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Abstract

Hydraulic fracturing (‘fracking’), like other complex social and environmental issues, is a con-
troversy about science which raises educational questions about how best to prepare young
people to understand, respond to and, where necessary, act (or not) in response. It raises politi-
cal questions. We present a state-of-the-art review of research literature on fracking and educa-
tion using systematic strategies, with a view to finding out how it is framed in educational situ-
ations and how politics enters the science classroom. This serves as an illustrative case of how
contested scientific and technological interventions with implications for the environment and
society are treated in school science. The review is supplemented by interviews with 10 teach-
ers of science and engineering working in schools or colleges near sites of operational explora-
tory fracking. We find that the research literature on teaching hydraulic fracturing is sparse,
with only 25 studies relating to teaching and learning about fracking. Few studies (n=7) relate
to high school education. Where it features in science education, fracking is used as a con-
text for interdisciplinarity and critical thinking, and lends itself to approaches using discussion,
dialogue and modelling. Outcomes from fracking education range include knowledge gains
and critical thinking. Teachers interviewed tended not to see a place for fracking in the cur-
riculum or in the classroom and were averse to including politics in upper high school science
education. Our analysis suggests depoliticization through absence of this specific complex
environmental issue from the public (education) sphere, reinforced by the desire for ‘balance’
in high school science education and instrumental approaches to science education which pri-
oritize assessed learning outcomes. Dealing with complex social and environmental issues
such as hydraulic fracturing in the years of compulsory science schooling is necessary because
scientific knowledge is necessary but not sufficient to prepare young people for the critical
scientific literacy required to meet sustainable development goals. There is a need to assess
and respond to the educational needs of local communities affected by industrial interventions
such as fracking. These findings are likely to be relatable to other issues where there are local
and global consequences of action or inaction and where the environment and health are pitted
against economic and energy demands.
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In 2015, UN member states signed up to the 2030 Agenda for Sustainable Development
(United Nations 2015), the core of which is 17 sustainable development goals (SDGs)
including quality education (SDG 4), affordable and clean energy (SDG 7), clean water
(SDG 6), decent work and economic growth (SDG 8) and climate action (SDG 13). Sci-
ence education has a role to play in meeting the quality education goal and also in contrib-
uting to the other SDGs. In order to meet the SDGs, people need to know about technolo-
gies which have the potential to combat or contribute to the climate crisis and understand
how to participate in public debate and to influence decision-makers, including those in
politics and industry. Hydraulic fracturing (also referred to as ‘fracking’ and ‘unconven-
tional shale gas development’) is an appropriate context for developing an understanding of
the intersection between science and politics, particularly in communities where fracking
is, or is proposed to be, operational.

Hydraulic fracturing is the extraction of shale gas and/or oil (fossil fuels) from under-
ground reserves by drilling into rock and pumping, under high pressure, a mixture of water,
sand and other chemicals into the rock to displace the fuel. ‘Fracking’ is a controversial
term, with advocates of the process preferring ‘unconventional shale gas development’ or
‘hydraulic fracturing’; in this article, we use ‘fracking’ as the abbreviation is the term com-
monly used in public discourse. Fracking is an example of a contemporary controversy
about science. According to Milena Wazeck (2013), controversies about science are funda-
mental disagreements about the nature of a problem which relate to ethical, political, eco-
nomic and social concerns and which are constrained by, although not resolved by, science.
The actors in controversies about science include scientists, but also activists, politicians,
industrialists and other stakeholders. Controversies about fracking arise due to differences
in priorities relating to environmental justice, the need for a transition from fossil fuels to
renewables to respond to the climate crisis, how best to achieve energy security and disa-
greements about the economic and social impacts. Chris Oulton, Justin Dillon and Marcus
Grace (2004) suggest a number of principles for the teaching of controversial issues. These
include focusing on the nature of the controversy, critical reflection on one’s own views,
promoting open-mindedness and curiosity to know more in order to inform decisions and
motivating teachers to share their own positions, and the means by which they arrived at
these, with students. Here, we focus on the specific case of the teaching of fracking to find
out how controversial interventions with consequences for the environment and society are
dealt with in school science.

Fracking is an example of a context in which scientific and technological knowledge
comes into contact and conflict with economic, political, social and other forms of knowl-
edge, and which requires critical scientific literacy in order to make well-justified deci-
sions about the desirability of actions relating to fracking or anti-fracking. Education which
focuses on preparing young people to understand and make decisions using science corre-
sponds to scientific literacy as an aim of science education. According to Jesper Sjomstrom
and Ingo Eilks (2015), scientific literacy is conceived in different ways, from a focus on
scientific content and processes (Vision I), to a focus on contextualising science for appli-
cation and meaning in life (Vision II), to a focus on politicization and global citizenship
linked to sustainability and transformational learning (Vision III). All three visions imply
the need to engage with socio-scientific issues, described by Troy Sadler (2009) as ‘real-
world, social issues with substantive associations to science’ (p. 13), of which fracking
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is an example. As Aswathy Raveendran (2020) observes, many approaches to teaching
socio-scientific issues focus on individual decision-making and run the risk of relativis-
tic ‘anything goes’ conclusions over the need to work for the common good or broader
societal well-being. Raveendran argues for greater attention to political literacy in science
classrooms and for attention to the power relations that exist in society and to the role of
science and technology in reinforcing inequalities. Our interest in fracking lies in the politi-
cal dimensions of this socio-scientific controversy as an illustrative case of how energy,
environment and science education intersect. Understanding how fracking is taught as a
specific case can contribute to understanding of broader issues related to how other con-
troversial scientific and technological issues are dealt with in science classrooms and thus
identify the contribution of science education to meeting the SDGs.

In this study, we discuss the place of education about fracking in high school science
and the inclusion of the political dimensions of science in high schools, before present-
ing the findings of the state-of-the-art review of fracking in education and interviews with
teachers and discussing the implications beyond the context of fracking.

Politics in school science education

Fracking, like other environmental issues, necessarily involves politics because it is an
activity that concerns people, the environment and decision-making about the two. Poli-
tics is defined by Colin Hay (2007, p. 77) as a social activity based on deliberation which
occurs in situations of choice where there is potential for agency, and as such both fracking
and fracking education are political issues. In this study, we draw on the approach to ana-
lysing political processes in science education used by Claes Malmberg and Anders Urbas
(2019) in their study of stress. They identify a trend towards depoliticization of stress as
presented in Swedish textbooks over recent decades such that stress is positioned as an
individual issue, with its political dimensions rendered invisible, displacing it from the
democratic agenda. Malmberg and Urbas (2019) draw on Hay’s (2007) notion of politi-
cization and depoliticization whereby depoliticization occurs when issues are demoted
from the government sphere to the non-governmental (public and private) spheres, with
the extent greatest when issues are relegated to the ‘realm of necessity’ and they are per-
ceived to be non-changeable. Where an issue has been depoliticized to the extent that the
activity is in the ‘realm of necessity’, i.e. considered unquestionable, it allows for power to
be exerted unquestioningly. Depoliticization is also considered to happen when responsi-
bility is transferred from national to trans-national level, from government to industry or
consumers, or where human-designed processes or divine authority are invoked to deny
deliberation, choice or human agency (Hay 2007). The focus on individual changes that
individuals can make (in contrast to the social and political changes needed) in relation to
environmental challenges such as the climate crisis suggests that depoliticization processes
are also evident in relation to environmental issues. We were interested in exploring this by
looking at the case of how hydraulic fracturing is taught.

