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Dealing with Uncertainty 
in a Transformative Education 
for Sustainability 

Fabian Pettig and Ulrike Ohl 

Abstract Transformative education for sustainability aims to engage students with 
environmental issues and concerns in a way that enables them to actively shape the 
future in terms of a social-ecological transformation. But which solutions and which 
individual and political actions are appropriate and “sustainable” in areas such as 
mobility, nutrition, energy supply, urban planning, etc.? In this regard, factual and 
ethical controversies as well as multifaceted uncertainties exist in science, politics, 
and society. In the sense of an emancipatory education the one “right” way of indi-
vidual, collective, and political action can therefore rarely be taught. This educational 
challenge leads to a different question: How can students be empowered to deal with 
these uncertainties and to contribute to shaping an ecologically and socially just 
future? This article aims to answer this question with reference to pedagogical and 
didactical theory and thus identify guidelines to foster transformative learning in 
educational contexts. 

                                                                      
                                         

3.1 Introduction 

We all have the capacity to create our desired futures, far more than most of us realize. 

(Gidley 2017, p. 137) 

It is not possible to think about education without thinking about the future. Thus, 
education can basically be understood as an endeavor that is oriented towards a future
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that is yet to be realized and that intends to improve individual and collective well-
being as well as present and future conditions (Lauder et al. 2006). As uncertainty is 
a constitutive element of the future (Dahlbeck 2014, p. 156), the future as a concept 
poses a challenge to teaching as a whole and to educational endeavors concerning 
environmental issues in particular. 

In this regard, it makes a difference whether a certain idea of sustainable future 
is set teleologically, and education is understood as a means to its realization (i.e., 
fostering responsive adaptation to a certain future), or whether a sustainable future 
function as a normative idea whose negotiation can only be realized as a democratic 
process (i.e., fostering skills to participate in shaping the future). In the first case, 
education is primarily concerned with imparting a certain knowledge and the neces-
sary skills to achieve a certain (already defined) future; in the second case, education 
is primarily concerned with empowering learners to participate in the negotiation 
of a (yet to be realized) sustainable future by fostering the ability to critically make 
decisions and responsibly take action (Holfelder 2019, p. 945f.). In line with Sand-
ford (2013, p. 121), we understand futures “as continually produced” and a “pro-
cess rather than event or destination”—we address the future as uncertain and open 
and argue, that this understanding is fruitful for transformative educational praxis. 
Because “[a]fter all, we do not know (all) the answers and live in a world marinated 
in uncertainty and complexity. It is in this world that we need to address the challenge 
of sustainability with some urgency. Hence, we need new forms of learning that can 
help us break existing routines and systems that appear fundamentally unsustainable” 
(Wals 2010, p. 145). 

Against this background, this chapter is concerned with the question, how sustain-
ability education1 can support learners in experiencing the future as shapeable albeit 
its uncertainty and empower them to participate in shaping it. For this, we will discuss 
different notions of uncertainty regarding their educational implications and uncover 
challenges for teaching and learning. Building upon these conceptual insights, we 
propose six guidelines for transformative education, that cherish uncertainty as a 
necessity to learning and education and aim at fostering skills to deal with uncertainty 
in environmental issues.

1 We deliberately use the term “sustainability education” here to keep our considerations compatible 
with a variety of approaches in environmental education. This formulation expresses a growth-
agnostic attitude that allows for different points of view on the relationship between growth and 
economy. 



                                                                    

3.2 Facets of Uncertainty Relevant to Teaching 
and Learning 

3.2.1 Uncertain Scientific Knowledge 

Subject areas relevant to a social-ecological transformation of society that are 
explored in transformative education for sustainability, such as climate change, the 
loss of biodiversity, mobility, food consumption, energy supply, and urban plan-
ning, tend to involve many complex earth system processes (Tauritz 2016, pp. 90, 
95). The complexity of these systems is characterized by interactions that are not 
linear but multidimensional, and that contain feedback loops (Rempfler and Uphues 
2011, p. 38). Often, these “interactions between [the systems’] elements are unclear, 
uncertain and unpredictable” (Barnett 2012, pp. 67–68). Therefore, in these areas 
of uncertain scientific knowledge, scientific controversy is characteristic (Ohl 2013, 
2018; Mehren et al. 2015). It is, among others, for these reasons that Tauritz (2016, 
p. 94) calls education for sustainability a “playground of uncertainty.” 

