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Definition

Technological enhancement and sustainability
can be defined as ‘improving the results of higher
education through the use of information and
communication technologies in a sustainable
way’.
Introduction

As higher education becomes more important and
affordable, and the costs of hiring teachers on the
increase, there is a need to find sustainable ways that
allow students in higher education to better achiev-
ing their learning outcomes, without using methods
such as small-class teaching or distance learning.
e-Learning can be the answer to this problem. The
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idea of e-learning and its applications have gotten
impressive consideration lately. While many
teachers at schools from primary schools to colleges
know about this new learning mode, many are still
dubious whether the selection of this innovation for
learning would be appropriate for them. Instructors
who need to embrace e-learning might not have
obtained the adequate information and experience
to adjust their present instructing strategies to lever-
age the advantages of this new method of learning.
The purpose of this chapter is to furnish teachers
with an outline of the distinctive types of e-learning.
The possibilities of e-learning will be inspected to
uncover its significance to instructors and students.
This chapter will begin by explaining the increasing
demand for higher education, not just by secondary
school leavers but also by working adults who may
already have obtained some professional qualifica-
tions. Then it will introduce the role of e-learning in
higher education, and mobile learning as a special
form of e-learning. After that, it will review the use
of clickers, a practice which is becoming popular
among tech-savvy teachers. Then it will review
another trend in e-learning – Massive Open Online
Courses. Finally, it will conclude by reviewing the
best way to use technology for sustainability in
higher education – blended learning.
The Importance of Life-Long Learning

To be successful in today’s knowledge-based econ-
omy, even university graduateswho have completed
Education,
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their formal training frequently need time to do life-
long learning. This keeps themselves acquainted
with the learning they gained in school and to stay
up to date with the advances and most recent
improvements in their own fields. On the contrary,
when there is an absence of adequate continuous
education, one may be unable to cope with new
situations. In some cases, this may result in losses
in monetary terms or even human lives. There are
some examples in the medical sector in Hong Kong
that reflect the significance of this point. When a
patient was hospitalized for throat removal proce-
dure and a tracheostoma surgery tomake a breathing
hole for him in 2011, all the threemedical attendants
who were dealing with the patient thought the
tracheostoma was only a transitory one, and there-
fore applied adhesive tapes all around it. The patient
lost his life 72 h after the medical procedure (Yeung
2016).

Hence, it is clearly necessary for working adults
to keep on learning after they have completed their
formal instruction. This chapter will provide an
outline of different contemporary e-learning
approaches. It will start with Learning Management
Systems (LMS). Then it will discuss more recent
developments such as Mobile Learning, Clickers,
and Massive Open Online Courses (MOOCs).
What is e-Learning?

There are no universally accepted definitions for
e-learning (Moore et al. 2011). It can be argued that
learning that is assisted by a CD-ROM, the Internet
or an Intranet, audio- and videotape, satellite
broadcast, or interactive TV are also forms of
online learning. However, some authors adopted
a more restrictive view and suggested that
e-learning is a form of online learning. The Amer-
ican Society for Training and Development defines
eLearning as “anything delivered, enabled, or
mediated by electronic technology for the explicit
purpose of learning” (Kirk 2002, p. 4). For the
purpose of this chapter, we define e-learning as
“the acquisition of knowledge which is enhanced
or enabled by the use of technology”.

The need for eLearning has been growing
around the world. There are two main approaches
in using e-learning. In the first approach, e-learning
can be part of a course taught in a traditional
classroom. For example, a subject for one semester
conveyed by a college. In the second approach,
e-learning can be used by aspiring students to
learn individually at their own pace. The later
approach is especially suitable in today’s fast-
paced societies. Many working adults do not have
the time to take formal classroom course, yet they
want to learn at their own pace so as to pick up the
information and abilities to improve their career.
Mobile Learning

Mobile learning is a type of eLearning. It is common
to see people reading, and responding to, messages
on their mobile phones during their commute or
during other periods of spare time. The market for
mobile learning has been expected to grow at a
steady compound annual growth rate of nearly
19% (Pappas 2015). Mobile learning can be charac-
terized as “a ubiquitous learning activity supported
by the appropriate mobile technology and pedagog-
ical approach” (Lin et al. 2014, p. 341). It has been
found that students can use their mobile phones for
learning, they are more engaged in the learning than
the traditional “chalk-and-talk” methods. Thornton
and Houser (2005) compared two groups of stu-
dents. One group of students were given exercises
via a series of cellular phone messages, while
another group received printed handouts of the
same exercises. The final scores showed that the
mobile learners performed better on examinations.
Furthermore, Thornton and Houser (2005) found
that the average Japanese university student sent
200 text messages per week using their smart
phones, but they only made seven voice calls. The
definition above begins with the word “ubiquitous”
to emphasize that the learner can use the mobile
phone to study anywhere.While this is true, teachers
often forget the usefulness of the mobile phone
inside the classroom, and they under estimate the
willingness and ability of the learner to use the
mobile phone as a learning tool. The following
section will review how the mobile phone can be
used in the classroom formore effective and efficient
teaching.
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Clickers

Traditionally, in classroom teaching, teachers can
perform one or two formal tests, and some class-
room verbal questioning to check how well the
students understand the course. As higher educa-
tion becomes more affordable, many students can
have access to higher education. This creates a
challenge to the teacher because the students in
the classroom are not necessarily all elites. When
a teacher asks a question, only the few very con-
fident students will answer the question.When the
teacher invites students to raise questions, most of
them will not ask any questions. This question
aversive behavior is more common in Asia,
where students do not want to lose face in front
of their peers. Hence, the teacher needs to have a
way to quickly find out how well each student
understands the lesson immediately during the
lesson (Micheletto 2011; Wang et al. 2009).

As digital technologies become more advanced
and affordable, some teachers begin to collect
immediate responses from mobile devices con-
trolled by students in the classroom. There are a
number of names given to this kind of technology.
These names include “Audience Response Sys-
tems,” “Classroom Response Systems,” “Personal
Response Systems,” and “Clickers.” They were first
used in Hollywood in the 1960s and to get immedi-
ate feedback from the audience when they viewed
unreleased movies, commercials, and television
shows. Hence, they were also known as “audience-
response systems” (McLoone et al. 2015). Among
these names, Clickers is the better known.

When they first emerged in the classroom, the
clickers could only be used for answers ofmultiple-
choice or true/false questions. That is because they
only had a few keys by which students could
choose their answers to the questions posted by
the teacher. Then, the statistics of the students’
answers were summarized and shown on the pro-
jector screen in real time. Thus, clickers were low-
cost systems that allowed teachers to quickly get
answers from the all students in the classroom.
Students were no longer reluctant to answer ques-
tions because the whole class can see only the bar
charts of student responses but not student names.
Teachers were able to engage students even in a
large class. With proper arrangement, it was also
possible to track which student provided which
answer to each question. The need for submitting
and handling paper-based student work is reduced.

There is empirical evidence that the clicker could
increase student interest (Nam and Cha 2012; Şad
and Göktaş 2014). However, there are extra pro-
cedures involved. In many higher education institu-
tions, the students can the clickers from the school.
As each clicker has a unique code associated with
each student response, many students may have
concern about their privacy. This prohibits them
from revealing their true opinions or behaviors in
certain questions (Caldwell 2007). When they
answer questions that are strictly confidential, such
as those related to unethical behavior, special mea-
sures must be taken to assure students that their
answers are indeed anonymous (Gikas and Grant
2013). For example, the teacher carries a box of
clickers to the classroom, and then let students
choose their clickers randomly. In many higher edu-
cation institutions, the students can get the clickers
from their schools. This is not sustainable as some
students may not be willing to pay for the clickers.
And for those who are willing to pay for it, theymay
forget to bring them to the classroom (Withey 2010).
Furthermore, the clickers are limited to questions
with only a few choices.

Instead of clickers, teachers have begun to ask
students to use their mobile phones to respond to
questions in recent years. This is gradually becom-
ing popular although the mobile phone is heavier
and bigger than the typical clicker. It is because the
mobile phone can answer more types of questions,
and almost all students already have amobile phone.
Students can enter text very efficiently on a mobile
phone using the virtual keyboard. Thus, the teacher
can ask open-ended or fill-in-the-blank questions. It
is also possible to ask students to users to click
directly on an image to respond to a question. This
reduces the possibility of error in making a choice
when choosing a number that represents part of an
image. Mobile phones are small enough to be used
in the classroom without adversely affecting note
taking and peer discussions (Lindquist et al. 2007).
A typical use case is that the teacher prepares some
question on a website, and then the students visit the
website using their mobile phones to answer the
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questions. These systems are also known as mobile
phone-based student-response-systems. As there is
no extra hardware or special logistics involved, the
mobile phone-based student-response is more sus-
tainable than the clicker.

Overall, the clicker and its variant, the mobile
phone-based student-response-system, is a sus-
tainable way to deliver higher education. It is
because it allows the teacher to teach a large
class effectively, and it reduces the use of paper
as a medium for submitting student work.
Massive Open Online Courses

The conventional classroom training normally hap-
pens at night or on Saturdays or even Sundays. In
this mode of training, the trainer can interact with
students, and the students interact among them-
selves.Most learners understand thismode of train-
ing very well, and they do not need to use or own
special technology to benefit from it. However, it
also means the learner must commute from their
offices to the training venue at predetermined
times. Certain institutions offer distance learning,
in which students can have the teaching materials
through the mail. Then they can learn at their own
pace, complete the assignments, and then send
them back to the institution. In many cases, this
kind of learning is supplemented by TV broadcasts
and telephone support. More recently, these dis-
tance learning courses take advantage of the Inter-
net. That means students can download learning
materials and submit their completed assignments
via the Internet. Certain more advanced distance
learning websites can also provide online discus-
sion forums and online assessments However, in
many cases, the website used by these institutions
are not especially developed for distance learners.
Furthermore, the students may have to learn to
navigate and understand different website when
they take up new courses. This creates a hurdle to
the distance learners.

Massive Open Online Courses, which is also
known as MOOCs, have emerged as a solution to
this problem. Examples of popular MOOCs are
FutureLearn, Udacity, edX, TreeHouse, Coursera,
and HDX. Many of these are first created by
universities. For example, MIT started the
OpenCourseWare (OCW) initiative in 2001.
Now they have over 2400 courses and 300 million
visitors (Massachusetts Institute of Technology
2019). Stanford and Harvard are among the first
universities that create their own open and free
learning websites. Following the success of these
university initiatives, companies, such as Micro-
soft or Google, and different organizations, such
as IEEE or the Linux Foundation also created their
own MOOCs. As a special type of online educa-
tion, MOOCs consists of well-structured, mainly
university-level, programs. Most MOOCs charge
small or no fees. Since the Internet as a medium,
they can take up massive amounts of learners.
Furthermore, most courses in MOOCs do not
have prerequisites. Therefore, they are open to
all learners (Oudeweetering and Agirdag 2018).

To increase the attractiveness of their pro-
grams, some educational institutions even offer
degree programs through MOOCs. One example
is that the Georgia Institute of Technology
cooperated with Udacity to offer an online mas-
ter’s degree. When students finish the online pro-
gram, they can pay a fee to apply for a certificate
which showed the same degree as the on-campus,
instructor-led degree. However, the cost of the
program on MOOC is only one-fifth of that of
the on-campus degree (Bentz 2014, p. 146).
Another example is MicroMasters program in
International Hospitality Management offered by
the School of Hotel and Tourism Management
(SHTM) of The Hong Kong Polytechnic Univer-
sity (PolyU). According to PolyU, the program is
the “first-of-its-kind credential” and “an acceler-
ated on-campus program” (PolyU 2016).

The program is offered in the form of MOOC
via the edX platform. Learners who successfully
earn the MicroMasters credentials will be eligible
to apply for the SHTM’s Master of Science in
International Hospitality Management program.
The edX platform is a nonprofit online learning
destination founded by Harvard and MIT. The
program adopts an “inverted admissions process.”
In this process, a learner from everywhere can try
master’s level course work from the SHTM before
committing significant time and money toward
applying for and enrolling in a master’s degree.
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However, there is theworry that “the credentials for
MOOC completion will cause confusion about
higher education degrees” (Bentz 2014, p. 146).

There are advantages to the learner, as well as to
companies and organizations that created these
MOOCs or contribute to the courses in them. As
of 2015, in excess of 350 organizations had utilized
MOOCs to look for, among the relevant courses, the
students who are suitable for fulfilling job openings.
In particular, Google had registered more than
80,000 of its staff in MOOC courses relevant to
website development (Pappas 2015). Although
MOOCs are mostly free, flexible, and open to all,
there are also some disadvantages. It was discovered
that both the engagement rate and the finishing rate
in MOOC courses are low. A research by the Uni-
versity of Pennsylvania on a sample of one million
MOOC users, just about half of them really viewed
the videos of the required addresses, and a bare 4%
completed the course they signed up for (Bentz
2014). Another issue with MOOCs is that capabil-
ities procured through MOOCs may not be
acknowledged by bosses or training foundations.
To solve this problem, blended learning is one of
the solutions. In blended learning, the face-to-face
and online distance learning elements are combined.
That means some of the lessons are delivered in a
traditional classroom, and some contents are deliv-
ered using websites.
T

Moving Forward with Blended Learning

Despite the advantages of mobile learning, clickers
and MOOCs, there is no one single technology or
method that can meet the leaning needs of contem-
porary learners. Therefore, the most sustainable
solution is not to rely on one mode of learning but
to combine, or blend, the modes and technologies
that can best meet the needs of, and constraints faced
by, the learner. Through blended learning (BL), the
student can gain the latest information through an
array of different types of learning modes. There are
several modes in which different learning and teach-
ing methods and educational technologies can be
blended. In the first mode, the blending means the
integration of several kinds of Internet-related tech-
nologies. These technologies may include virtual
classrooms, self-paced courses, collaborative learn-
ing, video streaming, audio, and text. In the second
mode, the blending means to combine different
educational paradigms (e.g., constructivism, behav-
iorism, and cognitivism) to deliver the required
learning goals with or without the use of technolo-
gies. In the third mode, any type of eLearning, even
offline technologies (e.g., recordings, CD-ROM,
online preparing) is blended with traditional class-
room teaching. Finally, in the fourth mode, technol-
ogy is blended with real-life tasks-at-hand to build
an amicable environment of learning and working.
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Introduction and Definitions

In this paper, we aim to discuss the role and impor-
tance of technological innovation for sustainable
development. To do that, we divide our discussion
in two major parts: First, we highlight the role of
technological innovation as an engine for social
prosperity and how it can alleviate and solve social
and economic problems; second, we explore a range
of possibilities regarding possible contributions that
technological innovation can offer in solving or
mitigating some of themajor environmental sustain-
ability problems of the present. The sustainable
development concept was initially formulated and
gained global attention since the Brundtland Com-
mission (UNWCED 1987). Its first definitions com-
prised the following core sentences:

Development that meets the needs of the present
without compromising the ability of future genera-
tions to meet their own needs.

Meeting essential needs requires not only a new era of
economic growth for nations inwhich themajority are
poor, but an assurance that those poor get their fair
share of the resources required to sustain that growth.

Sustainable global development requires that those
who are more affluent adopt life-styles within the
planet's ecological means - in their use of energy, for
example.” Further, rapidly growing populations can
increase the pressure on resources and slow any rise
in living standards.

Yet in the end, sustainable development is not a
fixed state of harmony, but rather a process of
change in which the exploitation of resources, the
direction of investments, the orientation of techno-
logical development, and institutional change are
made consistent with future as well as present
needs. (Source: UNWCED 1987)

Ever since, the sustainable development concept has
always been closely intertwined with what later
came to be the sustainability term and its equally
important economic, social, and environmental tri-
ple bottom line proposed by Elkington (1997) and
complemented by debates (Weisser 2017), on what
is perhaps the most accepted broad definition of the
term. More recently, the Department of Economics
and Social Development of the UN (United
Nations) also proposes a similar definition for sus-
tainable development, that is:

. . .the bridge, between environmental, economic
and social goals, between north and south, between
Governments, civil society and business, between
science and policy, and between policy and action.
(Department of Economics and Social Develop-
ment (DESA) 2013)

Finally, the UN 2030 Sustainable Development
agenda puts all its main goals as derived from a
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people (social), planet (environment), and pros-
perity (economic) perspective (United Nations
2015). To summarize, all the above definitions of
sustainability and sustainable development
referred to closely dialogue and are centered in
the joint advancement of these three pillars in a
synergic and simultaneous way. All the comple-
ments after the 1987 definition should be seen as
supporting the first one or enriching it.

As to technological innovation, according to
the Oslo Manual (2005), which is nowadays still
the international reference in terms of innovation
research, an innovation is the effective implemen-
tation of:

. . .a new or significantly improved product (good or
service), or process, a new marketing method, or a
new organizational method in business practices,
workplace organization or external relations.
(OCDE 2005)

Restricted to technological innovation, themanual’s
emphasis is mostly in new products, or services, or
new processes innovations and its introduction to
themarket. It should be observed, however, that this
definition comprehends and can also be applied to
public services’ or nonprofit organizations’ prod-
ucts or services, for example, as we approach the
sustainability issue in its three broader pillars and
how technological innovations affect them.
T

Sustainability Pillars and Technological
Innovation

People, Prosperity, and Technological
Innovation
We chose to couple people and prosperity within
a single topic when it comes to sustainability
because of their close relationship regarding the
broader impacts of technological innovation has
in society. A list of the some of the most important
areas is detailed in the following paragraphs.

Ever since the first Industrial Revolution in
England in the eighteenth century, the pace at
which new production and transportation tech-
niques increases economic growth has dramatically
accelerated. In a historically brief period of approx-
imately 200 years, living standards have dramati-
cally changed when compared to the previous
history of mankind. As the historical distancing
now allows us to see, first the experimental and
later science-based technologies, coupled with the
advancement of politics and methods of social
organization, have produced exponentially grow-
ing results, way beyond those that could be imag-
ined when the Industrial Revolution began.

Since the early days of the economics science,
considered by many the initial publication of Adam
Smith’s work and theories, technical progress has
had a central role in economists mentions about how
society progresses (Freeman 2008; Nelson 2006).
As time went by, technical and scientific progress
became an even more complex undertaking. The
application of new developed sciences to production
and transportation methods became routine and the
ties between science and technology grew each
time stronger (Stokes 2005). The precursor of the
economics of innovation Joseph Schumpeter recog-
nized the pivotal role that this continual develop-
ment and application of innovations had in
economic progress and introduced his concept of
“creative destruction.” It refers to successive histor-
ical waves that qualitatively change the nature of
production and society by disrupting the economic
domain and then creating new order (Elliott 1985;
Schumpeter 1934). Later, Solow (1957) tried to
quantify the impact increases in labor and capital
had in the American economy from the beginning
until the middle of the twentieth century and found
that most of the American economy growth could
only have come from a qualitative, and not quanti-
tative, improvement in the utilization of both.

The measure of the impact of technological
innovation on economic growth can be more
clearly observed by looking at the economic over-
view of the twentieth century. As shown in the
IMF report published at the turn of the millen-
nium, there’s an estimate that shows that the pro-
duction of goods only in the twentieth century,
using a GDP (gross domestic product) measure of
value, exceeded all the accumulated production in
previous human history. Since the beginning of
the century, the world GDPmultiplied by 19 while
world population grew by 4 times. Still according
to this report, although both grew, the disparity
between population growth and economic growth
clearly exhibit the role technology and qualitative
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economic changes had in this process. It is also
important to highlight that this growth took place
not only by improving the productivity in
established industry sectors but also by creating
and developing entirely new industries that
accounted for much of this growth (IMF 2000).

It is widely acknowledged nowadays how
important the continuous application of techno-
logical innovation is to increase levels of eco-
nomic productivity and, therefore, enable good
conditions of living for people resident in each
country or area. It is through the advancement of
science, technology, and its practical application
in the form of technological innovations that
humanity was able to support an over fourfold
increase in its population since the beginning of
the twentieth century. Without the advancements
in land productivity, biotechnology, and machin-
ery, among others, massive levels of hunger
would nowadays be observed in most of the
world, and food security levels, which are both
economic and social objectives, would now be
unsustainable (Kasturi 2009).

Among the UN 2030 Agenda, fostering tech-
nological innovation is put as one of the 17 central
goals. It is seen as a way to upgrade national
capabilities, especially when it comes to develop-
ing countries, and increase the offer and quality of
jobs and a fundamental tool in overcoming other
sustainable development challenges. To do so, the
agenda calls for efforts of collaboration between
more advanced and developing countries and the
promotion of international knowledge diffusion
mechanisms.

Apart from the pure economic and productivity
growth roles of technological innovation, the
modern technological developments in the most
diverse fields have been responsible for signifi-
cantly improving living conditions and corrobo-
rate diverse goals in the social pillar of
sustainability. Examples of this kind abound. As
such, we can highlight the pharmaceutical indus-
try and its advancements in instruments, methods,
and equipment of diagnostic, organic chemistry,
production methods, and pharmacology that
enabled the creation and dissemination of several
new therapies. In a close interplay with advance-
ments in science, technological innovations in
medicine greatly improved the quality of life of
millions of people around the world (Achilladelis
and Antonakis 2001).

Here, it is also important to highlight the recent
impact of the revolution in information and com-
munication technologies (ICTs). These technolo-
gies have facilitated access to information in many
parts of the world, with applications that range
from media and social networks to education at
distance. They also made it a lot easier for inter-
national companies and other organizations to
coordinate economic operational activities that
are spread around the globe, which hastened glob-
alization and provided many developing countries
with several opportunities of investment, employ-
ment, and use of their local competitive advan-
tages that were previously inexistent.

