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Growing evidence shows that green nudges can affect secondary (non-targeted) behaviours. However, it is
unclear whether such spillovers arise as a result of engaging in the targeted behaviour or if they are a by-
product of policies. In a survey experiment with 2775 English respondents, we test whether a social norm
nudge promoting vegetarianism alters a non-targeted action: environmental donations. Social norm messaging
increases intended vegetarian choices, but not uniformly. A subgroup identified with machine learning drives
this effect. However, we find the social norm nudge crowds out donations from respondents in this subgroup.
Our experimental design allows us to rule out the possibility that this crowding-out effect is driven by
respondents substituting climate-friendly food choices with environmental donations. This suggests that social

norm nudges may work, but at the risk of discouraging other environmentally friendly actions.

1. Introduction

Climate change is one of the most critical challenges of the 215t cen-
tury. Growing evidence indicates we are at the “brink of an irreversible
climate disaster” (Ripple et al., 2024). In response, policymakers have
increasingly turned to behavioural interventions — such as nudges and
informational campaigns — to promote sustainable habits (Sunstein,
2020). Yet, mitigating climate change requires drastic habit changes in
many domains. Therefore, it is unclear whether these policy interven-
tions can lead to systematic behaviour shifts (Chater and Loewenstein,
2023).

Initial findings suggest they might. For instance, social norm in-
terventions that promote water conservation have also been found to
reduce electricity use (Jessoe et al., 2021; Bonan et al., 2024; Carlsson
et al., 2021). But these positive “spillover” effects are typically reported
without distinguishing whether they stem from the behaviour itself
(e.g., conserving water) or the intervention promoting it (e.g., the social
norm message). This distinction matters for policy design.

For instance, consider a social norm intervention that encourages
households to use less water. Suppose that after complying, these
households become less likely to recycle—a negative spillover. If both
the behaviour and the policy contribute to this decline, it might indicate
that saving water makes people feel they have “done their part”. The

policy reinforces this mindset, suggesting that either the behaviour or
the message should be reconsidered. On the other hand, if conserving
water tends to reduce recycling but the policy helps counteract that
tendency, then the target behaviour should be reconsidered or the
intervention improved further. Conversely, if saving water leads to
more recycling, but the policy undermines this positive pattern, then
the policy needs to be redesigned. In all three cases, the overall spillover
effect is the same, but the underlying causes and the appropriate policy
responses differ.

In this paper, we use an experimental strategy to distinguish these
sources of spillovers and a theoretical framework to inform their mech-
anisms. Then, we use this design in a survey experiment testing the
effect of social norm messaging promoting vegetarianism on a sample
of 2775 non-vegetarian English respondents. Meat production accounts
for approximately 14% of global greenhouse gas emissions and is the
largest source of methane emissions, representing a significant chal-
lenge for mitigation (Poore and Nemecek, 2018; Green et al., 2015;
Riahi et al., 2022). However, internalising these negative externalities
through Pigouvian prices is likely to be met with resistance (Douenne
and Fabre, 2022). This makes the use of “soft” environmental policies,
such as social norm messaging, appealing in this context. Social norm
messages are applied widely in the environmental domain. They have
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been used to foster recycling (Andersson and von Borgstede, 2010;
Bratt, 1999; Fornara et al., 2011; Nigbur et al., 2010), promote sus-
tainable diets (Sparkman and Walton, 2017; Sparkman et al., 2020;
Salmivaara and Lankoski, 2019; Testa et al., 2018; Stea and Pickering,
2019; Wenzig and Gruchmann, 2018; Richter et al., 2018), improve
water and electricity consumption (Allcott, 2011; Costa and Kahn,
2013; Carrico and Riemer, 2011; Nolan et al., 2008; Handgraaf et al.,
2013; Ferraro et al., 2011; Lapinski et al., 2007), and even foster towel
reuse in hotels (Reese et al., 2014; Goldstein et al., 2008; Schultz
et al., 2008). These messages consist of information on what others do,
approve or disapprove of (Bicchieri, 2016). Their widespread use makes
the study of their policy spillover effects particularly important.

We model the mechanisms underpinning behavioural and policy
spillover effects in a utility maximisation framework. Our theory de-
parts from other models that explain behavioural spillovers through
limited attention (Nafziger, 2020; Altmann et al., 2024, 2022). We re-
late more closely to previous work that explains behavioural spillovers
by self-image concerns (Goetz et al., 2024; Alt and Gallier, 2022; Ek,
2018). We differ by modelling behavioural policies as playing on intrin-
sic or extrinsic motivations, which either strengthen or weaken indi-
viduals’ pro-environmental identity. We show that policies spill over to
non-targeted pro-environmental behaviours through two channels. The
first is indirect. Policies foster the initial pro-environmental decision,
triggering behavioural spillovers. The second, our “policy spillover”,
is direct and either amplifies or weakens behavioural spillovers based
on whether policies reinforced intrinsic or extrinsic motivations. Policy
and behavioural spillovers can, therefore, have opposite signs.

We disentangle these two sources of spillovers with an instru-
mental variable embedded in the design. Namely, beyond allocating
participants into control and treatment groups, we vary the salience
of vegetarian items on the restaurant menus on which people make
food choices. This alters the likelihood of choosing a vegetarian dish
without directly affecting donations to pro-environmental charities, the
non-targeted decisions on which we measure spillover effects. We use
vegetarian salience as an instrumental variable to estimate the causal
effect of choosing a vegetarian meal on donations and disentangle it
from the policy spillover effect of social norm messaging.

We further investigate whether policy-driven spillovers are hetero-
geneous depending on respondents’ inclination to follow the norm.
In another treatment arm (n = 2782), respondents revealed their in-
clination to conform to the norm. We use this extra survey data to
investigate this heterogeneity in an exploratory analysis. Using machine
learning, we classify respondents of the main experiment into a spec-
trum of profiles ranging from unwilling to follow the norm, hesitating
about following the norm, trying to follow the norm, and following the
norm. This allows us to get a conditional average treatment effect of
social norm messaging for each profile.

We find that the social norm message increases the likelihood of
choosing a vegetarian item on average. Yet, this result hides het-
erogeneity. Respondents predicted to be trying to follow the norm
drive this effect. However, they do not significantly decrease the car-
bon footprint of their food choices. Conversely, respondents that we
predict will hesitate to follow the norm make less carbon-intensive
food choices when nudged. The nudge does not affect the choices of
respondents classified at the extremes of the spectrum: those predicted
to be unwilling to conform and those predicted to be already conforming.

We also find evidence of a positive behavioural spillover effect
on average. Namely, respondents choosing vegetarian food are more
likely to give to pro-environmental charities. However, this effect is
too small to induce the social norm message to increase donations
through increasing vegetarian choices. Furthermore, providing social
norm information crowds out donations of those predicted to be trying
to conform. This negative policy spillover effect dominates the positive
behavioural spillover effect. Our model suggests that the nudge pushes
this group to act out of extrinsic motivation (e.g., through social
pressure). This, in turn, reduces their engagement in the donation task.
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In other words, there is no “free lunch”. Whenever the social norm
nudge succeeds in increasing vegetarian food choice intentions, it is
at the cost of crowding out this willingness to do more.

