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Abstract
The current COVID-19 pandemic raises reflection on the new roles of science
education in citizen education in a world characterized by civilization risks,
derived from the current socioeconomic development. This specific type of risk
is treated as a manufactured risk as proposed by the sociologist Ulrich Beck. In
this paper, we report a document analysis starting from Beck’s risk society
theory, followed by notions of reflexive modernity, risk perception, and the
Cynefin decision-making model for complex problems. COVID-19 pandemic is
characterized as a manufactured risk. We state that students are unable to deal
with manufactured risk because of the type of problems they are usually prepared
to solve at school and the limited risk perception they have. In order to acquire
better science education, we propose the integration of wicked problems in
science programs alongside the use of a multidimensional schema, the so-called
amplified risk perception space, a tool to locate students’ risk perception. We
hope to contribute to prepare citizens for a world of global and complex events,
such as the current pandemic.
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1 Introduction

The pandemic caused by Sars-CoV-2 virus is spread all over the world and has been unveiling
people’s difficulty in dealing with health orientations in order to make decisions about better
conduct. From policy-makers to entrepreneurs, liberal professionals, or workers, there seems to
be no distinction regarding the diffuse perception of threats and the difficulties on decision-
making. A scenario of uncertainty has cast a veil over reality, obscuring short-, medium-, and
long-term views. Certainties collapsed along with part of our rationality. It seems clear that, in
the middle of the pandemic, there is a gap in the so-called critical and active citizenship.
Beyond fears of death, the pandemic revealed individual and collective lack of ability to
rationally deal with situations imbued with uncertainties.

Apparently there is a blind spot in science education leaving society to see itself helpless
when facing pandemic, which enacts important reflections for the science educators’ commu-
nity. Once we advocate for scientific literacy as the basis for exerting critical citizenship, we
must find ways to act wisely and balanced by accessing science and technology knowledge.
Regarding science education, Derek Hodson argues that it must go beyond teaching how to
competently solve problems (“teaching science”) including teaching how science is produced
and what are the uses of science (Hodson 1992, 2011). The tripod proposed by Hodson soon
became a science education agenda, seen in the “scientific and technological literacy” meta-
phor (Vesterinen et al. 2016). Grounded in different dimensions of knowledge, science takes
place as a reliable source, capable of giving explanations and guide problem solving of several
kinds (Aikenhead 2006).

Nowadays, however, science primacy faces a contrast: overreactions, shallow interpreta-
tions, and hasty causal relations popping out refer back to pre-enlightenment times, as
rationality loses its place. Despite countless expressions of solidarity worldwide, we cannot
yet determine which one will prevail between, on the one hand, the “save yourself if you can”
instinct, inherited from our prehistoric ancestors, and, on the other hand, supportive attitudes
capable of coordinating collective actions of mutual aid.

Questioning the roles played by science and technology in globalization and its impact on
social life is a necessary anchor point in this reflection. As science and technology progress,
everyone is placed on a social life contour which the edges no one can fully understand. Each
new scientific discovery and/or each new technological application promotes a multitude of
possible futures on which we lack (or maybe abound) opinions grounded in science, making it
increasingly difficult to make decisions in view of the inherent uncertainties.

A diffuse feeling of insecurity pervades people’s minds. Notwithstanding the benefits
developed by science and technology, people feel more vulnerable and exposed to more risks
(Douglas 1994). Contemporary times have witnessed an increase in public anxiety and fragile
confidence in science (Giddens 1990). Risks can trigger people’s anxiety once they demand
decision-making involving imponderable and immeasurable factors which cannot be reduced
to zero by neither previous experiences nor resorting to experts. That tension is stressed by the
United Kingdom Select Committee on Science and Technology: “When science and society
cross swords, it is often over the question of risk” (House of Lords 2000).

Risk situations are characteristic of today’s industrial society which does not produce only
“goods” but also “bads” (Beck et al. 2013). Pollution, nuclear disputes, global warming, side
effects in medical treatments, among others, are afflictions experienced by today’s people as a
result from the ways in which post-industrial society works. Market system can have both
positive and negative effects on the environment, health, and welfare (Hsu 2011). The
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COVID-19 pandemic, which started in Wuhan Province in China and spread globally, can be
framed as one of these consequences. The globalization of production and market figures a
world as a complex system of interaction between different countries participating in the global
value chain (Alves et al. 2019). That implies an intense mobility of products and people,
something related to the virus spread (Kraemer et al. 2020; Buckee et al. 2020). In a certain
way, people’s feeling of insecurity, even though living in a supposedly safer world (at least for
the ones who live in industrialized and wealthy regions), is a price to pay. From time to time,
the bill is collected (in a pandemic, for example) by abruptly slowing everything down.

For Ulrich Beck, we are living in a Risk Society (Beck 1992). It emerges in the post-
war and is characterized as an age of reflexive modernity (Beck et al. 1994). In this kind
of modernity, central concerns of society have changed from developing and
implementing new technologies to managing risks associated with already existing
technologies. That means threats and dangers are not only external but also generated
as unfolding of internal actions in society. Currently perception of risks has had a
fundamentally transformative impact (Douglas and Wildavsky 1983). In this sense, Beck
(1992) suggests that institutions are destabilized by the risks, caused by human action
itself.

In another work, Beck (1999) writes, almost prophetically, that global cosmopolitan-
ism world would be in check. In Beck’s elaboration, a notion that world problems would
no longer be localized in time and space, affecting everyone, would start to circulate
within people’s common sense. This notion has practical implications in risk perception.
Risks such as global warming, pollution, and, currently, COVID-19 pandemic belong to
everyone. However, the way it is shared and its management are asymmetrically distrib-
uted. Pandemic consequences tend to be different for a Los Angeles citizen, in the USA,
compared to a Guayaquil citizen in Ecuador, for example. Beck alerts that global risk
scenarios promote a pressure against nascent cosmopolitanism in favor of the “me first”
selfish position. That can be seen in countries’ attitudes, such as border closings and
fights over masks (BBC 2020), or mechanical ventilators (Embury-Dennis 2020). These
behaviors, according to Beck, are reflections of the surviving instinct. When decision-
makers face global problems, solutions tend to point to immediate threats. Each reader is
able to fit this survival instinct to local situations regarding the COVID-19 pandemic.

Jacques Delors’ report (Delors 2010) states clearly that giving the means of access to
conscious and active citizenship (only possible in democratic states) is the goal of the twenty-
first-century education. There is a need for elements in science education that support a new
agency in contemporary society in order to oppose traditional perspectives on citizenship
(Kreuger and Ramos 2017). Modern discourse on citizenship is still in place; however, we
must take into account that the current context is marked by a state-nation crisis against
globalization (Hall 1992). This means a context which includes local and global factors, such
as global economy and globally spread information as well as communities of defense of local
interests.

Focusing in the necessity of building a new understanding on what citizenship would be
like, Westheimer and Kahne (2004) discuss its concept, once it has implications for school
curricula. In doing so, they propose three categories embracing main arguments for answering
the question “what kind of citizenship”: (i) personally responsible citizen, in which personal
attitudes, such as being honest and responsible, would lead to solving society problems; (ii)
participatory citizen, where individuals taking leadership positions within established systems
would lead to solving society problems; and (iii) the justice-oriented citizen, in which society
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problems would be solved by questioning, debating, and changing established systems and
structures that reproduce patterns of injustice over time. Although the last one is least
commonly pursued, that would be the more adequate to deal with contemporary global
challenges.

