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Abstract
Humanity is having ever greater impacts on the environment. Understanding human

behaviour is vital to developing interventions that effectively lead to pro-environmental
behaviour change, whether the focus is at the individual or societal level. However,
interventions in many fields have historically lacked any robust form of evaluation, which
makes it hard to be confident that these conservation intervention have successfully helped
protect the environment. We conducted a systematic review to assess how effective non-
pecuniary and non-regulatory intervention have been in changing environmental behaviour,
adapting the Office of Health Assessment and Translation methodology. We started with
more than 300,000 records and after critical appraisal of quality identified 128 individual
studies that merited inclusion in the review. We classified interventions by thematic area,
type of intervention, the number of times audiences were exposed to interventions, and the
length of time for which interventions ran. Most studies reported a positive effect (n=96),
while the next most common outcome was no effect (n=28). Few studies reported negative
(n=1) or mixed (n=3) effects. We found strong evidence that education, prompts and
feedback interventions can result in positive behaviour change. The strongest evidence
comes from combining multiple interventions in one programme. Neither exposure duration
nor frequency had an effect on the likelihood of desired behaviour change. We found
comparatively few studies that tested the effects of voluntary interventions on non-Western
populations, or that measured actual conservation behaviours. While prompts and education
are well-studied, we are lacking evidence to support the use of conservation devices and
demonstrations. There is a clear need to both improve the quality of impact evaluation

conducted, and the reporting standards for intervention results.
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Introduction
Humanity is having ever greater impacts on the environment, and those impacts are driven

by human decision making (Lewis & Maslin, 2015). Many people lead unsustainable
lifestyles, particularly in higher-income countries, contributing to major environmental issues
like climate change and biodiversity loss (Cowling, 2014; Fischer et al., 2012). Problematic
behaviours, such as excessive water and energy use, need to be addressed urgently
(OECD, 2011). Accordingly, conservation as a discipline has increasingly embraced the
social sciences to aid in the design and evaluation of behaviour change interventions
(Bennett et al., 2017; Moon et al., 2019). Understanding human behaviour is vital to
developing interventions that mitigate threats to the environment and effectively lead to pro-
environmental behaviour change, whether the focus is at the individual or societal level.
However, these interventions have historically lacked robust evaluation, which makes it hard
to know whether (and how) conservation intervention have helped protect the natural world

(Curzon & Kontoleon, 2016; Josefsson et al., 2020; Junker et al., 2020).

Traditional responses to the environmental crisis have been mainly policy-based (Lucas et
al., 2008; Science and Technology Select Committee, 2011). Central among them have
been legislation that eliminates or restricts choice and fiscal incentives or disincentives
(Lucas et al., 2008; Taylor et al., 2013). For example, governments have implemented
restrictions on the disposal of waste, and charges for single-use carrier bags (Goodstein &
Polasky, 2014; Poortinga et al., 2013). While important, these policies can be resource-
intensive and require political will to implement (Allcott, 2011; Schubert, 2017). They may be

politically unpopular as they are intrusive and involve the loss of liberty (although the
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restriction of environmental harm may benefit the liberty of people in society more widely;
Science and Technology Select Committee, 2011). Pecuniary interventions also require
consistent funding in the long-term to be sustainable, and raises questions around autonomy
and power, especially in socioeconomically disadvantaged groups (Marteau et al., 2009).
Non-coercive approaches to behaviour change have received increasing interest because
people retain the freedom to make the choice they wish without concern for legal or financial
repercussions, and reliance on political will is lessened (Greenfield & Verissimo, 2018;

Schubert, 2017).

Research testing the effectiveness of these approaches have been conducted for decades
(e.g., Asch & Shore, 1975; Krauss et al.,, 1978), but there still is not a cohesive body of
evidence to guide policymakers and practitioners. This could be due to publication in multiple
disciplines, including but not limited to social marketing, environmental education, and
behavioural economics (Verissimo & Wan, 2018; Hungerford & Volk, 1990; Lehner et al.,
2016). Syntheses of voluntary interventions in the environmental field do exist, but they tend
to be narrative reviews, include only specific evidence types like randomised control trials
(RCTs), focus on a select thematic area such as energy consumption, or test a specific
intervention type like education (e.g., Abrahamse et al., 2005; Abrahamse & Steg, 2013,
Byerly et al., 2018; Heimlich & Ardoin, 2008; Nisa et al., 2019; Schubert, 2017; Wolske et al.,
2020; Wynes et al., 2018). Reviews also often include proxies for behaviour change, such as
changes in behavioural intentions or attitudes. While these proxies have a role in research,
their correlation with behaviour is not strong. For example, meta-analyses show that

intentions account for only 28% percent of the variance in prospective measures of
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behaviour (Sheeran, 2002). This systematic review focuses on actual behaviours with clear
environmental impacts and incorporates a broader range of experimental designs and
intervention types, as well as having a broader scope that explicitly includes the grey
literature. It also includes a rigorous quality assessment process to ensure only robust

methodologies are part of the final synthesis.

Systematic reviews synthesise a body of evidence to explore specific research questions.
They are the most reliable and comprehensive statement about what works, providing useful
information for policymakers and practitioners (Johnson & Hennessy, 2019; Munn et al.,
2018). The transparency and rigour of systematic reviews can be enhanced by following a
set of accepted principles such as the Cochrane and Campbell Collaboration (2013)
standards or the Office of Health Assessment and Translation (OHAT; Rooney et al., 2014)

framework.