We contribute to a burgeoning literature assessing the spillover
effects of pro-environmental policies. To our knowledge, only Alt and
Gallier (2022), Alt et al. (2024), and Ledn et al. (2024) have endeav-
oured to disentangle different channels of spillovers. Alt and Gallier
(2022) do not rely on an instrumental variable strategy. Instead, they
randomly offer participants the targeted behaviours to estimate be-
havioural spillover effects. This design relies on the strong assumption
that choosing (not) to do the targeted behaviour is the same as (not)
being proposed to do it. We differ from Alt et al. (2024) and Ledn et al.
(2024) in that we employ an empirical strategy that directly stems from
our theoretical framework. This enables us to infer the mechanisms of
policies from the sign of their policy spillovers. We also examine pro-
environmental decisions, while Alt et al. (2024) and Ledn et al. (2024)
rely on abstract real-effort tasks. We also explore the heterogeneity in
the spillover effects triggered by the social norm message. Thus, our
study provides richer insights into the trade-off policymakers may face
between nudging pro-environmental behaviours and crowding out oth-
ers. A limitation of our study is that food choices are only declarative.
This, however, gives us full control over the environment in which
people choose food. We took advantage of this for our identification
strategy. We present reassuring evidence showing that the empirical
patterns of food choices are coherent with pre- and post-treatment
attitudinal information.

Our estimation strategy expands Bonev (2025)’s recommendations
to estimate behavioural spillovers. Bonev (2025)’s paper shows the
conditions under which the policy itself can be used as an instrumental
variable to estimate behavioural spillovers. We differ by introducing
an instrumental variable in the design on top of the policy. This design
allows us to causally identify both behavioural and policy spillovers. It
corresponds to the second part of the parallel design proposed by Imai
et al. (2013), and as such, we do not implement a version of the
experiment without the instrumental variable. This choice increases
statistical power, but requires assuming no interaction effects between
the policy and the instrumental variable to identify the total spillover
effect of the policy on donations, as well as the indirect effect of the
policy on donations through food choices.

We also contribute to a growing body of literature that demonstrates
heterogeneity in the effect of a social norm nudge (Helferich et al.,
2023; Mundt et al., 2024; Czajkowski et al., 2019; Vesely et al.,
2022). Our findings also contribute to improving our understanding
of how spillover effects are moderated by one’s values and norms
(e.g., Thegersen and Olander 2003, Nash et al. 2019, Maki et al. 2019).
Our approach differs from moderator-based analyses (e.g., Krefeld-
Schwalb et al. 2024) in that it does not rely on direct measurements.
This sidesteps the challenges of pre-treatment questions that can hint
at the study’s objectives. Furthermore, unlike other machine learn-
ing techniques—e.g., see Athey and Imbens (2015) and Kiinzel et al.
(2019)—the source of heterogeneity is explicitly identified. In our case,
heterogeneity stems from people’s readiness to conform to the norm.
Our results suggest that social norm messaging is only effective for
specific social-demographic profiles, albeit at the cost of potentially
crowding out further engagement.

This “no free lunch” result resonates with a broader debate ques-
tioning nudges and individual-based solutions to address climate
change. Most notably, Chater and Loewenstein (2023) warn that fo-
cusing on individual actions diverts precious resources which could
have been allocated to structural policies with much higher mitigation
potential. In this regard, the meta-analysis of Nisa et al. (2019) -
which presents alarmingly low effects of green nudges - triggered a
prolific debate on the ability of such interventions to produce any
improvement (Nisa et al., 2020; van der Linden and Goldberg, 2020;
Stern, 2020). Our results suggest that social norm nudges do not
generate sustained habitual change and might even morally license
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people to undertake further pro-environmental efforts (Merritt et al.,
2010)

The remainder of this article is articulated as follows. We present
our theoretical model in Section 2. In Section 3, we present our empir-
ical framework. In Section 4, we share the experimental results from
a social norm nudge promoting vegetarianism. Section 5 discusses key
aspects of our design, including the use of the instrumental variable
strategy, the implications of the hypothetical nature of food choices,
and the application of machine learning to investigate heterogeneity.
Section 6 concludes.

2. Conceptual framework

Social psychology provides competing predictions of how one pro-
environmental action influences subsequent ones. Some theories, such
as moral licensing, suggest that an initial pro-environmental action
can license us to do less (Monin and Miller, 2001). Others, including
cognitive dissonance theory or social identity theory, predict posi-
tive consistency effects (Festinger, 1962; Tajfel et al., 1979).! Moti-
vations seem to be a key moderator: the meta-analysis of Maki et al.
(2019) suggests that intrinsically motivated actions (done as an “end
to themselves”) foster consistency. Conversely, extrinsic motivations
(e.g., rewards, social pressure) may crowd out intrinsic motives and
induce moral licensing (Deci et al., 1999; Cerasoli et al., 2014). In
this section, we use a utility-maximisation framework to model these
competing dynamics and show how policies shape spillover effects.
We can therefore use this model to infer the underlying mechanism
of policies from the sign of their spillovers.

We adopt a simple two-period framework. Let us denote by x; the
pro-environmental effort in period 1 and x, the pro-environmental
effort in period 2. Individuals’ payoff from pro-environmental efforts
is:

u(x,, I, n,, €) (€Y)

We denote the periods by + = 1,2. Parameters #, and ¢, capture
the strength of intrinsic and extrinsic motivations for making pro-
environmental efforts. High #, implies that individuals make pro-
environmental effort x, as an end in itself (e.g., because they care
about the environment). High ¢, implies that individuals do x, as a
means to an end (e.g., to be praised). As in Akerlof and Kranton
(2000), I, captures individuals’ identity. When I, > 0, individuals
define themselves as pro-environmental (protecting the environment
guides their actions). When I, < 0, individuals define themselves as
pro-self (selfish motives guide their actions).

Assumption 1. We assume that u(x,, I, 7, ¢,) is increasing and concave
s 1" " " "
in x, € R,. Furthermore, wl, > 0, ul >0, and u7, > 0, where uy

. 2u(-
denotes the cross-derivative 24 .
9x,0ny

As in Bénabou and Tirole (2011), we model identity I, as a “stock”
building up based on individuals’ past pro-environmental efforts. The
way we model how pro-environmental efforts feed this stock reflects
two key premises:

Premise 1. Acting pro-environmentally out of intrinsic motivation
strengthens individuals’ pro-environmental identity.

Premise 2. Acting pro-environmentally out of extrinsic motivation
weakens individuals’ pro-environmental identity.

1 See Truelove et al. (2014) and Dolan and Galizzi (2015) for complete
reviews of the literature on this question.
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The first premise reflects the prediction made by cognitive dis-
sonance theory: making pro-environmental efforts out of conviction
should reinforce these convictions (Festinger, 1962). The second
premise implies that pro-environme-
ntal efforts done as a means to an end (e.g., to be praised or gain social
status) crowd out the pro-environmental identity as the effort is not
self-driven (Deci et al., 1999; Cerasoli et al., 2014). These dynamics
are captured as follows:

L=y —e_) - x+p- Ly (©))

The “return” of pro-environmental efforts is positive when one is
intrinsically motivated (n,_, > ¢,_;, doing the effort for its own sake),
and negative when extrinsically motivated (¢,_, > #,_,, doing the effort
as a means to an end). Parameter p captures the depreciation rate of
one’s pro-environmental identity.

