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ARTICLE INFO ABSTRACT

Handling Editor: Sander van der Linden In response to climate change, interventions have been implemented to encourage sustainable behavior. Such
interventions may not only promote the target behavior but also increase (positive spillover) or reduce (negative

Keywords: spillover) non-targeted outcomes. This pre-registered meta-analysis integrated the experimental research on

Spillover environmental spillover to update a previous meta-analysis (Maki et al., 2019). Database searches in several

Pro-environmental behavior
Conservation

Bayesian

Meta-analysis

Open science

languages supplemented by searches to retrieve unpublished literature yielded 63 aggregated effect sizes from 38
studies and 29 articles (N = 26,613 unique participants). A three-level Bayesian meta-analysis provided weak
support for no spillover on intentions and strong support for no spillover on behaviors. If spillover was present, it
would likely be small and positive for intentions, § = 0.15, 95% CrI [-0.01, 0.31], but negligible for behaviors,
= 0.01, 95% CrI [-0.13, 0.16]. Positive spillover was most likely when interventions were autonomy-supportive
(very strong evidence), provided a rationale (moderate to strong evidence), did not use financial (dis)incentives
(weak to strong evidence), and addressed normative (extreme evidence) or a combination of normative and
personal gain goals (strong evidence). Spillover was similar across research settings (moderate evidence) and
partly across samples (weak to moderate evidence), which may suggest generalizability. To set standards for
robust spillover research, we developed the Power-Reporting-Open science (PRO) guidelines. The Bayesian
approach allows for robust conclusions and continuous updating with new evidence. We hope that this supports
future revisions toward a sustainable overview of robust and high-powered spillover studies that independent
researchers can easily update.

1. Introduction behaviors; Steg & Vlek, 2009). While most intervention studies measure
the target behavior (Abrahamse et al., 2005), effects on other outcomes,
Individuals are faced with environmental choices every day- so-called spillover effects, often go unnoticed (Nilsson et al., 2017;
—whether taking the subway instead of the car or throwing away waste Truelove et al., 2014). To illustrate, when free public transportation was
instead of recycling. When opting against the sustainable choice, in- introduced in several European cities (The Guardian, 2020), this boosted
dividuals often contribute to climate change (Milinski et al., 2008). In commuting but also may have promoted (positive spillover) or reduced
response to climate change, governments worldwide have introduced (negative spillover) other sustainable actions, such as recycling.
interventions to encourage intentions and behaviors that protect or Along a continuum, spillover can be positive or ‘green’, negative or
avoid harming the environment (i.e., sustainable intentions and ‘gray’, or absent (Dolan & Galizzi, 2015). Positive spillover may result
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from social and self-identity processes as well as a desire for consistency
(Truelove et al., 2014). This means that positive spillover may occur
when individuals identify with environmental groups (social identity;
Dono et al., 2010; Fielding et al., 2008), or when they see themselves as
environmentally friendly (self-identity; Van der Werff, Steg, & Keizer,
2014) which may prompt further sustainable actions to mitigate
cognitive dissonance (Festinger, 1962). Negative spillover can be
explained in terms of moral licensing (Truelove et al., 2014) which
implies that individuals justify indulgent behaviors (e.g., taking the car)
based on past behaviors considered as morally right (e.g., sustainable
consumption). Several studies have, however, questioned the replica-
bility of moral licensing (Blanken et al., 2014; Urban, Bahnik, &
Kohlova, 2019). Finally, spillover can be absent, which may happen
when individuals are unaware of the environmentally harmful impact of
the non-targeted behaviors (Reams et al., 1996), or when interventions
activate both positive and negative spillover mechanisms that ultimately
balance (Lacasse, 2016).

Taken together, various mechanisms can result in different spillover
effects. This is also reflected in the mixed empirical evidence (Nash
et al., 2017) showing positive (e.g., Lanzini & Thggersen, 2014), nega-
tive (e.g., Thogersen & Olander, 2003), and null effects (e.g., Schiitte &
Gregory-Smith, 2015). A previous frequentist meta-analysis (Maki et al.,
2019) synthesized the evidence until 2017 and included 13 articles with
20 studies and 60 spillover effects on intentions and behaviors. Spillover
was positive but small for intentions (d = 0.17, 95% CI [0.05, 0.29],p <
.01) and negative albeit very small for behaviors (d = —0.03, 95% CI
[—0.06, —0.01], p < .05). Positive spillover most likely occurred when
interventions triggered intrinsic motivation and neither used (dis)in-
centives nor guilt, when intentions rather than behaviors were
measured, as well as when the targeted and non-targeted outcomes were
similar.

1.1. The present meta-analysis

Relative to Maki et al. (2019), the present meta-analysis included 16
additional articles and 18 additional studies, totaling to 183
non-aggregated and 63 aggregated effect sizes from 38 studies and 29
articles. It primarily aimed to update the previous work by investigating
whether interventions change non-targeted sustainable (a) intentions
and (b) behaviors (Research Question 1). It also investigated seven
moderators, including the type of non-targeted outcome (intentions vs.
behaviors), intervention characteristics (autonomy support, rationale
provision, financial (dis)incentive, and goal), and characteristics
regarding the generalizability of spillover (research setting and sample
type). In contrast to the previous meta-analysis, this work employed a
Bayesian approach to meta-analysis. The Bayesian approach has three
major advantages: Firstly, it allows robust conclusions about the pres-
ence or absence of spillover (Gronau et al., 2017; Wagenmakers, 2017),
which is important for practical application. Secondly, it helps to
accurately assess the strength of findings and prevents “the field from
incorporating ambiguous findings as if these were real and reliable”
(Wetzels et al.,, 2011, p. 296). Lastly, unlike traditional frequentist
meta-analyses, Bayesian analyses can be continuously updated without
inflating false-positive rates. Updating frequentist meta-analyses can
entail a two- to five-fold inflation of false-positive rates, thereby out-
weighing the inflation caused by publication bias (Borm & Donders,
2009). The field of environmental spillover will likely grow rapidly in
the next years, calling for further meta-analytical updates. As such, the
Bayesian meta-analysis represents a further step toward an accurate,
sustainable, and constantly evolving overview of spillover research
(Simmonds et al., 2017).

1.2. Potential moderators of spillover effects

As suggested by the mixed evidence, spillover may be contingent on
several factors. This meta-analysis investigated seven potential
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moderators: the type of non-targeted outcome (intentions vs. behaviors),
autonomy support (whether interventions contained autonomy-
supportive vs. controlling elements), rationale provision (whether in-
terventions provided a rationale why individuals should engage in the
target behavior), financial (dis)incentives, intervention goal (whether
interventions addressed normative goals, such as environmental pro-
tection, and/or personal gain goals, such as saving money), research
setting (laboratory, online, or field), and sample type (university student
vs. non-student sample).

1.2.1. Type of non-targeted outcome: Intentions vs. behaviors

Spillover effects may depend on whether intentions or behaviors are
assessed. Although intentions are an important precursor to actual
behavior (Ajzen, 1991), interventions that change intentions do not
necessarily trigger corresponding behaviors (intention-behavior gap;
Webb & Sheeran, 2006). The intention-behavior gap thus implies that
intentions are easier to influence than behaviors (Sheeran & Webb,
2016), which also applies to the environmental domain where intentions
to recycle rarely result in recycling behavior (Echegaray & Hansstein,
2017). In line with this, the previous meta-analysis (Maki et al., 2019)
found stronger spillover on intentions than behaviors. We thus expected
that interventions change non-targeted intentions more than behaviors
(Hypothesis 1).

1.2.2. Autonomy-supportive vs. controlling interventions

Spillover may also vary depending on whether interventions contain
autonomy-supportive or controlling elements. Self-determination the-
ory (Deci & Ryan, 2012) broadly distinguishes between two types of
motivation—autonomous and controlled motivation. Autonomous
motivation implies that individuals act voluntarily, while controlled
motivation means that individuals act due to pressure or control. In-
terventions support autonomous motivation when they preserve a sense
of choice (e.g., perceived choice of whether to engage in a behavior or
which behavior to adopt), provide an explicit rationale (e.g., under-
standing about why the behavior is important, either for individuals or
the environment), involve perspective-taking (e.g., acknowledgement of
difficulty of the behavior), or use non-controlling language (Bartholo-
mew et al., 2009; Bradshaw et al., 2021; Deci et al., 1994; Legate et al.,
2021; Su & Reeve, 2011). By contrast, interventions likely trigger con-
trolling motivation when pressuring individuals to act in a certain way,
for example by using bans, punishments, coercive language (e.g., must
or should; Bradshaw et al., 2021), blaming, shaming, injunctive norms,
evaluative feedback, or (dis)incentives (for more details on the coding,
see Appendix A).

Autonomous but not controlled motivation has been associated with
more frequent and stable sustainable intentions (Osbaldiston & Sheldon,
2003), engagement in a wide range of sustainable behaviors (Green--
Demers et al., 1997), and spillover from sustainable behaviors within to
outside the workplace (Hicklenton et al., 2019). By contrast, controlled
motivation has been linked to negative spillover (Thomas et al., 2016),
and incentivized interventions have been associated with less pos-
itive/more negative spillover than non-incentivized interventions (Maki
et al., 2019).