Science contributes to many collective and individual decisions. Controversially,
people often do not participate in decision-making processes, being subject to delibera-
tion made by experts (Jenkins 2000). This is pointed as an issue in a society seeking for
effective and democratic participation from its citizens, especially considering that
knowledge is tightly attached to power relations and social control (Wilkinson 2001).

Thus, it is urgent to take the pandemic as an opportunity to reflect on today’s science
education. Questions remaining on this matter are as follows: What is, after all, a
citizenship for actual times? How should science education be oriented in order to exert
a citizenship for justice? What are the objects of knowledge in this case? Some previous
work in science education shed light over this issue. The “risk” subject became part of
science curricula and educational programs (Levinson et al. 2012). In the Nuffield
Report, on school science education, Osborne and Millar (1998) made considerations
bridging science and risk:

By considering some current issues involving the application of science, pupils should . . . understand the
ideas of probability and risk; be aware of the range of factors which can influence people’s willingness to
accept specific risks […]. (p. 2022, highlight added)

Teaching units on risk assessment in science education can be seen in recent curricula. The
Science Education for Public Understanding Program (SEPUP 2018) includes unities on
decision-making, probability, and risk perception for 6–12-year-old students; the National
Curriculum for England (England 2014) proposes learning unities on risk assessment and a
Core Science course for 15–16-year-old students in the Twenty-First Century Science Curric-
ulum (Millar 2006); also the Australian Curriculum, Assessment and Reporting Authority
(Australia 2014) with teaching and learning activities for risk and security.

Yet, those examples seem to be exceptions as, mainly, countries are far from incor-
porating risk aspects as curricular themes (Christensen 2009). Kolstø (2001), as expati-
ates on socioscientific dilemmas, shows that students question risk assessment sources
and their trusty relation on scientist intentions. Christensen (2009) argues that students’
analyses are weakly grounded in their scientific knowledge or their understanding about
the problem in place when they make risk assessment and point the lack of research in
this sense “[…] little research has yet focused on students’ understanding of risk or the
role that risk might play in decision making on contemporary issues in science class-
rooms.” (2009, p. 212). Levinson et al. (2012) can be taken as a spare exemplar of
research focused on risk and its origins in complex relations between science and
technology. They discuss the nature of risks and decision-making in dilemma situations.
However, they are taking the teacher’s perspective, not the student’s learning process.

Although the enormous importance of these works in the development of theoretical
frameworks and methodological protocols, allowing to consider risks as an object of
research, the mainstream approach seems to focus on sources of students’ beliefs in order
to assess risks. Of course, this an important aspect of decision-making, once sources of
certainty are inadequate grounds to deal with risks. Thus, it is important to be able to
understand that in reflective modernity, science and technology knowledge are, at the
same time, sources of solution and sources of the problem, as proposed by Beck.
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There is a double nature of risk: it has the objective facet, surrounded by technical
knowledge, but it also has a subjective facet, surrounded by values (Schenk et al. 2019). This
double nature imposes challenges for science education. As themes related to risk are
approached, we must consider their inherent complexity and the countless variables enrolled,
which directly and indirectly influence the problem. In a risk situation, simplistic causal
relations, readily taking few available elements into account, must be avoided because “real-
world” complexity demands more than that (Hansen and Hammann 2017). The idea of
scientific knowledge authority as a reliable and secure source must be taken in a different
nuance. In the risk society, trust does not arise from precision and authority. Instead, it comes
from the ability to perceive multidimensionality in different contexts and producing adjust-
ments on the go (Christensen 2009).

In order to reach responsible citizenship, school training requires a reconsideration of
objects and objectives of teaching and learning. More than just including crosscutting
science concepts or situations involving conflicts and games of interest, it is necessary to
include problem contexts which allow students to develop competences on perceiving,
balancing, and making decisions in face of manufactured risks. School training requires a
reconsideration of objects and objectives of teaching and learning. More than just
including crosscutting science concepts or situations involving conflicts and games of
interest, it is necessary to include problem contexts which allow students to develop
competences on perceiving, balancing, and making decisions in face of manufactured
risks. With that said, this work aims to contribute to these reflections by offering some
reorientation elements for a new kind of Scientific Literacy for a Risk Society, consid-
ering the pandemic scenario.

2 Risk Society and the New Modernity

Ulrich Beck became prominent in the beginning of the 1990s through his work “Risk
Society” where he analyzes western society considering environmental risks. Before
being translated to English in 1992, his book sold over sixty thousand copies in
Germany. Since then, it has been translated into more than 35 languages (Mythen
2018). He connected institutional change and its daily micro-political challenges in fields
such health, economy, and environment (Sørensen 2018). Environmental risks, Beck
argues, promote important changes in society, especially air pollution and radioactive
contamination. Growing risks of this kind resulted in a disproportionate increase in
people’s perception, changing their beliefs, their interests, and their behavior.

Beck explores the risk concept by showing its deep impact in changes of contempo-
rary society and its power for characterizing contemporary social order (Mendelson
2010). In Beck’s sense, post-war emerging society is characterized by production of risk
and burdens derived from technology, such as pollution, nuclear waste, global warming,
and the side effects of medical treatment (Beck 1992, 1995).

Prior to Beck’s work, Mary Douglas produced a solid work on risk through a cultural
approach. In her terms, changing in economy and environment, as consequences of
introduction of new technologies and globalization, has imposed questionings to current
norms, values, and traditions. That resulted in a condition of insecurity and uncertainty
(Douglas 1994). Insecurity and uncertainty are cultural constructs and they lean on
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subjective judgment people make on the world where they live. In her book Purity and
Danger (Douglas 1966), she wrote:

[…] whatever we perceive is organized into patterns for which we the perceivers are largely responsible.
[…] As perceivers we select from all the stimuli falling on our senses only those which interest us, and our
interests are governed by a pattern-making tendency, sometimes called a schema. In a chaos of shifting
impressions, each of us constructs a stable world in which objects have recognizable shapes, are located in
depth and have permanence. […] As time goes on and experience builds up, we make greater investment
in our systems of labels. So a conservative bias is built in. It gives us confidence.” (Douglas 1966, pp. 37–
38)

Losing ontological security about the world is a consequence of our awareness on risks present
in peoples’ reference frameworks. Today, risks are difficult to perceive due to the speed of
events, the invisibility of threats, or the appearance of new risks. Thus, individuals have their
lives constrained by risks sometimes real but invisible other times even unreal (Giddens 1991).
Climate change, global warming, forest fires, environmental accidents, and pandemics are
examples of those risks. People interact with those issues, both in a local and in a global scale
(Giulio et al. 2015).