However, the recent developments and cutting
edge technological innovations also pose a series of
challenges that will have to be addressed to avoid
setbacks in the attainment of the sustainable devel-
opment goals. Although technological innovations
have brought many different benefits, there are still
billions of people living in poverty and unable to
reach the fruits it has brought to more developed
areas of the world, one of the major challenges in
then creating a governance and appropriate incen-
tives so that, over time, more people have access to
the benefits technology brings, in a sustainable way
(United Nations 2015).

In history, the development and deployment of
new technology has previously led to conflict due
to the profound potential changes they cause within
the productive and, consequently, the working and
educational structure of societies. With the
advancement of automation, machine learning,
artificial intelligence, and the creation of cyber-
physical systems, where computers and physical
systems, mostly applied to production and trans-
portation, integrate, there’s likely to be another
wave of change that will deeply affect the work
structure and transform the skills and qualifications
needed to prosper. Mostly affected will be those at
the bottom of the pyramid and in regions of diffi-
cult access to education. As machines consistently
replace repetitive and low qualified jobs, people in
developing countries, where most of these jobs are,
and workers that lack access to proper education
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may be left out of this transformation, which will in
turn increase inequality and cause social conflict
(Fiorelli 2018).

To sum up, technological innovation has
sprung welfare by multiplying economic produc-
tivity manifold, helped create products and ser-
vices that made peoples life’s easier, and helped
made social progress over decades a reality by
deeply transforming the way we live, interact,
and make use of our time. However, when it
comes to the future sustainability of this progress,
many challenges will have to be both internation-
ally and nationally addressed to avoid social
unrest and setbacks caused by anti-ethical or
unequal exploitation of technological progress.

Environment and Technological Innovation
As seen in the topic above, technological innova-
tion, coupled with the advancement of science and
new methods of organization, has helped human-
ity prosper and made significant leaps forward in
the twentieth century. This trend continues at an
ever-increasing pace in the twenty-first century as
well as the full automation of both industrial and
agricultural production, and transportation and
information processing is becoming a reality,
therefore rapidly increasing the overall levels of
productivity in many branches of different indus-
tries. However, as said in the first paragraphs of
this text, no development can be considered sus-
tainable unless it respects the three pillars of sus-
tainability and all its constraints.

The pace at which economic productivity and
world population grew in the last century was
unprecedented. Despite being able to do more
with less with the increases in productive effi-
ciency and transportation, the amount of goods
needed to supply the demands of so many people
and the amount of energy, both dirty and clean,
now needed to power machines, cars, computers,
and the household appliances in people’s homes
are also unprecedented.

To produce all the goods people consume now-
adays, companies and governments must explore
a growing portion of land for vegetal resources
and search and extract new mineral and other
unrenewable resource sources. To transform the
rawmaterials, they utilize energy that comesmostly
from unrenewable sources and power productive
process that generate vast amounts of pollution,
especially in productive clusters that concentrate
many industries in a small portion of space. After
the consumption, much of the production is thrown
away inappropriately, causing synthetic materials
that take hundreds of years to decompose to end
up in nature, the oceans, even when discarded cor-
rectly, to turn into unusable materials, therefore
requiring a new extraction of virgin materials to
fuel new consumption. Once again, it is important
to highlight that production process nowadays are
much more efficient than in the past and have a
much smaller quantity of material and energy
losses. That said, the conclusion is that the amount
of materials and energy incorporated in the average
unit of product is now smaller than in the past.
However, the concern is the absolute amount of
resources needed to supply themuchmore complex
needs of today’s people and produce goods to a
population that is unprecedented in human history
in terms of size. This absolute number is the one that
is increasing and consuming an ever-larger amount
of earth’s natural resources, which are stationary
when put in human time scale.

To provide a figure of these numbers, the EPA
(Environmental Protection Agency) of the United
States estimates that each American produced in
2013 about 2 kg of trash per day, already sub-
tracting the amount recycled and only accounting
for domestic waste and not considering hazardous
or other kinds of waste produced by industries,
agriculture, hospitals, and the like (EPA 2016). In
the energy field, although on the rise, renewable
energies account for only 3.2% of the global
energy matrix, the other 96.8% being provided by
unrenewable sources and most of it, about 65%,
from oil and coal, which are some of the dirtiest
processes for energy production (BP 2017).

The impacts on the environmental pillar of
sustainability present nowadays perhaps the big-
gest constraint when it comes to sustainable
development. Modern patterns of consumption,
especially in the developed world, brought great
abundance, but also at a great environmental cost.
About this point, technological innovation has its
role both as hero and villain. Although it had a
great part, technology that made possible these
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tremendous advancements in consumption and
natural resource exploitation also has a pivotal
role in solving them and adjusting development
so that it fits three pillars of sustainability.

Sustainability in Higher Education
Fulfilling its scientific and forward-thinking role,
the academy nowadays aids in providing detailed
data, theories, and proposals to address the mod-
ern issues of sustainability. As the dangers and
limits of todays’ industrial activity, economic and
distributive logic, and the modern ways of con-
sumption become clearer, the academy has a piv-
otal role in preparing future generations to address
the resulting issues.

This preparation challenge, however, should
not be underestimated as it is a multidisciplinary
and interdisciplinary task that has to be carefully
addressed. Todays’ world is largely more
interconnected and complex than it was just a
few generations ago. To make its students ready
for the challenges posed by sustainability, higher
education will have to reinvent many of the cur-
ricula currently employed in traditional disci-
plines and add disciplines that originally would
not fit into their course design. Essentially, pro-
fessionals will need to develop a deep understand-
ing of where their activities take place and how
they connect to a much broader context and learn
how to learn quicker as the world changes at an
ever-accelerating pace.

Energy Technological Innovations
Perhaps the most pressing area of pollution gen-
eration and fossil fuel usage, the energy sector, is a
big branch of industry where technological inno-
vation is already playing a big role in solving
sustainability issues. A vital point that must be
understood is that the energy sector of an econ-
omy comprises both its production and consump-
tion characteristics. Energy comprises processes
that vary from its generation in power plants until
the fuel that is burned to propel cars, trucks, and
freight ships. Considering the 2017 IEA
(International Energy Agency) and its “Energy
and Air Pollution” report, we can observe that
there are six main air pollutants tracked: sulfur
dioxide, nitrogen oxides, particulate matter,
carbon monoxide, volatile organic compounds,
and ammonia. Over 99% of sulfur dioxide and
nitrogen oxides, 92% of carbon monoxide, 85%
of the particulate matter, and 66% of volatile
organic compound emissions come from energy
production and consumption. Only in ammonia
does energy have a smaller percentage of 3%.

Once again, these emissions come from diverse
energy usage branches. Those include power gen-
eration from dirty sources such as coal, oil, gas, and
waste, fuel usage in the industry and process emis-
sions, fuel usage in transportation, energy and fuel
usage in buildings, and oil, coal, and gas extraction,
transformation, and transportation (IEA 2016).
Despite simple pollution generation, the energy
sector also has a pivotal role in greenhouse gas
(GHG) emissions, which are gases that cause
global warming, a phenomenon that has been rais-
ing concerns for the academia and governments for
decades. About 50% ofGHG emissions come from
electricity and heat production, industry and trans-
portation, and in all of these sectors mostly from
burning of fossil fuels such as coal, oil, and natural
gas (EPA 2010).

To address the above issues on the energy
sector, governments, companies, and the academy
have been focusing efforts in developing alterna-
tive and renewable sources of energy such as
biomass, photovoltaic solar energy, thermal solar
energy, and wind power most prominently. At a
much less advanced state of development, there’s
also the process of developing close to 100%
clean nuclear fusion energy, a promise for the
future that has not yet become a reality as the later.

Despite doubts about the capacity of modern
types of renewables such as those to gain scale and
power entire economies, the development of tech-
nology in these areas in the late years has dropped
their cost and increased efficiency. In some cases,
using energy from renewable sources or even hybrid
systems together with fossils fuels can be cheaper
than the usage of traditional sources. Also, these
kinds of renewables have been gaining market and
growing at an accelerated pace, 4.7% a year on
average (REN21 2017). As a relatively recent devel-
opment, the renewable energy transformation is tak-
ing place gradually and constantly taking advantage
of new developments. In this regard, technological
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innovationwill play a key role in further increases of
these sources. In turn efficiency and reliability,
dropping costs of implementation and operation,
and developing applications and solutions to maxi-
mize power generation in different regions will
expand asymmetrically as these sources rely on
geographic conditions and those vary from region
to region.

Accompanying this promising possible shift in
the world energy matrix are the electric transporta-
tion recent developments. About this point, there’s
an important trade-off to be observed. Although
combustions engines and the burn of fossil fuels
are a great source of pollution, as mentioned in the
paragraphs above, a large-scale shift toward elec-
tric vehicles would be beneficial only if the power
to supply them were to be generated from renew-
able sources, or at least gradually so, reducing the
impact of fossil fuels on the environment.

Industrial Sustainable Technological
Innovations
The manufacturing industry, responsible for the
physical production of goods is another key area
where technological innovations are having and
will have a significant role in promoting sustain-
able development. The technological possibilities
across all branches of the industry are immense,
and any specific analysis would require detailed
explanation that is out of the scope of this entry.
Therefore, we briefly highlight three major pro-
cess steps that are present in every production
process, where these innovation possibilities are
available; they are inputs, transformation pro-
cesses, and outputs (Slack et al. 2009).

Regarding inputs, technological innovation
possibilities lay on the development of new
renewable materials or in the development of
products in which it is possible to reutilize waste
or previously discarded products as raw materials.
Nowadays, much energy and materials are wasted
as raw materials such as metals and oil, that take
thousands of years to form in the nature and,
considering humanity time span, have a finite
amount available, are deployed in products that
have life spans of years, months, days, and some
of them even minutes – such as packed foods. The
great majority of product designs nowadays still
doesn’t consider the reutilization or does not use
the finite resource base fact as an input in its costs
and return models. Materials and products are
designed in the cheaper and not the more sustain-
able way to feed the massive stream of consump-
tion they need to address.

In transformation processes, or the production of
goods itself, technological innovations can be devel-
oped to enable cleaner and more efficient processes.
Cleaner processes would be those that utilize envi-
ronmentally correct chemicals, for example, and
other inputs that do not harm the environment.
These cleaner production technologies must also
address the type of emissions and waste generated
during the transformation process. On the other
hand, efficiency is related to the conversion of raw
materials into products. With efficiency increasing
technologies industry is constantly able to reduce
the amounts of materials lost during production and
the amount of energy required to transform them.

Finally, regarding outputs, the logic is like that
of inputs. Technological innovations in industry
can aid in devising products that can be utilized
as rawmaterials for others further in the production
chain. It can also create products that are biode-
gradable and don’t harm the environment if cor-
rectly discarded. Outputs are especially important
because among them are products that can be envi-
ronmentally harming themselves during their life
span, for example, cars and household appliances.
Not only is the physical composition of the product
important but also the technologies employed
within it for its use. That said, new clean technol-
ogies can also be utilized to constantly reduce the
impact a product generates during its life cycle in
the same way, reducing emissions, energy con-
sume, material input, waste production, toxic and
unrenewable materials utilization, and so forth.

A strong example of this logic is the textile
industry. In this industry, consumers nowadays
demand products in extremely fast cycles, which
means they rapidly become obsolete and are some-
times discarded. According to (Niinimäki and Hassi
2011), the waste from this industry was the fastest
growth waste stream in Britain during the years
2005–2010. To solve this problem, technological
innovations in recycling the use of sustainable mate-
rials and cleaner production processes are solutions
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currently in sight. Nevertheless, this industry is also
an example where demand-side (consumer-related)
solutions are also needed. The short life cycles of
this industry result in a large volume of raw mate-
rials consumption, industrial processing needed, and
waste generated, potentially creating unsustainable
patterns of consumption.

As a last remark, recent ICT developments are
also now greatly aiding industry in creating a
greener supply chain management and regulatory
agencies in attributing responsibility to manufac-
turers, which facilitates environmental law enforce-
ment. With them, it is now much easier to track and
identify products sources, more efficiently manag-
ing warehouses and minimizing the amount of
inventory and unnecessary transportation and creat-
ing reverse logistic systems – the collection of a
product for reuse by its own manufacturer.

Agriculture Technological Innovations
Apart from its economic and social impact, agricul-
ture is also a fundamental area to consider for the
development of technological innovations for sus-
tainability in the environmental pillar. Currently,
about a quarter of all the GHG world emissions
come from land use-related activities – which
include mainly deforestation and agriculture – and
both can be correlated (EPA 2010). Apart from that,
in the last World Bank assessment, about 37% of
the world land area was being utilized for agricul-
ture activities. It is therefore also a major area to be
considered when treating global environmental sus-
tainability (World Bank 2015).

Advances in agricultural technology for sus-
tainability include mostly biotechnology, ICT
employment, and machinery. It is expected that
as technology advances, the amount of raw mate-
rials and agricultural inputs wasted can be reduced
and used more sustainably by smarter systems of
irrigation, genetic engineering, weather forecast-
ing, fertilization, soil study, and harvesting. Tech-
nology also has a role in making it possible to
develop more sustainable ways of processing and
providing energy and fertilization needed without
so much reliance on fossil fuels as it is currently
observable.

With the massive use of fertilizers in the modern
industrial scale agriculture, when looking at a
sustainability perspective, it becomes important
those methods of fertilization that reduce soil
exhaustion and toxic waste disposal. Also, with
the amount of production now required from agri-
culture, it is growingly important the development
of new technologies that employ renewable
resources in production inputs.

Regarding machinery and ICT advancements,
the two are closely intertwined. With ICT pro-
gress, it has become increasingly possible to auto-
mate the production in the field. Although there is
a trade-off since this automation eliminates low
qualification jobs from agriculture and harms low
productivity farms, it greatly speeds up farm pro-
cesses such as seeding and harvesting and there-
fore increases productivity. Moreover, new ICT
developments allow the deployment of monitor-
ing andmore efficient irrigation systems that facil-
itate crops in weather forecasting and in rapidly
detecting environmental changes in the soil, air,
water, and other environmental factors that affect
and are affected by agricultural activity.
Final Considerations

Considering the many applications for techno-
logical innovation and the challenge of preparing
the next generation toward promoting and
enabling sustainable development observed in
this entry, it is possible to conclude that the
development of technological innovation, spe-
cifically those that directly aim to contribute to
the sustainability goals, has been and still is a
powerful way of advancing sustainable develop-
ment in its three major pillars, the economic,
social, and environmental.
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UNESCO, the United Nations agency for educa-
tion, states that Education for Sustainable Devel-
opment (ESD) “aims at developing competencies
that empower individuals to reflect on their own
actions, taking into account their current and
future social, cultural, economic and environmen-
tal impacts, from a local and a global perspective”
(UNESCO 2017). The term technology-enhanced
learning (TEL), synonymous with e-learning, has
come to reflect the wide range of possibilities of
using technology as both a mode of instruction as
well as a means to improve or transform learning
that is sustainable. The juxtaposition of these two
terms invites consideration of the role of technol-
ogy in the reimagining of education for sustain-
able development. This entry will take a deeper
look at what is known about both technology-
enhanced learning and education for sustainable
development, as well as describing both the work
that has already been done jointly between these
two fields and the challenges inherent in such
work related to sustainability. As stated in the
forward of UNESCO’s Sustainable Development
Goals – Learning Objectives document:

Education is both a goal in itself and a means for
attaining all the other SDGs. It is not only an inte-
gral part of sustainable development, but also a key
enabler for it. That is why education represents an
essential strategy in the pursuit of the SDGs.
(UNESCO 2017)

An oft-repeated warning on the topic of tech-
nology is the ease with which it can slide into the
driver’s seat in a variety of scenarios. W. Brian
Arthur states that technology has a way of engen-
dering its own creation or evolution, and this can
be seen in many instances (Arthur 2009). This
alluring ability of technology to put itself first
exists at all levels of planning and application in
an organization. Often the existence of a new
piece of technology inspires people and organiza-
tions to seek out means for its use; implementation
decisions are frequently technology-led rather
than being focused on clearly defined educational
goals (Goodman 2001; Kirkwood 2014).

The concept of Education for Sustainable
Development allows our society to begin the
necessary process of recognizing technology-
enhanced learning as a tool and using its power
to advance sustainability aims. In his book, Eco-
logical literacy: Education and the Transition to a
Postmodern World, seminal author of ecological
literacy David Orr predicts that “economic and
technological choices will, in the main, reflect
the distribution of power in society” (Orr 1991,
p. 66). Complementary to Orr’s thinking, leading
sustainability expert Stephen Sterling states that
“ideas of ‘the knowledge society’, ‘the informa-
tion economy’ and ‘the information society’ hide
questions about sorts of knowledge, controlled by
who, for whom, and for what purposes” (Sterling
2001, The Modern-Post Modern Transition, para.
2). The intertwining of the concepts of
technology-enhanced learning and education for
sustainable development proposes a possible
answer to David Orr’s question, “What kind of
technology, at what scale, and for what purposes”
(Orr 1991, p. 37)?
Technology-Enhanced Learning: “The
How”

Design
While any technology based attempt at education
could potentially be labeled TEL, true technology-
enhanced learning involves consideration of the
learning process and tasks before technology
when designing learning environments. In today’s
world, life is spent in a stream of competing stimuli;
attention is a scarcity. According to Goodman, the
ultimate question of design within information sys-
tems is what information should be selected, as
opposed to simply distributing more information
(Goodman 2001). Adrian Kirkwood argues against
allowing “technological determinism” to dictate
terms and reasserts that educators, particularly in
higher education, must resist this pull and instead
make informed choices about when and how to
employ the use of technology in order to enhance
learning (Kirkwood 2014). Just as a book can be
used for different purposes, such as reference, enter-
tainment, and persuasion, Kirkwood argues that
technology artifacts such as blogs, wikis, and more
can also be used for different purposes (2014).
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Dimensions of Enhancement
Particularly because the phrase technology-
enhanced learning can be used so broadly, it is
important to consider exactly what the parameters
of enhancement are and to what extent they can be
defined. In a literature review of many such itera-
tions within the field of higher education, Adrian
Kirkwood and Linda Price sought to define both
the types of enhancement and how its effects can
be measured. They identified the following three
types of enhancement:
1. Efficiency: existing processes carried out in a
more cost-effective, time-effective, sustain-
able, or scalable manner

2. Enhancement: improving existing processes
and the outcomes

3. Transformation: radical, positive change in
existing processes or introducing new pro-
cesses (Kirkwood and Price 2014)

However, these enhancements do not arise
without the necessary groundwork being laid to
make intelligent use of the possibilities technol-
ogy provides. Kirkwood and Price also identified
the following ways that studies in their literature
review had measured the performance levels of
technology-enhanced learning. These categories
of measurements include:
T

1. Operational improvements (such as greater
flexibility or more accessible resources)

2. Quantitative changes in learning (exemplars
include increased engagement and improved
scores)

3. Qualitative changes (such as reflection, deep
engagement, and richer understanding)
(Kirkwood and Price 2014).

When compared to the parameters of TEL
(efficiency, enhancement, and transformation),
these quantitative changes are adequate for deter-
mining an increase in efficiency, and the opera-
tional improvements can be interpreted to
measure enhancement, while qualitative changes
are indicative of the transformative level of
change.
Barriers
Gregory and Lodge identify several potential bar-
riers to the use of technology-enhanced learning in
higher education (2015). Initially, they point to the
lack of clarity in the definition of technology-
enhanced learning and how it has expanded to
include learning management systems, distance
education, blended learning, online learning, and
more. They argue that this confusion, paired with
the rapid growth of technology used to support
learning, has resulted in a lack of understanding
overall, with standards of application that vary by
situation and context. Furthermore, Gregory and
Lodge posit that while other authors have identified
barriers such as time, culture, readiness, and train-
ing, there has been a failure to account for what they
consider to be a hidden, “silent” barrier – academic
workload allocation. They point to the fact that
changing toward use of technology often involves
a greater allocation of workload initially, and if
universities fail to recognize this need, it will con-
tinue to hinder the ability of faculty and staff to
implement these programs. This concern links
back to the potential pitfall of allowing technology
to dictate terms rather than identifying how technol-
ogy can “enhance” learning and what is required for
implementation. Gregory and Lodge state that infus-
ing technology-enhanced learning into higher edu-
cation “should be a transformative process, not
merely a cut and paste from traditional models”
(Gregory and Lodge 2015, p. 225).

Barriers to effective technology-enhanced learn-
ing are not only at the level of the perspective of the
university and its professors but also at the student
perspective. Kennedy et al. argued that the assump-
tion that all young adults are technologically savvy
and competent must also be examined, which is
critical to designing adequate technology-enhanced
learning (Kennedy et al. 2008). While today’s
young adults may have grown up using technology
for recreation, theymay still lack skills for its critical
use in the context of higher education; these prereq-
uisite skills cannot be taken for granted.

Access
An additional issue to consider in the use of
technology-enhanced learning toward education
for sustainable development from the student
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point of view is development with an eye toward
ensuring access. This can include access for peo-
ple with disabilities, through the use of universal
design for learning (UDL) in instructional design.
Stuart Peter Dinsmore named several complemen-
tary features of UDL and TEL:

1. Have the concept of flexibility at their core
2. Rely on a technology-rich environment with

groups of networked learners
3. Encourage self-paced learning through the pro-

vision of Internet-based materials
4. Rely on a high level of explicit communication

with students partly facilitated by ICT
5. Both are focused on the creation of lifelong or

expert learners (2014).