In line with this argumentation, we expected that interventions with
autonomy-supportive elements are associated with more positive
changes in non-targeted (a) intentions and (b) behaviors than in-
terventions with controlling elements (Hypothesis 2). Additionally, we
investigated rationale provision as a prominent example of an
autonomy-supportive intervention and financial (dis)incentives as a
prominent example of a controlling intervention. We hypothesized that
interventions with compared to without a rationale are associated with
more positive changes in non-targeted (a) intentions and (b) behaviors
(Hypothesis 3). Interventions with as compared to without financial
(dis)incentives were expected to be associated with more negative
changes in non-targeted (a) intentions and (b) behaviors (Hypothesis 4).
Hypothesis 2 was modified and Hypothesis 3 and 4 were added after
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peer review but before data extraction of these additional moderators.

1.2.3. Intervention goal

Spillover effects may also depend on which type of goals in-
terventions address. Goal-framing theory (Lindenberg & Steg, 2007,
2013) posits that interventions can trigger overarching goals to become
focal: normative goals to adopt appropriate intentions and behaviors
(doing what is right, e.g., environmental protection), personal gain goals
(e.g., improving one’s health), or both types of goals. The focal goal can
then activate intentions and behaviors that align with this goal. For
example, normative goals can trigger sustainable purchases because
individuals aim to protect the environment, while personal gain goals
can yield the same direct effect but due to different motives, such as
health benefits of sustainable food products.

Although both goals can be effective at promoting the target
behavior, their spillover effects may differ. Normative goals are likely to
cause more positive spillover than personal gain goals or a combination
of both types. Normative goals activate pro-environmental goals and
identities which facilitate non-targeted sustainable intentions and be-
haviors (Thggersen & Noblet, 2012; Truelove et al., 2014; Xu et al.,
2018a). In contrast, personal gain goals activate self-serving goals as
well as non-targeted intentions and behaviors from which individuals
personally benefit. This limits positive spillover because sustainable
intentions and behaviors (e.g., buying relatively expensive sustainable
products) often contradict personal gain goals (e.g., saving money;
Milinski et al., 2008). Personal gain goals can also weaken positive
spillover by crowding out intrinsic motivation (Xu et al., 2018a). Sup-
porting these claims, studies have shown that normative goals are
associated with more positive spillover (Evans et al., 2013; Steinhorst
et al., 2015; Steinhorst & Matthies, 2016) compared to personal gain
goals which can even induce negative effects (Geng et al., 2019). These
described mechanisms also apply to interventions that emphasize both
types of goals. Personal gain goals can undermine normative goals for
the target outcome (Schwartz et al., 2015), presumably carrying over to
non-targeted intentions and behaviors.

We hypothesized that interventions that appeal to normative rather
than personal gain (Hypothesis 5) or both types of goals (Hypothesis 6)
are associated with more positive changes in non-targeted (a) intentions
and (b) behaviors.

1.2.4. Generalizability: Research setting and sample type

Spillover research has been conducted in the laboratory, online, and
in the field (Galizzi & Whitmarsh, 2019). Effect sizes typically vary
depending on the setting of the intervention (Cadario & Chandon, 2020;
Mitchell, 2012). The magnitude of spillover may thus depend on situa-
tional factors inherent to specific settings. Spillover may be smaller in
the field compared to more controlled settings, as field research may
involve more costly and difficult behaviors (e.g., switching to a green
energy provider) that have been shown to reduce spillover (Maki et al.,
2019). Effects may, however, also be larger in the field due to factors
operating only in the field, such as peer influences or establishing a
green reputation (Babutsidze & Chai, 2018). Alternatively, the same
mechanisms may operate in different settings, inducing generalizable
spillover. As research on this is still in its infancy, we explored whether
spillover on (a) intentions and (b) behaviors differed between settings to
inform generalizability of the results from laboratory to online and field
settings (Research Question 2).

Spillover research has used both university student and non-student
samples. In recent years, concerns arose about conducting psychological
research with university student samples, as they may limit the gener-
alizability of the results. Spillover effects may be comparable across
student and non-student samples, as the underlying mechanisms (e.g.,
social identity, self-identity, desire for consistency, moral licensing)
seem to suggest general phenomena. On the other hand, a recent meta-
analysis found differences between student and non-student samples in
the association between self- and social identity as well as sustainable
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behavior (Udall et al., 2021). The previous meta-analysis (Maki et al.,
2019) found that spillover on intentions was similar, whereas it was less
negative for behaviors in the general population compared to student
samples. We explored whether spillover differed between student and
non-student samples to further inform generalizability (Research
Question 3).

2. Method
2.1. Open science practices

We adhered to the PRISMA-S and -P guidelines (Preferred Reporting
Items for Systematic Review and Meta-Analysis Search Extension and
Protocols Statement; Moher et al., 2015; Rethlefsen et al., 2019) as well
as recommendations on reproducibility in meta-analyses (Lakens et al.,
2016). We pre-registered a systematic review protocol on the Open
Science Framework (April 18, 2020; https://osf.io/u67dp) before con-
ducting the searches. We added an addendum to the pre-registration
(June 21, 2021) that further specified Hypotheses 2 to 4 and Research
Question 3. All deviations from these protocols are reported in
Appendix B.

2.2. Meta-analytic criteria

To be included in this meta-analysis, articles needed to meet several
criteria based on the PICOS framework, including population, inter-
vention, comparator, outcome, and study design (Center for Review and
Center for Dissemination, 2009).

As displayed in Table 1, articles needed to include human partici-
pants and adopt an experimental, quasi-experimental, or natural-
experimental design with a control (no intervention) or comparison
(alternative intervention) condition, as such robust designs allow valid
conclusions about spillover effects (Galizzi & Whitmarsh, 2019). Articles
were required to have reported results from an intervention (e.g., policy
or experimental manipulation) that significantly increased the targeted
sustainable intention or behavior (Ghesla et al., 2019) or a manipulation
to prime participants with reminders of past behavior. Regarding out-
comes, articles were only included if they assessed spillover on at least
one sustainable intention or self-reported or objective behavior. Both
published and unpublished empirical articles, doctoral dissertations,
and master theses were eligible. Inclusion was further restricted to ar-
ticles published in English, German, French, and Dutch. Articles were
only considered for inclusion when their full text, relevant statistics, and
information to assess eligibility were available online or after request to
the authors.

Consequently, articles were excluded based on nine hierarchically
structured, pre-registered criteria: other language, other publication
type, non-environmental or other outcome, other study design, other
intervention, other sample, other (e.g., contextual) or no spillover
measured, unobtainable full text, and insufficient reporting. The tenth
exclusion criterion of duplicated data was added after the pre-
registration.

2.3. Literature search

We devised a comprehensive search strategy in consultation with
librarians. We searched PsycINFO (Ovid), Business Source Premier
(EBSCOhost), GreenFile (EBSCOhost), and the Social Science Citation
Index (Web of Science) on April 20, 2020, and for an update on October
29, 2020. These searches were limited to title, abstract, keywords, and
human participants (where possible) without date restrictions. The
pilot-tested search terms for all databases are in Tables C1, C2, and C3.
Additionally, the first 300 results of a full-text search in Google Scholar
were screened for both the initial and updated search (Haddaway et al.,
2015), and reference lists of included articles and past related reviews
were hand-searched for eligible articles. The OSF preprint repository
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Table 1
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Inclusion and exclusion criteria based on PICOS and additional criteria.

PICOS Criterion

Inclusion

Exclusion

Population Human sample Other sample (6)
Intervention Intervention (e.g., information provision, policy, charge, nudge, or experimental manipulation) that significantly =~ Other intervention (5)
increased at least one sustainable intention or behavior, or effectively primed participants with reminders of past
behavior
Comparator Control (no intervention) or comparison (alternative intervention) condition Other study design (4)
Outcome Spillover on non-targeted sustainable intention or self-reported or objective sustainable behavior Non-environmental or other outcome
(e.g., attitude) (3)
Statistical outcome: Cohen’s d Other or no spillover (7)
Study design Experimental, quasi-experimental, or natural- experimental design Other study design (4)
Additional Inclusion Exclusion
Criterion
Language English, German, French, or Dutch Other language (1)
Publication type and ~ Published or unpublished empirical articles, dissertations, or master theses Other publication type (2)
status
Full text Full text available online or one month after request to the authors Full text unobtainable (8)

Sufficient reporting
Duplicated data ?

Statistical information available online or one month after request to the authors
If two records (e.g., dissertation and journal article) were based on the same dataset, only the one with the more

Insufficient reporting (9)
Duplicated data (10)

detailed reporting or the earlier record was included.

Note. ? Not pre-registered. PICOS = population (P), intervention (I), comparator (C), outcome (0), and study design (S; Center for Review and Center for Dissemination,

2009). Numbers in parentheses indicate the hierarchy of exclusion criteria.

was scoped to retrieve unpublished literature (Table C4).

2.4. Screening process and data extraction

The retrieved articles were de-duplicated first in Zotero and then
manually before importing them to Rayyan (Ouzzani et al., 2016). The
screening comprised two stages—an initial screening based on title and
abstract and a full-text eligibility selection including the data extraction.
Both stages were conducted by a trained rater who was provided with
guidelines on the meta-analytic criteria and data extraction
(Appendix A). For the initial screening, the rater categorized the articles
based on title and abstract as ‘include’ (i.e., fulfills inclusion criteria),
‘exclude’ (i.e., certainly fulfills at least one exclusion criterion), or ‘un-
clear’. For the subsequent eligibility selection, the rater applied the same
system to the full text of articles previously labeled as ‘include’ or ‘un-
clear’ and recorded the first reason for exclusion in the hierarchy. The
rater then extracted the pre-specified study characteristics and statistical
information from the included articles. To minimize subjective judg-
ments, the moderators were coded by an additional independent rater.
Discrepancies were resolved through discussion. Interrater reliability in
terms of Cohen’s kappa was significantly different from zero (all ps <
.001) and was almost perfect for non-targeted outcome (x = 0.94), au-
tonomy support (k = 0.84), rationale provision (kx = 0.83), financial (dis)
incentives (x = 1.00), intervention goal (x = 0.93), and sample type (xk =
0.96), but only substantial for setting (x = 0.62).