In discussion on contemporary social order, Beck’s contribution is the proposal of a
macrotheoretical sociology focused on nature-society interaction. Three of his works are
emblematic in this sense: Risk Society: Towards a New Modernity (1992), Ecological Politics
In An Age Of Risk (1995), and World Risk Society (1999). His thesis states that industrial
society, anchored in scientific and technological knowledge, started to produce threatening
situations. In a risk society, catastrophic situations are no longer an exception; they are the
normality. Another aspect Beck’s stresses is that “Risk societies are not class societies - that is
not saying enough. They contain within themselves a grass-roots developmental dynamics that
destroys boundaries, through which the people are forced together in the uniform position of
civilization’s self-endangering” (Beck 1992, p. 47).

In a risk society perspective, borders separating perception and facts about risks will be
blurred. That is because emerging risks are produced by society. Therefore, society members
are responsible for them. This is what Giddens (1999) defines as being manufactured risks.
Ulrich Beck, in collaboration with Anthony Giddens and Scott Lash (Beck et al. 1994), puts
the society of risk as a result of a reflexive modernization. “Reflexivity” would be a late stage
of modernization, or a post-industrial modernization. In risk society, the danger-safety pair is
replaced by a risk-trust relation. From that, two fundamental changes occur, both influenced by
science and technology: the end of nature and the end of tradition. Firstly, nature is no longer a
dimension external to society; it is no longer a source of threat. But it is integrated into the triad
nature-society-techno-science. Nature’s existence is as threatened as ours. Secondly, by the
end of tradition, they mean the past is no longer a safe source of experiences for orienting our
actions in the present.

It is worth stressing that science and technology are central in Beck, Giddens, and other
adepts to risk society theory. Daniel Mendelson points out that societies draw on scientific and
technological knowledge for structuring their advances: “organizing techniques of society are
continually assessed to allow for reform and proper utilization of the knowledge available in a
technologically advanced culture” (Mendelson 2010, p. 231).

As scientific knowledge (lato sensu) is central in modern and late modern societies, there
are some specific categories socially constrained for identifying risks. In pre-modern societies,
even in the apex of modernization, identifying risks did not demand specialized knowledge,
being clear what would be a natural risk, such as a storm, or a social risk, such as being
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unemployed. Current risks are not those ones. Most of today’s risks are hidden for most
people, just like the COVID-19 pandemic. In most manufactured risk scenarios, when a threat
is perceived, it is already materialized as danger, carrying potentially irreversible conse-
quences. Thus, in order to deal with science dependence of late modernity risks, we must
consider that threats are risks defined and formatted by specialists.

Giddens distinguishes between external and manufactured risks. The former are events
affecting individuals and groups, but generated from outside of modern social life; they are
relatively regular and periodic, allowing one to predict its occurrence and being, therefore,
insurable. The latter are risks generated by progress of humankind social development,
particularly through science and technology progressing; they take place in new danger
environment for which history has provided us with very little prior experience, such as
terrorism and ozone depletion.

Facing manufactured risks, science productions are recognized as something to be managed
in perception and in decision-making (Beck et al. 2013; Giddens 1990). As risks are ingrained
in society, civilization’s previous approach to anti-risks fails. Now, we need science and
technology for perceiving risks. According to Beck (1992), growing public spending for
environment conservation and for fighting civilizing catastrophes as well as emergence of
economic fields dedicated to risks shows a first-order economic development. Bringing risks
produced by the current model of society promotes a scientification of risks in a new risk
market. Thus, the same economic system that promotes risks to society is the system that offers
solutions and makes profit from it.

Ways for perceiving risks are aspects that must be taken into account in order to rethink
science education in reflexive modernity. When excess wealth outweighs excess risk, it is
important to deal with risk and its perception. If before a rational frame could distinguish
between “science determining risks” and “people perceiving risks,” this is no longer true. This
share of responsibility was broken without a loss of rationality and without technophobia.
Instead, what it lost was a clear distinction between lay people and experts. Risks do not
address anymore only to (and therefore are no longer managed by) experts, neither to a
multidisciplinary group of experts. Beck adds that this apparent irrationality blurs the focus
of public perception, which can be interpreted as a lack of technical information. But “even in
their highly mathematical or technical garb, statements on risks contain statements of the type
that is how we want to live – statements, that is, to which the natural and engineering sciences
alone can provide answer only by overstepping the bounds of their disciplines” (Beck 1992, p.
58).

It seems to be a balance between experts and others’ way of seeing the world. That would
balance what Beck calls “statements of how we want to live.” Producing a balanced perception
of risks is an essential factor for risk society. This is partially derived from the marked
performance of natural sciences in defining risks (Beck 1992). Codetermination in perception
of risks, manufactured inside society, is also an important point. Both the inversion in scientific
and social rationalities and the impossibility of taking them apart have implications for the
process of decision-making. Manufactured risks involve a particular way of decision-making
because they start from premises very different, in time and space dimensions, compared to
ordinary decisions.

The second point would be how to define what a problem situation is. A science education
for risk implies developing citizen formation using complex threat situations that take global
conditions but at the same time can be felt locally (Christensen 2009). Understanding relations
in a society marked by complexity and uncertainties favors our recognition of unpredictable
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threats of manufactured risks. In a contemporary society of complexities and uncertainties,
science became more and more contested by the public, an uncommon position for the field
that has been always positioned as the answer holder for society yearnings (Barry and
Ferracioli 2016).

We understand that science education, by working on manufactured risk situations, am-
plifies the teaching possibilities, including situations for contemporary real-world problem
solving, considering complex scenarios and its data and evidence available. This perspective
can impact imprecise perceptions lay people built on “goods” and “bads” of scientific
production, helping them to define their attitudes towards science and technology and its
uncertainties of these days.

Uncertain situations containing manufactured risks refer to a different kind of problems, the
so-called wicked (Rittel and Webber 1973). Wicked problems do not allow definitive or secure
answers not even given by experts. They contain tacit variables, hard to recognize, and they are
marked by contradictions. A particular kind of knowledge must be enacted in order to convert
unpredictable risks into computed ones. Those wicked problems can be reasoned under risk
perspective, promoting the development of decision-making competences by including mul-
tidimensional approach, from epistemological, psychological, sociological, cultural, and ped-
agogical aspects (Ratcliffe and Grace 2003). Thus, for dealing with risks, a particular kind of
ontological attitude must be developed, as wicked problems demand local solutions, as we will
deepen later in “Section 4.”

3 COVID-19 Pandemic as Manufactured Risk

In this section, we show the reasons why COVID-19 epidemic can be considered a
manufactured type of threat, in terms proposed by the risk society theory. On the one hand,
epidemics have plagued humanity throughout history, but on the other hand, the frequency and
diffusion seem to be typical of our time (Saker et al. 2004; Wu et al. 2017). Specialists in
disease ecology indicate that the emergence of new diseases is related to the social and
economic model of society, especially with human intervention on the planet and in the
environment close to wildlife (Smith et al. 2019). For example, deforestation, in addition to
devastating the forests and natural resources, also contributes significantly to the emergence of
epidemics (Walsh et al. 1993). Human contact with wild fauna, whether through hunting,
trade, or loss of habitat, is identified as the main cause of the spread of pathogens that cause
new diseases, which were previously restricted to wildlife.

The current coronavirus pandemic seems to be, therefore, another example of the reality of
a society that lives constantly under a myriad of risks, which are not considered the result of
odds or treated solely as natural phenomena. The COVID-19 seems the result of the relation-
ships between the process of industrialization and capital and social interactions. Unknown
and unintended threats become a dominant force in society.

