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ABSTRACT
Increased interest in climate change education and the growing recognition 
of the challenges inherent to addressing this issue create an opportunity to 
conduct a systematic review to understand what research can contribute to 
our ideas about effective climate change education. An academic database, 
EBSCOhost, was used to identify 959 unique citation records addressing 
climate change education. Of these, 49 sources met the criteria of focusing 
on assessment of climate change education interventions. Analysis of these 
sources examined the intervention purpose, assessment methodology, and 
identified strategies that might result in effective interventions. Two themes 
were identified that are common to most environmental education: (1) 
focusing on personally relevant and meaningful information and (2) using 
active and engaging teaching methods. Four themes specific to issues 
such as climate change were also generated: (1) engaging in deliberative 
discussions, (2) interacting with scientists, (3) addressing misconceptions, 
and (4) implementing school or community projects. Suggestions for 
addressing controversial topics like climate change are offered.

Interest in education about climate change has increased in recent years, attributable in part to 
expanded funding and leadership for educational programs that address climate change (Anderson 
2012; Government of Alberta 2017; UNESCO 2009; U.S. Department of State 2014), the addition of 
climate change to educational curriculum guidelines (e.g. NRC 2012), mounting awareness of unusual 
weather patterns (Trenberth, Fasullo, and Shepherd 2015), and the deepening concern of the likelihood 
of global environmental, social, and economic changes due to climate change (Adger et al. 2013; Bellard 
et al. 2012; Moorhead 2009; NRC 2001; Wheeler and von Braun 2013). With this growing interest has 
come an increase in published research articles about climate change education around the world: 
from 12 articles published between 1990 and 1999, and 433 from 2000 to 2009, to 1489 from 2010 to 
2015, according to searches conducted in Academic Search Premier using the search terms of ‘climate 
change’ and ‘education.’ Despite this enormous wealth of information, educators are faced with many 
challenges when teaching about climate change and there is not broad agreement about what strat-
egies are most effective. The purpose of this research is to use a systematic review to synthesize the 
existing literature to describe educational strategies that have been shown to contribute to effective 
teaching about climate change in formal and non-formal settings.

Several aspects of climate change make it a challenging topic to teach. While educators attempt to 
convey accurate information through school programs, Extension programs, and non-formal venues, 
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misconceptions about the causes of climate change abound (Chen 2011; Choi et al. 2010; Sterman 
2011) and most youth do not understand basic climate science (Leiserowitz, Smith, and Marlon 2011; 
Shepardson et al. 2009; Taber and Taylor 2009). Realizing this, many secondary science educators believe 
their job is limited to conveying factual information about climate science. Others intend to build critical 
thinking skills and help youth understand the sources of conflict about climate change or prioritize 
problem solving skills as they help youth conduct local projects to mitigate and adapt to climate changes 
(Hudson 2001). Still others engage in interventions that acknowledge the psychosocial, evolutionary, 
and ethical aspects of climate change (Brownlee, Powell, and Hallo 2013; Grady-Benson and Sarathy 
2015; Harris 2009).

The distinction between ‘just the facts’ and ‘also the actions’ may separate some science educators 
from environmental educators, but also may highlight the point at which educators believe a funda-
mental science topic becomes political, and therefore too close to advocacy for classroom educators 
to address. While social change is at the core of environmental education’s mission (UNESCO 1978), it 
is challenging for some K-12 educators to address, hence the variation in goals from scientific facts to 
problem solving skills, action competence, and advocacy (Mappin and Johnson 2005; McNeal, Petcovic, 
and Reeves 2017; Stevenson 2007).

There is also recognition among educators and researchers that how we approach climate change 
might be different from other environmental issues. Certainly, the complexity and uncertainty of the 
topic requires careful thought and attention, but even more than ethical controversies about hazardous 
waste placement or plummeting biodiversity, the topic of climate change seems to deeply resonate with 
held values, such that adults respond by protecting their group identity and way of life. One outcome 
is the tendency to seek and recall information that reinforces one’s initial judgment (i.e. confirmation 
bias), creating cultural cognition (Haidt 2012; Kahan 2010; Kinder 1998; McCright and Dunlap 2011; 
Nickerson 1998), which compels people to protect their group identity, follow their group leaders, and 
discount information that conflicts with their group’s position (Kahan 2010). Therefore, designing and 
implementing programs about climate change may require a balancing act of increasing knowledge of 
climate change and acknowledging how cultural ideology plays a role in perception and learning (Guy 
et al. 2014). Exactly how this can be accomplished is beyond the scope of this paper, but identifying 
whether literature points to some useful strategies was the goal.

Beyond the challenges associated with the complex nature of climate change, educators working 
with various audiences, from youth in schools to adults in communities, report additional barriers to 
providing effective climate change education. Teachers express concern about parents’ responses to 
climate change, making them hesitant to teach about the topic (Wise 2010). Some educators have 
expressed concern that addressing climate change in their community could decrease their credibil-
ity and effectiveness (Morris et al. 2014; Tyson 2014) and so they avoid talking about climate change 
(Bowers, Monroe, and Adams 2016; Sommers 2014; Wojcik et al. 2014). In addition, some educators feel 
that they lack the necessary skills and knowledge to adequately deliver instruction regarding climate 
change (Monroe, Oxarart, and Plate 2013; Plutzer et al. 2016; Prokopy et al. 2015).

The increasing interest in and need for effective climate change education, and increasing awareness 
that we may not know how best to do it, combine to create an appropriate opportunity to conduct a 
systematic review to understand effective strategies in climate change education. There is a limit to 
looking to previously published work to identify strategies for the future. Yet there is also wisdom to 
being informed about what has been done before embarking on new efforts. Other researchers have 
embarked on similar tasks in recent years, reviewing existing literature on climate change communi-
cation and education (Wibeck 2014), teacher professional development (Hestness et al. 2014), global 
warming education (Bozdoğan 2011), climate change beliefs and attitudes (Brownlee, Powell, and Hallo 
2013), and factors influencing changes in skills, attitudes, and behaviors (Anderson 2012). This review 
differs from those mentioned as it focuses on articles that tested, measured, and reported results of a 
climate change educational intervention and used the systematic review process (see Methods). All of 
these efforts serve to guide educators as they continue to explore new approaches, gaps, and needs 
in climate change education.1
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Methods

A systematic review follows specific steps to produce results that are replicable (Cooper 2010; Gough, 
Oliver, and Thomas 2012). Borrowed from researchers in health and medicine, systematic reviews are 
not without their detractors (e.g. Evans and Benefield 2001), but do offer a chance to explore, survey, 
question, and improve the field’s published evidence. Systematic reviews help avoid the trap of cher-
ry-picking, where a small number of studies are chosen for their support of predefined conclusions, 
creating a weak evidence base that may not hold up to scrutiny from funders and other stakeholders.

Literature search and review

To conduct the review, we selected an academic search engine, EBSCOhost, which offers a single inter-
face to search multiple databases. The number of databases searched by EBSCOhost varies depending 
on the institution through which you gain access; we used the University of Florida’s library subscrip-
tion, which at the time (November 2015), searched 76 databases, including Academic Search Premier, 
Education Full Text, GreenFILE, and PsychINFO.

The selection of search terms is a balance between keeping the search broad enough to capture 
relevant material but narrow enough to make the review process manageable. Preliminary searches 
with combinations of different terms informed the selection of final search terms displayed in Figure 1. 
We limited the results to sources published in English and did not limit the time period of publication.

Entering the search terms in the EBSCOhost database as an unqualified search (meaning the data-
base searched the title, abstract, subject, keywords, and author) resulted in 1,091 citation records. We 
imported the results into Zotero, a bibliographic management program, and removed 132 duplicate 
records, leaving 959 citation records for the first round of review. Although the search identified abstracts 
that contained appropriate words in the given search fields, all the records did not answer the research 
question. A decision tree was created and tested to exclude sources that did not assess a climate 
change education intervention (Figure 2). Team members reviewed random subsets of abstracts until 
they reached 100% agreement on using the decision tree to determine whether to include the paper.

In the first round of review, each of the 959 abstracts was read by at least two team members. 
Using the decision tree, we marked 886 records as ‘exclude.’ Many of the excluded records explained 
that climate change education was important or suggested how it could be accomplished rather than 
reporting on a tested educational intervention. In addition to records that failed to meet the criteria of 
the decision tree, records were excluded if they were book reviews or non-English sources, or if we could 
not locate full text. The few dissertations that were identified in EBSCOhost were excluded because we 
had not done a thorough search for relevant dissertations.

Figure 1. search terms used in Ebscohost database.
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The second round of review involved multiple team members reading each article. The lead author 
read all 66 publications; each other team member read 33 publications, so that each article was read in 
its entirety by three people. Decisions and comments were tracked in a spreadsheet, and each article 
was discussed and evaluated for inclusion in the final set, ultimately composed of 48 peer-reviewed 
articles and 1 book chapter.

Figure 2. vetting process and results.
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Limitations of the review

Our search process excluded several potential sources of information about effective climate change 
education strategies. We sought only resources published in English and in the peer-reviewed literature 
captured in EBSCOhost. Many researchers around the world publish in English as well as their native 
language, but we acknowledge this limitation. We also did not access gray literature such as confer-
ence proceedings, dissertations, theses, and evaluation reports, which can be problematic to search 
efficiently. Given that our review relied solely on academic database searching, relevant research that 
did not use the exact search terms we employed would have not been captured. Despite missed con-
tributions, we believe our findings are based on a diverse enough sample to offer meaningful insight 
and implications.

The basic assumption of this study, however, is another limitation. We have attempted to identify 
effective climate change education by looking at evaluated interventions. We are relying on the authors 
(who are sometimes also the program developers, educators, and evaluators) to describe what made 
their program effective. Additionally, evaluation studies are often not published in the peer-reviewed 
literature unless they also include more generalizable research findings, making the orientation of the 
articles less about the climate change education intervention’s assessment and more about a specific 
strategy or comparison. There is also an extensive body of literature where interventions are not tested 
and measured that we did not include in this review. These studies also share powerful insights into how 
people learn about climate change, the barriers to understanding climate change, and the educational 
strategies that might be useful, and could be the focus of another review. A synthesis of these types 
of publications could expand the idea of what climate change education is and could be, and provide 
useful insights into innovative ways to think about instructional strategies.

Analysis

Team members recorded information about the intervention, the evidence regarding the effectiveness 
of the intervention, and the authors’ conclusions, if any, regarding why the intervention was effective. 
The programs were so varied that there is no simple answer to the question of how to effectively convey 
climate change. Nor can these programs be readily compared. For example, some were short interven-
tions (a field trip, a festival exhibit) while others were multi-week units. Some were part of a university 
course, and others reported on entire courses. Thus our goal was to search for common denominators 
and themes that these authors described (Gough, Oliver, and Thomas 2012).