One of the challenges associated with dealing with political issues in school science
relates to how political issues are presented and perceived by teachers. Previous research
by Ralph Levinson and Sheila Turner (2001) has found reports of lack of confidence and
expertise amongst teachers to deal with sensitive issues, with perceptions that the role of
a teacher is to ‘teach the facts’, with many believing that their teaching of science should
be value-free; although as Mary Ratcliffe (2007) has observed, this is in itself a value
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statement. In previous work by one of the authors with Fernanda Veneu, it was found
that teachers in England perceive balance to be both achievable and desirable in teach-
ing controversies and that they see teaching about controversies as subordinate to teach-
ing ‘the facts’, covering the curriculum and ensuring good examination outcomes (Dunlop
and Veneu 2019). Teachers also identified concerns with what parents, the church and the
school inspectorate would think, suggesting that a culture of surveillance, performativity
and accountability is a challenge for teachers attempting to deal with controversial scien-
tific issues with a political dimension.

The assumption of the desirability (leaving aside whether or not it is possible) has been
questioned by Emily Eaton and Nick Day (2020) who describe the role of ‘balance’ in
environmental education as a way in which education obstructs climate justice. Specifi-
cally, they note that balance legitimizes industry interests and perspectives. Alongside bal-
ance, Eaton and Day problematize the prioritization of industry perspectives and the focus
on individual rather than social and political solutions to the climate crisis as ‘petro-peda-
gogy’ which acts against the possibility of students questioning or understanding the role
of corporate power in the climate crisis.

Introducing the wider social and political contexts into science teaching has also been
identified as a challenge for teachers by Chris Gayford (2002) on the grounds that teach-
ers see their priority as maintaining the integrity of their subject through positive learning
experiences rather than addressing or attempting to solve social, political and economic
problems which are currently facing politicians and business leaders. This position, which
prioritizes learning de-coupled from global challenges, can be linked to the current focus
on holding teachers accountable for optimising student outcomes apparent in national and
international educational policy. The focus on predetermined learning outcomes works
against the preparation of students to deal with political dimensions of science. Matthew
Clarke and Anne Phelan (2017) argue that instrumentalism (linked to the view that the
main purpose of education is to serve the economy) and consensualism (the demonization
of disagreement, particularly about the purpose of education) have acted together to depo-
liticize education. They argue that the result is the prioritization of improving teaching in
order to improve student outcomes as the dominant discourse in education, with disagree-
ment limited to the best ways to achieve optimal student outcomes. This logic squeezes out
content and pedagogies which are not directly considered to improve student outcomes, no
matter how important or relevant they are to the lives of children and young people.

Fracking around the world

Fracking takes place in many countries around the world including Argentina, Australia,
Canada, Spain and the USA, but bans exist in some countries including close neighbours
of England (Scotland, Ireland and France). At the time of writing this article, a morato-
rium on fracking in England had been announced because ‘it is not currently possible to
accurately predict the probability or magnitude of earthquakes linked to fracking opera-
tions’ (Department for Business, Innovation and Skills 2019). Although widespread in the
USA, the process has been opposed there and elsewhere for several reasons including but
going beyond seismic activity, identified by Peter Jones, David Hillier and Daphne Com-
fort (2013): the use of water and potential release of hazardous chemicals into the environ-
ment, as well as the problems associated with development of non-renewables during the
climate crisis. In the UK, the Environmental Audit Select Committee (House of Commons
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2015) identified concerns associated with fracking in relation to groundwater quality,
waste, water supplies, air emissions and health, habitats and biodiversity, geological integ-
rity and noise and disruption. In England (the context for this study), our previous work on
young people’s knowledge, beliefs and attitudes towards fracking in communities where
it is located found negative and ambivalent attitudes towards fracking dominating, with
opposition arising from concerns about water supply, pollution and other adverse environ-
mental and economic impacts on the local community (Dunlop, Atkinson and Turkenburg-
van Diepen 2020).

Although the controversy surrounding hydraulic fracturing raises educationally relevant
questions, fracking does not appear in the English national curriculum (Department for
Education 2015a, b) and a search of two large resource banks the—National STEM Learn-
ing resource library (STEM Learning 2020) and the TES resource library (TES 2020)—
returned few open-access resources for teaching fracking. In this study, we investigate how
hydraulic fracturing is dealt with in educational contexts by conducting a state-of-the-art
review as described by Maria Grant and Andrew Booth (2009), using systematic strate-
gies to search current literature, synthesized with reference to the inclusion of the political
dimensions of fracking in education. We supplement the research literature review with
the analysis of ten interviews with teachers in a context where fracking has until recently
(in November 2019) been active at an exploratory stage. We then discuss how the political
dimensions of fracking are present or absent in fracking education in order to take stock of
education about fracking and identify priorities for policy, research and practice.

Research questions

Fracking raises a number of educationally relevant questions about science and politics. As
such education about fracking can contribute to the aims of science education for critical
scientific literacy and sustainable development. Our intention was to learn how fracking is
dealt with in the international research literature, with specific attention to how the political
dimensions of fracking were treated. The overarching question that guides this review is
‘What approaches are used in teaching and learning about fracking?’” A second question is
‘How are the political dimensions of fracking dealt with in fracking education?” To answer
these questions, we use the methods outlined below.

Methods

This study analyses the research literature on education and hydraulic fracturing using the
concepts of politicization and depoliticization in the tradition of Hay (2007) and Malmberg
and Urbas (2019) in order to identify research trends and priorities in fracking education.

The literature review

A systematic search strategy was employed, drawing on methods developed by the Evi-
dence, Policy and Practice Information (EPPI) Centre described by David Gough, James
Thomas and Sandy Oliver (2012). Five social science and educational databases were
searched: BEI (British Education Index), EPPI, ERIC (Education Resources Information
Centre), Scopus and Web of Science. We searched only for articles written in English,
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published at any date until September 2019 (when the search was conducted). The search
string used was: ‘fracking’ OR ‘hydraulic fracturing” OR ‘unconventional shale gas devel-
opment” AND ‘young people’ OR ‘student* OR pupil*’ AND ‘school’ OR ‘university’ OR
‘college’. Taking an inclusive approach, we did not include the terms ‘science’, ‘physics’ or
‘chemistry’ in order to return studies relating to fracking in any educational context.

