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Abstract
Human behaviour is a key driver of climate change yet rigorous empirical guid​ance is lacking in terms of how behavioural science can effectively support adap​tation and emissions reductions in developing countries. This article presents an evidence gap map and the approach for a systematic review on the effectiveness of behavioural science interventions on environmental and development outcomes. The article consists of two parts. First, the article presents the approach and findings from the evidence gap map. The second part presents the protocol for conducting a systematic review and synthesis. The article details the selection of cells from the completed evidence gap map for the systematic review and the approach to meta​analysis according to the conventions within the evidence synthesis field.
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Résumé
Le comportement humain constitue un facteur clé du changement climatique, mais il existe un manque de recommandations empiriques rigoureuses quant à la manière dont les sciences comportementales peuvent soutenir efficacement l’adaptation et la réduetion des émissions dans les pays en développement. Cet article présente une cartographic des lacunes de la littérature ainsi que la méthodologie d’une revue systématique sur l’efficacité des interventions issues des sciences comportementales sur les résultats environnementaux et de développement. L’article se compose de deux parties. Dans un premier temps, il expose la méthodologie et les résultats de la cartographie des lacunes. La seconde partie présente le protocole de réalisation de la revue systématique et de la synthèse. L’article détaille la sélection des cellules issues de la cartographie finale pour la revue systématique ainsi que l’approche de la méta-analyse conformément aux conventions du domaine de la synthèse des connaissances.
Resumen
El comportamiento humano es un factor clave en el cambio climàtico, pero aùn falta orientación empirica rigurosa sobre cómo la ciencia del comportamiento puede apoyar de manera efectiva la adaptación y la reducción de emisiones en los paises en desarrollo. Este articulo presenta un mapa de brechas de evidencia y el enfoque para una revision sistemàtica sobre la efìcacia de las intervenciones basadas en la ciencia del comportamiento en los resultados ambientales y de desarrollo. El arti​culo consta de dos partes. En primer lugar, se expone el enfoque y los hallazgos del mapa de brechas de evidencia. En segundo lugar, se presenta el protocolo para la realización de una revision sistemàtica y su sintesis. El articulo detalla la selección de celdas del mapa de brechas de evidencia completado para la revision sistemàtica y el enfoque para el metaanàlisis de acuerdo con las convenciones del campo de la sintesis de evidencia.
JEL codes D9 · D91 - Q54 - 013 - 019
Introduction
In recent decades, theories and evidence from behavioural science—defined by Balmford et al. (2021) as the scientific study of behaviour informed by an array of disciplines, including sociology, psychology, economics, anthropology, and political science—have provided insights into the social, motivational, cognitive, cultural, and contextual factors underlying human behaviour. Stern (2020) describes behavioural science interventions as involving neither command and control regulations nor solely financial incentives to change behaviour. Examples include information provi​sions, appeals to values and norms, or engagement and restructuring choice options. These insights have informed interventions that have helped to encourage socially valued behaviour change, including reductions in smoking, addiction, and obesity as well as improvements in tax compliance, development assistance, and climate change mitigation (Duflo et al. 2011; Datta and Mullainathan 2014; Hallsworth et al. 2017; Bollinger et al. 2020). Research has informed behaviour change interventions relevant to various environmental issues, including, but not limited to, energy effi​ciency, water conservation, recycling, and transport (Osbaldiston and Schott 2012; Byerly et al. 2018; Nisa et al. 2019).
There is an opportunity and a responsibility to affect change through increased understanding of the factors underlying the anthropogenic causes of climate change and ways that mitigation and adaptation behaviours may be effectively encour​aged (Gifford et al. 2011). Insights from behavioural science have been frequently applied to enhance public policy effectiveness (OECD 2017). For example, nudges as a category of psychology-based interventions can be a cost-effective tool to sup​port individual decision-making and have been applied to foster pro-environmental behaviours (Cinner 2018; Schubert 2017). Nudges can involve simple alterations to the physical microenvironments in which choices are made (choice architecture). Such small changes can significantly affect behaviour, helping people make decisions that benefit themselves and the broader community (Szaszi et al. 2018; Thaler and Sunstein 2009; Hollands et al. 2017). This protocol presents the approach and find​ings of an evidence gap map and the approach to a systematic review on the effective​ness of specific behavioural science interventions on environmental and development outcomes in developing countries.
The review’s focus has its origins in the growing confidence in behavioural sci​ence interventions (Schott et al. 2016; Stern et al. 2016) as potentially cost-effective strategies compared to traditional market tools and regulation. To the best of our knowledge, there is no systematic review that carefully explores the effectiveness of these behavioural science interventions on environmental and development out​comes in developing countries. This review reduces this literature gap to inform multilateral agencies, development practitioners and other decision makers about the available evidence on a broad set of behavioural science interventions in developing country contexts and the extent to which they contribute to desired environmental and development outcomes.
Objectives of the Review
The primary objective of this systematic review is to identify, assess and synthe​size evidence on the effectiveness of feedback, reminders, salience and goal setting interventions conducted in developing countries on environmental and development outcomes. It facilitates the use of evidence in informing policy and practice within the environmental and development fields, particularly climate mitigation and adap​tation. In doing so, we address the following review questions:
· What is the impact and effectiveness of feedback, reminders, salience (commu​nication), salience (experience design) and goal setting on environmental and development outcomes?
· To what extent do effects vary by population characteristics, evaluation design, intervention type and time period after the intervention?
· To what extent do implementation features moderate the effectiveness of these behavioural science intervention programmes?
Why this Review is Important
Climate change is projected to intensify over the coming decades, resulting in dra​matic impacts on natural and human systems. Human behaviour is a key driver of climate change yet rigorous empirical guidance is lacking in terms of how to change behaviour most effectively to support adaptation and emissions reductions. In par​ticular, research evidence from developing countries is thin and scattered. This is a pressing problem given that the impacts of climate change will not be uniformly distributed across the globe. Developing countries are likely to be disproportionately affected due to not only their exposure to shocks and stresses but also their limited capacity to withstand and respond to damaging fluctuations (see Global Commis​sion on Adaptation 2019; Intergovernmental Panel on Climate Change 2014; United Nations Environment Programme 2017; Wade and Jennings 2015; Binet et al. 2021).
In addition, greenhouse gas emissions from human behaviour, such as from transportation, energy consumption and food production, present some of the most significant opportunities to change human behaviour to reduce carbon emissions (Williamson et al. 2018). Literature from environmental psychology, behavioural economics and behavioural science (Schmuck and Schultz 2012) highlights a com​plex set of interrelated psychological factors that hamper action against the effects of climate change (Gifford et al. 2011; Stoknes 2014; Van der Linden et al. 2015), such as perceived distance, framing and cognitive dissonance (Stoknes 2014).
There is a growing body of evidence behavioural science interventions can work for the climate. Balmford et al. (2021) argue that integrating evidence from behav​ioural science into the design of biodiversity conservation interventions, currently based on education, regulation and material incentives, has great potential to enhance these interventions’ effectiveness. Traditional interventions in conservation cam​paigns try to persuade consumers, farmers or politicians to change their behaviours by highlighting the environmental impacts of their actions. But these broad attempts to increase knowledge are often not sufficient to shift behaviour (Kollmuss and Agy- eman 2002). Effective communication campaigns for global issues, like climate change or pandemics, have been proven to be two-way processes that involve clear messages tailored for diverse audiences, shared by trusted people, and where actions by individuals give a clear contribution to addressing the problem (Hyland-Wood et al. 2021). Behavioural science also shows that information campaigns can be more effective when they target discrete audience segments and account for their values as well as social and physical realities (Cheng et al. 2011; Kahan et al. 2012; Kusmanoff et al. 2020). For instance, switching from pro-social to self-interest messages has been seen to increase the adoption of solar panels in the United States (Bollinger and others 2020). Arranging default settings for pre-selected inclusion and participation in such a way that participants must take action to opt-out of (rather than into) com​monly selected choices (at the individual or societal level) has proven effective at increasing household subscriptions to renewable energy programmes (Ebeling and Lotz 2015; Liebe et al. 2021).