2.4.1. Study characteristics

General information (authors, year, title, journal) and extrinsic
characteristics (country, language, publication status, peer-reviewed)
were documented alongside the PICOS elements. Age, gender distribu-
tion, sample type, total sample size, and sample size per condition were
extracted as sample characteristics. Characteristics of the intervention
were coded, including effectiveness regarding the target outcome, type
and a narrative description, autonomy support (autonomy-supportive,
controlling, or both kinds of elements), rationale provision, financial
(dis)incentives, and intervention goal (normative, personal gain, or both
types of goals). Moreover, characteristics of the design were distin-
guished, including study design (laboratory, online, field, or combina-
tion), sample type (university student or non-student sample), and
comparator (control or comparison). For the targeted and non-targeted
outcomes, their type was coded (intention, self-reported behavior, or
objective behavior); for spillover, their direction was coded (positive,

negative, or zero).

2.4.2. Computation and transformation of effect sizes

To compute Cohen’s d, means and standard deviations (SDs) of the
non-targeted outcome, sample size per condition, effect sizes, test sta-
tistics, and p-values were extracted. If any information was only
graphically available, WebPlotDigitizer (Rohatgi, 2019) was used for data
extraction. The available information was extracted in the following
preference order: interaction effect of the intervention and targeted
outcome on the non-targeted outcome, effect of the intervention on the
non-targeted outcome, or means and SDs of the non-targeted outcome
for the control and intervention condition. If spillover was reported for
several measurement points, the statistical information was extracted
from the first post-intervention measurement point. If the information
was reported in a way other than Cohen’s d, this information was
transformed using the esc package (Version 0.5.1, Liidecke, 2019), the
compute.es package (Version 0.2-2, Del Re, 2013), or the Campbell
Collaboration effect size calculator (Wilson, 2001).

3. Results
3.1. Search results and study characteristics

The literature search identified 4,465 articles through electronic
database searches and an additional 1,227 articles through other sour-
ces, totaling 5,692 articles (Fig. 1). After deduplication, 4,557 articles
remained for the screening based on title and abstract. Of those, 4,168
articles did not meet the inclusion criteria, while the remaining 389
articles were assessed for eligibility based on their full text. Thereby, 360
articles were excluded based on ten criteria: language (n = 1), publi-
cation type (n = 54), non-environmental (n = 81), study design (n = 63),
intervention (n = 49), sample (n = 0), other (i.e., contextual) or no
spillover measured (n = 100), unobtainable full text (n = 5), insufficient
reporting (n = 5), duplicated data (n = 2). This yielded 183 extracted
and 63 aggregated effect sizes from 55 interventions, 38 studies, and 29
articles.

The 29 articles were written between 2011 and 2021, and most were
published and peer-reviewed (n = 23). All studies employed experi-
mental (n = 27), quasi-experimental (n = 10), or natural experimental
(n = 1) designs. Overall, they included 26,613 unique participants with
a mean age of 44.1 years and 54% female participants (where reported).
A summary and more details are in Table 2.
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Electronic Databases (n = 4,465)
PsycINFO (n = 1,336)
GreenFILE (n =212)

Business Source Premier (n = 551)

SSCI (n = 2,366)

Other Sources (n = 1,227)
Google Scholar (n = 600)
Reference lists (n = 610)

OSEF preprint repository (n = 13)
Email requests to authors (n = 4)

\/

Identification

Total number of articles
(N =5,692)

Duplicates excluded

Zotero & manually

(n=1,135)

Articles after deduplication
(n=4,557)

Screening of titles and
abstracts (n =

Articles excluded
(n=4,168)

A4

4,557)

Screening

Articles excluded (n = 360)

Language (n = 1)
Publication type (n = 54)

Eligibility assessment of
full-text articles (n = 389) d

Non-environmental (n = 81)
Study design (n = 63)
Intervention (n = 49)
Sample (n = 0)

Eligibility

Other/no spillover measured
(n=100)

No full text (n = 5)
Insufficient reporting (n = 5)
Duplicated data (n = 2)

Qualitative Synthesis
183 ES e 38 studies e 29 articles

Quantitative Synthesis (RQ1)
63 aggregated ES e 38 studies o 29 articles

e |

Outcome
(H1)

Inclusion

Intentions (31)
Behaviors (32)

Autonomy
(H2)
Autonomy (20)
Control (6)
Both (20)

Rationale
(H3)
Yes (35)
No (20)

(Dis)incentive
(H4)
Yes (17)
No (46)

Goal (H5)
Normative (22)
Gain (13)
Both (6)

Setting (RQ2)
Lab (16)
Online (14)
Field (26)

Sample (RQ3)
Student (30)
Non-student

(33)

Fig. 1. PRISMA Flow Diagram.

Note. ES = Effect sizes. SSCI = Social Science Citation Index. The flow diagram was based on the template and recommendations provided by Vu-Ngoc et al. (2018)

and Moreau and Gamble (2020).

3.2. Overview of included articles

The morphological box in Fig. 2 summarizes the most prevalent
characteristics of the final set of articles, including three categories and
13 dimensions: intervention (type, autonomy, rationale provision, (dis)
incentive, and goal), spillover effect (measurement, non-targeted
outcome, direction, and magnitude), and method (comparator, setting,
sample, and country). The intervention and method dimensions were
evaluated at the level of interventions (N = 55), while the spillover
dimension was evaluated at the level of non-aggregated effect sizes (N =
183).

The most frequent interventions were combined interventions (e.g.,
incentives and information; n = 15), framing (n = 9), others (e.g.,
shopping lists and imagining engaging in a pro-environmental activity;
n = 9), changes in the structural environment (e.g., online store with
sustainable products; n = 6), and (dis)incentives (n = 5). Most

interventions had autonomy-supportive and controlling elements (n =
18), followed by only autonomy-supportive (n = 16) and only control-
ling (n = 6) elements. Most interventions provided a rationale (n = 29)
and did not use financial (dis)incentives (n = 39). They either addressed
a normative goal (n = 18), a personal gain goal (n = 12), a combination
of goals (n = 6), or no/an unclear goal (n = 19).

Spillover was most frequently measured as self-reported behaviors
(n = 91), followed by intentions (n = 73) and objective behaviors (n =
19). The most prominent non-targeted outcomes were energy saving (n
= 48), recycling (n = 31), water consumption (n = 25), and dieting (n =
20). Remarkably, most reported spillover effects were non-significant (n
= 140) and approximately equally many were negative (n = 18) or
positive (n = 17). In line with this, 165 effect sizes were small, with few
medium (n = 12) or large (n = 6) effect sizes.

Regarding methods, interventions were almost equally often
compared to a control (n = 29) or alternative intervention condition (n



Table 2
Articles in the meta-analysis.

Article Information Effect Moderators
Authors Intervention ES d N Type  Autonomy  Rationale  (Dis) Goal Setting Sample
Incentive
Baca-Motes et al. (2013), S1 Commitment 1 0.41 567 B Yes Yes No Normative Field Non-
student
Bergquist et al. (2019), S1 Combined intervention with norms, posters, incentive, and feedback 1 -0.62 48 B Both Yes Yes Both Field Student
Carlsson et al. (2020), S1 Social information campaign 1 0.01 768 B Both Yes No NA Field Non-
student
Carrico et al. (2018), S1* Combined intervention with information provision, diary, behavior change goal, 1 -0.25 272 B Yes Yes No Normative Online Non-
reminders, and feedback student
Carrico et al. (2018), S1* Information about dietary change to improve health 1 —0.48 262 B Yes Yes No Personal Online Non-
gain student
Clot et al. (2013), S1 Incentive for imagined pro-environmental activity 1 -0.22 195 B No NA Yes Personal Lab Student
gain
Clot et al. (2013), S1 No incentive for imagined pro-environmental activity 1 -0.30 192 B Yes NA No NA Lab Student
Elf et al. (2019), S1 Combined intervention with education, modeling, incentive, training, and 1 0.79 232 B Both Yes Yes Both Field Non-
persuasion student
Geng et al. (2016), S1* Shopping list with green products 1 -0.67 40 B NA No No NA Lab Student
Geng et al. (2016), S2* Shopping list with green products 1 -0.68 40 I NA No No NA Lab Student
Geng et al. (2016), S3* Goal progress and shopping list with green products 1 -0.99 83 I NA No No NA Lab Student
Geng et al. (2016), S3* Goal commitment and shopping list with green products 1 0.36 84 I NA No No NA Lab Student
Geng et al. (2016), S4* Shopping list with green products and attribution task 1 0.21 80 I NA No No NA Lab Student
Geng et al. (2016), S5* Shopping list with green products and recalling commitment 1 0.58 82 I NA No No NA Lab Student
Geng et al. (2019), S1 Framing many past behavior and environmental frame 1 0.52 74 I Yes Yes No Normative NA Student
Geng et al. (2019), S1 Framing many past behavior and monetary frame 1 -0.52 63 I Both Yes Yes Personal NA Student
gain
Geng et al. (2019), S2 Framing many past behaviors (non-environmental label) and environmental 1 1.83 82 I Yes Yes No Normative NA Student
frame
Geng et al. (2019), S2 Framing many past behaviors (environmental label) and monetary frame 1 2.76 86 I Both Yes Yes Both NA Student
Lacasse (2019), S1* Combined intervention with behavior adoption, calendar tracking, and 12 —-0.04 84 B Yes Yes No Normative Field Non-
information student
Lacasse (2019), S1* Combined intervention with behavior adoption, calendar tracking, and 4 0.07 84 1 Yes Yes No Normative Field Non-
information student
Lacasse (2019), S1* Combined intervention with behavior adoption and calendar tracking 12 0.02 80 B Yes Yes No Normative Field Non-
student
Lacasse (2019), S1* Combined intervention with behavior adoption and calendar tracking 4 0.10 80 1 Yes Yes No Normative Field Non-
student
Lacasse (n.d.), S1* Many past behaviors and environmentalist label 1 —-0.26 71 1 NA NA No Normative Online Non-
student
Lacasse (n.d.), S1* Few past behaviors 1 -0.44 57 I NA NA No Normative Online Non-
student
Lacasse (n.d.), S2* Many past behaviors and environmentalist label 1 —-0.20 34 1 NA NA No Normative Online Student
Lacasse (n.d.), S2* Few past behaviors 1 -0.17 28 I NA NA No Normative Online Student
Lanzini (2013), S1* Framing monetary incentives 4 -0.04 80 I Both No Yes Personal Field Student
gain
Lin and Chang (2017), S1 Green shopping 2 -1.01 160 B NA No No NA Lab Student
Liu et al. (2021), S1 Self-set goals and feedback 1 0.30 75 B Both No No NA Field Non-
student
Liu et al. (2021), S1 Assigned goals and feedback 1 0.19 75 B Both No No NA Field Non-
student
Liu et al. (2021), S1 Assigned goals, incentives, and feedback 1 0.14 74 B Both Yes Yes Personal Field Non-
gain student
Maki et al. (2015), S1* Message intervention 2 0.61 65 I Both Yes No Normative Combined  Student
Maki et al. (2015), S1* Modeling intervention 2 0.27 69 I Yes No No NA Combined  Student
Maki et al. (2015), S1* Modeling intervention 2 —0.06 69 B Yes No No NA Combined Student
Margetts and Kashima Green shopping 2 0.04 158 I NA No No NA Lab Student