Of 143 papers returned, 126 were unique. All 126 papers were screened by two authors,
using the abstract to determine whether or not the study met inclusion and exclusion cri-
teria. Articles were included where they pertained to proposals or reports of teaching and
learning about fracking and where there was data or reflection on the educational activity.
Papers were excluded where they did not pertain to teaching or learning about fracking
or did not include educationally relevant participants in their sample, for example, stud-
ies focusing on measurements of air pollution at fracking sites, or site-specific activist
literature.

Initial screening of the abstracts reduced the sample to 41 by excluding studies not per-
taining to education. In the group of 41 papers, three main categories of article remained:
studies focused on the educational impacts of fracking, studies of attitudes towards frack-
ing, and pedagogical proposals in relation to fracking. Further exclusion criteria were
applied. Literature focusing on educational impacts of fracking (for example, compari-
sons between high school graduation rates in fracking and non-fracking communities)
was excluded. Studies on public attitudes and perceptions were excluded unless they were
reported alongside teaching and learning approaches. Finally, studies taking place on uni-
versity campus but involving the wider public rather than students were excluded. Follow-
ing screening, 25 papers remained in the study. These were read and a data extraction pro-
tocol completed by two authors. The data extracted included details including the country
where the research was conducted, funding source, research questions, study aims, study
design, methods, details of instruments, sample size, educational context and findings.
Data extraction forms were analysed, with themes identified and refined through reflexive
discussion. Papers were then grouped into categories according to the approaches to teach-
ing and learning reported and analysed with reference to the concepts of politicization and
depoliticization, with particular attention to how each paper dealt with the political dimen-
sions of fracking.

The interviews

In-depth semi-structured interviews were conducted with 10 teachers of science and engi-
neering in four schools and colleges within 20 miles of exploratory fracking sites in Eng-
land. One taught engineering, one taught biology, three were teachers of chemistry and five
taught physics. One teacher was female. Teachers were asked about their understanding
of fracking, their experiences of teaching fracking and their perceptions of such teaching.
Interviews lasted approximately 60 min and were audio-recorded.

Interviews were transcribed and analysed in vivo using a phased thematic approach as
outlined by Virginia Clarke, Virginia Braun and Nicki Hayfield (2015) to identify patterns
in the dataset. Following a data familiarization process, data were coded semantically,
according to the interview questions and then according to research questions and finally
using the concepts of politicization and depoliticization as defined by Hay (2007). We refer
to politicization when fracking is the subject of deliberation and decision-making in a set-
ting where previously it was not, and to depoliticization to the reverse and when there is
a shifting of responsibility to individuals, or to rendering the political dimensions of the
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issue (in this case, fracking) invisible. All phases of data analysis were conducted by more
than one author, with discussion associated with all coding decisions.

Findings: the literature review

Research literature on fracking education is sparse. The oldest dates from 2012. Few stud-
ies were published in highly ranked science education journals. Many of the articles were
published in practitioner-focused publications, and although the proposals are interesting
and/or novel, they often featured little systematic data collection or analysis. The majority
of papers originate from the USA (n=22). The geographical distribution reflects the fact
that only papers written in the English language were included in the review and that the
hydraulic fracturing industry is well-established in the USA where it has been operating
for over a decade and perhaps also that fracking bans are active in some English speaking
countries such as Ireland and Scotland. It was often not possible to know whether a study
sample included participants located near fracking sites.

Studies did not always provide details of research questions, research design, method-
ology, student responses, sample sizes or methods of analysis, nor of the specific learn-
ing intentions associated with the activity reported. However, all articles included offered
insights into classroom practice in relation to fracking.

Table 1 presents the distribution of studies by age range. The majority of studies report
on fracking education at the university level. No papers focusing on primary education
were returned.

The key themes identified in this group of papers were: that fracking is approached as
an interdisciplinary context; approaches to teaching about fracking involve discussion and
dialogue; modelling is used to teach about fracking and political processes; knowledge and
critical thinking are common outcomes desired from teaching about fracking; and educa-
tion can be used to inform community responses to fracking proposals. A range of teach-
ing methods were reported, including model congress hearings, virtual internships, online
research and use of videos. Where articles fall into more than one thematic category, they
are discussed under the one that best corresponds to the focus of the paper.

Fracking as a context for interdisciplinary learning

Fracking was used as a context to apply knowledge and methods from different disciplines
or where teaching involved students from more than one subject area. These tended not to
be based in science classrooms. In the context of mathematics education, John Ross and
Therese Shelton (2019) and Katie Hendrickson (2017) use fracking as a real-life social
justice issue to teach statistical analysis and mathematical modelling, respectively. These
articles position fracking as a social, economic and environmental concern. Whilst neither
study included systematic collection or analysis of data, both contain teachers’ reflections
and some reported responses from students, suggesting that fracking is an appropriate con-
text for teaching students about how mathematics can be used to understand or investigate
real-world issues.

Fracking was featured as an interdisciplinary concern in environmental policy educa-
tion contexts. These projects—a virtual internship set up by Sara Rinfret and Michelle
Pautz (2015) and a simulated congressional hearing by Jeremy Stoddard and Jason Chen
(2018)—took a substantial commitment of class time. The findings suggest positive
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Table 1 Studies by phase of education

Education phase Number of papers Authors

Middle and high school (age 11-19) 7 Hendrickson (2017)
Lombardi et al. (2018a)
Lombeardi et al. (2018b)
Monaco et al. (2016)
Solli et al. (2017)
Stoddard and Chen (2018)
Treick O’Neill (2012)

School (unspecified) 1 Kennet and Engel (2018)
Community college 1 Blue (2017)

High school and university 1 Zowada et al. (2018)
University 11 See below

In the following disciplines

Communication 1 Kahl (2018)

Engineering 3 Gannon et al. (2015)

Gannon et al. (2018)
Gannon et al. (2017)

Environmental Science 1 Romine et al. (2017)
Geology Mathematics (Statistics) 1 d’Alessio et al. (2019)
Ross and Shelton (2019)
Social Sciences 1 Poole and Hudgins (2014)
Social sciences and science 1 Rinfret and Pautz (2015)
STEM 2 Burger et al. (2015)
Cutright (2015)
Unspecified 1 Evensen (2017)
Adult (unspecified) 3 Cargas (2016)
Larri and Newland (2017)
Unspecified 1 Liu (2012)
Total 25

outcomes for students, with reported gains in self-efficacy for political engagement, knowl-
edge about fracking and understanding of fracking as a controversy, and gains in students’
ability to identify an intended audience and political message from a video. Fracking was
used in university communication teaching by David Kahl to help students analyse how
power is communicated through language by industry and how industry obfuscates the cost
to the environment associated with the profit motive.

