
The global engineer in Sustainable Human Development

CHAPTER1
(Re)Shaping
 knowledge:

 the contribution
 of Sustainability Science

PHOTO: 'You’re Never too Young to Learn'.
Many curious local people were met by Engineers
without Borders volunteer Jennifer Stables as she
went around local villages recruiting participants
for a Building for Safety workshop. J. Stables.     

A.3



1 
(RE)SHAPING 
KNOWLEDGE. THE 
CONTRIBUTION OF 
SUSTAINABILITY SCIENCE 

 
 

Jordi Segalàs, Gemma Tejedor, Gisela Cebrián, Universitat Politècnica de Catalunya  

 

  
 
 
EXECUTIVE SUMMARY 
 

Today’s society faces many global challenges, such as dealing with the economic crises, 

climate change, desertification, deforestation, environmental degradation, inequalities, wars 

and poverty eradication. In this global context, the idea of sustainability or sustainable 

development has gained widespread international recognition as the way forward to ensure 

quality of life, equity within and between current and future generations, and environmental 

health. Although the conceptualisation of sustainability remains controversial, with different 

perspectives and definitions of the term existing, there is political agreement on the need to 

build awareness and develop strategies and action plans to deal with current societal global 

challenges. 

 

In this global context sustainability science has emerged as a new academic discipline that 

seeks to point ways and practical solutions towards building a more sustainable society. This 

chapter outlines the emergence of sustainability as a concept. It introduces sustainability 

science and its fundamentals, linking it to transdisciplinarity research and practice. Finally 

the precautionary principle and its connection with transdisciplinarity research is discussed 

and two case studies are provided. 
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LEARNING OUTCOMES 
 
After you actively engage in the learning experiences in this module, you should be able to:  
 

• Recognise the complexity of sustainability as a concept. 
• Distinguish sustainability science as an emerging academic disciplines and its 

fundamentals. 
• Principles of transdisciplinarity. 
• Identify and understand the differences between disciplinarity, multidisciplinarity, 

interdisciplinarity and transdisciplinarity. 
• Differentiate the types of knowledge needed in the context of transdisciplinarity. 
• Acknowledge the importance of the precautionary principle and transdisciplinarity to 

deal with environmental hazards and sustainability challenges. 
 
 
KEY CONCEPTS 
 
These concepts will help you better understand the content in this session:  
 

• Sustainability science   
• Disciplinarity, multidisciplinarity, interdisciplinarity and transdisciplinarity 
• The precautionary principle   
• Co-production of knowledge 

 
 
GUIDING QUESTIONS 
 
Develop your answers to the following guiding questions while completing the readings and 
working through the session: 
 

• How are sustainability and sustainability science defined? What are the current 
challenges of defining these concepts? 

• What are the fundamentals of sustainability science? What are the three levels of the 
system approached by sustainability science? 

• What are the principles of transdisciplinarity? Why is transdisciplinarity needed in the 
field of sustainability science? What do sustainability science and transdisciplinarity 
have in common? 

• How transdisciplinarity differs from disciplinarity, multidisciplinarity and 
interdisciplinarity? 

• What is the precautionary principle? What defines a false negative and a false 
positive? How the precautionary principle links with transdisciplinarity?  
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INTRODUCTION   
 
Today’s society faces many global challenges, such as dealing with the economic crises, 
climate change, desertification, deforestation, environmental degradation, inequalities, wars 
and poverty eradication (United Nations, 2012). In this global context, the idea of 
sustainability or sustainable development has gained widespread international recognition 
as the way forward to ensure quality of life, equity within and between current and future 
generations, and environmental health. Although the conceptualisation of sustainability 
remains controversial, with different perspectives and definitions of the term existing 
(Dresner, 2002), there is political agreement on the need to build awareness and develop 
strategies and action plans to deal with current societal global challenges (United Nations, 
2012). 
 
Sustainability has also gained an academic focus; where different subject areas, such as 
environmental sciences, economics, sociology, ethics and politics, are continuing to 
generate and advance scientific knowledge, as well as other forms of knowledge. In this 
global context sustainability science has emerged as a new academic discipline that seeks 
to point ways and practical solutions towards building a sustainable society. Sustainability 
science acknowledges sustainability as a wicked problem1, which involves dealing with 
ambiguity, complexity, multiple stakeholders, worldviews and values, and is difficult to solve 
because it is an evolving and moving target. Therefore dealing with sustainability requires 
innovation, creative thinking, problem-driven, action-orientated and transdisciplinary 
approaches. 
	  
