social tipping” refers to the phenomenon that a small initial
change in a parameter of a social system can create abrupt, nonlinear change via self-reinforcing
feedback. If this reduces the burden on the environment, it is of potential interest for environmental
policy. SOTIs are attempts to create social tipping intentionally. SOTIs produce rapid norm changes
in laboratory experiments. However, little is known about the potential of SOTIs in the field. This
research reports on a field intervention promoting the consumption of hot beverages in reusable
mugs instead of one-way cups, conducted at Swiss university cafeterias (N = 162,523 consumption
decisions). Two SOTIs involved an appeal promoting sustainable consumption with regular feed-
back about the current prevalence of sustainable consumption. Two control treatments involved
either the same appeal without feedback or no intervention. This research offers three key findings.
First, SOTIs involving regular normative feedback can transform sustainable consumption from a
minority behavior into a social norm within weeks. Second, tipping points in real-world environ-
mental dilemmas may exceed the values found in recent laboratory experiments (250% vs. 225%).
Third, SOTIs can also promote the decay of sustainable consumption. By implication, the risk-free
use of SOTIs requires deeper insights into the boundary conditions of these dynamics.

Keywords: conditional cooperation; environmentally friendly consumption; field study;
intervention; social norm change; social norm diffusion; sustainable consumption; social tipping;

tipping point

1. Introduction

The adoption of environmentally sustainable consumption patterns, for example, in
transportation and nutrition, has been suggested by the Intergovernmental Panel on Cli-
mate Change (IPCC) as an important strategy for reaching carbon net neutrality by 2050
[1,2]. This suggestion raises a question: How can policy makers effect the fast and com-
prehensive social change necessary for establishing environmentally sustainable con-
sumption patterns?

Social tipping has recently been proposed as a strategy for reaching this goal [3,4].
The term social tipping refers to the phenomenon that a small quantitative change in a
parameter of a social system can create abrupt, nonlinear change in this social system via
self-reinforcing feedback. This process is of interest for environmental policy when this
change is linked to ecological change [5]. Thus, a policy maker may create social tipping
intentionally to promote the diffusion of sustainable consumption norms [3,4,6,7]. In what

Sustainability 2021, 13, 3529. https://doi.org/10.3390/su13063529

www.mdpi.com/journal/sustainability



Sustainability 2021, 13, 3529

2 of 14

follows, an attempt to create social tipping intentionally is called a social tipping interven-
tion (SOTI).

A social norm is defined as a behavioral pattern to which individuals prefer to con-
form when a majority conforms to it and a majority believes that others should also con-
form to it [8]. As such, social norms regulate individual behavior, including consumption
behavior [9,10]. A recent example of an emerging social norm is the spread of “flight
shame” in Europe, propagated by the Fridays for Future movement with the aim of estab-
lishing rail travel as a behavioral standard [11].

The idea that SOTIs can promote the diffusion of sustainable consumption norms
stems from this theoretical reasoning. Many environmental problems can be conceived of
as cooperation problems in social dilemmas: social situations characterized by an inherent
tension between public and private interest [12-14], here termed “environmental dilem-
mas”. On the one hand, everyone benefits from a stable climate. On the other hand, there
are individual incentives to withhold one’s contribution to climate protection and freeride
on the effort of others [15,16]. For example, if everyone switched from convenient short-
haul flights to more environmentally sustainable, if less convenient, rain travel in a strat-
egy of cooperation, the resulting reduction in emissions would be substantial. Nonethe-
less, when everyone follows their self-interest, regularly taking flights in a strategy of de-
fection, global climate change might well bring humanity to the tragic end implied by
Hardin's gloomy analysis [17].

However, since Hardin, substantial research has shown that many people are not
only motivated by self-interest. Instead, around 40-60% of a sample typically cooperate
in social dilemmas to the extent that others also cooperate, a behavioral tendency called
conditional cooperation [18-20]. Conditional cooperators are also willing to sanction
freeriders, incentivizing them to cooperate too [19,21]. There is ample evidence that con-
ditional cooperation and peer sanctions jointly promote cooperation not only in labora-
tory experiments but also in real-world environmental dilemmas [22-25].

