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Abstract

Policymakers have recently looked to the social sciences for effective strategies
to address environmental issues, including how to change people’s environ-
mental behaviors. During that time, social scientists have been challenged to
improve how they assess, summarize, and convey the state of environmental
social science. Meta-analysis, the quantitative review of existing research using
data from multiple studies, is one method researchers use to assess the state of
knowledge and share best practices. Development of new data reporting
standards and systems would improve not only environmental social science, but
also the interface between environmental social sciences and policymakers. In
particular, dynamic meta-analyses, or frequently updated meta-analyses, would
ensure that policymakers have access to up-to-date findings and would allow
policymakers to examine subsets of studies that best approximate relevant
contexts for new policies. These new standards for conducting and reporting
meta-analyses would allow environmental social scientists to more effectively
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inform policy, and would help policymakers understand and assess the latest
developments in the field.

Keywords
Meta-analysis - Environmental policy - Social sciences - Behavior change

1 Using Meta-Analysis in the Social Sciences to Improve
Environmental Policy

Survey results suggest that people are increasingly concerned about environmental
issues, including climate change, drought, and flooding (Aschwanden 2016). Given
these well-documented threats to the environment, there is a continuing need to find
cost effective approaches to changing individuals’ environmental behaviors (e.g.,
efficient technology purchases, energy and water conservation; Gifford 2014). For
example, individual and household behaviors are estimated to have a substantial
impact on greenhouse gas emissions, and in turn, on climate change (Carrico et al.
2011; Dietz et al. 2009; Vandenbergh and Gilligan 2015). To more effectively
influence these environmental behaviors, we need policies informed by sound
social science that help people engage in behaviors that benefit the environment,
and at the same time are not too costly or onerous to the individuals being asked to
change their behavior. As policymakers look to harness the social sciences to help
address environmental problems, they confront challenges in accessing and inter-
preting the results of myriad social science studies. The use of meta-analytic
approaches can enable social scientists to assist in the rapid dissemination of best
practices.

By focusing on use of meta-analytic approaches across the social sciences, we
argue that improvements to the conducting and reporting of meta-analyses will aid
policymakers in their ability to promptly and effectively craft policy that targets
pressing environmental issues. Specifically, we largely focus here on individual
level environmental behavior change. First, we outline why social science
meta-analyses can improve the translation of social science research into environ-
mental policy by both guiding policymakers on how to craft environmental policy
and increasing the credibility of social science research. Second, we discuss how
improving environmental social science meta-analyses would better ensure that
policymakers are equipped with needed information when crafting effective envi-
ronmental policy. Third, we explore a relatively new approach to meta-analysis,
dynamic meta-analysis, which would provide policymakers with the most
up-to-date data relevant to environmental policy, and provide those data in a way
that policymakers can more easily adapt to their needs. Finally, we briefly cover
additional ways in which meta-analyses could code primary articles to provide
policymakers with additional information they may desire when crafting policy. By
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improving how social scientists approach meta-analyses, environmental social
scientists will be better positioned to inform policy that reflects the latest empirical
trends and best practices.

2 Relevance of Environmental Social Science
to Policymakers

As a whole social scientists have struggled to inform and guide environmental
policy (Carrico et al. 2015; Clayton et al. 2015; Steel et al. 2004). With research
relevant to policymakers being conducted by environmental social scientists of all
stripes, including economists, communication scientists, psychologists, and soci-
ologists, there is an opportunity to improve how effectively social scientists inform
policymakers. But, these efforts require more attention.

We use the term policymaker in a general sense to refer to any individual
concerned with developing and implementing policies or actions regarding envi-
ronmental protection. This includes elected officials, but also program managers in
an advocacy group or corporate firm who are looking to affect some kind of
environmental outcome (e.g., the carbon footprint of a company) or behavior (e.g.,
home energy use; Vandenbergh 2013). Because policymakers often attempt to
influence environmental outcomes at a larger scale than environmental social sci-
entists typically study, environmental policymakers are usually unable to simply
extract a finding or use an intervention from the environmental social science
literature and immediately put it into practice. Additionally, in the literature on
environmental behavior change interventions targeting individuals’ behaviors, it is
not always clear to social scientists themselves which behavior change efforts are
the most effective at influencing these behaviors (Schultz 2015). This fact makes it
hard for policymakers to use best practice intervention options. And, even when
there are clear findings in the literature, environmental social scientists do not
always effectively share their findings with the wider community (Hallegatte and
Mach 2016).

