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There is perhaps no sentence as frustrating or baffling to those 
working in climate-related fields as: ‘I don’t believe humans are 
influencing climate change.’ What is the appropriate response 

to such a statement? One could begin by enumerating the lines of 
evidence that support the scientific consensus of anthropogenic cli-
mate change, or one could choose to tackle the problematic use of the 
word ‘believe’. Is this a conversation for a science class or is another 
arena more fitting? While one may wish to leave social aspects — 
particularly controversies — out of science class, an ‘objective’ 
presentation of evidence may not be the most effective approach. 
Research on science learning emphasizes that focusing on concep-
tual understanding is not enough, and situating science in its social 
context promotes deeper learning1,2. As scientists and educators con-
tinue to collaborate to support climate change learning, it is impor-
tant to provide opportunities for learners to voice and examine the 
understandings they bring with them to a classroom, including those 
that are in conflict with consensus understandings.

Science learning involves more than just facts
Consensus research on how people learn science indicates that sci-
entific content knowledge is only one factor in developing scientific 
expertise and using it in everyday life1–3. Science learning requires 
negotiating economic, cultural, moral and political values and knowl-
edge4. Despite this, climate change’s complex social context may 
be seen as outside the purview of science class and excluded from 
coursework. This exclusion may be due to a desire to differentiate sci-
entific evidence and social values and opinions, to keep from being 
perceived as an advocate, or stay within one’s area of expertise. We 
argue that despite these challenges, attending to sociocultural foun-
dations of learning deepens holistic climate science learning. Here we 
particularly address the inclusion of social context in formal school 
environments; however, the principles discussed are applicable across 
learning environments, such as outreach talks, museum exhibits5 and 
university classes6.

The past decade has seen a proliferation of curricular development 
efforts and funding opportunities in climate change education (CCE). 
These efforts will probably increase with the inclusion of climate 
change and sustainability in the United States’ 2013 Next Generation 
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Science Standards (NGSS) for school-age education7. These standards 
are three-dimensional performance expectations that include disci-
plinary core ideas, science and engineering practices, and cross-cut-
ting concepts. The NGSS include climate science core ideas, relevant 
practices (for example, modelling) and cross-cutting concepts (for 
example, systems thinking, stability and change). The theoretical 
framework that guided the writing of the NGSS emphasizes that the 
diverse social and cultural experiences students bring to the class-
room are assets for learning, and supports pedagogical practices that 
draw on students’ everyday experiences and values8. It further under-
scores that students learn new material in the context of what they 
know, and that personal interest, experience and enthusiasm plays a 
key role in determining future participation in science.

At present, climate change appears in few state standards, leaving 
numerous districts, schools and teachers grappling with CCE for the 
first time. In the United States and the United Kingdom, many teach-
ers can expect students to arrive in class armed with evidence con-
tradicting scientific content9–13. This leaves educators with a dilemma 
as to whether they should address the controversy head-on in class 
or present only ‘the science’ in the hope that the lines of evidence 
or ‘right’ information will displace contrary arguments. However, 
even the most seemingly logical presentation of evidence may not 
alter perceptions and understandings, as learners’ initial values and 
beliefs inform how any information presented in class is understood. 
This is true whether or not they are explicitly addressed in the class-
room1,2,14,15. Thus, even when presented with data that scientists find 
convincing, learners may not similarly value or understand them, 
especially if the data does not resonate with their previous knowledge 
and experience, or the sources and types of knowledge they value.

This is because learners make sense of new information in the con-
text of what they already know, and reasoning, problem solving and 
interpretation of information is informed by previous experience3,16. 
Learners attempt to reconcile new concepts with their initial concep-
tions in ways that may or may not align with the instructional intent. 
For example, if a student who conceptualizes the Earth as flat is told 
that the Earth is round, the student may reconcile their new and pre-
vious understandings by conceptualizing the Earth as round like a 
pancake instead of round like a sphere3.
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For CCE, previous experiences of climate change may include 
controversy, and these experiences of climate change and social 
controversy will enter the classroom whether or not social fac-
tors are mentioned. Thus, scientific values and norms are not the 
only ones at play in science learning. For example, the Vostok ice-
core temperature and carbon dioxide record may be presented to 
demonstrate the difference between present and past atmospheric 
carbon dioxide concentrations. However, climate sceptics some-
times use the data to support the claim that humans are not influ-
encing changes in the climate, as temperatures begin to increase 
~800  years before carbon dioxide levels during glacial termina-
tion periods17. Understanding why one argument is more scien-
tific than the other requires an understanding of how scientists 
make sense of data and use them to support claims. Students 
have experiences not only with the data, but also with how vari-
ous groups use the data to construct arguments. Failing to surface 
these previous understandings and experiences, including social 
values and perceptions informed by popular culture and media, 
leaves learners with conflicting ideas and without an opportunity 
to resolve tensions between their previous experiences and those 
in the classroom. 