We also introduce the marginal cost of pro-environmental efforts at
period t:

c(x,1,0) =a-x,_; +96, 3)

Parameter §, captures ancillary features of the choice environment,
altering the difficulty of pro-environmental effort x, (e.g., the salience
of climate-friendly options). When a < 0, there is learning-by-doing:
doing a first pro-environmental effort makes it easier to do more. When
a > 0, efforts exerted in the previous period make the next effort costlier
(e.g., individuals get tired).

Assumption 2. We assume that the marginal cost is always positive:
c(-)>0

We focus on period 2: individuals choose their levels of
pro-environmental effort based on their actions during the first period.?
They solve:
Ou(-) = c(*) - x5)
a—xz =0©u;2(')—0(~)=0 ()]
To alleviate notations, denote by V' the left-hand side of Eq. (4):
= u;2(') —c() (5)

We want to know how the behavioural policies of period 1 can influ-
ence the decisions of period 2. In our model, policies either strengthen
motivations (i.e., parameters 7, or ¢;) or alter ancillary features of the
choice environment §, to increase pro-environmental efforts x;. This
subsequently affects the level of pro-environmental effort chosen in
period 2.

Proposition 1. Policies targeting 6, € {n,, ¢, } alter efforts of period two
through two channels:

" ' '
i = Y . ﬁ + i 6)
de, Vi, 00, Vi

~—— N——

f v
Net spillover Policy spillover

Behavioural spillover Main effect

Policies targeting &, only affect efforts of period 2 through a be-
havioural spillover effect.

Proposition 2. Policies targeting 5, only alter efforts of period 2 through
one channel:

!
a5 = i x all )
de, -V, 96,
—— ——

Net spillover Main effect

Behavioural spillover

2 Individuals’ sophistication in period 1 does not affect the results presented
in this section. Therefore, we focus solely on period 2 as the rest fall outside
the scope of this paper. See Picard (2023) for a complete discussion of the
model and its implications.
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Social Norm
(Policy)

Donation (non-

Eating vegetarian )
targeted behaviour)

(targeted behaviour)

Fig. 1. Side effects a policy.

Note: Causal mechanisms of the effects of a policy on non-targeted efforts. The
red arrow represents behavioural spillovers, whilst the green arrow represents
policy spillover effects.

See Section 1 of the Online Appendix for proofs of propositions 1
and 2. Policies targeting intrinsic or extrinsic motivations affect the
efforts of period 2 through two channels as described by Eq. (6).
Fig. 1 illustrates these channels in the context of our experiment. The
first channel is indirect: policies alter targeted pro-environmental effort
(x;), which subsequently influences non-targeted pro-environmental
efforts (x,). We refer to this effect as an “indirect spillover”: it is the
product of the main effect of the policy on the targeted decision and a
behavioural spillover effect, represented by the red arrow in Fig. 1. The
second channel is direct, through the effect of the policy on individuals’
motivations. The green arrow represents this “policy spillover” in Fig.
1.

In the model, behavioural spillovers are the effect of pro-environme-
ntal efforts of period 1 on the marginal utility of doing pro-environme-
ntal efforts in period 2. The sign of the behavioural spillover effect
depends on whether the initial effort was made out of intrinsic or
extrinsic motivation (7, — ¢, higher or lower than zero) and on whether
the first effort facilitates (a < 0) or hardens further efforts (a > 0):

Vx,] =V,,2'(’11 —€)—a ®

The policy spillover captures the effect of the policy on period two
choices through its impact on motivations:

Ve =Vi x>0, V==V -x; <0 C))

When playing on intrinsic (extrinsic) motivations, policies increase
(decrease) the marginal utility of making pro-environmental effort x,.

Proposition 3. Policies that play on intrinsic (or extrinsic) motivations
trigger positive (or negative) policy-spillover effects.

Proposition 3 implies that the sign of policy-spillover effects in-
forms us of the mechanism through which policies induce behavioural
change. In the next section, we propose an experimental design to
estimate policy and behavioural spillover effects.

3. Empirical strategy

Estimating behavioural and policy spillovers is not trivial. Two com-
plications arise. First, getting a causal estimate of behavioural spillovers
is difficult. Unobserved variables can affect several pro-environmental
actions simultaneously (e.g., values and beliefs). Second, a policy can
increase intrinsic motivations for some people and extrinsic motivations
for others. Thus, policy spillovers can differ from one person to another.
This section presents our empirical framework to address these two
issues.

Addressing omitted variable biases. We assume a population of N
individuals indexed by i. Individuals are randomly assigned to a pol-
icy that fosters a given pro-environmental action. Denote by x,; the
N x 1 vector capturing individuals’ decision to do the targeted pro-
environmental action. Denote by 8, the N x 1 vector capturing their
treatment status, where 6;; € {0,1}. We assume that the relationships
between the policy, the targeted pro-environmental action, and the
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non-targeted pro-environmental decision x, can be described by a
system of linear equations:

xl,»:aME+ﬂME€”+£iME (10)

Xy = aVSE 4 pNSEQ, 4 e NSE (1n

Here, fME is the estimate of the effect of the policy on the targeted
decision, x,. We refer to it as the main effect of the policy. f¥SF is the
estimate of the effect of the policy on the non-targeted decision, x,.
We refer to it as the net spillover effect of the policy. These estimates
are unbiased under the following assumptions:

Assumption 3. The stable unit treatment value assumption holds,
and the error terms ¢éM£ and £VSF are such that cov(eME,9)) =
c0U(£NSE,9]) =0

The equality cov(eME,8,) = cov(eVSE,8,) = 0 holds when the policy
is randomised. As we showed in Section 2, the net spillover of policies
is composed of a behavioural spillover effect and a policy spillover
effect. A naive approach to dissociate behavioural from policy spillovers
consists of fitting the following linear model:

Xy = a4+ f85x; + fP50,, + ¢ 12)

ﬁBS is a naive estimate of the behavioural spillover. ﬁp S is the naive
estimate of the policy spillover. These estimates are biased when unob-
served variables simultaneously affect x; and x,, implying cov(x;, ;) #
0. This omitted variable bias can be solved with an instrumental
variable. A good instrumental variable alters x, without changing
people’s intrinsic or extrinsic motivations to do x,. This is equivalent to
randomly allocating people to a pure choice-architecture nudge. Denote
by 6, the N x 1 vector capturing people’s allocation to this choice
architecture nudge, where §;; € {0,1}. We can then get unbiased
estimates of behavioural and policy spillovers with two-stage least
squares:

Stage 1: xy; = a + f161; + f0,; +¢;
Stage 2: xp; = o + f55%,; + pP50), + ¢
Where %, are the predicted values for the first stage. To yield
unbiased estimates of policy and behavioural spillovers, we need to
make the following assumptions:

13

Assumption 4. The instrumental variable should be:

1. relevant (cov(8;,x,) # 0),
2. exogenous (cov(8;,€’) = 0),
3. homogeneous (x};(6;) > x,(6,) Vi € [1,...,N] and &, > §,)

We also make the following assumption:

Assumption 5. Exposure to the policy does not alter the magnitude
and the sign of the behavioural spillover effect for all i € [1, N].

Assumption 5 is akin to the assumption of “no interaction ef-
fect” of Imai et al. (2013). Together, assumptions Assumptions 4 and
5 ensure that we causally identify the policy and the behavioural
spillovers.