(2017), S1*

(continued on next page)
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Table 2 (continued)

Article Information Effect Moderators
Authors Intervention ES d N Type  Autonomy  Rationale  (Dis) Goal Setting Sample
Incentive
Margetts and Kashima Green shopping 2 0.28 43 I NA No No NA Lab Student
(2017), S2*
Margetts and Kashima Green shopping 1 0.89 172 I NA No No NA Online Non-
(2017), S3* student
Margetts and Kashima Green shopping 1 -0.15 172 B NA No No NA Online Non-
(2017), S3* student
Parag et al. (2011), S1* Personal carbon allowance 1 0.35 730 1 Both Yes Yes Both Online Non-
student
Poortinga et al. (2013), S1* Charge on single-use plastic bags vs. no charge (England) 2 —-0.01 500 B No No Yes Personal Field Non-
gain student
Poortinga et al. (2013), S1* Charge on single-use plastic bags vs. no charge (Wales) 2 0.05 500 B No No Yes Personal Field Non-
gain student
Schwartz et al. (2015), S1* Using Social Marketing to Spur Residential Adoption of ENERGY STAR®- 7 0.01 80 B Both Yes Yes Both Field Non-
Certified LED Lighting student
Sintov et al. (2019), S1 Organic carts and descriptive norms 10 0.10 284 B Yes Yes No Normative Field Non-
student
Steinhorst et al. (2015), S1* Environmental framing 2 0.24 448 1 Yes Yes No Normative Online Non-
student
Steinhorst et al. (2015), S1* Monetary framing 2 0.04 433 I Both Yes Yes Personal Online Non-
gain student
Suffolk (2016), S1 Energy efficiency improvement 5 0.03 89 B Both NA Yes NA Field Non-
student
Swim and Bloodhart (2013),  Feedback (admonishment or praise) 1 0.31 173 B Both Yes No Normative Lab Student
S1
Swim and Bloodhart (2013), Feedback (admonishment or praise) 1 0.39 176 1 Both Yes No Normative Lab Student
S2
Swim and Bloodhart (2013),  Feedback (admonishment or praise) 1 0.27 176 B Both Yes No Normative Lab Student
S2
Thomas et al. (2016), S1* Charge on single-use plastic bags 10 0.03 17,636 B No No Yes Personal Field Non-
gain student
Tiefenbeck et al. (2013), S1*  Water consumption campaign with feedback and social norms 1 -0.12 907 B Both Yes No Normative Field Non-
student
Touhey (2019), S1 Ban of single-use plastic bags 3 0.01 100 B No No No NA Field Non-
student
Wolstenholme et al. (2020), Message on positive impacts of eating less meat on health 10 0.03 115 I Yes Yes No Personal Online Student
S1 gain
Wolstenholme et al. (2020), Message on positive impacts of eating less meat on environment 10 —0.02 124 I Yes Yes No Normative Online Student
S1
Wolstenholme et al. (2020), Message on positive impacts of eating less meat on health and environment 10 0.11 126 I Yes Yes No Both Online Student
S1
Xu et al. (2018a), S1 Environmental framing of waste separation 1 0.11 159 1 Yes Yes No Normative Field Non-
student
Xu et al. (2018a), S1 Environmental framing of waste separation 12 0.01 159 B Yes Yes No Normative Field Non-
student
Xu et al. (2018a), S1 Monetary framing of waste separation and incentives 1 -0.16 115 I Both Yes Yes Personal Field Non-
gain student
Xu et al. (2018a), S1 Monetary framing of waste separation and incentives 12 0.00 115 B Both Yes Yes Personal Field Non-
gain student
Xu et al. (2018b), S1 Monetary inducement 1 -0.74 64 B No NA Yes Personal Field Non-
gain student
Xu et al. (2018b), S1 Education 1 0.56 57 B Yes Yes NA NA Field Non-
student
Zawadzki (2015), S1 Sorting recyclable materials 1 0.48 178 B NA Yes No NA Lab Student
Zawadzki (2015), S1 Sorting recyclable materials 1 —0.36 173 1 NA Yes No NA Lab Student

Note. Studies marked with an asterisk (*) were included in the previous meta-analysis by Maki et al. (2019).
ES = Number of non-aggregated effect sizes, I = intention, B = behavior.
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m Characteristic

| Combined (15) ‘ | Framing (9) || Other (9) l | Structural (6) || (Dis)incentive (5)
Intervention Type
| Information (4) H Commitment (3) || Feedback (2) || Norms (1) H Request (1)
=
;g | Autonomy | | Both (18) | I Supportive (16) l | Unclear (15) | I Controlling (6)
o
=
g | Rationale | | Rationale (29) | | No rationale (18) | | Unclear (8)

I (Dis)incentive || No (dis)incentive (39)

I

(Dis)incentive (16)

| Goal ‘ | None/unclear (19) | I Normative (18) ‘ | Personal gain (12) | ’ Both (6)

| Measurement | | Self-reported behavior (91) | ’ Intention (73) | | Objective behavior (19)
‘8‘ Type of non- Energy (48) | | Recycling (31) | | Water (25) | |
7il| | targeted intention —
[} or behavior Activism;ivounieor | | Combined (16) | | Transportation (14) | | Donation (10)
3 other (19)
IUEJ' | Direction | | Zero (140) | ’ Negative (18) ‘ | Positive (17) | ’ Unclear (8)

Absolute ;

| magnitude | | Small (165) | I Medium (12) | | Large (6)

’ Comparator | I Control (29) l | Comparison (26)

’ Setting | | Field (22) | ‘ Lab (14) | ‘ Online (13) | ’ Unclear (4) ‘ | Combined (2
o
o
% | Type of sample | | Non-university student (28) | | University student (27)
=

US (16) | ‘ China (14) | | UK (9) | | Australia (3) ‘ | Singapore (3)

Country

|
|
|
|
||
|
Diet (20) |
|
|
|
|
) |
|
|
1

‘ Unclear (3) || France (2) || Germany (2) H Columbia (1) || Denmark (1) H Sweden (1)

Fig. 2. Morphological Box of Included Articles.

Note. Small: 0 < d < 0.49, medium: 0.50 < d < 0.79, large: d > 0.80. Intervention and method dimensions were evaluated at the level of interventions (N = 55), while
the spillover dimension was evaluated at the level of non-aggregated effect sizes (N = 183).

= 26). Field interventions (n = 22) were more common than laboratory
(n = 14) and online interventions (n = 13). Approximately the same
number of interventions targeted non-university student (n = 28) and
university student (n = 27) samples. The samples came from ten coun-
tries, with the United States (n = 16), China (n = 14), and the United
Kingdom (n = 9) being most prominent.

3.3. Planned analysis

3.3.1. Meta-analytic model

We conducted a multi-level Bayesian meta-analysis to test the overall
spillover effect and the seven moderators. The multi-level model
accounted for dependencies among the data. Dependencies can arise

Level 3: Article

Level 2: Study Study 1

7N\

when articles include more than one study that compared several in-
terventions to the same control/comparison condition, and when these
intervention-control comparisons yielded more than one non-targeted
outcome (Cheung, 2014). The meta-analytic model in Fig. 3 includes
three levels with effect sizes at level 1, studies/comparisons at level 2,
and articles at level 3. Specifying three levels allows estimating the
overall effect size §, the between-article heterogeneity t,, and the
between-study/comparison heterogeneity ts. Effect sizes were aggre-
gated to avoid including more levels and potentially overweighting
comparisons yielding many outcomes. This means that effect sizes and
standard errors (SE) obtained from one intervention were weighted by
sample size, such that each intervention-control comparison yielded at
most one effect size for intentions and behaviors, respectively.