In brief, there is extensive evidence both about what is ineffective and about what works in promoting behaviour change broadly (Flanagan and Tanner 2016), but evidence has not been rigorously mapped or synthesized for climate-relevant sectors in developing countries. Moreover, within this evidence it is also hard to distinguish between studies that focus on behaviour change and studies that focus on evalu​ating behavioral science interventions. This review will reduce this gap within the literature to inform governments, donors and other decision makers of the available evidence on a broad set of behavioural science interventions and their outcomes and impacts across different sectors in developing country contexts, thereby contributing to climate adaptation and mitigation efforts.
Methods
The Overall Systematic Review Design Approach
We use a two-stage evidence review approach. The first stage consists of a completed evidence gap map (EGM).
 The second stage consists of conducting a systematic review and synthesis in compliance with the Campbell Collaboration’s guidelines for producing systematic reviews (SRs).
 We adopt an effective and adaptable research process that fully integrates the selection of cells for the SR from the completed EGM. Previous synthesis projects in the environmental sector (see Snilstveit et al. 2019; Langer et al. 2018) indicated the successful integration of an evidence map and subsequent full systematic review is dependent on four key factors:
· Continued and embedded stakeholder engagement on the scope of the overall project and synthesis outputs
· A consistently rigorous and transparent synthesis approach that applies similar criteria to both outputs (the EGM and the SR)
· A sufficiently broad scope and design of the EGM that guarantees a sufficient evidence base for subsequent synthesis
· A versatile software solution to provide flexibility in the evidence mapping tool to integrate the knowledge management aspect of the evidence review witli the visualization requirements of the EGM
Evidence Gap Map
The EGM’s inclusion of evidence had a broader scope than the full systematic review. The EGM mapped evidence from impact evaluations and SRs across 22 behavioural science interventions. Its main objectives were to indicate the overall nature and size of the available evidence base, identify areas for synthesis, and substantiate evidence gaps for future analysis. The final map has 84 studies (82 impact evaluations and two SRs). The EGM guided discussions about which areas of the evidence base to use for synthesis and the most effective method for synthesizing the evidence to answer the review question. Following two meetings with the advisory group to identify the relevant areas of evidence for the systematic review, both stakeholder interest and the synthesis gaps steered the review’s focus towards five interventions: feedback, reminders, salience (communication), salience (experience design), and goal setting interventions. The appendices describe all 22 interventions in detail and Table 1 offers a summary of each of the 5 intervention types included in the systematic review.
Theory of Change
In the context of the evidence review on behavioural science interventions, the pur​pose of the theory of change is to inform the types of interventions included in the sys​tematic review. The theory of change directly informs the Population, Intervention,
Table 1 Behavioural science intervention definitions—reminders, feedback, salience (communication), salience (experience design) and goal setting
	Behavioural interventions
	Definition

	WHEN is the Reminders choice made?
This category of interventions
encourages
Feedback
positive choices
by influencing
key decisions
WHICH
Salience
choices are
(communication)
available?
This category of interventions encourages positive choices by altering the
Salience (experience
set of options
design)
available
	This type of intervention involves messaging people (via email, text message, etc.) in a timely way to call their atten​tion to something and/or to encourage them to take certain actions
This type of intervention provides information, often tracked over time, about behaviours. The information might report how the tracked behaviours compare to targets and/or outline consequences of the behaviour trajectories
This type of intervention improves the ease and accessibility of adopting behaviours by making information/choices more prominent and relevant. Personalising communication and highlighting follow-on instructions are typical strategies to increase salience. Because this intervention focuses on mes​saging content rather than timely delivery, it is distinct from a reminder
This type of intervention targets how individuals interact with their physical and/or digital environment. It involves arranging facilities or options so that they are either: (1) more prominent, accessible, and easy to prompt a particular behav​iour or, (2) less prominent, accessible, or easy to discourage a particular behaviour