Decisions
Technology-enhanced learning ultimately begins
when leaders create a vision and strategy for the
role of technology within their learning environ-
ments and institution, followed by a description of
how and what they want people to learn using
technology. The decision of which technologies
can meet these ends is considered only after these
initial considerations have been met. These deci-
sions involve consideration of UDL, how to account
for the additional workload in higher education, and
determining whether the goal is efficiency, enhance-
ment, or transformation of learning. Ultimately,
organizations responsible for creating and carrying
out technology-enhanced learning must ask them-
selves several questions, such as:

1. In what contexts is learning available with
technology?

2. Is technology-enhanced learning making a
difference?

3. If so, what kind of a difference? Qualitative,
quantitative, or transformative?
Education for Sustainable Development:
The “Why”

Sustainable Development Goals
Technology-enhanced learning is best derived by
planned goals based on learning processes, tasks,
and environments. Fortunately, UNESCO has
clearly defined 17 Sustainable Development
Goals (SDGs) with the modest ambition of trans-
forming the world. These SDGs provide a clearly
laid out roadmap for the task at hand; what
remains is the determination of how best to deploy
the use of technology to serve this end.

Sustainable Development Goal #4 is Quality
Education (UNESCO 2017). This goal encom-
passes the importance of lifelong learning, a free
and quality education for all, education as the key
to sustainability and peace, and education as
empowerment. UNESCO has identified a series
of key competencies related to all SDGs, which
include system thinking, anticipatory competency,
normative competency, strategic competency, col-
laboration, critical thinking, self-awareness, and
integrated problem-solving.

Sustainability Literacy
A case study of education for sustainable develop-
ment using technology-enhanced learning was
shared by Azeiteiro et al. (2014). He and his col-
leagues used an institute of higher education dedi-
cated primarily to distance-based education in
Portugal to examine the attitudes of students learn-
ing sustainability literacy principles. Qualitative
research confirmed a high level of satisfaction with
the experience, indicating that technology-enhanced
learning donewell has the potential to serve the field
of education for sustainable development.

Access
Another dimension of consideration involves
people in developing nations. A literature review
of technology-enhanced learning in developing
nations revealed issues regarding access to and
ability to use devices, internet access, and ade-
quate infrastructure (Gulati 2008). Gulati noted
that even when infrastructure is built up for
developing countries, it may only serve to further
widen the gap—the opposite of the intent of
education for sustainable development. Along
this same vein, implementers must be aware
that using technology-enhanced learning toward
education for sustainable development has the
potential to further entrench existing inequities
regarding not only knowledge access in the
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present but also regarding who is enabled and
empowered to add to digital content in the
future.

Responsible Use
In considering the use of technology-enhanced
learning toward education for sustainable devel-
opment, an additional concern is materials and
responsible use. In the Handbook for Sustain-
ability Literacy, Clifford wrote that “technology
is becoming obsolete at an increasing rate:
mobile phones are typically replaced by users
after 18 months, whereas it takes over
1000 years for a mobile phone to decompose
naturally” (Clifford 2009, p. 147). It would be
short-sighted to consider the use of technology
toward education for sustainable development
without planning for responsible use of materials
and equipment.
T

Using Technology-Enhanced Learning to
Achieve Education for Sustainable
Development

Mobile Solutions
UNESCO has produced a toolkit for using infor-
mation and communication technology toward for
the purpose of education, called the ICT-in-
Education Toolkit (Unesco ICT-in-Education
Toolkit n.d.). It provides concrete steps toward
developing a plan, designing a program, and mon-
itoring its effectiveness and impact. Another
potential option includes the seamless learning
framework of distributed cognition described by
Looi et al. in a study examining the effectiveness
of mobile technology in sustainable learning.

By organizing and sharing information across design
experiments in diverse settings, a collaboration of
researchers can more rapidly and systematically
explore the design space. For instance, the same-
grade classrooms across different countries can
implement mobile learning devices for all subject
areas, allowing a broad examination of solutions
and challenges. By collaborating across the globe,
researchers could take advantage of different student
device preferences, exchange curriculum ideas,
understand cultural differences, and better address
issues of scale. (Looi et al. 2010, pp. 166–167)
Empowerment
Another example of using technology-enhanced
learning for education for sustainable develop-
ment comes from a framework for using
e-learning to support student sustainability liter-
acy (SSL) proposed by Susannah Diamond and
Brian Irwin. They identified four pillars of suc-
cessful SSL:

1. Conceptual awareness of sustainability issues
in the real world

2. Personal identity and values aligned with
achieving sustainability

3. Competence in skills which can contribute to
achieving sustainability

4. Confidence in an ability to contribute to achiev-
ing sustainability (Diamond and Irwin 2013).

The authors conducted a literature review
and used this framework to analyze the effec-
tiveness of the use of technology to support
student sustainability literacy. They found mul-
tiple examples of the use of technology for skill
development, conceptual development, identity
development, and confidence development but
noted an imbalance toward transmissive types
of instruction verses student-centric or con-
structivist methods (Diamond and Irwin 2013).
They recommended that e-learning be extended
further beyond basic skill and concept instruc-
tion in order to develop the identity and confi-
dence necessary to empower students to take
action.

Regarding this need for empowering young
people to take action, Chin and Jacobbsen asserted,
“learning is pivotal in connecting global develop-
ment goals to local realities” (Chin and Jacobbson
2015). They described a program that combines
ICT and sustainability literacy called TheGoals.
org, which emerged from a distance education pro-
gram on ESD for high school age population. This
platform allows people from all over the world to
connect via both a website and smartphone appli-
cation to learn more about the 17 SDGs and share
how they are addressing them. Courses on each
SDG are offered, and registrants can enroll for
free as students or coaches. The cost incurred per
participant is estimated at less than $5.00 per

http://thegoals.org
http://thegoals.org
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person, and the application is optimized to run on a
range of smartphones, including those that are less
expensive.

Affect
Scott Warren and Jenny Wakefield undertook an
effort to reach young adults engaged in coursework
in higher education (2016). They examined the role
of affect in online discussions, seeking to avoid the
typical transmissive, acquisition-based nature of
education and foster students’ ability to engage
emotionally and constructively with real problems
through “emancipatory discourse” (Warren and
Wakefield 2016). Their online course taught the
use of several technology-enhanced tools for the
purpose of learning about and discussing two of
the eight United Nations Millennial Goals: environ-
mental sustainability and combating HIV/AIDS.
The authors captured three emergent themes
throughout the course:

1. Affect, Emotions, and Awareness Expressions
2. Acceptance (with and without calls to action)
3. Agreement and Questioning

Warren and Wakefield concluded:

Technology can support multiple forms of emanci-
pation for learners through its ability to connect those
over long distances and an associated free sharing of
knowledge in online settings. . .through learning
about the UNMD goals and related world problems,
our students’ social awareness of themselves in a
world with multifaceted, often stressful societal
needs, issues, and power relationships increased
and resulted in expression of emotions that contrib-
uted to their personal growth. (2016, p. 64)

This study is a prime example of ways in which
technology-enhanced tools can be used to further
education for sustainable development.

Social Integration
A final example of integrating technology-
enhanced learning and education for sustainable
development comes from the STELLAR Network
of Excellence, (Sustaining Technology-enhanced
learning at a LARge scale), a project of the
European Union to promote interdisciplinary
research from higher education institutions. At a
series of conferences and meetings, this network
created a list of Grand Challenge Problems to direct
future research and collaboration. These 30 TEL
Grand Challenge Problems were defined as, “fun-
damental socio-technical problems whose solution
will lead to breakthroughs that improve learning
and educational systems and bring long-term ben-
efits to society” (Fischer et al. 2014, Chap. 1,
Section 1.1, para. 1). According to STELLAR:

Learning is intimately connected with social inter-
action between people and as the continual con-
struction of knowledge. New digital tools connect
learners with other learners and teachers, trainers,
experts or more knowledgeable others, helping
them to communicate in effective ways, both to
share and build knowledge. Awide variety of infor-
mation and communication technologies (ICTs)
connect people including web-based applications
such as open and closed forums, personal or shared
blogs, chat rooms, instant messaging and video
conferences, tagging and collaborative text editing
systems. (Fischer et al. 2014, Chapter 2,
Section 2.1, para. 1)

STELLAR’s work followed three themes:
connecting learners, orchestrating learners, and
contextualizing learning (Fischer et al. 2014).
For each of the 30 problems, the series of ques-
tions included:

1. What problems of the European education sys-
tem are addressed, and what are the long- term
benefits for society?

2. What are the main activities to address this
Grand Challenge Problem?

3. What is the timeframe for the Grand Challenge
Problem?

4. What are measurable progress and success
indicators?

5. How can funding be attracted?
6. What are connected research questions? (Fischer

et al. 2014.

Examples of the problems include:

GCP4: Supporting an Open Culture of Design for
TEL

GCP6: Emotion-Adaptive TEL
GCP13: Learning Reading at Home
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The GCPs, like the SDGs, provide a solid
framework for furthering collaboration and
research, as well as an example for other organi-
zations or countries seeking development or adap-
tation of these or similar problems regarding their
own education systems.

Emerging Theories
While there are numerous connections to
technology-enhanced learning, several emerging
theories include the areas of new media, media
ecology, and diffractive technospaces. In The
Handbook of Sustainability Literacy, Chap. 16,
New Media Literacy, John Blewitt writes, “it is
necessary to establish a new civil contract
between the image, the text, the sound and the
senses, determined by the political and pragmatic
project of living and learning in our uncertain
and risky world” (Blewitt 2009, p. 112). Because
our current society is “highly mediated,” Blewitt
noted that there is little line between consumers
and producers of media and that it provides a tool
for potential transformation (2009). Media ecol-
ogy extends the idea of new media and interac-
tion, the concept of mediation, and the emerging,
ongoing entanglement between people and
media. According to Christine Nystrom, media
ecology can be considered an examination of
communication systems as though they were
environments (Nystrom 1973). Federica Timeto
defined technospaces as “the sociotechnical
environments in which humans and machines
relate and intersect” (Timeto 2015, p. 1). She
asserted that:

The relational. . .linkage between spaces and
representations. . .pays attention to the ecosystemic
interconnections of contemporary technospace. . .In
an ecosystemic framework, in which systems
are characterized by relational openness and inten-
sive multiplicity rather than self-sufficiency. . .
representational practices find themselves entangled
in local contaminations, haunted by the pleasure of
connection as well as by the always possible danger
of disconnection.” (Timeto 2015, p. 159, 161)

She argues that in many ways, mediation is
what happens at the conjunction of relations and
that there is no clear demarcation between two
sides or binaries.
Conclusion

The expansive field of technology-enhanced learn-
ing represents an excellent array of tools that can
be employed in a variety of areas of education,
for multiple purposes. Grounding technology-
enhanced learning solidly in the co-concept of
education for sustainable development lends it a
greater purpose and a wider impact. When design-
ing education using TEL, educators face consider-
ation of dimensions of enhancement, barriers,
access, and decisions. The field of ESD can be
better understood by reviewing UNESCO’s 17
Sustainable Development Goals, sustainability lit-
eracy, access, and responsible use. Areas of TEL
within education for sustainable development
include mobile use, technology as empower-
ment, consideration of affect within technology,
and emancipation through technology, social
interaction, and emerging areas (such as media
ecology and technospaces). While technology-
enhanced learning can be employed in unlim-
ited directions, harnessing its power within the
context of education for sustainable develop-
ment provides answers for both why and how
technology can serve a strong role within
sustainability.
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Synonyms

Environmental concerns; Environmental problems
Definition

TED talks: TED (Technology, Entertainment and
Design) is a non-profit organization that was born
in 1984.

Environmental Issues: Several environmental
issues such as: Pollution; climate change
and global warming; overpopulation; natural
resource depletion; waste production and dis-
posal; loss of biodiversity; deforestation; ocean
acidification; urban sprawl; genetic engineering
or genetics modification of food; species
extinction.

Sustainable development: “Humanity has the
ability to make development sustainable to
ensure that it meets the needs of the present
without compromising the ability of future gen-
erations to meet their own needs” (Brundtland
1987, p.16).
Introduction

The planet has been suffering from several envi-
ronmental issues such as pollution, climate
change and global warming, overpopulation,
natural resource depletion, waste production
and disposal, loss of biodiversity, deforestation,
ocean acidification, urban sprawl, genetic
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engineering or genetics modification of food, and
species extinction (Gardner and Stern 2005; Vlek
and Steg 2007). Questions related to environ-
mental problems have drawn the attention of
several researchers, global organizations, univer-
sities, public and private companies, the media,
teachers, lecturers, professors, businessmen, stu-
dents and consumers, due to the concern on envi-
ronmental issues and how we can achieve
sustainable development.

For example, the UN has proposed 17 sustain-
able development goals to be implemented by
2030, among which we highlight are the follow-
ing: No Poverty; Zero Hunger; Good Health and
Well-Being; Quality Education; Gender Equal-
ity; Clean Water and Sanitation; Affordable and
Clean Energy, Decent Work and Economic
Growth; Industry, Innovation and Infrastructure;
Reduced Inequalities; Sustainable Cities and
Communities; Responsible Consumption and
Production; Climate Action; Life Below Water;
Life and Land; Peace, Justice and Strong Institu-
tions; and Partnerships for the Goals (UNDP
2016).

But what is sustainable development? This
concept became popular through the publication
of the Brundtland report in 1987, being defined
as: “Humanity has the ability to make develop-
ment sustainable to ensure that it meets the needs
of the present without compromising the ability
of future generations to meet their own needs”
(Brundtland 1987, p. 16). For Elkington (1994),
sustainable development must take into account
three aspects of development: economic, social,
and environmental.

Therefore, we verify the importance of
these themes, of environmental issues and of
sustainable development worldwide. We can
highlight that new initiatives and tools are
being created and can help in the awareness
and diffusion of environmental issues, by pro-
posing solutions or presenting innovative ideas
for these problems. In this study, we will high-
light the TED’s performance through their
videos known as TED Talks. We emphasize
that in the literature, we have not yet identified
scientific articles dealing with the issue of
TED Talks videos in relation to environmental
problems for sustainable development.
TED (Technology, Entertainment, and
Design) and TED Talks

TED (Technology, Entertainment, and Design) is
a nonprofit organization that was born in 1984 and
covers a conference network in more than
130 countries (Stob 2015). It is currently consid-
ered one of the largest internet providers (Pappas
and Popescu-Belis 2015) which has a large num-
ber of lectures delivered by scientists, philoso-
phers, musicians, businessmen, and religious
leaders (Hu and Li 2017) and may even contain
presentations by some of the world’s leading aca-
demics, animators, intellectuals, politicians, and
entrepreneurs (Stob 2015).

TED has a variety of projects and initiatives,
such as the following: (1) TED Institute, (2) TED
Fellows, (3) TED-Ed, (4) TED Books, (5) TED
Distribution, (6) TEDx, and (7) TED.com. There
is on TED.com; we highlight TED Talk, it will be
the TED initiative being analyzed in this study, as
can be seen in Fig. 1.

TED Talks are short videos, with free and
educational access posted on the internet (Scotto
di Carlo 2014; Romanelli et al. 2014). TED Talks
seek to present in no longer than 18 min an inno-
vative idea that presents a problem while concur-
rently seeking to offer a solution to this problem
(DaVia Rubenstein 2012). It is considered as the
most popular conference and events website
(Sugimoto et al. 2013; Romanelli et al. 2014).
TED Talks are translated by more than 15,000
volunteers (Taibi et al. 2015) to the most diverse
languages.

Romanelli et al. (2014) highlighted that TED
Talks videos are structured, follow a specific for-
mat, are persuasive, and highlight the speaker’s
passion for the theme. Moreover, Romanelli et al.
(2014) compared the essential aspects of TED
Talks in relation to academic articles on subject,
goals, timeframe, style, assessment, mode
speaker, context, audience, structure, visuals,
and preparation.

http://ted.com
http://ted.com
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Fig. 1 Programs and
initiatives. (Source: https://
www.ted.com/about/
programs-initiatives)
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Another item that highlights TED Talks is
its focus on creating a presentation full of advice,
sharing real problems and solutions, and can thus
be considered a powerful tool that encourages
action, on how the power of speech can contribute
to changing the world (Scotto di Carlo 2014;
Hayward 2017). Furthermore, according to
Caliendo (2012), TED Talks videos present their
lectures using accessible language to disseminate
scientific knowledge to diverse nonspecialized
audiences.

We verified that some authors, such as Loya
and Klemm (2016), reinforced that TED Talks
offer educators the opportunity to take to the
classroom, and free of charge to their students,
relevant information from experts from various
areas. On the other hand, according to Romanelli
et al. (2014), we can verify that approaches by
TED Talks also have their critics, who argue that
TED Talks videos use a preconceived format pri-
marily for entertainment.

TED Talks have spread over the Internet to
great dimensions, for example, currently having
more than billion online views, and is considered
as a phenomenon of scientific communication
(Sugimoto et al. 2013; Tsou et al. 2014). Thus,
these TED Talks videos can be used as a tool to
disseminate information and research on various
topics, among them, those related to environmen-
tal issues faced by the world. Thus, due to the size,
reach, and success of TED Talks, these can be
used as a tool to raise awareness and propagate
actions to minimize environmental issues and to
raise awareness of the importance of sustainable
development. We will discuss this in the next
topic.

What Do “TED Talks” Videos Show About
Environmental Issues for Sustainable
Development?
As we have discussed in previous topics, TED
Talks videos, as well as famous and with
billions of views, can be used by researchers to
disseminate their research, to talk about their
passions, and finally to present their ideas on a
particular topic. Therefore, we performed a
search on the website (https://www.ted.com/
talks) on December 1, 2017, and we were able
to verify 2642 videos currently on the website,
and new videos are added constantly. TED Talks
videos can be selected on the website from the
filters shown in Table 1.

To select TED Talks on environmental issues,
we first accessed the website https://www.ted.

https://www.ted.com/talks
https://www.ted.com/talks
https://www.ted.com/talks
https://www.ted.com/about/programs-initiatives
https://www.ted.com/about/programs-initiatives
https://www.ted.com/about/programs-initiatives
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Development, Table 1 TED talks filters

Search
filter Description

Search
talks

In this item, we have the option of entering
a keyword to search

Topics In the item topics, we have the option to
select A–Z keywords; there are currently
429 topics. The most popular ones being
“Technology, Entertainment, Design,
Business, Science and Global Issues”

Languages There are more than 120 languages in
which we can watch the videos.
Transcripts and subtitles are available in
more than 100 languages

Duration With most videos usually being of up to
18 min. We can select videos by duration of
0–6min, 6–12min, 12–18min, and 18+min

Events One can find videos of different events like
TED conference, TEDGlobal, TEDx, etc.

Find a
speaker

We can choose to select a specific speaker

Sort by This is another filter that can be used, such
as “newest, oldest, Most viewed, jaw-
dropping, funny, persuasive, courageous,
ingenious, fascinating, inspiring,
beautiful, and informative”

Prepared by the authors
Source: https://www.ted.com/talks
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com/talks, and then we performed a topic search
and read the titles and then the synopses, and
finally, we selected and analyzed 99 videos that
deal with the most diverse environmental issues
faced in the world. This selection process is
shown in Fig. 2.

We could verify that of the 99 videos that deal
with different environmental problems, 32% refer
to climatic changes, as shown in Table 2.

From Table 3, we can verify that the year 2017
was the year that had the most published videos
related to environmental problems and the videos
of the year 2016 were the ones that had the highest
number of views (18,610,510). In total, the
99 TED Talks were viewed by approximately
113,824,897 individuals; this reinforces the
impact and comprehensiveness of these videos
and their importance in publicizing environmental
problems facing the world and the possible solu-
tions proposed.
In Table 4, we present the 99 TED Talks
about environmental problems, their respective
video title, speakers, speaker’s country of
work, speaker’s main profession, year of
video, and views. We emphasize that the
majority of the speakers are from the USA,
with 54 videos. The two videos with the most
views were on climate change: the first one by
Allan Savory (video title: How to fight desert-
ification and reverse climate change) with
4,354,724 views and the second one by Al
Gore (video title: Averting the climate crisis)
with 3,225,088 views.
Conclusions, Suggestions for Future
Research, and Limitations

As for the environmental problems mostly
discussed by TED Talks, we identified 99 videos
that deal with environmental problems, with a
total of 113,824,897 views, and the climate
change theme with the largest number of
published videos. Therefore, TED Talks can play
an important role in disseminating and raising
awareness of environmental problems and in pre-
senting possible solutions to these problems and
can contribute to the planet achieving sustainable
development.

As for the suggestion of future research, a
cluster analysis can be performed from the topics;
another suggestion is the accomplishment of a
more exploratory research with the analysis of
the transcriptions of the lectures and on the main
environmental problems mentioned by the TED
Talks videos and the main proposed solutions to
these problems.

