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Abstract

In the twenty-first century, the rise and support of fascism-related views threaten free-
dom of speech, freedom of sexual orientation, religious tolerance and progressive agen-
das that advocate equity. We argue that mainstream science education generally does
not, but should, educate students against fascism-related views—such as racism, sexism,
homophobia and religious intolerance—with a view to strengthening mutual respect and
the common good. We argue some science teaching practices are found to be suitable to
fascism-like ideologies (e.g. race in genetics teaching), and that the use of the concept of
‘scientific literacy’ has focused on neoliberal possessive individualism. As a consequence,
mainstream science education overlooks the development of sympathy, altruism and inter-
personal skills. We also discuss the activity of science education in authoritarian, undemo-
cratic regimes in history, showing that fascist regimes have long used ‘apolitical’ scientists’
achievements to establish and expand regimes’ intolerant and violent ideologies. We use
that historical relationship to argue fascism is science education’s business. Given the fear
that current political discourses in many countries are again swinging towards fascism, we
outline potential pathways for science education which focus on the social and emotional
development of students. We argue that to develop a pedagogy for democracy, that attends
to equity and social justice, it is imperative it enables pupils to develop at a psychological
level with diverse others, including through their own agency. This pedagogy builds on
critical pedagogies.
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Should science education deliberately and clearly stand against authoritarian, intolerant,
oppressive, misogynist, and racist views, promoted and valued by fascist ideologies? In this
article, we contend that developing tolerant and empathetic views, the values of democ-
racy, freedom of speech, freedom of gender identity, freedom of religion and of an inclu-
sive society must be built collaboratively across all school subjects. And with this principle
in mind, we will argue that mainstream science education (and more broadly STEM educa-
tion) currently does not, but should, develop a socio-political agenda (Santos 2009) that
challenges oppression of minorities and other fascism-related traits.

Fascism is an overloaded term, with little consensus in the literature about what defines
its forms of government. In twentieth-century Europe, for instance, Mussolini’s, Hitler’s,
Franco’s and Salazar’s regimes have all been described as fascist, authoritarian, nation-
alistic and violent, led by a charismatic leader, but they had clear different expansionist
and militarist aims (Jacoby 2016). But in relation to values and feelings that feed into the
fascist ideology, these invariably include hatred, xenophobia, misogyny, homophobia and
racism, which nurture intolerance and bigotry (Albright 2017). In everyday language, the
term fascism has been used to mean “something cruel, unscrupulous, arrogant, obscuran-
tist, anti-liberal and anti-working-class”, often used as a “bully” or “swearword” (Got-
tfried 2017, p. 316). Such connotations are not only detrimental to interpersonal relations
in inclusive democratic societies, they are also used to strengthen authoritarian views in
democracies that lead to fascist regimes (ibid.). In the modern literature, fascism-related
ideological supporters are sometimes referred to as the far-Right. In particular, the Alt-
Right (a term that is used to refer to white nationalist movements based in the USA) pursue
ethno-national ‘purity’, hold reactionary gender roles, value top-down policies, are violent,
advocate white male entitlement, and display a racist will to power intending to eradicate
weakness and opposition from all quarters (May and Feldman 2018).

Neo-fascist movements tend to emerge under fragile political-economic crises (Renton
1999), and such political forces can gain momentum either to maintain or change the politi-
cal status quo (Davies and Lynch 2002), i.e. fascism can be associated with conservative
or revolutionary movements. Dave Renton (1999) has documented that in the twenty-year
period after the end of WWII there was strong opposition to fascist political movements
in Europe but, from the seventies, pockets of fascism resurged on the continent, includ-
ing within countries severely adversely affected by the ideologies of the war, such as Italy,
France and the UK.

Our particular interest in countering fascism and authoritarianism is in direct response
to the widely reported news that the twenty-first century is seeing the new rise and sup-
port of fascist views in Europe, and the North and South Americas. To give only a few
examples, the New York Times has suggested that Donald Trump fulfils the fascist agenda
of racism, exclusion and intolerance (Beinart 2018)—an assessment of a president who
proposed to build a wall with the Mexican border and publicly dubbed Latin Americans
“bad hombres” (Dopp 2019). In a typical move of authoritarian regimes, ignoring freedom
of speech and of assembly, Trump threated to use military force against anti-racism pro-
testers after the death of George Floyd (ITV 2020). One month later, federal law enforce-
ment officers of the so-called leading country of free world scarily used “unmarked vehi-
cles to drive around downtown Portland and detain protesters” and drove up “to people,
detaining individuals with no explanation of why they are being arrested, and driving off”
(Grave 2020, para. 3 and 4). The Guardian, echoing the Brazilian press, has reported that
Jair Bolsonaro has expressed support for torturers and called for political opponents to be
shot, earning him the label of “the most misogynistic, hateful elected official in the demo-
cratic world” (The Guardian 2018a, para. 2). After he openly bullied homosexuals several
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times during 2018 presidential campaign, it has been reported “LGBTQ Brazilians [are]
on edge after self-described ‘homophobic’ lawmaker [was] elected president” (Sullivan
2018). And, shockingly, during the deadly pandemic that killed many thousands of Brazil-
ians, Bolsonaro has used “homophobic slurs to mock masks” (Phillips 2020). In the UK,
meanwhile, the new British Prime Minister, Boris Johnson, has been linked to islamopho-
bia, saying “Muslim women wearing burkas ‘look like letter boxes’” (BBC 2018a) and has
been accused of “moral emptiness, casual racism and courting fascism” by a Conservative
Party peer (The Guardian 2018b). Evidence similar to the above is abundant in the media,
also from other European countries such as Italy and Hungary and beyond, which shows
fascism-related views did not disappear after WWIL. In fact, fascist-related politics are con-
tinuing to gain considerable currency and political advocates in many countries across the
world (Albright 2017).

This is, as we know, just the tip of the iceberg of a cross-nation moral crisis in the
twenty-first century. Fascist-related policies and deeds are context-dependent; they vary
from country to country, and therefore must be tackled taking that into consideration.
Whilst necessary, looking in detail into such variability, however, goes beyond the scope of
this article. We are looking at creating an argument as to why fascism is science educators’
business, what we have been doing (implicitly or not) to tackle it and what else we can do
to strengthen democracy.