	Goal setting
	This type of intervention helps individuals consider what their priorities are, then specify a series of goals that they would like to achieve. It often goes along with a planning process
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Fig. 1 Theory of change. Source: Authors
Comparison, Outcome, and Study (PICOS) design framework be used to develop inclusion and exclusion criteria. A theory of change is essentially “a set of statements that describe the process and the mechanisms (i.e. the how and why)” through which an intervention is thought to work and the results it aims to affect (Frey 2019). In the context of the evidence review on behavioural change, this theory of change illus​trates the role that behavioural science interventions play in human and environment and development outcomes and is shown in Fig. 1.
The theory of change is divided into three distinct parts—behaviour, development, and impact. Behaviour outlines three levels of intervention, while development pro​vides two levels of intervention, with impact as the culmination of both behaviour and development interventions. The theory of change conceptualises three levels showing how behavioural interventions lead to behavioural results, through five behavioural mechanisms of change. Definitions of the behavioural interventions are provided in Online Appendix 2. The first level is a categorisation of different behav​ioural interventions (i.e., checklists, social norms, or defaults). These interventions are most commonly applied in the field and are drawn from the list compiled by the Behavioural Evidence Hub, a leading knowledge clearinghouse for policy-relevant behavioural science.
The 22 behavioural science interventions are clustered under 5 categories accord​ing to the following criteria:
· How is the choice made? This category of intervention influences the decision​making process to make positive choices easier.
· Why is the choice made? This category of intervention makes positive choices more attractive or persuasive.
· Who is making the choice? This category of interventions exploits how identity influences decision-making, especially in relation to groups, to encourage envi​ronmentally positive choices.
· When is the choice made? This category of interventions encourages positive choices by influencing key decisions.
· Which choices are available? This category of interventions encourages positive choices by altering the set of options available.
The second level specifies the mechanisms of change, for example how these inter​ventions actually influence behaviour such as through changing sets of options or “nudging” at key decision points. These mechanisms are informed by two promi​nent conceptualisations of behaviour change: the EAST framework produced by the Behavioural Insights Team (Service et al. 2014) and the 4Ps Framework for Behav​iour Change from Yale University. So each of the five categories at the first level are linked to a companion behavioural mechanism of change at the second level.
The third level outlines concrete behavioural results (e.g., starting a behaviour, stopping a behaviour) as follows:
· Start behaviour—Initiation or resumption of actions/activities following the in​tervention
· Increase behaviour—Evidence of more actions/activities due to the intervention
· Decrease behaviour—Reducing actions/activities
· End behaviour—Halting actions/activities
· No change in behaviour—No evidence of noticeable variations from the status quo regarding conduct
This theory of change is unique in that the outcome of the behavioural intervention leads to activities that provide inputs for the development component of the theory of change. There are therefore two intervention levels before results are attained in human and environmental development. These development results, which are grouped by indicative sectors, then have their own intermediate and wider outcomes. The development results are purposefully categorised more broadly than the behav​ioural change interventions and results. This is to ensure that (1) the theory of change is not so complex as to lose utility and that (2) the theory of change does not limit the development results in the evidence gap mapping process. The transition from nar​rowly defined interventions to broad development results also means that the causal pathways are less well-articulated. Two examples that outline potential causal path​ways are provided below:
· If the development result was to adopt new farming practices (to improve income and livelihoods) through an agriculture intervention, the potential causal pathway would be using planning prompts (behavioural interventions) to encourage so​cially positive choices by intervening at key decision points (beliavioural mecha​nism of change). This would then result in starting a behaviour (behavioural re​sult) which in this example would be adopting new farming practices.
· If the development result was to use more energy-efficient lighting (to change technologies), through an energy-related intervention, the potential causal path​way would be using micro-incentives (behavioural interventions) to make posi​tive choices more attractive/persuasive (behavioural mechanism of change). This 

would then result in starting a behaviour (behavioural result) which in this exam​ple would be using energy-efficient lighting.
The development sectors were selected based on their potential for behavioural inter​ventions with outcomes that have results impacting socioecological systems. They are not necessarily mutually exclusive, and one intervention could target more than one result area. These are described in the intervention-outcome framework below.
The impact level denotes the desired state of stable socioecological systems through human well-being and climate change adaptation and mitigation. These two impacts are intrinsically linked. For the purposes of this study, we will consider the intention of the research when determining contribution towards impact. Following from the causal pathway examples provided above, examples of the impact level include:
· Adjusting farming practices to new climate conditions through interventions such as reminders contributes to climate change adaptation and improves human well​being through sustaining or improving incomes and livelihoods. This in turn con​tributes to developing and sustaining more stable socioecological systems.
· Encouraging households to set goals (with or without other intervention such as reminders and feedback) on their water or electricity consumption levels con​tributes directly to mitigating the effects of climate change by reducing energy consumption. This in turn contributes to developing and sustaining more stable socioecological systems.
Intervention-Outcome Framework for the EGM
The EGM intervention-outcome framework is the primary tool used to structure and visualize the evidence base. The primary dimensions of the EGM are intervention categories (row attributes) and the outcome domains (column attributes), which are divided into subcategories and subdomains respectively. The structure of our inter​vention-outcome framework maps the key behavioural science interventions onto outcomes broadly divided into knowledge, uptake, and use outcomes; behavioural outcomes; development results; and impact (socioecological systems development through human well-being and climate adaptation and mitigation). Definitions of the behavioural interventions and outcomes are provided in Online Appendix 2 and Appendix 3 respectively, developed through the co-production exercise discussed above.
Criteria for Inclusion and Exclusion of Studies in the EGM
To systematically characterise a large, disparate literature base on the effectiveness of behavioural science interventions, an underlying focus on environment and human development outcomes guide the scope of this EGM. Formally, we adopt the PICOS framework to develop our inclusion criteria. A summary of the inclusion criteria for

the evidence gap map is provided in Online Appendix 4. The inclusion criteria define the precise characteristics of the studies that will be included in the EGM. All evi​dence not meeting these criteria will be excluded from this EGM. Tire EGM includes IEs and SRs.
Population
We follow the country-level categorisation as found in the Kyoto Protocol of the United Nations Framework Convention on Climate Change and include studies assessing the effectiveness of a behavioural science intervention in:
· Non-Annex 1 countries