In game-theoretic terms, conditional cooperation and peer sanctions transform an
environmental dilemma with the single equilibrium of mutual defection into a coordina-
tion game with two equilibria, mutual defection and mutual cooperation [6,8,26,27]. A
third possibility is an unstable equilibrium in mixed strategies, in which cooperation and
defection are each chosen with a specific probability [28]. In terms of the theory of system
dynamics, that game represents a system with the two alternative stable states of mutual
defection and mutual cooperation, and the unstable mixed-strategy equilibrium [29].

The central feature of a coordination game is that the incentives to adhere to a strat-
egy, for example, cooperation, increase as the number of others choosing that strategy
grows [30]. The presence of coordination incentives generates the conditions necessary for
social tipping to occur [6,8]. Coordination incentives enable a minority’s behavior change
to tip aggregate behavior from the equilibrium of mutual defection or the equilibrium in
mixed strategies to that of mutual cooperation under certain conditions, and threshold
models of social dynamics can describe the corresponding social mechanism precisely, as
elaborated in more detail elsewhere [27,31-35].

Threshold models center on the notion of an individual threshold, gi". A threshold is
defined as the proportion of group members that have to adopt a new behavior for an
individual to adopt that behavior. Thresholds vary across individuals and social contexts,
and in an environmental dilemma, they depend on numerous factors, such as the strength
of individuals’ cooperative preferences or their pro-environmental values [35-37]. A key
assumption of threshold models is that people regularly update their beliefs about the
current proportion of those that have already adopted a new behavior, qt. As soon as q,
for example, the proportion choosing train travel over flights, reaches an individual’s
threshold, g, this specific individual starts cooperating. This mechanism, called fre-
quency-dependent learning, is also in line with theories of cultural evolution [38,39].

Given these assumptions, the prevalence of the new behavior, g, changes over time
according to qw1 = F(qt), where F is the cumulative distribution function of the individual
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thresholds qi". Depending on the form of a specific cumulative distribution function, a
social tipping point can but need not exist. A tipping point has the property that, when
this point is crossed, a self-reinforcing feedback dynamic is triggered. Ever more individ-
uals then adopt the new behavior over time, thereby steadily strengthening the incentives
for others to follow suit, until finally the new behavior is established as a social norm that
is followed by a majority [31-35,40].

The promise of population-level social change brought about by a limited interven-
tion changing the behavior of only a minority renders SOTIs a potentially attractive envi-
ronmental policy tool. Nevertheless, there are no foolproof recipes for creating social tip-
ping; indeed, research on social tipping and norm diffusion is still at an early stage and
has pursued diverse strands. First, there are historical examples of rapid norm change that
fit the pattern of social tipping nicely. Examples include the diffusion of non-smoking
norms within a decade at the beginning of the century in Europe [41] and the rapid in-
crease in the proportion of women at US universities in the 1970s [42]. Second, fascinating
evidence from laboratory experiments demonstrates that a committed minority of only
25% to 35% can be sufficient to cross a tipping point and establish a new behavior as a
social norm [43,44]. Third, simulation models predict that social tipping in socioecological
systems can trigger both the diffusion and decay of social norms prescribing sustainable
behaviors, with strong consequences for the environment [45-49].

However, little is known about the potential of SOTIs in the field. Extending the va-
lidity of these findings, this study reports results from a SOTI promoting the diffusion of
sustainable consumption norms in natural field settings. The consumers at Swiss univer-
sity cafeterias have the choice of buying hot beverages either in reusable mugs, with the
inconvenient obligation of returning their mugs after coffee break, or in more convenient,
if less sustainable, one-way paper cups: an environmental dilemma. There are individual
incentives to choose one-way cups over reusable mugs at the cost of the environment.
Globally, 16 billion paper cups are thrown away every year [50,51].