THE EMERGENCE OF SUSTAINABILITY AS A CONCEPT 
 
During the 1960s and 1970s an environmental movement was initiated due to the 
emergence of different social concerns such as growing pollution and environmental 
degradation, poverty in non-developed countries and increasing social inequalities. The 
publication of some books such as the Silent Spring by Rachel Carson and the Limits to 
Growth by Meadows et al., to cite two of the most relevant and remarkable books in this 
area, and the lyrics and music of artists of the time such as Cat Stevens, John Lennon and 
John Denver, advocated the need for environmental protection, social justice, human rights 
and equity. These represented landmarks in Western societies and made a public call for 
global environmental action and political commitment to address development and 
environmental issues.  

Due to the increasing social concerns about the environment, inequalities and development, 
the first United Nations Conference on the Human Environment was held in 1972 in 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 Used to describe problems that are difficult to solve because of their multifaceted and complex nature. 



(Re)Shaping knowledge. The contribution of Sustainability Science	  

A.3 The Global Engineer in Sustainable Human Development 

	  

4 

Stockholm. It was the first time that the link between development and environment was 
internationally and politically recognised and therefore the need to ensure environmental 
protection and development of non-developed countries as the means to alleviate poverty. 
Forty years after, in the recently held United Nations Conference on Sustainable 
Development (UNCSD, Rio de Janeiro, June 2012) the Heads of State and Government 
affirmed to ‘renew our commitment to sustainable development… at all levels, integrating 
economic, social and environmental aspects and recognizing their interlinkages, so as to 
achieve sustainable development in all its dimensions’ (United Nations, 2012, pp. 1-2). 
Although an increasing international and national commitment is plausible, due to the 
several declarations of good intentions, real progress on this agenda and its means of 
implementation across the globe has been weak and unequal. 

Sustainable development was defined for the first time in 1987, when the United Nations 
created the World Commission on Environment and Development (WCED) to establish ‘A 
global agenda for change’. In 1987 in its report Our Common Future, also known as the 
Brundtland Report, an explicit link was made between the social, economic, cultural and 
environmental issues, and sustainable development was conceived as (WCED, 1987, p. 43): 
“The development that meets the needs of the present without compromising the ability of 
future generations to meet their own needs”. 

This definition is one of the most quoted definitions referring to sustainability or sustainable 
development. Sustainable development was and is seen as a meeting point for 
environmentalists and developers and as a call to all nations to work on environmental 
protection, economic growth and social equity. The definitions provided by international and 
national agencies have been criticised for being vague, abstract, ambiguous, contradictory 
and non-operational because they do not clarify what methods and innovative processes are 
required to cultivate sustainable communities. One needs to accept that there exist different 
worldviews and definitions of sustainability and that there is no consensus on the meaning of 
sustainability as concept. Therefore different perspectives and definitions are provided by 
different disciplines such as politics, economics and environmental sciences. The lack of 
agreement and understanding of sustainability as a concept obstruct it to be taken as an 
operational and serious concept, often seen as a political construct, vague and meaningless. 
Frequently it is seen as a ‘fashion’ and ‘media’ concept that appears in all the political 
speeches but meaningless in practice and in the real world. 

Sustainability is inevitably political, thus the sustainability debate it is also a debate about 
current socio-economic systems where present values such as progress and quality of life 
need to be re-evaluated. Moreover a debate exists around ‘strong’ sustainability and ‘weak’ 
sustainability, the former with focus on ecological and environmental issues and the latter 
with focus on economic and financial issues (Dresner, 2002). 
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For Kates et al. (2005) the different ways to define sustainability are as: a concept; a goal; 
indicators (how it is measured); the values under it; and in practice. In this sense the 
flexibility of term can be an opportunity for creating open and dynamic processes of 
participation, discussion and reflection to be adapted to different contexts and situations. 
This intrinsic characteristic enables dialogue and cooperation amongst people from different 
disciplines and sectors with different worldviews and interests to reinterpret, redefine and 
adapt sustainability to concrete situations and contexts.  