The lead author identified an initial list of themes regarding how different educational strategies were 
effectively used to teach about climate change. Other team members contributed to and corroborated 
the fluid list of themes. Given that each member of the research team has previously been involved in 
climate change education (both as practitioners and researchers), we acknowledge that our identifica-
tion of themes likely built on our past experiences and knowledge of the literature (Corbin and Strauss 
2015). We discussed the emerging themes, noting which had substantial support and refining themes 
as needed. The resulting themes best capture the diversity of programs and findings and give each 
article a theme to connect to, though some articles and themes offer more insightful discussion about 
why these strategies are effective. We discuss these themes in the following sections; only themes with 
substantial support in the reviewed literature are presented.

Results

Demographics

Of the 49 contributions (Table 1), the majority involved teaching students in primary or secondary 
schools (n = 28) or colleges and universities (n = 11). Within the school-based programs, the youngest 
students were in a third/fourth split class (age 9), but elementary programs were not typical. All but 
two school-based programs occurred in the classroom; a botanical garden and an assembly auditorium 
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also served as locations for the interventions. Seven papers involved youth outside of school (such as 
summer programs) or training programs for in-service or pre-service teachers. Other papers are notable 
because they are outside the student/teacher/curriculum arena: an exhibit with information about 
energy conservation at a religious festival, a workshop for local decision makers, training for agricultural 
consultants, an online game or app for adults, and televised weather explanations. Just over half of the 
authors conducted their research in the United States (n = 26), with the remaining authors writing of 
work on four continents.

Purpose and assessment of the intervention

The papers ranged in focus from curriculum evaluation (Bofferding and Kloser 2015; Gold et al. 2015; 
Hallar, McCubbin, and Wright 2011; McNeal, Libarkin, et al. 2014; Varma and Linn 2012) to tests of spe-
cific methods or strategies (Mutlu and Tokcan 2013; Oluk and Özalp 2007; Porter, Weaver, and Raptis 
2012; Pruneau et al. 2003; Reinfried, Aeschbacher, and Rottermann 2012; Rooney-Varga et al. 2014; 
Theobald et al. 2015; Vethanayagam and Hemalatha 2010). Several were designed to provide insights 
into science education teaching techniques which could have used any content area, but happened to 
select climate change topics for its complexity or misconceptions (Holthuis et al. 2014; Jin, Zhan, and 
Anderson 2013; Karpudewan, Roth, and Chandrakesan 2015; Klosterman and Sadler 2010; Lester, Ma, 
and Lee 2006; Mason and Santi 1998; Otieno et al. 2014).

For 40 of the 49 articles, the programs described were designed to improve knowledge about cli-
mate change (Table 1) and authors measured this knowledge change as part or all of their assessment. 
Most assessed increased understanding about climate science or the causes of and solutions to climate 
change. Some interventions sought to change attitudes about the importance of climate change (e.g. 
Faria et al. 2015; Flora et al. 2014; Liu et al. 2015), empower action taking by assessing willingness to 
engage (e.g. Alexandar and Poyyamoli 2012; Chauhan et al. 2009; Cordero, Todd, and Abellera 2008; 
Lester, Ma, and Lee 2006; Pruneau, Doyon, Langis, et al. 2006; Stapleton 2015), or encourage selected 
behaviors (e.g. Flora et al. 2014; Leigh 2009; Pruneau, Doyon, Vasseur, et al. 2006; Robelia, Greenhow, 
and Burton 2011; Zografakis, Menegaki, and Tsagarakis 2008).

Authors used a variety of tools and indicators to assess effectiveness. Several authors developed 
pre/post tests of climate knowledge and attitudes to evaluate their particular program (Cordero, Todd, 
and Abellera 2008; Hallar, McCubbin, and Wright 2011; McNeal, Hammerman, et al. 2014; McNeal, 
Libarkin, et al. 2014; Nam and Ito 2011). Other studies reported using tools that had been validated 
by their own team, such as the Global Warming Success Test (Mutlu and Tokcan 2013) and the Climate 
Science Inventory of Knowledge (Lambert and Bleicher 2014). Some researchers used tools that had 
been validated by others, such as the Six Americas survey (Leiserowitz et al. 2013; Maibach, Roser-
Renouf, and Leiserowitz 2009) to assess perceptions of climate change to determine if the educational 
intervention shifted attitudes (Flora et al. 2014; Holthuis et al. 2014; Liu et al. 2015; Rooney-Varga et al. 
2014), a true/false test of knowledge (Taber and Taylor 2009), and the 2MEV scale to measure environ-
mental attitudes (Sellmann and Bogner 2013a). The New Environmental Paradigm Scale for Children 
was used (Karpudewan, Roth, and Abdullah 2015; Liu et al. 2015) to assess general attitudes toward 
the environment. In addition to measuring change in knowledge, surveys and interviews were also 
used to assess changes in efficacy (Dresner 1989), environmental identity (Stapleton 2015), and the 
value of using concept maps and influence diagrams to make thinking more visible (Cone et al. 2012).

Some researchers used a variety of tools to understand what occurred in the classroom: assessment 
tools included observations, interviews, focus groups, emails from teachers, student journals, and 
student work samples (e.g. Holthuis et al. 2014; Jin, Zhan, and Anderson 2013; Karpudewan, Roth, 
and Abdullah 2015; Karpudewan, Roth, and Chandrakesan 2015; Klosterman and Sadler 2010; Lester, 
Ma, and Lee 2006; Mason and Santi 1998; Oluk and Özalp 2007; Svihla and Linn 2012). Many of these 
researchers were seeking to understand how students came to develop their ideas and many formed 
the basis of our exploration into effective strategies. Eye-tracking data supplemented a pre/post survey 
and teacher interviews to help McNeal, Libarkin, et al. (2014) assess online curricula materials. Holthuis 
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et al. (2014) documented the level of student interaction with their Student Engagement Instrument 
and observations. Baker, Loxton, and Sherren (2013) analyzed artwork created by elementary students 
studying climate. Lambert and Bleicher (2014) and Liu et al. (2015) used student reflection journals 
and photo elicitation interviews to assess how participants understood climate change concepts. 
Student performance was measured by documenting energy savings in schools (Leigh 2009) and 
by tracking changes in behavior (Pruneau, Doyon, Langis, et al. 2006; Pruneau, Doyon, Vasseur, et al. 
2006). Some authors assessed the value of interventions with adults using journals, blogs, and self-as-
sessments from participants to describe valuable contributions and promising strategies (Lambert 
and Bleicher 2014; Lee et al. 2013; Liu et al. 2015). Reflections from different stakeholders who were 
involved in the process of developing instructional materials helped Gold et al. (2015) document the 
quality of the process.

Themes of effective climate change education

Two themes identified as strategies that increased program success are, in fact, common to many 
environmental education programs on any topic (NAAEE 2004, 2010).

(1)  The programs focused on making climate change information personally relevant and mean-
ingful for learners.

(2)  The activities or educational interventions were designed to engage learners.

Personally relevant and meaningful
Climate change communicators suggest that it is important to make the distant, global, and nebulous 
threat of climate change personally relevant (CRED 2009; Dilling and Moser 2007; Wibeck 2014) and 
several articles reported on educational interventions that did so. For example, climate change infor-
mation was embedded in a unit on water quality for middle school students in coastal India, using 
students’ awareness of the importance of clean water to generate a reason to understand current climate 
impacts on water quality (Alexandar and Poyyamoli 2012). Similarly, decision makers in coastal Oregon 
were engaged in increasing resilience to climate change in their communities, not a fictitious location 
(Cone et al. 2012), and Extension professional participants in Australia learned how to apply their new 
skills to develop climate risk management strategies for business owners in their areas (George et al. 
2009). Students interacted with scientists at a nearby laboratory to explore weather and climate on 
the local mountain and collect data (Hallar, McCubbin, and Wright 2011). Implementing an energy 
conservation project in their own school supplemented a unit on energy and climate change in the 
United Kingdom (Leigh 2009). Teenagers carried out a local study of climate change to gather evidence 
of change and predict impacts (Pruneau et al. 2003). Several programs incorporated a carbon calculator 
to help learners think about ways they generate carbon emissions and could possibly mitigate climate 
change (Chauhan et al. 2009; Cordero, Todd, and Abellera 2008).

Recognizing that the impacts of climate change are more obvious elsewhere in the world (such as 
the polar regions), some researchers investigated the effect of local contexts on learning. Students 
in California learned most about adaptations that responded to personal threats due to climate 
change, such as rising sea level (Bofferding and Kloser 2015). In a direct test of the effect of local 
example, Theobald et al. (2015) report that during an exercise with an undergraduate biology class, 
all students gained conceptual understanding with both local and global examples of climate 
changes. Female students, however, learned more through local examples than global ones; males 
showed no geographic bias. Just linking climate to an impact on people, however, is not enough. 
An undergraduate course in climate science through history, for example, increased knowledge of 
climate change and human interactions as well as interest in the topic, but students were ambiv-
alent about whether the science knowledge they gained was relevant to their lives and current 
issues (Nam and Ito 2011). Nor did studying the collapse of past civilizations help alter their current 
environmental behaviors.
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Engaging learners
The programs, curricula, and lessons tested in this set of reviewed articles used a variety of engaging, 
active, and student-centered teaching methods. Whether the intervention was described as using an 
experiential, inquiry-based, or constructivist approach, these teaching methods have been proven to 
be effective for science and environmental education (Bybee et al. 2006; Jacobson, McDuff, and Monroe 
2015) and are therefore frequently used in climate change education as well. The interventions described 
in many articles included teaching methods such as debates, small group discussions with worksheets, 
hands-on labs, and field trips (Alexandar and Poyyamoli 2012; Karpudewan, Roth, and Chandrakesan 
2015; Leigh 2009; Lester, Ma, and Lee 2006; Pruneau, Doyon, Langis, et al. 2006; Reinfried, Aeschbacher, 
and Rottermann 2012; Theobald et al. 2015). In some countries, however, this type of learning may 
not be commonplace and important research questions have been raised about the effectiveness of 
different teaching methods. For example, Karpudewan, Roth, and Abdullah (2015) explored the expe-
riential learning process 5E (Bybee et al. 1990) to compare a student-centered process to a traditional 
teacher-centered approach with 11-year old students in Malaysia. After the 5-week unit, the treatment 
group’s scores were significantly higher on global warming knowledge and environmental attitudes.

One study used a fast-paced, one-hour, assembly format with music and graphics to engage high 
school students in understanding the risk of climate change and the power they have to make a dif-
ference. An evaluation suggested that participants’ knowledge of climate science, their engagement 
in the issue, and all but one behavior (carrying a reusable water bottle) increased significantly after the 
presentation. Those who were disengaged, doubtful, or dismissive of climate change science before 
the program were most likely to become more concerned and show increased knowledge of climate 
science (Flora et al. 2014).