As for the limitation of this research, we can
mention that there may be other videos that deal
with environmental problems for sustainable
development and that may not have been
inserted in this research. Because the video
selection process by “topics” still has its limita-
tions, this has already been mentioned by Hu
and Li (2017). Currently, the videos are indexed
on the TED website, and the search process
can be performed by “search talks,” “topics,”

https://www.ted.com/talks
https://www.ted.com/talks


TED Talks on Environment Issues for Sustainable
Development, Table 2 Environmental issues and
videos

Environmental issues Videos %

Climate change 32 32%

Pollution 24 24%

Natural resource depletion 22 22%

Species extinction 6 6%

Deforestation 5 5%

Overpopulation 4 4%

Global warming 3 3%

Loss of biodiversity 1 1%

Urban sprawl 1 1%

Waste production and disposal 1 1%

Total 99 100%

Source: Prepared by the authors

TED Talks on Environment Issues for Sustainable
Development, Table 3 Year, number of videos, and
views

Year Number of videos Views

2017 16 16,379,448

2016 15 18,610,506

2015 7 8,920,747

2014 5 4,443,862

2013 10 15,287,228

2012 13 14,709,050

2011 1 990,695

2010 15 13,512,668

2009 10 10,798,187

2008 1 1,793,750

2007 2 2,563,483

2006 2 3,829,911

2005 2 1,985,362

Total 99 113,824,897

Source: Prepared by the authors

TED Talks on Environment Issues for Sustainable
Development, Fig. 2 “Selection Process”, need Fig. 2
Videos’ selection process. Source: Prepared by the authors;

*2807 videos were identified because some topics include
the same videos

1922 TED Talks on Environment Issues for Sustainable Development
“languages,” and “duration” (https://www.ted.
com/topics). However, these filters do not tend
to be sufficient for the selection process of the
videos and to debate about a particular theme,
for example, environmental issues and sustain-
able development. It could be of true value, if
the TED Talks website included more specific
keywords, just as it is done for scientific articles;
this could contribute to an improvement in the
process of search and selection of videos by
theme.

https://www.ted.com/topics
https://www.ted.com/topics


TE
D
Ta

lk
s
on

En
vi
ro
n
m
en

t
Is
su
es

fo
r
Su

st
ai
n
ab

le
D
ev

el
op

m
en

t,
Ta

b
le

4
E
nv

ir
on

m
en
ta
li
ss
ue

on
T
E
D
ta
lk
s

N
E
nv

ir
on

m
en
ta
l

is
su
e

V
id
eo

tit
le

S
pe
ak
er

S
pe
ak
er
’s

co
un

tr
y
of

w
or
k

S
pe
ak
er
’s
m
ai
n
pr
of
es
si
on

Y
ea
r

of vi
de
o

V
ie
w
s

1
C
lim

at
e
ch
an
ge

A
cl
im

at
e
so
lu
tio

n
w
he
re

al
ls
id
es

ca
n
w
in

T
ed

H
al
st
ea
d

U
S
A

F
ou

nd
er

an
d
C
E
O
of

th
e
C
lim

at
e
L
ea
de
rs
hi
p

C
ou

nc
il

20
17

1,
13

0,
30

8

2
C
lim

at
e
ch
an
ge

A
cr
iti
ca
ll
oo

k
at
ge
oe
ng

in
ee
ri
ng

ag
ai
ns
tc
lim

at
e
ch
an
ge

D
av
id

K
ei
th

C
an
ad
a

P
ro
fe
ss
or

at
th
e
U
ni
ve
rs
ity

of
C
al
ga
ry

20
07

92
7,
34

6

3
C
lim

at
e
ch
an
ge

A
pr
ov

oc
at
iv
e
w
ay

to
fi
na
nc
e
th
e

fi
gh

ta
ga
in
st
cl
im

at
e
ch
an
ge

M
ic
ha
el
M
et
ca
lf
e

U
S
A

W
or
k
at
S
ta
te
S
tr
ee
tG

lo
ba
lm

ar
ke
ts

20
16

1,
19

8,
70

8

4
C
lim

at
e
ch
an
ge

C
an

cl
ou

ds
bu

y
us

m
or
e
tim

e
to

so
lv
e
cl
im

at
e
ch
an
ge
?

K
at
e
M
ar
ve
l

U
S
A

S
ci
en
tis
ta
tC

ol
um

bi
a
U
ni
ve
rs
ity

20
17

1,
07

7,
05

9

5
C
lim

at
e
ch
an
ge

C
an

w
e
st
op

cl
im

at
e
ch
an
ge

by
re
m
ov

in
g
C
O
2
fr
om

th
e
ai
r?

T
im

K
ru
ge
r

U
ni
te
d

K
in
gd

om
P
ro
fe
ss
or

at
U
ni
ve
rs
ity

of
O
xf
or
d

20
17

89
9,
45

0

6
C
lim

at
e
ch
an
ge

D
is
co
ve
ri
ng

an
ci
en
tc
lim

at
es

in
oc
ea
ns

an
d
ic
e

R
ob

D
un

ba
r

U
S
A

P
ro
fe
ss
or

at
S
ta
nf
or
d
U
ni
ve
rs
ity

20
10

55
5,
03

5

7
C
lim

at
e
ch
an
ge

G
lo
ba
lp

ri
or
iti
es

bi
gg

er
th
an

cl
im

at
e
ch
an
ge

B
jo
rn

L
om

bo
rg

D
en
m
ar
k

P
re
si
de
nt

of
th
e
C
op

en
ha
ge
n
C
on

se
ns
us

ce
nt
er

an
d
vi
si
tin

g
20

05
1,
41
1,
25

8

P
ro
fe
ss
or

at
C
op

en
ha
ge
n
B
us
in
es
s
S
ch
oo

l

8
C
lim

at
e
ch
an
ge

G
lo
ba
lw

ar
m
in
g’
s
th
em

e
so
ng

,
“M

an
ha
tta
n
in

Ja
nu

ar
y”

Ji
ll
S
ob

ul
e

U
S
A

S
in
ge
r

20
06

60
4,
82

3

9
C
lim

at
e
ch
an
ge

H
ow

th
e
m
ili
ta
ry

fi
gh

ts
cl
im

at
e

ch
an
ge

D
av
id

T
itl
ey

U
S
A

P
ro
fe
ss
or

at
P
en
ns
yl
va
ni
a
S
ta
te
U
ni
ve
rs
ity

20
17

70
6,
86

0

10
C
lim

at
e
ch
an
ge

L
et
th
e
en
vi
ro
nm

en
tg

ui
de

ou
r

de
ve
lo
pm

en
t

Jo
ha
n
R
oc
ks
tr
om

S
w
ed
en

P
ro
fe
ss
or

at
S
to
ck
ho

lm
U
ni
ve
rs
ity

20
10

95
5,
84

6

11
C
lim

at
e
ch
an
ge

L
et
’s
pr
ep
ar
e
fo
r
ou

r
ne
w
cl
im

at
e

V
ic
ki

A
rr
oy

o
U
S
A

E
xe
cu
tiv

e
D
ir
ec
to
r
of

th
e
G
eo
rg
et
ow

n
C
lim

at
e

C
en
te
r

20
12

1,
04

3,
80

1

12
C
lim

at
e
ch
an
ge

M
y
co
un

tr
y
w
ill

be
un

de
rw

at
er

so
on

–
un

le
ss

w
e
w
or
k
to
ge
th
er

A
no

te
T
on

g
K
ir
ib
at
i

H
e
w
as

P
re
si
de
nt

of
th
e
R
ep
ub

lic
of

K
ir
ib
at
i

20
15

1,
06

7,
29

7

13
C
lim

at
e
ch
an
ge

N
ew

th
in
ki
ng

on
th
e
cl
im

at
e
cr
is
is

A
lG

or
e

U
S
A

45
th

V
ic
e
P
re
si
de
nt

of
th
e
U
ni
te
d
S
ta
te
s

20
08

1,
79

3,
75

0

14
C
lim

at
e
ch
an
ge

T
he

em
er
ge
nt

pa
tte
rn
s
of

cl
im

at
e

ch
an
ge

G
av
in

S
ch
m
id
t

U
S
A

S
ci
en
tis
ta
tC

ol
um

bi
a
U
ni
ve
rs
ty
’s
E
ar
th

In
st
itu

te
20

14
1,
16

4,
61

4

15
C
lim

at
e
ch
an
ge

T
he

oc
ea
n’
s
sh
if
tin

g
ba
se
lin

e
D
an
ie
lP

au
ly

C
an
ad
a

R
es
ea
rc
he
r
at
U
ni
ve
rs
ity

of
B
ri
tis
h
C
ol
um

bi
a

20
10

22
8,
66

2

16
C
lim

at
e
ch
an
ge

T
he

sc
ie
nc
e
be
hi
nd

a
cl
im

at
e

he
ad
lin

e
R
ac
he
lP

ik
e

C
an
ad
a

R
es
ea
rc
he
r
at
th
e
U
ni
ve
rs
ity

of
C
am

br
id
ge

20
09

47
7,
14

0

(c
on

tin
ue
d
)

TED Talks on Environment Issues for Sustainable Development 1923

T

https://www.clcouncil.org/
https://www.clcouncil.org/


TE
D
Ta

lk
s
on

En
vi
ro
n
m
en

t
Is
su
es

fo
r
Su

st
ai
n
ab

le
D
ev

el
op

m
en

t,
Ta

b
le

4
(c
on

tin
ue

d)

N
E
nv

ir
on

m
en
ta
l

is
su
e

V
id
eo

tit
le

S
pe
ak
er

S
pe
ak
er
’s

co
un

tr
y
of

w
or
k

S
pe
ak
er
’s
m
ai
n
pr
of
es
si
on

Y
ea
r

of vi
de
o

V
ie
w
s

17
C
lim

at
e
ch
an
ge

T
he

st
at
e
of

th
e
cl
im

at
e
–
an
d
w
ha
t

w
e
m
ig
ht

do
ab
ou

ti
t

N
ic
ho

la
s
S
te
rn

U
ni
te
d

K
in
gd

om
P
re
si
de
nt

of
th
e
B
ri
tis
h
A
ca
de
m
y

20
14

78
2,
94

5

18
C
lim

at
e
ch
an
ge

W
e
ne
ed

nu
cl
ea
r
po

w
er

to
so
lv
e

cl
im

at
e
ch
an
ge

Jo
e
L
as
si
te
r

U
S
A

P
ro
fe
ss
or

at
H
ar
va
rd

B
us
in
es
s
S
ch
oo

l
20

16
1,
09

0,
57

8

19
C
lim

at
e
ch
an
ge

W
ha
t’
s
hi
dd

en
un

de
r
th
e

G
re
en
la
nd

ic
e
sh
ee
t?

K
ri
st
in

P
oi
na
r

U
S
A

P
ro
fe
ss
or

at
U
ni
ve
rs
ity

at
B
uf
fa
lo

20
17

1,
16

5,
17

4

20
C
lim

at
e
ch
an
ge

W
hy

cl
im

at
e
ch
an
ge

is
a
th
re
at
to

hu
m
an

ri
gh

ts
M
ar
y
R
ob

in
so
n

Ir
el
an
d

S
he

w
as

pr
es
id
en
to

f
Ir
el
an
d

20
12

1,
15

2,
20

1

21
C
lim

at
e
ch
an
ge

W
hy

I
m
us
ts
pe
ak

ou
ta
bo

ut
cl
im

at
e
ch
an
ge

Ja
m
es

H
an
se
n

U
S
A

P
ro
fe
ss
or

at
C
ol
um

bi
a
U
ni
ve
rs
ity

’s
E
ar
th

In
st
itu

te
20

12
1,
26

9,
67

6

22
C
lim

at
e
ch
an
ge

A
40

-y
ea
r
pl
an

fo
r
en
er
gy

A
m
or
y
L
ov

in
s

U
S
A

C
hi
ef

S
ci
en
tis
tR

oc
ky

M
ou

nt
ai
n
In
st
itu

te
20

12
1,
16

2,
05

9

23
C
lim

at
e
ch
an
ge

A
re
al
ity

ch
ec
k
on

re
ne
w
ab
le
s

D
av
id

M
ac
K
ay

U
ni
te
d

K
in
gd

om
P
ro
fe
ss
or

at
U
ni
ve
rs
ity

of
C
am

br
id
ge

20
12

47
1,
56

7

24
C
lim

at
e
ch
an
ge

A
sm

al
lc
ou

nt
ry

w
ith

bi
g
id
ea
s
to

ge
tr
id

of
fo
ss
il
fu
el
s

M
on

ic
a
A
ra
ya

C
os
ta
R
ic
a

A
dv

oc
at
e,
co
m
m
un

ic
at
or

an
d
ad
vi
se
r

20
16

1,
05

6,
98

8

25
C
lim

at
e
ch
an
ge

A
ve
rt
in
g
th
e
cl
im

at
e
cr
is
is

A
lG

or
e

U
S
A

45
th

vi
ce

pr
es
id
en
to

f
th
e
U
ni
te
d
S
ta
te
s

20
06

3,
22

5,
08

8

26
C
lim

at
e
ch
an
ge

C
lim

at
e
ch
an
ge

is
ha
pp

en
in
g.

H
er
e’
s
ho

w
w
e
ad
ap
t

A
lic
e
B
ow

s-
L
ar
ki
n

U
ni
te
d

K
in
gd

om
R
es
ea
rc
he
r
at
U
ni
ve
rs
ity

of
M
an
ch
es
te
r

20
15

1,
17

5,
12

4

27
C
lim

at
e
ch
an
ge

D
eb
at
e:
D
oe
s
th
e
w
or
ld

ne
ed

nu
cl
ea
r
en
er
gy
?

S
te
w
ar
tB

ra
nd

an
d

M
ar
k
Z
.J
ac
ob

so
n

U
S
A

E
nv

ir
on

m
en
ta
lis
ta
nd

fu
tu
ri
st
(S
te
w
ar
tB

ra
nd

)
P
ro
fe
ss
or

at
S
ta
nf
or
d
U
ni
ve
rs
ity

(M
ar
k

Z
.J
ac
ob

so
n)

20
10

1,
32

3,
38

5

28
C
lim

at
e
ch
an
ge

H
ow

to
fi
gh

td
es
er
ti
fi
ca
tio

n
an
d

re
ve
rs
e
cl
im

at
e
ch
an
ge

A
lla
n
S
av
or
y

U
S
A

P
re
si
de
nt

an
d
co
-f
ou

nd
er

of
th
e
S
av
or
y
In
st
itu

te
20

13
4,
35

4,
72

4

29
C
lim

at
e
ch
an
ge

T
ed

H
al
st
ea
d
A
cl
im

at
e
so
lu
tio

n
w
he
re

al
ls
id
es

ca
n
w
in

T
ed

H
al
st
ea
d

U
S
A

F
ou

nd
er

an
d
C
E
O
of

th
e
C
lim

at
e
L
ea
de
rs
hi
p

C
ou

nc
il

20
17

1,
13

0,
84

3

30
C
lim

at
e
ch
an
ge

T
he

ca
se

fo
r
op

tim
is
m

on
cl
im

at
e

ch
an
ge

A
lG

or
e

U
S
A

45
th

V
ic
e
P
re
si
de
nt

of
th
e
U
ni
te
d
S
ta
te
s

20
16

1,
66

3,
99

5

31
C
lim

at
e
ch
an
ge

T
he

in
si
de

st
or
y
of

th
e
P
ar
is

cl
im

at
e
ag
re
em

en
t

C
hr
is
tia
na

F
ig
ue
re
s

C
os
ta
R
ic
a

F
or
m
er

ex
ec
ut
iv
e
se
cr
et
ar
y
of

th
e
U
N
F
ra
m
ew

or
k

C
on

ve
nt
io
n
on

C
lim

at
e
C
ha
ng

e
(U

N
F
C
C
C
)

20
16

1,
05

3,
83

7

32
C
lim

at
e
ch
an
ge

W
ha
tr
iv
er
s
ca
n
te
ll
us

ab
ou

tt
he

E
ar
th
’s
hi
st
or
y

L
iz
H
aj
ek

U
S
A

A
ss
is
ta
nt

P
ro
fe
ss
or

at
P
en
ns
yl
va
ni
a
S
ta
te

U
ni
ve
rs
ity

20
17

1,
22

5,
04

1

1924 TED Talks on Environment Issues for Sustainable Development

https://www.clcouncil.org/
https://www.clcouncil.org/


33
C
lim

at
e
ch
an
ge

W
hy

w
e
ne
ed

to
im

ag
in
e
di
ff
er
en
t

fu
tu
re
s

A
na
b
Ja
in

U
ni
te
d

K
in
gd

om
C
o-
fo
un

de
r
an
d
D
ir
ec
to
r
of

S
up

er
fl
ux

20
17

1,
43

8,
58

5

34
D
ef
or
es
ta
tio

n
A
dr
on

e’
s
ey
e
vi
ew

of
co
ns
er
va
tio

n
V
ic
ki

A
rr
oy

o
U
S
A

E
xe
cu
tiv

e
D
ir
ec
to
r
of

th
e
G
eo
rg
et
ow

n
C
lim

at
e

C
en
te
r

20
13

60
5,
31

5

35
D
ef
or
es
ta
tio

n
E
co
lo
gy

fr
om

th
e
ai
r

G
re
g
A
sn
er

U
S
A

R
es
ea
rc
he
r
C
ar
ne
gi
e
In
st
itu

tio
n
fo
r
S
ci
en
ce

20
13

70
3,
69

0

36
D
ef
or
es
ta
tio

n
S
av
e
ra
in
fo
re
st
s
ho

pe
fu
ll
es
so
ns

fr
om

th
e
ba
ttl
e
to

T
as
so

A
ze
ve
do

B
ra
zi
l

F
or
es
tr
y
an
d
cl
im

at
e
ch
an
ge

co
ns
ul
ta
nt

an
d
so
ci
al

en
tr
ep
re
ne
ur

20
14

88
7,
86

0

37
D
ef
or
es
ta
tio

n
H
ow

to
gr
ow

a
fo
re
st
in

yo
ur

ba
ck
ya
rd

S
hu

bh
en
du

S
ha
rm

a
In
di
a

E
co
-e
nt
re
pr
en
eu
r

20
16

1,
38

2,
39

9

38
D
ef
or
es
ta
tio

n
T
he

m
ag
ic
of

th
e
A
m
az
on

:a
ri
ve
r

th
at
fl
ow

s
in
vi
si
bl
y
al
la
ro
un

d
us

A
nt
on

io
D
on

at
o

N
ob

re
B
ra
zi
l

R
es
ea
rc
he
r

20
10

1,
00

7,
61

8

39
G
lo
ba
l

w
ar
m
in
g

H
ow

to
tr
an
sf
or
m

ap
oc
al
yp

se
fa
tig

ue
in
to

ac
tio

n
on

gl
ob

al
w
ar
m
in
g

P
er

E
sp
en

S
to
kn

es
N
or
w
ay

P
sy
ch
ol
og

is
t

20
17

78
2,
79

9

40
G
lo
ba
l

w
ar
m
in
g

W
hy

I
st
ill

ha
ve

ho
pe

fo
r
co
ra
l

re
ef
s

K
ri
st
en

M
ar
ha
ve
r

U
S
A

M
ar
in
e
bi
ol
og

is
t

20
17

1,
13

4,
84

2

41
L
os
s
of

bi
od

iv
er
si
ty

T
he

ca
se

fo
r
fi
sh

fa
rm

in
g

M
ik
e
V
el
in
gs

N
et
he
rl
an
ds

F
ou

nd
er

A
-S
pa
rk

G
oo

d
V
en
tu
re
s

20
15

1,
19

8,
22

2

42
L
os
s
of

bi
od

iv
er
si
ty

H
ow

do
yo

u
sa
ve

a
sh
ar
k
yo

u
kn

ow
no

th
in
g
ab
ou

t?
S
im

on
B
er
ro
w

Ir
el
an
d

M
ar
in
e
bi
ol
og

is
t

20
10

48
4,
72

0

43
N
at
ur
al

re
so
ur
ce

de
pl
et
io
n

F
ou

r
w
ay
s
w
e
ca
n
av
oi
d
a

ca
ta
st
ro
ph

ic
dr
ou

gh
t

D
av
id

S
ed
la
k

U
S
A

P
ro
fe
ss
or

at
U
ni
ve
rs
ity

of
C
al
if
or
ni
a

20
16

1,
02

6,
62

5

44
N
at
ur
al

re
so
ur
ce

de
pl
et
io
n

A
ba
th

w
ith

ou
tw

at
er

L
ud

w
ic
k

M
ar
is
ha
ne

S
ou

th
A
fr
ic
a

E
nt
re
pr
en
eu
r,
In
ve
nt
or

D
ry
ba
th

20
12

1,
60

8,
55

4

45
N
at
ur
al

re
so
ur
ce

de
pl
et
io
n

A
cl
ea
n
en
er
gy

pr
op

os
al
–
ra
ce

to
th
e
to
p!