· Non-Annex 1 and Annex 1 countries jointly if the associated analysis distinguish​es effects and reports results separately across the two samples.
Any primary study that presents combined analysis on both Annex 1 and non-Annex 1 countries without reporting separate results across the two samples was excluded. SRs were included in the EGM either if data was aggregated for non-Annex 1 coun​tries relative to Annex 1 countries or if there was at least a single primary study included from non-Annex 1 countries. The EGM includes studies conducted at any unit of observation, including individuals, households, communities, and companies. We included studies published only from the year 2000 onwards.
Interventions
We included only behavioural science interventions which are all informed by empir​ical research principally from behavioural psychology and/or behavioural econom​ics. Relevant research seeks to identify characteristic human cognitive patterns which are often unconscious or not “rationally maximising” in a classical economic sense. Building on these patterns, interventions can alter the choice architecture of decision​making, build in “nudges” to overcome biases or process barriers, and optimise com​munications, all with the typical goal of encouraging pro-social behaviours. The type of interventions we included are informed by the theory of change described below. Interventions fall into 22 main interventions as illustrated in Online Appendix 2.
Interventions can be delivered at any administrative level and administered to any type of beneficiary (e.g. individual, household) and by any type of actor (e.g. gov​ernment, non-governmental organisation). Additionally, we did not put any restric​tions related to intervention level characteristics such as modality, intensity, duration, or complexity of intervention delivery. Specifically, we excluded studies based on restrictions related to sample size, ensuring that pilot-scale interventions that often focus on newer, more innovative approaches are captured in our evidence review.

Comparison
The EGM considered evaluation studies that clearly identify at least two experimen​tal groups: (i) a treatment group exposed to the intervention and (ii) a control group that does not receive the intervention for the purpose of establishing the impact of the intervention. The nature of the control group will depend largely on the specific methods deployed in the study (e.g. the control group in a randomized controlled trial) and can refer to the population receiving no treatment, treatment as usual, pla​cebo treatment, or pipeline treatment.
We excluded any study that did not describe a clearly articulated control group; for instance, descriptive/predictive analyses highlighting drivers and determinants of selecting into behavioural science interventions. Studies with quantitative methods for which the use of comparison/control groups is not relevant, such as life-cycle assessments, were excluded.
Outcomes
The evidence gap map considered the following outcomes: knowledge outcomes, uptake and use outcomes, behavioural outcomes, and development results and impacts as shown in the theory of change. Studies that covered at least one interven​tion of the framework and measured at least one of the outcomes were included in the map. Online Appendix 3 lists the outcomes in more detail.
We assessed the range of outcomes measured at any unit of analysis (e.g., indi​vidual, household, community, and organizational level). Moreover, in line with our broad criteria related to study-level characteristics, we considered studies that mea​sure outcomes at any reasonable point following the administration of the relevant behavioural science intervention. We also recorded information on intervention costs or cost-effectiveness where these were reported.
Study Design
To our knowledge, there appears to be an absence of causal evidence on behavioural science interventions in developing countries, and in particular in relation to climate change mitigation and adaptation. We solely include high-quality evidence based on the inclusion of causal studies complete with quality assessments of the included studies. We included IEs and SRs in the EGM with the following definitions and designs specifying both study types.
· Impact evaluation designs eligible for inclusion
We included studies that assess the effects of interventions using experimental or quasi-experimental designs, with non-random assignment that allow for causal infer​ence. Specifically, we included the following:
· Randomised controlled trials (RCTs) with assignment at individual, household, community, or other cluster level, and quasi-RCTs using prospective methods of assignment such as alternation.
· Non-randomised studies with selection on unobservables:
· Regression discontinuity designs, where assignment is done on a thresh​old measured at pre-test and the study uses prospective or retrospective approaches of analysis to control for unobservable confounding.
· Studies using design or methods to control for unobservable confounding, such as natural experiments with clearly defined intervention and comparison groups which exploit natural randomness in implementation assignment by decision-makers (e.g., public lottery) or random errors in implementation, and instrumental variables estimation.
· Non-randomised studies with pre-intervention and post-intervention outcomes data in intervention and comparisons groups, where data are individual-level panel or pseudo-panels (repeated cross-sections) that use the following methods to control for confounding:
· Studies controlling for time-invariant unobservable confounding, including difference-in-differences, or fixed- or random-effects models with an interac​tion term between time and intervention for pre-intervention and post-inter​vention observations.
· Studies assessing changes in trends in outcomes over a series of time points (interrupted time series, ITS), with or without contemporaneous comparison (controlled ITS), with sufficient observations to establish a trend and con​trol for effects on outcomes due to factors other than the intervention (e.g., seasonality).
· Non-randomised studies with control for observable confounding, including non​parametric approaches (e.g., statistical matching, covariate matching, coarsened- exact matching, propensity score matching) and parametric approaches (e.g., propensity-weighted multiple regression analysis).
· SRs eligible for inclusion
We included any form of literature review or evidence synthesis, regardless of whether the review self-identities as a systematic review. As long as the review describes its searcli for evidence, data collection, and methods for synthesis, it was included.

We excluded all studies that do not fall under any of the criteria defined above. Examples of excluded study types are simulation studies that aim to predict the effect of a certain intervention, observational studies witli no control for selection bias, life-cycle analyses, process evaluations, acceptability studies, and non-systematic literature reviews.