An additional barrier that makes it difficult to translate social science findings
into environmental policy is policymakers’ perceptions of the environmental social
sciences. Recent reviews in a number of social science and health disciplines have
suggested that social science research may not be as reproducible as once hoped,
including in psychology (Open Science Collaboration 2012, 2015), economics
(Chang and Li 2015), and the health sciences (Arrowsmith 2011). Given this recent
attention, policymakers may deem social science literature as untrustworthy or
unreliable. Thus, there are a number of factors that currently make it difficult for
environmental social scientists to assist policymakers with evidence-based policy
development. Use of meta-analysis, and in particular improvements to how social
scientists use and report meta-analyses, could help ensure that policymakers draw
appropriate insights from environmental social science, and use these insights in the
design of laws, policies, and programs.
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3 Using Meta-Analysis to Bring Primary Environmental
Social Science Research to Policymakers

Given these concerns, environmental social scientists need tools to not only allay
concerns policymakers have about the state of the social sciences, but also to
provide clear road markers for how environmental policy development should
proceed. Meta-analysis is one such tool that can inform evidence-based policy-
making. Meta-analysis is the quantitative summary and comparison of studies
examining a similar phenomenon (Cumming 2014). For example, meta-analyses
have considered the effect of behavior change interventions on environmental
behaviors and outcomes, including use of informational messages (Delmas et al.
2013), feedback on one’s behavior (Karlin et al. 2015), use of financial incentives
(Maki et al. 2016), and social influence approaches such as behavioral modeling or
use of community block leaders (Abrahamse and Steg 2013). These meta-analyses
provide a quantitative summary of how large a change in environmental behavior or
environmental outcome we can expect when using a behavior change technique.
For example, Delmas et al. (2013) considered the effect of providing homeowners
with home energy audits on home energy use, finding across 156 studies that audits
on average led to a 14% decrease in household energy use. In other areas of the
environmental social sciences, meta-analysis has been used to explore the factors
most strongly linked to belief in anthropogenic climate change (Hornsey et al.
2016) and the effect of environmental regulation on firm and country competiveness
(Cohen and Tubb 2016).

Meta-analysis is an approach distinct from literature reviews and qualitative
assessments of prior research. Sometimes referred to as narrative reviews, literature
reviews are a selective survey of the research on a specific topic, generally
attempting to provide a broad overview (Ressing et al. 2009). Systematic reviews
differ from traditional literature reviews in that they follow a specified search
process to locate primary research articles (or unpublished data sets) related to a
topic, including explicit definitions of inclusion and exclusion criteria and the
search strategy and search terms. Systematic reviews survey article databases and
leading scholars to locate all of the potential articles or unpublished studies on a
specific topic, and then an initial review of articles is conducted to determine study
inclusion eligibility (Uman 2011). Rigorous systematic reviews tend to use a flow
diagram to document the identification, inclusion, and exclusion of studies through
the systematic review process (see Fig. 1). A meta-analysis builds upon a sys-
tematic review by extracting relevant quantitative data from articles included in the
systematic review, often in combination with qualitative coding of primary articles
for study characteristics (e.g., quality of the study, aspects of the sample, or
intervention characteristics). Rigorous meta-analyses also tend to test for publica-
tion bias in the included articles, to better estimate whether the meta-analytic effects
are representative of the potential population of all relevant studies (Macaskill et al.
2001; Rothstein et al. 2005).
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Fig. 1 Flow of information through the phases of a systematic review. Borrowed with permission
from Moher et al. (2009)

A strength of meta-analysis is its ability to provide an overall quantitative picture
of a phenomenon or relationship. This provides increased confidence in the findings
in a literature, and gives policymakers some sense of the size of the expected effect
for that phenomenon or relationship. For example, even though primary research is
conflicted on whether use of social norm messaging leads to towel reuse in hotels,
meta-analytic evidence suggests there is strong support for the effect of social
norm-based messages on towel reuse (Scheibehenne et al. 2016). Meta-analyses can
also help policymakers appreciate how effects may vary across contexts. For
example, meta-analysis has revealed that although providing individuals with
feedback on their energy use can lead to 8 to 12% savings in energy use on average
(Karlin et al. 2015). However, context and nuance also matters as providing more
frequent feedback—more often than once a month—tends to lead to stronger effects
as compared to providing less frequent feedback.