Beck’s analysis of the social architecture and the political dimension of potential threats in
civilization may be used for analyzing the COVID-19 pandemic. Either that or any other
civilization risk of such dimensions could, at first, be characterized as a self-threat, as depicted
in the theses ahead, proposed by the sociologist:

(1) Risks produced by the very development of society induce systematic and often irreversible harm,
generally remain invisible, are based on causal interpretations, and thus initially only exist in terms of the
(scientific or anti-scientific) knowledge about them. They can thus be changed, magnified, dramatized or
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minimized within knowledge, and to that extent they are particularity open to social definition and
construction. (Beck 1992, pp. 22–23)

When decision-makers deny or minimize the effects of COVID-19, they take an unscientific
stance. However, as the pandemic is understood as an invisible and unknown risk, this position
gains support from society in the social and political context, as well as allowing different
interpretations. Furthermore, the attempt to blame a country for the pandemic ignores the fact
that economic globalization presupposes the sharing of responsibilities, since the map of the
consumption chain shows, for example, that products sold in North America are manufactured
in Asia with inputs brought from Africa.

(2) Some people are more affected than others by the distribution and growth of risks, that is, social risk
position spring up. In some of their dimensions these follow the inequalities of class and strata position,
but they bring a fundamentally different distributional logic into play. Risks of modernization sooner or
later also strike those who produce or profit from them. They contain a boomerang effect, which breaks
up the pattern of class and national society. Ecological disaster and atomic fallout ignore the borders of
nations. Even the rich and powerful are not safe from them. (Beck 1992, p. 23)

Although social risk position is evident as the COVID-19 pandemic spreads,
manufactured risk does not exclude any strata of society nor any nation. In South
America, Ecuador’s health care and funeral services are collapsing and bodies have been
abandoned on the streets (Gallón 2020). By the beginning of August 2020, Brazil is in
first place in the ranking of the pandemic in South America, getting at three million cases
and a hundred thousand deaths (Valente 2020). Rich and developed nations, on the other
hand, even being able to respond faster to material demands and support to health
systems (ECDC 2020), face drastic consequences; e.g., the USA reached five million
cases and over 160 thousand deaths by the beginning of August 2020 (Wood et al.
2020), not to mention underreporting.

These differences in the position of social risk are substantial, as they imply the way that
countries will react against COVID-19, as it is a virus with a high capacity for dissemination.
The preliminary estimation of the basic reproduction number of the new coronavirus (SARS-
CoV-2) was 2.2 (Fauci et al. 2020); that means the average number of new infections that an
infectious person can generate in a population that was not previously exposed to the virus.
This estimate combined with the lack of access to public health system, basic protection
conditions, such as treated water and personal hygiene items, shows an alarming situation that
could reach the poorest populations.

(3) Nevertheless, the diffusion and commercialization of risks do not break with the logic of capitalist
development completely, but instead they raise the latter to a new stage. There are always losers but also
winners in risk definitions. Modernization risks form the winners’ points of view are big business. They
are the insatiable demands long sought by economists. Hunger can be sated, needs can be satisfied, but
civilization risks are a bottomless barrel of demands, unsatisfiable, infinite, self-producible. (Beck 1992,
p. 23)

The current socioeconomic dimensions are based on a complex network composed of
workers, companies, suppliers, consumers, technology companies, civil society, financial
institutions, policy-makers, and politicians. However, social isolation measures have led
to the blocking, albeit partial, of this network and threaten the current economic system.
Economists already assume that the global economic-financial crisis caused by the
coronavirus pandemic is the biggest in the last 150 years. So far, the extent of the crisis
is uncertain, as, in the opinion of financial market experts, it is difficult to estimate how
health systems will face this threat (Rogoff 2020).
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Globalization process has generated an increasingly dependent world of economic growth,
based mainly on wealth accumulation and, at the same time, it has failed to distribute this
wealth. Currently, the world is suffering from the catastrophic effects of the pandemic, caused,
in large part, by the lack of investments in disease prevention policies and public health. These
effects are also caused by the lack of resources destined to protect the environment, despite the
flagrant climate change (Roach 2020).

As predicted by Beck (1992), periods of crisis caused by civilizational risks, such as
the economic catastrophe triggered by COVID-19, can take the capitalist system to a new
stage. This crisis could be an opportunity to rethink how the socioeconomic system
works, but the discourse of decision-makers is focusing on the false dilemma between
saving lives and saving the economy. If the future remains undefined, at least, there are
already suggestions about the new directions for the current economic model. According
to the secretary general of the United Nations, António Gutérres, despite the drastic
consequences that the pandemic has imposed on society, it also offers a possibility of
change (Gutérres 2020).

In this sense, the European Union has also been in favor of a new model of more
sustainable post-pandemic capitalism. Among the signatories of a possible “Green Deal”
are politicians from different countries, such as the USA, Italy, Germany, Finland,
Austria, and Luxembourg, as well as legislators, CEOs, and entrepreneurs from different
sectors. Seemingly, the spread of COVID-19 has intensified actions against climate
change, especially those aimed at reducing carbon emissions. The discourses are based
on the current crisis to discuss the urgency of investments aimed at a green economy.
The main favorable arguments are the transition to a sustainable economy, the preser-
vation of biodiversity, and the sustainability of agribusiness, making changes towards a
more resilient society (Baczynska 2020; Vetter 2020).

(4) One can possess wealth, but one can only be afflicted by risks; they are, so to speak, ascribed by
civilization. (…) Knowledge gains a new political significance. Accordingly the political potential of the
risk society must be elaborated and analyzed in a sociological theory of the origin and diffusion of
knowledge about risks. (Beck 1992, pp. 23–24)

In this context, the first actions to fight against the new coronavirus were implemented by the
public health system; however, with the advance of the disease into a pandemic, help from
other institutions was needed, especially to deal with a political bias. Political decisions now
affect the public and private sectors, such as the need to nationalize private hospitals in Spain
due to the rapid spread of the coronavirus (Güell and Santaeulalia 2020).

Therefore, the risks posed by the pandemic are not only serious problems in public
health, but also social, economic, and political, such as in the financial market, tourism,
and unemployment. For example, the decision by countries most affected by the disease
to impose restrictive measures of social distancing. Although this guidance comes from
specialists in public health, the final decision rests with political leaders, as the measures
adopted to combat the pandemic imply other sectors, such as the economy. As a result,
decisions at this level are open to different interpretations and ideologies, as in the case
of unknown and invisible risks.

In Brazil, for example, due to the controversies related to the false dilemma between saving
lives and saving the economy, the President takes a stand against social distancing measures,
contrary to the favorable decisions of some Governors and Mayors, including the Ministry of
Health (Sandy and Milhorance 2020). This disagreement resulted in the change of command

M. Pietrocola et al.



of the Ministry of Health, amid the pandemic and the increase in the number of COVID-19
cases in the country (Phillips 2020). The political potential of civilizational risks, as in the case
of Brazil, is one of the situations that characterize the risk society. The ability to manage
different interpretations of risks requires a reorganization of public authorities and political
power, especially in the command hierarchy. “Risk society is a catastrophic society. In it the
exceptional condition threatens to become the norm” (Beck 1992, p. 24).