WHAT IS SUSTAINABILITY SCIENCE? 
 
Sustainability science has emerged over the last decades as a new academic discipline. 
Sustainability science or the science of Sustainability, conveys the notion of multiple 
sciences to address the common challenge of sustainability. It brings together scholarship 
and practice, global and local perspectives from north and south, and disciplines across the 
natural and social sciences, engineering and medicine. 

However some controversies related to sustainability science exist. This is due to its novelty 
and the on-going discourse on its characteristics. Sustainability science has been defined as 
an applied science. In order to establish sustainability science as a mature applied science it 
is necessary to make use and integrate the existing scientific knowledge developed in the 
separate disciplines such as biology, ecology, environmental sciences, law, political 
sciences, sociology, anthropology, geography, history, economics and engineering. But it is 
also claimed that sustainability is neither ‘basic’ nor ‘applied’ research, but rather an 
enterprise centered on ‘use-inspired basic research’, where both the quest for fundamental 
understanding and considerations of use are important (Clark, 2003). 

The Integrated Research System for Sustainability Science (IR3S) sought to clarify the 
concept of sustainability science through approaching sustainability at three levels of the 
system: global, social and human. These three interconnected systems are critical to the 
coexistence of human beings and the environment (Komiyama and Takeuchi, 2006): 

• The global system: comprises the entire planetary base for human survival; the 
geosphere, atmosphere, hydrosphere, and biosphere. The earth sustains human life 
by providing us with natural resources, energy, and a supportive ecosystem. 

• The social system: consists of the political, economic, industrial, and other 
structures created by human beings that provide the societal base for a fulfilling 
human existence. 

• The human system: the total sum of factors affecting the survival of individual 
human beings; it is, intimately connected to the social system. The healthy 
functioning of the human system requires the establishment of lifestyles and values 
that enable people to live healthily, safely, and securely. 
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As Figure 1 shows, Komiyama and Takeuchi (2006) exemplified a number of problems that 
occur on a global scale. So for example a problem appearing from the interaction between 
the social and global systems is global warming, which requires the creation of a low-carbon 
society that includes technological and systemic transformations to reduce carbon emissions 
to the atmosphere because of human activities.  

Another example from the interaction between the social and human systems is waste 
generation. This requires the development of circular (resource-circulating) society, which is 
based on sustainable production and consumption. In reference to the interaction between 
global and human systems, human health risks appear as the consequence of 
environmental degradation and pollution, which necessitate of strategies to mitigate health 
risks and provide universal access to basic needs such as drinking water, education and 
health. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Sustainability science through the lens of three interconnected systems (Komiyama and 

Takeuchi, 2006). 
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Sustainability science adopts a comprehensive and holistic approach to the identification of 
problems, perspectives and practical solutions involving the sustainability of these three 
systems. It is in essence a dynamic and evolving discipline that provides problem-solving 
skills, future-thinking and visioning necessary to achieve the sustainability of the human, 
social and global systems. 

Agreement exists on the need to develop new ways of knowledge production and decision-
making in order to deal with sustainability challenges. A critical element of sustainability 
science is the engagement of different actors from outside academia into research 
processes. This allows the integration of the best knowledge available, the reconciliation of 
different values and political interests, and taking ownership of problems and solutions. In 
this sense the multidisciplinarity, interdisciplinary and transdisciplinary aspects of 
sustainability have been widely acknowledged as the means to deal with sustainability. 
However it needs to be acknowledged that discipline-based science has been the source of 
almost all the scientific advances of the last century, it has also limited the capacity of 
science to address problems that encompass several disciplines such as sustainability. 
Sustainability science entails multiple ideas and perspectives, sometimes differing, by which 
it is hoped to achieve a more sustainable future. It is viewed as a new paradigm because it 
challenges existing academic disciplines and knowledge structures.  