One can draw a parallel with causal mediation analyses: the treat-
ment is the policy 6,;, the mediator is the targeted decision x,;, and the
outcome is the non-targeted decision x,;. Our experiment aligns with
the second condition in the parallel encouragement design proposed
by Imai et al. (2013), where the encouragement is the variation in
the choice architecture §;;. To estimate the net spillover effect, Imai
et al. (2013) rely on another experimental condition where only the
treatment is randomly manipulated. With our design, identifying the
net spillover effect requires an additional assumption:

Assumption 6. The effect of the choice architecture on the targeted
decision does not interact with the effect of the treatment for all i €
[1,N].
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Taken together, Assumptions 3, 4, 5, and 6 allow us to characterise
the sign of the indirect spillover effect, i.e., the product of the main
effect and the behavioural spillover:

Proposition 4. Under assumptions Assumptions 3, 4, 5, and 6, the
estimands of models (10), (11), and (13) are identified, such that:

JNSE - = jBS x pME L pPS 14
——
Net Spillover  Behavioural spillover ~Main effect Policy Spillover
See Section 1 of the Online Appendix for the proof. Proposition 4
shows that, under several assumptions, we can use Eq. (6) derived in

Section 2 to interpret our estimates.

Addressing heterogeneity. People may react differently to a policy. To
explore this heterogeneity, we define types based on characteristics that
influence people’s reactions to a policy. We then collect two data sets:
a main sample and a training sample. In the main sample, we randomise
the policy 8, and a choice architecture nudge é,. In the training sample,
we elicit the types of new respondents. We use the training data to
train an algorithm to predict these types. We then predict the types
of respondents in the main sample with the algorithm.

Let us index by j € [1,..., N'] the N’ observations in the training
sample where each observation’s type y; is known. Denote by W and
W' the N x M and N’ x M matrices of covariates of the main and the
training samples. In three steps, we estimate the conditional average
treatment effects of policy 6,. First, estimate the function y; = f (WI.’ )
such that:

f € argmin L(y,, f(W/)) (15)
f

Where L(-) is a loss function. Then, predict the types of observations in
the main sample:

i=fw) 16)
Finally, the treatment effects for each type are estimated.

The following section presents the results of our experiment study-
ing the side effects of social norm messaging.

4. Experiment

In the rest of this article, we study whether a social norm message
promoting vegetarian diets triggers any side effects on a non-targeted
behaviour, donations to environmental charities, and we disentangle
the channels of these side effects. In Section 4.1, we detail the design
of this experiment. The results are presented in Section 4.2. Finally, we
explore heterogeneity in Section 4.3.

4.1. Experimental design and data collection

We designed the survey experiment on Qualtrics and recruited
respondents via Prolific. The experiment lasted approximately 10 min.
We paid respondents according to Prolific’s standard payment rate, £5
per hour. Upon completing the survey, respondents have a 1 in 100
chance to win a £20 voucher. In total, we recruited a sample of 5557
English respondents. They were divided between a main sample (n =
2775) and a training sample (n = 2782).

Respondents in the main sample took part in the main experiment.
Its timeline is presented in Fig. 2.°> We use the training sample to look

3 The pre-treatment and post-treatment survey questionnaires can be found
in Section 3 of the Online Appendix. We pre-registered the experimental
design, power analysis, empirical strategy and instrumental variable strategy
on Open Science Framework (here). The pre-analysis plan describes a broader
project encompassing three different studies: (1) the effect of familiar food
choices on one’s inclination to choose vegetarian food; (2) the effect of
reflection on the effectiveness of social norm nudges; and (3) the present study.
When reporting our results, we correct for the pre-registered hypotheses across
the three studies. Deviations from the pre-analysis plan are documented and
justified here.
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Table 1
Sample sizes of treatment groups.
Policy
Control Treatment
Instrumental variable Plant-intensive 690 693
Meat-intensive 694 698

at the heterogeneity in our treatment effects as part of an exploratory
analysis (see Section 4.3).

Policy. The policy of interest in this experiment is social information
provision. More precisely, we consider the following dynamic social
norm message*:

A study published in The Lancet Planetary Health found that the share
of British people who stopped eating meat has increased by more than
50% from 2008 to 2019. More and more people are choosing plant-
based dishes that are kinder to the planet and in turn, are becoming
climate-friendly.

Its formulation is like the one used by Blondin et al. (2022). The
authors find that this message effectively increases intentions to choose
vegetarian food. We randomly divided respondents into a treatment
group, where they saw the message before making food choices (n =
1391), and a control group (n = 1384).

Instrumental variable. As explained in Section 3, estimating behavio-
ural spillovers requires embedding an instrumental variable in the
design. To do this, we vary the salience of vegetarian options when
respondents make food choices. Respondents first see a subset of food
items presented as the chef’s selection (see Figures 3 and 4 in Section
5 of the Online Appendix). Half of the respondents see a selection
containing mostly meat-based items (n = 1383). The other half saw a
selection containing mostly vegetarian options (n = 1392). Respondents
can choose an item from this selection or opt out and access the main
menu, which contains all the items. We expect that respondents are
more likely to choose a vegetarian item when vegetarian items are
salient. Table 1 presents the sample size of each subgroup formed by
the interaction between allocation to social norm messaging and the
selections.

Targeted pro-environmental behaviour. We reproduce an online food
order environment where participants choose a dish from a restaurant
menu. The targeted pro-environmental decision is whether participants
choose vegetarian food. We designed 24 versions of the main menu,
varying the ordering and appearance of the items. In all menus, we la-
bel food items with pictures of footprints ranging from green to red. An
explanation indicates that green footprints mean “completely climate-
friendly” and red footprints mean “not climate-friendly at all” (see
Figure 2 in Section 5 of the Online Appendix). As such, all participants
have the same information on the environmental consequences of their
choices. Table 14 in Section 5 of the Online Appendix presents the
characteristics of the dishes in the menus.

Non-targeted pro-environmental behaviour. At the end of the survey,
we ask participants if they want to donate an amount between £0
and £10 to a pro-environmental charity.®> This task is our non-targeted
pro-environmental behaviour. We use donations to proxy respondents’
willingness to do extra pro-environmental behaviours. Donations are
deducted from the £20 voucher.

4 We construct it using the study of Stewart et al. (2021) analysing UK meat
consumption trends using data from the National Diet and Nutrition Survey.

5 Respondents are offered to give to the following charities: World Wide
Fund (WWF), Friends of the Earth, Carbon Fund, Campaign against Climate
Change, The Vegetarian Society, The Vegan Society, Extinction Rebellion,
Woodland Trust. Alternatively, they can select “other” and write the name
of their chosen charity.


https://osf.io/kw9er/?view_only=c7fe00c5dac445349f59cedd3ecb7af3
https://osf.io/uebxd
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Fig. 2. Timeline of the experiment.

Table 2
Descriptive statistics.

Table 3
ATE of the social norm message.