What society is currently facing is necessarily the result of a system connected by new
technologies, which has been useful for the economy, finance, commerce, communica-
tion, and travel. However, this same system, essential to the modern model of life, is also
responsible for the rapid spread of pathogens capable of causing global catastrophes.
There is, therefore, an apparent and inevitable paradox: pathogens (such as Sars-Cov-2)
can (and will) emerge as a result of evolution and natural selection, while their trans-
mission will be facilitated through this interconnected system that society became
dependent (Mcinnes and Roemer-Mahler 2017).

In 2019, the WHO listed, in the report “A World at risk,” the main factors that
contribute to a higher frequency of outbreaks of infectious diseases: globalized economy,
faster travel, migration, climate change, and greater urbanization (WHO 2019). Due to
these conditions, the WHO has shown that, more and more, high-impact diseases with
the potential to spread arise. These diseases are difficult to predict and control and they
impact countries at different levels, with a special concern for the most disadvantaged
regions and with the greatest inequality. Scientific literature, as in the case of the WHO
report (WHO 2019), already predicted the possibility of an outbreak of rapid and global
dissemination, mainly due to the relationship between humans and wild animals.

This predictability is based both on the current model of society and on the destructive
relationship between development and nature, which became real with the COVID-19
pandemic. The crisis caused by this new virus cannot be abstracted from these broader
problems. We can use this moment to reflect on the current consumption and develop-
ment model of society. Manufactured risks, such as global warming, deforestation, and
pandemics, need to be analyzed broadly and mainly due to their uneven distribution at
different socioeconomic levels. The factors that determined the emergence of COVID-19
are related to changes in the environment by human activity. Although the origin of
COVID-19 and its path of dissemination are not fully understood, we can recognize that
the appearance of outbreaks, like the new coronavirus, is a risk inherent to the develop-
ment process of contemporary society.

4 Challenges for Science Education in a Risk Society

So far we have presented limitations in the actual science education models willing to
develop citizens’ autonomous attitudes towards relevant questions in a risk society.
Christensen (2009) defends the inclusion of risks subject in school curriculum. She
reinforces the relevance of risk themes in school training for citizenship as it can take
off from science the full ability to explain, predict, and control all kinds of problems.
Understanding that science alone cannot offer certainties regarding consumption, envi-
ronment, health, and unemployment, allowing one to have a proper attitude for contem-
porary citizenship challenges.
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There are some practical frameworks in science education that deal with these specific
situations. The socioscientific issues’ (SSI)1 approach, for instance, deals with problems that
prompt controversies. The base of these approaches was seen as the consequence of the
advances in science and technology that continuously create “new intersections of science
and society that result in complex and often controversial issues” (Janasoff, apud Hancock
et al. 2019, p. 639). Scientific controversies are a kind of scientific practice in which problems
are “unresolved because there are no accepted procedures by which they can be resolved, or
because there are differing conceptual or methodological assumptions that affect the interpre-
tation of evidence” (Dunlop and Veneu 2019, p. 690). Thus, an SSI theme for science
education should be “current, controversial, relevant to students, have connections to science
content, and allow for open discussion among learners” (Hancock et al. 2019, p. 643). The
important point in the perspective of SSI is the uncertainty connected with the problems to be
investigated. This means that there is no way to attain a peaceful level of concordance in the
solution.

Over the past 15 years, some researches in this sense have been produced aiming to (i)
select the SSI themes (Stolz et al. 2013), (ii) to define students’ learning objectives (Zeidler
2014), and (iii) to study teachers’ perspective on using the SSI themes (Sadler et al. 2006).
Nevertheless, little attention is paid to reveal the source of controversies and incertitudes or
their connection to the human and environmental risk beyond references to the “advances of
science and technology.” The epistemological ground of the SSI approach seems to understand
risk as to the side effects of the advancement of science and technology. There is no place
given to treat the process of manufacturing risks and to understand reflexivity as an inner
feature of contemporary society.

To exercise responsible citizenship in a risk society, we believe that there is a necessity to
promote students’ understanding of science technology society and environment in a complex
reflexive network of connections. In this sense, firstly, individuals must be able to improve the
way they perceive today’s risks in an amplified perspective, as discussed above in Beck and
Giddens’ terms. That implies to analyze knowledge sources that offer ways to access some
objective dimension of risks. Secondly, there is a necessity to characterize actual and relevant
social problems, such as climate change, Sars-CoV-2, and inequality, as not fixed problems
but changeable problems. It means that their solutions are time- and space-dependent and any
solution has to be seen as not definitive. The main educational objective of learning is to
conceptualize science and technology at the source of a new social organization where
reflexive processes take place in manufacturing risks in Giddens and Beck’s perspective.

4.1 Perception of Manufactured Risks

Back in the 2000s, Jenkins had called for the inclusion of the ability to assess risks as part of a
necessary paradigm shift in science education (Jenkins 2000). Assessing risks is a current
society demand and students, therefore, should be able to use science as support for that.
Jenkins risks, as a place for uncertainties and complexities, are a way for students to bring
science into their lives. That would promote a productive engagement and a more effective

1 By the socioscientific issue approach, we mean every proposition which considers that science alone is not
capable of covering problems that maintain a close connection with the society and environment and therefore
need to be solved with more than scientific knowledge.
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interaction between students and knowledge as well as between students and society, once
they include science uncertainties (Jenkins 2000).

Risk perception has been recurrent in psychologist Paul Slovic’s works in the past 25 years.
In a seminal work, Slovic (1987) showed a diversity in public perception on risks, including
fear, uncertainty, catastrophic potential, control, equity, and issues on future generations. To
him, less frequent, but with more drastic consequences risks are perceived as more threatening
than risks with less dramatic potential consequences, even being more frequent. Besides, his
findings showed legitimate questions carrying values underlying multiple dimensions of risk
perception.

However, just like Beck, Slovic (2010) recognizes that despite the reality of danger,
there is no such thing as “real risk” or “objective risk.” That is, risks estimated by an
engineer on nuclear accident odds or by a toxicologist on carcinogenic risks of certain
chemicals, for example, are modeled risks. Although, for an expert, those models lean on
statistics, its structure is, in some level, subjective and carries personal judgments and
suppositions. In the same way, lay people form their own intuitive and subjective model,
building personal techniques for assessing risks, which are often different from models
and techniques scientists use. An example of this subjective aspect is the identity agenda:
for people living in areas considered danger, like a neighborhood with contaminated soil
or under threat of mudslides, there is always a social bond in the community and
emotional and historical factors, related to the place. In cases like those, experience
showed that compulsory moving had been traumatic for people, despite personal and
collective safety issues (Giulio et al. 2015).

Risk perception is also affected by the amount and the quality of available information,
especially when situation is sensible, with direct consequences to individuals under risks
(Slovic et al. 1991; Slovic 2000; Joffe 2003; Bickerstaff et al. 2006; Bursztyn and Eiró
2015). Also, Beck et al. (2013) argues that experiences and risk perceptions are not the same
for everyone. Similar to Douglas (1966), as using a sociological ground, Beck reinforces that
experiences are, then, marked by shared cultural aspects. Thus, risk perception is dependent on
both the ways people feel they will be affected by threatening events and the ways institutions
will inform them about it (Wilkinson 2001).