Exclusion Criteria
We excluded any studies that did not meet the criteria outlined in the appendices. That is, we excluded studies with interventions that do not meet our definition of “behavioural science interventions” as well as interventions that are not focused on the human development and environmental sectors. We excluded all studies that do not clearly articulate a comparison/control group, for example process evaluations. As indicated above, we also excluded studies that did not focus on populations in non-Annex I countries or which do not report separate results for Annex I and non​Annex I countries. Studies published before the year 2000 were also excluded.
Searching for Evidence
Search Steps
A comprehensive strategy was developed to search research literature for qualify​ing studies to identify all available evidence relevant to the review question (Online Appendix 5). The key objective of the strategy was to be sensitive rather than specific by deliberately formulating search strings and search sources that were over-inclu​sive. This strategy may have increased the number of citations to be screened but it reduced the risk of missing any relevant studies. The search strategy aimed to find both academic and grey literature. To that end, a three-pronged search strategy was employed in this review: (i) formal search of academic databases using pre-defined and explicit search strings and Boolean operators; (ii) a formal search of grey litera​ture in key organizational websites using keywords but applying full search strings in cases where institutional databases allowed the application of Boolean operators; and (iii) backward and forward citation searches of included and seminal studies.
Search Databases and Repositories
We searched a range of sources in academic and grey literature in January and Febru​ary 2022, including bibliographic databases (general social science and environment- focused databases), repositories of IEs and SRs, specialist organisational databases, and websites of bilateral and multilateral agencies. The database choice was guided by relevance and comprehensiveness in covering sectoral literature. This strategy was then translated according to the requirements and functionalities of different databases. The full list of academic and grey literature sources covered in the search can be found in the appendices, together with the results obtained from each source.
Forward and Backward Citation Searches
We conducted backward citation searches by searching the reference lists of included studies, especially SRs and seminal papers. We also carried out forward citation searches using Google Scholar.
Search Terms
Our search terms provided broad but manageable coverage related to the EGM and systematic review objective. We designed a series of sets of searcli terms with indi​vidual terms including wild card symbols (*) where appropriate, separated by the Boolean operator “OR”. The sets were then combined using “AND”. The search terms (as described in the appendices) are organised into the following categories.
· Developing country terminology: This sub-category includes terms often used interchangeably with or closely related to the phrase “developing countries” or “low-middle-income countries” including “underdeveloped countries” and speci​fication of developing country names.
· Methods terminology: This category includes terminology related to the meas​urement and tracking of impacts such as “impact evaluation*” and “impact as​sessment” and “impact analysis”; articulation of comparison groups including “control group” or “treatment”. Terms related to the specific empirical methods such as “instrumental variable” are also included in the search strings as these do not always refer to explicit comparison groups but generate comparative esti​mates of causal impacts.
· Intervention terminology: Intervention terms included in the search strings were related to the behavioural science interventions of interest highlighted in the the​ory of change above and drawn from the Behavioural Hub’s behavioural tools. These were: “nudge”, “choice architecture”, “active choice”, “incentive*”, and “priming”. The development of the intervention terms was intended to be broad and encapsulate numerous synonyms without limiting the concepts to their tech​nical definitions in behavioural science. This broad approach was taken to ensure a wide enough search that would not miss relevant studies.
· General restrictions: This category of search terms is a combination of language and time-specific restrictions that enable us to restrict (on academic databases) the search results to English-language articles and SRs published in peer-reviewed academic journals in or after the year 2000.
Combination of Search Terms
The first substring of search terms is focused on the region of this review, which is developing countries or the “Population” of the PICOS framework for the research question. Identified synonyms for developing countries were combined using the “OR” Boolean operator. The second substring of search terms focused on the meth​odology of studies of interest to the review, the “Study design” part of the PICOS framework. It combines systematic and impact evaluation synonyms using the “OR” Boolean operator. These behavioural science synonyms were also combined using “OR” with the use of truncations to improve the search. The overall combination of search concepts will follow the below syntax:
(1) Developing country “Ρ” terms AND (2) Methods “S” terms AND (3) Interven​tion “I” terms.
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Data Collection and Analysis
Screening of Studies
Once we obtained the search results, they were imported into the SR software EPPI- Reviewer 4.
 This platform is used to manage references, identify and remove dupli​cate studies, and screen records for inclusion using the procedures outlined below. This review management software was used to manage the entire review process. Studies that were not already on EPPI Reviewer were captured manually on the soft​ware. Before proceeding with screening, all duplicate titles were excluded from the review using the duplicate control function.
At the title and abstract screening level, we conducted a manual double-screening exercise to assess the eligibility of studies using the inclusion criteria highlighted above, and decisions made about each citation were recorded on the same platform. During the training, the results given by the researchers were compared and any dis​crepancy in coding decisions were discussed as needed, including clarification of the inclusion criteria. The individual screening was only permissible once a similarity index of the screening exercise reached 90 per cent.
We conducted full-text screening of each study that met all title and abstract screen​ing inclusion criteria. Two reviewers from the core team independently examined the full text of each study in detail against the protocol and independently decided whether to include or exclude the study. Any disagreements between reviewers were reconciled through the supervision of a senior review team member. The output of this stage is a set of studies deemed suitable for inclusion in the EGM.
Data Extraction and Management
We used a predefined data extraction tool to extract data systematically and transpar​ently from the included primary studies and SRs. The data extraction tool (highlighted in the appendices together with the accompanying 3ie equity coding protocol and guidance) were translated into EPPI-Reviewer 4 to extract the information required for the EGM. The data was entered directly into the EPPI-Reviewer database; full​text reports were examined and studies coded on variables related to:
· Descriptive data including authors, publication date and status, country, type of intervention, outcome, population, and context.
· Information on intervention design, and how the intervention considers equity and programme mechanisms including implementation and funding agencies.
To ensure consistency of coding quality, two reviewers piloted the data extraction tool. They worked independently on a random sample of eligible studies selected to test the tool on the complete range of codes highlighted in the data extraction tool. The process was repeated until a high level of consistency (95 per cent simi​larity) was attained in the reviewer’s application of codes; only after this point was the tool deemed final. Following the double screening stage, the remaining studies were coded by individual reviewers. During the individual coding exercise, a senior review team member conducted random checks of all coding by junior members. Any uncertainties or disagreements were resolved via discussions by further review​ing the study reports. The behavioural science experts acted as third-party arbitrators, providing resolution to any outstanding disagreements or uncertainties, especially regarding the interventions.
Visualisation of the Evidence Gap Map
We utilised interactive mapping software to visualise and host the evidence map. The identified evidence-base consists of different behaviour intervention catego​ries mapped across the knowledge uptake and use, development results, and impact (mitigation and adaptation) outcomes. Following the data extraction process in EPPI-Reviewer 4, we generated and exported a JavaScript Object Notation (JSON) formatted file to a mapping wizard to create the evidence map. The “design” func​tion of the mapping software provides an opportunity to select colour codes that will allow the visualisation of included studies to be separated by pre-defined characteris​tics. As indicated earlier, the software options also allow users to tailor the evidence base to their own contexts using filters (e.g., sector, region, study design).