In engineering education, students from different STEM (Science, Technology, Engi-
neering, Mathematics) disciplines were assembled to address environmental topics. Teresa
Cutright (2015) used interdisciplinary teams to solve problems associated with the remedi-
ation of flowback water from hydraulic fracturing. In this context, fracking was positioned
primarily as an engineering and environmental issue rather than a political issue, with the
focus on fracking as a context that can be used for the development of group work skills
such as participation and leadership.

The group of studies on interdisciplinarity demonstrate the potential for fracking to be
used to teach science as well as other STEM disciplines as well as politics and media lit-
eracy. There is a need for more robust research on the outcomes of teaching across disci-
plines in this way. All studies in this section except for Cutright (2015) reflect on fracking
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as a political issue and plan for ways in which students can learn about power and deci-
sion-making or use knowledge to inform their own decisions about fracking. Therefore,
in the mathematics, policy and communication studies classrooms, fracking is positioned
as a political issue. In the engineering education studies, hydraulic fracturing is presented
as unquestionable, with only the details left to be resolved (e.g. how to deal with flowback
water).

Discussion and dialogue

Discussion and dialogue were common approaches to fracking education, in both face-to-
face and online educational encounters. Discussion is taken to mean analysis and break-
ing down ideas through talk, where students address a question of common concern. Dia-
logue, according to David Bohm (1996), is a generative process of creating something new
through differences in meaning identified in talk. Discussion was often used following a
viewing of videos, typically showing contrasting perspectives on fracking, either online,
as in a study of an online geology course by Matthew d’Alessio, Joshua Schwartz, Vicki
Pedone, Jenni Pavia, Jenna Fleck and Loraine Lundquist (2019) or in class as in the uni-
versity sustainability engineering context described by Paul Gannon, Ryan Anderson, Jus-
tin Spengler and Carolyn Plumb (2018). In the high school context, Julie Treick O’Neill
(2012) discusses how the documentary Gasland (Fox 2011) was used to problematize the
concept of ‘trade-offs’ with students. These studies describe positive outcomes from the
approach, e.g. gains in perceived knowledge of fracking and engagement.

In the context of high school science, Anne Solli, Thomas Hillman and Asa Mikitalo
(2017) make connections between interdisciplinarity and dialogic teaching in their investi-
gation of students’ controversy mapping about fracking during a three-week unit in natural
sciences. Students engaged in a carefully structured research, discussion and communica-
tion project, and it was found that students handled multiple perspectives, referred to and
evaluated sources, distanced themselves from the message and provided evidence. These
activities, related to dialogue and argumentation, mirror competences required to partici-
pate in public discussion about fracking and to become scientifically literate.

The studies featuring discussion and dialogue suggest that fracking is an appropriate
topic because it is controversial: people can legitimately hold different positions on frack-
ing, and these may change as new evidence or ideas are presented. There are indications
that these processes can bring about learning, but learning intentions are often unclear
(particularly for non-science learning) or narrowly focused on science or engineering. This
points to the need for more systematic research on the impact of these strategies, including
on students’ understanding of social and political processes.

Modelling science and politics

A model is defined by Janice Gobert and Barbara Buckley (2000, p. 891) as a ‘simplified
representation of a system which concentrates attention on specific aspects of the system’.
Models were used in multiple ways: to represent political processes (Rinfret and Pautz
2015; Stoddard and Chen 2018), mathematical processes (Hendrickson 2017), scientific
processes (Peter Kennett and Natascha Engel 2018) and scientific explanations (Lombardi
et al. 2018a, b).

The model of fracking liquid (Kennett and Engel 2018) focuses on the nature of materi-
als used in fracking liquid, using household items to model the composition of the liquid.
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It suggests that students draw conclusions from the liquid ‘input’ that may not apply to the
liquid output. Whilst the model might enable students to relate to some of the chemicals
used in the process, it does not involve them handling chemicals that cause neurodevel-
opmental or neurological effects. According to Ellen Webb, Julie Moon, Larysa Dyrszka,
Brian Rodriguez, Caroline Cox, Heather Patisaul, Sheila Bushkin and Eric London (2018)
such chemicals are widely used in and produced by fracking process. This model is also
limited in that it does not raise awareness of the problems of storage, transport and treat-
ment of waste products or draw attention to the water demands of the process. This misses
the opportunity to teach about the environmental (including land use) and political dimen-
sions of fracking. As with the use of models more generally, it is important to consider the
strengths and limitations of the model with students.

Mathematical models were developed by students in response to their own questions
(of an economic, political, environmental and scientific nature) about fracking such as how
much fracking fluid would be lost underground in the USA if it was not controlled? and
what percentage of the US uses fracking methods? (Hendrickson 2017), demonstrating
how fracking can help students use mathematics come to a view on fracking.

Political models (Rinfret and Pautz 2015; Stoddard and Chen 2018) enabled students
to learn about fracking through simulated political processes (stakeholder groups, draft-
ing policy papers, preparing for a congressional hearing). Students reported gains in learn-
ing about environmental policy making and fracking, as well as enjoyment of the process.
Whilst a more robust treatment of learning gains (in different disciplinary dimensions) is
needed, political models appear to be engaging for students and the existing evidence sug-
gests that they bring about learning across disciplines.

The studies using political and mathematical models show potential for teaching about
fracking using a range of disciplinary approaches, but the challenge is the duration of activ-
ities, with most taking place over a day or over several weeks. This would be challenging
for many teachers, with their concern for curriculum coverage, particularly at age 1416,
and the difficulty that Victoria Wong and Justin Dillon (2019) report teachers experiencing
in working across disciplines associated with the asymmetric dependence of science on
mathematics. However, the reports suggest that these practices can make a contribution to
placing fracking and fracking education into the public sphere where teachers can find the
time to incorporate them into teaching.

The following categories relate to desired outcomes for teaching about fracking.

Critical thinking

Fracking was used as a context to develop or assess critical thinking skills in students. We
use Robert Ennis’ (2011) definition of critical thinking as ‘reasonable reflective thinking
focused on deciding what to believe or do’. Fracking was used as a context for teaching
critical thinking through controversies by Sarita Cargas (2016), and by Dennis Liu (2012)
for raising awareness of how a range of denialist tactics—including conspiracy theories,
fake experts, cherry-picking of data, impossible expectations of research and the misrepre-
sentation of opposition viewpoints—are used to undermine science. Whilst the identifica-
tion, elaboration and discussion of such tactics are useful to educators, there is scope for
further work on how these can be applied to fracking and included in science teaching and
research into their effectiveness. STEM-based problem solving was used in a multidisci-
plinary context by Paula Monaco, Aimee Cloutier, Guo Zheng Yew, Maeghan Brundrett,
Dylan Christenson and Audra Morse (2016), who worked with female high school students
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in a summer school to design a fracking site, constrained by site conditions, but those of a
political nature were not discussed.