Role-plays and simulations that mimic reality are often used in environmental education materials 
to involve students in understanding other perspectives, project what might happen in the future, 
and increase interest and enjoyment in learning. Karpudewan, Roth, and Chandrakesan (2015) used a 
role-play to help secondary students learn about environmental issues. Dresner (1989) used an energy 
conservation simulation in undergraduate classes and suggested the simulation of engaging with a 
community to make a difference contributed to increasing intention to do so in the real world.

Several interventions used some form of visual imagery to capture interest and reach their audi-
ences. In Turkey, pre-service teachers who watched a documentary (An Inconvenient Truth) as part of 
a unit on climate change demonstrated significant learning gains when compared to a control group 
who did not watch the film (Mutlu and Tokcan 2013). Similarly, an animated educational video shown 
to 10- and 11-year-old students in India helped increase attention and responses to global warm-
ing content (Vethanayagam and Hemalatha 2010). In other cases, simple drawings or cartoons were 
used to convey information about global warming (Oluk and Özalp 2007; Reinfried, Aeschbacher, and 
Rottermann 2012).

Other studies focused on providing content about climate change through inquiry-based activi-
ties. Similar to the constructivist approach that Karpudewan, Roth, and Abdullah (2015) tested, these 
activities allowed students to develop their own knowledge and to generate conclusions based on 
this knowledge (Porter, Weaver, and Raptis 2012). Svihla and Linn (2012) found that using a structured 
student investigation helped middle school students better understand and integrate the knowledge 
they gained through interactive visualizations and make decisions regarding energy use. Varma and Linn 
(2012) suggest that specific directions and instructor guidance can help students effectively experiment 
to gain a deeper understanding of the content covered in an investigation. McNeal, Libarkin, et al. (2014) 
reported that online inquiry-based activities not only increased students’ conceptual understanding, 
but also their understanding of how complex systems interact. They also found that learning increases 
were highest in classes that completed the full set of lab investigations, rather than a portion of the labs.

Small group discussions with worksheets, laboratory investigations, and simulations were also engag-
ing strategies, in part because learners were working together, sharing ideas and observations, and com-
ing to new understandings as a result. Social interaction was present among learners from elementary 
schools to undergraduate courses, as well as adults in workshops and online programs. For instance, 
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despite the difficulty of finding time for discussion in undergraduate biology classes, Theobald et al. 
(2015) used a flipped classroom design with a worksheet to guide small group discussion. This helped 
create active learning, which increased conceptual understanding and pro-environmental attitudes. 
Worksheet-based, small group discussions were also effectively used with cartoon illustrations (Oluk 
and Özalp 2007; Reinfried, Aeschbacher, and Rottermann 2012) and in botanical gardens (Sellmann 
and Bogner 2013b) to increase knowledge.

These teaching strategies engage learners and are commonly used by educators in a variety of con-
texts. While it is important to not lose sight of what we know constitutes good education as we convey 
climate science (i.e. the previous two themes), it is also important to recognize that the challenges of 
climate change suggest that good education is not sufficient; additional strategies are needed when 
addressing politically nuanced controversy.

Themes specific to controversial topics

Four additional themes of teaching strategies emerged that may help move learners beyond the basics 
of climate science:

(1)  Educators used deliberative discussion to help learners better understand their own and others’ 
viewpoints and knowledge about climate change.

(2)  Learners were given the opportunity to interact with scientists and to experience the scientific 
process for themselves.

(3)  Programs were specifically designed to uncover and address misconceptions about climate 
change.

(4)  Learners were engaged in designing and implementing school or community projects to address 
some aspect of climate change.

Deliberative discussion
Discussions and conversations among learners were used to help them think more deeply about con-
cepts, compare perceptions, understand different opinions, and reflect on what they know. Klosterman 
and Sadler (2010), for example, introduced a three-week unit on climate science to high school chem-
istry students with a series of exercises involving discussions of students’ personal reactions to global 
warming coverage in the news. Using a ‘jigsaw’ format, students were then introduced to the positions 
of five different fictitious organizations with varying interests in climate change. Only after this social 
context was established did students begin laboratory exercises to explore fundamental concepts of 
climate science that would help them to assess the positions of the five fictitious organizations. The 
authors attribute students’ increase in understanding of global warming and climate change to their 
approach to this socio-scientific issue that emphasized personal reflection, group discussion, and clar-
ification of the science content.

In another study, a unit on the greenhouse effect and global warming provided an opportunity for 
Mason and Santi (1998) to observe fifth graders’ group discussions and ensuing changes of conceptions. 
They hypothesized that the experience of expressing, comparing, and critiquing different ideas through 
classroom discussion would enable students to alter embedded misconceptions and recognize this 
change in their own thinking. Many of the students explained that group discussion enabled them 
to realize the gaps in their understanding and create a more satisfactory mental model. For example, 
the students dispelled misconceptions about the ozone layer influencing climate change through the 
course of their own conversation with each other. In other words, through discussion, and with slight 
nudging from their teacher, students were able to identify how their specific theories about climate 
change contradicted their own broader framework theories, allowing them to rule out some of their 
initial ideas. The authors suggest that these results support the hypothesis that ‘[a] rgumentative prac-
tice, stimulated in group discussions, allows students to transform their personal beliefs into reasoned 
views’ (Mason and Santi 1998, 82).
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However, Öhman and Öhman’s (2013) work with deliberative conversations among 16- and 17-year-
old students over a 10-week project on climate change suggests that a group of homogenous students 
may not reflect the full complement of alternative perceptions or minority views. They observed that 
their study participants were reluctant to address ideological differences head on when discussing 
climate change. Instead, they tended to move toward consensus and were less likely to disagree or 
provide counter-arguments to others’ points. While a science teacher would be pleased with students 
who agree with the scientific consensus on climate change, helping students make sense of the con-
troversy may require that others voice valid concerns about policy debates, economic choices, and the 
costs and benefits of various mitigation scenarios.

Holthuis et al. (2014) also explored the fundamental nature of the conversations as teachers used 
new materials about climate change in their middle and high school classrooms, identifying three 
levels of engagement: (1) Engaged/Interacting refers to students who were engaged in the lesson and 
in a discussion with another student or a teacher; (2) Engaged/Not Interacting refers to students who 
were on task, but not talking with others (e.g. listening, reading); (3) Disengaged refers to students 
who were not on task. Perhaps not surprisingly, engagement with interaction correlated with higher 
learning gains while disengagement correlated with lower learning gains. In addition, engagement 
without interaction showed no correlation to learning gains. Thus, Holthuis et al. (2014) suggest that 
student interaction (rather than just listening intently) is an important factor in learning gains. More 
specifically, they suggest the importance of ‘epistemic’ discussions, or ‘how do we know talk,’ where 
students practice making a claim and then supporting that claim with evidence.

Similarly, Lambert and Bleicher (2014) developed a graduate level course for environmental edu-
cation students that focused on preparing educators to communicate scientific claims and critique 
arguments about climate change. Student journals revealed that the argumentation process was a 
powerful format and helped them learn more about science and skeptical claims.

Based on the assumption that social norms govern individual behavior, an online game for adults, 
GREENIFY, used peer pressure to share information, build efficacy, and launch commitment to new 
behaviors (Lee et al. 2013). Pre- and post-surveys and interviews suggest the experience helped par-
ticipants learn more about their impact on climate change and felt more empowered to do something. 
One participant commented that it was the interaction with other players that was most powerful.

In another study with an adult audience, McNeal, Hammerman, et al. (2014) focused on designing 
safe and open learning environments to engage members of faith, agriculture, school, and recreation 
communities in climate change conversations to create a productive dialogue and to build relationships 
among people with diverse viewpoints. Three factors were most important for influencing partici-
pants’ experience: feeling that their viewpoints were respected, learning new information about climate 
change, and learning about others’ perspectives on the issue, especially faith-based perspectives.

Interaction with science and scientists
Several studies used data and technology to help participants understand the process of climate science. 
In some cases, students interacted with scientists (Faria et al. 2015; Hallar, McCubbin, and Wright 2011) 
to collect measurements, share hypotheses, or discuss projects. Evaluations suggest these interactions 
helped inspire students’ interest in science, particularly if students were able to visit a laboratory.

One educational program trained university students to use technology, such as Geographic 
Information Systems, remote sensing, and satellite data technology to map snow cover and deforest-
ation, to appreciate global change (Cox, Kelly, and Yetter 2014). Pre and post assessments of knowledge 
of climate change indicated that students’ content knowledge increased significantly. Courses that 
included additional work with remote sensing tools increased student awareness, confidence, and 
understanding about climate change.

Teams of scientists and educators collaborated on the development of a number of climate change 
programs, making sure the science was accurately and helpfully conveyed (Gold et al. 2015; Holthuis 
et al. 2014; Lester, Ma, and Lee 2006; McNeal, Libarkin, et al. 2014). Student learning occurred in a vari-
ety of contexts, from online inquiry-based activities (McNeal, Libarkin, et al. 2014) to interpreting and 
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visualizing authentic scientific data from the Arctic (Gold et al. 2015). Building online information and 
databases into educational materials enabled learners to access data across space and time, creating 
important opportunities to build understanding (Cox, Kelly, and Yetter 2014; Gold et al. 2015; McNeal, 
Libarkin et al. 2014). For example, McNeal, Libarkin, et al. 2014 attributed an increase in systems under-
standing largely to the instructional focus on the concept of scale, allowing students to study changes 
taking place on multiple temporal and spatial scales, including those that are outside of human per-
ception (e.g. changes that take place over millennia).

Integrating the skills of educators and scientists provided multiple benefits. Teachers involved as 
collaborators on program development gained confidence in facilitating student exploration about 
the nature of science. Where they reported struggling, program developers were able to provide addi-
tional instructions and figures (Gold et al. 2015). Other authors reported that the use of data (even 
student-collected data) and discussions about how scientific knowledge is constructed were essential 
to student learning about the evidence for climate change (Holthuis et al. 2014; Karpudewan, Roth, 
and Chandrakesan 2015) and how to justify these conclusions to counter skeptical claims (Lambert 
and Bleicher 2014).

Addressing misconceptions
Several studies focused specifically on overcoming misconceptions regarding climate change. Perhaps 
the most prevalent misconception addressed in these studies is the conflation of climate change and 
the ozone hole (Baker, Loxton, and Sherren 2013; Karpudewan, Roth, and Chandrakesan 2015; Mason 
and Santi 1998). As discussed above, Karpudewan, Roth, and Chandrakesan (2015) and Mason and 
Santi (1998) report success in dispelling misconceptions through a constructivist approach focused 
on guided discussion among students.