Control group Social norm group

(n=1384) (n=1391) p-value
Age 0.139
Mean 38.6 years old 37.9 years old
Median 36 years old 35 years old
Income 0.920
< £10,000 18.6% 17.9%
£10,000 - £15,999 11.5% 12.5%
£16,000 - £19,999 11.3% 10.8%
£20,000 - £29,999 27.2% 28.1%
£30,000 - £39,999 16.2% 14.9%
£40,000 - £49,999 8.5% 8.4%
£50,000 - £69,999 4.5% 4.6%
£70,000 - £89,999 1.5% 1.9%
£90,000 - £119,999 0.6% 0.5%
£120,000 - £149,999 0.2% 0.2%
More than £150,000 0.0% 0.2%
Gender 0.450
Female 48.3% 51.0%
Male 50.7% 48.2%
Other 1.0% 0.7%
Education 0.961
No education 0.1% 0.1%
Primary education 0.2% 0.1%
Lower secondary education 2.5% 2.6%
Upper secondary education 22.6% 21.9%
Post-secondary non-tertiary education 15.6% 15.0%
Short-cycle tertiary education 5.5% 6.6%
Bachelor or equivalent 40.2% 39.4%
Master or equivalent 11.9% 12.9%
Doctoral or equivalent 1.5% 1.4%

Note: descriptive statistics per treatment group. We use a Wilcoxon test to compare the
age differences between the treatment and control groups. We use a Chi-square test for
gender differences. We use trend tests to test the differences in education and income
between the two groups.

Sample characteristics. We collected data from March 1%t to April
24th of 2022. We pre-screened participants to select only native English
speakers. We also excluded vegetarian and vegan participants. Attrition
is low: 0.8% of respondents did not finish the survey. We excluded
them. Table 2 shows descriptive statistics per treatment group. The
median respondent is 35 years old, earns between £20,000 and £30,000
per year and has a Bachelor’s degree. There sample is balanced in terms
of gender, with 49.9% of females, 49.2% of males and 0.9% of re-
spondents considering themselves genderfluid or agender. Comparisons
using the UK census data and the survey of personal income suggest
that our sample is younger, slightly poorer and more educated than
the UK population (see Figure 6 in Section 5 of the Online Appendix).
Randomisation was successful. No significant differences exist across
the treatment groups in terms of age, gender, income, and education.
About 98.28% of the main sample has passed an attention check placed
at the beginning of the survey. From these 98.28%, 99.75% passed a
focus check we placed after the pre-treatment questionnaire. Further-
more, 81.69% of the participants passed a manipulation check between
the food choice and the donation task.

Outcome Chose vegetarian food (binary) Food choice in kgCO2-eq
Columns (€))] )
Baseline 0.135%#* 5.850%#*
0.012) (0.218)
Social norm 0.067*** —0.688**
(0.016) (0.232)
Plant-intensive 0.115%%* —1.969%**
Chef’s selection (0.016) (0.232)
Num.Obs. 2775 2775
R2 0.025 0.028

Note: This table presents the effect of the social norm message and the effect of making
vegetarian items salient on the likelihood of choosing a vegetarian food item (first
column) and on the carbon footprint of food choices (second column). Coefficients are
estimated using OLS. Robust standard errors are displayed in parentheses. We apply
Benjamini and Hochberg (1995) correction to conventional p-values (p).

*p < 0.1, ** p < 0.05, *** p < 0.01.

4.2. Results

Main effect. Table 3 presents the effect of the social norm message on
food choices estimated by fitting model (10) with ordinary least-squares
(OLS).° The nudge increases intentions to choose vegetarian food by 6.7
percentage points and reduces the carbon footprint of food choices by
11.8%. Results are robust to non-linear probit specifications (see Table
3 in Section 4 of the Online Appendix).

Side effects. Table 4 displays the spillover effects of social norm
messaging on the binary decision to donate (Panel A) and the amount
donated (Panel B). The first column contains the results of the OLS
specification (11), where we regress donations on exposure to the social
norm message. This coefficient corresponds to the net spillover effect
of the nudge. In both panels, these net spillovers are not significantly
different from zero.

The second and fourth columns display the results obtained from fit-
ting specification (12) with OLS. They correspond to the naive approach
for disentangling behavioural and policy spillovers. The third and fifth
columns display the results obtained from the two-stage least squares
regression (13), where we instrument food choices. The effect of the
social norm message on donations when controlling for food choices
is not significantly different from zero, whether or not we instrument
food choices. Thus, we do not find evidence of policy spillovers.

We find suggestive evidence of a positive behavioural spillover
effect. The correlation between food choices and donations is statis-
tically significant (columns two and four, specification (12)). When
instrumenting food choices, we find that choosing a vegetarian dish in-
creases the likelihood of giving by 36 percentage points (column three,
specification (13)) and reducing the emissions of one’s food choices by
on kgCO2-eq increases the likelihood of giving by 2 percentage points

6 Analyses were conducted on R using the package estimatr (Blair et al.,
2022)
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Table 4
Net spillovers, behavioural spillovers and policy spillovers.
Columns @™ 2 3) “@ 5)
Panel A
Decision to donate (binary)
Baseline 0.477%%* 0.443%%* 0.408*** 0.525%** 0.578%**
(0.013) (0.014) (0.035) (0.015) (0.049)
Social norm 0.008 —0.004 -0.016 0.002 —0.006
(0.019) (0.019) (0.022) (0.019) (0.020)
Food choice 0.178*** 0.357* —0.010%** —0.021*
(0.022) (0.166) (0.001) (0.010)
[0.005; 0.708] [-0.040; —0.001]
Indirect spillover 0.024 0.014
(studentized bootstrap 95%-ClIs) [-0.025, 0.102] [-0.037, 0.103]
R2 0.000 0.022 0.015
Panel B
Amount donated (in £)
Baseline 3.309%** 3.023%** 2.870%** 3.695%** 3.956%**
(0.108) (0.111) 0.272) (0.124) (0.389)
Social norm —0.009 —-0.109 —-0.163 —0.063 —0.100
(0.151) (0.150) (0.175) (0.151) (0.161)
Food choice 1.490%** 2.286 —0.079%** —0.133
(0.187) (1.309) (0.012) (0.077)
[-0.494; 5.065] [-0.289; 0.023]
Indirect spillover 0.154 0.091
(studentized bootstrap 95%-Cls) [-0.328, 0.672] [-0.459, 0.586]
R2 0.000 0.024 0.015
Food choice Chose vegetarian food Food choice in kgCO2-eq
Specification OLS OLS 2SLS OLS 2SLS
Num.Obs. 2775 2775 2775 2775 2775

Note: This table displays the effect of food choices and the effect of the social norm nudge on the decision to donate (Panel
A) and on the amount donated (Panel B). The first column shows the net spillovers of the social norm nudge on donations.
The other columns show estimates of behavioural and policy spillovers. The second and fourth columns show estimates of
the social norm nudge and food choices on donations. The third and the fifth columns display the same estimates, where
this time, we instrument food choices. In columns two and three, we use a dummy equal to one when respondents choose

vegetarian food and zero otherwise. In columns four and five, we use the carbon emissions of food choices in our regressions.
Robust standard errors are displayed in parentheses. We apply Benjamini and Hochberg (1995) correction to conventional
p-values (p). The brackets display 95% confidence intervals adjusted with Lee et al. (2022)’s procedure.

*p < 0.1, ** p < 0.05, *** p < 0.01.

(column five, specification (13)). There is no statistically significant ef-
fect on the amount donated after p-value correction. We do not observe
a statistically significant difference between the instrumented and non-
instrumented coefficients. The signs and magnitudes of our estimates
are robust when adding controls and when using non-linear specifica-
tions (see Tables 4 and 5 in Section 4 of the Online Appendix). Finally,
we compute the indirect spillover effect (i.e., behavioural spillover
scaled by the main effect) using the relationship given by Proposition 4
and 2000 studentized bootstraps for the confidence intervals.” Indirect
spillovers are not statistically different from zero.