The OHAT approach is a systematic review methodology to increase transparency,
consistency and efficiency in summarizing environmental health-based findings, with the
additional goal of improving data management and display (OHAT 2014). It draws on the
best public health protocols (e.g., PRISMA, PECOTS, Campbell Collaboration) while being
able to cope with the broader set of conditions and wide range of data types required in the
wider environmental health sciences. For example, it allows for the inclusion of relevant and
high-quality papers in the grey literature, to help minimise publication bias (Savoie et al.,

2003). It also embraces experimental designs beyond RCTs, an important factor for
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environmental reviews. It is not always feasible or appropriate to perform an RCT, and in
some areas (such as biodiversity conservation) there are very few we can learn from.
Including only these designs therefore excludes a large body of evidence (Christie, 2020).
Moreover, there are a variety of alternative, rigorous, quasi-experimental designs, using
techniques such as matching, synthetic control, or regression discontinuity to control for
observed and unobserved covariates, that are comparable in levels of bias to RCTs (Christie
et al., 2019; Pynegar et al., 2019). RCTs are also vulnerable to biases, for example linked to
randomisation failure or differential attrition (Jadad & Enkin, 2007). Unless there are other
risk factors (e.g., see Step 5 in the Methods), rigorous quasi-experimental designs can be

treated with a similar level of confidence to RCTs.

In this systematic review, we explore how effective non-pecuniary and non-regulatory
intervention have been in changing environmental behaviours. To do so, we include only
studies measuring actual behaviour. In particular, we focus on the quality and rigour of the
evidence base. We examine the strength of evidence that different types of interventions,
such as feedback or goal-setting, will result in desired behaviour change. We also identify

important gaps in the literature.

Methods
We adapted the OHAT seven-step framework for systematic reviews, as documented below

(Akers et al., 2009; Rooney et al., 2014; Fig 1). The breadth and inclusive nature of the

process enabled us to create some degree of standardisation across studies that varied in
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developed to two external experts for feedback before the start of the study. As a result of
this feedback, minor changes to the protocol were made, including the addition of keywords

and clarification of the scope of the review.
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Step 1 — Problem formulation and protocol development
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14 We wanted to cast a wide net to include all non-regulatory and non-pecuniary interventions
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which tried to solve an environmental threat by changing human behaviour. Studies may
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have been published in fields as distinct as waste management, sustainable transport, or
social marketing. We specifically focussed on assessing the quality of the evidence base
and identifying where there were gaps. We were also interested in direct behavioural
measures, and not just proxies such as attitudes, intentions, or self-reported behaviour.
Outcomes were behaviours with a clear environmental impact, such as water or energy
consumption, travel mode choice (e.g., public transport versus car journeys), recycling

participation (frequency and volume), or littering.

Step 2 — Literature search, processing and selection
Between February and May 2015 we systematically searched across multiple databases to
identify high quality and relevant studies from both the peer-reviewed and grey literature. We

developed our keyword search strategy based on electronic searches of bibliographic

Accepted .

databases or platforms, project funding databases and specialised internet search engines
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and repositories (summary in Table 1, full details in Sl 1). The selected search terms
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focus on actual behaviours. No language or date restrictions were applied to the searches,
although only English keywords were used. ISI Web of Science and EBSCOhost are
platforms which provide access to a wide range of bibliographic databases, and the specific
databases we accessed are listed in full in the Sl 2. Other electronic databases and indexes

for peer-reviewed literature included:

ticle

e SciVerse’s Scopus
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International Bibliography of the Social Sciences
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PsycINFO

e Google Scholar

e Education Resources Information Center

e Environmental Evidence

Campbell Collaboration systematic review database

e International Initiative for Impact Evaluation review database

For grey literature we also searched:

e ProQuest Digital Dissertations and Theses

Accepted.

e PolicyFile
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e My Environmental Education Resource Assistant

This article is protected by copyright. All rights reserved.



17

~N
[ J

Canadian Evaluation Society Unpublished Literature Bank

[ERN
~N
o
[

System for Information on Grey Literature in Europe

e CORDIS Library

e Fostering Sustainable Behaviour: Community Based Social Marketing
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e Tools of change
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Rufford Foundation project database

e Conservation Leadership Award project database

e Rainforest Alliance Eco-Index

Darwin Initiative Project Database

Boolean operators (i.e., “AND” and “OR”) were used as appropriate. For each database, the
number of hits per search phrase in titles and abstracts were recorded. The number of
records retrieved for the largest bibliographic databases/platforms are listed in Sl 3. There

were additional searches for both British and American English, i.e., ‘behaviour’ and

[EEN

‘behaviour’. All searches were noted and tracked on a Microsoft Excel spreadsheet for

reference.

All records, including the full texts, were screened manually by two co-authors, AKYW and

DV, who split the workload in half. Duplicates in the initial database of records were
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studies in three stages: title, abstract and full-text review, and only included empirical,
primary data studies. At each stage, studies were categorised as ‘Accept’, ‘Maybe’ or
‘Reject’. This was based on the explicit inclusion/exclusion criteria outlined in Table 2. Two
reviewers independently tested the reliability of the triage process using 100 random
records. We calculated agreement using Cohen's kappa coefficient, with a cut-off criterion

for substantial agreement above 0.6 (McHugh, 2012).