Participatory, interactive, transdisciplinary, transacademic, collaborative and community-
based research approaches are referred as appropriate means to meet both the 
requirements posed by real-world problems as well as the goals of sustainability science as 
a transformational academic discipline (Lang et al., 2012). The commonality of these 
approaches can be found in the establishment of widen participation and research 
collaborations amongst scientist and non-academic stakeholders from business, 
government, and the civil society to address sustainability challenges. The next sections 
focus on the need for and the principles of transdisciplinary approaches. 

THE PRINCIPLES OF TRANSDISCIPLINARITY 
 
Sustainability research and transdisciplinary research strongly overlap and they are often 
used interchangeably (Kates et al., 2001). In this sense transdisciplinary research also 
integrates the different academic disciplines, and it is based on participation and 
collaboration between different actors and stakeholders. 

Transdisciplinarity is also seen as an ambiguous and contested concept, with a variety of 
terminologies and definitions, and diverse research approaches used. In the earlier 
conceptualisations transdisciplinarity was understood as a superior form of interdisciplinarity, 
with the aim to develop an overarching framework for complex problems that needed of work 
across disciplines. By the end of the last century new definitions of transdisciplinarity as a 
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methodology emerged. This was mainly because of the need to facilitate a broader scientific 
and cultural dialogue within the new complexity view, and the need to deal with real-life 
problems such as sustainability (Klein, 2004). Thus transdisciplinarity is a reflexive, 
integrative, cooperative, method-driven process that aims to (Lang et al., 2012): 

a) Identify the solutions or transitions of societal relevant problems and concurrently of 
related scientific problems, by integrating knowledge from various scientific and 
societal bodies of knowledge.  

b) Enable mutual learning processes amongst researchers from different disciplines 
(from within academia and from other research institutions), as well as actors from 
outside academia, on equal basis; and  

c) Create and integrate knowledge that is solution-orientated, socially robust, and 
transferable to both the scientific and societal practice, also considering that 
transdisciplinarity can serve different functions, including capacity building and 
legitimization. 

From traditional knowledge boundaries to knowledge co-creation 
 
Early Universities like Salerno, Bologna, Oxford or Cambridge initiated with the creation of 
Faculties in disciplines such as Medicine, Philosophy, Theology and Law. As Faculties 
became more and more specialised, disciplines and sub-disciplines arose and multiplied, 
creating their own disciplinary knowledge associated with these academic disciplines. 

As Figure 2 shows different approaches exist between disciplinarity and transdisciplinarity, 
including multidisciplinarity and interdisciplinarity. Disciplinarity is about mono-discipline, 
which represents specialisation in isolation. In multidisciplinarity, disciplines are 
considered as being complementary and juxtaposed in the process of understanding 
phenomena. A multidisciplinary approach involves drawing appropriately from multiple 
disciplines to redefine problems outside of normal disciplinary boundaries and reach 
solutions based on a new understanding of complex problems. Interdisciplinarity involves 
the combination of two or more academic disciplines into one activity, for example a 
research project. It is about establishing a dialogue between disciplines, crossing boundaries 
and thinking to create new approaches. It is related to an interdiscipline or an 
interdisciplinary field, which is a unit that crosses traditional boundaries between academic 
disciplines, as new needs and professions have emerged. Transdisciplinarity goes a step 
further, as it implies a research strategy that spans across disciplinary boundaries to develop 
a holistic approach. The aim is to avoid the fragmentation produced by disciplinarity through 
focusing on solving problems that require of two or more disciplines at once. 
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Figure 2. From discipline to transdisciplinarity (adapted from Ramadier, 2004) 

Over the last decades many scientists have argued that our relation with a complex world 
requires complex thought. Max-Neef (2005) suggested that knowledge should be organised 
around hierarchical systems at four levels: purposive (values), normative (social systems 
design), pragmatic (physical technology, natural ecology, social ecology) and empirical 
(physical inanimate world, physical animate world, human psychological world). As Figure 3 
points out this corresponds to the pyramid of transdisciplinarity (Max-Neef, 2005), where the 
four levels (purposive, normative, pragmatic and empirical) are interconnected, including 
horizontal principles within levels and vertical principles between levels.  