Although reducing waste is an important goal in itself, the primary aim of this paper
is to answer this question: Can SOTIs, relying on the provision of regular normative feed-
back, trigger the diffusion of sustainable consumption norms in the field? A positive out-
come should encourage similar interventions, with the aim of advancing sustainable con-
sumption at scale.

To determine whether SOTIs can promote the diffusion of sustainable consumption
norms in the field, a quasi-experimental intervention study was implemented in this way.
The choice of reusable mugs over one-way paper cups at university cafeterias was pro-
moted for environmental reasons; the choice is referred to here as sustainable choice and
sustainable behavior. The study was conducted at four treatment locations. First, a SOTI
was conducted in a location with a high pre-intervention level of sustainable choices
(40.9%), which provided favorable conditions for social tipping. Second, a SOTI was con-
ducted at a location with a low pre-intervention level of sustainable choices (21.3%), which
provided less favorable conditions for tipping. A high initial prevalence of sustainable
choices is more favorable because, ceteris paribus, the higher the initial proportion of sus-
tainable choices, the more likely an intervention is to push the proportion of sustainable
choices over the tipping point. The intervention took the form of a sign, prominently
placed at the cafeteria counters, displaying a normative appeal to use mugs for environ-
mental reasons. Repeated normative feedback was provided as information about the pro-
portion of beverages currently sold in mugs. Third, an extended control treatment in-
volved a normative appeal but no feedback provision. Fourth, a control treatment was
implemented without intervention. The extended control treatment allowed the effect of
regular feedback provision to be separated from the mere effect of focusing the consum-
ers’ attention on the issue of sustainable consumption with an appeal [52], and the control
treatment without intervention allowed potential macrotrends in sustainable behavior to
be captured independent of the intervention.
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The idea of triggering social tipping with regular feedback provision derives from a
specific assumption of the threshold model outlined. This is the assumption that individ-
uals regularly update their beliefs about the current prevalence of sustainable choices and
that they switch to the sustainable option once this prevalence crosses their individual
threshold [31,32,34]. Normative feedback updated on a regular basis provides consumers
with the information necessary to update their beliefs. Should the normative appeal boost
the prevalence of sustainable choices at the beginning of the intervention, as intended, this
initial boost can then create incentives for others with slightly higher thresholds to switch
to the sustainable option. This further increase, when fed back to the consumers, induces
switching in individuals with even higher thresholds, and the same logic applies to each
subsequent round of normative feedback. In addition, as sustainable behavior spreads, so
do social sanctions, creating incentives even for the more self-interested to switch to the
sustainable option [15,19,53-55]. Therefore, repeated normative feedback bears the poten-
tial of releasing a self-reinforcing dynamic with the potential to establish a sustainable
consumption norm.

The provision of normative but non-repeated feedback is also at the core of descrip-
tive norm interventions in social psychology. Descriptive norms are defined as the pre-
dominant behavior in a specific context and population, and people tend to comply with
descriptive norms [52,56]. Consequently, feeding back a descriptive norm to a population
can increase conformity with this norm, and a number of interventions promoting sus-
tainable behaviors rely on this mechanism [57-60]. Instead of increasing conformity with
an existing norm, tipping aims at establishing a socially desirable behavior as a new norm.

2. Materials and Methods
2.1. Set-Up

Consumers at Swiss university cafeterias have two options when buying their coffee.
They can buy coffee either in reusable mugs or in less sustainable one-way paper cups.
Because the more environmentally sustainable option comes with the liability of returning
the mugs to the cafeteria after consumption, the choice gives rise to an environmental
dilemma. Pre-intervention, 65% of all hot beverages were consumed in paper cups, and
more than 95,000 paper cups were used during the time under investigation. This envi-
ronmental dilemma provides an ideal ground for testing SOTIs that promote the diffusion
of a sustainable consumption norm in the field.