Article 1 Article 2
Study 2 Study 3
S, ES, ESs

Level 1: Effect Size ES,

Fig. 3. The Meta-Analytic Model.

Note. Based on Molto et al. (2020). ES = Effect size. Three-level meta-analytic model to estimate the overall effect size, accounting for sampling variance (Level 1) as
well as between-study/comparison (Level 2) and between-article (Level 3) heterogeneity.
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3.3.2. The Bayesian framework

The Bayesian analyses were performed in R (Version 4.0.2, R Core
Team, 2020) with brms (Version 2.13.5, Biirkner, 2018) and RStan
(Version 2.19.3, Stan Development Team, 2018). We deviated from the
pre-registration in some respects (e.g., priors and moderator analyses)
but transparently reported all deviations in Appendix B. The prior dis-
tribution for the overall effect size and the contrast-coded moderators

were set to a weakly informative normal distribution, 5, E ~ Normal(0,
1), as effect sizes in psychology typically vary between 0 and 1.5 (Szucs
& loannidis, 2017). For the between-article and between-study hetero-
geneity, mildly informative priors were specified, t,, Ts ~ HalfNormal(O,
0.1). Both priors are depicted in Fig. 4. During the analyses, these prior
distributions were updated with new information, the data, to obtain the
posterior distributions (Figs. 7-13).

Models were estimated by specifying four Markov Chain Monte Carlo
analyses with 20,000 iterations and a warm-up of 5,000 iterations.
Posterior convergence was evaluated based on the potential scale
reduction factor R (Gelman & Rubin, 1992) and trace plots. The four

chains seemed to have converged well for all analyses, as all Rs were
close to 1. The chains were also well-mixed, as the corresponding trace
plots spread randomly around the mean (Nalborczyk et al., 2019).

The two-sided primary research question (Research Question 1) was
tested by comparing the null hypothesis that spillover effects are zero,
Hp: 6 = 0, against the alternative hypothesis that the effects differ from
zero, Hy: & # 0. Support for a hypothesis was based on the posterior
distribution and the Bayes factor (BF; Wagenmakers et al., 2018). The BF
quantifies the empirical evidence in favor of a hypothesis over a
competing hypothesis; specifically, it describes the marginal likelihood
of the data under one hypothesis compared to another (Stefan et al.,
2019) based on the standard inference criteria in Table 3. The 95%
credible interval (Crl) indicates a range of values in which the popula-
tion value falls with 95% probability, given the data and the priors.

3.3.3. Moderator analytic plans

As pre-registered, the moderator analyses were conducted separately
for intentions and behaviors if at least four effect sizes existed per sub-
group (intention vs. behavior) and subcategory of the moderator (e.g.,
rationale vs. no rationale; Fu et al., 2011). This was not the case for the
moderators autonomy support, goal, and setting, for which we com-
bined spillover effects on intentions and behaviors. Effect sizes catego-
rized as ‘unclear’ (Appendix A) on one of the moderators were excluded
for the respective analysis. Separate meta-regression models with con-
trasts for dichotomous (Hypotheses 1 to 4 and Research Question 3) and
categorical moderators (Hypothesis 5 and 6 and Research Question 2)

A 0.5
0.4
0.3
Density
0.2
0.1

-2 -1 0 1 2
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were fit using the aforementioned priors. Two-sided moderator hy-
potheses (Research Questions 2 and 3) were tested by comparing the
null hypothesis that spillover effects do not differ between the categories

of a moderator, Hy: E = 0, against a two-sided alternative hypothesis,

that the effects differ, Hy: P # 0. For one-sided moderator hypotheses
(Hypotheses 1 to 6), the hypothesis that the effects are larger for one

category (A) than another (B), Hy: B > 0, was compared against the
alternative hypothesis that the effects are smaller for this category (A)

than the other (B), Ho: ﬁ < 0.

3.3.4. Additional planned analyses

Sensitivity analyses were conducted with different priors to check
the robustness of the overall estimate. A leave-one-out approach iden-
tified outliers, and contour-enhanced funnel plots assessed publication
bias of the overall effect as well as statistical power of the included
studies.

3.4. Analysis

3.4.1. Overall spillover effects (Research Question 1)

This meta-analysis investigated whether effective interventions
change non-targeted sustainable intentions (n = 31) and behaviors (n =
32). It showed moderate evidence against overall spillover on intentions
and behaviors combined, BFy; = 8.27. This implies that the data are 8.27
times more likely under the null hypothesis that the effect is zero
compared to the alternative hypothesis that the effect is different from
zero. If spillover effects were present, they would likely be small, § =
0.07, SE = 0.07, 95% CrI [-0.06, 0.20], T, = 0.10, SE = 0.06, 95% CrI
[0.01, 0.24], t5 = 0.34, SE = 0.04, 95% Crl [0.26, 0.43]. The posterior
effect size estimates of all articles are displayed in the forest plot in
Fig. 5.

Estimating the effect separately for intentions and behaviors showed
weak evidence against spillover on intentions, BFy; = 2.32. This means
that the data are 2.32 times more likely under the null hypothesis that
spillover is zero compared to the alternative hypothesis that it is
different from zero. To get a feeling of how little evidence this is, we can
inspect the probability wheel in Fig. 6 (Panel A). Imagine that the
probability plot represents a pizza with green pepperoni (green area)
and mozzarella (white area). You blindly poke your finger onto this
pizza. How surprised are you if your finger is covered with the non-
dominant topping, in this case, pepperoni? The more surprised you
are, the stronger the evidence that spillover on intentions is absent
(Wagenmakers, 2018). In this case, you would not be overly surprised
since pepperoni still covers 30% of the pizza. This means that there is

Density 4

3

0.2 0.4 0.6 0.8

Fig. 4. Prior Distributions for the Overall Effect Size §, Moderators E (A), and Heterogeneity t (B).

Note. Panel A displays the prior distribution for the overall effect size & and the E—coefﬁcients of the moderators, 8, E ~ Normal(0, 1). Panel B depicts the prior
distribution for the between-article heterogeneity t, and between-study heterogeneity t; which was truncated at zero, 1 ~ HalfNormal(0, 0.1).
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Fig. 5. Forest Plot of Spillover Effects on Intentions and Behaviors Combined.

Note. The forest plot displays the estimated overall spillover effect for intentions and behaviors combined. For each article, the posterior distribution (gray area), the
estimated mean effect size (black dot), the 95% CrI (error bars), and the average effect size of each study (asterisk) are shown.

A

94%

only weak evidence that overall spillover on intentions is absent. Even if
the effect was present, it would likely be small, § = 0.15, SE = 0.08, 95%
CrI [-0.01, 0.31], and uncertain, as the posterior distribution in Fig. 7
spans a wide range of positive and negative values.

Regarding behaviors, there was strong evidence against an overall
spillover effect, BFyp; = 15.44. Even if the effect existed, it would likely
be negligible, § = 0.01, SE = 0.07, 95% CrI [—0.13, 0.16]. We can repeat
the thought experiment about poking a pizza for the probability wheel in
Panel B. This time, you would likely be surprised if your finger is covered
with the non-dominant topping, pepperoni, as it only represents 6% of
the pizza. Your surprise would imply strong evidence against overall

10

Fig. 6. Probability Wheels Visualizing the Bayes
Factor for Intentions (A) and Behaviors (B).

Note. The green area depicts the probability of the
data under the alternative hypothesis that overall
spillover effects exist (H;), whereas the white area
visualizes the probability of the data under the null
hypothesis that overall spillover does not exist (Hp).
Both hypotheses were assigned a probability of 50%
before seeing the data. This means that after seeing
the data, the probability of Hy for no overall spillover
on intentions increased to 70% but there is still a 30%
chance for overall spillover. The probability for no
overall spillover on behaviors increased to 94%,
leaving only a small chance of 6% for the alternative
that overall spillover exists. (For interpretation of the
references to color in this figure legend, the reader is
referred to the Web version of this article.)

P(data | no spillover)
P(data | spillover)

n

spillover on behaviors.

The analysis also showed infinite evidence for heterogeneity at the
level of articles, T, = 0.10, SE = 0.06, 95% CrI [0.01, 0.23], and studies,
s = 0.34, SE = 0.04, 95% CrI [0.25, 0.43], indicating that further
moderators most likely exist.

3.4.2. Non-targeted outcome (Hypothesis 1)

In line with Hypothesis 1, we found strong support that interventions
caused larger spillover on intentions than behaviors, BF1o = 28.11, p =
0.14, SE = 0.08, 95% CrI [0.01, 0.26].
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Fig. 7. Posterior Distribution of Overall Spillover Effects on Intentions and
Behaviors.

Note. Intentions (n = 31): § = 0.15, 95% CrI [-0.01, 0.31], behaviors (n = 32): §
= 0.01, 95% CrI [-0.13, 0.16].
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Fig. 8. Posterior Distribution of the Spillover Effect Depending on Autonomy.
Note. Autonomy-supportive (n = 20): § = 0.18, 95% CrI [0.01, 0.35], control-
ling (n = 6): 8§ = —0.05, 95% CrI [-0.29, 0.17].