Central to the authors’ concern, fascist regimes have historically benefited from and
been strengthened by the achievements of scientific work (Gaspar, do Mar Gago, and
Simdes 2009) and such divisive ideology which ignores and explores issues sensitive to
people’s identities and feelings continues to shape actual science teaching today. Indeed,
empirical research shows substantial evidence that STEM students and professionals dem-
onstrate less social and civic values, less social concern, less commitment to understand
racial issues, downplay altruism and the civic engagement of individuals for social change
than students and professionals from other areas (Garibay 2015). In addition, empirical
research has shown that textbooks in recent decades in the USA have rekindled the issue
of race in genetics teaching with vigour, raising concerns about the consolidation of dis-
torted understanding of the roots of social inequalities through biology education (Morn-
ing 2008). Although only implicitly, some current biology science textbooks and curricula
still suggest a correlation between race, gender, behaviour and intelligence which portraits
groups of individuals in society as essentially inferior (Donavan 2014, 2015, 2017, 2019).
Clearly, those ‘essentialists’ correlations are suitable to fascist ideologies and have prob-
ably been deliberately used to undermine social equality movements (Donavan 2017). In
the same vein, research has shown a high percentage of teachers across the world believe
Eastern Europeans are genetically superior to other populations (Castéra and Clément
2014). Furthermore, sex education (in the UK this mostly takes place in biology lessons)
has encountered a number of obstacles and is generally focused on reproduction, leaving
issues of homosexuality not recognised (Reiss 1998). Some studies have shown biology
textbooks tend to accommodate binary-gendered political views, associating homosexual-
ity with diseases (Snyder and Broadway 2004), while other studies have concluded that
schools are homophobic and heterosexist institutions, thereby creating a hostile and tense
environment for teachers and students who do not fall within the binary gender classifica-
tion (Gunckel 2009). Many schools and families have failed to understand the thinking and
feelings of LGBTQ + students and teachers properly, tragically causing many of them to
attempt suicide (Smith and Drake 2001). In the light of evidence such as this, Steve Fifield
and Will Letts (2014) have rightly questioned whether humanistic movements such as ‘sci-
ence for all’ are really for all.
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Taken separately, the social roots of misogyny, xenophobia, homophobia and racism can-
not be accounted for by fascist ideologies only. But the high degree of concern that the rise of
fascism in Europe and in the Americas deserves in education is because the term encapsulates
and even advocates all those forms of violence together. Problematically, fascism or fascist-
like ideologies are a political power that is built upon a conglomerate of feelings that generate
intolerance and exclusion, which have been strategically used by politicians to get elected. It is
not only a matter of cultures of structured oppression (Freire 1970) that is passed on from gen-
eration to generation and which the colonial-capitalist model takes advantage of Bajaj (2015).
It is a matter of how a worldview built on individualism, selfishness and indifference to fellow
humans’ rights and dignity has been cunningly manipulated to grab power and obliterate pro-
gressive and sustainable agendas. Therefore, we are not only interested in understanding and
tackling the roots of detrimental thinking and behaviours that can be found in individuals, but
also in tackling a political view which can concretely manage a huge amount of government
assets to target people and remove from them their right to live a safe, free, fulfilling and flour-
ishing life.

Educators could realise that both democracy and fascist/authoritarian ideologies are built
on social and emotional issues, but they are based on fundamentally different policies and
views. According to Peter Bazalgette (2017), one of the fundamental elements of a civil soci-
ety is the development of empathy which enables people to engage in deliberative dialogues
with others. Richard Sennett (2012) points out the importance of the politics of co-operation
and how people need to work together with compassion. He argues, like Bazalgette, that
togetherness is essential for a civil society. Drawing on many international studies, Richard
Wilkinson and Kate Pickett (2018) have studied inequality and society and have shown how
inequality is related to ill-health, stress, anxiety and lack of well-being. They argue that high-
lighting difference inevitably invites ideas of inferiority, and that inequalities heighten feelings
of social anxiety and can lead to a belief in the importance of things over co-operation.

It is noteworthy that democracy recognises all kinds of views, fascist and authoritarian
views included. Therefore, we contend that democracy should be continuously developed
and strengthened so that, at its heart, it values mutual respect, tolerance and understanding of
others in order to further a society that is open and transformative. Nurturing and protecting
those values is a way to counter the growth of fascist-related views. As Jesse Bazzul and Sara
Tolbert (2019) have put it, “Science education, in its conservative formulations, may simply
be a distraction from much more important educational priorities” (p. 304). It seems, as they
add, “there is a serious reluctance, as a field, to come to terms with this reality” (p. 306). We
argue that not recognising the rise of fascism as a socio-scientific issue which must be openly
addressed in classrooms leaves mainstream science education not recognising such a threat to
democracy and inclusive societies.

Later in this article, we will show that several scholars from the critical pedagogy field have
made substantial contributions to develop a ‘pedagogy for democracy’ which in many ways
counter fascism-related views. We argue that those contributions will gain further currency if
they are recognised and understood as a workforce against the longstanding cultural and politi-
cal forces of fascism. We will also suggest alternative ways to move forward with the aim of
tackling fascism.
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Why fascism is science education’s business

We teach and learn science not only for the sake of scientific knowledge and practice, but
also for the sake of building a better world for everyone. Science education needs to cre-
ate an alternative curriculum that will engage the youth in some sort of ethics and social
responsibility activism: a curriculum for “people who will fight for what is right, good and
just; people who will work to re-fashion society along more socially-just lines; people who
will work vigorously in the best interests of the biosphere” (Hodson 2003, p. 645).

In addition, we should recognise that there is a destructive historical alignment between
the work of ‘apolitical’ scientists and fascist/authoritarian regimes’ ideologies. Scientists
were persuaded and succumbed to feelings of hatred disseminated by fascist propaganda
(Renneberg and Walker 1994). Fascist regimes have threated free academic work and sci-
entists who rejected authoritarianism. Science development during Germany’s Nazi regime
was severely reduced due to poor administration, reduced funding, hostility towards scien-
tists and an exodus of high-ranking Jews scientists (Deichmann and Muller-Hill 1994).

Similar behaviour is observed in twenty-first-century governments. Trump has denied
the scientific community by accusing “climate change scientists of having a political
agenda”, saying he was unconvinced that humans were responsible for the Earth’s rising
temperatures (BBC 2018b). And Bolsonaro has shown “strong support for development
in the Amazon” which has nearly doubled the rate of deforestation (The Guardian 2019).
More recently, Scientific American has called Bolsonaro a “Populist President” who has
sparked an “Unprecedented Crisis for Brazilian Science” (Tollefson 2019). Bolsonaro has
questioned the work of Brazilian scientists, debilitating institutions and cutting research
funding (ibid), similar to what happen to scientists in Portugal during the salazarist regime
(Galamba 2013). Science is a social, cultural and political activity—it is not a value-free,
purely rationalistic activity—so that scientists can and will make decisions and build argu-
ments taking into account their political views, worldviews and emotions which may back-
lash or embrace fascist-like politics such as the examples above.