In high school science, Lombardi et al. (2018a, b) propose the use of Model-Evidence-
Link activities (MEL) to help students to evaluate the plausibility of different explanations
for seismic activity near fracking sites, finding that instructional scaffolds in the form of
evidence statements and scientific and alternative model explanations helped students learn
earth science content and to evaluate the validity of explanations based on evidence, albeit
only to a modest extent. The focus here was on seismic activity, the impacts of which are
better established than some of the other environmental impacts of fracking, but arguably
less of a concern to young people living in fracking communities than water and air pol-
lution and the social impacts identified by our previous empirical work on the knowledge,
beliefs and attitudes of youth (Dunlop, Atkinson and Turkenburg-van Diepen 2020). The
MEL approach by Lombardi et al. (2018a, b) could be expanded to make students aware of
the limits and limitations of scientific evidence and to make better connections with regula-
tory and industrial practices.

Using a two-tier multiple choice instrument to assess critical thinking, QuASSR (Quan-
titative Assessment of Socio-Scientific Reasoning), William Romine, Troy Sadler and
Andrew Kinslow (2017) found that only 2% of variation in socio-scientific reasoning is
explained by knowledge about fracking, suggesting that teaching more content is not the
most productive way to improve socio-scientific reasoning. They suggest that identifying
complexity and recognising that problems are difficult to resolve are some of the easier
tasks associated with socio-scientific reasoning. More challenging tasks were understand-
ing that decisions are confounded by the interests of stakeholders, even when rigorous sci-
entific data are available, and that there is often a need for additional data. This suggests
a learning progression for introducing socio-scientific reasoning about fracking in science
classes. The set of studies on critical thinking tended to make use of the wider social, polit-
ical, environmental and economic considerations, except where this was taking place in an
engineering context, where fracking is treated in the ‘realm of necessity’, generating only
technical questions.

Knowledge

Pedagogical proposals for teaching or assessing fracking focused on knowledge. These
included short teaching interventions such as presentations and role play used in Germany
and the USA by Christian Zowada, Ozcan Gulacar and Ingo Eilks (2018), short lectures in
the case of Joanna Burger, Kimi Nakata, Laura Liang, Taryn Pittfield and Christian Jeitner
(2015) and more extended courses such as that reported by Darrick Evensen (2017). Where
testing of knowledge pre- and post-intervention was used, studies reported knowledge gain
for students, but this tended not to relate to the environmental, social or health impacts
of fracking. Evensen (2017) tested the link between knowledge and attitudes, finding over
the course of a 13-week intensive course that a change in self-evaluated knowledge about
fracking and its impacts was reported but with little change in students’ attitudes.

Whilst knowledge gain is an appropriate learning outcome, it is important to define
what knowledge relates to and consider the extent to which fracking can be separated from
its social, environmental and economic impacts, not to mention the best ways to identify
knowledge gain and retention in relation to complex issues. Alternative approaches to
assessing knowledge about complex issues include mind mapping as used by Nikita Bur-
rows and Suazette Reid Mooring (2015) and the creation of actor networks as used by
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Renee-Marie Fountain (1999). Whilst these might be difficult to apply in large scale survey
settings, the findings might be more illuminating—particularly if used in classroom set-
tings—than those gained through surveys that reduce knowledge to a perception or a small
number of multiple choice items.

Community education

The final group of papers reporting pedagogical proposals were rooted in educational
responses to fracking in local communities. These deal mainly with adult education in spe-
cific contexts affected by fracking or the prospect of fracking. For example, Amanda Poole
and Anastasia Hudgins (2014) located an ethnographic field school for teaching research
methods in a fracking community, and Stacie Blue (2017) reported a model of a college
working with their wider community to bring knowledge about fracking to inform deci-
sion-making. These studies demonstrate how education embedded in communities can
help develop understanding of the issues associated with fracking (in the former paper) and
how this can be used within community decision-making processes (in the latter). These
studies deal with political and environmental aspects of fracking.

Education supporting resistance to fracking operations was observed in Larraine Larri
and Maxine Newlands’ (2017) analysis of the production of gender in two anti-fracking
documentaries used in education about coal seam gas (held in coal seams rather than shale,
but also extracted by hydraulic fracturing). This study problematizes the use of documen-
taries in education, arguing whilst Frackman (Nasht, Lake and Todd 2015) has educational
benefits in relation to informing people about the shale gas industry, it reiterates gender
blindness, barely including the stories of females as activists, in contrast with Knitting
Nannas (O’Keefte (Producer) and Brown (Director) 2014), which presents learning as an
inclusive community of practice through which people deepen their knowledge and under-
standing through interactions with each other.

The studies on fracking education in the community place social and political consid-
erations as central, and whilst they do not reference science education, science educators
have an important role to play in supporting people in these communities to understand and
interpret scientific evidence and use it to promote sustainability through transformational
learning, in line with Vision III scientific literacy (Sjomstrom and Eilks 2015).

Findings: interviews with teachers

Interviews with teachers revealed little appetite for teaching fracking in upper high school
science and even less for including the broader political dimensions of the issue. They felt
that it was not appropriate to address this in upper high school science classes due to the
nature of the subject, the curriculum, the students, and the place of politics and the envi-
ronment in school science. Whilst local interests were seen to be important, they were over-
ridden by national interests such as curriculum and examinations.

The nature of the subject in the upper high school
Although teachers saw fracking as an important issue, particularly for their local popula-

tion, they saw no place for fracking in post-compulsory science education (i.e. post-16). In
terms of the subject, teachers linked fracking to energy supplies (physics), hydrocarbons
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(chemistry) and climate change (biology) but believed that whilst it might be mentioned,
there was not enough science associated with fracking for it to feature in upper high school
science, reporting that ‘I think with fracking there isn’t enough physics in it’ and ‘once
you’ve named it, I’'m not that clear in my own mind where you’d go with it’. The teachers
suggested alternative places for fracking education, for example in religious studies or per-
sonal, social, health and citizenship education, but recognized that these subjects also fea-
tured heavy curricula, where fracking would be competing with, for example, sexual health
and preventing violent extremism.

Would it be a better idea to talk about these things in a more generalized setting? So,
looking at it from their point of view, whether it’s a more business economic point of
view, whether it’s more environmental point of view, and you get people discussing
the same issue but from different angles. And I think that that’s that could be quite
important because then you get a more balanced view rather than ‘this is the science
behind it’.
Science during the compulsory stage (11-16) was also considered an appropriate place for
teaching about fracking, although none of the teachers in the study had taught about it at
that level. Pushing out fracking—and environmental and political issues more broadly—
from science education, particularly at a post-compulsory stage sends a message that sci-
ence can be divorced from the political context and that such concerns are not the concerns
of scientists.