Conflating climate change with the ozone layer is not restricted to youth. Liu et al. (2015) described 
on the impacts of a climate change-focused professional development workshop for secondary school 
science teachers in the United States. Participants attended a weeklong workshop and three one-day 
follow-up workshops on climate change. The authors reported success in increasing concern regarding 
climate change and improved understanding of how humans affect climate; however, some partici-
pants who expressed concern about climate change continued to see the ozone layer as a significant 
contributing factor to the problem. Niebert and Gropengiesser (2013) discussed similar confusion in a 
group of 18-year-old German students. Those authors reported success in changing student perceptions 
by directly addressing misconceptions with experiments that help leaners visualize and understand 
faulty lines of reasoning. For example, instructors developed lab experiments designed to illustrate the 
heat-trapping qualities of carbon dioxide. By considering the results of these experiments, students 
were able to understand the role of atmospheric carbon dioxide in trapping heat.

Reinfried, Aeschbacher, and Rottermann (2012) describe a similar experiment in which students were 
asked to hypothesize about the impacts of using air or carbon dioxide to obstruct radiant heat. This case, 
however, emphasized the importance of how the concepts are conveyed to students. Results showed 
greater learning gains from materials designed based on Aebli’s (1983) criteria for fostering construc-
tivist learning than from more conventional materials. These criteria are (1) start with students’ prior 
knowledge, (2) untangle complex processes into successional steps, (3) reduce the content to focus only 
on key ideas necessary to learn the new mental model being presented, and (4) avoid technical terms.

School and community projects
Several of the studies focused on elements of the educational intervention that reached beyond the 
classroom or training to provide learners with an opportunity to conduct a climate change project 
in the larger context of their school or community. In the United Kingdom, middle and high school 
students played a key role in reducing their school’s energy use by learning about energy resources, 
collecting data and monitoring energy use in classrooms, and planning and implementing appropriate 
actions projects within the school. After implementing several no-cost projects, the schools reduced 
their electrical usage by an average of 35% (Leigh 2009).
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In several studies, students engaged in projects that enabled them to communicate climate change 
concepts to others. In Crete, an energy efficiency education program resulted in students conserving 
energy at home and sharing information with their parents (Zografakis, Menegaki, and Tsagarakis 2008). 
In the United States, university faculty developed a climate change course that also taught media lit-
eracy and assigned groups to create public service announcements (Rooney-Varga et al. 2014). In an 
international exchange project, participating high school students met people who had been affected 
by climate change and worked with them in service projects, both of which influenced the importance 
they placed on climate change (Stapleton 2015). Upon returning home, some students voluntarily 
changed their environmental behaviors, took part in a variety of social action projects, and became 
leaders within their schools and communities as they shared climate change information with others.

In Canada, students combined a research project with community outreach as they conducted 
research on local climate change and presented information in a video that was sent to schools in 
their region (Pruneau et al. 2003). The students also planned and implemented action projects, such 
as planting trees with signage to explain the ecological value of trees. Student interviews revealed that 
these projects helped change their ideas about climate change and empowered them.

Discussion

Our review of 49 studies that reported results of educational interventions suggests six themes that 
contribute to effective climate change education. While every paper reported some attribute of their 
success, few programs employed more than three themes in the strategies they used to engage learn-
ers in considering climate change; constraints on each program included learner age, cultural context, 
and opportunity. The mere practice of these strategies does not guarantee climate change educa-
tion programs will be effective, but rather, they are likely meaningful ways that any program can be 
enhanced. Educators can use the themes to inform their choice of curriculum and teaching strategies 
when addressing climate change.

Every article described educational strategies that illustrated either (1) personal relevance and (2) 
engaging teaching methods or both. These themes focus on many of the same guidelines that environ-
mental educators and science educators have been espousing for decades. For example, the Guidelines 
for Excellence in Environmental Education suggest that materials and programs should be learner-cen-
tered and allow learners to create their own understandings and develop new skills through active, 
hands-on, inquiry-based learning opportunities (NAAEE 2004). Within the field of science education, 
one framework, the Knowledge Integration Framework (Linn and Hsi 2000; Svihla and Linn 2012), sug-
gests that educators: (1) make content accessible by connecting to personally relevant experiences or 
building on student ideas, (2) help students learn from each other by allowing them to compare ideas 
and debate viewpoints, (3) make thinking visible by using models, visuals, data collection and analysis, 
and (4) promote lifelong learning by creating an inquiry process and motivating its use.

Many of the programs captured in this review do this. They include activities that allow learners to 
actively engage with concepts, discuss their understanding, practice actions, and engage with relevant, 
local examples of climate change impacts. We wish to reinforce that good education for climate change 
can include the full complement of teaching methods that are proven to be successful, such as field trips, 
flipped classrooms, simulations, worksheets, data collection, role plays, and community action projects.

In the context of the first theme – personal relevance – the challenge and goal are similar to those in 
other educational contexts. Personal relevance is a prerequisite for good education–it enables learners 
to link what they already know with new material, create interest and meaning, and attend to the infor-
mation (Kaplan and Kaplan 1982). Some aspects of climate change, such as lack of direct and visible 
culprits, remoteness of impacts, and time lags between emissions and impacts to the climate system, 
may challenge educators to make their lessons personally relevant (Dilling and Moser 2007); however, it 
is clear from this review that these connections are possible and effective. Programs in our review often 
focused on the projected impacts of climate change to local ecosystems, agriculture, and communities. 
They connected data from the distant Arctic to local weather patterns (Gold et al. 2015). Some of the 
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programs tackled climate misconceptions by simplifying information, providing relevant examples, 
and using vivid illustrations (Baker, Loxton, and Sherren 2013; Bofferding and Kloser 2015; Oluk and 
Özalp 2007; Reinfried, Aeschbacher, and Rottermann 2012) while others did so through constructivist 
reflection and discussion (Holthuis et al. 2014; Mason and Santi 1998; Niebert and Gropengiesser 2013).

The second theme – engaging students – is also a prerequisite for good education. Educational 
programs in this review demonstrate strategies for engaging students through small group discussions, 
debates, laboratory experiments, online chats, and a host of other strategies. However, in the context of 
this theme, climate change represents an unusual combination of factors. Educators must address not 
only complex science, but must also consider how social factors, such as group identity, the threats to 
values posed by solutions, lack of political will, and the media’s practice of balancing opposing views, 
make it challenging to explore climate change and climate solutions (Dilling and Moser 2007; Kahan 
2009; Monroe et al. 2015; Wibeck 2014). In short, climate change educators have the challenge of creat-
ing an atmosphere that is welcoming to a diversity of perspectives on climate change, while dispelling 
students’ misconceptions about climate science, which are often heavily supported by socio-cultural 
factors.

Two broad perspectives on learning – both anchored by the theme of engaging students – can help 
address this challenge. The first, experiential learning, encompasses the process of active engagement 
and discovery with reflection and mental engagement (Kolb 1984). The second, social-constructivist 
perspectives, emphasizes that knowledge is constructed through social interaction (Dillon 2003), such 
that the process of learning occurs through small group discussions, debates, deliberations, and oppor-
tunities to contrast perspectives (Powell and Kalina 2009). The challenge of climate change education 
points to the potential need to combine these perspectives in a new way.

While NAAEE Guidelines for Excellence (2004) call for programming that provides students ‘with 
opportunities to construct their own understandings through hands-on, minds-on investigations’ (1) 
and reflect a ‘diversity of perspectives’ (5), they are less explicit about the possibility that people can 
interpret scientific facts differently, have different ideas about what that information means, or choose 
to ignore facts. Suggested questioning strategies and inquiry approaches are described in the context 
of exploring the surrounding world rather than understanding how we come to know the world (NAAEE 
2017). The challenges of climate change education suggest that the type of education we have always 
done may not be sufficient to engage learners in the metacognitive chore of understanding how they 
think and questioning the justification for their ideas. Therefore, the Guidelines for Excellence might be 
broadened to offer strategies for exploring science-based, yet culturally influenced issues.

Other studies reviewed here illustrate how guiding student investigations and fostering deliber-
ative discussion can improve scientific understanding and expose learners to multiple perspectives 
(McNeal, Hammerman, et al. 2014) though in some classrooms one perspective dominated (Öhman 
and Öhman 2013). Through collecting and analyzing data from field studies (Cox, Kelly, and Yetter 
2014; Faria et al. 2015; Hallar, McCubbin, and Wright 2011), performing classroom experiments (Niebert 
and Gropengiesser 2013; Reinfried, Aeschbacher, and Rottermann 2012), and participating in guided 
discussions (Holthuis et al. 2014; Karpudewan, Roth, and Chandrakesan 2015; Klosterman and Sadler 
2010; Lambert and Bleicher 2014; Mason and Santi 1998; McNeal, Hammerman, et al. 2014), students 
were encouraged to explore their own assumptions and perspectives regarding climate change in the 
context of sound science and others’ perspectives on the issue. The process of explaining what they 
know with an opportunity to critically think about, defend, and extend their ideas often gave them a 
better understanding of the science of climate change, the diversity of viewpoints, and greater confi-
dence and clarity about what they know. It also gives learners practice responding to those who hold 
different perceptions.

The processes of both analyzing data and engaging in deliberative discussions that challenge learn-
ers to explain where their ideas come from are also techniques for overcoming misconceptions. While 
much of the research into scientific misconceptions focuses on concepts that are difficult to see or expe-
rience (e.g. the tilt of the Earth or the movement of electrons), perceptions about climate change may 
also be affected by socio-cultural norms and worldview. Cultural cognition is an acknowledged element 
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of adult perceptions on climate change (Maibach, Roser-Renouf, and Leiserowitz 2009; McCright and 
Dunlap 2011) but it may affect youth to a lesser degree (Stevenson et al. 2014).

In addition to the challenges described above, climate change educators have the added task of 
inspiring action. Climate change education assumes that the public has a role to play in mitigating and 
adapting to climatic changes and in influencing policy and community planning (U.S. Global Change 
Research Program 2009). It is easy to feel hopeless in the face of global change, reticent leadership, 
and powerful industries. Yet the programs captured in this review found a number of ways to instill 
hopefulness and to motivate learners to take action. Some programs matched the problem to a scale 
that learners could approach. Rather than exploring global change, they looked at community impacts 
and strategies that communities could use (Bofferding and Kloser 2015; Cone et al. 2012; Lee et al. 2013; 
Pruneau et al. 2003). First-hand exposure to people who are currently experiencing climate change 
(Stapleton 2015) and interaction with scientists who study climate change (Hallar, McCubbin, and 
Wright 2011; Pruneau et al. 2003) appear to help motivate students to learn more and empower them 
to take actions. For young learners, this often involves communicating information to other audiences 
(Lester, Ma, and Lee 2006; Pruneau et al. 2003; Rooney-Varga et al. 2014). In addition, several programs 
linked actions to climate change by conveying the connections that personal behaviors have to carbon 
emissions or adaptation efforts (Chauhan et al. 2009; Cordero, Todd, and Abellera 2008; Flora et al. 2014; 
Lee et al. 2013; Leigh 2009; Zografakis, Menegaki, and Tsagarakis 2008).