2.2. Treatments

The quasi-experimental design involves four treatment conditions, summarized in
Table 1. First, an intervention treatment combines a normative appeal with regular nor-
mative feedback, conducted at a location with a relatively high (40.9%) pre-intervention
prevalence of sustainable choices (Feedback/high). Second, an identical intervention treat-
ment was conducted at a location with a relatively low (21.3%) initial prevalence of sus-
tainable choices (Feedback/low). Third, an extended control treatment involved an inter-
vention with an appeal but no normative feedback (Control/appeal). Fourth, a control
treatment was implemented without intervention (Control).

The treatments were assigned as follows. The cafeteria operator indicated its four
largest cafeterias, and it happened that two cafeterias had a high level of mug use and two
had a low level of mug use. Because the initial level of sustainable choices likely impacts
the potential for tipping, one of the locations with a high level of sustainable choices and
one of the locations with a low level of sustainable choices were randomly selected for the
feedback interventions. Of the two remaining locations, one had a high level of sustainable
choices and the other had a low level. These locations were assigned randomly to either
the Control/appeal treatment or the Control treatment. The two feedback treatments were
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located in one city, Zurich, and within this city, they were located in geographically dis-
tant university buildings. The two control treatments were located in another city, Bern,
again located in separate buildings.

Table 1. Treatments.

Prevalence of Sustainable No. Beverages Sold

Treatment Intervention . . during Observation
Choices, Pre-Intervention g
Period
. Appeal + . o
Feedback/high normative feedback high (40.9%) 63,434
Appeal + o
Feedback/low normative feedback low (21.3%) 37,901
Control/appeal Appeal high (53.3%) 33,116
Control None low (21.9%) 28,072
Total 162,523

Note: Prevalence of sustainable choices is defined as the proportion of hot beverages sold in mugs
at a certain location and time. Feedback/high and Feedback/low were conducted in cafeterias lo-
cated in separate university buildings of one Swiss city, Zurich. Both intervention treatments in-
volved signs promoting the use of mugs (appeal) and information about the local percentage of
mug use in the previous week (normative feedback), which was updated on a weekly basis. Con-
trol/appeal and Control were conducted in cafeterias located in separate university buildings in
another Swiss city, Bern. Control/appeal involved an appeal but no feedback. No intervention was
conducted in the Control treatment. The data were provided by the cafeteria operator.

2.3. Materials

A sign was prominently posted at every cafeteria counter (see Figure Al in the Ap-
pendix A). In the background, the sign showed a large green mug at the top and several
small, crumpled paper cups at the bottom as an eye catcher. The foreground displayed a
normative appeal: “Use mugs instead of paper cups, for the sake of the environment”. In
the Feedback/high and Feedback/low treatments, the sign also displayed a normative
feedback of the form “1st week of October. 22% are using mugs. Join them!”. The infor-
mation about the current proportion of beverages sold in mugs was updated weekly dur-
ing the intervention period, and it referred to the local purchase decisions of the previous
week. In the Control/appeal location, the signs were identical except that they displayed
no normative feedback. No signs were posted at the Control location.

2.4. Procedures

During the observation period of 14 weeks, corresponding to one semester, the cafe-
teria operator reported the location-specific numbers of hot beverages sold and paper
cups used on a weekly basis. The sample comprises every individual who bought at least
one hot beverage at one of the four cafeterias during the observation period. In total,
164,892 hot beverages were sold. The total number of cafeteria visitors is unknown, but
certainly smaller than 164,892, because many customers, typically students and university
employees, are regular ones. The dependent variable is the proportion of hot beverages
bought in mugs, called sustainable choices. No data were collected on the backgrounds of
the customers.

The observation period started simultaneously at all four locations, and it was struc-
tured in three periods. During weeks 1 to 3, called the pre-intervention period, data were
recorded, but no interventions were implemented. At the beginning of week 4, the inter-
vention period started, and it lasted for eight weeks (weeks 4 to 11 of the observation
period). The signs were placed prominently at the three locations involving an interven-
tion at the beginning of week 4. At the beginning of week 12, the post-intervention period
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started. All signs were removed before the start of week 12, but data were still recorded
for another three weeks (weeks 12 to 14).