Figure 3. The pyramid of transdisciplinarity (Max-Neef, 2005, p. 9). 
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Furthermore, in the context of trandisciplinarity research three types of knowledge are 
needed: 

a) Systems knowledge: related to the origin and development of problems, it seeks to 
identify causal relations, the interconnections and complexity existent within systems. 

b) Target knowledge: it makes reference to the knowledge and development of the 
required or desired system status to be reached, for example in the identification of 
the needs for change, desired goals and better action. 

c) Transformation knowledge: it is about the means to achieve a transformation, in 
reference to the technical, social, historical, legal and cultural dimensions amongst 
others. It is related to the means needed to transform existing action into new 
directions. 

The domain of transdisciplinarity research is situated in the interface within these three types 
of knowledge, which are seen as to be complementary. As Figure 4 shows Gaizulosoy and 
Boyle (2013) linked the pyramid of transdisciplinarity with the three types of knowledge part 
of transdisciplinary research processes.  

 

 

Figure 4. Relationships between the pyramid of transdisciplinarity and the three types of knowledge of 

the transdisciplinary research (Gaizulosoy and Boyle, 2012). 

The systems knowledge is mainly acquired from the two bottom levels, which provide the 
empirical information necessary to understand phenomena and situations. Target knowledge 
involves visioning for a new system status, and is mainly obtained from the normative and 
the values levels of the pyramid. Transformation knowledge does not directly link to any of 
the levels of the pyramid since the means to achieve this transformation are amorphous and 

	   Target	  
knowledge 

	   Systems	  
knowledge 

	  Transformation	  
knowledge 

Domain	  of	  
transdisciplinarity	  

research 

Values	  level	  

Norma-ve	  level	  

Purposi-ve	  level	  

Empirical	  level	  
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vary according to the problem or situation being address. It is therefore generated through 
the reflection and synthesis of knowledge from all four levels of the pyramid.  

Transdisciplinarity requires of innovative methods that can allow knowledge integration in 
four differentiated dimensions (see Figure 5):  

a) Different disciplines in order to establish interdisciplinarity (humanities, social and 
natural sciences);  

b) Different systems and compartments to create holistic approaches (such as water, 
soil, air);  

c) Different qualities of thought (such as intuition and analysis);  
d) Different interests of stakeholders. 

 

Figure 5. Dimensions of knowledge integration in the Transdisciplinary Case Study Approach (Scholz, 

2001). 

Transdisciplinarity research is an important methodological approach for sustainability 
science and practice, because it allows establishing dialogue and collaboration between 
disciplines.  Beyond cross-disciplinary methodologies, transdisciplinarity is transgressor, 
integrative and transformative because it brings about mutual learning, collaborative 
research and problem solving. However transdisciplinary research faces a number of 
challenges such as: 

§ Crossing boundaries: between disciplines, academia-society, individuals-companies, 
forms of knowledge generation, forms of communication; 

§ Integration: considered the main cognitive challenge of transdisciplinary process; 
§ Moving: from a conception of research on or for society to research with society; 
§ Process-driven approach and knowledge integration and innovation are integral to 

transdisciplinary knowledge co-creation.  
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THE PRECAUTIONARY PRINCIPLE 

The Precautionary Principle has emerged as an approach for the management of new and 
emerging risks (UNESCO COMEST, 2005). The Precautionary Principle is a strategy to 
cope with possible risks where scientific understanding is yet incomplete, such as the risks 
of nano-technology, genetically modified organisms, systemic insecticides and 
environmental degradation. When human activities may lead to morally unacceptable harm 
that is scientifically plausible but uncertain, actions shall be taken to avoid or reduce this 
harm. Morally unacceptable harm refers to harm to humans or the environment that is 
threatening human life or health, or is irreversible, or inequitable to present or future 
generations, or imposed without the appropriate consideration of the human rights of those 
affected. 

The judgement of plausibility should be grounded in scientific analysis. Scientific analysis 
should be ongoing so that chosen strategies and actions are subject to review. These 
actions are interventions that need to be taken before the harm occurs. These actions seek 
to avoid or diminish this harm. Actions should be chosen that are proportional to the 
seriousness of the potential harm, with consideration of their positive and negative 
consequences, and with an assessment of the moral implications of both action and inaction. 
The choice of action should be the result of a participatory process, which engages with the 
community and the different stakeholders. 