Future research could further explore how the themes of personal relevance and student engage-
ment relate to the challenges of overcoming misconceptions and inspiring action. As with other social 
issues, educators may find it helpful to engage learners in discussions that question assumptions, iden-
tify values, compare evidence, and explore perceptions (Sadler 2011). Given the strength with which 
misconceptions were held in many of the studies reviewed here, additional research could explore 
how to approach misconceptions at various ages, including the role that a metacognitive focus can 
play in teasing apart socio-cultural reinforcements from basic scientific misconceptions with various 
audiences and whether nonformal educators can assist with this work, as they typically have less inter-
action with students than classroom teachers. Are some impacts of climate change more relevant 
and meaningful to learners of different ages? Will economic impacts resonate more with adults than 
concern for native plants and animals? Given the importance of hopefulness in the context of climate 
change (Li and Monroe forthcoming), future research could explore the degree local impacts motivate 
learners to understand climate science, or if an understanding of climate science is a prerequisite to 
making sense out of local impacts, or whether parental perceptions of climate change affect student 
motivation and action taking.

People at every age are sensitive to social norms, and several programs used the development of 
community-based expectations to support participants’ efforts to change behaviors or take action 
(Flora et al. 2014; Lee et al. 2013; Robelia, Greenhow, and Burton 2011; Stapleton 2015). It would be 
interesting to explore whether school and community projects that empower learners, build skills, and 
nurture hope for change (Leigh 2009; Pruneau et al. 2003; Rooney-Varga et al. 2014; Stapleton 2015) also 
affect one’s adherence to social norms and worldviews. Several programs help adults feel comfortable 
enough to explore value-based positions and interests (Mathews 2014; McNeal, Hammerman, et al. 
2014). Additional research might explore whether this process also helps them overcome their group 
identity and cultural cognition. And finally, a review of research papers cannot begin to articulate the 
state of climate change education and policy, but additional research could better understand how 
nations address climate change, the value or cost of a national curriculum that determines how this 
topic will be presented, gaps in pedagogy, and whether texts and programs seek the lowest level of 
agreement or shoot for the greatest vision.

Summary

The studies included in this review reported a range of educational program outcomes, including 
increasing awareness and knowledge of climate change science and potential impacts, both locally and 
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globally. Some of the programs aimed to address more than knowledge and attitudes about climate 
change. These programs were designed to build skills to assess scientific conclusions, for example, 
and empower learners to engage in actions to help mitigate or adapt to climate changes. While the 
latter goal could be outside the bounds of some science education programs, it is well within the 
definitional goals of environmental education. The UNESCO Climate Change Education for Sustainable 
Development program, for example, helps audiences ‘understand, address, mitigate and adapt to the 
impacts of climate change, encourage the changes in attitudes and behaviors needed to put our world 
on a more sustainable development path, and build a new generation of climate change-aware citizens’ 
(UNESCO 2010, 4).

Very few articles in our collection, however, embraced the goal for climate change education articu-
lated by Kagawa and Selby (2010, 4): ‘the learning moment can be seized to think about what really and 
profoundly matters, to collectively envision a better future, and then to become practical visionaries 
in realizing that future.’ In addition, we identified very few educational programs that intentionally 
approached climate change from both social and science disciplines (multidisciplinary, interdisciplinary, 
or transdisciplinary). While these programs may exist, our review of the peer-reviewed research literature 
did not capture them. A review of national educational policies and programs, or one of evaluation 
reports, may result in a different finding. Perhaps Kagawa and Selby’s vision provides the needed direc-
tion for which new curriculum should be designed. As climate change education programs grow and 
build upon the successes of others, they can play an essential role in developing communities of such 
practical visionaries necessary to address future challenges.

Note
1.  Recognizing that literature reviews have the potential to identify, document, and share compelling evidence and 

research findings about effective environmental education, the North American Association for Environmental 
Education (NAAEE) embarked on a project to serve the field with their eeWORKS project, and identified climate 
change education as one topic for study (https://naaee.org/our-work/programs/eeworks). The impetus for this 
project comes from funders who want to know what is most effective and practitioners who want to put research 
findings into practice. The eeWORKS project began by synthesizing the literature associated with academic 
outcomes of environmental education (Ardoin et al. forthcoming) and is currently exploring how environmental 
education programs address conservation outcomes and the role of environmental education in early childhood. 
While each project uses similar strategies for a systematic literature review, the search terms and decision rules 
are different. As part of the eeWORKS project, summaries and suggested strategies for educators will be available 
on the NAAEE website.

Disclosure statement
No potential conflict of interest was reported by the authors.

Funding
This activity is part of eeWORKS, a project of the North American Association of Environmental Education. It was funded 
by the Pine Integrated Network: Education, Mitigation, and Adaptation project (PINEMAP), which is a Coordinated 
Agricultural Project funded by the USDA National Institute of Food and Agriculture [grant number 2011-68002-30185].

Notes on contributors
Martha Monroe is a professor at the School of Forest Resources and Conservation at the University of Florida in the 
United States. Her work focuses on the development and evaluation of programs that empower participants and enhance 
sustainability.

Richard Plate is a visiting lecturer at the Office of Interdisciplinary Studies at the University of Central Florida. His work 
focuses on how people think and make decisions about environmental issues.

Annie Oxarart coordinates environmental education and communication programs at the School of Forest Resources and 
Conservation, University of Florida.

https://naaee.org/our-work/programs/eeworks


18  M. C. MONROE ET AL.

Alison Bowers is a doctoral student in Educational Research and Evaluation at the School of Education at Virginia Tech. 
She is currently involved in research projects that explore mixed methods and grounded theory in systematic reviews.

Willandia Chaves works at the School of Forest Resources and Conservation at the University of Florida. She is interested 
in understanding human behavior toward the environment, especially related to wildlife use and conservation.

References
Adger, W. Neil, Jon Barnett, Katrina Brown, Nadine Marshall, and Karen O’Brien. 2013. “Cultural Dimensions of Climate 

Change Impacts and Adaptation.” Nature Climate Change 3 (2): 112–117. doi:10.1038/nclimate1666.
Aebli, H. 1983. Zwölf Grundformen des Lehrens: Eine Allgemeine Didaktik auf Psychologischer Grundlage [Twelve Basic Methods 

of Teaching: General Didactics Based on Psychology]. Stuttgart: Klett.
Alexandar, R., and G. Poyyamoli. 2012. “Activity-based Water Resources and Climate Change Education among School 

Students in Puducherry.” In Climate Change and the Sustainable Use of Water Resources, edited by Walter Leal Filho, 
557–578. Climate Change Management series. New York: Springer.

Anderson, Alison. 2012. “Climate Change Education for Mitigation and Adaptation.” Journal of Education for Sustainable 
Development 6 (2): 191–206.

Ardoin, Nicole M., Alison W. Bowers, Noelle Wyman Roth, and Nicole Holthuis. forthcoming. “Environmental Education and 
K–12 Student Outcomes: A Review and Analysis of Research.” Journal of Environmental Education.

Baker, Jillian, Jason Loxton, and Kate Sherren. 2013. “Using Art Elicitation to Deliver and Evaluate a Grade 4 Climate 
Change Instructional Module.” Applied Environmental Education & Communication 12 (2): 130–142. doi:10.1080/15330
15X.2013.824248.

Bellard, Céline, Cleo Bertelsmeier, Paul Leadley, Wilfried Thuiller, and Franck Courchamp. 2012. “Impacts of Climate Change 
on the Future of Biodiversity.” Ecology Letters 15 (4): 365–377. doi:10.1111/j.1461-0248.2011.01736.x.

Bofferding, Laura, and Matthew Kloser. 2015. “Middle and High School Students’ Conceptions of Climate Change Mitigation 
and Adaptation Strategies.” Environmental Education Research 21 (2): 275–294. doi:10.1080/13504622.2014.888401.

Bowers, Alison W., Martha C. Monroe, and Damian C. Adams. 2016. “Climate Change Communication Insights from 
Cooperative Extension Professionals in the US Southern States: Finding Common Ground.” Environmental Communication 
10 (5): 656–670. doi:10.1080/17524032.2016.1176947.

Bozdoğan, Aykut Emre. 2011. “A Collection of Studies Conducted in Education about ‘Global Warming’ Problem.” Educational 
Sciences: Theory and Practice 11 (3): 1618–1624.

Brownlee, Matthew T. J., Robert B. Powell, and Jeffery C. Hallo. 2013. “A Review of the Foundational Processes That Influence 
Beliefs in Climate Change: Opportunities for Environmental Education Research.” Environmental Education Research  
19 (1): 1–20. doi:10.1080/13504622.2012.683389.

Bybee, Roger W., Joseph A. Taylor, April Gardner, Pamela Van Scotter, Janet C. Powell, Anne Westbrook, and Nancy Landes. 
2006. The BSCS 5E Instructional Model: Origins and Effectiveness. A report prepared for the Office of Science Education, 
National Institutes of Health. https://uteach.wiki.uml.edu/file/view/UTeach_5Es.pdf/355111234/UTeach_5Es.pdf

Bybee, Roger W., and Nancy M. Landes. 1990. “Science for Life and Living: An Elementary School Science Program from the 
Biological Sciences Curriculum Study.” American Biology Teacher 52 (2): 92–98. doi:10.2307/4449042.

Chauhan, Sheila, Sita Rama Das, Natalia Rita, and Martin Haigh. 2009. “Promoting Education for Sustainability in a Vaishnava 
(Hindu) Community.” Applied Environmental Education & Communication 8 (2): 114–125. doi:10.1080/15330150903133702.

Chen, Xiang. 2011. “Why Do People Misunderstand Climate Change? Heuristics, Mental Models and Ontological 
Assumptions.” Climatic Change 108 (1–2): 31–46. doi:10.1007/s10584-010-0013-5.

Choi, Soyoung, Dev Niyogi, Daniel P. Shepardson, and Umarporn Charusombat. 2010. “Do Earth and Environmental 
Science Textbooks Promote Middle and High School Students’ Conceptual Development about Climate Change? 
Textbooks’ Consideration of Students’ Misconceptions.” Bulletin of the American Meteorological Society 91 (7): 889–898. 
doi:10.1175/2009BAMS2625.1.

Cone, Joseph, Shawn Rowe, Jenna Borberg, and Briana Goodwin. 2012. “Community Planning for Climate Change: Visible 
Thinking Tools Facilitate Shared Understanding.” Journal of Community Engagement & Scholarship 5 (2): 7–19.

Cooper, Harris M. 2010. Research Synthesis and Meta-analysis: A Step-by-step Approach. Thousand Oaks, CA: Sage.
Corbin, Juliet, and Anselm Strauss. 2015. Basics of Qualitative Research. 4th ed. Los Angeles, CA: Sage.
Cordero, Eugene C., Anne Marie Todd, and Diana Abellera. 2008. “Climate Change Education and the Ecological Footprint.” 