The example of climate change can be used to illustrate that this uncertain knowl-
edge affects multiple dimensions: “In the case of climate change, uncertainty suffuses 
all aspects of the problem: there is uncertainty about the physics: how much warming 
can we expect with a doubling of CO2 from preindustrial levels? There is uncertainty 
about the economics: how much will it cost to mitigate (or not)? There is even uncer-
tainty about ourselves: how likely is it that humanity will act to control the risk from 
climate change?” (Lewandowsky et al. 2015, p. 2). As Lewandowsky et al. (2015, 
p. 2) point out, “[u]ncertainty is an unavoidable aspect of any scientific endeavour, 
and climate change is no exception.” Against this background, scientists usually 
communicate uncertainty in a transparent way. One example is that the Intergovern-
mental Panel on Climate Change (IPCC) developed guidelines for communicating 
different levels of certainty in a transparent format and to present certain findings 
as facts (IPCC 2013; cf. Schauss and Sprenger 2021). A second example is the 
well-known framework of planetary boundaries (Steffen et al. 2015) which provides 
a science-based analysis of the risk that human perturbations will destabilize the 
earth system at the planetary scale: It contains a “zone of uncertainty” to consider 
the problem that such boundaries cannot be determined exactly due to the complex, 
mutually influencing and partly inert system processes. 

But besides science, the perception of uncertainty can be totally different in other 
sectors of society: “For scientists, uncertainty points the way towards further research. 
Policymakers and the general public, on the other hand, tend to view uncertainty 
as a non-appreciated ‘lack of knowledge’” (Tauritz 2012, p. 300). Often, uncer-
tainty is used by politicians and the public as an argument to delay mitigative action 
(Lewandowsky et al. 2015, p. 1). Obscuring and marginalizing uncertainties can also 
be an attempt to gain legitimacy and authority which both are often associated with 
stable facts (Arora 2019, p. 1572). But also overemphasizing scientific uncertainties, 
for example through social media strategies, can be a tool to prevent change. Boström 
et al. (2018) cite studies on organized denialism and anti-environmental movements



                  

that have shown that “there are strong, organized, and skilled counter-movements, 
not least with regard to the climate change issue, which aim to hinder transformative 
learning and social transformation […]. Whereas earlier movements opposed envi-
ronmental protection directly, current anti-environmental movements instead stress 
scientific uncertainty and argue [there] may be insufficient empirical evidence for 
taking action” (ibid, p. 12). 

Not admitting uncertainty, as this shows, is not an appropriate way to contribute 
to a social just and ecological sustainable transformation of society. Only allowing 
uncertainty enables true transformative engagement that incorporates multiple 
perspectives and needs: “[…] if uncertainties are admitted, it is clear that no single 
institution, discipline, movement, community or region can provide the answers for 
sustainability […]. Engaging with each other, however, diverse practitioners may 
produce plural understandings of climate challenges and multiple pathways of adap-
tation and mitigation” (Arora 2019, p. 1572). This plurality is at the same time an 
expression of different ethical reflections and orientations. 

3.2.2 Uncertainties Regarding Appropriate Paths of Social 
and Ecological Transformation 

The “ethical complexity” of many topics of transformative learning has often been 
described (Mehren et al. 2015; Ohl  2013, 2018). It refers to ethical uncertainties, i.e., 
unresolved weightings of possible goals of action (Bögeholz and Barkmann 2005). 
These ethical uncertainties are significant when it comes to questions of appropriate 
individual or political action in the context of a socially and ecologically just and 
sustainable transformation of society. In educational settings, it becomes apparent 
when discussing such questions, that a multitude of actors “with diverging interests, 
values and perspectives” are concerned (Tauritz 2016, p. 95). 

Making value-based decisions is crucial in means of the transformation of society. 
But even among stakeholders from politics and society who fundamentally share the 
goal of a socially just and ecologically sustainable transformation, there is little 
consensus on the extent, speed, and paths to be taken. Thus, it is not surprising 
that currently scientifically, politically, and socially negotiated ideas on a sustainable 
post-fossil economic system range from neo-ecological approaches in the sense of 
green growth to alternative economies in the sense of degrowth (Pettig 2021, p. 5).  

Against this background, it becomes clear that the one “right” solution for appro-
priate transformative action cannot be taught in the classroom. Rather, students should 
be given the opportunity to form their own opinions based on technical and ethical 
reflections. The training of constructive negotiation processes in the classroom is of 
great importance when it comes to empowering students to participate in society and 
to deal with this kind of uncertainty.