Central to the application of the Precautionary Principle is the concept of proportionality or 
cost-effectiveness. Will environmental benefits of precautionary action outweigh the 
economic and societal costs? For example policies to reduce the threat of climate change 
will need to include radical shifts in travel and energy-use behaviours. Precautionary 
prevention has often been used in medicine and public health, where the benefit of doubt 
about a diagnosis is usually given to the patient (‘better safe than sorry’). However, the 
precautionary principle and its application to environmental hazards and their uncertainties 
only began to emerge as an explicit and coherent concept within environmental science in 
the 1970s, when German scientists and policy-makers were trying to deal with ‘forest death’ 
and its possible causes, including air pollution. 

Since the 1970s, the precautionary principle has increased rapidly in the political domain. 
The use of different terms such as ‘precautionary principle’, ‘precautionary approach’ and 
‘precautionary measures’ is plausible in international treaties and agreements. It has been 
incorporated into many international agreements, particularly in the marine environment, 
where an abundance of ecological data on pollution yielded little understanding but much 
concern: ‘huge amounts of data are available, but despite these data... we have reached a 
sort of plateau in our understanding of what that information is for... This is what led to the 
precautionary principle’ (Marine Pollution Bulletin, 1997). The United Nations Rio Declaration 
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on the Environment and Development held in Rio de Janeiro in 1992 extended the idea to 
the whole environmental arena. It was stated that ‘where there are threats of serious or 
irreversible damage, lack of full scientific certainty shall not be used as a reason for 
postponing cost-effective measures to prevent environmental degradation’.  

According to the Wingspread Statement on the Precautionary Principle, formulated by an 
international group of scientists, government officials, lawyers, and environmental activists 
the principle of precautionary action has four elements: 

• People have a duty to take anticipatory action to prevent harm; 
• The burden of proof of harmlessness of a new technology, process, activity, or 

chemical lies with the proponents, not with the general public; 
• Before using a new technology, process, or chemical, or starting a new activity, 

people have an obligation to examine "a full range of alternatives" including the 
alternative of doing nothing; 

• Decisions applying the precautionary principle must be open, informed, and 
democratic and must include affected parties. 

In the European context, the most significant support for the Precautionary Principle has 
come from the European Commission’s Communication on the Precautionary Principle and 
the European Council summit held in Nice in 2000. These represented significant 
contributions to the practical implementation of the Precautionary Principle, especially 
concerning stakeholder involvement in decision-making processes. The European 
Commission has put in place a number of laws using the Precautionary Principle. These 
include: the European Union Cosmetic Directive, which bans the use of chemicals proved or 
suspected to be carcinogens, reproductive of toxins, or mutagens; the European Union 
Restriction of Hazardous Substances Directive, which restricts the use of hazardous 
materials in the manufacturing of various types of electronic and electrical equipment 
including lead, mercury and cadmium; the European Union Waste Electrical and Electronic 
Equipment Directive for collection, recycling and recovery of electrical goods; and the 
European Union Registration, Evaluation and Authorisation of Chemicals, widely known as 
REACH.  

Case studies based on the precautionary principle 

There are multiple case studies of application of the precautionary principle. These case 
studies can be classified as ‘false positive’ and ‘false negative’. False positive refers to cases 
with initial tentative scientific evidence of harm, but where it was posteriorly proved that 
these harms or risks did not exist. False negative makes reference to the cases where early 
warnings existed but no preventive action was taken. The European Environmental Agency 
(EEA) published two reports (EEA, 2001; EEA, 2013) with a collection of case studies using 
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the precautionary principle. The next two case studies show an example of a false negative 
and an example of a false positive. 

False Negative: the PCBs case 

Polychlorinated biphenyls (PCBs) are chlorinated organic compounds that were first 
synthesised in the laboratory in 1881. By 1899 a pathological condition named chloracne 
had been identified, a painful disfiguring skin disease that affected people employed in the 
chlorinated organic industry. Mass production of PCBs for commercial use started in 1929. 
Thirty-seven years passed before PCBs became a major public issue and were recognised 
as environmental pollutants representing a danger to animals and human beings. Large-
scale production of PCBs worldwide, and in particular in some eastern European countries, 
continued until the mid-1980s. PCBs are the first obvious example of a substance that was 
not intentionally spread into the environment, but became widespread and bioaccumulated 
to high concentrations. 