Bulletin of the American Meteorological Society 89 (6): 865–872. doi:10.1175/2007BAMS2432.2.
Cox, Helen, Kimberle Kelly, and Laura Yetter. 2014. “Using Remote Sensing and Geospatial Technology for Climate Change 

Education.” Journal of Geoscience Education 62 (4): 609–620. doi:10.5408/13-040.1.
CRED (Center for Research on Environmental Decisions). 2009. The Psychology of Climate Change Communication: A Guide 

for Scientists, Journalists, Educators, Political Aides, and the Interested Public. New York. https://guide.cred.columbia.edu.
Dilling, Lisa, and Susanne C. Moser. 2007. “Introduction.” In Creating a Climate for Change, edited by Susanne C. Moser and 

Lisa Dilling, 1–28. Cambridge, NY: Cambridge University Press.

https://doi.org/10.1038/nclimate1666
https://doi.org/10.1080/1533015X.2013.824248
https://doi.org/10.1080/1533015X.2013.824248
https://doi.org/10.1111/j.1461-0248.2011.01736.x
https://doi.org/10.1080/13504622.2014.888401
https://doi.org/10.1080/17524032.2016.1176947
https://doi.org/10.1080/13504622.2012.683389
https://uteach.wiki.uml.edu/file/view/UTeach_5Es.pdf/355111234/UTeach_5Es.pdf
https://doi.org/10.2307/4449042
https://doi.org/10.1080/15330150903133702
https://doi.org/10.1007/s10584-010-0013-5
https://doi.org/10.1175/2009BAMS2625.1
https://doi.org/10.1175/2007BAMS2432.2
https://doi.org/10.5408/13-040.1
https://guide.cred.columbia.edu


ENVIRONMENTAL EDUCATION RESEARCH  19

Dillon, Justin. 2003. “On Learners and Learning in Environmental Education: Missing Theories, Ignored Communities.” 
Environmental Education Research 9 (2): 215–226.

Dresner, Marion. 1989. “Changing Energy End-use Patterns as a Means of Reducing Global-warming Trends.” Journal of 
Environmental Education 21: 41–46. doi:10.1080/00958964.1990.9941930.

Evans, Jennifer, and Pauline Benefield. 2001. “Systematic Reviews of Educational Research: Does the Medical Model Fit?” 
British Educational Research Journal 27 (5): 527–541. doi:10.1080/01411920120095717.

Faria, Felipe, Kelly Klima, I. Daniel Posen, and Inês M. L. Azevedo. 2015. “A New Approach of Science, Technology, Engineering, 
and Mathematics Outreach in Climate Change, Energy, and Environmental Decision Making.” Sustainability: The Journal 
of Record 8 (5): 261–271. doi:10.1089/SUS.2015.29023.

Flora, June, Melissa Saphir, Matt Lappé, Connie Roser-Renouf, Edward Maibach, and Anthony Leiserowitz. 2014. “Evaluation 
of a National High School Entertainment Education Program: The Alliance for Climate Education.” Climatic Change 127 
(3–4): 419–434. doi:10.1007/s10584-014-1274-1.

George, David, Jeff Clewett, Colin Birch, Anthony Wright, and Wendy Allen. 2009. “A Professional Development 
Climate Course for Sustainable Agriculture in Australia.” Environmental Education Research 15 (4): 417–441. 
doi:10.1080/13504620902946978.

Gold, Anne U., Karin Kirk, Deb Morrison, Susan Lynds, Susan Buhr Sullivan, Andrey Grachev, and Ola1 Persson. 2015. 
“Arctic Climate Connections Curriculum: A Model for Bringing Authentic Data into the Classroom.” Journal of Geoscience 
Education 63 (3): 185–197. doi:10.5408/14-030.1.

Gough, David, Sandy Oliver, and James Thomas. 2012. An Introduction to Systematic Reviews. Thousand Oaks, CA: Sage.
Government of Alberta. 2017. Community Environmental Action Grant. https://www.alberta.ca/alberta-community-

environment-action-grant.aspx#toc-0.
Grady-Benson, Jessica, and Brinda Sarathy. 2015. “Fossil Fuel Divestment in US Higher Education: Student-led Organising 

for Climate Justice.” Local Environment 21 (6): 661–681.
Guy, Sophie, Yoshihisa Kashima, Iain Walker, and Saffron O’Neill. 2014. “Investigating the Effects of Knowledge and Ideology 

on Climate Change Beliefs.” European Journal of Social Psychology 44 (5): 421–429. doi:10.1002/ejsp.2039.
Haidt, Jonathan. 2012. The Righteous Mind: Why Good People are Divided by Politics and Religion. NewYork: First Vintage 

Books, Random House.
Hallar, A. Gannet, Ian B. McCubbin, and Jennifer M. Wright. 2011. “CHANGE: A Place-based Curriculum for Understanding 

Climate Change at Storm Peak Laboratory, Colorado.” Bulletin of the American Meteorological Society 92 (7): 909–918. 
doi:10.1175/2011BAMS3026.1.

Harris, Paul G. 2009. World Ethics and Climate Change: From International to Global Justice. Edinburgh: Edinburgh University 
Press.

Hestness, Emily, R. Christopher McDonald, Wayne Breslyn, J. Randy McGinnis, and Chrystalla Mouza. 2014. “Science Teacher 
Professional Development in Climate Change Education Informed by the Next Generation Science Standards.” Journal 
of Geoscience Education 62 (3): 319–329. doi:10.5408/13-049.1.

Holthuis, Nicole, Rachel Lotan, Jennifer Saltzman, Mike Mastrandrea, and Andrew Wild. 2014. “Supporting and 
Understanding Students’ Epistemological Discourse about Climate Change.” Journal of Geoscience Education 62 (3): 
374–387. doi:10.5408/13-036.1.

Hudson, Stewart J. 2001. “Challenges for Environmental Education: Issues and Ideas for the 21st Century.” BioScience 51 
(4): 283–288.

Jacobson, Susan K., Mallory D. McDuff, and Martha C. Monroe. 2015. Conservation Education and Outreach Techniques. 2nd 
ed. Oxford: Oxford University Press.

Jin, Hui, Li Zhan, and Charles W. Anderson. 2013. “Developing a Fine-grained Learning Progression Framework for Carbon-
transforming Processes.” International Journal of Science Education 35 (10): 1663–1697. doi:10.1080/09500693.2013.7
82453.

Kagawa, Fumiyo, and David Selby. 2010. “Introduction.” In Education and Climate Change: Living and Learning in Interesting 
Times, edited by Fumiyo Kagawa and David Selby, 1–11. London: Routledge.

Kahan, Dan. 2009. “Ideology in” or “Cultural Cognition of” Judging: What Difference Does It Make? Faculty Scholarship Series. 
Paper 4689. https://digitalcommons.law.yale.edu/fss_papers/4689.

Kahan, Dan. 2010. “Fixing the Communications Failure.” Nature 463: 296–297. doi:10.1038/463296a.
Kaplan, Stephen, and Rachel Kaplan. 1982. Cognition and Environment: Functioning in an Uncertain World. New York: Praeger.
Karpudewan, Mageswary, Wolff-Michael Roth, and Mohd Nor Syahrir Bin Abdullah. 2015. “Enhancing Primary School 

Students’ Knowledge about Global Warming and Environmental Attitude Using Climate Change Activities.” International 
Journal of Science Education 37 (1): 31–54. doi:10.1080/09500693.2014.958600.

Karpudewan, Mageswary, Wolff-Michael Roth, and Kasturi Chandrakesan. 2015. “Remediating Misconception on Climate 
Change among Secondary School Students in Malaysia.” Environmental Education Research 21 (4): 631–648. doi:10.10
80/13504622.2014.891004.

Kinder, Donald R. 1998. “Opinion and Action in the Realm of Politics.” In Handbook of Social Psychology, edited by Daniel 
Gilbert, Susan Fiske, and Gardner Lindzey, 778–867. NewYork: McGraw-Hill.

https://doi.org/10.1080/00958964.1990.9941930
https://doi.org/10.1080/01411920120095717
https://doi.org/10.1089/SUS.2015.29023
https://doi.org/10.1007/s10584-014-1274-1
https://doi.org/10.1080/13504620902946978
https://doi.org/10.5408/14-030.1
https://www.alberta.ca/alberta-community-environment-action-grant.aspx#toc-0
https://www.alberta.ca/alberta-community-environment-action-grant.aspx#toc-0
https://doi.org/10.1002/ejsp.2039
https://doi.org/10.1175/2011BAMS3026.1
https://doi.org/10.5408/13-049.1
https://doi.org/10.5408/13-036.1
https://doi.org/10.1080/09500693.2013.782453
https://doi.org/10.1080/09500693.2013.782453
https://digitalcommons.law.yale.edu/fss_papers/4689
https://doi.org/10.1038/463296a
https://doi.org/10.1080/09500693.2014.958600
https://doi.org/10.1080/13504622.2014.891004
https://doi.org/10.1080/13504622.2014.891004


20  M. C. MONROE ET AL.

Klosterman, Michelle L., and Troy D. Sadler. 2010. “Multi‐level Assessment of Scientific Content Knowledge Gains 
Associated with Socioscientific Issues‐based Instruction.” International Journal of Science Education 32 (8): 1017–1043. 
doi:10.1080/09500690902894512.

Kolb, David A. 1984. Experiential Learning: Experience as the Source of Learning and Development. Vol. 1. Englewood Cliffs, 
NJ: Prentice-Hall.

Lambert, Julie Lee, and Robert E. Bleicher. 2014. “Improving Climate Change Communication Starting with Environmental 
Educators.” Journal of Geoscience Education 62 (3): 388–401. doi:10.5408/13-062.1.

Lambert, Julie L., Joan Lindgren, and Robert Bleicher. 2012. “Assessing Elementary Science Methods Students’ Understanding 
about Global Climate Change.” International Journal of Science Education 34 (8): 1167–1187. doi:10.1080/09500693.20
11.633938.

Lee, Joey J., Pinar Ceyhan, William Jordan-Cooley, and Woonhee Sung. 2013. “GREENIFY.” Simulation & Gaming 44 (2–3): 
349–365. doi:10.1177/1046878112470539.

Leigh, Kathryn. 2009. “ENERGY BUSTERS Norfolk Schools Fight Climate Change.” Environmental Education 91: 13–14.
Leiserowitz, Anthony, Edward Maibach, Connie Roser-Renouf, Geoff Feinberg, and Peter Howe. 2013. Global Warming’s Six 

Americas, September 2012. New Haven, CT: Yale University and George Mason University, Yale Project on Climate Change 
Communication. https://environment.yale.edu/climate/publications/Six-Americas-September-2012.