We are considering here a science education that is also concerned with its technologi-
cal and social implications. Looking more broadly at STEM education, educators should
also be concerned about the threat to democracy caused by the use of technology to under-
mine democratic structures. For instance, it was widely reported that analytics firm Cam-
bridge Analytica harvested 50 million Facebook profiles and used algorithms to predict
and influence how people should vote in the Brexit and the last US presidential election
(The Guardian 2018c). Cambridge Analytica favoured populist nationalist candidates,
using a “psychographic-profiling method (...) to develop unique voter-targeting models”,
raising serious concerns about the trustfulness of the democratic rite in countries affected
(Persily 2017, p. 66). Here, as in the past, there are STEM-related professionals contribut-
ing to a process which appears to be a direct stab at democracy. And yet, countries con-
cerned with international competition have been investing in the teaching of ‘hard STEM’
subjects in the hope of prospering economically (Mansfield and Reiss 2020). Of course, we
agree countries need competent STEM professionals. But if we are to challenge fascism-
related views, we must take into consideration the relationship between the development of
science, technology and politics, creating a state of mind in students that fosters emotional
development such as inclusion, tolerance, collaboration, empathy—aiming for the common
good. In order to achieve this and counter authoritarianism and neo-liberalism, science
education should include discussions about ideology and subjectivity (Bazzul 2012).
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Racism (Morning 2008) and, more broadly, fascism (Jenkins 2006) has been science
education’s business for at least a century, but educational initiatives to counter fascist
ideology have been short-lived. We know that articulating a teaching practice that clearly
raises students’ awareness of the threats of fascist ideologies is not an easy task. For
instance, in the USA during the interwar period, educators sought to combat fascist indoc-
trination by teaching students to identify traits of fascist propaganda such as name-calling
and glittering generalities (Fallace 2017). But feedback from teachers about students’ criti-
cal thinking did not suggest this was a promising approach. It was recognised that there
was a “need for a more comprehensive approach to critical thinking, beyond “a study of
‘tricks’ of the propagandist” (Fallace 2017, p. 50). In the meantime, in the UK, the moti-
vations to develop political understanding in science education in the 1930s included a
broader political agenda of combating the rise of Nazism, Fascism and Bolshevism (Jen-
kins 2004, 2006). The Association for Education in Citizenship argued that biology could
be a vehicle to mitigate health and social problems. But its recommendations were rather
vague. Members of the Science Masters’ Association indicated students should “acquire a
sense of fact and a sense of law”, whilst “Marxist” educators advocated “relevance to per-
sonal and social needs” (Jenkins 2006, p. 200). After WWII, citizenship education within
science lost motivation to supporting democracy against authoritarian views. Rather,
it sought to making science more relevant to everyday life through programmes such as
Science Technology and Society (ibid.). Today, because of fears that political bias would
‘indoctrinate’ students to think in certain ways and thus threaten freedom of thought, coun-
tries like Australia, the Netherlands and the UK have done little to promote political educa-
tion in schools (Hahn 1999). To circumnavigate criticism, and to bypass its complex politi-
cal system, political education in the UK takes place in citizenship education, a subject
commonly taught separately from core subjects such as English, Science and Maths (Perry
2018). The isolation of citizenship education reinforces the idea that subject learning is
non-political.

In the light of the above, as we will elaborate in this article, students need to be sup-
ported to reflect about those values in social contexts as a way to critically humanise sci-
ence. Or science could be used again and again as an element of power that leads to bigotry
and possibly to human obliteration.

Does mainstream science literacy seek to stand against fascism-related
views?

We seek to show that the widely made argument that a scientifically literate person is able
to think ‘critically’ in a democratic society presents limited contribution to political think-
ing and engagement. It also presents very limited contribution to developing interpersonal
skills or raising historical awareness of the relationship between science and authoritarian-
ism, thus not building a critical mind about fascism-related views.

The concept of scientific literacy that we take in our study encompasses knowledge and
skills somewhat related to four strands: (a) the understanding and use of scientific facts
and concepts in a content-orientated approach; (b) the learning of how to ‘do science’, i.e.
learn about its methods, how to measure, collect and present data, and build evidence-
based arguments through a process-approach (Millar and Driver 1987); (c) the learning
of the applications of science and its relationship with technology and society through a
Science, Technology and Society (STS) approach (Mansour 2009); and (d) the learning of
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what science is through a historical-philosophical-sociological (HPS) approach (Matthews
1994).

At least since the 1920s, depending on the political climate of the time, curricula across
the world have sought to emulate key features of the humanities by introducing strands ¢
and d of science literacy with a view to make it more meaningful to students’ everyday life,
giving proper attention to human purposes and values, setting a ‘noble’ end for science
education, and seeking to extend and enrich its purposes and objectives (Donnelly 2002,
2004). Thus, a humanised, useful and accessible science education would contribute to
democracy, enabling all students and citizens to use scientific knowledge in their everyday
affairs. After WWI and WWII educators, politicians and other stakeholders were shaken by
the destructive power of military high-technology—developed and backed by prominent
scientists across the world—and reassessed the general aims of education, in particular of
science education. They concluded that science education should not only focus on the
education of good professionals, but on the education of citizens who value democracy and
peace (Jenkins 2006). However, despite attempts to humanise science, particularly through
curricula that valued STS approaches, science education has aimed almost exclusively
at enculturating youngsters in the forms of understanding and practices (strands a and b)
valued and accepted by the scientific community (Jenkins 2004). The teaching of science
for the sake only of scientific knowledge simply ignores social-political aspects of science
(Hodson 1998, 2003).

Emblematic of the narrow contribution of scientific literacy to a tolerant and inclusive
society, science education typically has clear neoliberal possessive individualistic aims that
suit the economically privileged class, as deftly explained elsewhere (Bencze and Carter
2011; Bencze and Alsop 2009). In a nutshell, the focus on the teaching of the products of
science (e.g. abstract laws and theories) serves the aims of ‘knowledge economies’, which,
instead of valuing the production of physical things or attitudes and skills that benefit com-
munities, value symbolic analytic services (jobs that require abstract thinking, manipula-
tion of symbols, graphs, models, designing, creativity etc., with a view to serve the mar-
ket and thus be employable). In this context of learning the abstract, science teaching is
a “selection camp” of those who can do abstractions: “Relatively few students, mostly
those from advantaged homes, seem able to more easily discover particular, pre-specified,
abstractions from inquiries” (Bencze and Carter 2011, p. 652). The science curriculum,
therefore, is suitable to the interests of the economic elite which seeks to keep its privileges
of accessing the knowledge that will lead to the kinds of jobs that are of interest to them.
Students are extrinsically motivated to learn science because they will possess the kind
of knowledge that benefits the individual (themselves) professionally/economically, not the
common good. This model does not question the established structures of power, margin-
alisation and oppression. It perpetuates them and requires an inspection of neo-liberalism
and subjectivity to make visible alternatives (Bazzul 2012).

There are several examples in the literature and in government documents that fulfil
the neoliberal possessive individualistic aims. For instance, it has been argued that stu-
dents must be scientifically literate in order to gain a sense of empowerment, social agency
and agency in the material world (Anderson 2007). By agency in the material world is
meant someone who is able to use scientific knowledge and skills to understand, explain
and predict phenomena in the surrounding world. Social agency refers to the marketisa-
tion of one’s knowledge and skills, on how useful science knowledge can help one to be
absorbed by the job market and to progress professionally. In Anderson’s (2007) words,
“Successful learners of science can gain respect for their knowledge, skills that enable
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them to do useful work, and access to jobs and to communities that would otherwise be
closed to them” (p. 5).

In views such as those advocated by Anderson (2007), youngsters are taught to look for
opportunities that build their educational portfolio that will place them in privileged social
positions. Arguably, the selection camp model for science education is exclusive. It will
implicitly force students from low socio-economic backgrounds to accept being education-
ally ‘defeated’” and placed in an unprivileged position in society (Freire 1970).

There is the argument that mainstream science literacy also promotes ‘critical thinking’
in everyday contexts—i.e. it looks for teaching strategies that encourage students to think
for themselves, independently, based on evidence and logical reasoning, who would not be
easily manipulated by charlatans and deceived by pseudo-sciences (AAAS 1993). Critical
thinking has often been described as a form of rational, impartial, nonarbitrary thinking,
based on evidence and on solid principles (Siegel 1980). And a scientifically literate person
has been described as one who thinks critically when accessing scientific material in the
media, such as newspaper and magazines, and can read graphs, tables and the like to make
critical judgements and take informed decisions in everyday life (Hodson 2009). Critical
thinking is believed to be essential to deal with problems students would encounter in their
lives (Aikenhead 2006).