Je
nn

if
er

G
ra
nh

ol
m

U
S
A

C
an
ad
ia
n-
A
m
er
ic
an

po
lit
ic
ia
n

20
13

75
0,
08

2

46
N
at
ur
al

re
so
ur
ce

de
pl
et
io
n

A
bu

nd
an
ce

is
ou

r
fu
tu
re

P
et
er

D
ia
m
an
di
s

U
S
A

E
nt
re
pr
en
eu
r

20
12

1,
38

9,
28

8

47
N
at
ur
al

re
so
ur
ce

de
pl
et
io
n

D
on

’t
bu

ild
yo

ur
ho

m
e,
gr
ow

it!
M
itc
he
ll
Jo
ac
hi
m

U
S
A

C
o-
pr
es
id
en
ta
tT

er
re
fo
rm

O
N
E

20
10

1,
36

2,
16

4

(c
on

tin
ue
d
)

TED Talks on Environment Issues for Sustainable Development 1925

T



TE
D
Ta

lk
s
on

En
vi
ro
n
m
en

t
Is
su
es

fo
r
Su

st
ai
n
ab

le
D
ev

el
op

m
en

t,
Ta

b
le

4
(c
on

tin
ue

d)

N
E
nv

ir
on

m
en
ta
l

is
su
e

V
id
eo

tit
le

S
pe
ak
er

S
pe
ak
er
’s

co
un

tr
y
of

w
or
k

S
pe
ak
er
’s
m
ai
n
pr
of
es
si
on

Y
ea
r

of vi
de
o

V
ie
w
s

48
N
at
ur
al

re
so
ur
ce

de
pl
et
io
n

F
us
io
n
is
en
er
gy
’s
fu
tu
re

S
te
ve
n
C
ow

le
y

U
ni
te
d

K
in
gd

om
D
ir
ec
to
r
of

th
e
C
ul
ha
m

F
us
io
n
S
ci
en
ce

C
en
te
r

20
09

71
3,
63

0

49
G
lo
ba
l

w
ar
m
in
g

H
ow

fe
ar

of
nu

cl
ea
r
po

w
er

is
hu

rt
in
g
th
e
en
vi
ro
nm

en
t

M
ic
ha
el

S
he
lle
nb

er
ge
r

U
S
A

C
lim

at
e
po

lic
y
ex
pe
rt

20
16

1,
22

1,
61

9

50
N
at
ur
al

re
so
ur
ce

de
pl
et
io
n

H
ow

I
br
ou

gh
ta

ri
ve
r,
an
d
m
y

ci
ty
,b

ac
k
to

lif
e

A
zi
za

C
ha
ou

ni
C
an
ad
a

T
ea
ch
er

at
U
ni
ve
rs
ity

of
T
or
on

to
20

14
67

7,
71

4

51
N
at
ur
al

re
so
ur
ce

de
pl
et
io
n

H
ow

to
ke
ep

ri
ve
rs
an
d
st
re
am

s
fl
ow

in
g

R
ob

H
ar
m
on

U
S
A

N
at
ur
al
re
so
ur
ce
s
ex
pe
rt

20
10

60
2,
99

3

52
N
at
ur
al

re
so
ur
ce

de
pl
et
io
n

H
ow

w
e
ca
n
m
ak
e
cr
op

s
su
rv
iv
e

w
ith

ou
tw

at
er

Ji
ll
F
ar
ra
nt

S
ou

th
A
fr
ic
a

P
ro
fe
ss
or

at
U
ni
ve
rs
ity

of
C
ap
e
T
ow

n
20

15
1,
35

5,
07

6

53
N
at
ur
al

re
so
ur
ce

de
pl
et
io
n

H
ow

w
e
ca
n
m
ak
e
th
e
w
or
ld

a
be
tte
r
pl
ac
e
by

20
30

M
ic
ha
el
G
re
en

U
S
A

S
oc
ia
lp

ro
gr
es
s
ex
pe
rt

20
15

1,
19

7,
21

6

54
N
at
ur
al

re
so
ur
ce

de
pl
et
io
n

M
y
w
is
h:

P
ro
te
ct
ou

r
oc
ea
ns

S
yl
vi
a
E
ar
le

U
S
A

O
ce
an
og

ra
ph

er
20

09
1,
17

1,
89

2

55
N
at
ur
al

re
so
ur
ce

de
pl
et
io
n

N
at
ur
e
is
ev
er
yw

he
re

–
w
e
ju
st

ne
ed

to
le
ar
n
to

se
e
it

E
m
m
a
M
ar
ri
s

U
S
A

N
on

fi
ct
io
n
w
ri
te
r

20
16

1,
03

6,
88

3

56
N
at
ur
al

re
so
ur
ce

de
pl
et
io
n

T
he

an
ci
en
ti
ng

en
ui
ty

of
w
at
er

ha
rv
es
tin

g
A
nu

pa
m

M
is
hr
a

In
di
a

E
nv

ir
on

m
en
ta
lis
t

20
09

84
4,
77

5

57
N
at
ur
al

re
so
ur
ce

de
pl
et
io
n

T
hi
s
co
un

tr
y
is
n’
tj
us
tc
ar
bo

n
ne
ut
ra
l–

it
’s
ca
rb
on

ne
ga
tiv

e
T
sh
er
in
g
T
ob

ga
y

B
hu

ta
n

P
ri
m
e
M
in
is
te
r
of

B
hu

ta
n

20
16

2,
03

3,
31

3

58
N
at
ur
al

re
so
ur
ce

de
pl
et
io
n

T
ra
ns
iti
on

to
a
w
or
ld

w
ith

ou
to

il
R
ob

H
op

ki
ns

U
ni
te
d

K
in
gd

om
In
de
pe
nd

en
ta
ct
iv
is
ta
nd

w
ri
te
r
on

en
vi
ro
nm

en
ta
l

is
su
es

20
09

81
6,
61

5

1926 TED Talks on Environment Issues for Sustainable Development



59
N
at
ur
al

re
so
ur
ce

de
pl
et
io
n

A
co
un

tr
y
w
ith

no
w
at
er

F
ah
ad

A
l-
A
tti
ya

Q
at
ar

F
oo

d
se
cu
ri
ty

ex
pe
rt

20
12

1,
42

7,
33

7

60
N
at
ur
al

re
so
ur
ce

de
pl
et
io
n

A
yo

un
g
sc
ie
nt
is
t’
s
qu

es
tf
or

cl
ea
n

w
at
er

D
ee
pi
ka

K
ur
up

U
S
A

In
ve
nt
or

an
d
S
tu
de
nt

sc
ie
nt
is
t

20
16

1,
00

2,
63

0

61
N
at
ur
al

re
so
ur
ce

de
pl
et
io
n

H
ig
h-
al
tit
ud

e
w
in
d
en
er
gy

fr
om

ki
te
s!

S
au
lG

ri
ffi
th

A
us
tr
al
ia
n

In
ve
nt
or

20
09

64
0,
36

8

62
N
at
ur
al

re
so
ur
ce

de
pl
et
io
n

H
ow

I
bu

ilt
a
w
in
dm

ill
W
ill
ia
m

K
am

kw
am

ba
M
al
aw

i
In
ve
nt
or

20
07

1,
63

6,
13

7

63
N
at
ur
al

re
so
ur
ce

de
pl
et
io
n

H
ow

I
te
ac
h
ki
ds

to
lo
ve

sc
ie
nc
e

C
es
ar

H
ar
ad
a

U
ni
te
d

K
in
gd

om
T
ea
ch
er

at
G
ol
ds
m
ith

s
U
ni
ve
rs
ity

L
on

do
n

20
15

1,
65

7,
35

0

64
N
at
ur
al

re
so
ur
ce

de
pl
et
io
n

L
et
th
e
en
vi
ro
nm

en
tg

ui
de

ou
r

de
ve
lo
pm

en
t

Jo
ha
n
R
oc
ks
tr
om

S
w
ed
en

P
ro
fe
ss
or

at
S
to
ck
ho

lm
U
ni
ve
rs
ity

20
10

95
5,
83

2

65
N
at
ur
al

re
so
ur
ce

de
pl
et
io
n

L
et
’s
tr
an
sf
or
m

en
er
gy

–
w
ith

na
tu
ra
lg

as
T.

B
oo

ne
P
ic
ke
ns

U
S
A

E
nt
re
pr
en
eu
r
an
d
en
er
gy

th
eo
ri
st

20
12

61
9,
10

0

66
N
at
ur
al

re
so
ur
ce

de
pl
et
io
n

T
he

m
is
si
ng

lin
k
to

re
ne
w
ab
le

en
er
gy

D
on

al
d
S
ad
ow

ay
U
S
A

M
at
er
ia
ls
en
gi
ne
er

20
12

1,
82

5,
02

0

67
O
ve
rp
op

ul
at
io
n

H
ow

m
eg
ac
iti
es

ar
e
ch
an
gi
ng

th
e

m
ap

of
th
e
w
or
ld

P
ar
ag

K
ha
nn

a
S
in
ga
po

re
G
lo
ba
lS

tr
at
eg
is
t

20
16

94
5,
59

0

68
O
ve
rp
op

ul
at
io
n

T
he

ea
rt
h
is
fu
ll

P
au
lG

ild
in
g

U
S
A

W
ri
te
r,
en
vi
ro
nm

en
ta
lis
t,
co
ns
ul
ta
nt

20
12

1,
18

8,
74

2

69
O
ve
rp
op

ul
at
io
n

W
ir
in
g
an

in
te
ra
ct
iv
e
oc
ea
n

Jo
hn

D
el
an
ey

U
S
A

O
ce
an
og

ra
ph

er
20

10
33

4,
27

7

70
O
ve
rp
op

ul
at
io
n

G
lo
ba
lp

op
ul
at
io
n
gr
ow

th
,b
ox

by
bo

x
H
an
s
R
os
lin

g
S
w
ed
en

G
lo
ba
lh

ea
lth

ex
pe
rt
;d

at
a
vi
si
on

ar
y
an
d
P
ro
fe
ss
or

at
S
w
ed
en
’s
K
ar
ol
in
sk
a
In
st
itu

te
20

10
3,
02

1,
40

6

71
P
ol
lu
tio

n
4
en
vi
ro
nm

en
ta
l“
he
re
si
es
”

S
te
w
ar
tB

ra
nd

U
S
A

E
nv

ir
on

m
en
ta
lis
ta
nd

fu
tu
ri
st

20
09

65
6,
22

5

72
P
ol
lu
tio

n
7
pr
in
ci
pl
es

fo
r
bu

ild
in
g
be
tte
r

ci
tie
s

P
et
er

C
al
th
or
pe

U
S
A

U
rb
an

de
si
gn

er
20

17
1,
16

2,
78

6

73
P
ol
lu
tio

n
A
no

ve
li
de
a
fo
r
cl
ea
ni
ng

up
oi
l

sp
ill
s

C
es
ar

H
ar
ad
a

U
ni
te
d

K
in
gd

om
T
ea
ch
es

at
G
ol
ds
m
ith

s
U
ni
ve
rs
ity

L
on

do
n

20
12

84
8,
96

4

74
P
ol
lu
tio

n
A
ro
bo

tt
ha
te
at
s
po

llu
tio

n
Jo
na
th
an

R
os
si
te
r

U
ni
te
d

K
in
gd

om
P
ro
fe
ss
or

of
R
ob

ot
ic
s
at
U
ni
ve
rs
ity

of
B
ri
st
ol

20
17

1,
15

8,
34

3

(c
on

tin
ue
d
)

TED Talks on Environment Issues for Sustainable Development 1927

T

http://ki.se/ki/jsp/polopoly.jsp?d=130&l=en


TE
D
Ta

lk
s
on

En
vi
ro
n
m
en

t
Is
su
es

fo
r
Su

st
ai
n
ab

le
D
ev

el
op

m
en

t,
Ta

b
le

4
(c
on

tin
ue

d)

N
E
nv

ir
on

m
en
ta
l

is
su
e

V
id
eo

tit
le

S
pe
ak
er

S
pe
ak
er
’s

co
un

tr
y
of

w
or
k

S
pe
ak
er
’s
m
ai
n
pr
of
es
si
on

Y
ea
r

of vi
de
o

V
ie
w
s

75
P
ol
lu
tio

n
A
sm

og
va
cu
um

cl
ea
ne
r
an
d
ot
he
r

m
ag
ic
al
ci
ty

de
si
gn

s
D
aa
n

R
oo

se
ga
ar
de

N
et
he
rl
an
ds

D
ut
ch

ar
tis
ta
nd

fo
un

de
r
of

S
tu
di
o
R
oo

se
ga
ar
de

20
17

88
2,
23

1

76
P
ol
lu
tio

n
A
yo

un
g
in
ve
nt
or
’s
pl
an

to
re
cy
cl
e

st
yr
of
oa
m

A
sh
to
n
C
of
er

U
S
A

In
ve
nt
or

20
17

1,
11
9,
26

0

77
P
ol
lu
tio

n
A
re

m
us
hr
oo

m
s
th
e
ne
w
pl
as
tic
?

E
be
n
B
ay
er

U
S
A

C
E
O
an
d
co
-f
ou

nd
er

E
co
va
tiv

e
20

10
1,
11
2,
32

9

78
P
ol
lu
tio

n
F
as
hi
on

ha
s
a
po

llu
tio

n
pr
ob

le
m

–
ca
n
bi
ol
og

y
fi
x
it?

N
at
sa
iA

ud
re
y

C
hi
ez
a

U
ni
te
d

K
in
gd

om
D
es
ig
n
re
se
ar
ch

20
17

65
4,
89

3

79
P
ol
lu
tio

n
H
ow

hu
m
an

no
is
e
af
fe
ct
s
oc
ea
n

ha
bi
ta
ts

K
at
e
S
ta
ff
or
d

U
S
A

P
ro
fe
ss
or

at
U
ni
ve
rs
ity

of
W
as
hi
ng

to
n
in

S
ea
ttl
e

20
16

1,
07

8,
76

2

80
P
ol
lu
tio

n
H
ow

po
llu

tio
n
is
ch
an
gi
ng

th
e

oc
ea
n’
s
ch
em

is
tr
y

T
ri
on

a
M
cG

ra
th

Ir
el
an
d

C
he
m
ic
al
oc
ea
no

gr
ap
he
r

20
16

1,
19

2,
61

6

81
P
ol
lu
tio

n
O
ur

ca
m
pa
ig
n
to

ba
n
pl
as
tic

ba
gs

in
B
al
i

M
el
at
ia
nd

Is
ab
el

W
ijs
en

In
do

ne
si
a

S
pe
ak
er
s

20
15

1,
27

0,
46

3

82
P
ol
lu
tio

n
P
ap
er

be
at
s
pl
as
tic
?
H
ow

to
re
th
in
k
en
vi
ro
nm

en
ta
lf
ol
kl
or
e

H
ar
is
h
M
an
w
an
i

N
o

id
en
ti
fi
ed

C
O
O
,U

ni
le
ve
r

20
13

1,
24

2,
95

8

83
P
ol
lu
tio

n
P
la
nn

in
g
fo
r
th
e
en
d
of

oi
l

R
ic
ha
rd

S
ea
rs

U
S
A

V
is
iti
ng

sc
ie
nt
is
ta
tM

IT
20

10
60

9,
30

5

84
P
ol
lu
tio

n
S
an
ita
tio

n
is
a
ba
si
c
hu

m
an

ri
gh

t
F
ra
nc
is
de

lo
s

R
ey
es

U
S
A

P
ro
fe
ss
or

at
N
or
th

C
ar
ol
in
a
S
ta
te
U
ni
ve
rs
ity

20
13

75
9,
21

8

85
P
ol
lu
tio

n
S
av
e
th
e
oc
ea
ns
,f
ee
d
th
e
w
or
ld
!

Ja
ck
ie
S
av
itz

U
S
A

V
ic
e
P
re
si
de
nt

fo
r
U
.S
.O

ce
an
s

20
13

1,
19

2,
49

5

86
P
ol
lu
tio

n
S
ea
s
of

pl
as
tic

C
ha
rl
es

M
oo

re
U
S
A

F
ou

nd
er

of
th
e
A
lg
al
ita

M
ar
in
e
R
es
ea
rc
h

F
ou

nd
at
io
n

20
09

1,
12

1,
02

3

87
P
ol
lu
tio

n
T
he

ec
on

om
ic
in
ju
st
ic
e
of

pl
as
tic

V
an

Jo
ne
s

U
S
A

S
oc
ia
lj
us
tic
e
an
d
gr
ee
n
en
er
gy

ac
tiv

is
t

20
10

48
0,
51

3

1928 TED Talks on Environment Issues for Sustainable Development



88
P
ol
lu
tio

n
T
w
o
yo

un
g
sc
ie
nt
is
ts
br
ea
k
do

w
n

pl
as
tic
s
w
ith

ba
ct
er
ia

M
ir
an
da

W
an
g

an
d
Je
an
ny

Y
ao

U
S
A

S
ci
en
ce

fa
ir
w
in
ne
rs

20
13

1,
23

4,
25

0

89
P
ol
lu
tio

n
U
be
r’
s
pl
an

to
ge
tm

or
e
pe
op

le
in
to

fe
w
er

ca
rs

T
ra
vi
s
K
al
an
ic
k

U
S
A

E
nt
re
pr
en
eu
r

20
16

1,
62

5,
96

3

90
P
ol
lu
tio

n
A
ne
w
ec
os
ys
te
m

fo
r
el
ec
tr
ic
ca
rs

S
ha
iA

ga
ss
i

Is
ra
el

E
nt
re
pr
en
eu
r

20
09

1,
15

1,
30

9

91
P
ol
lu
tio

n
H
ow

to
gr
ow

fr
es
h
ai
r

K
am

al
M
ea
ttl
e

In
di
an

E
nt
re
pr
en
eu
r

20
09

3,
20

5,
21

0

92
P
ol
lu
tio

n
T
he

fu
tu
re

of
ca
rs

L
ar
ry

B
ur
ns

U
S
A

A
ut
om

ot
iv
e
re
se
ar
ch
er

20
05

57
4,
10

4

93
P
ol
lu
tio

n
T
ou

gh
tr
ut
hs

ab
ou

tp
la
st
ic

po
llu

tio
n

D
ia
nn

a
C
oh

en
U
S
A

A
rt
is
ta
nd

co
-f
ou

nd
er

of
th
e
pl
as
tic

po
llu

tio
n

co
al
iti
on

20
10

70
7,
24

5

94
S
pe
ci
es

ex
tin

ct
io
n

T
he

da
w
n
of

de
-e
xt
in
ct
io
n.

A
re

yo
u
re
ad
y?

S
te
w
ar
tB

ra
nd

U
S
A

E
nv

ir
on

m
en
ta
lis
ta
nd

fu
tu
ri
st

20
13

1,
95

5,
26

6

95
S
pe
ci
es

ex
tin

ct
io
n

E
ve
ry

ci
ty

ne
ed
s
he
al
th
y
ho

ne
y

be
es

N
oa
h
W
ils
on

-
R
ic
h

U
S
A

E
nt
re
pr
en
eu
r,
fo
un

de
d
B
es
tB

ee
s
C
om

pa
ny

20
12

70
2,
74

1

96
S
pe
ci
es

ex
tin

ct
io
n

F
or

th
e
lo
ve

of
bi
rd
s

W
as
hi
ng

to
n

W
ac
hi
ra

K
en
ya

E
co
lo
gi
st

20
17

71
0,
97

3

97
S
pe
ci
es

ex
tin

ct
io
n

W
hy

be
es

ar
e
di
sa
pp

ea
ri
ng

M
ar
la
S
pi
va
k

U
S
A

B
ee
s
sc
ho

la
r

20
13

2,
48

9,
23

0

98
U
rb
an

sp
ra
w
l

H
ow

to
pr
ot
ec
tf
as
t-
gr
ow

in
g
ci
tie
s

fr
om

fa
ili
ng

R
ob

er
tM

ug
ga
h

C
an
ad
a

M
eg
ac
iti
es

ex
pe
rt

20
14

93
0,
72

9

99
W
as
te

pr
od

uc
tio

n
an
d

di
sp
os
al

W
e
ca
n
re
cy
cl
e
pl
as
tic

M
ik
e
B
id
dl
e

U
S
A

P
la
st
ic
s
re
cy
cl
er

20
11

99
0,
69

5

S
ou

rc
e:
P
re
pa
re
d
by

th
e
au
th
or
s

TED Talks on Environment Issues for Sustainable Development 1929

T



1930 TEL (Technology-Enhanced Learning)
Acknowledgments This research was supported by Bra-
zilian National Council for Scientific and Technological
Development (CNPq/Brazil), project 303669/2015-2, and
by Portuguese Science Foundation (FCT/Portugal)
through NECE (Núcleo de Estudos em Ciências
Empresariais), project UID/GES/04630/2013.
References

Brundtland GH (1987) Report of the World Commission
on environment and development: “Our common
future”. United Nations

Caliendo G (2012) The popularisation of science in web-
based genres. In: Caliendo G, Bongo G (eds) The
language of popularisation: theoretical and descriptive
models, vol 3. Peter Lang, Bern, pp 101–132

DaVia Rubenstein L (2012) Using TED talks to inspire
thoughtful practice. Teach Educ 47(4):261–267

Elkington J (1994) Towards the sustainable corporation:
win-win-win business strategies for sustainable devel-
opment. Calif Manag Rev 36(2):90–100

Gardner GT, Stern PC (2005) Environmental problems
and human behavior, 2nd edn. Pearson Custom
Publishing, Boston, pp 120–123. isbn:0-536-
68633-5

Hayward PA (2017) Incorporating TED talk assignments
into a public-speaking course. Commun Teach
31(4):239–244

Hu CC, Li HL (2017) Developing navigation graphs for
TED talks. Comput Hum Behav 66:26–41

Loya MA, Klemm T (2016) Teaching note – using TED
talks in the social work classroom: encouraging student
engagement and discourse. J Soc Work Educ 52(4):
518–523

Pappas N, Popescu-Belis A (2015) Combining content
with user preferences for non-fiction multimedia rec-
ommendation: a study on TED lectures. Multimed Tool
Appl 74(4):1175–1197

Romanelli F, Cain J,McNamara PJ (2014) ShouldTED talks
be teaching us something? Am J Pharm Educ 78(6):113

Scotto di Carlo G (2014) The role of proximity in online
popularizations: the case of TED talks. Discourse Stud
16(5):591–606

Stob P (2015) Talk like TED: the 9 public-speaking secrets
of the world’s top minds. Quarterly Journal of Speech
101(1): 311–314

Sugimoto CR, Thelwall M, Larivière V, Tsou A,
Mongeon P, Macaluso B (2013) Scientists popularizing
science: characteristics and impact of TED talk pre-
senters. PLoS One 8(4):1–8

Taibi D, Chawla S, Dietze S, Marenzi I, Fetahu B (2015)
Exploring TED talks as linked data for education. Br
J Educ Technol 46(5):1092–1096

Technology, Entertainment, and Design – TED (2017) Pro-
grams and initiatives. Available on: https://www.ted.
com/about/programs-initiatives. Accessed 20 Nov 2017

Tsou A, Thelwall M, Mongeon P, Sugimoto CR (2014)
A community of curious souls: an analysis of
commenting behavior on TED talks videos. PLoS
One 9(4):1–11

United Nations Development Programme –UNDP (2016).
Sustainable development goals. Available on: http://
www.undp.org/content/dam/undp/library/corporate/
brochure/SDGs_Booklet_Web_En.pdf. Accessed
20 Nov 2017

Vlek C, Steg L (2007) Human behavior and environmental
sustainability: problems, driving forces, and research
topics. J Soc Issues 63(1):1–19
TEL (Technology-Enhanced
Learning)
▶Technology-Enhanced Learning and Education
for Sustainable Development
Transaction Spillover
▶Externalities and Sustainability Processes
Transdisciplinarity and
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Introducing Transdisciplinarity: Beyond
Multi- and Interdisciplinarity

According to Thomas Kuhn, practitioners of a
scientific discipline share symbolic generaliza-
tions, models and exemplars, which define the
problems and possible solutions offered by their
discipline (Kuhn 1970; Aram 2004). Disciplines
are the basic building blocks of the academic
knowledge production. Most commonly, the dis-
tinction between multidisciplinary, interdisciplin-
ary, and transdisciplinary research is made as
follows. Multidisciplinary research is considered
as a loose collection of distinct disciplinary
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components, without further efforts for integra-
tion between these components. Interdisciplinary
research in contrast refers to a more synthetic
intent to integrate knowledge from different dis-
ciplines, by a more or less integral relationship
between knowledge sources (Aram 2004;
Bammer 2013; Li and Sakamoto 2015; Edelenbos
et al. 2017). Inter- and transdisciplinarity share the
common idea of an opening or a transgression of
the boundaries between disciplines. But whereas
interdisciplinary research mainly focuses on artic-
ulating the contributions of different academic
disciplines into one coherent framework, transdis-
ciplinary research wants to go further in this syn-
thetic endeavor by integrating different forms of
disciplinary academic knowledge with non-
academic forms of knowledge (Popa et al. 2015).
This integration of nonacademic knowledge is
realized by involving a diversity of social actors –
not only scientists but also citizens, policy
makers, resource managers, private companies,
and nongovernmental organizations – in a joint
knowledge production process (Edelenbos et al.
2017). The involvement of different kinds of
stakeholders is considered a necessary contribu-
tion to both the quality and legitimacy of the
knowledge that is needed to generate sustainable
solutions for complex realities (Ayre and Nettle
2015; Cundill et al. 2015).