The nature of the curriculum in upper high school science

Unsurprisingly, teachers were guided by curriculum and assessment requirements. Where
fracking did not appear on their curriculum (A level physics, chemistry and biology, the
main qualifications for post-16 science in England), they did not plan to include it in their
lessons. Further, it was seen to be unrelated to material that was on the curriculum, report-
ing that ‘In terms of their daily lives they ask about it, but in terms of what they need to
know for an examination, certainly for chemistry, there’d probably be nothing in there’.
This response was common amongst all science teachers interviewed: ‘there’s nothing that
relates directly to fracking that we would teach about...there’s no real opportunity to talk
about fracking’. Some hypothesized that the absence of fracking was due to its relatively
recent appearance (in England) as a technique for extracting gas. This suggests a discon-
nect between the curriculum and education to meet the sustainable development goals
which prioritizes (for example) climate action and clean energy or a lack of resources that
connect fracking and curriculum content.

Although the curriculum prescribes the minimum content required, teachers felt under
pressure to teach what was there and saw little scope for going beyond the curriculum, con-
strained by what they saw as a content-heavy curriculum and high stakes assessment. Some
curricula did include possibilities to teach about fracking, but these qualifications were
sometimes perceived to be under-valued by universities, who were seen to drive decisions
about what science students need to be successful in higher education: ‘A few years ago,
we had the old General Studies A level where you could discuss and debate those kinds of
things. But of course, now we don’t because universities don’t recognize it’.

The absence of fracking was considered to be related to the type of content in the
curriculum:

@ Springer



570 L. Dunlop et al.

There isn’t so much in A level or in GCSE [General Certificate of Secondary Educa-
tion, a qualification taken at age 16] of what they used to call how science works.
This whole sort of global picture of, you know, the idea of how we use science and
society and how science affects society and all that sort of stuff.

Teachers felt that fracking would need to be included in the curriculum in such a way that
it gives them ‘license’ to teach: although they saw fracking education as ‘important’ they
felt it could only be given attention in class if valued by awarding bodies and universities.
This prioritisation of national rather than local interests represents depoliticization. Power
is seen to rest not with teachers, but with a distant abstraction (the curriculum). The deci-
sion to include or exclude issues such as fracking based on the content of the current cur-
riculum is both limited in the sense of restricting the teaching and learning of science to
centrally dictated content statements from the qualification awarding body, and limiting, in
that it obstructs access to contexts for application of scientific knowledge and skills which
can be used to better understand and influence decisions taken in the world. There is a need
to think creatively about curriculum connections between the environment and science, for
example drawing on Hendrickson’s (2017) example applying mathematical concepts and
processes to answering students’ questions about fracking.

The nature of upper high school science students

Some of the teachers saw the nature of activity that might be required to teach about frack-
ing to contrast with the interests and skills of the students who selected sciences, particu-
larly physics. Teachers were pessimistic about how open students would be to discussion
and debate, observing that:

Students who have a certain characteristic in nature, are out of their comfort zone
because they’re like, ‘well, I need to know that equation’ or ‘I need to know that cal-
culation’. It’s like ‘why do I have to talk about something that’s so there is no answer
to? I want to know an answer. I have to get to an answer’. And so that open debate
... we do get the occasional student that has that ability. But in science, you find it’s
more of a sort of closed sort of mindset.

This suggests the need to discuss with students how research scientists operate at the fron-
tiers of knowledge, where there is no known answer. With no requirement to use specific
approaches, teachers reported avoiding experiences that would be uncomfortable for stu-
dents. Howeyver, it is important for students to have supportive experiences outside their
comfort zones in order to learn. The instrumental attitudes of some students were also per-
ceived to be a barrier to addressing fracking, for example ‘We have those kids just natu-
rally intrigued and want to know...and the others are like, well, is this on my examination?
Then I don’t want to know’. Even in instrumental terms, it is important to challenge these
attitudes from students because an education limited by what is assessed is unlikely to pre-
pare young people well for life beyond the classroom where knowing how to use scientific
knowledge to inform opinions and decisions, as well as how to deal with disagreement and
difference, and learning how to hold power to account are needed in the private as well
as the public (e.g. further education and employment) spheres. Instrumentalism reinforces
regimes of obstruction to environmental justice in education by squeezing out what is not
prescribed.

Science students were also considered to have less of a need for education about frack-
ing as they were thought to possess critical thinking skills necessary for interpreting
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information about the issue: ‘I don’t see why it needs to be the specialist scientists would
study it because they’ve probably got critical faculties to do some independent research’.
This undermines the role of education in developing critical thinking and argumentation
skills. It also relies on the motivation and curiosity of individual students to find out for
themselves. Teachers were open to—and did—have conversations with their students about
fracking. Indeed, this is how teachers in the study taught fracking, i.e. in response to stu-
dent interest in an environmental extracurricular activity, in conversation or in support of
a student’s work for the extended project qualification (EPQ, an extended and open-ended
investigation into a topic conducted independently by a student).

You'’re always going to get students that mention things that are in the news and
again, as teachers, we might talk about local issues and what’s in the news, terms of
science. So, it has come up because it’s been so, so prevalent...[it] is more what you
might just talk about the five minutes of beginning of a lesson.

These less formal conversations offered scope for addressing topics not on the curriculum
and in response to students’ interests. However, the push towards personal rather than pub-
lic conversations about fracking depoliticizes the issue, and the reliance on student inter-
est risks marginalising this and other important environmental and political issues in high
school science.

The place of politics in upper high school science

Teachers noted the importance of fracking as a local issue and contrasted this with its
absence from science education, noting that it ‘is almost noticeable as an omission’. Frack-
ing was seen by teachers as a political issue, and they perceived that politics did not belong
in science classrooms, reporting that ‘you have to be careful not to be political in the class-
room...as a scientist, you want to always present both sides to any retaining science or
consensus’. There was little recognition that all education is inherently political and that
presenting ‘both sides’ is a political position in itself. There was no space to deal with
complex situation where no consensus exists or to help students learn how to deal with dis-
sensus. There is opportunity to see these situations as opportunities for learning about how
science and government works, and about the strengths, limits and limitations of science,
rather than barriers to teaching science.

Teachers described how, when dealing with topics, their focus is first on teaching their
subject and that it is unlikely that they would consider broader political, economic and
environmental considerations: ‘I think the difficulty is, if you're looking at it from say a
chemistry point of view, the focus will be on the chemistry that’s involved with the process,
and it wouldn’t be about the bigger picture’. This focuses on technical competence (Vision
I scientific literacy) rather than science for application and meaning in life (Vision II) or
for sustainability and transformation (Vision III) and contrasts with how scientific research
is being funded in response global challenges (UK Research and Innovation 2020) and the
international focus on responsible research and innovation (European Commission 2020).