By the 1930s already existed evidence, some at a low level of proof, that PCBs could harm 
human beings and the environment because of its bioaccumulation. This information was 
largely retained within the chemical industry, and it seems it was not widely circulated 
amongst policy-makers or other stakeholders. The application of the precautionary principle 
at that time would have prevented the toxic and pollution consequences that now exist. By 
the end of the 1960s, there was a high level of evidence, mainly due to the Yusho accident, 
that in certain circumstances PCBs, or their breakdown products, such as dibenzofurans, 
could cause serious harm to human health and the environment. The findings of Søren 
Jensen also offered a high degree of proof that PCBs did bioaccumulate and were present in 
the Baltic food chain. By the late 1970s some governments had accepted that there was a 
greater risk of harm and enacted legislation to stop new usages of PCBs.  

False Positive: the Saccharin case 

A false positive case study is defined as a case where action was taken on the basis of the 
precautionary principle, where posteriorly the harmless consequences were scientifically 
demonstrated. In the late 1970s in The United States of America it became a requirement to 
label all products containing Saccharin. This was because it was found that Saccharin 
caused bladder cancer in two-generation rat studies. In 1991, a scientific research was 
developed to identify the mechanisms that made that Saccharin caused bladder cancer in 
rats. 

Later WHO’s International Agency for Research on Cancer (IARC) and the National 
Toxicology Program revised their classification of Saccharin and provided evidence on the 
non-relevance or harm of this mechanism on humans. In 2000, as a consequence of this 
scientific evidence, President Clinton decided to change the labelling requirements in the 
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United States. In this case labelling requirements and restrictions were unnecessary; 
therefore this is a clear example of a false positive, where preventive action was taken 
needlessly. 

Transdisciplinarity and the Precautionary Principle 

A large portion of academic research on environmental hazards has focused on the in depth 
study of environmental hazards caused by specific chemicals, systemic insecticides, and 
their impact on human beings, the ecosystem and the environmental degradation.  

However the study of environmental hazards faces a number of challenges because these 
are difficult to predict. Research on environmental hazards needs to consider a greater 
integration of knowledge from different disciplines, as these can provide new information and 
approaches to identify and predict possible environmental hazards. For this reason research 
into environmental hazards and sustainability issues requires dialogue, integration and 
collaboration between disciplines. Knowledge integration, co-creation and innovation, and 
the understanding of the complexity of systems are needed to identify and predict possible 
environmental hazards, as well as its associated social and human hazards. For this reason 
transdisciplinary research plays a critical role in order to provide a more comprehensive, 
integrative and evidence-based framework. This must consider societal needs, engaging the 
different stakeholder and the community in a participatory process. 

CONCLUSIONS 

As it has been outlined in this chapter different definitions and understanding of sustainability 
exist. However this can be seen as one the main weaknesses residing within the term, its 
flexibility can also be seen as an opportunity to create critical reflection, collaborative and 
innovative processes that include different academic disciplines and stakeholders. 

Sustainability science has emerged as new academic discipline, which brings the different 
disciplines, such as sociology, economics, environmental sciences, engineering and history 
together to create new ways and practical solutions to the sustainability challenge. In this 
context, it is plausible the need to move from disciplinary thinking to other forms of 
knowledge generation and research that favour problem-solving, action-orientation and 
holisim. In this context trandisciplinary approaches emerge as critical to the progress and 
development of new academic field of sustainability science.  

Transdisciplinarity as a research approach spans across disciplinary boundaries to develop 
a holistic approach. The aim is to avoid the fragmentation produced by disciplinarity through 
focusing on solving problems that require of a multiple discipline approach. 
Transdisciplinarity research is a fundamental methodological approach for sustainability 
science and practice. It allows establishing a dialogue and collaboration between disciplines, 
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where mutual and transformative learning can be fostered, which can in turn provide 
innovative solutions to current sustainability challenges that society is facing. 
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• Report: Late lessons from early warnings: the precautionary principle 1896–2000 

http://www.eea.europa.eu/publications/environmental_issue_report_2001_22 
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http://www.eea.europa.eu/publications/late-lessons-2 
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