In what follows, first the close relationship
between transdisciplinarity, integrating different
kinds of knowledge, and sustainable develop-
ment, involving multiple actors, will be
highlighted. In the next part, transdisciplinarity
is presented as an alternative approach to counter
the negative consequences of the disciplinary spe-
cialization, dominating modern Western science,
for sustainable development. Then the complex,
“wicked” nature of sustainability-related prob-
lems is analyzed as a driver for transdisciplinary
research. The importance of linking different
ways of knowing, including also non-Western
ways of knowing that reinforce a holistic
approach to the environment, is emphasized sub-
sequently. Finally the main (epistemological, psy-
chological, cultural, and institutional) barriers that
hamper the spreading of transdisciplinarity are
presented.
Strong Sustainability and Multi-actor
Sustainable Development

The current concepts of sustainable development
are mostly derived from the definition by the
popular Brundtland report (World Commission
on Environment and Development 1987) as
“development that meets the needs of the present
without compromising the needs of future gener-
ations.” Sustainable development refers to a holis-
tic approach to the complex problems that
challenge the future of human societies. It should
lead the world to a new kind of human-ecosystem
equilibrium.

Sustainability is a contested concept, and the
sustainable development approach has been criti-
cized for giving pretexts to the business world to
continue doing business as usual (Lankoski
2016). As a reaction to this critique, gradually
more emphasis has been put on issues of equity,
social justice, and planetary ecological bound-
aries. Sustainability defenders advocate for a
strong concept (substitutability of nonrenewable
natural resources is not tolerated) of absolute sus-
tainability (not evaluated by comparing with other
actors’ efforts but with absolute standards, such as
planetary boundaries) and with a broad scope (all
relevant considerations, environmental as well as
social and economic, have to be taken into
account simultaneously) (Lankoski 2016). Sus-
tainable development is then conceived as a joint
global challenge for all social actors worldwide to
develop together a more sustainable way of pro-
ducing and consuming. This approach is replacing
the former dominant development approach
targeting the poor “underdeveloped” countries in
the Southern hemisphere to become developed
according to the model conceived by the rich,
industrialized countries of the North, as this last
model has proven to be unsustainable on a global
scale.

The new approach to sustainable development
is considered a collaborative challenge for a diver-
sity of actors worldwide, as expressed by the
Sustainable Development Goals of the United
Nations (SDG, also known as the UN Agenda
2030) that have followed the Millennium Devel-
opment Goals. The SDG’s consist of 17 global
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goal sets, like poverty eradication, good health,
climate change, etc. (http://www.un.org/sustaina
bledevelopment/sustainable-development-goals/).
Although each goal has its own targets, taking
care of the interrelationships between the different
goals is of preponderant importance. The last and
most overarching of the 17 goal sets, “Partner-
ships for the goals,” focuses specifically on the
necessary collaboration to reach all the other
goals. The importance which is given to collabo-
ration between social actors for sustainable devel-
opment in the framework of the SDGs might
explain the interest in transdisciplinarity as the
approach for mobilizing and integrating the
knowledge which is necessary to reach that kind
of development.
Short History from Positivist Disciplinary
Knowledge to Transdisciplinarity for
Sustainable Development

The history of transdisciplinarity goes back to the
second half of the twentieth century, with philos-
ophers of science like Michael Polanyi (1966)
pointing to the need of transcending disciplinary
boundaries. Only recently from the beginning of
the twenty-first century, the concept became pop-
ular in the academic community, specifically
related to the domain of sustainability (Polanyi
1966; Bernstein et al. 2014; Klein 2015).

Since the Age of the Enlightenment, positivism
has dominated knowledge production in Western
societies. It was the motor for starting the Indus-
trial Revolution in the eighteenth century.
Although positivism found its origin in the natural
sciences, its application in the human and social
sciences from the nineteenth century onwards
supported the installation of the social infrastruc-
ture (scientific management) alongside the mate-
rial infrastructure (machines) that is necessary for
the mass production of goods and services. Posi-
tivist knowledge is based on experimentation with
specific instruments to find general laws that are
expressed by specialist language. Compartmen-
talization of reality in different disciplines and
the exclusion of different modes of experiencing
the world and expressing these experiences (in a
way that is aesthetic, creative, legal, spiritual, etc.)
are at the reverse side of the modern way of
knowing (Latour 2013). The monopoly of disci-
plinary scientific knowledge to inform policy has
been criticized for leading to a technocracy that
does not take into account adequately the complex
and continuously changing nature of reality
(Richardson et al. 2005). This has become even
more problematic in the current interconnected
global society, with high degrees of
interdependence, uncertainties, and ambiguities.
As a consequence, sustainability problems are
attributed precisely to the fragmented nature and
simple cause-effect logic of positivist disciplinary
sciences.

To reverse this situation, the plurality of
knowledge cultures that characterizes our human
existence is deemed necessary to be taken into
account. Especially when it comes to dealing
with environmental problems, the ancestral
wisdom of indigenous knowledge, which is
rooted in millennia of intimate contact with the
natural environment, must not be neglected
(Dewulf et al. 2005; Brugnach et al. 2014). The
UN Conference on Environment and Develop-
ment in Rio (1992) already emphasized the impor-
tance of indigenous knowledge to be linked with
the findings of Western science, to produce
knowledge for sustainable development (Pohl
et al. 2010).
Wicked Sustainability Problems and
Transdisciplinarity

The acknowledgment of the complex nature of the
problems resulting from interrelated natural and
social systems, like climate change, decreasing
biodiversity, extreme poverty, financial crisis,
and migration flows, has been a strong driver for
transdisciplinarity (Bammer 2013; Cilliers and
Nicolescu 2012; Klein 2015; Richardson et al.
2005). These problems are usually characterized
by a plurality of decision-makers, pervasive
uncertainties, spatial and inter-temporal external-
ities, interplay of human and natural components,
and an evolving understanding of policy objec-
tives. They do not enter the scientific realm as
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neutral objects of inquiry, but from the starting
phase of the problem definition, they are value-
laden and guided by a transformational perspec-
tive toward a more desirable state of affairs (Rittel
andWebber 1973; Popa et al. 2015). It is precisely
this coevolution of understanding and alignment
of purpose through transdisciplinary research
which makes the desired transformational change
a real possibility (Cundill et al. 2015).

Rittel and Webber (1973) have called these
problems “wicked,” because they are not just dif-
ficult to resolve, but they are even hard to define.
Most of the problems addressed by the SDG’s
have wicked characteristics (Tulder 2017): they
are related to many other (wicked) problems, they
are entangled with value questions about the pub-
lic good and social equity, their causes are glob-
ally interconnected but their consequences are
highly context-dependent, there are many
different – apparently competing – explanations,
and responsibilities of public and private actors
are not clear. They cannot be answered in an
objective way, and as a consequence there is not
one best solution for such problems. But although
they cannot be solved definitely, they have to be
managed in the best possible way, by a transdis-
ciplinary learning process among all involved
actors. The ability for dealing with wicked sus-
tainability problems depends on the variety of
knowledge perspectives that can contribute in a
relevant way and of the connectivity between the
knowledge holders to connect the different per-
spectives in ways which make sense and add
value for all the involved actors.

In recent years there is a strongly increasing
number of references to transdisciplinarity to
tackle the major problems of human societies
(Pohl et al. 2010; Bernstein et al. 2014; Trencher
et al. 2014; Cundill et al. 2015; Lawrence 2015;
Polk 2015). Transdisciplinary research reports are
related to a vast array of sustainability problems
such as climate change (Serrao-Neumann et al.
2015), water and catchment management (Gray
2008; Ayre and Nettle 2015; Cundill et al. 2015),
land use (Gerritsen et al. 2013; Li and Sakamoto
2015), public health (Bammer 2013), and urban
development (Polk 2015). The growing interest is
also expressed by the formation of international
platforms such as Future Earth (http://www.
futureearth.org/) and its Program for Ecosystem
Change and Society (http://www.pecs-science.
org/). There is also increasing support by funding
programs such as the International Social Science
Council and the Belmont Forum. As a result,
sustainability research is stimulating the develop-
ment of a growing body of transdisciplinary
scholarship. This is also resulting in new transdis-
ciplinary academic paradigms, like “ecological
economics,” that recognize the importance of
linking academic with nonacademic, contextual-
ized, and indigenous ways of knowledge and that
are becoming increasingly influential in academia
and at a policy level (Popa et al. 2015).
Multiple Stakeholders as Knowledge
Co-creators

The tendency to recognize the role of non-
academic actors in the knowledge creation pro-
cess is influenced by ideas on new types of
(multi-actor) governance in policy studies.
Forms of polycentric governance are conceived
as an alternative for the common centralistic and
hierarchical governments that are criticized for
their limited potential of generating the necessary
changes in a complex society (Gerritsen et al.
2013). The multi-actor governance concept has
led to the idea of knowledge governance, which
shares important principles with transdisciplinary
knowledge production, like social learning,
reflexivity, and boundary management (Gerritsen
et al. 2013).

In today’s societies there is a growing openness
for and interest from nonacademic actors to be
actively involved in knowledge production for
sustainable development. This can be related to
the growing importance of well-organized civil
society organizations with a social and ecological
agenda. Not only established organizations, like
workers’ unions and consumer organizations, but
myriads of new virtual groups, mobilizing for
diverse issues like animal rights, food security,
personal health, and well-being, are motivated to
contribute their expertise concerning their topics
of interest. These organizations are buttressed by
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the high education level of (part of) the population
(Gray 2008). For example, an estimated 90% of
the ever-increasing number of PhD graduates do
not end up in an academic career but are potential
citizen scientists! As a consequence, citizen
groups can often rely on nonprofessional but
highly skilled researchers, and the difference
between academic researchers and nonacademic,
interested citizens becomes blurred.

Not only academically trained citizens are
addressed in knowledge co-creation for sustain-
able development. Different forms of experiential
knowledge and non-Western ways of knowing,
contained in oral histories and traditional ceremo-
nies, are welcomed in a joint knowledge
co-creation process. The participation of indige-
nous people, with a cosmovision focused on being
part and taking care of a healthy environment, will
not just add more fragmented information, but it
can also reinforce the more holistic relationship
with the environment which is needed for strong
sustainability. The Intergovernmental Panel on
Climate Change (IPCC) recognizes in its reports
the necessity to include indigenous knowledge as
an invaluable basis to develop mitigation and
adaptation strategies for environmental changes
(Brugnach et al. 2014).
Barriers for Transdisciplinarity

Notwithstanding the increased awareness of the
necessity of transdisciplinary research, the widen-
ing array of contexts in which it is applied, and the
growth of the number of publications, trans-
disciplinarity is still far from being mainstream.
It is poorly recognized by professional institu-
tions, it is rarely taught in higher education pro-
grams, and it is hard to get financial support for it
(Gray 2008; Darbellay 2015; Lawrence 2015). In
the following parts, we will briefly indicate the
main epistemological, psychological, cultural,
and institutional barriers that hamper the spread-
ing of transdisciplinarity in the world today.

Epistemological Barriers
Transdisciplinary endeavors confront us with the
philosophical question of the commensurability
or incommensurability of different types of
knowledge: is reality monolithic so that we can
register it, measure it, understand it, and talk about
it with one overarching frame, or are we deemed
to the plurality of reality experiences, and in that
case, can the expressions of these plural experi-
ences be meaningfully linked, compared with
each other, and aggregated in some way to address
complex sustainability problems? Modern posi-
tivist sciences have been driven by the conviction
of explaining a monolithic reality by a rational,
overarching framework. But specialization has
driven modern sciences in the opposite direction:
the fragmentation of knowledge. Disciplinary
specialization makes knowledge very hard to
explain in an understandable way and to link it
in a meaningful way with the knowledge of other
specialists and with the lived experiences of lay
persons (Klein 2015).

Transdisciplinary scholars often bypass philo-
sophical debates about the nature of reality in
favor of their practices (Aram 2004). They adopt
a pragmatist approach involving scientific and
extrascientific expertise in collective processes
of problem framing and problem-solving through
joint experimentation and social learning. Prag-
matism challenges the reductionist model of pos-
itivism and the presumed dichotomies between
understanding and practice and between produc-
tion and use of knowledge (Popa et al. 2015). In
such a perspective, scientific development is not
based on predefined, context-independent criteria
of rational acceptability, but it is rather rooted in a
collaborative process of concrete problem-solving
in which participants are led to jointly reframe and
connect their understandings.

But this pragmatic approach is not without
pitfalls. Each disciplinary paradigm has implicit
assumptions about what counts and what is valu-
able. Transdisciplinarity is not just connecting
different disciplinary frameworks, but jointly ana-
lyzing and reflecting on the implicit assumptions
and value statements of different frameworks
(Popa et al. 2015). Without this critical reflection,
pragmatic transdisciplinarity risks slipping into
“epistemological isolationism,” which means
that one disciplinary model is imposed over the
others, and possibly enriched with fragmented
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adoptions from other disciplines (called “episte-
mological imperialism” by Flood and Romm
1996). For instance, market economic models
have been quite dominant in policy research
regarding climate change, incorporating borrow-
ings from ecological and behavioral sciences in
their global theories, leading to an almost exclu-
sive focus on emissions trading schemes
(Anshelm and Hultman 2015).

The required joint reflection on implicit
assumptions and value statements confronts us
also with psychological and communicational
barriers, which will be explained in the next
section.

Psychological and Communicational Barriers
There has been too little concern about the psy-
chological and communicational challenges that
need to be addressed in order to achieve the inte-
gration of different types of knowledge in trans-
disciplinary research projects (Lawrence 2015).
As different disciplines and disciplinary para-
digms express a persuasion about what is valuable
knowledge and how such knowledge can and
should be created, transdisciplinary research
efforts repeatedly lead to quarrels among scien-
tists with different backgrounds about the validity
of each other’s conceptual frameworks (Gray
2008). This is due to a limited openness to listen
to each other and a limited willingness to really
commit to a joint problem (Gerritsen et al. 2013).
This resistance is explained by the formal educa-
tion and personal ambitions of individual
researchers in academic institutions (Lawrence
2015). Through their academic training,
researchers become deeply identified with their
own paradigmatic belief. As a consequence they
find it hard to accept the knowledge claims based
on very different assumptions and methods in
other disciplines or outside academia.

The barrier between scientific researchers with
different disciplinary or paradigmatic back-
grounds in a common research project can be a
greater obstacle for the communication and under-
standing between them than the boundaries
between these researchers and their stakeholders
(O’Brien et al. 2013), for example, natural scien-
tists may find it easier to engage with ecologists
outside academia, than with the social scientists in
their academic research team (Prins et al. 2005).

Cultural and Linguistic Barriers
Cultural and linguistic barriers can result from the
differences between academic cultures in different
parts of the world (Lawrence 2015). Even about the
meaning and need of transdisciplinarity, there
seems to be quite some divergent understanding
in the English-speaking world, between Britains,
North-Americans, and Australians, let alone
between Anglo-Saxon, French-Mediterranean,
German, and other intellectual-linguistic traditions.

However, the differences betweenWestern sci-
entific disciplinary ways and non-Western ways
of knowing and dealing with reality in other parts
of the world constitute an even higher barrier for
developing transdisciplinary insights. In the
domain of sustainability, there is a special interest
in indigenous ways of knowing, as they are con-
sidered important repositories of ancient wisdom
based on living in close contact with the surround-
ing nature. In practice indigenous ways of know-
ing are very hard to connect with Western,
scientific ways of gathering knowledge because
of the intertwined effects of different framing and
scaling reality (generalizing knowledge for global
policies in contrast with contextualized knowl-
edge rooted in local experience) and power differ-
ences between Western academic and local
knowledge holders (Dewulf et al. 2005; Brugnach
et al. 2014). In the next section, we will focus on
this important barrier.

Power Differences
Knowledge production is affected by the power
dynamics between the actors in a transdisciplinary
knowledge creating community. Power refers
then to the different abilities of the actors within
such communities to get their needs attended
before the needs of others (Mitchell et al. 1997).
Transdisciplinary collaboration is often affected
by deep power asymmetries in the interactions
between “experts” and “non-experts” in transdis-
ciplinary settings. These power differences are a
particular challenge when transdisciplinary com-
munities are the result of an external initiative.
On the contrary, communities that develop
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spontaneously “from within” are less likely to
face this challenge, because such power
asymmetries would probably prevent the devel-
opment of such communities (Cundill et al. 2015).

Power issues and the domination of transdisci-
plinary initiatives by certain disciplines or other
dominant stakeholders have not been widely
debated during the last decade. However under-
standing how power asymmetries influence the
co-production of knowledge and learning to deal
with them adequately is necessary to ensure the
transformative capacity of transdisciplinarity
(Lawrence 2015)

Institutional Barriers
Institutional barriers in the academic world refer to
university structures, like faculties, departments,
and research units, but also to scientific journals
that function as disciplinary islands, rewarding dis-
ciplinary excellence and specialization while dis-
incentivizing transdisciplinary efforts (Gray 2008;
Darbellay 2015; Lawrence 2015). These academic
structures find their origin in the nineteenth century
era of industrialization. Hierarchical bureaucracies
were designed to maximize the efficiency of stan-
dardized mass products, responding to clear
demands in stable markets. The underlying princi-
ples were further developed and pervaded the
whole society, including universities. With the
increasing complexity of society, university
bureaucracies have evolved toward so-called pro-
fessional bureaucracies, with a high number of
specialized departments and integrating mecha-
nisms. However, the uncertain, ambiguous, and
rapidly changing “turbulent” character of the prob-
lems with which the current society is confronted
demands more flexible structures, with open
boundaries and boundary spanners, not only
between disciplinary groups but also with non-
academic actors. Innovative knowledge in the busi-
ness world is generated precisely in this kind of
environments (Bouwen and Fry 1991).

Redesigning (university) structures tomore ade-
quate environments for transdisciplinary collabora-
tion will only function when these changes are well
aligned with corresponding changes in the entire
“hard” and “soft” infrastructure of the organization
(expressed by the 7S-model of Peters and
Waterman (1982): Structure, Strategy, Systems,
Skills, Style, Staff, and Shared values). Starting
with the shared values might be most challenging
as the academic culture is deeply influenced by the
dominant societal emphasis on competition for
scarce resources. Academic researchers have to
compete with colleagues based on the number of
publications as the measure of their performance.
This does not stimulate them to engage in open
processes with external stakeholders that consume
time and energy, with uncertain outcomes. Com-
petition for scarce resources also leads to protective
measures of intellectual property, through copy-
rights and patents, which is at odds with the need
for collaboration between academic groups and
with external stakeholders in transdisciplinarity.
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complex conceptual, value-laden and action-
driven challenges of sustainable development.
Introduction

Sustainable development assumes a holistic
approach to the complex human-ecosystem inter-
relationships. Such an approach requires an
intense collaborative effort between a variety of
academic and nonacademic actors with different
knowledge traditions, perspectives on, and inter-
ests in the way they experience and frame
sustainability-related issues. This is contrary to
the dominating practices in higher education
based on specialization in disconnected disci-
plines. Higher education requires research and
learning practices that stimulate specialists from
different fields to engage in collaborative activi-
ties with nonacademic actors that contribute to
sustainable development. Due attention has to be
given to the qualities of the relationships between
the involved actors. These qualities have to be
considered in relation with the conceptual and
action-driven aspects of collaboration and sustain-
ability (Senge et al. 2007).