Climate change experiences are not limited to classrooms, but 
occur throughout a lifetime, across all contexts, and are informed 
by the cultural values and norms of the communities to which a 
learner belongs4. From this sociocultural perspective, all learning 
is mediated by participation in various cultural groups18. Learning 
is understood not just as an accumulation of facts, but as changing 
ways of participating in cultural practices15 or deepening partici-
pation within a community19,20. When an individual participates 
in multiple communities (for example, a conservative home and a 
climate science class) or is learning how to become more involved 
in a new community (for example, becoming a scientist), that 
individual must navigate between the practices, traditions and val-
ues of the multiple communities to which they belong. This navi-
gation in and out of scientific communities has been implicated 
as a barrier to broadening the participation of diverse groups in 
science and is challenging even without an added layer of social 
controversy14,21,22. If learners’ social and cultural experiences are 
in conflict with scientific knowledge or are undervalued, learners 
may not participate fully in the science learning environment23. 

Sociocultural approaches to teaching science
Educators use ‘culturally relevant teaching’ or ‘culturally responsive 
teaching’ (CRT) to build bridges between various contexts (home, 
school and so on) by leveraging students’ experiences, values and 
knowledge24–28. A CRT approach to CCE can connect learners’ in- 
and out-of-school lives by drawing on the knowledge and experi-
ences of students as resources for deepening scientific expertise, 
framing the instruction in ways that are personally relevant to stu-
dents, aligning instruction to learners’ values and attending to social 
dimensions of learning. Although research has shown that CRT can 
deepen student understanding of science in other areas, so far little 
research has been conducted on culturally relevant CCE. Below, we 
describe existing projects that take a CRT approach to CCE and out-
line examples of how it improves students’ understanding in other 
science areas to provide insight into implementation of it for CCE.

Student experience as a learning resource
The knowledge and experience from everyday life practices that 
learners bring to new situations can serve as valuable resources for 
learning. Drawing on learners’ everyday knowledge, practices and 
experiences can engage and support students, including those who 
have previously underperformed in school. For example, research-
ers studied how a biology curriculum connected science content to 
students’ lives by creating opportunities for students to demonstrate 
their expertise in the knowledge and practices of their families, 

communities, peers and pop culture29,30. Positioned as ‘experts’, 
student participants were able to engage with and take ownership 
of scientific content. One student in a New York City classroom 
was able to draw on her knowledge of growing potatoes with her 
grandma in Puerto Rico to understand how potatoes grew in her 
science classroom experience. Her family experience helped her 
make sense of vegetative propagation as presented in a school sci-
ence laboratory and develop a deeper conceptual understanding. 
Having made these connections between home and school life, she 
decided to extend the classroom experiment on her own at the end 
of the laboratory session.

Eliciting learners’ previous experiences also allows them the 
opportunity to reconcile inconsistencies in their experiences. In 
a study of Haitian American students, learners noticed a seeming 
discrepancy between their personal experiences of water short-
ages in Haiti (how ‘water is wasted’) with the scientific concept of 
the hydrological cycle in which there is ‘always the same amount 
of water as there was a long time ago’.31 Through discussions in 
class that elicited students’ knowledge of water abundance, learn-
ers resolved these conflicting ideas. Instead of using a top-down 
approach in which students were merely told about the hydrologi-
cal cycle, surfacing what students already knew about water allowed 
for them to engage with the topic in a personal way and integrate 
knowledge from two contexts. Similar conversations could occur 
for topics central to CCE, such as the carbon cycle. For example, 
students may have heard that we are ‘using up’ or ‘running out of ’ 
carbon by burning fossil fuels, and may not consider the fate of the 
carbon that makes up these fuels, perhaps thinking that it simply 
goes away or disappears. This can be used as a starting place for 
a discussion of conservation of mass and what happens to fossil 
fuel carbon when it is burned. One can make connections between 
burning of fossil fuels as a source of carbon dioxide to the atmos-
phere and the cycling of this carbon dioxide through interactions 
with other carbon reservoirs.