Step 3 — Extract data from studies

Once we had a complete dataset of eligible studies, we extracted data for each record (Sl 4).
All studies were listed with administrative identifiers including record source, title, first author
and publication year. We categorized them into one of six themes from the Community-

Based Social Marketing classification (https://cbsm.com/; McKenzie-Mohr & Schultz, 2014) —

agriculture and conservation, energy, transportation, water, waste and pollution, or a mix of
multiple themes. As well as PECOTS (population, exposure, comparison, outcomes & time),
further information on the intervention context, design and measure of outcomes were
retrieved for each article to obtain data for an overall understanding of evaluation measures

undertaken by project organizers.

At this stage, we also developed a taxonomy of different intervention types. We drew on
existing behavioural intervention taxonomies (namely Abraham & Michie, 2008; Dolan et al.,
2012; Kok et al., 2016; Michie et al., 2015; Michie et al., 2013), but tailored it to the types of
interventions that were present in the review studies. There were six main types: education,

demonstrations, conservation devices, feedback, goal-setting, and prompts (Table 3).

This article is protected by copyright. All rights reserved.
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Step 4 — Initial quality assessment of individual studies
Following OHAT guidelines we ranked each study based on i) quality of reporting, ii)
relevance of experimental design to outcome, and iii) risk of bias (Rooney et al.,
2014). Quality of reporting refers to how well a study was completed or reported.
Relevance refers to the relevance of experimental design to the behavioural
outcome. Risk of bias includes external validity or directness and applicability (i.e.,
how well a study addresses the topic under review). The first two criteria were graded

from 1 (low) to 3 (high), while risk of bias was graded from 1 (definitely high) to 4

Article

(definitely low). We then added the three grades for a total score out of 10. At this

N
N
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point, any study which scored less than six was removed from the review as it would
be considered problematic in multiple key aspects of study quality (Office of Health

Assessment and Translation, 2015).

Step 5: Confidence rating for studies

At this stage in the OHAT protocol, similar studies would be clumped together to enable the
processing of a large number of papers and to determine common threads. In our review,
there are multiple ways in which we could categorise the studies (for example, thematic and
intervention types). As a relatively small number of papers made it to this stage (Fig 2) and
there is considerable heterogeneity in experimental design and behavioural outcomes, we

rated each study individually.
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We developed a confidence rating for each study based on the presence or absence of key

features identified in the OHAT process (Schinemann et al., 2011). Studies earned one

point for each of the following features that would increase our confidence in the study result:
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Exposure to intervention controlled by researchers. The ability to largely eliminate

confounding by randomising the allocation of exposure.

Exposure prior to outcome. Exposure to intervention occurred prior to outcome

measurements.

Individual outcome data. Outcome measurements were collected at the individual

level.

Comparison group used. A comparison or control group was used within the study.

Large magnitude of effect. Studies that achieve >50% magnitude of effect relative to

the control group within the population of a study received a +1.

Plausible intervention-outcome relationship. If there is a degree of plausibility
between the level of exposure and outcome, then it is more likely that the result did
not occur due to chance. Is the degree of change in a population subject to the
degree of a given exposure? This is especially relevant when looking at studies that
vary degrees of the same exposure or in factorial study design, when multiple

exposures are being applied in different combinations.

Residual confounding. This refers to effect modification that would bias the effect

estimate towards the null. Conversely, studies reporting no effect and remaining

consistent across studies would move the effect estimate from the null. A score of +1

This article is protected by copyright. All rights reserved.
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viii.

was awarded if the replicates were robust and comparable but with extremely
variable results, while 0 was given if the treatment, intervention, and control were

deemed to have low applicability.

Consistency amongst control and treatment populations. This refers to extreme
similarity in a population, notably the robustness of the replicates, comparable

controls, intervention and treatment.

However, the presence of any of these features that would decrease our confidence in the

study result meant a one-point deduction:

_2-

Risk of bias. This was extrapolated from the OHAT Step 4 risk of bias score, where
anything that scored ‘probably high’ or ‘definitely high’ qualified for the point

deduction.

Unexplained inconsistency. This referred to the external validity or indirect measures

of the behavioural outcome, obtained by reading the results and discussion.

Indirectness. This was assessed using the relevance scores from the OHAT Step 4,

where low relevance qualified for the point deduction.

Imprecision. This is the degree of certainty surrounding an effect estimate, and was
assessed based on sample size, the power of the statistical methods used and their
confidence intervals. For example, large standard deviations (i.e., the standard
deviation is greater than the mean) or an odds ratio where the ratio of the upper to

lower 95% confidence intervals is greater than 10.

This article is protected by copyright. All rights reserved.
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As we were still rating individual studies rather than a body of evidence, we excluded the fifth
feature suggested by OHAT, publication bias. We summed up the points for a maximum
score of 8 and a minimum score of -4. Following OHAT protocol any study which scored 0 or

less was removed from the review at this point, as we would have “very low confidence” in

cle

their outcomes (Office of Health Assessment and Translation, 2015). We were then able to

1

give the remaining studies a confidence rating using these scores, “high” (>5), “moderate”
(3-4) or “low” (1-2) confidence. 30 studies were independently reviewed by a second rater,

and Cohen's kappa coefficient showed substantial agreement (0.67; McHugh, 2012).