3.4.3. Autonomy-supportive vs. controlling interventions (Hypothesis 2)

Supporting Hypothesis 2 with very strong evidence, spillover effects
were more positive when interventions included autonomy-supportive
(n = 20) rather than controlling (n = 6) elements, BF;o = 31.41, E =
0.23, SE = 0.13, 95% CrI [0.03, 0.44]. However, this should be inter-
preted with caution due to the small number of effect sizes for con-
trolling interventions, which is also reflected in the wide posterior
distribution (Fig. 8).

3.4.4. Rationale provision (Hypothesis 3)
Interventions with (n = 17) compared to without (n = 10) a rationale

11
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were associated with more positive spillover on intentions, as indicated
by the moderate evidence, BF;9 = 6.03, E = 0.19, SE = 0.18, 95% CrI
[-0.11, 0.50]. Similarly, there was strong evidence that spillover on
behaviors was more positive for interventions with (n = 18) rather than
without (n = 10) a rationale, BF1¢ = 23.00, ﬁ =0.21,SE =0.12, 95% CrI
[0.01, 0.41]. But once again, the posterior distributions in Fig. 9 span a
wide range of values, especially for intentions (Panel A).

3.4.5. Financial (dis)incentive (Hypothesis 4)

The analysis showed strong evidence for more positive spillover on
intentions when interventions did not include a financial (dis)incentive
(n = 25) vs. when they did (n = 6), BF1o = 20.06, B = 0.17, SE = 0.10,
95% Crl [0.00, 0.33]. However, the evidence was not compelling for
behaviors, BFy, = 1.80, E = 0.04, SE = 0.10, 95% CrI [-0.12, 0.20],
based on 11 interventions with and 21 without financial (dis)incentives.
This also becomes apparent from the overlapping posterior distributions
in Fig. 10 (Panel B).

3.4.6. Intervention goal (Hypothesis 5 and 6)

There was extreme support for Hypothesis 5 that positive spillover
on intentions and behaviors combined was more likely when in-
terventions addressed normative (n = 22) rather than personal gain (n =
13) goals, BF1g = 409.96, p = 0.23, SE = 0.08, 95% Crl [0.10, 0.37].
Contrary to Hypothesis 6, there was strong evidence that interventions
with both types of goals (n = 6) were associated with more positive

spillover than those addressing normative goals, BFy; = 16.67, ﬁ =
—0.24, SE = 0.15, 95% CrI [—0.48, 0.00]. The latter finding should,
however, be interpreted with caution, as it was based on only six effect
sizes from interventions addressing both types of goals. This uncertainty
is also reflected in the posterior distribution of a combination of goals in
Fig. 11.

3.4.7. Generalizability: Setting and sample type (Research Question 2 and
3)

Exploratory analyses revealed moderate to strong evidence (Table 4)
against differences in spillover on intentions and behaviors combined
across settings (laboratory: n = 16, online: n = 14, field: n = 26). If
differences were present, they would likely be small, whereby effect
sizes obtained in online and field studies tended to be larger and more
positive than those in the laboratory. These findings correspond to the
overlapping posterior distributions in Fig. 12 and imply that based on
the currently available data, findings seem to generalize across settings.

The analysis also showed moderate evidence against differences in
spillover on intentions between university student (n = 21) and non-
university student (n = 10) samples, BFy; = 4.96, p = 0.01, SE =
0.20, 95% CrI [—0.39, 0.41]. For spillover on behaviors, it is still unclear
whether effects generalize between sample types (student: n = 9, non-
student: n = 23), BFy; = 2.62, E = 0.20, SE = 0.14, 95% CrI [-0.07,
0.48]. As shown in Fig. 13 (Panel B), spillover on behaviors seemed
more positive in non-student compared to student samples.

3.5. Additional analyses: Sensitivity, outliers, publication bias, and power

To test the findings’ robustness, we conducted sensitivity analyses
for the overall spillover effect, with the default prior distribution in

psychology (Gronau et al., 2017), 8, B ~ Cauchy(0, %), and a weakly

informative prior for the heterogeneity, t,, T ~ HalfCauchy(0, 0.5). To
test whether deviations from the pre-registration influenced the results,
we followed the original plan and used bridge sampling in brms to
compare the model with an intercept to the same model with the
intercept fixed to zero. The sensitivity analysis showed moderate evi-
dence against spillover on intentions and behaviors combined, BFy; =
7.97. If the effect was present, it would likely be small, 5 = 0.06, SE =
0.08, 95% CrlI [-0.10, 0.23], T, = 0.14, SE = 0.09, 95% CrI [0.01, 0.34],
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Fig. 9. Posterior Distribution of the Spillover Effect on Intentions (A) and Behaviors (B) Depending on Rationale Provision.
Note. Panel A (intentions): no rationale (n = 10): § = 0.12, 95% CrI [-0.18, 0.41], rationale (n = 17): 5 = 0.31, 95% CrI [0.06, 0.57]. Panel B (behaviors): no rationale
(n=10): 8 = —0.10, 95% CrI [-0.30, 0.10], rationale (n = 18): § = 0.11, 95% CrI [-0.04, 0.26].
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Fig. 10. Posterior Distribution of the Spillover Effect on Intentions (A) and Behaviors (B) Depending on Financial (Dis)incentives.
Note. Panel A (intentions): no (dis)incentives (n = 25): § = 0.22, 95% Crl [0.02, 0.43], (dis)incentives (n = 6): 8 = 0.06, 95% CrI [-0.20, 0.31]. Panel B (behaviors): no
(dis)incentives (n = 21): = 0.01, 95% CrI [-0.12, 0.15], (dis)incentives (n = 11): § = —0.02, 95% CrI [-0.20, 0.15].

75 =0.43, SE = 0.07, 95% CrI [0.31, 0.58]. As this conclusion aligns with
the previous analysis, the results seem insensitive to the choice of priors.

A leave-one-out analysis repeatedly estimated the model but drop-
ped one effect size at a time. The posterior estimate for the overall
spillover on intentions and behaviors combined varied between 0.05
and 0.10, indicating no outliers.

To assess publication bias of the overall effect, we used a contour-
enhanced funnel plot (Peters et al., 2008) based on a frequentist
mixed-effects model with restricted Maximum-Likelihood estimation, as
Bayesian tools are limited to single-level models. The contour-enhanced
funnel plot in Fig. 14 is slightly asymmetrical. However, this asymmetry
likely stems from factors other than publication bias, such as heteroge-
neity, as almost two-thirds of the effect sizes (n = 40) are non-significant
and lie inside the inner white area (p > .05), while significant results are
missing in the outer white area (p < .01). With publication bias, fewer
effect sizes would lie within the area of non-significance, whereas more
effect sizes would lie within the areas of significance. Thus, there is no
evidence for publication bias.

12

We additionally examine the power of primary studies to detect the
non-aggregated effect size, using power-enhanced funnel plots (Koss-
meier et al., 2020). We used & = 0.15 for intentions and 6 = 0.01 for
behaviors, as best guesses of the ‘true’ (population) fixed-effect estimate.
As displayed in Fig. 15, all studies were highly underpowered. Most
effect sizes lie in the dark red and dark orange areas indicating less than
20% power, and none of them reached more than 40% power. In line
with this, the median power to detect spillover on intentions was 12.7%
(n = 73 effect sizes), while it was 5.0% for behaviors (n = 110 effect
sizes).

4. Discussion

This meta-analysis investigated spillover effects of effective in-
terventions on sustainable intentions and behaviors. As potential mod-
erators, it examined the type of non-targeted outcome (intentions vs.
behaviors), several intervention characteristics (autonomy support,
rationale provision, financial (dis)incentive, and goal), and
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Fig. 11. Posterior Distribution of the Spillover Effect on Intentions and Be-
haviors Combined Depending on Intervention Goal.

Note. Normative goals (n = 22): 8 = 0.15, 95% CrlI [-0.02, 0.33], personal gain
goals (n = 13): 8 = —0.08, 95% CrI [-0.27, 0.11], both types of goals (n = 6): &
= 0.39, 95% Crl [0.11, 0.66].
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Fig. 12. Posterior Distribution of the Spillover Effect Depending on the
Research Setting.

Note. Laboratory (n = 16): § = —0.08, 95% CrI [-0.28, 0.12], online (n = 14): §
= 0.04, 95% Crl [-0.17, 0.25], field (n = 26): § = 0.07, 95% CrI [-0.07, 0.21].

characteristics regarding the generalizability of spillover (research
setting and sample type). The three-level Bayesian analysis included 63
aggregated effect sizes from 38 studies and 29 articles between 2011 and
2021, based on more than 26,000 unique participants. It showed weak
evidence against spillover on intentions. It is thus still uncertain whether
overall spillover on intentions exists; if so, it would likely be small, § =
0.15, 95% CrI [-0.01, 0.31]. A Cohen’s d of 0.15 means that the control
and intervention condition overlap to 94.0% (Fig. 16). Returning to the
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introductory example, if free public transport increased usage in 100
individuals, four to five more individuals would show increased recy-
cling intentions in the intervention (e.g., city with free public transport)
compared to the control condition (e.g., city with paid public transport;
Magnusson, 2021), assuming that spillover existed. Regarding behav-
iors, the analysis showed strong support against spillover, and even if
spillover was present, it would likely be negligible, & = 0.01, 95% CrI
[-0.13, 0.16]. This means that if free public transport increased the
target outcome in 100 individuals, there is strong evidence that
non-targeted intentions, such as recycling, would remain unaffected.