3. Results

Did trends in sustainable choices differ before, during, and after intervention in the
treatments? To answer this question, treatment-specific linear regression models were cal-
culated with robust standard errors. The dependent variable was the period-specific pro-
portion of sustainable choices. As predictors, three splines, named Pre-intervention
(weeks 1-3), Intervention (weeks 4-11), and Post-intervention (weeks 12-14), were en-
tered into the regression to capture linear trends in these phases [61]. The same terms are
also used when referring to the Control treatment for reasons of convenience.

In total, 164,892 hot beverages were sold and over 95,000 paper cups were used dur-
ing the observation period. The following analyses are based on a reduced sample of
162,523 purchase decisions because in week 9 of the observation period, the provider mis-
takenly reported a number of paper cups used in the Control treatment that exceeded the
number of beverages sold, and the correct numbers could not be recovered subsequently.
Therefore, the 2,369 purchase decisions from week 9 of the Control treatment were ex-
cluded from the analyses. Refer to Table Al in the Appendix A for descriptive statistics.

Figure la summarizes the dynamics in the Feedback/high treatment, and Table 2,
column 1, lists the corresponding regression output. An average prevalence of 40.9% sus-
tainable choices in the three weeks preceding the intervention followed no systematic
trend (b =-0.002, t =-0.05, p = 0.965, 95% confidence interval (CI) (-0.083, 0.080)). Follow-
ing this, sustainable behavior jumped statistically significantly (b =0.043, t =6.35, p = 0.000,
CI (0.028, 0.080)) by 32.7 percentage points to 73.6% in the final week of the intervention.
Post-intervention, sustainable choices remained considerably above pre-intervention lev-
els at an average of 63.8%, although with a negative tendency (b = -0.047, t = -3.78, p =
0.004, CI (-0.074, -0.019)). Notably, the sustainable choice was transformed from a minor-
ity behavior to a majority behavior (64.6%) in the third week of the intervention, week 6
of the observation period.

This strong, abrupt increase fits the pattern of social tipping nicely. Although no data
were gathered that would allow predicting social tipping points in advance of the inter-
vention, we can speculate about its location post hoc. Figure 1a suggests that a social tip-
ping point was crossed between weeks five and six, where the prevalence of sustainable
consumption jumps from 40.9% to 64.6%. As sustainable consumption had reached 48.7%
already pre-intervention, in week two, without rising further thereafter, we can narrow
the range down to roughly 50-65%.

It is also worth mentioning that the onset of the positive time trend coincides with
the start of the intervention, and the switch from a positive to a negative trend coincides
with the end of the intervention; this pattern corroborates the interpretation that the in-
tervention, and not a factor independent of the intervention, generated the dynamics ob-
served.

A clear trend was also observed in the Feedback/low treatment, although in the op-
posite direction (Figure 1b). Starting from a pre-intervention average of 21.3%, sustainable
choices decreased steadily by a total of 14 percentage points during the eight weeks of the
intervention to 7.3% in the final week of the intervention, and even undershooting 2.0%
post-intervention. The regression results (Table 2, column 2) indicate a negative, statisti-
cally insignificant, tendency pre-intervention (b = -0.055, t = -1.79, p = 0.104, CI (-0.122,
0.013)), a negative, statistically significant trend during the intervention (b = —0.014, t =
-2.70, p = 0.022, CI (-0.026, -0.002)), and a statistically insignificant tendency post-inter-
vention (b =-0.014, t = -2.03, p = 0.07, CI (-0.048, 0.019)). The pattern of a statistically in-
significant negative net trend pre-intervention followed by an almost monotonous, statis-
tically significant decline during the intervention suggests that the intervention either trig-
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gered a negative dynamic or, at least, amplified an existing negative tendency. The possi-
bility that normative feedback can produce destructive dynamics is addressed in the dis-
cussion.