Students’ perceptions of climate change are similarly informed 
by family, community, peers and popular media. Something as 
simple as having a discussion or giving a short survey can reveal 
not only students’ initial conceptual understandings, but also the 
interests, values, attitudes and relevant home and community 
practices that can be leveraged in a classroom to support holis-
tic climate change learning. Initial understandings both provide 
a starting place for instruction and reveal inaccurate student con-
ceptions (for example, that the ozone hole is the mechanism for 
global warming)32–35. Some students may have already begun to 
notice changes in their own lives, or may have experiences, such 
as with weather, that can rightly or wrongly reinforce or contra-
dict perceptions of changes in climate36. Educators can use these 
experiences of weather and connect them to longer-timescale cli-
mate change. For example, students could measure temperature 
and precipitation in their home or school over a few weeks or a 
month, and analyse the variability in their data. The data could 
be compared with annual and decadal local records to investigate 
variability and trends on various timescales. By uncovering initial 
perceptions and conducting these kinds of exploration, students 
may begin to resolve tensions between their lived experiences of 
weather variability and climate change and gain a deeper under-
standing of the difference between weather and climate. 

Popular media can also inform initial perceptions, and media 
depictions have been implicated as propagating the perception 
of controversy due to the emphasis on uncertainty, giving equal 
attention to ‘both sides’ and the way it is framed (for example, 
as a crisis or a hoax)37,38. In class, one can examine media por-
trayals, discuss the frames used and compare the evidence used 
by politicians or reporters to that of scientists. One can examine 
what, if any, scientific content is presented in the media and if it is 
used appropriately.
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For learners who either do not think that climate change is 
happening or do not think it is human-influenced, omitting 
discussions of initial ideas may increase discontinuity between 
everyday and school experiences, and provide barriers for class 
participation. Instead of leaving students to wrestle with conflict-
ing ideas, the evidence and arguments that students bring with 
them can be carefully examined in the classroom with the sup-
port of an instructor. However, having students bring evidence 
that challenges the scientific consensus into the classroom should 
not be confused with putting the students’ evidence and consensus 
scientific evidence on equal footing, presenting the science as con-
troversial, or implementing a structured debate about the science. 
One lesson learned from evolution education literature is that 
students gain a deeper understanding of science when allowed to 
explore social ideas around evolution, but not when the science is 
presented as controversial39,40. Just as a student’s initial conflation 
of weather and climate would not be treated as correct in class, 
student ideas that are in conflict with the science can be acknowl-
edged and refined through instruction.

In our own work, we have described how CRT can support 
deeper conceptual understandings and change attitudes of high-
school freshmen who were initially uncertain that the climate 
was changing, did not think any possible changes were human-
influenced and did not think it was an important topic41. Students 
participated in a culturally responsive biology curriculum on the 
ecological impacts of climate change that elicited initial under-
standings of and attitudes from popular media and the home, and 
included student-directed research into local and global ecologi-
cal impacts. One conservative, self-identified Republican student 
initially espoused pundit Limbaugh’s view of climate change as a 
conspiracy. Over time, the student changed his mind, due in part 
to his identification as someone who could ‘see all sides’ of an 
argument, unlike Rush Limbaugh, who the student characterized 
as having a more narrow perspective. Instructors framed the stu-
dent’s scepticism as an asset, connecting his analytical practices 
to scientific critical thinking. Another student chose to research 
Milankovitch cycles, thinking these would show that natural vari-
ability was the cause of current changes in climate. Through analy-
sis of the data, he realized that the science did not support his 
initial understanding. Rather than dismissing his ideas as prob-
lematic, the instructor leveraged them to support expertise in 
scientific content knowledge and evaluating and using evidence 
to construct scientific arguments. Without eliciting their existing 
knowledge and reframing their skills as scientific, these students 
would probably not have had as deep learning gains.

Student interest and values as resources
A key characteristic of CRT is personal relevance, a challenge 
for CCE as many view climate change as a distant threat, both in 
timescale and geographically11. Student-directed approaches can 
increase relevance by focusing on issues that are of interest to stu-
dents, including local and community impacts, and connecting to 
learner and community values. 