                                                                    

3.2.3 Knowledge Uncertainty as an Individualized 
Experience 

How do people perceive the uncertainty of scientific knowledge discussed above 
and the uncertainties regarding appropriate paths of social and ecological transfor-
mation? This is where the facet of individually experienced knowledge uncertainty 
comes into play. What is perceived as uncertain strongly depends on one’s own 
personality, previous experience, knowledge, and skills. Therefore, Tauritz (2012, 
p. 302) writes: “What one person experiences as uncertain knowledge, for instance, 
because he doesn’t know the source [of certain information], could be experienced 
as certain knowledge by someone else who does recognize the source and judges 
it as trustworthy. Similarly, what is considered complex knowledge by one person, 
could be experienced as uncomplicated by another.” 

Referring to pedagogical theories and empirical findings, Tauritz (2012, pp. 302– 
303) elaborates that enough individually experienced uncertainty motivates learning, 
whereas experiencing too little uncertainty can hinder learning and deeper level 
processing and may lead to feeling a lack of personal relevance or to boredom. Too 
much uncertainty can, according to Tauritz (2012, p. 303) and to Lertzman (2013), 
lead to cognitive, emotional, and/or behavioral overload or even to a state of paralysis. 
This makes clear that mostly or completely avoiding uncertainty in class by taking 
it out of the learning arrangement, not only deprives students from the opportunity 
to learn how to deal with uncertainty but can also have negative effects on their 
motivation. 

3.3 Transformative Education as Productive Uncertainty 

[U]ncertainty is a stimulus that drives progress rather than a weakness that holds it back. 

(Corner et al. 2012, p. 464) 

The different facets of uncertainty pose challenges to educational practice, and so far, 
there is only limited guidance on how to achieve the goal of overcoming paralysis 
facing uncertainty as well as fostering decision-making skills regarding uncertain 
futures (Tauritz 2016, p. 91). Yet, we do not see uncertainty to be a threat to educa-
tional practice—and hence try to rule it out of the classroom—but rather, in line with 
Bähr et al. (2016, p. 41), we see uncertainty as constitutive to education itself and also 
to the sustainability-related questions at hand—and hence plead for welcoming it to 
the classroom. We argue that, in doing so, uncertainty can open a space for possible 
futures in which everyone is involved in a critical and collective search process for 
a sustainable future. The goal of this process is to find ways to deal with the open 
ends, contradictions, and blankspaces of sustainability-related topics and questions. 
After all, in many areas, we do not know what the “right way” to a sustainable future 
looks like due to multiple uncertainties (Kwiatkowska and Szatzschneider 2011,



                  

Fig. 3.1 Guidelines for dealing with uncertainty in transformative education (Source author) 

p. 202), because “what might seem sustainable now might turn out not to be later 
and, furthermore, what might be sustainable here might not be sustainable elsewhere” 
(Wals 2010, p. 144). 

To organize this search process for sustainable future in educational contexts, we 
propose six guidelines for teaching and learning (see Fig. 3.1), considering different 
facets of uncertainty (see Sect. 3.2) as well as recent discourse in critical pedagogy 
and environmental education studies, and building upon earlier work (Ohl 2018; 
Pettig 2021; Pettig and Ohl 2023). These provide guidance for dealing with uncer-
tainty in sustainability education, addressing the antinomies inherent in it, and finding 
ways to handle them. Transformative education, in this sense, can be understood as 
productive uncertainty. Meaning that, transformative education becomes productive 
due to its uncertain nature and the uncertain nature of the questions it addresses. 

Questioning the taken-for-granted. Various educational theories from different 
schools of thought agree that a comprehensive rethinking, i.e., a transformation of 
perspectives on the world and on one’s own relationship to the world, is preceded 
by an incident of irritation (that can result in the light of uncertainty) in which 
ingrained ways of thinking and acting are no longer effective and new ways of 
dealing with a challenging situation have yet to be found (e.g. Mezirow 2000; Koller 
2011; Meyer-Drawe 2019). As Boström et al. (2018, p. 7) conclude: “A transfor-
mative learning process thus requires examining, questioning, and revising much 
of what we hitherto have taken for granted.” In educational contexts, the teacher 
can create favorable conditions for transformative learning processes by consciously 
challenging the students to question their own views on things again and again and 
by offering opportunities to adopt and establish new perspectives on the matters 
discussed. At its very core, transformative education is “irritation-friendly” (Bähr 
et al. 2019, translated), that means, it opens spaces to question ingrained patterns 
of thought and action, e.g., on issues of (non-)sustainable actions, (non-)sustainable 
products or paths of (non-)sustainable development, and to explore and to establish 
new perspectives. In the best case, such learning processes mean no less than those 
learners “can reflexively address their own situatedness in hegemonic sustainability 
discourses and non-sustainable structures and in this way emancipate themselves 
with regard to sustainability-related questions, narratives and political agendas, and 
in this way actively participate in the shaping of a sustainable world society” (Pettig 
2021, p. 11f., translated). 