Step 6: Translate confidence ratings into evidence of desired behaviour change

d Art

We extracted data on the behavioural outcomes of each study, noting whether they resulted

C

in positive behaviour change or negative/no change. We then classified the level of evidence

|

29 for desired behaviour change that each study provided according to their confidence ratings

and direction of effect (Table 4). This strategy involved the use of three terms to describe the
level of evidence for behavioural outcomes, “known”, “presumed”, and “suspected”, which
were directly translated from the confidence-in-the-evidence ratings. As there were only four
studies with negative or mixed results and they did not significantly impact our findings, we

focussed on evidence that a given variable would lead to positive or desired behaviour

change.

Accep

We were then able to collate the results from multiple studies to calculate the overall level of
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evidence for a given variable by calculating the mean of the numerical rating from different
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studies (from 3 to -3). If the mean confidence rating for a group of studies is less than 1,
behaviour change is suspected. If it is between 1 =2 X > 2, behaviour change is presumed. If
it is between 2 = X > 3, behaviour change is known. These terms were taken from the OHAT
protocol (Office of Health Assessment and Translation, 2015). We also sought to calculate
an effect size for different intervention types. However, the number of papers that reported
these or enough information to allow for their calculation was insufficient to allow for a

meaningful analysis. As such we did not include effect sizes in this analysis.

Data analysis

The OHAT protocol acknowledges that disparate exposure and outcome assessments may
preclude formal statistical meta-analysis and therefore does not specify statistical tests for
outcomes (Office of Health Assessment and Translation, 2015). However, we conducted
exploratory data analysis to further understand the relationships between variables. Our aim
was to examine the effects of different variables on a) the distribution in the number of
studies, b) variation in the quality of studies, and c) the strength of evidence that a given
intervention results in desired behaviour change. Quality of studies refers to the confidence
rating for each individual study, while strength of evidence is based on the mean scores
calculated for a body of studies as described in step 6. We were interested in whether there
were differences in these outcomes across time, space and thematic area. The type of
intervention, the number of times audiences were exposed to the intervention, and the length

of time for which the intervention ran were also potential variables of interest.

This article is protected by copyright. All rights reserved.
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Data analysis was conducted in R version 4.0.0, and we selected the appropriate statistical
tests based on the dependent and independent variables. We employed a Kendall Tau-b
correlation to test the distribution in the number of studies across time, and Chi-Squared
tests were used to examine the distribution in the number of studies across all the other
variables of interest (region, theme, intervention type, duration of intervention, and the
number of exposures to interventions). We calculated a Spearman’s rank correlation
coefficient to test whether there was a variation in the quality of studies across time, while
we used a Kruskal-Wallis test for distribution in quality of studies across the remaining
variables of interest. We calculated a Spearman’s rank correlation coefficient to test whether
the strength of evidence that a given intervention will result in desired behaviour change

varies across time, and again we used a Kruskal-Wallis test for the other variables.

Results
From an initial identification of 338,408 records, we found 128 individual studies published in

107 articles that met our quality criteria for inclusion (Fig 2). Confidence ratings for these
studies varied from low (n=27), moderate (n=55), and high (n=48). Most studies reported a
positive effect (n=96), while the next most common outcome was no effect (28). Few studies
reported negative (n=1) or mixed (n=3) effects. Unfortunately, only 25 (19%) of the 128
interventions reported enough detail in the statistical results to calculate a standardised

effect size for meta-analyses.

Date of publication
Studies in this review had been published between 1975 to 2015. The variation in the

number of studies published over this period is not statistically significant (z = 1.36, p= 0.17).

This article is protected by copyright. All rights reserved.
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There has however been a significant improvement in the quality of studies conducted by
publication year (rs = 0.27, p = 0.002), and the strength of evidence that a given intervention

would result in desired behaviour change has also increased with time (rs = 0.21, p = 0.02).

Location of intervention

There is an uneven distribution of studies across continents (x2(5) = 172.19, p < 0.001), with
a disproportionate number located in North America and Europe. There is also a significant
variation in the quality of studies across regions (x2(5) = 15.99, p = 0.007), with Europe
featuring an above-average proportion of high-quality studies. The level of evidence that a
given intervention will result in desired behaviour change also varies by study location (x2(5)
= 22.62, p < 0.001). Those conducted in Asia, Europe, and Oceania are more likely to find

strong evidence that an intervention will result in the desired behaviour change (Fig 3).

Study theme

Studies are unequally distributed across study themes (x2(5) = 55.75, p < 0.001), and a
disproportionate number focus on waste and energy: agriculture and conservation (5),
energy (40), transport (17), waste (41), water (15), or a mixture of these (10). We are unable
to reject the null hypothesis that there is no relationship between the quality of the studies
and study theme (x2(5) = 3.57, p = 0.61), however, nor can we reject the null hypothesis that
there is no relationship between the likelihood of a given intervention resulting in behaviour

change and the study theme (x2(5) = 9.78, p = 0.08).

This article is protected by copyright. All rights reserved.
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We found an uneven distribution of studies across intervention types (x2(6) = 65.92, p <
0.001), with a disproportionate number focussing on education interventions and very few

looking at demonstrations: conservation device (8), demonstration (3), education (45),

le

feedback (24), goal setting (10), prompt (24), or a combination of the different types (14).