But, as pointed out by Margaret Mcnay (2000), this idealisation of scientific literacy will
not question citizen’s views of what a fairer society looks like. This is because decision-
making in everyday life is not a purely rational act, which implies that one equipped with
scientific knowledge will not necessarily think politically towards a fairer society (Burbules
and Berk 1999). Decisions about science often involve social and emotional aspects. The
science literacy movement tends to downplay the politicisation of science and largely hides
the fact that decisions about science are often made largely on social and emotional factors.

In fact, in the last century, science teaching that is circumscribed by the products and
processes of science has not challenged fascist ideologies—partly because science has been
seen as an objective rational enterprise devoid of a social and emotional context. During
the salazarist regime in Portugal (1934-1974) scientific pedagogies that promoted ques-
tioning, inquiring, and wondering about the natural world (but excluding the socio-political
world) were not seen as a political threat by the regime (Galamba 2013). Conversely, edu-
cators who worked for the emancipation of the poor by helping them to question the social
structures of fascism, were targeted by the salazarist regime (Galamba 2013). As Carlos
Tabernero, Jimenez-Lucena, and Molero-Mesa (2012) suggest, what matters for fascist
regimes is the way that knowledge is ‘managed’ and disseminated. They have shown how
overtly different science knowledge was circulated when conducted by libertarian move-
ments in Spain (e.g. anarchist trade unions) and by the Spanish fascist government, and
how this affected the “inclusion—exclusion dynamic”—the previously used “strategy of
questioning the social, political and cultural establishment” (p. 70).

Turning now to STS (strand c), the American National Science Teacher Association
(NSTA) refers to informed citizenship and critical decisions that should be addressed in
school science in the following way:

Basic to STS efforts is the production of an informed citizenry capable of making
crucial decisions about current problems and taking personal actions as a result of
these decisions. STS means focusing upon current issues and attempts at their reso-
lution as the best way of preparing people for current and future citizenship roles.
This means identifying local, regional, national and international problems with stu-
dents; planning for individual and group activities which address them; and mov-
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ing to actions designed to resolve the issues investigated. Students are involved in
the total process; they are not recipients of whatever a pre-determined curriculum or
the teacher dictates. There are no concepts and/or processes unique to STS (cited by
David Ost and Robert Yager. 1993, p. 282, our emphasis)

The description above supports the view that students should be active learners who think
about problems that affect their local and global communities. Juan Garibay (2015) has
shown how directions from NSTA and other guidelines do include a certain “understanding
of society” but explains “there is no explicit mention of developing students’ understand-
ing of inequalities or interest in rectifying structural inequities” (p. 4). This stance does not
envisage, or does not make explicit, power-relations and structural forms of oppressions—
NSTA seem concerned with the betterment of general wellbeing and the adverse impact
of technology in a sustainable planet, but do not envisage the inclusion of traditionally
excluded people from power and decision making (Calabrese Barton, Ermer, Burkett, and
Osborne 2003). Moreover, in STS an uncomfortable absence of addressing emotions that
lead to bigotry, intolerance and hatred—that we relate to fascism—remains.

Much of the response to combat the rise of fascism can be found in the history and phi-
losophy of science literature and in a range of constructs made within the critical pedagogy
field. The next sections will turn to them.

Contributions from history, philosophy and sociology of science

Studies on the nature of science (NOS) or, more broadly speaking, on history, philoso-
phy and sociology of science (HPS) in science education have also ignored the histori-
cal relationship between scientists and fascist regimes. By asking the question “Does sci-
ence education need the history of science?”’, Graeme Gooday, Lynch, Wilson, and Barsky
(2008) make an eloquent case for why the history of science should be taught in schools.
They argue that the greatest benefits for students to study HPS are to gain skills such as
the ability to “read and interpret primary sources”, “develop confidence in critical think-
ing”, “learn to formulate, marshal, and defend a cogent argument” (p. 325). These skills
are advocated in the context of learning about the human struggle to develop scientific
knowledge. To be more specific, students can learn about the life and work of people like
Faraday, Darwin and Marie Curie, i.e. “about the life and work that led to the creation of
the canon”, “they can learn about the provenance of standard techniques by way of histori-
cal study of their origins, the vivid familiarity thereby attained thus at the very least mak-
ing it easier to remember what might otherwise be dull facts” and “can become acquainted
with the key institutions, formative episodes, and accomplishments of their fields” (p. 326).

We do not deny the importance of learning the history of science in the terms put by
Gooday and colleagues, which in fact is widely echoed by other science educations in the
field of HPS (Erduran 2012). Nevertheless, the history of science will be incomplete if
teachers and students ignore sociological and epistemological aspects of science such as
the ideologically-driven agendas undermining of the work of some scientists, the power
relations that authoritarian regimes have nurtured with science in the past, and the division
of scientists who either supported or resisted fascism.

We should not ignore the reality that during the Nazi regime many scientists in Ger-
many “fit[ted] unconditionally and smoothly into the Third Reich” and thereafter sought to
develop an ‘Aryan’ science (Renneberg and Walker 1994, p. 16). Because of its allegedly
political neutrality, scientists have been used as the instrument of fascist political systems
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(Siegmund-Shultze 1994). This has long been recognised: in August 1943, four years after
the breakout of the Second World War, a number of scientists from different countries met
in Birmingham to discuss how scientific work was treated under fascist and democratic
regimes. In an article in Nature (Cliff 1943), they claimed hatred of mankind was a basic
feature of fascism and that science can only flourish in a free society. G. Fournier, a French
scientist present in the meeting, made a note that is particularly prescient in today’s rise of
fascism:

Too many men of science had said: ‘I’'m not interested in politics’. (...) It is his [sic]
duty to see that they are used for the betterment of mankind and not for its destruc-
tion. In future he must continuously alert to ensure that fascism does not reappear
under some other name elsewhere in the world. (Cliff 1943, p. 307, our italics)

There are claims that Hitler’s vision of the ideological role of war machine technology
was taken up by groups of scientists and engineers who fought against the downfall of the
Third Reich with intense activity in the strengthening of Nazi’s armament power (Albre-
cht 1994). Whilst some mathematicians sought to develop an ‘Aryan Mathematics’, others
campaigned against and withdrew from German organisations led by the Nazi (Mehrtens
1994). These are only a few examples that belong to the fascinating, and yet dreadful and
concerning, history of science and fascism, that has been intriguingly unappreciated and
discouraged (Renneberg and Walker 1994). A fully-fledged HPS will not do without proper
appreciation of the socio-political implications in the work of scientists in our recent
history.

Clearly, being a good scientist is not necessarily conducive to being a good fellow citi-
zen. This is because scientific universal principles and values such as those of freedom,
truth and impartiality are not directly transferable to the social and interpersonal domains
(Siegmund-Shultze 1994). Other historical accounts have shown how scientists have over-
looked the social implications of their work and may have served, perhaps willingly, as
vessels to fulfil the aims of destructive fascist regimes (Renneberg and Walker 1994). The
apolitical aspect of the scientific enterprise is hazardous to democracies and plural socie-
ties which are based on mutual respect and for this reason it is urgent that science educa-
tion should develop a socio-political agenda that undermines oppression of minorities and
other fascism-related actions (Santos 2009). Authoritarian and fascist ideologies make use
of dehumanised science, but they also dehumanise people.