It is important to acknowledge that meta-analysis cannot erase weaknesses that
already exist in some literatures (Bangdiwala et al. 2016), as a meta-analysis is only
as good as the articles it relies on. If a literature contains too few studies, or too
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many poorly designed studies, a meta-analysis may produce unreliable estimates of
effects. If a literature has too many studies all exploring the identical research
question, a meta-analysis will be unable to consider differences between studies
(e.g., how studying households versus office employees may affect the direction and
size of the effect). If a meta-analysis combines primary studies that are too distinct
from each other, this can lead to meta-analytic results that are difficult to interpret.
Meta-analyses should discuss these issues explicitly, and when appropriate provide
additional analyses that attempt to resolve these issues (e.g., conduct separate
analyses with and without studies deemed to be poorly designed).

Meta-analysis can not only provide an overall picture of a given relationship in
environmental social science research, but it can also help social scientists build
credibility with policymakers and the public regarding concerns over study repli-
cation. By averaging effects over a number of studies, and thus increasing the
sample sizes used to pinpoint an effect, both scientists’ and policymakers’ confi-
dence in the direction and size of effects should increase as use of meta-analysis
becomes more common. Thus, meta-analyses have a number of clear strengths that
can aid policymakers over and above single primary studies on social-scientific
topics of relevance to environmental policies.

4 Improving the Ability of Meta-Analyses to Inform
Environmental Policymakers

More effective detailing, standardizing, and reporting of meta-analysis would also
help address current shortcomings in the literature and improve the ability of social
scientists to inform environmental policy. Current meta-analyses often lack vital
details that are present in the primary sources that would be useful to policymakers.
These include specific details about how interventions were designed or imple-
mented in primary studies, and how interventions affect specific groups of people.
These problems in part arise because we lack a norm that encourages researchers
across the social sciences to provide standard information when conducting and
reporting meta-analyses.

For example, social-psychological meta-analyses on environmental topics often
fail to report specifics about the types of interventions that were used in primary
sources. Osbaldiston and Schott (2012) detail interventions at a general level (e.g.,
rewards or feedback), but are unable to discuss specifics of these interventions
beyond this basic level because of coding decisions. Alternatively, Karlin et al.
(2015) discuss differences between types of feedback approaches (e.g., informa-
tional, normative) and frequency of feedback (e.g., monthly, daily). More consistent
understandings of, and coding for, types of interventions by meta-analyzers would
give clearer guidelines to policymakers on how to craft their own interventions. For
example, in the health sciences researchers have categorized the interventions
linked to healthy eating and exercise behavior change into distinct categories,
allowing for more reliable comparisons of the effectiveness of different categories
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of interventions (e.g., Abraham and Michie 2008; Michie et al. 2013). One eventual
goal, with a commonly accepted coding scheme for environmental interventions,
would be to produce materials guiding policymakers on how to design interventions
or policies in sufficient detail that would replicate approaches from the literature.
With their focus on coding numerous articles across a literature, meta-analyses are
poised to offer these kinds of insights to environmental policymakers.

Another important consideration is how different interventions influence differ-
ent types of individuals or segments of society. For example, if a primary article
examines how financial incentives influence home energy efficiency, the article may
report how these interventions influence men versus women, single versus family
households, or low versus high income households. Policymakers often target their
policies towards specific individuals or groups, and thus the direction and size of
the effect of incentives on these different groups is of value to policymakers.
However, meta-analyses inconsistently examine how interventions affect different
groups across a literature.