In the Control/appeal treatment (Figure 1c), sustainable choices follow an inverted
U-shaped pattern, starting from a pre-intervention average of 53.5%, peaking at 75.2% in
week 7, the fourth week of the intervention, and then steadily falling back to pre-interven-
tion levels (52.2% in the last week of the intervention, 48.9% on average post-intervention).
Regression analyses (Table 2, column 3) point to the presence of a positive time trend pre-
intervention, although this trend does not attain the 5%-level of significance (b =0.092, t =
2.05, p = 0.068, CI (-0.008, 0.192)). The inverted U-shaped trend during the intervention
results in a zero-net effect (b =-0.007, t = 0.67, p = 0.519, CI (-0.030, 0.016)), followed by a
statistically significant post-intervention decline (b =-0.060, t =-2.88, p = 0.016, CI (-0.106,
—0.014)). Overall, the intervention involving an appeal but no normative feedback either
had no effect or amplified a pre-existing positive trend. If the latter was the case, the rein-
forcing effect of the intervention did not last because sustainable choices fell back to initial
levels during the second half of the intervention period. This result is in line with a recent
meta-analysis that reported small and transient effects for interventions using normative
appeals alone in promoting environmentally sustainable behaviors [62].

Finally, in the Control treatment without intervention, sustainable choices amounted
to a pre-intervention average of 21.9%, to an average of 34.1% in the last three weeks of
the intervention, and to a post-intervention average of 30.2% (Figure 1d). Overall, sustain-
able behavior fluctuated substantially, even in the absence of an intervention, although
without clear direction or statistically significant trend (Table 2, column 4) in pre-inter-
vention (b =-0.0119, t =-0.48, p = 0.643, CI (-0.068, 0.0443)), intervention (b =0.016, t=1.96,
p = 0.081, CI (-0.003, 0.035)) and post-intervention (b = -0.0283, t = -1.39, p = 0.199, CI
(-0.074, 0.018)) periods.

In sum, strong monotonous trends with positive and negative slopes were observed
in the Feedback/high and Feedback/low treatments, respectively, whereas no persistent
trends were observed in either of the Control treatments. At the same time, nontrivial
fluctuation was observed even in the Control treatment without intervention, a finding
that raises a question: Could a trend, independent of the intervention, have contributed
to the strong positive trend in the Feedback/high treatment or to the clear negative trend
in the Feedback/low treatment? To test for this possibility, a difference-in-difference re-
gression model was devised to compare the trends between the feedback treatments and
the control treatment [63,64]. This statistical model controls both for all time-invariant
confounders via location-fixed effects and for potential trends at the national level or
higher via comparison with the Control treatment without intervention.
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Figure 1. Prevalence of sustainable choices across treatments: (a) Feedback/high, (b) Feedback/low,
(c) Control/appeal, (d) Control. Vertical dashed lines: begin and end of the intervention period.

Table 2. Treatment-specific dynamics.

(V)] () 3) @)

Feedback/high Feedback/low Control/appeal Control

Pre-intervention -0.00166 -0.0545 0.0920 -0.0119
(-0.05) (-1.79) (2.05) (-0.48)

Intervention 0.0427 *** -0.0140 * -0.00701 0.0164
(6.35) (-2.70) (-0.67) (1.96)

Post-intervention —0.0468 ** -0.0143 —0.0600 * -0.0283
(-3.78) (-2.03) (-2.88) (-1.39)

Constant 0.406 *** 0.320 ** 0.401 ** 0.250 ***
(4.66) (3.68) (3.55) (5.61)
R2 0.806 0.810 0.545 0.318