The literature offers significant material to approach a history of science from a social-
historical perspective with critical evaluation of the relationship between science and
authoritarian regimes. This important part of history should not be ignored if we are to
protect democracy from the modern emergence of fascism.

Contributions from critical pedagogy

More than educating the individual to be critical consumers, critical pedagogy seeks to
build a “much more politicised and issues-based science education” (Hodson 1998, p. 2).
The literature in this field questions social and moral matters that have been developed in
the literature under the overarching social-political action umbrella (Roth and Desautels
2002), which calls for a more democratic participation of the population on public affairs
and therefore on the directions that science entrepreneurships can take (Roth and Lee
2002). This umbrella shifts the meaning of critical thinking towards social responsibility

@ Springer



Science education against the rise of fascist and authoritarian. ..

and accommodates views ranging from scientific colonisation (Aikenhead and Elliott
2010) and Freirean perspectives on science education to transforming the lives that young-
sters lead to a culture of criticality and transformative agency (Santos 2009).

The roots of contemporary works in critical pedagogy can be traced back to the very
influential works of Paulo Freire. Under the premise that education is always political,
and is used to normalise and perpetuate structures of power, he developed a pedagogy
to empower students to question and tackle social injustices through ‘dialectics’ and
‘praxis’. Those social injustices are related to class, ethnicity (Freire 1970), gender and
race (Freire 1994). Since Freire’s Marxist pedagogy, there has been extensive devel-
opment in the critical pedagogy literature that calls for democratic teaching, with a
focus on social practice, that empowers and liberates students (Shor 1979) and to create
‘resistance’ (Jaramillo and Carreon 2014) against capitalist, white supremacist, sexist
(McLaren 2010) and other forms of dominant and oppressive worldviews and social
structures.

To give only a few examples in science education, Santos (2009), whilst criticising the
STS approach which “corroborates an ideological model for the maintenance of the status
quo”, has pledged “a political agenda to science education that would include issues such
as unequal access to technology around the world, the domination power of technology,
and the oppressive context of scientific and modern technological society” (p. 362). Angela
Calabrese Barton and colleagues’ work has challenged the egalitarian aims of the ‘sci-
ence for all’ movement (Calabrese Barton 1998) and advanced teaching approaches that
aim at social action for poor/marginalised children (Calabrese Barton and Osborne 2002).
She has also given new perspectives on the education of ‘urban children’ who live in a
cross-cultural, multi-racial, high crime, polluted and socially discriminatory environment
(Calabrese Barton and Tobin 2001). Calabrese Barton has developed approaches to address
social justice in the classroom (Calabrese Barton, Ermer, Burkett, and Osborne 2003) that
include connecting with the community and its views, finding out how pupils respond and
feel about these interactions, and how to solve the problem. Part of Calabrese Barton and
Edna Tan’s work is to give agency to pupils and to raise awareness of how certain groups
of people can be ignored in political debates, and so to give them an awareness of the
need for a ‘rightful presence’ in policymaking (Calabrese Barton and Tan 2020). Storage
and colleagues have shown how the classroom discourse conveys to students that science
is for men (Storage, Horne, Cimpian, and Leslie 2016) which puts women, in particular
black women, off science. Rodrigues and Morrison (2019) argue for a socio-transformative
approach to education that focuses on marginalised youth and builds on the foundations of
diversity, equity and social justice in order to form transformative actions. Several others
have scrutinised the economic-centred purpose of science education, as revealed in offi-
cial documents and curricula (Garibay 2015), and proposed curricula that call for social
responsibility by meeting the basic needs of the poor, the oppressed and marginalised.
Marxist-humanist Paul McLaren has deftly criticised the relationship between science,
education and the dominant interests through private investments (Calabrese Barton 2001).
He has argued that science education emphasises profitability whilst overlooking that “The
wealth of our nation should be measured by the elimination of class exploitation, racism,
sexism, homophobia, and other forms of oppression” (p. 853). To counter the ‘death-deal-
ing capitalism’, Bazzul and Tolbert (2019) have claimed we must “learn to extend our love
beyond love of self or extensions of self” (p. 307). And studies in critical peace education
(Bajaj 2015) pledge for the end of all forms of violence (physical, structural, and cultural)
that may be brought about structurally or not, organised or not, particularly in conflict and
post-conflict situations.
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Mainstream science education will do very little to tackle fascist-related views if it
ignores developments in critical pedagogy such as those above and continues to teach sci-
ence for the sake of scientific knowledge only, detached from its sociohistorical connec-
tions to social injustices. This said, current developments on social justice focus mainly on
the sociological level of transformation but curricula and teaching practice in Western soci-
eties still disconnect learners from love (Bazzul and Tolbert 2019), compassion, empathy,
and other bonding feelings (Magee and Pherali 2019). The emotional and psychological
level also needs to be brought into focus for a deeper change to occur, and in order to do
this we now turn to look at Othering and social justice in order to show why the emotional
level is so important.

Considerations about othering and social justice

Iris Young, in her seminal book Social Justice and the Politics of Difference (1990), argues
that oppression and domination are two pillars of injustices. She argues that difference is
key and must be recognised, not hidden. Differences are to be celebrated and are key to
identity so have to be acknowledged. So, for example, a trans person wants people to accept
and understand their differences so they can be taken into account (Tim Adams 2016).

For the voices of any oppressed group to be taken into account their voices must be both
heard and understood. Anna Yeatman (1994) argues for a politics of representation so peo-
ple can be heard in freedom. People’s voices of representation can be made, for example,
through a politics of presence (Phillips 1993, 1995, 1999). In other words, to move towards
social justice people have to be meeting with each other in a form of deliberative or partici-
pative democracy so they can discuss and jointly forge understandings and solutions. How-
ever, there is a further problem as Charles Taylor (1994) points out, that people can find it
difficult to understand and accept people at a psychological level. People’s differences can
be Othered (Rohleder 2014). Otherling is a dynamic process that often includes expression
of prejudice towards groups and creates an attitude of mind that propagates inequalities and
marginality. Othering occurs all the time and can lead in the extreme to violence, for exam-
ple the murder of Jews in the Holocaust (Powell and Menendian 2016). In general, though,
the psychological processes that include Othering go on all time, such as through men and
women trying to understand each other (Paechter 1998). Similarly, in recent US elections
Trump provoked anxiety and fear of the Other with his attacks on Muslims, women from
certain ethnic groups, and portrayed people of colour as posing a threat to the country
(Prose 2020).

Hence, it is important to have a politics of recognition where people empathise and
recognise how others are feeling, and come to understand them. To work towards social
justice it is helpful to work at a sociological, a psychological and emotional level. For
example, people can work at a political level to counter racism, and this can be quite com-
fortable because they do not have to confront their own personal prejudices, which can be
very emotionally challenging. We will elaborate this below.
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Attitudes, politics and state of mind that values and protects
democracy

We want to propose some initial thoughts on the connections between how science in
schools conveys the nature of science, the form of society people want to build, and the
role of the social and emotional development of pupils.