As a whole, improved and consistent reporting standards in the environmental
social sciences would aid our ability to inform environmental policymakers. The
health sciences literature can point us toward a more effective synthesizing and
reporting of environmental research. Use of meta-analysis is a quickly growing area
of focus in the social sciences, and health sciences more specificially (Ioannidis
2016; Sutton and Higgins 2008). The health sciences are often concerned with
influencing behaviors, including individual behavior change. Health science
researchers arguably also have a longer history of exploring, through use of both
primary and meta-analytic research, the most effective interventions and policies
targeting behavior change. There has been a drastic increase in meta-analytic
research in the health sciences (Ioannidis 2016), something the environmental
social sciences may mirror moving forward. Finally, there are simply more
researchers, research centers, collaborations, and funding opportunities for health
researchers; hence they have been examining how to improve meta-analyses for a
longer time period.

Given disappointment over past efforts to adequately report necessary compo-
nents of reviews and meta-analyses, the PRISMA group (Moher et al. 2009) pro-
posed improvements to meta-analytic reporting in the health sciences (Table 1).
This approach could be further adapted to ensure that the conducting and reporting
of environmental social science meta-analyses are better prepared to inform and
guide environmental policymakers. Coding for additional key study elements of
primary articles, in addition to the standard PRISMA reporting items, would be
useful in the environmental social sciences. These elements include consistent
reporting of demographic information across studies when available, such as the
sample gender ratio, age, race, socio-economic status, political ideology, and family
household size. Coding for study quality, including blinding of participants and
experimenters, when relevant, type of randomization, and attrition for longitudinal
studies (e.g., Wells and Littell 2009) would help consumers of meta-analyses better
determine study quality. Finally, aspects of the social context of each study can help
guide policymakers efforts to tailor policies to specific situations, including the
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setting in which the study took place (e.g., households, workplace offices, public
settings), and the populations targeted (e.g., general public, students, construction
workers). Increased standardization of reporting in meta-analyses would also help
shine light on when primary studies are not doing an effective job of reporting these
dimensions.

5 Developing Dynamic Environmental Meta-Analyses

Given the recent push in the social and health sciences to share data and more fully
report methods and results, the environmental social sciences have the opportunity
to explore ways to more dynamically and systematically update meta-analyses with
new, relevant primary studies, including unpublished research. This would help the
environmental social sciences move toward a truly dynamic, constantly informed
field ready to propose and update best policies. Development of cutting-edge
environmental policy necessitates cutting-edge meta-analyses. Instead, environ-
mental social sciences are currently underprepared to provide such up-to-date
guidance. For example, classic meta-analytic research on the psychological factors
linked to environmental behavior was conducted in 1986 (Hines et al. 1986/1987).
Only in 2007 did researchers update this meta-analysis to provide a more complete
picture of the then-current knowledge of the psychological factors linked to envi-
ronmental behavior (Bamberg and Mdser 2007). Some organizations, such as
Cochrane Collaboration (Moher et al. 2008), have proposed standards for how best
to update meta-analyses over time, particularly in the health sciences. The occa-
sional updating of meta-analyses on environmental topics is certainly preferable to
never updating them, but the time that lapses between updates can sometimes lead
to available meta-analyses being far outpaced by the literature.

Instead, a dynamic meta-analytic approach in the environmental social sciences
—similar to an idea briefly considered in the past (Whitehead 1997) and more
recently explored by Page and Moher (2016), which they called “living cumulative
network meta-analysis”—could be prepared to constantly provide the most
up-to-date findings to policymakers, and provide the results in a way that policy-
makers could tailor to their needs. By partnering with such open science websites as
Open Science Framework and Psychfiledrawer.org, environmental meta-analyzers
could maintain an open database of studies that have examined a given environ-
mental social science phenomenon or relationship, creating both an overall database
across studies and one that would allow researchers to explore specific subsets of
studies to better appreciate distinct contexts (e.g., types of environmental outcomes
or demographics). Similar efforts are being discussed in other fields, including
efforts led by Vivli, which aim to share clinical data across studies and labs to
provide an overall database of research findings (Panko 2016). Other efforts are also
underway to create neutral, data sharing platforms in the medical sciences (Bierer
et al. 2016).
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Ideally, researchers would enter information from each study into a public
database, guided by an updated PRISMA reporting standard, including the phe-
nomenon or relationship studied, the direction and magnitude of the effect, and
other core characteristics of the intervention and sample. This information could be
entered by the primary researcher or social scientists interested in maintaining a
meta-analytic database on a topic related to their own research. These databases
would be hosted by one of the aforementioned online repositories, and whenever
policymakers needed the latest up-to-date synthesized findings on a given inter-
vention or for a specific relationship, the data could be downloaded and used by the
policymaker. Alternatively, and ideally, these databases would come with the
ability to request information about a specific relationship online through an easy
user interface, and the relevant results would be produced for the policymaker. To
the extent that it is possible, databases could also be linked or nested within one
another, so a policymaker could consider all possible interventions that may be
effective at reducing employee energy use in the workplace, or they could specif-
ically look at energy feedback software for decreasing energy office use.