Key Findings from the Evidence Gap Map
Overall, the evidence base is thin. As the PRISMA diagram below shows, the search strategy returned 40,424 records and 360 additional records from other sources (Fig. 2). After removing duplicates, 34,340 records were left for screening at the title and abstract level. As noted above, to enable ex-post validation of screening consistency, approximately 15 per cent (5,000) of the 34,340 studies were retained for double screening. Around 90 per cent of these studies were screened consistently by all sereeners. Consistency checks during closer reviews of the text and coding yielded similar consistency rates. We identified 131 studies to review at the full-text level. Of them, 24 were excluded because the interventions were not within the scope of the EGM.
A total of eight studies were excluded due to their study design; six were excluded due to irrelevant outcomes; three studies were excluded on population, and three studies were identified as duplicates. One study was excluded based on its publishing date and two full texts were not found. The final set comprised 84 studies, of which 82 were IEs and two were SRs.


As shown in the online EGM,
 the mapping exercise reveals that the most impact evaluations evaluate reminders (28), feedback (25), micro-incentives (20), salience in communication (16), commitment devices (14), salience of experience design (14), goal setting (13), rules of thumb (10), social norms (8) and social benchmarking (7). There is limited evidence on wider interventions including planning prompts, group incentives, public commitments, framing devices, checklists, lotteries, defaults, interventions to reduce hassles, identity priming, anchoring, active choice and cogni​tive behavioural therapy interventions. The intervention categories for the two SRs identified have a different distribution compared to the IEs. Both SRs focused on commitment devices (2) and goal setting (2).The water, sanitation and hygiene sec​tor dominated the sectoral focus of the included studies (25), followed by the finan​cial (19), energy and extractives (16), agriculture (12), and environment and disaster management sectors (9).
Overall, most reported outcomes fall in the knowledge, uptake and use level— namely, taking part in the intervention (82), knowledge of the intervention (75), acquiring knowledge (53) and change in attitudes (46). The second most reported outcomes are at the behavioural outcomes level: increase in behaviour (63) and start-

ing behaviour (48). However, very few studies identify ending behaviour (4) and no change in behaviour outcomes (3) in this outcome domain. The impact level is the third most reported outcome domain, with adaptation reported in 52 IEs. The two SRs both report and synthesize two outcomes: start behaviour and increase behaviour outcomes, which both fall within the behavioural outcome domain.
The EGM highlights regional patterns in evaluating these interventions. The impact evaluations are relatively skewed towards sub-Saharan Africa and East Asia and the Pacific. A limited number of impact evaluations have been conducted in Europe and Central Asia, the Middle East and North Africa. A majority of the stud​ies included in the EGM emanate from the water, sanitation and hygiene sector, the financial sector, the energy and extractives sector and the agricultural sector. In terms of outcomes, studies report on adaptation much more frequently than on mitigation.
Systematic Review and Synthesis
Sixty-eight unique studies from the EGM were identified as focusing on our core five intervention categories. An effectiveness analysis will be conducted to answer the review questions regarding the effectiveness of these interventions in achiev​ing behavioural change in selected environmental and development outcome areas in developing countries. Therefore, the systematic review will only include primary studies that measure the effects of interventions and whose design can reliably attri​bute observed effects to these applied interventions. Individual effects will be synthe​sized into overall estimates of treatment effects using statistical meta-analysis.
Data Extraction and Management
We will use a predefined data extraction tool to extract data systematically and trans​parently from the included primary studies. Full-text reports will be examined and studies coded on variables related to:
· Descriptive data including authors, publication date, and status, as well as other information to characterize the study, including study design, country, type of intervention and outcome, population, and context

· Methodological information, analysis method, and type of comparison (if rel​evant)
· Quantitative data for outcome measures, including outcome descriptive informa​tion, sample size in each intervention group, outcome means and standard devia​tions, and test statistics (e.g. t-test, F-test, p-values, 95% confidence intervals)
· Information on intervention design, including how the intervention incorporates participation, participant adherence, contextual factors, and programme mecha​nisms, including implementation fidelity