Using science in a dehumanised way is supported by having a view of science that
is dehumanised. This is the rational model of science, where people are likely to accept
science as a non-emotional activity. In this model, it seems probable that one would be
less likely to question the directions taken by research as though it was insulated from
politics and worldviews. Such a model of science is also more likely, stereotypically, to
appeal to men because of the lack of emotional and social content (Wyer, Barbercheck,
Cookmeyer, Ozturk, and Wayne 2008). On the other hand, if one accepts the socio-cul-
tural model then science should be seen within its cultural context with all its political
overtones (Parsons and Carlone 2013). The incorporation of logic, social and emotional
aspects makes it more probable that it will appeal to all genders. This is a humanised
view of science. Hence, it is important that pupils understand these skills within the
social context of science, and that the curriculum should change to allow this, as for
example in Canada (Bencze 2017), Europe (Levinson 2018) and England (SATIS 1988,
1990).

Further, therefore, students should learn to act in social situations, form networks with
many people, including those who agree and those who do not. Increasingly, scientists need
to work with people across diversity—gender, sexuality, ethnic backgrounds, religion and
varying abilities (Cooke and Hilton 2015). In particular, they need to be able to understand,
both intellectually and emotionally, those who work in the community. Both in science
and in a society we are interdependent and need to develop a network of social relation-
ships. The key is to enable students to understand this and see the interconnections between
the two; in other words, develop a personal response to science (Head 1985): a scientific
state of mind/identity that involves social and emotional reactions. Crucially, the state of
mind—how one perceives knowledge, whether it is to be accepted or if its values are to
be critically looked at in collaboration with diverse others—marks the contrast between
authoritarian/fascist minds and those of a democratic citizen (Fallace 2017).

Fascism has a set of attitudes that dehumanise people through Othering and are there-
fore quite different to those required by democracies. There have been studies about atti-
tudes and politics by Theodor Adorno, Frenkel-Brunswik, Levinson, and Sandford (1982)
and William Kreml (1977) that have shown that worldviews that are suitable to fascism-like
governments would be unlikely to support the kind of science education depicted above—
one that develops students’ emotional skills (Humphrey, Kalambouka, Wigelsworth, Lend-
rum, Deighton, and Wolper 2011). As Adorno and Kreml have reported, in general, author-
itarian people are often concerned with situating people into two groups, one weak and the
other strong. Othering is one of the psychological bases that is involved in the labelling
of groups in order to justify dominance. Authoritarians also tended to believe in ‘natural’
dominances of the “strong over the weak, smart over the dull, and the able over the inca-
pable” (Kreml 1977, p. 52). Contact with those perceived as powerless can lead authoritar-
ians to wish to dominate or humiliate them. When combined with a generalised hostility
towards people who are different, it is easy to see that racism and sexism (and other -isms)
are likely to be common outcomes. Similarly, women are often seen as either ‘good’ or
‘bad’ (Theodor Adorno, Frenkel-Brunswik, Levinson, and Sandford 1982). There can be
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an anxiety over sex, which can make relationships with the other sex pervaded with rigid-
ity. In terms of broader relationships, Theodor Adorno, Frenkel-Brunswik, Levinson, and
Sandford (1982) found that those people with authoritarian attitudes could form friend-
ships based on what they could get from people, rather than on making relationships based
on mutuality.

Later studies have also considered ‘Social Dominance Orientation’ (SDO) theory
(Duckitt and Sibley 2009) in addition to ‘Right-Wing Authoritarianism’ (RWA) (Pratto,
Sidanius, Stallworth, and Malley 1994). Those with high SDO believe that there should
be strong hierarchies, often in terms of factors such as gender and ‘race’. There are robust
overlaps between RWA and SDO but with differences in social attitudes (Durieza and Van
Hielb 2002). It has been found that those with a high SDO score negatively correlate with
empathy, tolerance, communality, and altruism (Pratto, Sidanius, Stallworth, and Malley
1994). As a result, authoritarian people can believe in power-based inequality including
homophobia, misogyny and racism, which is dehumanising people by Othering them and
not recognising their humanity. Othering is a significant part of prejudice and group-based
inequalities.

A central point here is that there are many people who are not at the extremes discussed
above who can still have a fear and anxiety over difference, which is why people who are
sexist are often also racist and homophobic. Even people who recognise the importance of
equity can argue for it at a political level and feel secure as it is emotionally distant, but the
emotional level can evoke anxieties, which is why tackling the emotional level as well as
the sociological is so essential. If people can come to terms with their anxieties and fears
over difference, then difference can be seen as a resource and a source of joy. Tackling
Othering is less about reducing difference than to generate understanding, to accept it and
enjoy it with companionship, humour and creativity.

From these arguments about dominance, relationships and anti-diversity, we would con-
tend that in order to counter authoritarianism/fascism requires it to be tackled at a social
and emotional level which, with our aim to educate pupils, requires a change in classroom
practice. Hence it becomes clear that if science education is to contribute to countering fas-
cism and promote democracy, teachers should:

1. Ensure students understand that science is a social and emotional, as well as logical,
activity;

2. Support students to empathise, and develop a respect and even value of each other across
diversity; and.

3. Engage with each other socially and emotionally to gain understanding and acceptance
of each other.

In light of the above we contend that science could be taught to make explicit the social
context of its development. If it is not made explicit there is a danger that the view of sci-
ence that it is only rational will be reinforced, which will not support open discussion with
the students about such dangers to free and inclusive societies.

From this evidence science education has a responsibility to make explicit the links
between science and politics and to humanise science as an activity, and recognise people
in all their diversity.

@ Springer



Science education against the rise of fascist and authoritarian. ..

Embedding the emotional, the social and the political in science
education

While the science literacy movement has opened up the territory and produced some
important approaches, we argue that it will benefit from encompassing the social, emo-
tional and political undercurrents that both affect the development and use of science,
which in an interwoven way, changes society. A programme to help safeguard an open-
minded and tolerant democracy through science education is still waiting to be developed.
Here, we offer an example of scientific pedagogy that could contribute to this aim. The
science classroom would benefit from (1) having a model for students to humanise science
and see it as a social activity, and (2) integrating this with students’ social and emotional
development through combining social responsiveness with science education.

Science as a social activity

If science is seen as objective activity it can be dehumanised as it can be claimed that its
discoveries are independent of people (scientists) and so politically neutral. It is known
that the processes of science do not follow the ‘objective’ rationalist research of planning,
method, data collection and conclusion, all without emotion. Rather, it is a complex set of
procedures that include discussions (Mulkay 1979), networks and play (Ziman 1984), and
where the social networks are more important than the ‘scientific method’. Figure 1 sum-
marises some of the social and emotional factors involved.

In Fig. 1, the top right ellipse, indicates the complexity of who has power, and what gets
funded gets done, and how those in power will be influenced by their values. This can also
lead to contradictions where scientists may be working for someone whose values they
do not agree with. The rest of the figure, except for the square at the bottom right hand
corner, indicates that the development of science is complex, overlapping, could come in
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Fig. 1 How do people ‘do’ science? From Matthews (2015, p. 196)
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any order, and involves social and emotional processes as well as logical ones. The bottom
square indicates that this complex process is distilled down as if it were rational, which is
essential in making the research understandable, but also hides the multifaceted develop-
ment. As Bazzul (2017) points out, focussing on the minutiae of the ‘scientific method’
de-politicises it and so makes challenge to authoritarianism less likely.