Leiserowitz, Anthony, Nicholas Smith, Jennifer R. Marlon. 2011. American Teens’ Knowledge of Climate Change. New 
Haven, CT: Yale Project on Climate Change Communication. https://climatecommunication.yale.edu/wp-content/
uploads/2016/02/2011_04_American-Teens’-Knowledge-of-Climate-Change.pdf.

Lester, Benjamin T., Li Ma, and Okhee Lee. 2006. “Social Activism in Elementary Science Education: A Science, Technology, 
and Society Approach to Teach Global Warming.” International Journal of Science Education 28 (4): 315–339. 
doi:10.1080/09500690500240100.

Li, Christine, and Martha C. Monroe. forthcoming. “Development and Validation of the Climate Change Hope Scale for High 
School Students.” Environment and Behavior.

Linn, Marcia C., and Sherry Hsi. 2000. Computers, Teachers, Peers: Science Learning Partners. Mahwah, NJ: Erlbaum.
Liu, Shiyu, Gillian Roehrig, Devarati Bhattacharya, and Keisha Varma. 2015. “In-service Teachers’ Attitudes, Knowledge and 

Classroom Teaching of Global Climate Change.” Science Educator 24 (1): 12–22.
Maibach, Edward, Connie Roser-Renouf, and Anthony Leiserowitz. 2009. Global Warming’s Six Americas 2009: An Audience 

Segmentation Analysis. New Haven, CT: Yale University and George Mason University, Yale Project on Climate Change 
Communication.

Mappin, Michael J., and Edward A. Johnson. 2005. “Changing Perspectives of Ecology and Education in Environmental 
Education.” In Environmental Education and Advocacy, edited by Edward Johnson and Michael Mappin, 1–27. Cambridge: 
Cambridge University Press.

Mason, Lucia, and Marina Santi. 1998. “Discussing the Greenhouse Effect: Children’s Collaborative Discourse Reasoning 
and Conceptual Change.” Environmental Education Research 4 (1): 67–85.

Mathews, David. 2014. The Ecology of Democracy. Dayton, OH: Kettering Foundation Press.
McCright, Aaron M., and Riley E. Dunlap. 2011. “Cool Dudes: The Denial of Climate Change among Conservative White 

Males in the United States.” Global Environmental Change 21: 1163–1172.
McNeal, Karen, James Hammerman, Jonathan Christiansen, and F. Julian Carroll. 2014. “Climate Change Education in the 

Southeastern U.S. through Public Dialogue: Not Just Preaching to the Choir.” Journal of Geoscience Education 62 (4): 
631–644. doi:10.5408/13-061.1.

McNeal, Karen S., Julie C. Libarkin, Tamara Shapiro Ledley, Erin Bardar, Nick Haddad, Kathy Ellins, and Saranee Dutta. 2014. 
“The Role of Research in Online Curriculum Development: The Case of EarthLabs Climate Change and Earth System 
Modules.” Journal of Geoscience Education 62 (4): 560–577. doi:10.5408/13-060.1.

McNeal, Peggy, Heather Petcovic, and Patricia Reeves. 2017. “What is Motivating Middle-school Science Teachers to Teach 
Climate Change?” International Journal of Science Education 39 (8): 1069–1088. doi:10.1080/09500693.2017.1315466.

Monroe, Martha C., Annie Oxarart, and Richard R. Plate. 2013. “A Role for Environmental Education in Climate Change for 
Secondary Science Educators.” Applied Environmental Education & Communication 12 (1): 4–18. doi:10.1080/153301
5X.2013.795827.

Monroe, Martha C., Richard R. Plate, Damian C. Adams, and Deborah J. Wojcik. 2015. “Harnessing Homophily to Improve 
Climate Change Education.” Environmental Education Research 21 (2): 221–238. doi:10.1080/13504622.2014.910497.

Moorhead, A. 2009. Climate Change, Agriculture and Food Security: A Strategy for Change. Alliance of the CGIAR Centers. 
https://cgspace.cgiar.org/handle/10568/33395

Morris, Hilary L. C., Mark A. Megalos, Aaron J. Vuola, Damian C. Adams, and Martha C. Monroe. 2014. “Cooperative Extension 
and Climate Change: Successful Program Delivery.” Journal of Extension 52 (2). https://www.joe.org/joe/2014april/comm3.
php.

Mutlu, Mehmet, and Halil Tokcan. 2013. “Success Effect of Documentary Use in Teaching of Global Warming Subject.” 
International Journal of Academic Research 5 (5): 263–268. doi:10.7813/2075-4124.2013/5-5/B.40.

NAAEE (North American Association for Environmental Education). 2004. Guidelines for Excellence: Environmental Education 
Materials. Washington, DC: NAAEE. https://naaee.org/sites/default/files/gl_ee_materials_complete.pdf.

https://doi.org/10.1080/09500690902894512
https://doi.org/10.5408/13-062.1
https://doi.org/10.1080/09500693.2011.633938
https://doi.org/10.1080/09500693.2011.633938
https://doi.org/10.1177/1046878112470539
https://environment.yale.edu/climate/publications/Six-Americas-September-2012
https://climatecommunication.yale.edu/wp-content/uploads/2016/02/2011_04_American-Teens’-Knowledge-of-Climate-Change.pdf
https://climatecommunication.yale.edu/wp-content/uploads/2016/02/2011_04_American-Teens’-Knowledge-of-Climate-Change.pdf
https://doi.org/10.1080/09500690500240100
https://doi.org/10.5408/13-061.1
https://doi.org/10.5408/13-060.1
https://doi.org/10.1080/09500693.2017.1315466
https://doi.org/10.1080/1533015X.2013.795827
https://doi.org/10.1080/1533015X.2013.795827
https://doi.org/10.1080/13504622.2014.910497
https://cgspace.cgiar.org/handle/10568/33395
https://www.joe.org/joe/2014april/comm3.php
https://www.joe.org/joe/2014april/comm3.php
https://doi.org/10.7813/2075-4124.2013/5-5/B.40
https://naaee.org/sites/default/files/gl_ee_materials_complete.pdf


ENVIRONMENTAL EDUCATION RESEARCH  21

NAAEE (North American Association for Environmental Education). 2010. Excellence in Environmental Education: Guidelines 
for Learning (K-12). Washington, DC: NAAEE. https://naaee.org/sites/default/files/learnerguidelines_new.pdf.

NAAEE (North American Association for Environmental Education). 2017. Professional Development of Environmental 
Educators: Guidelines for Excellence. Washington, DC: NAAEE. https://naaee.org/sites/default/files/professional_
development_of_environmental_educators_-_guidelines_for_excellence_2017.pdf

Nam, Y., and E. Ito. 2011. “A Climate Change Course for Undergraduate Students.” Journal of Geoscience Education 59 (4): 
229–241. doi:10.5408/1.3651405.

Nickerson, Raymond S. 1998. “Confirmation Bias: A Ubiquitous Phenomenon in Many Guises.” Review of General Psychology 
2 (2): 175–220.

Niebert, Kai, and Harald Gropengiesser. 2013. “Understanding and Communicating Climate Change in Metaphors.” 
Environmental Education Research 19 (3): 282–302. doi:10.1080/13504622.2012.690855.

NRC (National Research Council). 2001. Climate Change Science: An Analysis of Some Key Questions. Washington, DC: The 
National Academies Press. doi:10.17226/10139.

NRC (National Research Council). 2012. A Framework for K-12 Science Education: Practices, Crosscutting Concepts, and Core 
Ideas. Washington, DC: The National Academies Press. doi:10.17226/13165.

Öhman, Johan, and Marie Öhman. 2013. “Participatory Approach in Practice: An Analysis of Student Discussions about 
Climate Change.” Environmental Education Research 19 (3): 324–341. doi:10.1080/13504622.2012.695012.

Oluk, Sami, and Işılay Özalp. 2007. “The Teaching of Global Environmental Problems according to the Constructivist 
Approach: As a Focal Point of the Problem and the Availability of Concept Cartoons.” Educational Sciences: Theory & 
Practice 7 (2): 881–896.

Otieno, Christine, Hans Spada, Katharina Liebler, Thomas Ludemann, Ulrich Deil, and Alexander Renkl. 2014. “Informing 
about Climate Change and Invasive Species: How the Presentation of Information Affects Perception of Risk, Emotions, 
and Learning.” Environmental Education Research 20 (5): 612–638. doi:10.1080/13504622.2013.833589.

Plutzer, Eric, Mark Mccaffrey, A. Lee Hannah, Joshua Rosenau, Minda Berbeco, and Ann H. Reid. 2016. “Climate Confusion 
among U.S. Teachers.” Science 351: 664–665.

Porter, Dianna, Andrew J. Weaver, and Helen Raptis. 2012. “Assessing Students’ Learning about Fundamental Concepts of 
Climate Change under Two Different Conditions.” Environmental Education Research 18 (5): 665–686. doi:10.1080/135
04622.2011.640750.

Powell, Katherine C., and Cody J. Kalina. 2009. “Cognitive and Social Constructivism: Developing Tools for an Effective 
Classroom.” Education 130 (2): 241–250.

Prokopy, Linda Stalker, J. Stuart Carlton, J. Gordon Arbuckle, Tonya Haigh, Maria Carmen Lemos, Amber Saylor Mase, Nicholas 
Babin, et al. 2015. “Extension’s Role in Disseminating Information about Climate Change to Agricultural Stakeholders in 
the United States.” Climatic Change 130 (2): 261–272. doi:10.1007/s10584-015-1339-9.

Pruneau, Diane, André Doyon, Joanne Langis, Liette Vasseur, Gilles Martin, Eileen Ouellet, and Gaston Boudreau. 2006. “The 
Process of Change Experimented by Teachers and Students When Voluntarily Trying Environmental Behaviors.” Applied 
Environmental Education & Communication 5 (1): 33–40. doi:10.1080/15330150500452349.

Pruneau, Diane, André Doyon, Liette Vasseur, Joanne Langis, Eileen Ouellet, Elizabeth McLaughlin, Gilles Martin, and Gaston 
Boudreau. 2006. “When Teachers Adopt Environmental Behaviors in the Aim of Protecting the Climate.” The Journal of 
Environmental Education 37 (3): 3–12.

Pruneau, Diane, Helene Gravel, Wendy Bourque, and Joanne Langis. 2003. “Experimentation with a Socio-constructivist 
Process for Climate Change Education.” Environmental Education Research 9 (4): 429–446.

Reinfried, Sibylle, Urs Aeschbacher, and Benno Rottermann. 2012. “Improving Students’ Conceptual Understanding of 
the Greenhouse Effect Using Theory-based Learning Materials That Promote Deep Learning.” International Research in 
Geographical & Environmental Education 21 (2): 155–178. doi:10.1080/10382046.2012.672685.