In the face of emergency situations, as pandemics, people tend to absorb and process
information as well as act differently from usual. This means that risk perception varies
according to the situation’s severity and it depends on the degree of threat. A recognized
pandemic, for which there are well-defined protocols, will lead to a weaker risk perception for
the general public, compared to an unknown epidemic, with no science standard orientation,
even if the former could represent higher danger to health (Gentili et al. 2020). To this issue,
we include the disagreement between specialists, natural in situations involving risks (Douglas
and Wildavsky 1983) and the role of the streaming open media, that accommodate all kinds of
discourses, from official agencies to non-specialists or specialists from other fields, including
different conflicts of interests.

Then, knowing the role of possible factors for risk perception allows the understanding of
how individuals act when facing uncertain situations. This is relevant because underlying an
act there must be a decision-making. Pandemics, as the current COVID-19, are precise
examples for understanding how risk perception affects peoples’ behavior and
attitudes. Success or failure in tackling threatening situations depends on the ability to
recognize risks more broadly. This implies realizing the availability or lack of scientific
knowledge appropriate to risk situations, considering the impacts of risks on people’s lives,
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both individually and collectively, and evaluating the information provided by public agencies
about the decisions they make.

Risk perception and its subsequent decision-making require more than specific scientific
knowledge and an immediate common sense of threat potential impact. Thus, we propose the
notion of amplified risk perception in order to embrace risk society challenges. This kind of
perception fits in the profile of manufactured risks taking place in a globalized world,
interconnected by technologies. That implies to expand foci of analysis in order to develop
students’ ability in assessing short-, mid-, and long-term risk conditions. In Fig. 1 ahead, we
present a scheme for amplified consideration of risk perception. It localizes perception,
according to what dimensions are available and how local or global risks are perceived.

The schema below was developed during many research group sessions about the impli-
cations of risk society and people’s perceptions of manufactured risk. It shows a gradual scale,
defining a risk perception space, which includes three dimensions: access, urgency, and range.
Access is associated with rational thinking supported by scientific cognition.Urgency defines a
hierarchy of risk connected with values and practices in a given culture. Range is connected
with the ability to make impact assessments in either a close or far perspective. This dimension
is strongly mediated by information. Combined, they indicate a level of risk perception
coverage. This three-dimensional risk perception space indicates one’s (or group’s) ability to
perceive risks related to a particular situation. Thus, there is a sort of a “risk perception vector”
(RPV), which indicates locality or globality. The greater is the vector magnitude, the broader is
perception. Smaller magnitudes indicate more restrictive risk perception. Thus, this magnitude
indicates if risk perceptions are directed to local/individual or to global/collective realm. The
direction RPV has in the risk perception space indicates how diversified is the perception: for
example, more committed with rational dimension (projected in the access axis). The scheme
can be helpful to identify risk perception features. Manufactured risks, for example, draw on
the external region of the risk perception space. Then, a RPV vector projected in a plane or in a
single axis indicates a monovalent perception of risk. In any case, the scheme may help to
establish the state of individual/group consideration in face of a threat situation.

Fig. 1 Scheme of a three-dimensional risk perception space. In highlight, perception location in risk perception
space
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As an exercise, we take the current COVID-19 pandemic and propose what may be an
amplified risk perception about it.

By the beginning of December 2019, first cases of a yet unknown disease were registered in
Wuhan Province, China. This is the origin of COVID-19. In 3 months, the disease has spread
in more than 150 countries. By March 11, 2020, the WHO declared COVID-19 as a pandemic,
showing its global reach. The pandemic changed daily routines, imposing social distancing
and closing schools and stores. This scenario guides people’s perception, considering both
global and local impacts and requiring a constant assessment of individual and collective risks.

Range (Mediated by Information) A short range perception will consider that actions to
prevent COVID-19 are excessive or unnecessary if their relatives and friends are not sick or if
the number of people infected in their city is low. There would be no search for new sources of
information, and decisions will continue to be made based on usual and local information.
Competence for identifying fake news will be reduced as sources of information are few and
many times unreliable. A long range perception will compare common sense information with
data from multiple and reliable sources to build a wider view of the pandemic. A wider
perception will identify information which are minimally agreed among sources and others
which are still uncertain and require prudence. In both cases, the decision-maker will act in the
protection of itself and others in agreement with the global risk perception and collective sense.

Access (Mediated by Knowledge) An immediate access will perceive SARS-CoV-2 as a
regular virus like influenza ones, with similar effects on the human body, such as cough,
headache, and fever. Drugs like analgesics and anti-thermics may restore your health in a
week. As usual, sooner or later a vaccine will be produced and save people from the disgust of
being ill. There would be no action required from decision-makers because this virus offers no
threat to people in general. A remote access will perceive that COVID-19 proliferates more
than the influenza virus as researchers strive to understand the virus mechanisms in order to
produce a vaccine. It is because, as any virus, the degree of mutation may challenge the search
for a vaccine. The medium time to have a vaccine is around 18 months and certainly it was not
a solution for the present time. As it is a new disease, there are remaining questions such as
questions on a second infection or questions on higher temperature transmission rates. This is a
condition that leaves open the interpretation of risk perception on COVID-19, allowing other
institutional voices, besides science. This is the context in which decision-makers opt for
acting, in practice or in discourse, differently from WHO orientations or scientific knowledge
produced so far.

Urgency (Mediated by Values) A low urgency will consider that its personal values can be
the main, if not, only reason that matters. For instance, even in the face of the exponential rate
of death caused by COVID-19 in many places, there are still those who defend the open of
stores, malls, and general trades on behalf of the economy. Their personal values (such as
financial interests and ideological, political ones) are more important than the risks. A high
urgency regarding COVID-19 will be expressed through the recognition that, in times like
these, individual values (whatever they are) cannot be overlapped with public health. It can be
portrayed through decisions made by politician actors, in spite of their political or ideological
disagreements. In some countries, different State and Municipal chiefs have worked together
to elaborate public policies in order to mitigate the COVID-19 damages. Thus, the mobiliza-
tion of people with completely diverging views and ideologies that join to fight against a
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common enemy, such as the COVID-19 pandemic, is a concrete example of a high perception
of urgency.

The analysis made with the risk perception scheme may establish its amplitude (e.g.,
if a student’s perception of pandemic risk is short or long) and orient an action plan in
science education or even in a campaign for public orientation. The axes in risk
perception space are an abstraction that allows evaluating the dimensions and tracing
risk perception coverage. We understand that this scheme can be used in science
education in order to provide qualitative assessments on objective and subjective aspects
of risk perception of subjects or social groups. In the classroom, this scheme can be used
to assess students’ perception of risk about COVID-19, as well as other manufactured
risk problems and controversial themes, such as climate emergency and sea pollution.
For this, teachers can prepare semi-structured questionnaires, such as Likert scale ones,
for each dimension. For example, in a teaching project that works with global epidemics
and uses COVID-19 as a case study, the teacher can use the scheme to assess, through
questionnaires, the perception of students’ risk, based on the three axes: access, range,
and urgency. In order to assess changes in students’ perceptions from the teaching
project, a longitudinal assessment can be made throughout the project, in which students’
perceptions will be assessed through the dimensions presented in the scheme. Thus, it is
possible to investigate how students enhance her or his perception of the risk and how
their learning trajectories prompt changes in values that influence her or his responsible
citizenship decision-making.