4.3. Heterogeneity analysis

How people perceive the social norm nudge might depend on
how much they are willing to follow the norm. For instance, telling
respondents that more and more people are quitting meat can lead
indecisive participants to change their behaviours, induce convinced
meat-eaters to reaffirm their preferences, and be ignored by vegetarians
with no room for improvement. In other words, the same social norm
nudge likely affects people through different psychological processes.
We investigate this heterogeneity by estimating the effect of the social
norm message on different preference profiles as part of an exploratory
analysis.

7 We use the R package systemfit from Henningsen and Hamann (2008) to
estimate the variance—covariance matrix.

Training procedure. In a separate survey, we showed 2782 additional
respondents the social norm message and then asked the following
question®:

Are you trying to change your diet to become more climate-friendly as
well?

(a) No, I am not trying now, and I do not intend to try in future

(b) No, I am not trying now, but I might consider changing my diet to
be more-climate-friendly in future

(c) Yes, I am trying to change my diet now to become more climate-

friendly
(d) Yes, I have already changed my diet to be more climate-friendly

We assume that asking this question after the social norm message
reveals respondents’ inclination to change their diets to follow the
norm. It allows us to identify four types: the transitioned type is already
conforming with the social norm; the trying type is inclined to conform;
the hesitant type considers doing so in the future, and the unwilling type
does not want to conform.

We use this additional survey data as a training set to train a
gradient boosting machine classifier (GBM). The goal is to predict re-
spondents’ answers using attitudinal measures and social-demographic

8 This question is part of another treatment arm designed for another re-
search project testing if inducing people to think about their choices increases
the effectiveness of social norm nudges.
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characteristics as predictors. Then, we use the algorithm to predict what
respondents in the main sample would have answered.’

Like random forests, GBM builds an ensemble of decision trees.
However, instead of fitting all trees independently, GBM fits each new
tree to correct the errors of the previous ones (Friedman, 2001).

To assess the robustness of our predictions, we also train five
alternative classification models: random forest, multinomial logistic
regression, ordered logit, linear discriminant analysis, and quadratic
discriminant analysis.!°

We evaluate GBM’s performance using nested 10 x 10 folds cross-
validation. Overall, GBM performs 1.8 times better than random guess-
ing (F1 Score = 0.433). Section 2 of the Online Appendix describes the
performance evaluation in detail, along with the relative importance of
each predictor. The four classes predicted by GBM closely resemble the
original classes in the training set (see Figures 7, 8, and 9 in Section 5
of the Online Appendix). Table 19 in Section 5 of the Online Appendix
provides the socio-demographic and attitudinal profiles associated with
each predicted class.

Identification strategy. First, we estimate the effect of the social norm
nudge on food choices for each predicted type. We use the unwilling
type as our reference group and fit the following nested probability
linear model*!:

FoodChoice; = a + Z 1,6, + Z 1, Norm; +u; a7)
keQ_ keQ

Q_ = {hesitant, trying, transitioned}

Q = {unwilling, hesitant, trying, transitioned}
And:
; 1, if individual i type k

k= 0, otherwise

Coefficient g, is the causal effect of the social norm message conditional
on being predicted to be of type k. To estimate the effect of the nudge
on donation for each predicted type, we fit the following model:

Donation; = a + Z 1,6, + Z 1,6 Norm; + u; (18)
keQ_ keR

Here again, p, is the causal side-effect of the social norm nudge condi-

tional on being predicted to be of type k. To investigate heterogeneity

in the policy spillover effect, we fit the following model:

Donation; = a + Z 1,6, + Z 1,6y Norm; + ﬂzFo@oicei +¢ (19
kEQ_ keQ

Here, the coefficient g, is the policy spillover of the social norm
message conditional on being predicted to be of type k. Fomoice,-
captures food choices. We instrument it by the salience of vegetarian
items. To check robustness, we fit these models with the predictions of
five other algorithms. Furthermore, we re-estimate our GBM algorithm
by oversampling the unwilling and transitioned categories that contain
fewer observations. We also re-estimate GBM by adding income and
political beliefs to the set of predictors. We previously excluded these
variables as they contain too many missing values.

9 Despite having excluded vegan and vegetarian participants, 12,6% of
respondents chose the last answer. We see three explanations for this ap-
parent contradiction. First, the screening was based on social demographic
information gathered by Prolific, our data provider. As such, people may have
changed their diets between when they answered the Prolific questionnaire
and when they took our survey. Second, answers can also capture intentions
rather than behaviours. Third, the phrasing of this answer could have been
perceived as vague enough to allow non-vegetarian participants to select it
without contradicting their actual behaviour.

10 See Gareth et al. (2013) for a detailed explanation of these methods.

11 Such a specification is equivalent to fitting four separate linear models for
each predicted profile.
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Table 5
Main effect of the social norm message conditional on respondents’ types.

Outcome Chose vegetarian food Food choice in kgCO2-eq
Columns (€] (2)
Unwilling (baseline) 0.076%** 6.163%%*
(0.020) (0.519)
Hesitant 0.087%** —0.896
(0.024) (0.570)
Trying 0.193%** —2.446% %
(0.031) (0.598)
Transitioned 0.465%** —4.407%**
(0.075) (0.727)
Social norm x Unwilling 0.005 0.243
(0.030) (0.753)
Social norm x Hesitant 0.046* —0.902**
(0.020) (0.319)
Social norm x Trying 0.107** —0.360
(0.036) (0.421)
Social norm x Transitioned 0.041 —0.138
(0.092) (0.650)
Specification Nested OLS Nested OLS
Num.Obs. 2730 2730
R2 0.070 0.031

Note: This table displays the effect of the social norm nudge on the likelihood of
choosing vegetarian food (first column) and on the carbon footprint of food choices
(second column) for each predicted type. For instance, coefficients labelled “Social
norm X Trying” capture the average effect of the nudge on the predicted trying (the
difference between control units and treatment units in this subsample). Coefficients
labelled Trying capture the difference between the control units in the trying sample
with the control units in the unwilling sample, our baseline. Robust standard errors
are displayed in parentheses. We apply Benjamini and Hochberg (1995) correction to
conventional p-values (p).

*p < 0.1, ** p < 0.05, *** p < 0.01.

Results. As shown in Figs. 3, being predicted to follow the norm
positively correlates with the likelihood of choosing a vegetarian dish.
It is also negatively correlated with the carbon footprint of food choices.
Table 5 displays the results obtained by fitting Eq. (17). The social
norm nudge increases the likelihood of choosing vegetarian food for
the predicted trying (+10.7 percentage points) and only slightly for the
predicted hesitant (+4.6 pp). The nudge only reduces the emissions of
the predicted hesitant (—17%). These results are globally robust (see
Tables 6 and 7 in Section 4 of the Online Appendix). Coefficients are
of the same sign across all the algorithms and of the same order of
magnitude.

Table 6 shows the results of regression (18) in the first two columns
and regression (19) in the last four columns. The social norm nudge
negatively affects the amount the predicted trying type gives. When
controlling for instrumented food choices, we find that the nudge
crowds out the amount they donate by about one pound. It also crowds
out the likelihood of donating by around 10 percentage points. This
policy spillover effect is globally robust (see Tables 10, 11, 12, and 13
in Section 4 of the Online Appendix).