The combinations are:

{1C

e 4 - Feedback, goal setting

37 e 3 - Education, conservation device
37 e 3 - Feedback, education
38 e 1 - Feedback, goal setting, and coaching

e 1 - Education, demonstration

e 1 -Prompt, conservation device

e 1 - Education, prompt, demonstration

We are unable to reject the null hypothesis that there is no relationship between the quality
of the studies in this review and the intervention type (x2(6) = 7.74, p = 0.26), nor can we
reject the null hypothesis that there is no relationship between the likelihood of a given

intervention resulting in behaviour change and the intervention type (x2(6) = 6.86, p = 0.33).

Accepte:

However, we can assess the body of evidence for each type individually. Based on the
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quality and reported outcomes of studies examining interventions based on education,
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prompts and feedback, and their outcomes, we can presume that desirable behaviour
change will result from this intervention type (Fig 4). For goal-setting desirable behaviour
change is only suspected. We did not rate interventions based on conservation devices and
demonstrations due to the low number of studies focusing on these intervention types.
However, our highest confidence rests on the use of multiple different intervention types, for

which positive change is a known outcome.

Intervention duration and exposure frequency

We identified interventions that ran from 10 minutes to multiple years, and audiences who
may have been exposed to the intervention once, multiple times, or continually (e.g., a
conservation device installed in the home). There was a significant variation in the number of
studies by both intervention length (x2(5) = 37.52, p < 0.001) and nature of exposure (x2(2)
= 26.82, p < 0.001), with a disproportionate amount lasting either less than one day or
between one and three months, and involving multiple exposures. We did not find any
evidence that study quality varies by intervention duration (x2(5) = 9.2, p = 0.1), or the
number of times an audience was exposed to an intervention (x2(2) = 0.86, p = 0.65).
Overall, we cannot reject the null hypotheses that there is no relationship between the
likelihood of a given intervention resulting in behaviour change and the quantity of exposures

(x2(2) = 1.78, p = 0.41; Fig 5) or the duration of the intervention (x2(5) = 8.18, p = 0.15).

This article is protected by copyright. All rights reserved.
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The number of studies published varies significantly across all variables of interest except for
publication date (Table 5; full details in text). However, the only variables for which we are
able to detect a relationship with study quality and evidence for desired behaviour change

are date of publication and location.

Ineligible studies

Finally, we also explored trends in the studies that were removed for lacking controls or
being of too low quality. We found that the publication of studies including controls has
decreased over time (rs = -0.19, p = 0.03). However, in the subset that do include a control,
quality has improved (rs = 0.23 p = 0.01). We are unable to reject the null hypothesis that
there is no relationship between presence of a control (x2(1) = 0.31, p = 0.58) or quality

(x2(5) = 5.51, p = 0.36) and grey versus peer-reviewed literature.

Discussion
We identified strong evidence that education, prompts and feedback interventions can result

in positive behaviour change. Given the current evidence base, we can conclude that
combining multiple interventions in one campaign is most likely to lead to the desired
outcomes. However, we still need to know what combinations of intervention types work
best, for what behaviours, in what contexts, and for what duration and intensity. Surprisingly,
we were unable to reject the null hypothesis that there is no relationship between the overall
duration or frequency of exposure to the intervention and the likelihood of effecting positive

behaviour change. However, the quality of the studies and the strength of the existing
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evidence overall vary by both date of publication and location of study. This may be due to

greater resources available to researchers in the West (Waldron et al., 2013).

Geographic location was the only variable in our review to significantly impact the
distribution, quality, and evidence strength of studies. This continental bias towards North
America and Europe has unfortunately also been identified in other reviews of conservation
research, and limits our ability to draw firm conclusions about interventions’ effectiveness
beyond these locations (Wilson et al., 2016). Previous research in behavioural science
shows that there is substantial variability in experimental results across populations, and a
lack of cultural diversity in research participants could skew responses to interventions

(Henrich, Heine and Norenzayan, 2010).

Results from the systematic review show an average of three high-quality studies published
each year globally. At the same time, nearly two-thirds of eligible studies (223) had to be
removed from further review as they failed to include an independent control. A rigorous
impact evaluation should provide credible evidence by using an appropriate counterfactual to
establish causal attribution (Ferraro, 2009). Control groups act as a counterfactual, thereby
mitigating bias in the comparison of impacts when bias in allocation has been taken into
account. Less than 20% of included studies presented enough statistical information to
determine effect size. Unfortunately, the need to incorporate better-designed measurement
protocols into environmental behaviour change interventions is another conclusion that

repeatedly arises in reviews of the literature (Byerly et al., 2018; Delmas et al., 2013).
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Indeed, Byerly et al. (2018) recently noted that many studies are poorly designed, lacking
adequate controls and sufficient statistical power. Considering the exponential spread of
anthropogenic threats to the environment and the urgency for effective mitigation strategies
it is vital that we improve the rigour with which we approach impact evaluation, and pay this
issue the attention it deserves (Cowling, 2014; Fischer et al., 2012). This widespread and

systemic failure of the field should be a call to action for all conservation social scientists.