Making the uncertain explicit. Admitting uncertainty is a worthwhile way in 
the educational context, even more so, we argue, addressing uncertainty in its multi-
faceted nature, is crucial for transformative learning. It is not only honest with



                                                                    

students (these uncertainties exist, so we do not deny them), but it also creates oppor-
tunities for transformative learning, such as raising awareness of reputable sources 
of information, developing a tolerance for ambiguity (enduring that knowledge can 
be uncertain), or, in terms of epistemological beliefs, accepting uncertain knowledge 
as an elemental feature of scientific knowledge production without feeling paralyzed 
by it. Hence, making the provisional nature and variability of scientific knowledge 
transparent should be part of basic scientific education (Schauss and Sprenger 2021, 
p. 336). Since uncertainty also refers to the complexity of certain topics (which 
makes it impossible to grasp every aspect of them), transformative education can 
be oriented with central principles in dealing with complex topics in class. These 
are, in particular the principle of controversy, the promotion of argumentation skills, 
making uncertain knowledge explicit, science orientation, training in source aware-
ness, and the use of reductive-organizing strategies (Ohl 2018). They aim to reduce 
factual complexity through sensible reduction strategies without marginalizing rele-
vant content and its interconnectedness. The right degree of reduction and appropriate 
simplification represents a balancing act (Mehren et al. 2015, p. 6). With Tauritz 
(2016, p. 91), learners “should be prepared for making provisional decisions that are 
based on incomplete information, either because of the pressure of time or because 
insufficient evidence is to hand to fully warrant any particular decision, or because 
the outcomes are unpredictable.” 

Giving space to emotions. Next to the knowledge dimension, transformative 
education requires space for all facets of learning, that is cognitive, sensual, and 
emotional. In research and theoretical discussion, there has been a growing interest 
on the role of emotions in transformative learning processes. There is a certain 
consensus, that “emotions are significant to learning; they focus attention and provide 
guidance and motivation for action” (Taylor and Cranton 2013, p. 38). Additionally, 
“emotions are inherently linked to critical reflection” (ibid.) and can even strengthen 
our ability to critically reflect on our own worldviews (Mälkki 2019). Since, what is 
worth being reflected on (to me) is not solely a result of objective reasoning but is also 
due to the affective dimension of any experience (cf. Waldenfels 2002). At the same 
time, the urgent environmental issues and crises of our time tend to go hand in hand 
with stressful and unpleasant emotions (Singer-Brodowski et al. 2022, p. 14). This 
means that, next to being fruitful, “emotions can also hinder critical thinking and 
block transformative learning, leading to denial or cognitive dissonance” (Mälkki 
2019 cited in Singer-Brodowski et al. 2022, p. 14). Therefore, Grund and Singer-
Browodski (2020) emphasize the necessity of “emotion-sensitive” approaches in 
sustainability education. Singer-Brodowski et al. (2022, p.14) plea for creating and 
maintaining safe enough spaces, which intertwine three different dimensions (on 
an intrapersonal, interpersonal, and systemic level) into transformative education: 
“feeling bodily safe,” “engaging in edifying conversations besides rational debates,” 
and addressing and challenging “neoliberal ideologies.” We agree that, thinking of 
the inherent multifaceted uncertainty in any educational endeavor concerned with 
the future, transformative education needs to give space to emotions, like a fear of 
what is to come and the worry, what we can do about it, and also create opportunities



                  

to establish a sense of hope, that we actually can do something about it (cf. Dahlbeck 
2014). 