5. Discussion

This section focuses on three aspects of our experiment. First, we
assess the validity of our instrumental variable approach. Then, we dis-
cuss the extent to which having self-reported measures for food choices
alters the validity of our results. Finally, we discuss the implications of
our heterogeneity analysis.

Internal validity and strength of the IV strategy. The internal validity
of our results depends on whether the instrumental variable strategy we
have adopted is valid. Our instrumental variable should be relevant,
exogenous and homogeneous. Regarding relevance, results in Table 3
show a strong and highly significant effect of making vegetarian items
salient on the likelihood of choosing vegetarian food. The F-statistic of
the IV is 53.400 in the binary case and 71.998 when looking at the
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Fig. 3. Food choices of each predicted type.

Table 6
Policy spillover conditional on predicted types.
Outcome Amount Decision Amount Decision Amount Decision
(in £) (binary) (in £) (binary) (in £) (binary)
Columns ™ (@3] 3) “@ 5) 6)
Unwilling (baseline) 1.182%%* 0.188%#* 1.038%** 0.167%%* 1.862%** 0.290%#*
0.217) (0.030) (0.239) (0.033) (0.500) (0.065)
Food choice 1.893 0.283* —0.110 -0.016*
(1.251) (0.158) (0.073) (0.009)
Hesitant 1.709%** 0.255%%** 1.544%%* 0.231%** 1.610%** 0.241%%**
(0.255) (0.035) (0.275) (0.038) (0.265) (0.037)
Trying 3.939%x* 0.483 %% 3.575%%* 0.429%%* 3.670%** 0.443 %%
(0.315) (0.039) (0.394) (0.050) (0.361) (0.046)
Transitioned 3.630%** 0.437%** 2.750%** 0.305%** 3.144%** 0.364%**
(0.664) (0.077) (0.910) (0.110) (0.746) (0.087)
Social norm x Unwilling 0.499 0.068 0.490 0.067 0.526 0.072
(0.334) (0.046) (0.339) (0.047) (0.342) (0.047)
Social norm x Hesitant 0.171 0.025 0.083 0.012 0.071 0.010
(0.190) (0.025) (0.200) (0.026) (0.203) (0.026)
Social norm x Trying —0.865** —0.083* —1.068** —0.114** —0.905** —0.089*
(0.323) (0.037) (0.350) (0.040) (0.324) (0.037)
Social norm x Transitioned —-0.078 0.033 —-0.155 0.022 —0.093 0.031
(0.792) (0.089) (0.810) (0.093) (0.794) (0.089)
Food choice Chose vegetarian food Food choice in kgCO2-eq
Specification Nested OLS Nested OLS Nested 2SLS Nested 2SLS Nested 2SLS Nested 2SLS
Num.Obs. 2730 2730 2730 2730 2730 2730
R2 0.072 0.065

Note: This table displays the effect of the social norm message on the decision to donate (columns 2, 4 and 6) and on the amount donated
(columns 1, 3, and 5) for each predicted type. The first two columns show the overall effect of the social norm nudge on donations. The policy
spillover of the social norm message is then estimated in the other columns, controlling for instrumented food choices. For instance, coefficients
labelled “Social norm x Trying” capture the effect of the social norm on the predicted trying. Coefficients labelled Trying capture the difference
between the control units in the trying sample and the control units in the unwilling sample, our baseline. Robust standard errors are displayed
in parentheses. We apply Benjamini and Hochberg (1995) correction to conventional p-values (p).

*p < 0.1, ** p < 0.05 *** p < 0.01.

carbon footprint of food choices.!? This suggests that our instrument is
strong (Bound et al., 1995; Staiger and Stock, 1997).

An instrumental variable is exogenous when it only affects the
outcome variable (here, donations) through the endogenous variable
(here, food choices). Our instrumental variable is like a default nudge.
Respondents must opt out of the selection we show them “by default”
to access the full menu. In our context, and using insights from the
model of Section 2, exogeneity would be violated if the default altered
vegetarian choices by playing on respondents’ intrinsic or extrinsic
motivations rather than by simply making them more or less accessible.
Whilst we cannot formally rule out this possibility, recent empirical
evidence suggests that default nudges affect people’s decisions uncon-
sciously (Gértner, 2018; Van Gestel et al., 2020; Ortmann et al., 2023).

12 This F-statistic is also robust to adding controls (59.432 in the binary case,
64.140 with carbon footprint).

This confirms priors in the literature (e.g., see Hansen and Jespersen
2013, Thaler and Sunstein 2009). This supports the assumption that the
instrumental variable is unlikely to affect donations other than through
food choices.

Angrist et al. (1996) show that the homogeneity assumption is
threatened in the presence of defiers. In our experiment, defiers system-
atically choose meat-based options when vegetarian items are salient
and vice versa. Angrist et al. (1996) show that biases introduced by
defiers are small if the effect of choosing vegetarian food on donations
for defiers differs from that of choosing vegetarian food on donations
for compliers. The behaviour of defiers in our context would describe
that of nonconformists going against suggestions. Such a behaviour is
likely orthogonal to the psychological processes driving behavioural
spillovers. Angrist et al. (1996) also show that the bias is small when the
number of defiers is small. We cannot measure the number of defiers.
Nevertheless, we observe that 44% of respondents chose a meat-based
item when vegetarian items are salient and vice versa. This subsample
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also contains never-takers (always choosing meat) and always-takers
(always choosing vegetarian), reducing the likelihood of having a large
share of defiers in our sample. For these reasons, it seems unlikely that
the number of defiers is large.

Finally, our empirical strategy relied on assuming no interaction
effects, i.e., Assumptions 5 and 6 (see Section 3). Whilst we cannot
directly test those assumptions, we would reject them if the interaction
between our two treatments significantly differs from zero, which is not
the case (see Table 18 in Section 5 of the Online Appendix). Exposure
to the social norm nudge increases the likelihood of sticking with the
“Chef’s selection” when it is predominantly vegetarian and reduces this
likelihood when it is meat-intensive (see Table 18 in Section 5 of the
Online Appendix). This pattern is logical and does not indicate that
varying the salience of vegetarian items interacts with the social norm
message.

External validity, hypothetical decisions and experimenter demand.
Hypothetical food choices gave us full control over respondents’ choice
environments, allowing us to apply our identification strategy. Yet, this
can limit the external validity of our study by introducing an experi-
menter demand effect. Answers to a battery of post-treatment questions
seem, however, reassuring. First, we ask two questions inspired by
the literature on willingness-to-pay estimation (Andor et al., 2017;
Ready et al., 2010; Champ et al., 2009; Mohammed, 2012). Namely,
participants can revise their choices before continuing the survey.
Then, we asked them if they would go to a restaurant offering similar
food. We expect that revising one’s choice indicates low confidence in
one’s preferences, increasing the risk of an intention-behaviour gap.
Similarly, we expect that not wanting to go to a restaurant that offers
similar food would reduce the external validity of our study. Only
1.62% of respondents revised their choices, and only 15.56% of them
somewhat disagreed or strongly disagreed with going to a restaurant
serving the same menu.