However, in general the ‘scientific method’ is described as if it were linear, from plan-
ning, experiments and data collection to analysis and then conclusion. This can reinforce
in pupils minds that science is objective and remote as it is not seen as a fluid and social
process. To show this Fig. 1 above can be extended to make an indicative overlay of the
changeable aspects of the logical development of ideas; see Fig. 2 where the social and
emotional are integrated with the logical development in an irregular way.

This indicates that, for example, playing and doing an experiment may come before
planning, and planning can occur many times, as may doing experiments. Data collec-
tion can occur at any time, with analysis occurring at many points. These changes can be
because of social interactions and discussions which give rise to new ideas.

The social and emotional aspects of science, therefore, can be enhanced if people can
understand that scientific research involves social interactions, emotional development and
logic—and hence may appeal more to both boys and girls. Students could develop skills
such as collaborative learning, listening, critical thinking, and accepting diversity in think-
ing and in people. Increasingly in the global world scientists will inevitably work and net-
work with people of many ethnic backgrounds and sexualities (Taylor 1994), so it is ideal
if people can accept difference psychologically and socially and so recognise and empa-
thise with them (Young 1990, 1996).

The development of logical ideas can be very varied, but, and this is important for sci-
entific development, gets written up in the accepted form of the ‘scientific method’ to make
it easy to understand the research. Communicating science research in this way is essential;
however, this hides the complexity of what actually went on and hides that science com-
prises social, emotional and logical aspects.
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Fig.2 The complexity of logic and the ‘scientific method’
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A crucial aspect of the development of science is that it is set within a range of values,
depending upon who funds the research, and what it is selected to cover. The latter is about
power, and the political power of governments and big business. If science is dehumanised
and seen as neutral it is easy for an authoritarian state to fund scientific research with par-
ticular biases—for example, surveillance to control the population—and it be accepted that
that was just what was discovered. In principle—though this is still rarely done—the values
in any scientific research should be made explicit (Committee on Science Engineering and
Public Policy 2009, pp. 96-97).

In order to be able to contribute to democracy students need to understand the complex-
ity and the social processes of science—that is understand Fig. 1 and the importance of
studying who is funding research and think about why they are making that choice rather
than other options.

Combining social responsiveness with science education

We have discussed the many problems with science education and in principle how
it allows a fascist/authoritarian regime to co-opt science in its controlling of people.
The main point is that it is essential for a curriculum overhaul to take place to change
from the current focus on learning scientific knowledge only, to one focused on learning
skills within a historical (Gandolfi 2018) or social and political context (Bencze 2017)
or with an emphasis on investigative science (Harrison, Howard and Matthews 2016;
SAILS 2016) or a combination of all three (Levinson 2018). However, those curricula
that focus on the learning of science, even with social factors, still do not acknowledge
the centrality of emotional development. There are a range of courses for helping stu-
dents’ social and emotional development (CASEL 2003, 2016), but these are usually
separated from subject learning. The courses are commonly focused on interpersonal
skills, such as ‘anger management’. In these lessons, commonly done in subjects such
as Personal, Health, Social and Economic (PHSE) Education as a separate course, all
the students address the same topic at the same time. This has benefits, but the problem
is that the topic to be covered may be far away from where the pupil is socially. So, for
example, a pupil may not be able to control their anger as they have not developed the
stage of recognising their own feelings, and so are unaware of their internal tensions.
Hence, when pupils address the same emotional topics at the same time, they are not,
for example, tackling anger when angry and raising a discussion with the pupil about
what was happening to them to help them recognise their internal feelings that would
tell them they are getting angry. Nor do such interventions usually take place in subject
lessons, let alone in science.

However, the importance of group work for learning and social interactions is rec-
ognised, and Alexis Patterson (2019) draws attention to how equity and the quality of
group talk can be combined. She studies the key features of student voice, visibility and
student authority and the teacher who has the power to address inequality in the group
work through supporting students when inequalities occur. Similarly, Brian Fortney and
Erin Atwood (2019) considered equity as a dynamic interaction between students and
teachers.

Brian Matthews’ (2004, 2006) work takes a different approach to social and emotional
development, with a focus on gender, and is set in science lessons. While this was a small
scale piece of work it is significant as it illustrates principles and strategies useful for
developing a pedagogy for democracy. He devised a set of strategies so that pupils were
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empowered to raise, discuss and address inequalities over time, as the true educator cannot
shape pupils, but allow pupils to become themselves (Horton and Freire 1990). This work
was based on the thesis that one cannot give power, it can only be worked through and
taken. A teacher can tell a pupil that they are being, say, homophobic to another pupil, and
explain why, but that will not make the pupil unprejudiced. For this to happen there has to
be a change at the psychological level through a range of factors including the development
of empathy and understanding, combined with gays being empowered to raise inequalities
and have them discussed. The principle is that students learn cognitively while also using
a strategy that makes explicit their social interaction and feelings to each other, in order to
make obvious inequalities in both their social and emotional interactions, and contributions
to learning. Once these are explicit it is possible for pupils to confront them. In general, the
teacher’s role is to keep an eye on the interactions and not to intervene unless they see no
progress over time.

In brief, the students work together on a task, such as a practical, worksheet or reading
task, initially with a pupil-observer, and then without one. The groups have four students
and are as gender and ethnically mixed as possible. There are sheets they have to fill in
with a series of questions focussing on what the teachers thinks is useful at that point. In
essence the students:

Write down what they think went on the group.

Discuss how they feel about it.

3. Compare this with how others felt and see how they differ (an essential part for develop-
ing empathy and understanding across difference).

4. Discuss with each other their findings, feelings and the amount of subject learning they

developed. (Matthews 2006, p. 96)

N =

These procedures have within them the elements required for the furtherance of sci-
ence education and democracy. The students learn about each other across diversity and
learn to get on and help each other—both scientifically and emotionally, see Matthews
(2006) where full details are given. The students are also able to develop different aspects
of themselves as they feel they can; as one student put it “You learn not to throw a wobbly’.
Other quotes from the students’ feedback sheets, where they write down what they thought
went on in the group work and what they felt about it, show how students are beginning to
empathise and understand each other: ‘You just stop to think and you do understand what
the others are saying, so you feel that in whatever you think that it helps you think about
how you feel about girls’, ‘[The sort of group work] we did makes me realise that work-
ing with the group is fun. It makes science more interesting because everyone helps each
other’; ‘They [boys] aren’t the same and have different opinions, you learn about boys’
(Matthews 2005, 2011; Matthews and Snowden 2007). These quotes indicate the beginning
of understanding each other across gender which involves inclusion and a possibly mak-
ing unconscious bias visible, part of the solutions to the problems of Othering (Powell and
Menendian 2016).