Not only was it undesirable for teachers to deal with politics in science classes, but
teachers in the study felt that most teachers had not been trained well to deal with man-
aging classroom discussion, and that they would find it uncomfortable to do so: ‘I think
it would be a long way outside of most physics teachers’ comfort zones to be discussing
those kinds of influences because it’s from anything else that we deliver’. This suggests a
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need for attention to pedagogical approaches for dealing with politics in school science in
pre- and in-service teacher education.

The place of the environment in science education

Teachers linked the absence of fracking in the curriculum to the absence of environmen-
tal issues more broadly. Teachers saw the place for fracking in relation to climate change,
energy and renewables, but noted that ‘I think [the environment]’s a footnote in the year 12
work’. The environment was seen as secondary to subject specific ideas:

But it’s in terms of the environmental impact is there, but it’s more tip your hat to it
isn’t it? You know, do you understand the chemistry?...it’s not really the environ-
mental impact, you know... syllabuses are written to the chemistry.

For example, one teacher observed that:

It seems to me that not just A level but at GCSE, that there’s actually less attention
paid to the whole renewables argument versus fossil fuels than there was even when I
started teaching...in ‘86.

This contrasted with what teachers saw as the purpose of science education, which included
making students more aware of local issues, understanding science in their own lives, and
developing scientific literacy, noting that ‘this is an example of something where...you can
show students how these things are ongoing or important to make informed decisions’ and
‘to encourage the students to become scientifically literate, as they’re participating in those
democratic decisions, and they’ll come relatively shortly to them. I think on that basis, it
wouldn’t be right to avoid the issue’. This demonstrates that teachers see a conflict between
the current curriculum and an education for scientific literacy that allows students to find
out about science and how it impacts their own lives. Whilst teachers saw fracking as
important, they felt it was more appropriate for students to learn about it elsewhere.

Discussion

Whilst we focus here on fracking, it is important to consider this in the context of wider
environmental issues, and indeed other political issues in science, particularly those which
affect populations in different and inequitable ways. Our first research question asked ‘what
approaches are used in teaching and learning about fracking?’ In a systematic search of
research literature, we found presentations, films, discussion, critical thinking scaffolds,
models, virtual internships and problem-solving scenarios used to teach about fracking in
different disciplinary contexts. However, the research literature in relation to teaching and
learning about fracking is sparse, particularly at high school level, in science lessons, and
outside the USA. In the UK (the context for this study), few open-access teaching resources
are available on popular databases, and teachers tend not to see a place for teaching frack-
ing in upper high school science. Similarly, Zowada et al. (2018) found that fewer than half
of their student research participants saw a place for fracking in the curriculum or reported
that fracking motivated them to learn chemistry in depth, suggesting that there is little
appetite for fracking education. This contrasts with youth demands for climate education
(UK Student Climate Network 2020). Teachers in communities affected by fracking tended
not to teach about it in science lessons, citing incongruence with the subject, curriculum
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and students. They were, however, open to encounters with fracking in non-formal spaces,
e.g. in conversation or in after-school activities, but did not see a place for the political
dimension of the issue. There is a need to bring these local environmental issues into the
classroom if one of the aims of education is to prepare young people for life and decision-
making. Education about fracking can contribute to climate education by raising aware-
ness of the greenhouse gas contributions of fracking, drawing attention to the social and
environmental impacts of the process and problematising the focus on extreme extraction
technologies rather than renewables.

Our second research question was ‘how are the political dimensions of fracking dealt
with in fracking education?’ Our literature review found that the political dimensions are
largely absent from the engineering education literature, but that elsewhere the political
dimensions are dealt with by providing modelled or simulated experiences, providing
opportunities for students to conduct research online to inform their views, teaching media
literacy, for example to recognize how industry communicates its message and about how
denialist tactics can be used to undermine science.

Hydraulic fracturing is absent from an important dimension of the public sphere (educa-
tion) at the time at which there is greatest need for citizens to be informed and able to par-
ticipate in political processes relating to what hydraulic fracturing means for their commu-
nity, their country and the planet. If students in England are to encounter fracking during
their compulsory education, it relies on the interests and capacities of themselves and their
teachers and is likely to occur as incidental conversations which do not enter the politi-
cal realm. Encounters, however, are improbable given the prevailing culture in schooling,
whereby assessment drives what happens in the classroom, and teachers are disincentiv-
ized from opening up discussion about political issues, fearing responses from parents and
senior leaders when dealing with controversy, particularly where it is not a curriculum
requirement. Hay (2007) suggests that the absence of discussion points towards efforts to
depoliticize the issue. We suggest that this is the case here: the absence of fracking from
education documents and resources in the UK acts to silence discussion on the issue and
remove it from the public sphere. If politics is defined as a social activity based on delib-
eration that happens in situations of choice where there is capacity for agency (Hay 2007),
fracking is not presented as such in UK science education.

Malmberg and Urbas (2019) discussed the extent to which teaching resources pre-
sented possibilities for social change in the context of stress. In this study, we were
interested in whether or not the processes of depoliticization evident in relation to health
education would also be prevalent in relation to the environment. Here we find fracking
largely invisible in research literature, the curriculum and teaching, and where it does
appear the political dimensions of the issue are absent. In the international research
literature, social and political responses to fracking were featured, but they tended to
make large demands on time, and were often in higher education contexts where multi-
perspective approaches tended to be found in non-majors courses, suggesting that issues
such as fracking which require an understanding of multiple perspectives are squeezed
out of the compulsory curriculum. Malmberg and Urbas (2019) attribute invisibility to
depoliticization, where the issue is positioned outside the democratic space. In the pre-
sent study, we found science teachers opposed to dealing with the political dimensions
of fracking in science lessons, and the desire to teach for ‘balance’ was evident in their
responses, whether by presenting all stakeholder interests as equally weighted, or by
ensuring that students are presented with viewpoints from, e.g. industry and the envi-
ronmental movement. Eaton and Day (2020), reporting on the Canadian context, argue
that this emphasis on balance has been a deliberate strategy promoted by the fossil fuel
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industry to defend itself from action against climate change. The aspiration for balance,
focus on individual decisions and preferences, and the rejection of politics from science
education takes politics out of education. With these depoliticization processes within
teaching contexts, instrumental approaches to education which prioritize academic
attainment in relation to predetermined learning outcomes obstruct education relat-
ing to non-curriculum content. Possible consequences include the public being poorly
informed about the economic, environmental, scientific and social impacts of fracking,
and about the political processes through which decisions are made and therefore less
able to hold policy makers to account. There is a need to question the desirability and
possibility of balance when teaching about issues relating to the environment and sus-
tainability. If science education is to contribute to the scientific literacy needed to meet
the UN sustainable development goals, there is a need to identify and challenge the
regimes of obstruction to climate justice associated with petro-pedagogy.