In the following sections, first a social-
relational process perspective on collaboration is
explained, and then its relevance for sustainable
development is clarified. Different perspectives
(individual, interactional, thematic, and contex-
tual) on research are identified that enable a vari-
ety of academic and nonacademic actors to
engage in a joint exploration of complex realities.
Subsequently, the relational tasks and challenges
in the consecutive phases of a collaborative
research process are described. Finally we give
attention to issues of leadership and boundary
management in transdisciplinary processes for
sustainable development.
A Social-Relational Perspective on
Transdisciplinary Collaboration for
Sustainable Development

Various authors argue for giving due importance
to the social-relational characteristics of
collaborative processes in transdisciplinary
research for sustainable development. Indeed,
transdisciplinary research might be quite demand-
ing for the quality of the relations between differ-
ent research teams and with external stakeholders
(O’Brien et al. 2013; Cundill et al. 2015;
Lawrence 2015; Edelenbos et al. 2017). Collabo-
ration is then conceived as a process in search for
synergetic solutions between different actors
involved in a shared complex problem through
the joint appreciation of different but complemen-
tary viewpoints (Gray 1989; Huxham and Vangen
2005; Gray and Purdy 2018). Through an emer-
gent and possibly conflictive process, actors
increase their insights in the intertwined nature
of complex problems and their collaborative
capacities while negotiating mutually beneficial
agreements.

Collaborations for sustainability draw together
partners with very different but relevant attributes.
“The point of working with someone else is that
they have a perspective, skills, resources or some
other attribute that contributes something relevant
to addressing the research problem, either in
improving or understanding about it or in
implementing that understanding in decisions and
action” (Bammer 2008). Participants acknowledge
the advantages of hearing different perspectives
and the opportunity to gain a better understanding
of others’ views (O’Brien et al. 2013).

In these collaborative research endeavors for
sustainability, universities have to partner with
business companies, governments, and NGOs to
confront complex sustainability-related problems
for which isolated efforts are inadequate. Such
cross-sectoral groups, with a shared commitment
towards a joint socioecological challenge, have to
engage with one another to coproduce knowledge
for policies and practical applications. Barriers
between traditional knowledge roles – researchers
as opposed to stakeholders – and between knowl-
edge forms – scientific knowledge as opposed to
experiential knowledge – (O’Brien et al. 2013)
must be broken down. The participants will be
involved in an ongoing, iterative process of issue
framing, knowledge production, and knowledge
application. As they are operating in different
areas of practice, the jointly developed knowledge
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will have to be applicable in such varied areas as
science, state institutions, commercial enterprises,
and civil society activism (Senge et al. 2007;
Cundill et al. 2015).

The relational qualities of the interactions
among the participants must stimulate them to
reflect on the – often implicit – mental models of
their discipline, and on how these different mental
models can be linked with each other, to generate
a shared vision (Senge et al. 2007). The insight
that the relational qualities in small group pro-
cesses is decisive for the effectiveness of organi-
zations goes back to the seminal work on Group
Dynamics and Organization Development by
Kurt Lewin and followers (Edgar Schein, Ronald
Lippitt, Chris Argyris, amongst others). Although
Organization Development is best known in man-
agement studies, Lewin conceived his process-
driven intervention methodology originally in
contexts of social development, to deal with
issues like racism and authoritarianism (Cooke
1998). The democratizing and participatory voca-
tion of Organization Development is part of its
DNA and has inspired influential contemporary
scholars like Peter Senge, Otto Scharmer, and
Etienne Wenger to further develop it into innova-
tive collaborative methodologies for broad
sustainability-related challenges on the societal
level (Wenger 1998; Senge et al. 2007; Scharmer
and Kaufer 2013).

Senge et al. (2007) argue for a transformational
model of collaboration, in contrast with a transac-
tional model, when sustainable development is at
stake. Transactional collaborative networks oper-
ate like markets: they are only viable when actors
perceive that the benefits of collaborating exceed
the costs of the invested resources, time, and risks.
From this perspective, a collaborative effort is
attractive for participants when there is a compel-
ling value proposition, a clear “business case” for
them. Transactional mechanisms may function to
improve existing systems by enhancing their
(eco-)efficiency; however, they are not able to
drive the transformational changes at system
level necessary to reach sustainable development.
By contrast, a transformational logic revolves
around a larger purpose that matters not only to
all the direct participants in the collaboration but
also to society at large, including vulnerable and
voice-less social groups, and all living beings
on our planet, including future generations.
A transformational logic recognizes the inalien-
able rights of all living beings to survive and
flourish as part of a healthy global ecosystem,
even if they do not have the possibility to defend
these rights. Participants in a transformational
collaboration are not indifferent to their own ben-
efits and costs, but their primary motivation to
collaborate comes from a commitment to a tran-
scendent aim of generating sustainable solutions,
and from the awareness of the long-term strategic
importance of the collaboration for their own
organizations and for the larger system in which
they are embedded (Folke et al. 2009; Craps et al.
2016; Williams et al. 2017).
Different Perspectives on Research to
Engage Academic and Nonacademic
Actors

One of the main challenges of transdisciplinary
research for sustainability consists in linking the
generalizing claims of the academic scholars with
the experiential and contextualized insights of
other knowledge holders, like local community
members, social activists, citizen scientists,
etc. Actively involving local actors and other
stakeholders in the study of their own reality is
indeed necessary to address adequately the
context-dependent issues of social-ecological sys-
tems and the interests of these stakeholders as they
map out their future livelihoods (Chaffin et al.
2016). Contextualization also makes knowledge
“actionable” for the different involved actors
(Dewulf et al. 2005), by connecting the interests
of the scientific scholars with the interests of the
other stakeholders (Aram 2004; Klein 2015).

Transdisciplinary research can draw on a long
tradition in participatory action research (Whyte
1989). In the domain of public policy, Arnstein’s
(1969) seminal “ladder of participation” has
greatly influenced thinking about participation in
research and policy making. This ladder indicates
increasing levels of public participation. The low-
est level of participation in research by an actor



1940 Transdisciplinary Processes for Sustainable Development
consists in just being informed about the research
and passively giving information, but without any
influence on the research question and the way
results will be applied. The highest level consists
in determination of the research agenda, self-
organization of the research, and decision-making
regarding the consequences of the outcomes by
the stakeholder community (Arnstein 1969; Craps
et al. 2016).

These increasing levels of participation and
collaboration of academic and nonacademic
actors in joint research to grasp complex realities
imply the combination of different perspectives
on knowledge acquisition. The distinction
between an individual, an interactional, a the-
matic, and a contextual perspective, identified by
Ruth Cohn in the Theme-Centred-Interaction
model (Lawrence 2015) is useful for this purpose.
These perspectives are related with the distinction
in action research between first person
(subjective) knowledge, second person (inter-
subjective) knowledge, and third person
(objectifying) knowledge (Chandler and Torbert
2003). Otto Scharmer conceives these perspec-
tives in a similar way as different levels of aware-
ness about the needs of society to attain
sustainable development (Scharmer and Kaufer
2013). Each perspective puts its own requirements
on the transdisciplinary collaboration. In the fol-
lowing paragraphs four complementary research
perspectives and their requirements are explained
more in detail.

Research from an individual perspective helps the
researcher to become aware of one’s deeper interests
and needs (the “I” level). Chandler and Torbert
(2003) describe first-person research as:
encompassing skills and methods that address the
ability of the researcher to foster an inquiring
approach to his or her own life, to act consciously,
and to assess effects in the outside world while
acting. The key in these practices is to reflect
critically on issues that make us vulnerable and to
reconsider the ways in which we live our lives. The
increasing interest in meditative practices like mind-
fulness, inspired by Buddhist and other spiritual
traditions, by individuals and groups also
in academic environments dedicated to
sustainability-related issues, can be linked with this
interest in cultivating “I”-knowledge to connect
deeper with oneself, the others, and the whole eco-
system (Scharmer and Kaufer 2013).

Transdisciplinary research from an interac-
tional perspective reflects on how the relations
between the involved actors affect the outcomes
of their joint initiative (the “We” level). Second-
person research involves creating communities of
inquiry in which the participants reflect on the
inclusion and exclusion of actors, explore the
undesirable side effects of the application of
their models for other actors, deal adequately
with power disparities and conflicting interests
and talk about issues of leadership, dependency,
and counter-dependency in the group process.
The aim is to enhance opportunities for mutual
transformations. This process must take place in a
supportive, self-disclosing, and open way to sup-
port reflexive social learning (Argyris and Schön
1978; Chandler and Torbert 2003). Below the
importance of reflexive social learning for sustain-
able development in higher education will be
explained more in-depth.

Research from a thematic perspective analyzes
shared purposes and concerns (the “It” level). In
third-person research, researchers analyze a real-
ity from the outside, with specific instruments and
following rules which are agreed upon in a disci-
plinary community. It has proven its value to
generate instrumental knowledge for the creation
and steering of “simple” systems, according to a
linear cause-effect logic, according to a mechanis-
tic metaphor of reality. This external perspective
on reality is insufficient when we have to under-
stand, learn about, and adapt to complex changing
systems, the core challenge of sustainability. It has
then to be complemented with an agent-based
(inter-subjective) perspective “from within.”
However a (post-)positivist approach, which is
still dominating the majority of academic natural
and social sciences, tends to consider an objecti-
fying third person perspective as the only one to
generate valid knowledge. It does not encourage
integration with first-person research, in which
researchers reflect on their own practices, and
with second-person research, which pays atten-
tion to the interactions between the researchers
and with the subjects they are studying
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(Chandler and Torbert 2003). As a consequence, a
narrow positivist approach to the study of sustain-
able development may hinder the necessary trans-
disciplinary collaboration. Valid third-level
knowledge, based on critical analysis and fact
checking, is necessary but it has to be exchanged
in high-quality dialogues among knowledgeable
and interested participants, who listen “with an
open heart and open mind” (first level) and deep
empathy for the others (second level) (Scharmer
and Kaufer 2013).

According to Otto Scharmer’s U-theory
(2013), the participants in a collaborative research
process should evolve through and beyond the
former stages to arrive at a stage of “generative
listening.” The collaborating group will experi-
ence then collectively a deeper connection with
the broader context and will become deeply aware
of its systemic embeddedness (fourth level,
global/contextual). This stimulates the partici-
pants to grasp not only what has happened in the
past, and the reality as it is now, but also a reality
that is becoming and that could be possible in the
future. Research is then linked with action. Once
aware of “the deeper realm of emergence,” groups
engage in co-creating solutions through pro-
totyping and scaling up successful alternatives
that contribute to the sustainability of the broader
eco-system. (Scharmer and Kaufer 2013)
T

Relational Challenges Throughout
Collaborative Research Processes

Various authors have described models of collab-
orative research processes that describe distinct
periods of sequential activities. Lawrence (2015)
describes a seven step process: (1) identification
of partner organizations, (2) identification of
cases, (3) formulation of research questions and
the boundaries of each case, (4) choice of analyt-
ical frameworks, (5) data collection, (6) analysis
of case studies and synthesis of results, and (7) dis-
cussion and communication of results. Ayre and
Nettle (2015) propose a model of a dynamic pro-
cess for knowledge integration in five phases:
(1) establishing the imperative for integration,
(2) coordinating different disciplinary and other
knowledge commitments, (3) consolidating
arrangements for integration, (4) prioritizing out-
puts from integration, and (5) representing outputs
of integration. Gray (1989, 2008b) proposes a
more generic four phase model for collaborative
problem solving and decision-making: (1) prob-
lem setting, (2) direction setting, (3) implementa-
tion, and (4) institutionalization. The critical tasks
in the problem-setting phase include identifying
the relevant partners and getting them to commit
to a collaborative partnership. Direction setting
involves exploring the issues and reaching the
necessary agreements among the participants to
address these issues. Implementation entails put-
ting those agreements into place and ensuring
follow-up of these agreements. Institutionaliza-
tion has to capture structuring and regularization
of ongoing interactions among stakeholders and
learning for the replication of similar partnerships
in other contexts.

These models pay limited attention to the rela-
tional process between the participants, that – as
described above – is of decisive importance in
transdisciplinary research for sustainable develop-
ment. Bouwen and Taillieu (2004) observe that
natural scientists and engineers have a tendency to
restrict their attention to the content of the prob-
lems. The distinction made by these authors
between activities focusing on the content of the
problems and “relational” activities in transdisci-
plinary projects is useful to highlight the chal-
lenges and tasks to deal adequately with the
social relations between the partners in a collabo-
rative research process: (1) getting attention and
raising awareness of all relevant stakeholders,
(2) mobilizing these stakeholders and getting
their commitment to collaborate, (3) legitimating
conveners and stakeholders, (4) dialoguing to
explore the diversity of knowledge frames and
interests, (5) connecting frames and interests,
(6) negotiating roles and identities, (7) guaranteeing
commitment of constituencies for the implementa-
tion of the proposed solutions, and (8) aligning
efforts and agreements. Although task content and
social relations can be distinguished analytically,
they can and should not be separated in practice.
For that reason, Bouwen and Taillieu (2004) argue
for “relational practices,” which are task-oriented
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actions that foster the collaborative process by the
high quality of the relations between the involved
actors and the space for reflexivity.

Investing sufficient time and resources for
face-to-face meetings between participants in a
transdisciplinary project is of fundamental impor-
tance to cultivate these high-quality relations
between research groups and with external stake-
holder groups. For the same reason, long-term
engagement in transdisciplinary projects is argued
for as developing trust and mutual understanding
is a slow and tricky process (Edelenbos et al.
2017). Joint field visits of researchers belonging
to different disciplines, together with external
stakeholders, are repeatedly mentioned as impor-
tant opportunities, not only to know each other
better but also to exchange contextualized infor-
mation (Bouwen 2001; Dewulf et al. 2005;
O’Brien et al. 2013). Participatory mapping tech-
niques are highlighted because of their potential to
integrate scientific information with stakeholder
knowledge, contributing to a sense of legitimacy
and inclusive ownership of the final products
(Cundill et al. 2015).

Sufficient concern should also be given to the
fundamental role that reflexivity plays in transdis-
ciplinary research for sustainability (Gerritsen
et al. 2013; Cundill et al. 2015; Popa et al.
2015). Popa et al. (2015) define reflexivity in a
broad sense as the acknowledgement, critical
deliberation, and mutual learning on values,
assumptions, and understandings that enables the
generation of “new meanings, new heuristics, and
new stakeholder identities.” The need for a more
systematic integration of reflexive processes into
transdisciplinary science can be advocated on
epistemological, normative, and pragmatic
grounds (Popa et al. 2015). The epistemic role
focuses on extending the community in order to
be more able to grasp the complex and uncertain
nature of the problem situation. The normative
role emphasizes the importance of democratic
participation, social relevance, and legitimacy-
building. The pragmatic role considers the mobi-
lization of public support and public trust in the
expertise that is developed and in policy interven-
tions that rely on such expertise. This leads the
authors to distinguish four purposes for reflexivity
in transdisciplinary research: (1) to develop a
shared understanding of a problem, (2) to reflect
on the social relevance of the problem framing,
(3) to set up joint social experiments and collec-
tive learning processes, and (4) to create a
research agenda with a critical and transformative
character. This last form of reflexivity does not
only include acknowledging the values, ideolo-
gies, and power structures that shape the organi-
zation of the research process but also clarifying
and developing agreements on an agenda of
social change and sustainability transitions. For
these purposes, a combination of conventional
consensus-oriented deliberative approaches and
more open-ended, action-oriented, transformative
approaches to reflexivity is recommended.
Leading and Facilitating
Transdisciplinary Communities

Various authors point to the inspiring concept of
“communities of practice” for transdisciplinary
research teams (Dewulf et al. 2005; Cundill et al.
2015; Lawrence 2015; Polk 2015). This concept
draws on the situated learning theory of Lave and
Wenger. It was further developed by Wenger
(1998, 2000) to deal with the challenges of sus-
tainable development. Communities of practice
are emergent social entities resulting from inter-
actions that arise out of the concerted efforts and
shared interests of groups of individuals to engage
in a process of collective learning. Learning com-
munities become evident when people start asking
for help and offering help to each other, and
openly discuss real problems with which they
are confronted. Over time, they nurture common
commitment and relationships based on respect
and mutuality (Senge et al. 2007).

Communities of practice are characterized by
different levels of participation. Often only a rel-
atively small core group is highly active. The core
members provide informal leadership and ensure
the legitimacy of the community to the outside
world. Other “full” members participate regularly
and contribute meaningfully but without the same
engagement as the core members. A third cate-
gory of “peripheral” members is also important
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for transdisciplinary communities of practice
because they tend to use the knowledge produced
by the learning community in their policy work. In
this way, they enhance the reputation of the trans-
disciplinary community in terms of its credibility,
legitimacy, and saliency (Cundill et al. 2015).
Peripheral members may also transform into full
or core members and in this way they expand and
replenish the membership of the community.
Other people may not be considered as members
but have an interest in the activities of the com-
munity. At any moment, they may become periph-
eral, full, or even core members, depending on the
evolving topics with which a community is deal-
ing. Some people will move through all these
layers of membership over time, at times playing
an active role during a given topic or activity and
at other times playing a more passive role. For that
reason, successful communities of practice
encourage peripheral participation and develop
consciously opportunities, for those on the side-
lines to contribute (Wenger 2000).

As learning in communities of practice is a
result of the interest and the initiative of its partic-
ipants, such communities cannot be imposed by
an external authority. Setting up a transdisciplin-
ary research project or program will not in itself
generate transdisciplinary learning (Senge et al.
2007). But although formal administrative author-
ities do not lead the learning process of commu-
nities of practice, they still have an important role
in it. A relational process perspective on trans-
disciplinarity draws the attention to how leader-
ship works in the interplay between different
actors to generate learning between different
groups. Complexity Leadership Theory (CLT)
offers a suitable framework for this purpose, as it
views leadership as resulting from the concerted
and collective activities of sets of network mem-
bers who actively strive for innovative solutions,
provoking a collective impulse for action and
change (Uhl-Bien 2006). According to CLT,
three complementary leadership functions are sit-
uated in different types of leadership networks:
administrative leadership in formal networks,
adaptive leadership in change alliances, and
enabling leadership in shadow networks. The
main functions and tasks of these three different
leadership networks will be presented in the fol-
lowing paragraphs.

Administrative leadership refers to the power
and authority derived from top positions in hier-
archical structures. Members in formal manage-
rial positions can allocate resources to different
parts of the organization by their strategic plan-
ning. To favor transdisciplinary learning, admin-
istrative leaders, who are mostly concerned with
the survival and continuity of their organization,
must be aware of the necessity of transformational
changes in their organization to respond to the
challenges of the broader context in which they
are embedded. They have to assign resources to
innovative, experimental niches in their organiza-
tion, functioning with informal structures, and
open boundaries.

Adaptive leadership refers to the interactive
and generative dynamic that takes place through-
out the organization in innovative “change alli-
ances,” emerging out of the clash of discordant
ideas, knowledge, and initiatives. This is the kind
of leadership enacted by the core members of
transdisciplinary research and learning communi-
ties. Because of the dynamic and “ad-hoc” nature
of these groups, they depend largely on the quality
of the relations of its members and the degree with
which they can dialogue, listen to each other, and
acknowledge one another’s ideas (Bouwen and
Taillieu 2004). Leadership here consists largely
in visioning as an appreciative task that appeals
to participants unleashing their curiosity and cre-
ativity to generate scientific breakthroughs and a
new understanding of a specific problem area by
connecting different types of knowledge (Gray
2008a). This implies promoting divergent think-
ing, risk taking, and challenging established
methods.

Enabling leadership, the third leadership func-
tion in the CLT framework, contributes to the
transdisciplinary process by facilitating the rela-
tions inside transdisciplinary teams as well as
between these teams and the administrative
leaders of their constituencies. Enabling leaders
can fulfil several tasks to improve transdisciplin-
ary processes, like: designing meetings with
external stakeholders, determining what ground
rules might be useful, developing trust among
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the partners, caring for the stability of the group
even when members come and go, mediating
conflicts that are likely to arise as members strive
to understand and integrate concepts, frame-
works, and methodologies that may threaten
their disciplinary comfort zones and ensuring
that there is effective communication and that
necessary information is transferred among the
partners (Gray 2008a).

Enabling leadership calls the attention to the
importance of boundary spanning and brokering
in transdisciplinary initiatives. Transdisciplinary
groups can indeed be considered as boundary
organizations that exist at the borders of different
social worlds and mediate the interactions
between these worlds despite their diverse pur-
poses, incongruent values, or eventual mutual
incomprehension (Cundill et al. 2015). They can
exist with the help of boundary objects, boundary-
spanning activities, and brokers.