Critical Appraisal
We will apply a critical appraisal tool to assess the trustworthiness of the impact evaluations included in the systematic review. Trustworthiness refers to the confi​dence that findings reported in the included impact evaluations were rigorous and credible and are likely to reflect the results of the evaluated interventions rather than the influence of the applied study design and research conduct. To assess the risk of bias in primary studies, we will adapt the Cochrane risk of bias tool for randomized and non-randomized studies (Sterne et al. 2016). This risk of bias tool has previ​ously been used and adapted in international development reviews (Langer et al., 2018). Sterne and colleagues (2016) used a domain-based risk of bias tool covering the following six indications of trustworthiness: (i) selection bias, (ii) confounding bias, (iii) bias due to departures from applied interventions, (iv) bias due to missing data, (v) bias due to measurement of outcomes, and (vi) bias due to selection of the reported result. Each bias domain will receive a low, moderate, high, or critical risk of bias rating, allowing for a transparent calculation of the overall risk of bias score for each study. Studies with a critical risk of bias will be excluded from the synthesis.
The critical appraisal tool will be piloted using a similar approach to that used to pilot the data extraction tool. Two reviewers will independently assess each study and then collaborate on a comparative review. A third reviewer will be consulted if these reviewers disagree about the risk of bias rating for a particular study.
Methods for Handling Dependant Effect Sizes
Criteria for the Determination of Independent Findings
Complex data structures are a common occurrence in meta-analyses of impact evalu​ations. There are numerous scenarios through which these complex structures can affect the meta-analysis. For example, several publications could originate from one study, or several studies could originate from the same data set. Some studies might have multiple treatment arms compared to a single control group. Other studies may report outcome measurements from several time points or use multiple outcome mea​sures to assess related outcome constructs (Borenstein et al. 2009).
The research team will assess the extent to which relationships exist across the studies included in the review and avoid double counting identical evidence by link​ing papers before data analysis. When several publications report on the same effect, effect sizes from the most recent publication will be used. The information provided in studies to support these assessments, such as sample sizes, programme character​istics and key implementing and/or funding partners, will be utilized.
We will extract effects reported across different outcomes or subgroups within a study. Where information is collected on the same programme for different outcomes at the same or different periods, information on the full range of outcomes over time will be extracted. Where studies report effects from multiple model specifications, we will adopt the author’s preferred model specification. If this is not stated or is unclear, the specification with the most controls will be used. Where studies report multiple

outcomes or evidence according to subgroups of participants, we will record and report data on relevant subgroups separately. Further information on the criteria for determining independent effect sizes is presented below.
We will deal with dependent effect sizes through data processing and selection techniques that utilize several criteria to select one effect estimate per study. When we have several publications reporting on the same study, we will use effect sizes from the most recent publication. For studies with outcome measures at different time points, we will follow De La Rue and colleagues (2014) and synthesize outcomes measured immediately after the intervention (defined as one to six months) and at follow-up (longer than six months) separately. If multiple time points exist within these periods, we will adopt the most recent measure.
We anticipate that many of the interventions we address in our review will be ongoing programmes. We expect the follow-up will reflect a programme’s duration rather than the time since the intervention. Where such studies report outcome mea​sures at different time points, we will identify the most common follow-up period and include the follow-up measures that match this most closely in the meta-analysis. When studies include multiple outcome measures to assess related outcome con​structs, we will follow Macdonald et al. (2012) and select the outcome that reflects the construct of interest most accurately without referencing the results.
Studies may include multiple treatment arms with only one control group with treatments representing separate treatment constructs. In such cases, we will calcu​late the effect size for treatment A versus control and treatment B versus control and will include them in separate meta-analyses according to the treatment construct. Where treatments A and B represent variations of the same treatment construct, we will apply the following approach. We will calculate the weighted mean and standard deviation for treatments A and Β before calculating the effect size for the merged group versus the control group, following the procedures outlined in Borenstein and colleagues (2009, chapter 25). There may also be cases where different studies report on the same programme but use different samples (e.g. from different regions or separately for men and women). In such instances, we will include both estimates, treating them as independent samples, provided effect sizes are measured relative to separate control or comparison groups.
Effect Size Calculations
Using Excel, we will extract quantitative data for outcome measures, including outcome descriptive information, sample size in each intervention group, outcome means and standard deviations, and test statistics (e.g. t-test, F-test, p-values, 95% confidence intervals). Effect size data will be stored, and any necessary cleaning will be conducted in Excel. Following the screening and descriptive data extraction pro​cess, to ensure consistent coding, two reviewers will pilot the extraction tool for determining effect size. They will work independently on a random sample (10%) of included studies to test the tool across a range of the included impact evaluation designs and methods. We aim to achieve a minimum Kappa statistic score of 0.90 fol​lowing a round of repeating the process for the tool to be finalized. After the piloting
*
stage, individual reviewers will code the remaining studies and a third reviewer will check the extracted data.
An effect size expresses the magnitude (or strength) and direction of the relation​ship of interest (Valentine et al. 2015; Borenstein et al. 2009). We will extract data from each study to calculate standardized effect sizes for cross-study comparison wherever possible. For continuous outcomes comparing group means in a treatment and control group, we will calculate the standardized mean difference (SMD), or Cohen’s d, its variance, and standard error (SE) using formulae provided in Boren​stein and colleagues (2009). An SMD is a difference in means between the treatment and control groups divided by the pooled standard deviation of the outcome measure. Cohen’s d can be biased in cases where sample sizes are small. Therefore, in all cases, we will adjust d using Hedges’ method, adjusting Cohen’s d to Hedges’ g using the following formula (Ellis, 2010):
3
n = d(1 — 
)
4(71 + 112) - 9
Details of the appropriate formula for effect size calculations in reference to, and dependent on, the data provided in included studies are described in the appendices.
Data Synthesis
Based on studies assessed to be sufficiently similar, we will combine studies using meta-analysis only when we identify two or more effect sizes using a similar outcome construct and where the comparison group state is judged as similar across the two (cf. the approach taken by Wilson and colleagues, 2011). Where there are too few studies or included studies are considered too heterogeneous in terms of interventions or outcomes, we will discuss the individual effect sizes along the causal chain. As there will be heterogeneity across studies, we will adopt inverse-variance weighted random effects meta-analytic models (Higgins et al., 2002) to account for this.
We will conduct separate analyses across the major outcome categories for each intervention type: knowledge, uptake and use outcomes, behavioural outcomes, development results, and impact outcomes that meet the inclusion criteria. Based on an analysis of the interventions we find, we attempt to further elaborate on the above pathway of change to the extent possible.
Whenever feasible, we aim to conduct moderator analyses to explain variations in effect sizes. Moderators are variables such as socioeconomic context and popula​tion characteristics, measured at baseline, that interact with treatment to change the outcome for each group (Pincus et al. 2011). We will use moderators falling into three broad categories of extrinsic, methodological, and substantive characteristics. Specifically, these categories include:
· Extrinsic characteristics: funder of the study (e.g. NGO/CSO vs private sector vs government investments), publication type, publication date.
· Methodological characteristics: study design, risk of bias, evaluation period,
[image: image2.png]