An additional benefit of creating an open-source, dynamic system for
meta-analyses is that it will send a clear signal to researchers about the types of
variables and details they need to measure and report in their primary research
articles. This could include standards emphasized in an updated set of PRISMA-like
guidelines tailored to the environmental social sciences, such as reporting on
intervention or sample characteristics, but also additional interdisciplinary concerns
such as the unexpected effects of environmental intervention and policy efforts
(e.g., “rebound effects”; Gillingham et al. 2013). Thus, dynamic meta-analyses
could guide research and reporting norms to improve the entire environmental
social science research enterprise.

An approach resembling a dynamic reporting of meta-analyses would ensure that
environmental social scientists are proposing cutting-edge findings when policy-
makers are designing policy. We strongly encourage other researchers, including
social scientists outside the environmental field, to bring their own ideas and tools
to such an enterprise, but the approach is appealing enough to deserve further
attention. There are potential shortcomings, of course, such as uncertainty about
who would publish new meta-analyses with the statistics gathered and how fre-
quently. These repositories also need to contain complete, easy to discern data with
relevant codebooks, in order to not become “data dumpsters” (Merson et al. 2016).
This may mean that an official body, which would probably require consistent
funding, would maintain and update these databases. The logistics would need to be
determined and adapted over time, but if we want to create a dynamic social science
truly ready to inform cutting-edge policy, and policy that is ideally tailored to
specific groups or contexts, a more dynamic approach to environmental social
science meta-analyses is something we need to consider.
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6 Additional Considerations for Improving Environmental
Policy Efforts

Finally, social scientists conducting primary or meta-analytic research must also
improve their ability to discuss other important types of information and evidence
relevant to policymakers. First, we need to consider how our interventions influence
change in environmental outcomes or behaviors over time (e.g., Rothman 2000).
Meta-analyses in the environmental behavior change area have tended to find a
significant drop in the number of studies that report follow-up effects over time
compared to studies reporting initial change in outcomes or behavior (e.g., Lokhorst
et al. 2013; Maki et al. 2016). Policymakers want to understand not only the
expected magnitude of change, but also the persistence of the behavior change—
how long change can be expected to be maintained.

Second, we need an improved grasp of the supplemental effects of our inter-
ventions, including how interventions influence a wide range of environmental and
social outcomes, not just the behaviors or outcomes specifically targeted by the
intervention (sometimes called “behavior spillover” or “rebound effects”; Gilling-
ham et al. 2013; Thegersen 1999; Truelove et al. 2014), including whether they
influence the spread of environmental outcomes across social networks (e.g., Smith
and Christakis 2008; Noonan et al. 2011; Darley and Beniger 1981). Similarly,
working across traditional disciplinary boundaries would help environmental social
scientists incorporate variables and outcomes from each other’s studies. For
example, how interventions affect outcomes such as overall personal well-being
(e.g., Zhang et al. 2014) is vital to appreciating the effects of environmental poli-
cies, as are the economic effects on individuals, private firms, and public entities.
And, relatedly, we need to better determine estimates of the economic costs of our
interventions, to ensure we are designing interventions that can be taken to scale
with limited financial barriers (Barker et al. 2016; Carnall et al. 2016; Castelnuovo
et al. 2016; Ho et al. 2016; Whelan et al. 2016). This would help ensure that
environmental social scientists have a complete picture of all of the positive and
negative effects of environmental policies.