The process involves collaborative group work, rather than just working in a group,
because of the nature of the tasks and the structure for the reflection. Hence, the pupils
are in a situation where they can develop the skills required for a simple form of delibera-
tive democracy (Young 1996). The discussions also include an expression of how pupils
have felt about each other, and how they thought others felt about them, and so involves
voices of representation (Gewirtz 2006) across gender and ethnicity. Hence, interactions
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and feelings are made explicit and pupils need to understand how these link to democ-
racy. Such comparisons are also necessary for empathy to develop. Developing empathy
is a vital component of developing a just and democratic society and reduces Othering
(Bazalgette 2017), which in turn helps to develop a co-operative society (Sennett 2012).
The more the psychological and sociological levels go together the more likely change is.
Further, as Patterson (2019) points out, the pupils are engaged in a transformative social
process that involves praxis. A small indication of this comes from research by Liz Mor-
rison and Brian Matthews (2006) that followed up three years later the pupils who partici-
pated in the research described above, which focused on gender. Here are three quotes from
the teachers who were interviewed:

Certainly, from what I've seen pastorally, they emotionally support each other. When
someone’s having a bad day, others rally round, they are extremely caring, very con-
cerned about the wellbeing even of people they don’t normally go to or get on with.
When one of the boys is upset a lot of the boys are concerned not just the girls so it
crosses gender. It’s also the same with showing emotions to each other and getting
support from each other. (p. 14)

They tended to try to sort out their own problems, or they would come to me and
discuss it as a group with me, and then because they had this open communica-
tion and because they were used to talking to each other we could sort things out
much more quickly.. .. It stopped those shouting matches that you get where they
are both trying to drown each other out with their point of view because they had
learnt the skill to actually listen and then get their point of view across. (p. 14)

It got to that situation where obviously, they had friends, their special friends, but
as a group we could just talk openly about things because of doing all the group
work and the questionnaires helped to really focus in on what they were doing and
feeling. That gave them confidence within that group of knowing that nobody was
going to be laughing at them or putting them down as is usually the case. They
were very confident as a group. (p. 15)

There are indications here that the pupils are becoming agents of curiosity in the quest
for understanding (Freire 1994).

There are many factors at work in determining a person’s outlook and psychological
profile; here, one aspect has been discussed. While education is important it can have
little effect when compared with the influence of parents, economic system and media,
but that is not to say that schools can have no effect; they may even have a significant
effect, if students are empowered and enabled to think for themselves and develop an
emotional maturity (Matthews 2006). In this way we can help enable all students to live
a flourishing life and develop a sense of wellbeing.

Additionally, we have argued that science education should combine social aware-
ness and emotional development with science as a human enterprise and believe that
this is a necessary, but not sufficient, aspect for change. Hence, we require a classroom
that enables students to:

learn science.

do so, at times, in an explicit social, cultural and political context (SATIS, 1990,
1988).

learn in diverse groups as far as is possible.

engage with their emotions and reflect on how these affect others.

empathise across diversity.
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develop tolerance.

Engage with their social and emotional learning situation that also enables them to feel,
experience, discuss and reflect on how they and others in the group felt in order to open
up feelings and recognise each other across gender, sexuality and other diversities.

Educating with the above principle will help humanise science, if Figs. 1 and 2, or simi-
lar, are used.

Since there is a combination of cognitive and emotional learning the students can
develop habits of mind (Costa and Kallick 2008) where they learn to speak to feelings
and procedures along with learning. Hence, science can be seen as a social activity,
where people of diversity (Matthews and Sweeney 1997) help each other learn (Mat-
thews and Asaria 2013). This can be made explicit so students understand how networks
can be built up, learning be mutually dependent and that arguments and criticism are
part of moving forward.

A key aspect for students is that the processes that they are going through in the group
work and social and emotional development is directly linked to science as a social activity,
as illustrated in Fig. 3. The students should understand that they are, in their groups and
especially if they do investigation-based enquiries, replicating to a degree what it is that
scientist do; one reflects the other. This will help humanise science.

The more the features described above, of science and interactions, are made explicit
the more democracy will be promoted because students will be exploring and imbibing
habits that will further those elements that run counter to fascism.

In this section we have focussed on the psychological to the exclusion of the soci-
ological level that is also essential as shown, for example by Calabrese Barton and
Tan (2020). The contribution of critical theory in democracy is key, and should be

Science accepted as a Students’ social and
logical, social and emotional development
emotional activity within group work in

science lessons

N\

Y

Students to
understand that
one reflects the
other and so to
humanise
science and
each other

Fig. 3 Linking science and emotional development
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integrated so all levels work together to engender a compassionate democratic attitude
for everyone.

However, a key element of democracy is that people can choose the direction of soci-
ety in conjunction with others. We can see from the phrases used, such as pedagogy of
the oppressed and social action for the poor and disadvantage, that the focus, correctly
in our view, is on those who are most oppressed. However, what can be lost here is that
changes to equity and social justice are in everyone’s interest. So, for example, sexual
equality will benefit women more than men, but men gain as well. Tackling the unequal
distribution of wealth, and social class divisions, will benefit the poor much more than
the rich. However, in terms of health and well-being, as Richardson and Picket (2018)
have shown, more economic equality benefits everyone, although to differing degrees.
The injustices are so great that this point can be overlooked. Also, different cultures can
have different emphases with regard to democracy (Bunyamin 2019). How in the educa-
tion system such complexities can be tackled we do not know, but they need to be made
explicit in order to put them on the agenda for change.

Conclusions

We have argued that mainstream science education can, and should, be changed so that it
will contribute to the formation of democracies and against authoritarian and fascist poli-
cies. We believe that part of the answer to these problems lies in moving beyond ‘science
for all’, STS and HPS to critically understand how culture and power influence what cre-
ating an inclusive science community might mean, and to change the aims of education
(Mansfield and Reiss 2020). If the ‘democratic argument’ of science education is devel-
oped under the neoliberal agenda that values consumerism and individual privileges whilst
overlooking empathy, humanism and the common good (Bencze and Carter 2011), it will
continue to be unproblematic to intolerant, racist and homophobic views. The neoliberal
possessive individualistic principle benefits those who gain the scientific knowledge, but
overlooks interpersonal relationships and the importance of valuing and respecting other
individuals, which are core values of democracies (Matthews 2007).

Our argument covers an overview of authoritarianism and fascism, and the social
power structures through which rulers seek to impose and control others. A key element
of authoritarianism is to make discrimination on the grounds of difference appear ‘normal’
and unquestioned, so that hierarchies become implicitly accepted. In fascist regimes both
people and science are dehumanised. To counter these beliefs critical pedagogy could be
brought into mainstream education while embedding emotional and social growth. Young
people will be helped if they learn to listen and interact with empathy and understanding
to better communicate and forge community across diversity, and to recognise the parallels
with how scientists work. Science education can contribute to these processes, and in the
process be able to develop a scientific community based on sharing and so, hopefully, have
a set of values where scientists are committed to research to empower people, so strength-
ening mutual respect and the pursuit of the common good.

A pedagogy for democracy and against fascist/authoritarian views in science education
awaits extensive development but there already exists important contributions to approach-
ing this. The people working on critical theory and applying it, such as Calabrese Barton
and Tan (2020), Fortney and Atwood (2019), and Patterson (2019) are crucial. Another
significant aspect is to develop curricula such as STEPWISE and intercultural approaches
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(Gandolfi 2018) that allows not only the teaching of logical science but also the complex
social and emotional aspects that underpin progress, and that the ‘scientific method’, if it
can be called that, is also complex and has no delineated procedures.

One of the main arguments of this article has been that in order to promote a pedagogy
for democracy it is essential that not only the sociological aspects of social justice and
equity need to be attended to, but also the psychological elements of education. In par-
ticular, for pupils to engage socially and emotionally in a context that makes interactions
explicit, so as to develop mutual understanding and respect. It is hoped that the more the
above approaches can be used the less science can be seen as an emotionless activity that
has been linked to extremism.
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