These results partly align with the previous frequentist meta-analysis
(Maki et al., 2019) which showed small positive spillover on intentions
(d =0.17, p < .01) and very small negative spillover on behaviors (d =
—0.03, p < .05). The two meta-analyses agree that spillover is small for
intentions (assuming it exited) and larger for intentions than behaviors.
However, they come to different conclusions about the presence of
spillover and the direction of behavioral spillover. The previous
meta-analysis concluded that effective interventions slightly increase
non-targeted intentions but very slightly decrease non-targeted behav-
iors. This meta-analysis found weak evidence that effective in-
terventions do not influence non-targeted intentions and strong
evidence that they do not affect non-targeted behaviors. We believe that
these updated results are important to consider. On the dark side, the
evidence for spillover on intentions seems much weaker than previously
assumed; on the bright side, there seems to be no spillover on behaviors,
rather than negative spillover as previously concluded.

These different conclusions may partly result from the kind of
analysis. P-values from .005 to .05, as found in the previous meta-
analysis (Maki et al., 2019), “deserve skepticism, curiosity, and
modest optimism” (Wagenmakers, 2017, para. 2) and may translate into
weak evidence in the Bayesian framework. This was the case in the
present meta-analysis, probably also because many newer studies
showed non-significant effects (e.g., Carlsson et al., 2020; Sintov et al.,
2019; Wolstenholme et al., 2020). A definite comparison of the two
meta-analyses is, however, not possible because of other differences (e.
g., multi-level modeling and aggregation methods).

4.1. Intervention characteristics

Despite the non-existent overall effects, different interventions can
still show positive or negative spillover. The present meta-analysis
identified ingredients of interventions that may help to promote posi-
tive and avoid negative spillover, such as autonomy support, rationale
provision, financial (dis)incentives, and goals. Although these factors
moderated the effect, it is important to consider that spillover was never
larger than & = 0.31 for intentions (providing a rationale), 8 = 0.11 for
behaviors (providing a rationale), and 6§ = 0.39 for intentions and be-
haviors combined (normative and personal gain goals combined). A
summary of all findings is in Table 5.

4.1.1. Autonomy, rationale, (dis)incentives, and goals
Autonomy-supportive (e.g., information) rather than controlling (e.
g., bans) interventions were associated with more positive spillover on
intentions and behaviors combined. Despite the evidence being very
strong, it is still limited, as only a few interventions were purely con-
trolling. This finding is related to earlier results that intrinsic rather than
extrinsic motivation is more likely to result in positive spillover (Maki
et al., 2019). This makes sense as individuals are usually intrinsically
motivated when they experience a sense of autonomy (Deci & Ryan,
2008). However, they experience extrinsic or amotivation when their
sense of autonomy is threatened. Autonomy support thus goes hand in
hand with different kinds of motivations. What should, however, be
considered is that this meta-analysis distinguished between purely
autonomous, purely controlling, and both kinds of interventions, as
compared to the previous meta-analysis which focused on intrinsic and
extrinsic motivation but did not distinguish mixed-motivation
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Fig. 13. Posterior Distribution of the Spillover Effect on Intentions (A) and Behaviors (B) Depending on the Sample Type.
Note. Panel A (intentions): student samples (n = 21): & = 0.18, 95% CrI [-0.06, 0.42], non-student samples (n = 10): § = 0.20, 95% CrI [-0.14, 0.52]. Panel B
(behaviors): student samples (n = 9): 6 = —0.14, 95% CrI [-0.39, 0.09], non-student samples (n = 23): = 0.05, 95% CrI [-0.09, 0.19].

Table 3
Interpretation of the Bayes factor.

BFqo Interpretation as proposed by Jeffreys (1961)  BFg;

Evidence for H; Evidence for Hy
>100 Extreme evidence >100

30-100 Very strong evidence 30-100

10-30 Strong evidence 10-30

3-10 Moderate evidence 3-10

1-3 Weak evidence 1-3

1 No evidence 1

Note. Based on Lee and Wagenmakers (2014).

Table 4
Comparison of spillover on intentions and behaviors combined in different
research settings.

Comparison Estimate B and 95% Crl BFo1
Laboratory — Online —0.12 [-0.39, 0.16] 5.10
Laboratory — Field —0.14 [-0.39, 0.09] 4.15
Online - Field —0.03 [-0.28, 0.23] 10.88

interventions.

Investigating a prominent autonomy-supportive element, rationale
provision, showed moderate to strong evidence that interventions with
rather than without a rationale were associated with more positive
spillover, especially for behaviors. Financial (dis)incentives as a typi-
cally controlling element were associated with more negative spillover,
as suggested by the strong evidence for intentions but only weak evi-
dence for behaviors. Similarly, normative goals (e.g., environmental
protection) were associated with more positive spillover than personal
gain goals (e.g., monetary or health benefits), with extreme support.
Contrary to the expectations, a combination of goals was associated with
more positive spillover than normative goals, with strong evidence. One
potential explanation for this unexpected finding may be rooted in the
outcomes that the two goals change. Normative goals may primarily
spill over to intentions and behaviors with environmental benefits (e.g.,
recycling). A combination of goals may not only spill over to intentions
and behaviors with environmental benefits but also to those with self-
interested benefits (e.g., saving water; Steinhorst et al., 2015), thereby
being more effective. An alternative explanation may be that individuals
differ in their core values. Normative goals may be most strongly
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Fig. 14. Contour-Enhanced Funnel Plot of the Overall Spillover Effect on In-
tentions and Behaviors.

Note. The contour-enhanced funnel plot displays the overall spillover effect on
intentions and behaviors in terms of Cohen’s d (N = 63) against the standard
error (SE). Unlike traditional funnel plots, this plot is centered on zero with the
inner white area representing p > .05, the gray area .01 < p < .05, and the outer
white area p < .01.

activated in individuals with biospheric values (i.e., judgments based on
benefits and costs for the environment; Steg et al., 2014), instigating
positive spillover to non-targeted outcomes, while they leave individuals
with egoistic values (i.e., judgments based on benefits and costs for own
resources) unaffected. A combination of goals may target both, in-
dividuals with biospheric and individuals with egoistic values, thereby
reaching more individuals and thus driving more positive spillover.

4.2. Generalizability: Research setting and sample type

We investigated whether spillover effects generalize across settings
and sample types. Moderate evidence suggested that spillover was
similar across laboratory, online, and field studies. Although explor-
atory, this finding carefully proposes that laboratory research produces
externally valid results and reliably predicts findings online and in the
field. In short, “psychological laboratories [may] reveal truths rather
than trivialities” (Mitchell, 2012, p. 110), meaning that researchers may
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Fig. 15. Power-enhanced funnel plot for intentions (A) and behaviors (B).
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Fig. 16. Simulation of Distributions for the Intervention and Control Condition
Based on Overall Spillover on Intentions (5§ = 0.15).

Note. The simulations were based on 500 observations per condition. Inter-
vention: Score ~ Normal(0.15, 1) and Control: Score ~ Normal(0, 1).
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investigate valid spillover in the laboratory. Regarding sample type,
there was moderate evidence that spillover on intentions generalized
between student and non-student samples, in contrast to the weak evi-
dence for the generalizability of spillover on behaviors. This means that
spillover on intentions may be accurately measured in student samples,
whereas this may be difficult for spillover on behaviors.

4.3. Limitations

This meta-analysis was limited by underpowered primary research
and the available evidence. As most primary studies were highly un-
derpowered, this meta-analysis may under- or overestimate the true
spillover effect (Stanley & Spence, 2014). Similarly, the available evi-
dence is still limited, which is reflected in the number of included arti-
cles (n = 29) and the sometimes weak to moderate, not strong or
extreme, evidence in favor of a hypothesis. This limited evidence pre-
vents definite conclusions. Although both shortcomings restrict the
interpretation of the current findings, the Bayesian approach helps to
overcome these limitations by allowing us to continuously update the
analysis once more, hopefully high-powered studies become available.
We encourage researchers and practitioners to think “like Bayesians,
updating [their] knowledge [and this meta-analysis] as new information
comes in” (Levitin, 2016, p. 202).

4.4. Recommendations for policymakers

Considering the current evidence, we recommend policymakers
choosing sustainable interventions based on their expected direct effects
(e.g., effect of free public transportation on sustainable commuting) and
consider potential spillover (e.g., recycling) to a lesser degree unless
they explicitly aim for widespread change. For policymakers who aim
for positive spillover, we would like to give first tentative recommen-
dations on how to design more effective, evidence-based interventions.
We suggest interventions that support individuals’ autonomy, such as
information campaigns without demanding language, non-evaluative
feedback, and interventions that provide a rationale (e.g., why in-
dividuals should engage in the target behavior). We recommend
refraining from interventions with financial (dis)incentives, such as re-
wards for engaging in the target behavior, if spillover on intentions is the
primary consideration. Lastly, we recommend policymakers emphasize
normative (e.g., environmental protection) instead of personal gain (e.
g., monetary or health benefits) goals. Examples are WWEF’s paper
dispenser campaign “Save paper, save the planet” (Saatchi & Saatchi
Copenhagen, 2007) or descriptive norms that others behave in a sus-
tainable way (Steg et al., 2014). Although emphasizing both types of
goals seemed to be most effective in this meta-analysis, we cannot give
practical recommendations, as this finding was unexpected and the
sample size of interventions that addressed both goals is still relatively
small. Future research should thus investigate interventions that jointly
address normative and personal gain goals, particularly because many
real-world campaigns employ this strategy.

4.5. Recommendations for researchers and future directions

Based on the current evidence, we provide three recommendations
for spillover researchers, including generalizability, the PRO guidelines,
and regular meta-analytical updates.