Narrative synthesis

We conducted a narrative synthesis to explore major themes and relationships between and
within these studies, in order to identify any factors contributing to their reported success or
failure (Popay et al., 2006). The cohort of studies span a forty-year period, and more recent
studies build upon findings from earlier benchmark studies. For example, Carrico’s
intervention design (Carricio, 2005) focusing on motivational feedback was informed by
Becker’s findings that goal commitment without feedback is ineffective (Becker, 1978).
Further, most of the studies were informed by the large body of current behavioural theories
in the social sciences, such as nudge theory (Baca-Motes, 2013, Baird, 2014), moral norms
(Ayres, 2012; Thgrgesen, 1997), the theory of planned behaviour (Thegrgesen, 2009), habit

hypothesis (Bamberg 2006) and motivational feedback (Becker 1978).

The design of an intervention seemed strongly related to the problem it was intended to
address. For example, researchers working on energy consumption tended to employ multi-
faceted interventions including the provision of educational material (Carrico 2009),

individual consumption feedback (Hayes 1977), and peer feedback and goal setting (Loock
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2013), whereas those focused on litter prevention and waste management tested more
visual interventions such as information via signs and prompts (Sussman 2013, Hansmann

2003).

The exposure of the targeted audience to the interventions varied widely, ranging from a
one-off exposure event to months or even years, as well as variability in the number of times
the intervention was implemented. There appears to be little consensus on what are
appropriate exposure times for eliciting a behavioural response. Several studies noted the
importance of continuous follow-up or lack of follow-up and lengthening exposure time to
increase likelihood of a successful outcome (Baca-Motes 2013; Baird 2014; Harrigan 1994;
Harrigan 1994; Hayes 1977), yet few studies included long-term monitoring of behaviours.
When studies did conduct long-term monitoring, the initial reported positive behavioural
changes were often found to diminish over time, perhaps suggesting a need for consistency
in interventions over a longer period of time in order to achieve the desired long-term
behavioural change. This is despite the likely attrition of participants who have ceased
behaviour change, compared to those who maintained the desired behaviour change.
Unfortunately, the variability between studies, such as the length of the intervention to the
follow-up duration limits our ability to suggest any guidelines on a best practice timeframe for

future research.

Rarely, outcomes besides the intended pro-environmental behaviour were noted.
Unintended detrimental effects following interventions were cited in several studies. For

example, increased energy usage after receiving peer feedback (Ayers 2012). Different
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reasons were put forward to explain these undesirable outcomes, including the ‘boomerang
effect’ and ‘moral licensing’ (Ayres 2012, Nomura 2011). Tiefenbeck (2013) recorded moral
licensing when participants in a water conservation campaign reduced their water

consumption as intended, but also increased their electricity use.

Unintended or additional outcomes can also be beneficial, such as in the case of positive
spillover (Evans 2012; Hag 2008). For example, environmental messages that promote car-
sharing for reasons other than personal benefit, may also lead to an uptake in recycling
(Evans 2012). However, cross-domain adoption of additional pro-environmental behaviours

as a byproduct of interventions was not commonly measured (n=6).

Finally, one common theme that emerged throughout this review is that impactful or novel
studies tended to include strategies that made personal connections between the broader
issues and the targeted audience. For example, eliciting emotional responses; building
empathy or aligning with an individual’s internal standards (Hansmann 2003). Strategies that
lead to an emotional reaction can result in a positive behavioural change (Sussman 2013).
These approaches result in individual-led action, linked to high-motivation methods and
making cognitive connections. This suggests that if an intervention is thought-provoking and
connects with audiences on a higher cognitive level, it is more likely to result in positive

behaviour change (Hansmann 2003; Miller 2009).
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Comparison with other reviews

During the initial literature search we tried to be as inclusive as possible. We used broad
search terms, and searched in multiple bibliographic databases and languages (Haddaway
& Macura, 2018). We also included a wide breadth of journals from different disciplines,
although a more formal effort to benchmark search comprehensiveness using a set of
papers already identified within a category would have allowed us to better understand the
degree to which we are capturing all the relevant literature. What distinguishes our review
from previous work is the broad screening criteria for experimental design and subject focus,
and the thorough critical appraisal process we used to classify all the studies that met
inclusion criteria. Instead of vote-counting based on statistical significance or the exclusive
on one kind of experimental design such as randomised controlled trials, we weighted the
studies by quality to measure the strength of evidence (Haddaway & Macura, 2018). In
addition, any study which did not meet a certain threshold for rigour was removed from the
final analysis. This means that all the studies in our review still meet key standards of
robustness, which is important as previous reviews have found behavioural effect sizes
varying with study rigour (Delmas et al.,, 2013). We also included a wide range of grey
literature, which is often overlooked in other reviews due to concerns about study quality.
However, we found no significant differences in quality between the grey and peer-reviewed

literature.

Previous reviews have also suggested that although single policy tools frequently fail to
reduce household energy consumption, synergistic effects can come from combining

interventions (Dietz et al., 2009). For example, the most effective interventions for daily
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energy-use behaviours generally involve a mixture of mass-media messages, household-
specific information, and social influences. Indeed, combining feedback with goal setting has
been shown to work particularly well in the energy sector (Abrahamse et al., 2005). This
echoes a notable finding from our review, that we have strong evidence to support the
effectiveness of multiple interventions, such as feedback + goal setting, and education +

conservation devices.