In another scenario, the teacher can propose the usage of the three-dimensional scheme to
locate the risk perception of a given social group on a manufactured risk. For example, assess
the perception of the scholar community about the risks from climate emergency based on the
ranges of each dimension and how local or global risks are perceived. This practice can
develop students’ ability in assessing short-, mid-, and long-term risk conditions, based on
manufactured risks taking place in a globalized world. In order to exert citizenship concerning
reflexive modernity, external regions in risk perception space (i.e., from short to long) are
desirable. Thus, science education objectives must include amplification of perception of
manufactured risk. In this sense, we hope that this scheme supports science educators both
in communicating the pandemic and other manufactured risks to students, showing qualitative
assessments of risk perception, and, in a broader way, how the perception of students can be
affected by different dimensions, such as the knowledge, information, and values.

4.2 Wicked Problems

The term wicked problems refers to Rittel and Webber (1973), who address the inherent
entanglement of virtually any problem in the social realm and its consequent necessity of
solutions that are valid only in a certain context and time. They are “wicked” because their
understanding goes beyond any specific or systemic knowledge: different contexts can lead to
different formulations of two apparently similar problems. For wicked problems, it is impos-
sible to set a trial and error–like resolution, because in the dynamic of the context, each
iteration that aims a resolution occurs in a different time and in a new scenario. They are also
“wicked” because they can be considered at the same time consequences of other problems
and generators of new other problems. Moreover, Rittel and Webber stress that they are

M. Pietrocola et al.



“wicked” because they are ill-defined problems, assuming ill-defined solutions and demanding
feasible action plans based on the formulations made for the problem.

We must stress that, similar to other socioscientific issues, situations involving
manufactured risks are wicked-like problems and, therefore, need to be explicitly
discussed and socially rationalized, since they interlock contextual, epistemological,
psychological, cultural, and pedagogical aspects. Thus, the most fruitful place for doing
so is the educational environment. It is a place where students can develop their
democratic citizenship, becoming able to participate in controversies recognizing risks
generated by contemporary techno-science and making well-informed decisions
(Levinson 2010).

Comprehending scientific concepts is, naturally, indispensable. But not only. Social and
cultural perspectives, as affecting risk perception, must be taken into account, since the goal is
to develop active participation of individuals in society. Contextualization of complex prob-
lems and science limitations can promote students’ interest in science as recognizing its
epistemology and its potential as a source of information for solving socioscientific issues
(Levinson et al. 2011). Going beyond merely including the nature of science, a particular kind
of problems must be considered, in order to include the features of manufactured risks.

Problem solving has always been the basis for science education and works as a
teaching and learning engine, as learning becomes more efficient by working on solving
real-world problematic contexts (Dewey 1916; Wong and Pugh 2001). The importance
of problem solving is still in place for science education from a risk society perspective.
Problem solving also configures one of the basis for developing contemporary citizens in
risk society, as they help to develop essential competences in using knowledge.

However, risk problems we are discussing here are different from traditional or
“exemplars” (Kuhn 1970, postscript). Kuhn’s exemplars are problems produced for
materializing some pragmatic aspect of a theory. They have some standard solution,
agreed by scientific communities. In this sense, during the training of a scientist, it is
expected solvable problems to be discussed, once they have been previously validated by
the scientific community. Thus, exemplars work as a way of retaining “normal science”
itself. Normal science exemplar situations are already known problems, allowing certain
solutions and, therefore, for the risk perspective we are presenting, they fail. Exemplars
can be thought of as false problems, as in Pólya’s (1945) original sense, once they
mostly assume the existence of consensual solutions a priori and the issue to be solved is
how to make students access those solutions. When bringing this reasoning to science
education in basic school, students are exposed to “shared examples” of problem
contexts. Learning, then, leans on previous conceptual baggage, defined by science
tradition, assuming that students would reach similar solutions for similar problems.
That process also assumes that students’ rationality matrix can be transposed from one to
another context (Abrantes 1998).

Manufactured risk situations, though, are marked by the lack of analogies or exemplars
from which a particular framework can be compared and/or transposed. In manufactured risk
problems, there is no search for all possible variables, nor for a precise or correct functioning
of the system. However, legitimate good practices may be in a known situation or however,
analytical approaches may be in a knowable situation; per-existent rationality matrices fail in
dealing with risk situations. These kinds of problems are better defined as complex problems
or wicked problems (Van Beurden and Kia 2011). In a recent editorial, on a special number
about health issues, Eric Van Beurden and Annie Kia wrote:
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What do complex issues such as inequality, climate disruption, food, insecurity and obesity challenge us
to learn? These are Wicked problems that require action at every scale. With multiple, interaction causes,
solutions lie well beyond the traditional domain of any jurisdiction or organizational entity and beyond
business-as-usual. (Van Beurden and Kia 2011, p. 83)

Wicked problems seem to challenge the conception of regular problems. They take place in an
opposite spectrum compared to Kuhn’s exemplars. That is because wicked problems do not
only lack solutions a priori but also because any acceptable solution given in a particular time
and space may no longer be acceptable in further moments.

Kurtz and Snowden (2003), working on ways to prepare managers for decision-making
under crisis situations, in which contexts are highly uncertain, developed a way to typify
problem classes for defining acting strategies. They propose the Cynefin model (Fig. 2) for
structuring decision-making on four classes of problems: (i) known problems, in which causal
relations are visible and predictable; there are no uncertainties involved and are legitimated by
good practices, once problem reproducibility is characteristic; the (ii) knowable problems, in
which cause-effect relations are separated over time and solutions are reach by an analytical
attitude for planning scenarios and a systemic view is necessary for decision-making; the (iii)
complex problems, in which cause-effects can only be accessed in hindsight; solutions aim
management of emerging patterns and there is a need for adaptations to situation; and last the
(iv) chaotic problems, in which cause-effect relations cannot be perceived, nor even in
retrospect; thus, decisions aim only stability.

Fig. 2 Cynefin framework for decision-making, by type, highlighting the kind of problems and teaching content
to be taught in science classes. Adapted from Kurtz and Snowden (2003)
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The Cynefin model (Fig. 2) here is used for understanding manufactured risks as complex
scenarios, having emergent causality with no a priori. Named after a welsh word (Snowden
2002), the term can be understood as situations in which there is a failure of justice. In complex
and uncertain situations, marked by non-linearity, robustness, and feedback, there are no
adequate previous models. To Kurtz and Snowden (2003), Cynefin perspective is fitted to
understanding real scenarios as being:

the place of our multiple affiliations, the sense that we all, individually and collectively, have many roots,
cultural, religious, geographic, tribal, and so forth. We can never be fully aware of the nature of those
affiliations, but they profoundly influence what we are. [...] all human interactions are strongly influenced
and frequently determined by the patterns of our multiple experiences, both through the direct influence of
personal experience and through collective experience expressed as stories. (Kurtz and Snowden 2003, p.
467)

In an ordered domain, there is a focus on efficiency. Organized systems converge to reduc-
tionist approaches, prevailing summative features over constitutive ones; i.e., the whole can be
characterized as the sum of its parts. However, risk perception occurs in non-ordered situa-
tions, in which the whole cannot be characterized as the sum of its parts. Thus, complex
scenarios cannot take advantage of causal relations taken a priori.