Note: Regression models with the proportion of sustainable choices at a given time period and location as dependent
variables. Robust standard errors were used. The time periods were coded as splines with 14 aggregate observations per
location (13 in the Control treatment) based on a total of 162,523 purchase decisions (the data were provided by the cafe-
teria operator). * p < 0.05, ** p < 0.01, ** p < 0.001; t statistics in parentheses.
A comparison of the Feedback/high treatment with the Control treatment replicates
the main results of no statistically significant pre-intervention trend (Feedback/high x pre-
intervention b = 0.010, t = 0.19, p = 0.847, CI (-0.097, 0.117)) and a strongly positive, statis-
tically significant trend during the intervention (Feedback/high x intervention, b = 0.026, ¢
=2.33, p = 0.025, CI (0.004, 0.049)) (refer to Table A2 in the Appendix A for details). The
pattern found for the Feedback/low treatment also replicates, with no pre-intervention
trend (Feedback/low x pre-intervention, b = —-0.043, t = -0.81, p = 0.425, CI (-0.149, 0.064)),
and a statistically significant negative trend during the intervention (Feedback/low x in-

tervention, b =-0.030, t =-2.70, p = 0.010, CI (-0.053, -0.008)).
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While the difference-in-difference regression controls for trends at the national level
or higher, it cannot rule out the possibility of time-variant confounders at the subnational
level, because the two feedback treatments were located in one city of the country and the
two control treatments were located in another city of the same country. Nevertheless, as
the onset of the positive trend in the Feedback/high treatment fits the onset of the treat-
ment period perfectly, it is highly plausible that the intervention itself, rather than an in-
dependent trend, is responsible for the results. The evidence in the Feedback/low treat-
ment is somewhat less conclusive, as a negative tendency was already present pre-inter-
vention. It is possible that the intervention amplified this pre-existing trend rather than
giving rise to a negative dynamic independently of the pre-existing trends. Taken to-
gether, these results dispel the concern that treatment-independent trends explain the re-
sults observed in the two Feedback intervention treatments. Finally, it is worth noting that
the explained variance is 2.5 times higher in the Feedback/high and Feedback/low condi-
tions (R?=0.806 and 0.810, respectively) than in the Control treatment (R?=0.318) and 1.5
times higher than in the Control/appeal treatment (R? = 0.0545). This finding additionally
strengthens the argument that the feedback interventions systematically influenced con-
sumption choices (Table 2, columns 1-4).

In sum, the results convincingly show that regular provision of normative feedback
can promote positive tipping dynamics under favorable conditions. The results also sug-
gest that regular feedback can provoke, or at least amplify, negative dynamics under less
favorable conditions.

4. Discussion

This research provides three key findings. First, we can intentionally create social
tipping not only in the lab [43,44] but also in the field. Practical SOTIs use the provision
of regular normative feedback about the current prevalence of a target behavior in a pop-
ulation to this population. In one treatment location, an initial prevalence of 40.9% sus-
tainable choices pre-intervention rose to an average of 71.1% in the last three weeks of the
intervention. Repeated normative feedback established the sustainable choice as a social
norm, and this norm remained post-intervention. Second, in the same treatment location,
the social tipping point lay between ca. 50% and 65%, which considerably exceeds the
values so far observed in the laboratory (25-35%) [43,44]. Third, repeated normative feed-
back can also promote destructive dynamics under unfavorable conditions. In a second
treatment location with only 21.3% sustainable choices pre-intervention, sustainable be-
havior fell to an average of 5.5% by the end of the intervention—a finding that corrobo-
rates predictions from simulation models [45,46,48].

Destructive dynamics, called a “boomerang effect”, have also been reported in earlier
studies using one-time normative feedback [59,65,66]. This boomerang effect can be ex-
plained by threshold models: Those individuals who, pre-intervention, hold the incorrect
belief that sustainable behaviors would exceed their thresholds switch from sustainable
behaviors to unsustainable ones in response to the normative feedback. In contrast, those
individuals who, pre-intervention, hold the incorrect belief that sustainable behaviors are
below their thresholds switch from unsustainable behaviors to sustainable ones in re-
sponse to the normative feedback [67]. Depending on which effect predominates, norma-
tive feedback has either a positive or negative net effect. Should a first round of feedback
produce a boomerang, this can release a destructive dynamic whose final outcome can be
the total collapse of sustainable behavior.