Previous reviews of behaviour change interventions in fields such as public health have
suggested that intervention success may be linked to intensity. The weight of evidence
shows campaigns with longer duration or more frequent contact time can lead to positive
outcomes such as greater weight loss or a reduction in sexual risk behaviours (Chandra-
Mouli et al., 2015; Greenhow, 2011; Robin et al., 2004). However, interventions often vary
considerably in duration and delivery, preventing even a descriptive analysis let alone the
identification of an optimal formula (Durlak & DuPre, 2008; McCoy et al., 2010; Wei et al.,
2011). We found no clear link between intervention success and duration of exposure, but
there may be heterogeneity amongst different intervention types. This should be a priority

area for future research.

Methodological considerations
As with all syntheses, there is the possibility that the studies we identified were subject to the
“file-drawer effect”, or a bias towards the publication of studies with positive/significant

results (Franco et al., 2014; Scargle, 2000). For example, publication bias has been shown
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in previous reviews of behavioural science literature (Francis, 2012). A visual assessment of
outcome distributions (the number of studies published with positive rather than negative or
no change) certainly suggests that publication bias may be a concern in Asia, Africa,
Europe, and Oceania, but less so in North and South America (Fig 3). Further, the absence
of any published studies showing negative results for intervention types such as
conservation devices or demonstrations is alarming, and limits what we can say about the

true effectiveness of these interventions.

Research from the medical field shows that when studies are pre-registered, negative
outcomes are more likely (Dwan et al., 2008). Moves by journals such as Conservation
Biology to allow pre-registration are a step in the right direction to address publication bias.
For this review, we tried to mitigate publication bias by searching both the peer-reviewed and
grey literature (Haddaway & Macura, 2018). We also included a wide breadth of journals
from different disciplines. Our focus on direct behavioural outcomes likely restricted eligible
studies to topics where behaviour can feasibly be measured. This does not mean that
interventions have been ineffective in changing more elusive behaviours such as
consumption of illegal wildlife trade products, but rather we do not yet have enough evidence
to come to a confident conclusion (Verissimo & Wan, 2018). In addition, grouping diverse
behaviours, from water use to transport choices, may have masked interesting trends in the
relative effectiveness of different interventions (Heimlich & Ardoin, 2008). Currently,

however, the lack of studies prevents a more detailed analysis of these possible interactions.
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Literature searches were conducted in 2015, and resources have not been available to
update the initial search. This suggests an important trade-off between the
comprehensiveness of a search strategy and the ability to produce syntheses in a timely
manner. Future reviews should consider carefully the extent of their scope, using tools such
as forward and backward citation search as a potential way to ensure targeted searches still

remain comprehensive.

Since 2015, multiple high-quality, rigorous studies have been published that would have met
the criteria for our review (Schwartz et al., 2020; Weigel et al., 2021; Wolstenholme et al.,
2020). It is possible that including these studies would have improved the average
robustness of the research featured in this review. However, it is also worth noting that the
latest literature on the use of behavioural science to conserve biodiversity continues to
identify most, if not all, of the challenges we highlighted above, including lack of controls,
narrow geographic focus, and failure to measure actual behaviours (Balmford et al., 2021;

Nilsson et al., 2020; Palm-Forster et al., 2019).

Conclusion

Several key gaps in the literature need to be addressed. We found comparatively few
studies that tested the effects of voluntary interventions on non-Western populations, or that
measured actual conservation behaviours. While prompts and education are well-studied,
we are lacking evidence to support the use of conservation devices and demonstrations.

Future researchers should aim to fill these gaps, and should also improve reporting
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standards. More detail is needed both on the statistical front to enable the calculation of
effect sizes and in terms of intervention implementation. For example, we had to use a
coarse categorisation scheme for the duration and frequency of exposure analyses. If we
had the quantity of information for more fine-grained analysis, our results would be more
robust. Finally, we need to investigate the extent to which behaviour change persists after

the intervention has ceased (Burns & Savan, 2018; Byerly et al., 2018)

We demonstrate there is strong evidence that a range of different, well-designed intervention
types can result in desired behaviour change. Notably, the strongest evidence comes from
the combination of multiple intervention types, for example, both conservation devices and
education. Encouragingly, we found successful interventions across a range of durations
and exposures, indicated that behaviour change can occur from even short-term efforts. This
is not to neglect the role of governments and industry in addressing major environmental
issues, but instead highlights some of the effective approaches they can use to maximise
impact. The findings from this review should be used by practitioners to guide future

interventions, and by researchers to inform future studies.
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Table 1. Keywords and terms used during the comprehensive literature search.

epted

‘education” AND OR “conservation” OR “outdoor” OR “ecology” OR “adventure” OR

“global” OR “field studies”

[ |
“social marketing” AND “conservation” OR “biodiversity” OR “species” OR “habitat” OR

“wildlife” OR “nature” OR “environment”
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“‘community based conservation” OR “community-based conservation”

“‘integrated conservation and development”

“‘community conservation”

management”

“‘community based natural resource management” OR “community-based natural resource

“energy conservation” AND “behaviour change”

“water conservation” AND “behaviour change”

“recycling” AND “behaviour change”

ted Article

“littering” AND “behaviour change”