Engaging in dialogue. Transformative education is, quintessentially, a social 
undertaking. It questions not only hegemonic lines of thought (regarding 
sustainability-related issues and concerns), but also the hegemony of educational 
praxis itself. Influenced by critical pedagogy, it has been argued that transformative 
education must question the relationship between teachers and students, that is, to 
foster learning environments, where everyone involved becomes responsible for the 
matters at hand and for ways to deal with them (Freire 1970). This can pave the way 
for real dialogue, which means “the encounter between [persons], mediated by the 
world, in order to name the world” (ibid., p. 69). In Freire’s sense, dialogue raises 
critical consciousness, as it addresses and analyzes real-world problems in social 
realities. The dialogue then becomes revolutionary, as it opens space for change (in 
the here and now and of the future). Thinking of educational contexts as spaces for 
change makes certain claims to their design. What Wals (2010, p. 147) demands for 
spaces for social learning as a whole, can help to organize dialogue in the classroom; 
according to him “[s]uch space includes: space for alternative paths of development, 
but also alternatives to ‘development’ itself; space for new ways of thinking, valuing 
and doing; space for participation minimally distorted by power relations; space for 
pluralism, diversity and minority perspectives; space for deep consensus, but also 
for respectful dissensus (Lijmbach et al. 2002) (sic!); space for autonomous, deviant, 
disruptive and counter hegemonic thinking; space for self-determination; and, finally, 
space for contextual differences.” Transformative education that fosters dialogue is, 
then, more concerned about real relationships in the classroom (Cranton 2006) than 
(re)producing hierarchy and hegemonic truth. 

Being mindful of relativism. A strength of addressing environmental issues in 
their complexity, controversy, and uncertainty in social learning contexts is, that 
reflecting on ethical and factual uncertainties cultivates a “[p]luralism of thought 
(values, perspectives, ideas, etc.) […] as a mechanism for facilitating the kind of 
creativity and innovation that is needed to transition towards a more sustainable 
world (e.g., at the level of school, neighborhood, region, and so on)” (Wals 2010, 
p. 146). But in the face of the urgent crises of our time, are all values, perspectives, 
and ideas negotiable or acceptable? In the end, pluralism could lead to standstill, if 
every position regarding environmental issues or concerns is treated as good as any 
other one (and the differences and contradictions between different ways forward 
are neglected in the process). Recent debates in environmental education studies 
suggest, that we need to not misjudge needed orientation with indoctrination, and 
even, that there are good reasons for indoctrination, too (for example when it comes 
to democratic citizenship, human rights, and gender equality) (Kopnina 2014, 2020); 
so, what is the reason we should not indoctrinate people to save our planet? One does 
not have to follow this line of thought, but in any case, there seems to be a fine line 
between not trying to influence learners and ending up hindering relativism in the 
light of the crises of our time. Due to this, Wals (2010, p. 145) suggests cultivating 
a “heuristic relativism” in transformative education, that allows us to recognize the 
limits of our own point of view by grasping other points of view and thus to gain new



                                                                    

insights. Heuristic relativism means, trying to move beyond your own position to 
see things from a different point of view, since “[r]ecognizing and, as a result, going 
beyond one’s own limits might be essential in creating innovation and triggering 
transitions that can break with existing systems and routines” (ibid.). 

Reflecting on power relations. To rephrase: At the heart of sustainability-related 
education, a tension always emerges between the urgency of the environmental and 
climate crisis and the associated pressure to act, on the one hand, and the conviction 
that it is wrong to impose a certain way of (sustainable) thinking and acting on young 
people (Kronlid and Öhman 2013). A recurring critique in this context is, that educa-
tion for sustainability makes education and the individual responsible for saving our 
world, while the global systems remain growth-oriented and non-sustainable (cf. 
Kehren and Winkler 2019). Transformative education on the other hand, questions 
hegemonic discourse and the status quo (on growth, on sustainability, on responsi-
bility, …). Thus, it is highly political, since “[w]hat is required [due to multifaceted 
uncertainty] is a collaborative search for and engagement in sustainability that is not 
limited to small elites in society but accessible to all stakeholders, including those 
who are or feel marginalized” (Wals 2010, p. 147). Transformative education then 
aims to investigate groups and organizations as well as how their social context, social 
relations, and power condition their learning (Cranton and Taylor 2012). This shows 
the constant need to critically reflect on and expose the highly implicit normativity 
of education that revolves around sustainability-related issues and concerns, in order 
to deal with it in a way that is valuable to learning. 

3.4 Conclusion 

This chapter dealt with the question of how sustainability education can support 
learners in experiencing the future as shapeable albeit its uncertainty and empower 
them to participate in shaping it. In examining three facets of uncertainty that are rele-
vant to teaching we have uncovered challenges for transformative educational praxis. 
Considering these challenges, recent debates in environmental education studies and 
critical pedagogy as well as earlier work of our own, we proposed six guidelines 
for a transformative education, that welcomes uncertainty in the classroom for its 
potential for transformative learning. 

These guidelines could prove useful in two ways: First, as a tool for creating spaces 
for possible futures, where people can productively engage with the questions of our 
time and find ways forward into a sustainable future that has yet to be created; second, 
as a tool for reflecting and evaluating one’s own educational praxis in its potential to 
open such spaces.
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