Several correlations indicate that our measure of food choices ex-
hibits empirical patterns that are coherent with the expected behaviour
of someone with a preference for meat. We observe a positive cor-
relation between choosing meat and a feeling of sacrifice associated
with choosing vegetarian food. Choosing meat is also associated with
a habitual order among the predicted trying and transitioned. Meat
choosers also ask for higher monetary compensations when, at the
end of the experiment, we prompted them to report how much they
would need to accept switching to a vegetarian dish. Importantly,
even vegetarian choosers required compensation to switch to another
vegetarian dish. If choices were driven solely by an experimenter
demand effect, we would expect them to be indifferent. This suggests
that their selections reflect genuine preferences rather than compliance
with perceived experimental expectations. Furthermore, choosing meat
is associated with the belief that British food should be meat-based,
preference for British food, and lower climate concerns. Respondents
choosing vegetarian food are also more likely to be females, have
dietary constraints, and be more politically liberal (see Table 16 in
Section 5 of the Online Appendix).

Despite these reassuring patterns, we cannot exclude that an ex-
perimenter’s demand effect altered the treatment effects reported in
this paper. However, we can exclude the possibility that the effect
of the social norm nudge on food choices is fully driven by experi-
menter demand, as otherwise, we would expect the different profiles
identified with the machine learning procedure to behave similarly.
Furthermore, our results are in the same direction as the effects of
dynamic social norm messages promoting vegetarian options tested in
the field (Sparkman and Walton, 2017; Sparkman et al., 2021).

The fact that food choices are intentional could induce participants
who chose vegetarian food to donate because they could not realise
their intentions. Nevertheless, choosing a vegetarian item correlates
positively with the feeling of having exerted an effort for the environ-
ment, which seems to contradict this interpretation (see Table 17 in

10

Ecological Economics 241 (2026) 108844

Section 5 of the Online Appendix). Our results are also consistent with
other studies that use an instrumental variable to estimate behavioural
spillovers between pro-environmental decisions. For instance, Comin
and Rode (2023) find that installing solar panels increase support for
pro-environmental policies. Similarly, Alacevich et al. (2021) find that
sorting waste leads households to decrease the amount of waste they
generate.

Finally, the novelty of our study lies in the fact that we estimate a
policy spillover effect, i.e., a spillover effect of our social norm message
on donations that is distinct from behavioural spillover effects. To what
extent is this result affected by food decisions being hypothetical? We
do not have similar studies to compare our results with. Nonetheless,
our estimates of the effects of the social norm nudge on food decisions
and our estimates of behavioural spillovers are in the same direction
as estimates reported in field experiments. It seems, therefore, unlikely
that our estimates of policy-driven spillovers do not share the same
qualitative characteristics as those that could be estimated in the field.
Furthermore, unlike food choices, donations are incentive-compatible,
thereby mitigating experimenter demand effects.

Whilst donations may not fully capture the breadth of environ-
mental behaviour, they are commonly employed in the experimental
literature as a proxy for pro-environmental engagement (e.g., Carrico
et al. 2018, Fanghella et al. 2019, Bergquist et al. 2020, Amaris et al.
2024). Prior research finds that donation behaviour correlates signifi-
cantly with pro-environmental and biospheric values (Lundberg et al.,
2019; Woltin et al., 2022; Kesenheimer and Greitemeyer, 2021). In our
own data, we also observe a strong positive association between con-
cern about climate change and the likelihood of donating, suggesting
that the donation measure reflects broader environmental orientations
(see Table 16 in Section 5 of the Online Appendix).

Interpreting heterogeneity. We find that the nudge is effective for
the hesitant type and the trying type. For the hesitant type, the nudge
decreases food choices’ carbon footprint but only slightly increases the
uptake of vegetarian options. This apparent paradox may be caused by
the predicted hesitants switching from carbon-intensive meat options
to less intensive ones. Conversely, the nudge increases the uptake of
vegetarian food but does not significantly decrease carbon emissions for
the predicted trying. This might be because participants classed as trying
switch from less intensive meat options to vegetarian options. This
implies no statistically significant decrease in carbon emissions. Fur-
thermore, it seems that the nudge does not affect respondents predicted
to be unwilling. Although the absence of evidence is not evidence of the
absence, this null result supports a common assumption in the literature
that nudges are ineffective for those unwilling to change (Thaler and
Sunstein, 2009). Similarly, the nudge does not significantly alter the
choices of the predicted transitioned type. The transitioned respondents
have the highest share of controlled units choosing vegetarian food.
As such, it may be that transitioned respondents have no room for
improvement.

We find robust evidence that the social norm message crowds out
donations of the predicted trying type. Proposition 4 and our model in
Section 2 suggest the trying respondents may have treated the social
norm message as an extrinsic pressure to choose vegetarian food.
This would have induced them to slacken once the extrinsic pressure
vanishes. The theoretical framework of Truelove et al. (2014) provides
a similar interpretation. For the authors, policies can induce people
to act to repair a morally threatened identity. This induces moral
licensing once the identity is repaired. Interestingly, the social norm
nudge does not produce a similar negative policy spillover for the
predicted hesitants. Respondents classed as trying are more aware of the
environmental impact of diets. This can make them more prone to guilt
when exposed to our message.

A concern that may arise when investigating heterogeneity is the
reduction in statistical power that results from examining the effect of
our treatments on subsets of our samples. A post-hoc power analysis
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conducted for the effects estimated on these subsamples indicate an
achieved power of 85% at 5% significant level for the effect of the
nudge on vegetarian choices found for the predicted trying (91% at
a =10%) and 81% for the effect of the norm nudge on the carbon
intensity of food found for the predicted hesitant (88% at a =10%). The
achieved power is of 62% for the net spillover effect on the decision
to donate (73% at « =10%) and of 76% for the net spillover effect
on the amount donated (85% at a« =10%). Results on the effect of
the social norm message on donations appear to be underpowered.
Nonetheless, they are broadly robust across several specifications and
machine learning techniques.

6. Conclusion

Do policies trigger side effects on non-targeted behaviours that are
distinct from behavioural spillovers? Section 2 shows that policy-driven
spillovers arise through their effect on intrinsic or extrinsic motivations.
We present an experimental design to disentangle policy spillovers from
behavioural spillovers and estimate these two channels in an online
experiment involving 2775 English respondents. We tested whether
social norm messages promoting vegetarianism spilt over to another
non-targeted decision: green donations.

We find that social norm messaging is effective in increasing vege-
tarian choices. Yet, the effect of this nudge is heterogeneous. The nudge
works for individuals who are predicted to be trying to change their
diets to follow the norm, as well as those who are hesitant about doing
so. We only observe a decrease in the carbon footprint of food choices
for the predicted hesitants. We also find that choosing a vegetarian
item increases the likelihood of giving to a pro-environmental charity.
However, this effect is too small to induce the social norm message
to increase donations through food choices indirectly. Furthermore,
the message crowds out the predicted tryings’ donations. This negative
policy spillover outweighs the positive behavioural spillover. We do
not observe a similar crowding-out effect on the respondents who
were predicted to be hesitant. This suggests that policymakers seeking
to use social norm messaging to reduce the environmental impact of
food choices should target this population segment. When it comes to
increasing the uptake of vegetarian choices, our experimental findings
indicate no “free lunch”. When the social norm message effectively
fosters vegetarian food choices, it is at the cost of crowding out further
engagement.

This result calls for more empirical evidence on whether other
policies in other contexts yield similar effects. The main concern is
that the effectiveness of such green nudges might decrease over time.
We have laid out a theoretical and empirical framework to assess this
question. We hope this paper will provide a useful methodological
framework for further research.
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