Third, we need to consider behaviors that both have the largest influence on
important environmental outcomes (“technical potential”’; Dietz et al. 2009) and the
behaviors and outcomes that we have a reasonable chance of influencing (“be-
havioral plasticity”; Dietz et al. 2009). Policymakers want to target behaviors that
have the greatest influence on pressing environmental issues, and thus primary and
meta-analytic research must focus on these behaviors of interest. As a whole, if
primary studies report these types of considerations, meta-analyzers should code for
(or at least comment on) behavior maintenance, behavior spillover, technical
potential, and behavioral plasticity. When unable to code for them, meta-analyzers
can spur on additional work in these areas by advocating for improved measure-
ment and reporting of these dimensions by primary environmental social science
researchers.
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Even after environmental social science meta-analyses have informed new
environmental policies, it is worth acknowledging that the research process does not
end there. Research on intervention fidelity suggests that we need to be cognizant of
whether policymakers are truly sticking to the best environmental practices outlined
by meta-analyses (Damschroder et al. 2016). One could view the meta-analytic
enterprise, to the extent that it interfaces with policy, to be an iterative process that
leads to new insights, new policies, and new questions deserving of further
empirical exploration.

7 Barriers to Improving Environmental Social Science
Meta-Analyses

We must acknowledge that a number of barriers exist that make implementation of
the aforementioned recommendations difficult. For example, even though social
scientists have recently pushed for greater transparency in research (Open Science
Collaboration 2012), they have also been slow to adopt these new practices.
Meta-analyses can only be of quality when primary research is of quality and
reported on in a manner that allows for others to use in a meta-analysis, and thus
primary researchers should be nudged to consider how their work influences future
meta-analyses. However, asking researchers to adjust how they report their primary
research to improve meta-analytic efforts will not be sufficient. In a “publish or
perish” world, researchers need incentives to improve their practices. Thus, journal
editors and research funders should also push for new standards with the end goal
of increasing the quality of both primary research and meta-analyses, and thus the
promise of exporting our work to policymakers. This could include new require-
ments for publishing primary empirical results (such as requiring standard measures
of the size of effects) and new expectations from funders that primary researchers
should enter their results in online dynamic meta-analyses.

Another barrier stems from how to fund and manage the creation and mainte-
nance of dynamic meta-analyses. Ideally, either leadings scholars on a given topic
or paid staff associated with a research center would manage dynamic
meta-analyses. Regardless of who maintains these publicly available meta-analyses,
stable funding would be required at some level.

Finally, scholars or staff who maintain a specific dynamic meta-analysis would
potentially need to be available on occasion to assist policymakers, or liaisons
between policymakers and scholars, with how to examine and understand certain
sets of relevant results. Online tutorials and handbooks would need to be developed
that would help policymakers, but inevitably there would also have to be someone
available who could occasionally respond to inquiries. This type of guidance would
be important in order to make using these meta-analyses as easy as possible to use,
and to improve their ability to inform environmental decision-making. Ideally, the
results would also be consistently reported in such a way that would make them
easy for policymakers to understand. Building off of work by David Kenny and his
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Data to Text programs (Kenny 2014) would be an ideal step, as these programs take
output from statistical programs and translate it into a narrative that describes the
results and how to properly interpret them. Such an approach would make it far
easier for non-statisticians to understand the results of dynamic meta-analyses.
Also, given concerns about the quality of primary studies included in
meta-analyses, policymakers should also have access to easy to understand sum-
maries of the quality of the studies included in the meta-analysis, and the ability to
exclude poorly designed studies from reports of meta-analytic results. This may be
difficult to implement, as it is unlikely any scholar entering their study information
would deem their own research of poor quality. Yet, policymakers require that
information to understand the confidence that the scientific community currently
places in the results.

8 Conclusion

Meta-analysis is a tool that can help the environmental social sciences drastically
improve their ability to inform environmental policy. To improve its exportability,
environmental social scientists must improve the conducting and reporting of their
meta-analytic research to better inform policymakers. They must also explore ways
to create data reporting structures that are prepared to dynamically convey
up-to-date best practices to policymakers. Taking these steps will improve the
exportability of the environmental social sciences toward more effective designing
and implementing of environmental policies that are better able to address the
pressing environmental problems of our day.
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