4.5.1. Generalizability

Spillover findings seem to generalize from the laboratory to online
settings and the more naturalistic field. This finding implies that re-
searchers may use laboratory studies to investigate valid spillover ef-
fects, which could save them time and money, as field research is often
more time and resource-intense than laboratory research. This also
seems to apply to spillover of intentions—but not necessarily behav-
iors—in student and non-student samples. However, the evidence for
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Table 5
Summary of the meta-analysis.
Resea.rch Estimate Evidence Hypothesis
question/ [95% Crl] Bayes Factor strength supported? Summary
Hypothesis :
RQ1a: spillover 5=0.15 BFo =232 Weak evidence against
on intentions # 0 [-0.01, 0.31] o= 0000 spillover on intentions
RQ1b: spillover 5=0.01 BFo; = 15.44 Strong evidence against
on behaviors # 0 [-0.13,0.16] o ’ 00 spillover on behaviors
it gilovron f-o1d
intentions > [0.01, 0.26] BF0=28.11 P ..
behaviors oo more posmve than on
behaviors
H2: spillover of Very strong evidence that
autonomy- spillover on intentions and
supportive =023 BF =31.41 behaviors is more positive
interventions > [0.03, 0.44] 10 ' o for autonomy-supportive
controlling than controlling
interventions interventions
H3a: spillover on Moderate evidence that
intentions of 3-0.19 spillover on intentions is
interventions with ()B ;1 0 50 BF0=6.03 500 more positive for
rationale > [-0.11, 0.50] interventions with than
without rationale without a rationale
H3b: spillover on Strong evidence that
behaviors of 320211001 spillover on behaviors is
interventions with p=o02170.01, BF0=23.00 more positive for
; 0.41] 00 ; ; ;
rationale > interventions with than
without rationale without a rationale
H4a: spillover on Strong evidence that
intentions of A spillover on intentions is
financial b= 0(')1373[0'00’ BF10=20.06 0o more negative for
(dis)incentive < 33] interventions with than
no (dis)incentive without (dis)incentives
H4b: spillover on Weak evidence that
behaviors of B=0.04 spillover on behaviors is
financial [-0.12, 0.20] BFo=1.80 more negative for
B . 0000 . 4 .
(dis)incentive < interventions with than
no (dis)incentive without (dis)incentives
HS: spillover of Ex.treme ev1(_ience _that
normative goals > B =0.23 [0.10 spillover on intentions and
i : = BF10=409.96 behaviors combined is
personal gain 0.37] .-
oals more positive for
g normative than gain goals
Strong evidence that
Lo spillover on intentions and
nHOG'mlsgili:Vfga(l)sf> B=-024 BFo = 16.67 behaviors combined is
& [-0.48, 0.00] o oo more positive for both
both goals >
types of goals than
normative goals
RQ2: spillover in B=-0.12 BFoi = 5.10 Moderate evidence that
lab = online [-0.39, 0.16] o= ooo spillover on intentions and
behaviors generalizes
lab = field B =.0.14 BFoi = 4.15 between lab and online
[-0.37,0.13] o= 000 and lab and field settings
RQ3a: spllloyer ~ Moderate evidence that
on intentions in f=0.01 BFo =4.96 spillover on intentions
students = non- [-0.39, 0.41] o 000 P .
generalizes across samples
students
RQ3b: spllloyer 5 Weak evidence that
on behaviors in f=0.20 BFo1=2.62 spillover on behaviors
students = non- [-0.07, 0.48] o= s 0000 P

students

generalizes across samples

Note. Gray indicates that a research question was tested

orange indicates evidence against the tested hypothesis.
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. Green indicates evidence in favor of the tested hypothesis, while
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none of these findings is extremely strong. Additionally, the results
regarding the generalizability of spillover across settings may depend on
whether spillover on intentions or behaviors is measured, as measures of
intentions may be similar across settings, while measures of behaviors
may differ (e.g., number of pages printed or napkins used in the labo-
ratory vs. diet and electricity use; Lacasse, 2019; Lin & Chang, 2017;
Zawadzki, 2015; Tiefenbeck et al., 2013). Whether the generalizability
of spillover across settings depends on intentions and behaviors could,
however, not be investigated in this meta-analysis due to small sample
sizes.

4.5.2. Power-Reporting-Open science (PRO) guidelines

Researchers should aim to follow the Power-Reporting-Open science
(PRO) guidelines, three practical recommendations to raise awareness
for more robust spillover research (Fig. 17). Firstly, PRO recommends
conducting more high-powered studies. This meta-analysis included
studies with sample sizes ranging from 28 to 17,636 participants. None
of these studies reached more than 40% power to detect spillover effects.
The median power to detect intentional and behavioral spillover was
12.7% and 5.0%, respectively. Small spillover (given the effect exists)
combined with small samples results in low statistical power and
wasteful research, resulting in serious problems, such as undetected
small effects, overestimating effects, and low replicability (Button et al.,
2013). We recommend increasing sample sizes to advance research on
spillover. Table 6 provides an example for between-subjects designs
with two conditions to detect average spillover of 8 = 0.15 on intentions
and & = 0.01 on behaviors. Alternatively, researchers could base their
power analyses on the smallest effect size of interest (Lakens, 2014).
This would most likely require very large samples as well, as even small
effect sizes (e.g., 6 = 0.10) could be theoretically interesting in spillover
research.

We acknowledge that such sample sizes are often out of reach, but
sequential analyses, large-scale collaborations, and larger control con-
ditions can help to solve this problem. Researchers can perform
sequential analyses during data collection and stop when the results are
convincing, or the effect is too unlikely to be observed (Schonbrodt
et al., 2017; for a tutorial, see Breffara Bret et al., 2021). This strategy is
typical in medical trials and can lower the required sample size by at
least 30% (Lakens, 2014). Another option is to collaborate and pool
available resources for a single study. Several big team science
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Table 6
Example recommendations for the sample size per condition in between-subjects
designs to detect average spillover effects.

Statistical Power

Cohen’s d 80% 85% 90% 95%
Intentions 0.15! 550 640 762 963
Behaviors 0.01! 63,088 73,361 87,387 110,431

Note. ' Assuming the effect was present. The power analyses were based on a one-
sided two-sample t-test with a = 0.05.

initiatives in psychology (for an overview, see Forscher et al., 2020)
have shown that sample sizes, especially for intentions, can be reached
when collaborating within and across institutions, countries, and con-
tinents, including the Psychological Science Accelerator (e.g., N = 25,
718 participants in 89 countries, Legate et al., 2021), Many Labs (e.g., N
= 6,344 participants from 36 different sources, Klein et al., 2014), the
Junior Researcher Programme (e.g., N = 10,207 participants in 26
countries, Ruggeri et al., 2021), as well as other collaborations of re-
searchers (e.g., N = 53,524 participants in 26 countries within one week,
Kowal et al., 2020). The last—although less preferred—option to higher
power is to increase the number of participants in the control but not the
intervention condition, which is often done in genome-wide association
studies (Li et al., 2019; Spencer et al., 2009) and has been applied in
spillover research, for example by Thomas et al. (2016; Nintervention =
931, Neontrol = 16,705).

Secondly, PRO also sets reporting standards for spillover articles.
Many articles in this meta-analysis failed to disclose essential informa-
tion. Specifically, PRO recommends describing samples in more detail,
including age, gender, country, education, and socio-economic status as
indicators of generalizability. We also advise reporting the type of
intervention and control/comparison condition (i.e., example materials,
time frame, and frequency), the intervention’s effectiveness, and the
type of targeted and non-targeted outcomes (for an extensive checklist,
see Galizzi & Whitmarsh, 2019). In terms of statistics, we advocate
reporting descriptive statistics and effect sizes, alongside inferential
statistics (i.e., test statistics, degrees of freedom, and exact p-values), as
well as non-significant findings. For continuous outcomes, means, SDs,
sample sizes per condition, and effect sizes (e.g., Cohen’s d) should be
reported; for dichotomous outcomes, the number of individuals per

POWER

Increase sample size for sufficent statistical power
See Table 6 for example recommendations

Demographics

Intervention: type, time, frequency

Control/comparator

Targeted/non-targeted outcome

and effectiveness

REPORTING

Continuous: M, SD, N per group,
Cohen's d

Dichotomous: Positive and negative
outcomes, N per group, odds ratio
Test statistics: standardized, exact p-
values, non-significant results

OPEN SCIENCE

Preregistration
Open data and code
Open materials

Fig. 17. The PRO guidelines for robust experimental spillover research.
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outcome and condition, as well as odds ratio, should be reported.

Lastly, open science practices are not yet widely applied in experi-
mental spillover research. We strongly encourage pre-registering studies
and providing open materials, data, and code to increase transparency,
robustness, and reusability of research.

4.5.3. Meta-analytical updates

Summarizing research on environmental spillover is challenging
because the number of studies is increasing rapidly across various fields,
including psychology, economics, business, and ecology. The current
findings will eventually become outdated, calling for further meta-
analytical updates. We thus encourage researchers to either send us
their unpublished and published data if not already included or regu-
larly update this meta-analysis, not only for the research community but
also for policymakers. We support this endeavor by providing open data,
materials, and code (https://osf.io/tu7yx/). The Bayesian approach al-
lows for relatively easy updating, as “today’s posterior is tomorrow’s
prior” (Lindley, 1972, p. 2), meaning that the posteriors of this
meta-analysis can serve as the priors for the next meta-analysis, which
will then be updated with the new evidence. We hope that updated
versions of this meta-analysis will include robust studies with high sta-
tistical power, detailed reporting, and open science practices, as out-
lined in the PRO guidelines.
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