length of intervention.
· Substantive characteristics: participant characteristics (gender, age, socioeco​nomic status), context (geographical setting), intervention type, intervention fea​tures, type of implementing agency.
We will use random effects meta-regression to investigate the association between moderator variables and heterogeneity of treatment effects (Borenstein et al. 2009) and subgroup analyses to investigate heterogeneity by treatment subgroups (e.g. men and women, poor and non-poor, and so on). If we do not have enough studies or data—we will discuss and explore the factors driving the heterogeneity of results in narrative format (Miles & Huberman 1994).
Assessment of Heterogeneity
To visibly examine variability in effect size estimates, we will use forest plots to display the estimated effect sizes from each study along with their 95% confidence intervals. Subsequently, and acknowledging the limitations of quantification of het​erogeneity and the different strengths of statistical approaches, we will conduct a heterogeneity test. Our test will consist of a calculation of the Q-statistic (Hedges & Olkin 1985) and a calculation of the I2 and Tau2 statistics to provide estimates of the magnitude of the variability across study findings caused by heterogeneity (Higgins & Thompson 2002; Higgins et al. 2003; Borenstein et al. 2009).
Sensitivity Analysis
To test the robustness of the results of the meta-analysis, we will conduct several sensitivity analyses. Broadly, this will involve collecting data on and assessing the sensitivity of findings to (i) the methods of the primaiy studies and (ii) the meth​ods of the review. We anticipate the included studies will vary methodologically. Therefore, we will conduct sensitivity analyses to examine the influence of these variations on the summary measures to offer possible explanations for the differences between studies when interpreting the results. We will examine whether the results were sensitive to study design, the risk of bias associated with the study, the degree of missing/incomplete data, the way outcomes were measured, and the timing of when they were measured. The main objective of the sensitivity analysis is to serve as a visual tool that allows informal comparisons to determine whether the results of our meta-analyses are sensitive to the methodological decisions of the review team. The sensitivity analyses will be carried out by adopting a one-way random effects analysis of variance (ANOVA) model calculated in EPPI-reviewer 4.

Strength of the Evidence Assessment
The last research step in the systematic review will be to conduct a Grading of Rec​ommendations, Assessment, Development and Evaluations (GRADE) assessment to report on the overall strength of the evidence base and recommendations made based on the synthesis of the review. This step is distinct from the critical appraisal step. It considers additional factors to assess the overall body of the evidence and the reli​ability of the recommendations derived from it. The appendices present the GRADE tool with hypothetical decisions for illustration purposes.
Conclusion
There is a lack of rigorous empirical guidance on how to effectively change behav​iour to support adaptation and emissions reductions in developing countries. This is a pressing problem given that climate change’s impacts will occur unevenly across the globe and disproportionately affect developing countries due to their limited capacity to deal with shocks, stresses and damaging fluctuations. Understanding what is effec​tive when changing decisions and activities in these countries is essential. The key objectives of this systematic review are to identify, assess and synthesize evidence on the effectiveness of behavioural science interventions. These interventions include feedback, reminders, salience (communication), salience (design) and goal setting on environmental and development outcomes in developing countries. In fulfilling its objective, the review will facilitate the use of evidence in informing policy and prac​tice decisions within the environmental and development fields, particularly climate mitigation and adaptation.
The overall evidence review uses a two-stage review approach. The first stage consists of an already completed EGM. The second stage consists of a systematic review and synthesis in compliance with the Campbell Collaboration’s guidelines on producing EGMs and SRs. The systematic review and synthesis will be conducted on selected bodies of evidence contained in the EGM. An assessment will be under​taken of the effectiveness of these interventions in achieving the desired behavioural changes in developing countries’ environmental and development outcome areas. Therefore, the systematic review will only include primary studies that measure the effects of interventions and whose design can reliably attribute observed effects to these applied interventions. Individual effects will be synthesized into overall esti​mates of treatment effects using statistical meta-analysis. The systematic review will conduct as many meta-analyses as possible in to examine the overall effects of our 5 selected behavioural science interventions to improve climate action.
Supplementary Information The online version contains supplementary material available at https://doi. org/10.1057/s41287-025-00727-3.
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� for systematic reviews: � HYPERLINK "https://onlinelibrary.wiley.com/pb-assets/Campbell%20Policies%20and%20Gu" �https://onlinelibrary.wiley.com/pb-assets/Campbell%20Policies%20and%20Gu� idelines%20Dec2020-1608292090217.pdf and for evidence and gap maps � HYPERLINK "https://onlinelibrary.wiley.com" �https://onlinelibrary.wiley.com� /doi/10.1002/cl2.1125.


� � HYPERLINK "https://unfccc.int/process/parties-non-party-stakeholders/parties-convention-and-observer-states" �https://unfccc.int/process/parties-non-party-stakeholders/parties-convention-and-observer-states�


*


4This follows Snilstveit et al. (2016) and overlaps with 3ie’s inclusion criteria for systematic reviews in its Development Evidence Portal.


�EPPI-Reviewer 4 is software for all types of literature review, including SRs, meta-analyses, “narrative” reviews and meta-ethnographies. For more information, visit: � HYPERLINK "https://eppi.ioe.ac.uk/CMS/Default.aspx7a" �https://eppi.ioe.ac.uk/CMS/Default.aspx7a� lias=eppi.ioe.ac.uk/cms/er4


�The EGM is structured and presented in a matrix format consisting of interventions (in rows) and out�comes (in columns). So, the aggregate matrix shows the number of studies in each intervention and out�come category. The size of the bubbles in the online map indicates the size of the available evidence-base while the colour indicates the type of evidence (i.e., impact evaluation or systematic review).
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