In the Cynefin model, Kuhn’s exemplar problems seem to fit in the “known” quadrant,
once they assume a clear and directed causal relation. Possible problems formulated inside a
paradigm, could fit the “knowable” quadrant, generating new knowledge inside a specialty
field of a focused paradigm.

The multitude of influences described by Kurtz and Snowden opposes reduction or
disciplinarization, which by its turn would work only in ordered situations, such as exemplar
problems. This is in a sense that they imply non-linear causal relations, they do not involve few
actors, they are not free from dilemmas, they have uncertain unfolding in its temporal and
spatial reaching, and they take temporary solutions. This is the profile of contexts in which
manufactured risks are incorporated as a teaching and learning subject.

With that said, it is feasible to assume that manufactured risks take place as a kind of
socioscientific issues, in intricacy situations, being inherently complex. They cannot be guided
by any a priori elements and they fail in their predictive power, something that characterizes
traditional science teaching. Thus, risk perception must end up in attitudes and action plans
depending, first, on what emerges from human action in the world. They are non-ordered
realities in which any action feedbacks in the system. This means that any intervention is also a
moment of a diagnosis and at the same time, any diagnostics in a moment for intervening.
Teaching contents in risk society are those in which human acts change the world’s nature and
at the same time, the world changes the nature of human acts.

The Cynefin model is an efficient tool for classifying and comprehending complex
problems as the manufactured risk ones, derived from science and technology development.
Decision-making in face of complex problems may require concessions: in a complex system,
sometimes it is necessary to allow that part of the system to work in a sub-optimal way in order
for the whole system to work in its optimal way.

The COVID-19 pandemic exemplifies some aspects of complex problems from the
Cynefin model. Health systems collapse; macroeconomic global impacts and
transnationality of the virus spread mutually influence each other and feedback the
situation. Thus, indicated actions by official health institutions, such as social distancing,
are ways for managing emergent patterns in order to adapt to the constant evolution,
instant by instant, looking at pandemic data.
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The current pandemics have consequences wewill only knowmorewidely in the near future and
which fully understanding will be only possible by looking back, shows that there would be no a
priori for an exemplar problem context to be taught. This is inherent to manufactured risk situations.
That indicates that teachablemanufactured risk situation problems are (i) necessarily open problems,
but not only; (ii) they require crosscutting concepts, but a single conceptual framework is not enough
to make decisions; (iii) they depend on amplified perception and assessment of multiple causal
entities in interaction; and because of that they are (iv) wicked problems, in which science teaching
aims to develop decision-making competences using coherent and acceptable attitudes in opposition
to correct answers typical from traditional science problems. Thus, both teachers and curriculum
developers can benefit from the Cynefin model for selecting and proposing complex (or wicked)
problems adherent to manufactured risk themes. In a similar way, Fensham (2012) has used the
Cynefin framework to categorize SSI propositions made by science teachers based on the level of
uncertainties and human risks.

5 Conclusions

The underlying (and future defining) questions of global order, guiding this work, was as follows:
why should we invest in people’s beliefs? The answer to this question may drive people’s either
individual or collective attitude. The ability to assess enrolled manufactured risks and the compe-
tences for dealingwith them are crucial for overcoming the current pandemic and other future crises.
The current situation demands individuals to deal with a threat whose effects are close but whose
origin is distant and unfolds in a context of complex relations, including local and global factors.
That raises the reflection on what would be the proper scientific and technological science education
for today and for the future.

From our reflections on what would be relevant to deal with civilization, thus intra-social, thus
manufactured risks, wewrapped up twomain considerations for science education. First, it is needed
to invest in diversity of the kind of problems brought to school science curricula. Particularly, the
absence of wicked problems, among the mainstream science problems, gives students a false
impression that science problems are always the ones with clear causal relations between context
and solution. As if all problems would be, after all, exemplars, in Kuhn’s sense. Brousseau shows
evidence of how students are able to solve chaotic or absurd problems brought to scholar contexts
using naïve strategies (Brousseau 1986). Although those problems had been studied in primary
education, there is no reason to think that the same could not be done in secondary or higher
education.

Knowing how to classify problems in the Cynefin framework is another valuable competence,
once its consequence is to diversify problem solving approach according to resource availability and
to problem features. Thus, aiming problem contexts from manufactured risks, such as climate,
environment, health, and moral dilemma, can promote a set of complex (wicked) problems. Then,
developing particular abilities for dealing properly with this kind of problem is developing students’
citizenship itself. Mostly, difficulties in fighting manufactured risk come from a simplistic or a
reductionist approach, associated with problems with an immediate solution (known problems) or
the ones whose solutions are on the near horizon (knowable problems). In contrast, widening
conscious risk considerations take problem contexts beyond, fitting into complexity.

Schenk et al. (2019) forward a similar suggestion as they develop a model for relating subjective
and objective features of risk. They propose a multidimensional conception of risks, recognizing
close relations between risk and decision-making. Their model includes “activity” as a basis for risk
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problems, being characterized by human actions that drive to risks but also attitudes for inhibiting it;
“values” and “knowledge” figuring the same epistemic niche, interacting and giving subjective
features to risk, the former, and objective features, the latter. Despite the parity between knowledge
and values, they can weigh differently in risk assessment. Also “uncertainty,” “probability,”
“severity,” and “consequence.”

Another aspect is the amplification of risk perception, considering both local/individual and
global/collective spheres. The contemporary role of science education in developing citizenship
cannot be coupled with a continuous progressive wellness. Scientific and technological knowledge
was fundamental for solidifying people’s ontological security. Apparently, that faded away some
moment in post-war. Learning to live in a world where the future is opaque and in which decisions
must bemade under uncertainties is the new educational edge to be pursued. It is impossible to avoid
making decisions in conflicting scenarios in which knowledge and information brought from
science and technology are subjected and interchangeable to contradictory views. As Giddens
(1990) stated:

To recognize the existence of a risk or set of risks is to accept not just the possibility that things might go
wrong, but that this possibility cannot be eliminated. The phenomenology of such a situation is part of the
cultural experience of modernity in general. (Giddens 1990, p. 111)

We can say that taking an amplified perception on risks is being able to project not only certainties of
the present but also especially feasible futures, despite its uncertainties. In this perspective, science
takes on a new role by promoting awareness of risks and ceasing to be a place of certainty to be a
source of legitimization of the decisions that define society’s choices. More than ever, science
education must aim to prepare individuals to establish a more engaged and dialogical relation
between science, technology, and its unfolding.

Modern society, in general, still lacks ways to deal with manufactured risks. Nowadays,
institutions are not yet able to monitor scientific and technological changes and their influences
on people’s way of life. Science education shall fulfill this shortfall at an institutional level, ergo
supporting people’s ability to deal with manufactured risks that rises from the science-technology-
society amalgam.
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