P

“source reduction” AND “waste” AND “behaviour change”

“reducing consumption” AND “behaviour change”

“‘composting” AND “behaviour change”

“carpooling” AND “behaviour change”

Acce
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“fuel efficient vehicles” AND “behaviour change”

“‘walking” AND “behaviour change”

“mass transit” AND “behaviour change”

“biking” AND “behaviour change”

“volunteering” AND “behaviour”

00

4

Article

(o)
(S
o

Table 2. Inclusion and exclusion criteria used to determine study eligibility

Inclusion Criteria

Population No age or geographic restrictions
Exposure The intervention must not be pecuniary or regulatory
Comparators Must include a control

The control must be independent

There should be a rationale detailing why the control is comparable to

treatment

Accepted

Outcomes Must have a behavioural outcome (i.e., not just knowledge, attitudes or
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norms)

The behavioural outcome must be relevant to the environment

Intervention type

Table 3. Taxonomy of intervention types.

Definition

Example

Article

[
Education

Q Demonstrations
O Conservation
< devices

Involves imparting information to
increase  knowledge or
understanding of a

behaviour or issue

Model a desired behaviour,
enabling audiences to learn

by observation

Facilitate the performance of a
desired behaviour with new

technologies or improved

[
Visiting households to discuss the
benefits of recycling and the
service

local  recycling

(Cotterill et al., 2009)

Conspicuously disposing of food
waste into the appropriate
receptacle in a restaurant

(Sussman & Gifford, 2013)

Supplying more energy-efficient
stoves to reduce fuelwood

consumption (Yin, 2013)
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Feedback

Goal-setting

Prompts

services

Provides data on personal Home energy reports featuring

behaviour, possibly with personalized energy use
comparison to a stated goal feedback (Allcott & Rogers,
or the behaviour of others 2014)

Encourages audiences to commit Asking energy consumers to set a
to an explicit behavioural specific energy-saving goal

target (Loock et al., 2013)

Uses environmental or social cues Displaying signs with persuasive

to remind audiences to messages to remind tourists
perform a behaviour to pick up litter (Brown et
al., 2010).

Table 4. Evidence of desired behaviour change
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Confidence rating

Behavioural outcomes

Positive Negative/none

High Known (3) Known (-3)
Moderate Presumed (2) Presumed (-2)
Low Suspected (1) Suspected (-1)

Table 5. Summary of variable effects on outcomes of interest

Variable

Number

Quality

Evidence

Publication date
Location
Thematic area
Intervention type
Intervention length

Number of
exposures

Z=1.36, p=0.17

X2(5) = 172.19, p<0.01

X2(5) = 55.75, p<0.01
X2(6) = 65.92, p<0.01
x2(5) = 37.52, p<0.01

X2(2) = 26.82, p<0.01

rs = 0.27, p<0.01

X2(5) = 15.99, p<0.01

x2(5) = 3.57, p=0.61
X2(6) = 7.74, p=0.26
x2(5) = 9.2, p=0.1

Xx2(2) = 0.86, p=0.65

rs = 0.21, p=0.02
X2(5) = 22.62, p<0.01
X2(5) =9.78, p=0.08
X2(6) = 6.86, p=0.33
x2(5) = 8.18, p=0.15

x2(2) = 1.78, p=0.41
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Step 1: Problem formulation and protocol development

< =

Step 2: Search for and select studies for inclusion

JL
el

Step 3: Extract data from studies

< =

Step 4: Assess quality of individual studies

J b

Step 5: Rate confidence in the body of evidence

Factors decreasing J9
confidence I

Factors increasing
confidence

Confidence in the
body of evidence

Initial confidence by key features of J:)
study design I
High (++++) Features
4 features - Controlled
Moderate (+++) BapEslE
3 features + Exposure prior to
outcome
yow () |+ Individual
outcome data
Very low (+) » Comparison
0 or 1 feature group used

+ Risk of bias
+ Unexplained
inconsistency
« Indirectness
« Imprecision

Large magnitude
of effect
Intervention
response plausible
Residual
confounding
Consistency
amang
populations

High (++++)

Moderate (+++)

Low (++)

Very low (+)

==

Step 6: Translate confidence ratings into evidence of desired

behavioural effects

Confidence rating

Behavioural outcomes

Positive Negative/none

High Known (3) Known (-3)
Moderate Presumed (2) Presumed (-2)
Low Suspected (1) Suspected (-1)

Figure 1. Adaptation of OHAT (2014) systematic literature review protocol.
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338,408 records identified

=

45,255 duplicates
removed

Y

293,153 titles and abstracts
reviewed for subject relevance
(Criteria 1-3 in Step 2)

292,269 titles and
abstracts excluded

Y

884 full text articles reviewed

548 full text articles

for subject relevance - 3 di);c:zdlzgk of
(Criteria 1-3 in Step 2)
access)
336 full text articles reviewed
for presence of an 223 full text articles
independent control excluded
(Criteria 4 & 5 in Step 2)
113 full te>f(t artlcle_s assessed 6 full text articles
or quality -
(Step 4 & 5) excluded

Y

128 individual interventions
included

Figure 2. Selection of articles for systematic review
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Figure 3. Likelihood that a given intervention will effect desired behaviour change by study location
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Figure 4. Likelihood that a given intervention type will result in desired behaviour change, *
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