More transformational approaches were found in communications and community
education, where there were reports of engaging with fracking communities, at times
informing decision-making in response to opportunities to lease land for fracking. Sci-
ence education has the potential to make a strong contribution to meeting the sustain-
able development goals, but to do so, there needs to be greater use of critical pedago-
gies which identify and challenge assumptions and priorities which reinforce existing
inequalities. Research literature offering and reporting on pedagogical proposals was
political to different extents. Engineering education tended to present fracking as a non-
political fact-of-life, with only questions of efficiency and improvement up for discus-
sion. This may be at least in part attributable to the fact that fracking was at times used
as a context for focusing on core disciplinary knowledge or other skills, e.g. critical
thinking or group work. However, the absence of politics renders fracking in engineer-
ing education a depoliticized issue, where it is not questioned. Absence has the potential
to fuel apathy or according to Matt Wood and Matthew Flinders (2014, p. 159) ‘deny
the existence of choice in relation to certain issues’ which in turn facilitates depolitici-
zation at the governmental level. According to Hay (2007), depoliticization is problem-
atic because it insulates politicians from their choices and protects them from respon-
sibility and critique, and it results in the belief amongst the wider population that the
status quo cannot be changed.

At the other end of the spectrum, some of the proposals that drew on models, simula-
tions and discussion and dialogue incorporated the political—and other—dimensions of
fracking. In these scenarios, students were allowed to find out about fracking before par-
ticipating in discussion relating to the model. This enabled them to understand the science
of fracking and also how decisions can be made and influenced. Whilst these approaches
took time, they were able to support students to learn about fracking as a controversy, as
well as how political processes work. Fracking is therefore positioned as a political issue,
but the space for public participation through education tended to be squeezed into the
non-compulsory educational space.

Interviews with teachers in schools near fracking sites in England revealed contradic-
tions between what they saw as the purpose of education—in terms of scientific literacy,
preparing young people to participate in decision-making processes and demonstrating how
knowledge creation in science continues in the context of fracking—and what the subject,
curriculum and students demand. They felt no licence to address fracking, despite seeing it
as an important local issue, with many of their students affected by the process. Teachers
saw no place for politics in school science and believed balance to be essential. This was in
common with approaches found in the research literature, for example the presentation of
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documentaries from industry representatives alongside those of environmentalists and the
absence of discussion about whether or not all positions should be given an equal weight.

Fracking is a contemporary controversy about science that can be understood with
general high school science: it brings together chemistry (understanding fracking liquid),
physics (energy production), and earth science (how gas is stored in shale). Fracking, like
other contemporary and controversial issues associated with the environment in science
education, is associated with questions of power and decision-making. It is important not
to neglect the political controversy about fracking because it can provide insight into how
science works, how scientific questions, methods, claims and evidence can be interpreted,
and how new scientific and social scientific questions can be generated, as well as how sci-
ence is constrained and co-opted by dominant power structures. This could be considered
an example of what Eaton and Day (2020) describe as ‘petro-pedagogy’ which acts against
the possibility of students questioning or understanding the role of corporate power in the
climate crisis.

The limitations of the study relate to our narrow focus on fracking. There are likely to
be useful approaches to the teaching of fracking to be found in the literature on socio-scien-
tific issues; however, our interest was specifically on how fracking is dealt with rather than
how it might be dealt with. The literature search was limited to articles written in English,
and we are likely to have missed important studies in other languages. Similarly, the major-
ity of the studies identified were produced in the USA, representing a narrow geographical
region. The interviews with teachers were also limited, focusing on teachers in areas where
fracking was operational. This is unlikely to be representative of teaching elsewhere, but
the study was conducted at a time when fracking was high on the UK government and pub-
lic agenda, and we were interested to find the disconnect between the world (where frack-
ing made the national news) and the classroom (where there were few resources to support
teaching about fracking and teachers saw no place for fracking education).

Conclusions

This study has found a reluctance to deal with fracking as a political issue in science edu-
cation and persistence of the view that science education is not political. Whilst we do not
advocate politics in terms of telling students what to think, we advocate telling students
what to think about. The current situation appears to reflect the obstruction of environmen-
tal justice in science classrooms through the mechanisms of absence and avoidance and
an insistence on balance as both achievable and desirable. This suggests a need for a work
with beginning and in-service teachers to problematize the curriculum, its content and its
assessment, asking whose needs it serves, which values it prioritizes, and which interests
are missing, and to collectively find ways to ‘go beyond’ prescribed content to respond to
social (including local) needs. Approaches which are likely to be useful here include place-
based pedagogies which address the social and ecological places where people actually
live as described by David Gruenewald (2003) and environmental case studies modelled on
Paul Gorski and Seema Pothini’s (2013) case studies on diversity and social justice in edu-
cation. Also, Larry Bencze, Chantal Pouliot, Erminia Pedretti, Laurence Simonneaux, Jean
Simonneaux and Dana Zeidler (2020) offer an holistic, critical approach to science educa-
tion which takes account of the social and political systems through the use of Socially
Acute Questions (SAQ), Socioscientific Issues (SSI) and Science, Technology, Society and
Environment (STSE) education which extend contextual approaches to science education.

@ Springer



576 L. Dunlop et al.

Our own position is that young people need to understand how science interacts with
politics, and about how decisions about science and technology are made. For students
who plan to become scientists or engineers, they need to be are aware of the social and
political implications of their work. For all students, there is a need to identify where sci-
ence and technology can help people live more sustainability, where science and technol-
ogy is used to promote unsustainable and inequitable practices, and to enable young peo-
ple to understand and contribute to local, national and super-national political processes
where the decisions made have an impact on well-being and quality of life. In the con-
text of fracking, there is a need to include this in school science, at least in those areas
affected, where fracking is presented as a solution to global and national energy and eco-
nomic needs and as long as the climate crisis demands a just transition to renewables. More
broadly, there is a need for education to respond to local needs and go beyond instrumental
approaches where the curriculum is seen as the totality of education, rather than the mini-
mum. Education must confront scientific and technological interventions that impact on
local communities so that people in those communities are able to hold industry and gov-
ernment to account through participation in political processes. Participation might include
both formal (through government consultation processes, for example) and non-formal (for
example protest and other forms of activism) processes. Scientific knowledge is necessary
but not sufficient to prepare young people for the critical scientific literacy required to meet
sustainable development goals: understanding how science interacts with power is a neces-
sary component of Vision III scientific literacy for transformation linked to democracy.
Dealing with both the political and scientific dimensions of hydraulic fracturing in the
years of compulsory science schooling is necessary as long as fracking is presented as a
solution to global and national energy needs.
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