A major limitation of this research is the quasi-experimental nature of the interven-
tion and the small number of intervention sites. The conclusion that the direction of the
triggered dynamic—positive or negative—primarily depended on the initial level of mug
usage is therefore only suggestive. Future research should increase the number of treat-
ment locations and also collect individual-level data, for example, information on social
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status, social preferences, or environmental attitudes. This information is potentially use-
ful for predicting individual thresholds and social tipping points [35], and also for ruling
out potential confounders.

5. Conclusions

This research demonstrates that that we can intentionally create social tipping in the
field and that tipping dynamics can promote either the diffusion or decay of sustainable
behaviors. Consequently, using SOTIs as an environmental policy tool, as recently sug-
gested [3,4,6,7], could indeed be fruitful. However, policy makers should be aware that
SOTIs bear both considerable constructive and destructive potential. They should also be
aware that tipping points in real-world environmental dilemmas may lie considerably
above the values found in recent laboratory experiments, suggesting more effort may be
needed to activate social tipping dynamics than previous research suggests.

Policy makers could use SOTIs at lower risk if they were capable of predicting tipping
points. Therefore, future research should put forward according methods, a challenging
endeavor both in the natural sciences [29,68-71] and in the social sciences [5,29]. Never-
theless, recent advances are encouraging. Using threshold models [31-34], Efferson et al.
(2020) precisely outlined conditions favorable and unfavorable for SOTIs [40], and Andre-
oni et al. (2020) predicted social tipping points in the lab with 96% accuracy [44]. We may
manage to measure individual thresholds in the field, at least approximately, for example,
with stated-choice methods from survey methodology [25,72] or with experimental games
[73]. Combining such field data with threshold models could then approximately predict
social tipping points in the field.
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Appendix A

Table Al. Descriptive results.

Treatment Prevalence of Sustainable Choices (%)
. . Last three weeks of . .
Pre-intervention . . Post-intervention
the intervention
Feedback/high 40.9 71.1 63.8
Feedback/low 21.3 5.5 1.9
Control/appeal 53.3 57.8 48.9
Control 21.9 34.1 30.2

Note: Prevalence of sustainable choices (%), average of three weeks.
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Table A2. Comparison of dynamics across treatments (difference-in-difference estimation).

b t
Pre-intervention -0.0119 (-0.32)
Intervention 0.0164 * (2.03)
Post-intervention -0.0283 (-1.15)
Feedback/high x pre-intervention 0.0103 (0.19)
Feedback/low x pre-intervention -0.0426 (-0.81)
Control/appeal x pre-intervention 0.104 (1.97)
Feedback/high x intervention 0.0263 * (2.33)
Feedback/low x intervention -0.0304 * (-2.70)
Control/appeal x intervention -0.0235 * (-2.08)
Feedback/high x post-intervention -0.0185 (-0.54)
Feedback/low x post-intervention 0.0140 (0.41)
Control/appeal x post-intervention -0.0317 (-0.93)
Constant 0.346 *** (7.41)

R2overall, R2within, R?between 0.887, 0.679, 0.936

Note: Difference-in-difference fixed-effects regression with the proportion of sustainable choices at
a given time period and location as dependent variable. Robust standard errors were used. The
time periods were coded as splines. 55 aggregate observations, basing on a total of 162,523 pur-
chase decisions. Reference categories: Control x pre-intervention, control x intervention, control x
post-intervention. The data was provided by the cafeteria operator. * p < 0.05, ** p <0.01, ** p <
0.001; t statistics in parentheses.

A 1. Oktoberwbche:

0 " nutzen Tassen.
7 Machen Sie mit!

Figure Al. Sign used in the Feedback/high and Feedback/low treatments. A sign that was identical
but for the normative feedback was used in the Control/appeal treatment.
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