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The existential problems of civilization in the 21st century are complex as most relate to 
interactions between humans and their environment, in a world that is experiencing 
accelerating changes in the technological, cultural, political, economic and environmental 
spheres.  Moreover, changes in all these spheres are globally interconnected and 
interdependent. Traditional disciplinary fields of ‘normal’ science can only play a limited role 
in resolving such complex problems.i  Experts in different fields of knowledge in the natural 
and social sciences often fail to understand each other.ii, iii Sustainability science is an 
approach to research that seeks to draw on different forms of expertise to improve our 
understanding of complex dynamic human-environment interactions, whilst also 
understanding different interests and stakes associated with particular sustainability 
challenges.iv v 

Seeing sustainability as part of science can be problematic for a number of reasons.  First, 
sustainability is a normative concept: it often describes what is ‘desirable’ for human-
environment interactions. At least as problematic is the focus on human-environment 
interactions, as this requires to acknowledge, complexity, place-based knowledge (rather 
than just abstract scientific knowledge that can be expressed in formulae or models that 
claim universal validity), contradictions associated with different expertise and interests, 
uncertainty, and ignorance. This is at odds with social norms widely associated with science 
since the post war period, including disinterestedness and universalityvi ; however, these 
norms are still very much the basis for determining career rewards in research 
organisations.  
 
Sustainability science defies easy classification in relation to scientific disciplines. One 
challenge in drawing insights from many different fields of knowledge, is that most 
disciplines have a distinct understanding of what science is, what role it plays in society, 
where it derives its authority and legitimacy from, and how it is done; and therefore the fields 
differ in how scientists in these fields feel about their professional identity and its role in 
society. Moreover, the quality of an ‘integrated understanding’ that is derived from drawing 
on diverse fields of knowledge cannot be judged based on criteria or review procedures from 
any one of the implied fields.  Issues of quality criteria and processes are hence of central 
concern in sustainability science.vii  Accordingly, challenges to establish sustainability 
science initiatives in more traditionally-oriented research organisations abound. Systemic 
change in the university system is therefore considered at the core of any strategy to foster 
and catalyse sustainability science-informed transformations in society at large. viii ix  
 
The possibility to juxta pose different ways of describing problems and different ways of 
knowing helps to better understand how different facets of complex problems might be 
related to each other and acted upon. Meanings of ‘sustainability’ that shape what ‘purpose’ 
is seen for sustainability science usually depend on the local context and people involved in 
addressing a specific challenge, such as water scarcity that can also impact local food 
production and electricity generation.  Four broad discourses can be distinguished in 
academia (although this is by no means an exhaustive list…) that have all different 
interpretations about meanings of sustainability and purpose of sustainability science:  
Scholars from the field of economics often highlighting the need to better internalize 
environmental externalities in situations of market failure, as is the case for common goods 
such as clean air or waterx; the Noble Laureate Elinor Ostroem for example researched 
about how communities whose livelihoods depend on scarce common pool resources such 
as fish stocks or fragile Alpine land have learned to On the other hand, more practice-
oriented sciences such as engineering and urban planning, discourses on ecological 
modernization direct attention to technological innovation, and ask how public investment 



and market forces can be improved to reduce pollution at its source.xi Some scholars in the 
fields of philosophy and the learning sciences have yet another notion of where change is 
needed most: Proponents of deep ecology say that humans need a fundamental 
transformation in consciousness of how we as humans relate to nature, non-human animals 
and to each other and in consequence not ‘doing things better’ but instead ‘doing better 
things’.xii  Last but not least there are groups of sceptics who feel this civilization will fail to 
undergo the required radical change without a Damocles sword hanging visibly above its 
head.  Research associated with this stance of ‘Doomerism’ often has a focus on building 
community resilience and adaptive management processes for coping in pending crisis. 
 
Not only are there different view points in what changes are needed first in society. 
Research approaches drawn upon in sustainability science are very diverse: They can be 
disciplinary, interdisciplinary or transdisciplinary; conducted by scientists alone, or in 
collaborative processes with stakeholders, embedded in practice.  Such research can be 
predominantly concerned with one system, such as nature, society, or technology;  or it can 
be designed to better understand or transform interactions between them.  One example of 
research that has gained great attention of policy-makers world wide, aims to better 
understand the range of natural variation in, and anthropogenic impacts on the earth system 
in order to deduce global and regional ‘boundaries’ or limits to human activities that should 
be respected.xiii xiv  On the other hand, research may be more concerned with social 
systems, problematizing actors and agency, and how sets of human values can serve as 
ordering principles in society.xv  Ways of knowing can be conceived as inductive or deductive 
language-based reasoning, or knowledge can be seen as emergent from interactions 
between people and their environment.   
 
Some leading scholars distinguish between descriptive and transformative sustainability 
science.xvi xvii  In transformative sustainability science the stated goal is to fundamentally 
change human environment interactions in a process that is designed to question prevailing 
values, world views, and ways of knowing and doing. Such research at best achieves to 
combine approaches that are critical and solution-oriented. A combination of collaborative 
systems thinking, exploring alternative futuresxviii and building normative and strategic 
capacities in groups is deemed at the core of sustainability science initiatives.  Sustainability 
in this case is considered an emergent phenomenon from a societal conversation that is 
scientifically informed.xix   
 
Transformative sustainability science can also be understood as a transformative social 
learning process, which relies on scientific inquiry in diverse groups of stakeholders and 
experts (König, 2015).xx The relation of learning across different scales of social organization 
matters,xxi building on prevailing conceptions of social learning in environmental 
management and human ecology.xxii xxiii  This conception of learning is rooted in John 
Dewey’s work (1938), who assumes that knowledge is constructed for action, and that 
learning can be mediated by iterative cycles of making hypothesis, systematic inquiry testing 
hypotheses in practice, observation and reflection.  

Transformative learning then emerges from dialogue between groups with diverse sets of 
values and world views, in which each group is brought to reflect on and creatively re-
consider their own ways of thinking and doing.xxiv  A tall order! In particular, because 
education largely trains us to break down problems in order to understand isolated cause-
effect relationships, rather than to think con-jointly in terms of system elements, their 
relation, interactions and interdependence, loose patterns of change, and making judgments 
on harmonies or disharmonies.  Less mentioned dimensions in education for sustainability 
science thus include the practice of cognitive switching between diverse perspectives, and 
emotional security in the face of uncertainty. These constitute promising areas for research. 
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