Examining local impacts in addition to global changes can 
increase climate change’s personal relevance42–44. Given that 
impacts vary regionally, some efforts have sought to connect to 
changes specific to particular places and cultural groups. For 
example, a team of high school teachers, climate scientists and 
educators is working to develop experiences in tribal communities 
in Idaho that embed climate science explorations in the history of 
local people and their surroundings42. Learners have the opportu-
nity to examine impacts on culturally significant practices, such 
as changes in fisheries, wildlife and forests. This strategy engages 
students through the examination of impacts on things they care 
about, and can empower students to take action in their local com-
munity. Positioning learners’ knowledge, interests and values as 

resources resonates with the Intergovernmental Panel on Climate 
Change’s call for greater inclusion of local, indigenous knowledge 
in the construction of climate science45. The oral traditions of native 
communities contain valuable historical climate and ecosystem 
records that complement instrumental records, and place changes 
in the ‘context of a human landscape’ in which they occur44. These 
valuable records are intertwined with the values, interests and lives 
of human communities, but are not often privileged in scientific 
knowledge construction or science education.

Programmes implemented by the National Wildlife Federation 
similarly support a focus on local issues41. These programmes tar-
get leaders of hunting and angling organizations, largely conserva-
tive groups. The National Wildlife Federation found that focusing 
on local examples, habitat and wildlife, and opportunities for par-
ticipants to discuss their own experiences and observations were 
most effective in shifting attitudes towards climate change and 
increasing advocacy.

Connecting to community values can also increase personal 
relevance. The informal (out-of-school) learning community has 
seen success connecting to audiences’ values and interests43,46,47. 

Interfaith Power and Light, a multi-faith environmental conserva-
tion organization, who are aligned to and emphasize faith doctrine 
and values of environmental stewardship and eco-justice. They 
found that connecting to communities through their “hearts rather 
than solely through their heads” was effective in supporting concern 
and advocacy43. Zoos and aquaria likewise target audience interests 
to increase engagement in climate change5,47. Surveys of zoo visi-
tors by the Climate Literacy Zoo Education Network suggest that 
personal connections to animals and nature and concern about cli-
mate change are correlated to frequency of zoo visits for visitors of 
all political affiliations (given that zoo audiences are self-selected, 
a causal relationship could not be determined)47. Identifying and 
aligning with community and personal values has the potential to 
engage those who might otherwise be unconcerned.

Social positioning
How individuals make decisions about socio-scientific issues is 
informed by not only scientific information, but also societal con-
versations around the issue48. The ways that issues such as climate 
change are framed in society are used to construct arguments for 
or against particular social decisions. Individuals frame issues in 
ways that align with their social groups, making social identifica-
tion particularly important when considering responses to climate 
change49. Research suggests that cultural cognition is the dominant 
mechanism of climate change risk assessment, implying that iden-
tification with particular groups is more important than individual 
scientific knowledge50. As others have noted, the importance of the 
social dimensions does not negate the importance of robust scien-
tific content understanding51. This is not an ‘either/or’ issue, but a 
‘both/and’ issue, as the social and scientific pieces are intertwined 
in decision-making.

Relationships and social interactions are further important, as 
family and friends are the most trusted source of information for 
many who do not think humans are influencing climate change and/
or are not concerned about it9. Relationships are key for all areas of 
learning, and teachers have been shown to be the dominant influ-
ence on student achievement in a class setting52. In CRT, instruc-
tors form ‘fluid and equitable’ relationships with students that allow 
diverse students to succeed by supporting cultural congruity across 
learner experiences25.

The social controversy as an educational opportunity
Few sciences are as integrally intertwined with society as climate 
change. Humans seek to understand changes in climate while soci-
eties shape, and are shaped, by those changes. Social controver-
sies such as climate change can provide opportunities for learning 
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how to evaluate and use scientific evidence, deal with socially or 
politically relevant topics, and develop an “integrated understand-
ing of scientific issues across the numerous contexts in which they 
[learners] experience them”53. Attending to social context allows 
students to both increase their proficiency in important scientific 
practices and develop a greater understanding of how science 
relates to societal concerns. While students, teachers and scien-
tists have much to gain by addressing the social controversy in the 
classroom, more pedagogical supports and curricular tools are 
needed for classroom implementation.

Whether or not we draw on learners’ previous understand-
ings of climate change and their values and ideas about address-
ing impacts, these scientific, personal and social experiences 
with climate change will be present in the classroom. Rather than 
seeing controversies as something to be feared or relegated to a 
non-science class, we should instead view this as an opportunity 
to foster deeper science learning and to engage students in excit-
ing, cutting-edge science. With CCE, we have the opportunity to 
further interrogate social learning processes and move the sci-
ence learning literature forward. As scientists and educators, we 
need to continue to investigate how best to build these bridges for 
students with diverse previous experiences with climate change 
and apply this research to practice as we continue to develop 
CCE experiences.
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