Robelia, Beth A., Christine Greenhow, and Lisa Burton. 2011. “Environmental Learning in Online Social Networks: Adopting 
Environmentally Responsible Behaviors.” Environmental Education Research 17 (4): 553–575. doi:10.1080/13504622.20
11.565118.

Rooney-Varga, Juliette N., Angelica Allende Brisk, Elizabeth Adams, Mitchell Shuldman, and Kenneth Rath. 2014. “Student 
Media Production to Meet Challenges in Climate Change Science Education.” Journal of Geoscience Education 62 (4): 
598–608. doi:10.5408/13-050.1.

Sadler, Tony D. 2011. “Situating Socio-scientific Issues in Classrooms as a Means of Achieving Goals of Science Education.” 
In Socio-scientific Issues in the Classroom: Teaching, Learning, and Research, edited by Tony D. Sadler, 1–9. Vol. 39 of 
Contemporary Trends and Issues in Science Education. Dordrecht: Springer.

Sellmann, Daniela, and Franz Bogner. 2013a. “Effects of a 1-day Environmental Education Intervention on Environmental 
Attitudes and Connectedness with Nature.” European Journal of Psychology of Education 28 (3): 1077–1086. doi:10.1007/
s10212-012-0155-0.

Sellmann, Daniela, and Franz X. Bogner. 2013b. “Climate Change Education: Quantitatively Assessing the Impact of a 
Botanical Garden as an Informal Learning Environment.” Environmental Education Research 19 (4): 415–429. doi:10.10
80/13504622.2012.700696.

https://naaee.org/sites/default/files/learnerguidelines_new.pdf
https://naaee.org/sites/default/files/professional_development_of_environmental_educators_-_guidelines_for_excellence_2017.pdf
https://naaee.org/sites/default/files/professional_development_of_environmental_educators_-_guidelines_for_excellence_2017.pdf
https://doi.org/10.5408/1.3651405
https://doi.org/10.1080/13504622.2012.690855
https://doi.org/10.17226/10139
https://doi.org/10.17226/13165
https://doi.org/10.1080/13504622.2012.695012
https://doi.org/10.1080/13504622.2013.833589
https://doi.org/10.1080/13504622.2011.640750
https://doi.org/10.1080/13504622.2011.640750
https://doi.org/10.1007/s10584-015-1339-9
https://doi.org/10.1080/15330150500452349
https://doi.org/10.1080/10382046.2012.672685
https://doi.org/10.1080/13504622.2011.565118
https://doi.org/10.1080/13504622.2011.565118
https://doi.org/10.5408/13-050.1
https://doi.org/10.1007/s10212-012-0155-0
https://doi.org/10.1007/s10212-012-0155-0
https://doi.org/10.1080/13504622.2012.700696
https://doi.org/10.1080/13504622.2012.700696


22  M. C. MONROE ET AL.

Shepardson, Daniel P., Dev Niyogi, Soyoung Choi, and Umarporn Charusombat. 2009. “Seventh Grade Students’ Conceptions 
of Global Warming and Climate Change.” Environmental Education Research 15 (5): 549–570. doi:10.1080/13504622.2
012.696859.

Sommers, Eleanor K. 2014. Agriculture and Climate Change: Perceptions of Reticent Extension Agents in the Southeast USA. 
Unpublished thes. Gainesville: University of Florida.

Stapleton, Sarah Riggs. 2015. “Environmental Identity Development through Social Interactions, Action, and Recognition.” 
The Journal of Environmental Education 46 (2): 94–113. doi:10.1080/00958964.2014.1000813.

Sterman, John D. 2011. “Communicating Climate Change Risks in a Skeptical World.” Climatic Change 108 (4): 811. 
doi:10.1007/s10584-011-0189-3.

Stevenson, Robert B. 2007. “Schooling and Environmental Education: Contradictions in Purpose and Practice.” Environmental 
Education Research 13 (2): 139–153.

Stevenson, Kathryn T., M. Nils Peterson, Howard D. Bondell, Susan E. Moore, and Sarah J. Carrier. 2014. “Overcoming 
Skepticism with Education: Interacting Influences of Worldview and Climate Change Knowledge on Perceived Climate 
Change Risk among Adolescents.” Climatic Change 126 (3–4): 293–304. doi:10.1007/s10584-014-1228-7.

Svihla, Vanessa, and Marcia C. Linn. 2012. “A Design-based Approach to Fostering Understanding of Global Climate Change.” 
International Journal of Science Education 34 (5): 651–676. doi:10.1080/09500693.2011.597453.

Taber, Fiona, and Neil Taylor. 2009. “Climate of Concern–A Search for Effective Strategies for Teaching Children about Global 
Warming.” International Journal of Environmental and Science Education 4 (2): 97–116.

Theobald, Elinore J., Alison Crowe, Janneke HilleRisLambers, Mary P. Wenderoth, and Scott Freeman. 2015. “Women Learn 
More from Local than Global Examples of the Biological Impacts of Climate Change.” Frontiers in Ecology & the Environment 
13 (3): 132–137. doi:10.1890/140261.

Trenberth, Kevin E., John T. Fasullo, and Theodore G. Shepherd. 2015. “Attribution of Climate Extreme Events.” Nature Climate 
Change 5 (8): 725–730. doi:10.1038/nclimate2657.

Tyson, Richard. 2014. “The Merits of Separating Global Warming from Extension Education Sustainability Programs.” The 
Journal of Extension (JOE). https://joe.org/joe/2014february/comm3.php.

U.S. Department of State. 2014. United States Climate Action Report 2014. https://www.state.gov/e/oes/rls/rpts/car6/index.
htm.

U.S. Global Change Research Program. 2009. Climate Literacy Guidelines: The Essential Principles of Climate Science. www.
globalchange.gov/resources/educators/climate-literacy.

UNESCO (United Nations Educational, Scientific, and Cultural Organization). 1978. Final report. Intergovernmental Conference 
on Environmental Education. ED/MD/49, United Nations Educational, Scientific, and Cultural Organization with United 
Nations Environment Program in Tbilisi, USSR, October 14–16, 1977Paris, France: UNESCO.

UNESCO (United Nations Educational, Scientific, and Cultural Organization). 2009. Report of the UNESCO International 
Seminar on Climate Change Education, 27–29 July, Paris: UNESCO. https://www.unesco.org/science/doc/cc/CC_seminar_
report_071209.pdf.

UNESCO (United Nations Educational, Scientific, and Cultural Organization). 2010. The UNESCO Climate Change 
Initiative: Climate Change Education for Sustainable Development. Paris: UNESCO. https://unesdoc.unesco.org/
images/0019/001901/190101E.pdf.

Varma, Keisha, and Marcia C. Linn. 2012. “Using Interactive Technology to Support Students’ Understanding of the 
Greenhouse Effect and Global Warming.” Journal of Science Education and Technology 21 (4): 453–464. doi:10.1007/
s10956-011-9337-9.

Vethanayagam, Anand Lenin, and F. S. R. Hemalatha. 2010. “Effect of Environmental Education to School Children through 
Animation Based Educational Video.” Language in India 10 (5): 10–16.

Wheeler, Tim, and Joachim von Braun. 2013. “Climate Change Impacts on Global Food Security.” Science 341 (6145): 508–513. 
doi:10.1126/science.1239402.

Wibeck, Victoria. 2014. “Enhancing Learning, Communication and Public Engagement about Climate Change – Some 
Lessons from Recent Literature.” Environmental Education Research 20 (3): 387–411. doi:10.1080/13504622.2013.812720.

Wise, Sarah B. 2010. “Climate Change in the Classroom: Patterns, Motivations, and Barriers to Instruction among Colorado 
Science Teachers.” Journal of Geoscience Education 58 (5): 297–309. doi:10.5408/1.3559695.

Wojcik, Deborah J., Martha C. Monroe, Damian C. Adams, and Richard R. Plate. 2014. “Message in a Bottleneck? Attitudes 
and Perceptions of Climate Change in the Cooperative Extension Service in the Southeastern United States.” Journal of 
Human Sciences and Extension 2 (1): 51–70. https://media.wix.com/ugd/c8fe6e_c3c4c31accea49afaf8349c181812a94.pdf.

Zhao, Xiaoquan, Edward Maibach, Jim Gandy, Joe Witte, Heidi Cullen, Barry A. Klinger, Katherine E. Rowan, James Witte, 
and Andrew Pyle. 2014. “Climate Change Education through TV Weathercasts: Results of a Field Experiment.” Bulletin of 
the American Meteorological Society 95 (1): 117–130. doi:10.1175/BAMS-D-12-00144.1.

Zografakis, Nikolaos, Angeliki N. Menegaki, and Konstantinos P. Tsagarakis. 2008. “Effective Education for Energy Efficiency.” 
Energy Policy 36 (8): 3216–3222. doi:10.1016/j.enpol.2008.04.021.

https://doi.org/10.1080/13504622.2012.696859
https://doi.org/10.1080/13504622.2012.696859
https://doi.org/10.1080/00958964.2014.1000813
https://doi.org/10.1007/s10584-011-0189-3
https://doi.org/10.1007/s10584-014-1228-7
https://doi.org/10.1080/09500693.2011.597453
https://doi.org/10.1890/140261
https://doi.org/10.1038/nclimate2657
https://joe.org/joe/2014february/comm3.php
https://www.state.gov/e/oes/rls/rpts/car6/index.htm
https://www.state.gov/e/oes/rls/rpts/car6/index.htm
http://www.globalchange.gov/resources/educators/climate-literacy
http://www.globalchange.gov/resources/educators/climate-literacy
https://www.unesco.org/science/doc/cc/CC_seminar_report_071209.pdf
https://www.unesco.org/science/doc/cc/CC_seminar_report_071209.pdf
https://unesdoc.unesco.org/images/0019/001901/190101E.pdf
https://unesdoc.unesco.org/images/0019/001901/190101E.pdf
https://doi.org/10.1007/s10956-011-9337-9
https://doi.org/10.1007/s10956-011-9337-9
https://doi.org/10.1126/science.1239402
https://doi.org/10.1080/13504622.2013.812720
https://doi.org/10.5408/1.3559695
https://media.wix.com/ugd/c8fe6e_c3c4c31accea49afaf8349c181812a94.pdf
https://doi.org/10.1175/BAMS-D-12-00144.1
https://doi.org/10.1016/j.enpol.2008.04.021

	Abstract
	Methods
	Literature search and review
	Limitations of the review
	Analysis

	Results
	Demographics
	Purpose and assessment of the intervention
	Themes of effective climate change education
	Personally relevant and meaningful
	Engaging learners

	Themes specific to controversial topics
	Deliberative discussion
	Interaction with science and scientists
	Addressing misconceptions
	School and community projects


	Discussion
	Summary
	Note
	Disclosure statement
	Funding
	Notes on contributors
	References