Boundary objects are models, classification
systems, interactive maps, and so forth that enable
different communities to interact despite differ-
ences (Wenger 2000; Craps et al. 2004; Cundill
et al. 2015). Boundary-spanning activities are crit-
ical for transdisciplinary initiatives because they
pass information from, and to, groups outside
their boundaries. Gray (2008b) identifies the fol-
lowing boundary-spanning tasks as key for trans-
disciplinary teams are: gaining and maintaining
sound institutional commitment and support,
acquiring funds to manage emerging areas of
research and training, devoting adequate attention
to and securing funds for infrastructure, and build-
ing bridges to other centers and new disciplines.

Brokers are persons that build linkages and
increase information flows among previously
unrelated parties (Gray 2008b). Because they
occupy “structural holes” in social networks,
they have access to a wider array of information
than others within a network and, because they
have one foot in each of several groups, they can
decipher differences and translate among them.
They can also help solving misunderstandings
and overcoming the tensions due to power and
status differences among diverse groups. Brokers
with experience in both scientific and policy com-
munities, can improve the integration of policy
considerations in the transdisciplinary knowledge
(Cundill et al. 2015). Organized groups of
engaged and well-informed local inhabitants can
fulfil essential brokering functions by bringing the
worries of the local communities under the atten-
tion of the transdisciplinary teams (Sips et al.
2013). To the extent that the members of transdis-
ciplinary teams have diverse contacts outside their
team, they may all leverage various brokerage
roles to import novel insights into the team
(Gray 2008a).
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Definition

Transfer of knowledge to sustainable develop-
ment involves a complex, critical, and reflexive
approach to environmental issues, collaborating
so that individuals can really understand the inter-
action of social, economic, and environmental
aspects inherent to a more sustainable society
conception. This process must occur in the most
diverse learning spaces, such as higher education
institutions, which are essential, among other
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factors, for research development, knowledge
dissemination, and professionals and citizens’
training committed to social change toward
sustainability.
Introduction

According to Duvoisin (2002), as humans ceased
to worry about nature as their place of residence
and came to see it as a profitable resource supplier,
they began the socio-environmental problems and
the destruction of the planet. For Motta et al.
(2011), increase in the consumption of planet’s
natural resources presents, as a consequence, deg-
radation and environmental pollution. According
to UNESCO (2015), unsustainable development
processes put pressure on natural resources,
while unsustainable patterns of production and
consumption – especially in developed countries –
threaten the fragility of natural environment,
intensifying poverty in other localities.

Aiming to find solutions to minimize the
various socio-environmental problems, ensuring
that the present and future needs of humanity are
met – through rational use of natural resources –
the concept of sustainable development brings a
perspective of change to the way humans have
interacted with environment in which they live
(World Commission on Environment and
Development 1987).

According to Labanauskis (2017), the concept
of sustainable development evolves, and, during
Earth Summit, in Rio de Janeiro – 1992 – this
concept was established as a key ideology of long-
term social development. This statement was
adopted, establishing the basic principles of sus-
tainable development.

Also in 1992, Agenda 21 – which is composed
of 40 chapters – provided a fundamental perspec-
tive for sustainable development promotion: edu-
cation. Chapter “▶Wellbeing and Sustainability”
specifically addresses issues regarding promoting
education, public awareness, and training and
identifies three program areas for learning, in
addition to the prerequisite necessity to achieve
universal participation in education (education for
all). The three areas are reorienting education to
sustainable development, increasing public
awareness, and promoting training (Gough and
Scott 2007).

The United Nations General Assembly, in
December 2002, adopted Resolution 57/254, in
which it proclaimed the United Nations Decade of
Education for Sustainable Development, from
2005 to 2014. The resolution was adopted
because United Nations have seen education as
the key – sine qua non condition – for sustainable
development. UNESCO was chosen to lead the
Decade and to draw up an international imple-
mentation plan. This document was the result
of extensive consultations with United Nations
agencies, national governments, civil society
organizations, NGOs, and specialists. According
to the international education plan for sustainable
development, it is a vital and constant effort
that challenges individuals, institutions, and
societies to look toward a sustainable future
(UNESCO 2015).

In 2015, Agenda 2030 for Sustainable
Development was elaborated. It is a document
signed by world leaders with a 15-year
plan of action to protect the planet, based on
17 Sustainable Development Goals (SDG).
The agenda seeks to create means for growth,
inclusion, and sustainable economy, creating
decent work for all, according to the development
and capability levels of each nation. It is worth
mentioning that Agenda 2030 goals include
ensuring inclusive and equitable quality education
(United Nations 2015).

In this sense, higher education institutions
(HEIs) play a fundamental role regarding the
development of knowledge related to sustainable
development, as well as the education and transfer
of this knowledge to the various social actors
directly and indirectly involved with these insti-
tution activities.

Sustainability challenges that human society is
facing are increasingly urgent. Thus, given this
urgency, of tackling sustainability challenges in
diverse and diffused ways, there are opportunities
for different stakeholders and institutions of
society to engage in new ways. Higher education
institutions have a particularly interesting poten-
tial to facilitate society’s responses to the
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multiplicity of sustainability challenges faced by
communities around the world (Stephens
et al. 2008).

For Menezes and Minillo (2016), university
can play a significant role and present itself as a
relevant actor in the promotion of sustainable
development, as well as contribute to the imple-
mentation of SDGs. Actions and activities devel-
oped within university environment, involving
teaching, research, and extension, carry great
transformative potential.

It is also worth mentioning that higher educa-
tion is one of the sectors in which the concept of
sustainable development is more widely analyzed
and implemented (Amaral et al. 2015; Lukman
and Glavic 2007; Holm and Martinsen 2015).
According to Tauchen and Brandli (2006), HEIs
are seen as specially equipped agents to lead the
way in pursuit of sustainable development.Within
this perspective, Sorrentino and Nascimento
(2010) also emphasize that higher education
institutions should collaborate in the search for
solutions and the definition of responsibilities
for development of critical thinking that
makes it possible to face causes of environmental
degradation.

In view of the above, the present work brings,
first, a reflection about environmental education,
knowledge for sustainable development, and the
importance of higher education institutions in
this context. Following this, a case study devel-
oped in the field of higher education is presented,
which can contribute to understanding these
institution’s role regarding knowledge transfer
aiming at sustainable development.
T

Environmental Education and
Knowledge for Sustainable
Development

According to Cascino (2005), nowadays, environ-
mental issues already reach communities with
moderate strength. The fragility of man’s nature
and survival need is becoming more and more
evident, and this awareness over decades has
given rise to the environmental movement.
Addressing themes like generation’s future and
sustainable use of natural resources, environmen-
tal education is gaining more and more impor-
tance in environmental issues, giving an image
to the problems faced and being assisted by gov-
ernmental institutions, nongovernmental organi-
zations, international organizations, and other
groups.

Despite having a dispersed beginning in edu-
cational institutions, environmental education has
gained strength and solidly structured in schools.
Environmental education privileges the under-
standing of environments and respects the indi-
vidual and the group, in order to make man take
possession of nature again – but in a proper way,
with new acquired values, bringing harmony to
the parties.

As Saito (2002) reports, from the 1970s, the
debate on global environmental problem is related
to the social and economic development of
nations and how behavior could be changed
through environmental education intensification.
In this context, the first focus of environmental
education was the concern with nature, inserting
some environmental topics in science teaching
and, sometimes, connecting it to the teaching of
geography and art education.

In addition to this vision, it is necessary to
take into account the various faces of socio-
environmental reality when presenting proposals
for the concept understanding and environment
protection. In this way, environmental education
is essential for fundamental education and con-
cerns a sphere of interactions that is at the
basis of personal and social development in rela-
tion to the environment in which human being
lives. It induces social dynamics, promoting
the collaborative and critical approach to socio-
environmental realities and a unique understand-
ing of the problems that raise their possible solu-
tions (Sauvé 2005).

The author mentions that environment is the
environment of everyday life, at school, at home,
and at work. The first step of environmental edu-
cation happens in this reality, with a renewed,
appreciative, and critical view of the place where
one lives, favoring social interaction, comfort,
safety, and health. To educate one must learn to
discuss, to listen, to argue, to convince, and to
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communicate effectively through the knowledge
of various scientific types. Environmental educa-
tion happens through reflection and action in a
constant cycle of learning that will lead to differ-
ent attitudes.

In this sense, according to Jacobi (2003),
reflecting on environmental complexity leads to
an opportunity to understand the attitude of new
social actors who are mobilized to take care of
nature, involving an educational process articu-
lated and committed to sustainability and
participation. The concern for sustainable devel-
opment represents the possibility of ensuring
sociopolitical changes that do not compromise
the ecological and social systems that sustain
communities.

According to Pelicioni and Philippi Jr (2005),
environmental education allows the exercise
of citizenship through active individual and
collective participation, including the socioeco-
nomic, political, and cultural factors that influence
it. Through action-reflection-action processes,
environmental education prepares people to
demand their rights and fulfill their duties in
social participation and representation, influenc-
ing public policies and contributing to a demo-
cratic culture. In this process, human being is
an agent and object of history and has the
power to transform it, while is influenced by
sociopolitical, economic, and cultural factors.

Environmental education increasingly assu-
mes a transforming function, in which individuals
are co-responsible in the promotion of sustainable
development. Environmental education focus is
centered on awareness, behavior change, skills
development, evaluation capacity, and stake-
holder participation, which will lead to a change
of values. The challenge is to formulate an envi-
ronmental education that is critical and innova-
tive, formal and informal, and, above all, a
political act for social transformation. Its action
must seek solidarity, equality, and respect for dif-
ference through democratic forms of action
(Jacobi 2003).

Ruscheinsky (2004) mentions that educational
pedagogy should use the main conflicts expressed
through the discourse on political action in order
to disseminate critical environmental education.
In order to do so, it has to participate in significant
events through public visibility, through which it
influences a network of organizations articulated
by a large range of social actors.

Loureiro (2004) complements this view by
addressing transformative environmental educa-
tion as a constant and collective process through
which human being acts and reflects, transforming
life reality. It is focused on the problems experi-
enced, the needs, the interests, and the relations of
nature and society, as means to seek new synthe-
ses that indicate democratic, sustainable, and fair
paths for all.

Jacobi (2005) reports that in some cases there
is still resistance from the population of the areas
most affected by the constant and increasing envi-
ronmental damages with respect to this learning.
It also represents the possibility of opening stim-
ulating spaces to implement diversified alternative
for social participation, as a guarantee of access
to information and the consolidation of open
channels.

The position of dependence and non-res-
ponsibility of some people is often due to lack of
information, lack of environmental awareness,
and lack of community practices based on citizen
participation. Educational actions should aim at
changing habits, attitudes, and social practices. It
reinforces education oriented to reflect environ-
mental education in face of environmental crisis,
insecurity, and uncertainty of current society
(Jacobi 2005).

In this sense, it is important to highlight the
role of higher education institutions regarding
environmental education promotion and, conse-
quently, transfer of knowledge involving sustain-
able development. “Nowadays, the principles of
sustainable development are becoming increas-
ingly important and universities are acting as
agents in promoting these principles within soci-
ety” (Lukman and Glavic 2007, p. 103).

According to Holm and Martinsen (2015),
there is a strong and growing global consensus
among all countries that environmental issues
need to be addressed in their policies.
Environmental degradation is still accelerating
in many parts of the world, involving different
environmental dimensions, resulting in uncertain
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ment, Table 1 General points for research and teaching
in higher education institutions

Universities are concerned with the entire range of
possible understandings regarding what “environment”
essentially is.

Cross-disciplinary working may be indicated by
environmental issues, but just saying that such working is
necessary helps very little to make it more likely.

Environmental knowledge that seems true, useful, and
generalizable to rich-country academics may be much
more questionable in the developing world.

Institutional context in which universities operate is
important in determining their attitudes to environmental
knowledge, both for teaching and research.

Policy-makers often have an unrealistic and naive view
of the relationship linking policy decision-making to
research, teaching, learning, and environmental change.
So too (sometimes at least) do academics.

Research can be as readily characterized by the
assumptions that it makes about the environment as by
the discoveries that it makes.

Source: The authors based on Gough and Scott (2007,
p. 94)
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(often) but potentially very serious implications.
From the perspective of education in general,
this means that it is necessary to educate people
so that they have a sustainable mentality. In rela-
tion to higher education, it means developing
the necessary knowledge approach so that the
implementation of this education is possible,
thus promoting sustainable development and spe-
cific valorization of this type of knowledge.

Universities value knowledge and for that reason
they demand clarity about what is known and how.
Universities also value the pursuit of knowledge
and must, therefore, insist on its present and
on-going incompleteness – in face of those who,
for whatever reason, wish to extrapolate to final,
general truths. Sustainable development touches on
all aspects of our intellectual lives and will require
us to husband what we know, eschew glib certain-
ties and confront the future with an open, learning
orientation. To this extent there is an identity of
interest between higher education and sustainable
development. (Gough and Scott 2007, p. 173)

Universities have their own environments
and are part of a wider environment in which
they are inserted. The way they approach and
manage environmental issues is conditioned by a
number of external factors. This way of conduct
also influences areas beyond the academic con-
text. In this sense, it is worth to highlight the
reflection proposed by Gough and Scott (2007),
in which authors mention that if higher education
institutions, for example, place emphasis on
reducing energy and water consumption, mini-
mizing their waste and carbon footprints and
encouraging recycling, motivated by financial
incentives, they can have a very positive return.
Besides the financial issue, through these actions,
they can also foster opportunities for research and
teaching.

In the context of teaching and research on
environment, the authors present general points
that need to be observed in higher education
(Table 1).

In addition to these points, it is important to
consider that sustainable development approach
in higher education should not be restricted to
a particular curriculum, “within departments of
economics, or environmental science, or sociol-
ogy, or politics, but as a fresh and necessary
challenge to the way that ideas are classified into
economics, environmental science, sociology,
politics and so on” (Gough and Scott 2007,
p. 167). Graduates of higher education institutions
play important roles in society as citizens.
University research has impacts on the wider
context of social, economic, technological,
environmental, and so on policy within which
citizenship is practiced and learning process
becomes continuous (Gough and Scott 2007).

Cortese (2003) reinforces this issue by
mentioning that higher education institutions
have a deep moral responsibility to raise aware-
ness, knowledge, skills, and values needed to
create a just and sustainable future. The author
emphasizes that higher education plays a critical
role in making this vision real, but often this
role is neglected. The majority of professionals
who develop, lead, administer, teach, work, and
influence institutions of society are prepared by
higher education.

In this context, Stephens et al. (2008) mention
that higher education institutions have a unique
position in society, since they are extremely
important sites for knowledge production,
perpetuation, and dissemination. According to
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the authors, in addition to these conventional
associations of universities and knowledge,
higher education institutions have the unique
potential to stimulate the synthesis and integration
of different knowledge types and to improve
knowledge application, making possible social
change in order to pursuit sustainability.

In a perspective where higher education
assumes a leading role in preparing students and
providing information and knowledge to achieve
a just and sustainable society, education of all
professionals would reflect on a new approach to
learning and practice. In this context, “a college or
university would operate as a fully integrated
community that models social and biological sus-
tainability itself and in its interdependence with
local, regional and global communities” (Cortese
2003, p. 17). As students learn from everything
around them, activities developed in higher edu-
cation form a complex network of experience and
learning. Thus, all parts of university system are
fundamental to achieve transformative change
(Cortese 2003).

Given this perspective, there is a clear need for
universities to assume leadership positions, dem-
onstrating practices that promote sustainability,
instead of degrading environment, thus encourag-
ing an educational process that stimulates a sus-
tainable society (Lukman and Glavic 2007).

For Stephens et al. (2008), regarding sustain-
ability, one of the main higher education institu-
tions’ roles is their potential as agents for society
change. According to the authors, there are many
different perspectives, perceptions, and expecta-
tions about the role, value, and potential of uni-
versities in society. However, considering that
these perceptions may vary between different
cultures and contexts, Stephens et al. (2008)
present four general categories of perceptions
about how higher education institutions can con-
tribute to social transition toward sustainability.

First, higher education can model sustainable
practices for society. Sustainable behavior must
be present in campus itself, promoting sustainable
practices and learning how it is possible to maxi-
mize sustainable behavior in society. Second, it
teaches students how to deal with complex prob-
lems that are necessary to face challenges of
sustainability and integration skills, synthesis,
and systemic thinking about this theme. “Third,
higher education can conduct use-inspired, real-
world problem-based research that is targeted to
address urgent sustainability challenges faced by
society” (Stephens et al. 2008, p. 321). Finally,
higher education can promote and increase
involvement among individuals and institutions,
both on and off campus, relocating universities as
highly integrated agents and interconnected with
other institutions of society and, therefore, as
transdisciplinary institutions.

Contributing to this analysis, according to
Amaral et al. (2015), in general terms, a sustain-
able university should teach the concept and phi-
losophy of sustainable development to its
students, but it is also fundamental to be able
to conceive the concept within day to day of
organizational management.

HEIs play a fundamental role in enhancing the
creation and diffusion of sustainable thinking by
being thought and opinion trainers. In order for
this process to be possible, it is necessary for
people involved in university activity develop-
ment to serve as basis for knowledge dissemina-
tion and sustainable practice strengthening. It
should be noted that there are still many chal-
lenges that need to be overcome in higher educa-
tion, in terms of sustainable development, even
considering advances already made (Leal Filho
et al. 2015).

Considering sustainability challenges hetero-
geneity, as well as societal expectations, values,
and cultures that impact higher education in dif-
ferent communities and regions around the world,
Stephens et al. (2008) describe five specific issues.
These are issues that include factors internal and
external to the higher education system and pro-
vide a systematic approach to review challenges
and opportunities regarding sustainability. The
five questions relate to (1) the dominant sustain-
ability challenges of the region, (2) the financing
structure and independence, (3) the institutional
organization, (4) the extent of democratic pro-
cesses, and (5) the communication and interac-
tion with society (Stephens et al. 2008, p. 323).

According to the authors, these five critical
questions can help assess the potential and
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limitations of higher education as a change agent
for sustainability and can be explored in the con-
text of any higher education institution or system
around the world. In this context, identifying spe-
cific characteristics of HEI region can facilitate
the design and implementation of new initiatives
and new approaches, maximizing and accelerat-
ing potential of higher education in social change
toward sustainability.

In this sense, it should be noted that higher
education institutions are still important refer-
ences for societies that shelter them and configure
themselves as centers of production of knowledge
and possibilities for solutions to the problems they
experience. This way, they represent an opportu-
nity to quality of life improvement and a place for
individual training. Thus, what is done in it and
how it performs, it can serve as a parameter for
different society sectors (Sorrentino and
Nascimento 2010) and in various themes related
to sustainability.
T

Building and Educating: An Example of
Knowledge Transfer Approach

The following study was carried out by Research
Center of UNIFAAT University Center, located in
the city of Atibaia, São Paulo, Brazil, seeking to
demonstrate the importance of knowledge transfer
aiming at sustainability. The case study was car-
ried out at the sewage treatment plant (STP) of
Bragança Paulista, São Paulo, Brazil, whose
administrative building is certified by Leadership
in Energy and Environmental Design (LEED).
To obtain the data presented below, an interview
was conducted with the technical manager of the
institution that is responsible by the STP
administration – São Paulo State Basic Sanitation
Company (SABESP). Field visits previously
scheduled and accompanied by the technician
were also important to the data collection.

City of Bragança Paulista is located in the State
of São Paulo and is part of the Bragantina region,
which has undergone an intense process of indus-
trialization and disorderly urban growth with
diverse negative effects on the environment. It
can be highlighted the impacts on water resources,
considering that one of the main region character-
istics is its abundance of water resources and that
three of the four reservoirs that make up the
Cantareira system find themselves in this region –
(1) the Jaguary and Jacareí River reservoir, (2) the
Cachoeira River reservoir, and (3) the Atibainha
River reservoir. The Cantareira system provides
water to São Paulo Metropolitan Area – SPMA
(66% of SPMA consumption) – and Campinas
Metropolitan Area, CMA (85% of CMA con-
sumption), probably the largest urban and indus-
trial centers in the country, and that find
themselves in continuous conflict over water use
(Machado 2014).

In this scenario of urban and industrial growth,
various sectors of society must face the challenge
of sustainability by proposing measures and
developing programs that significantly reduce
the environmental impact of its activities, in part-
nership with public power and civil society to
improve life quality.

It is part of this challenge to promote actions,
projects, programs, and research that can build
and disseminate knowledge about sustainable
development. Through this process, it will be
possible the intervention of different social actors
in the environment in which they live, aiming at
achieving sustainability. For this, as mentioned by
Castro and Pelicioni (2007), it is fundamental that
those involved can clearly know the socio-
environmental problems in a given reality, eluci-
date their causes, and determine the means to
solve them.

In this context, educational process is essential,
and it can be done in an articulated way, consid-
ering formal and nonformal education, involving
universities, schools, communities, governmental
and nongovernmental organizations, and compa-
nies, among other actors.

Thus, this study, carried out at Bragança
Paulista STP, represents an example among the
various learning spaces that can be used aiming at
knowledge transfer to sustainable development.
In this case, an analysis was made on how the
STP physical space can be used as an educating
element for environment conservation.

Bragança STP was a pilot project of the sani-
tation company and has the first certified green
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building of SABESP. The area certified by the
LEED seal is 19,322 m2, of which 391 m2 are
built – the rest of the space is occupied by green
areas. According to the certification rules, the
construction meets sustainability requirements in
six categories: space, rationalization of water use,
energy efficiency, internal air quality, innovation,
and design.

According to the study carried out at the STP,
the main challenges for a construction based on
the context of sustainable development are low
availability of products and components that meet
the requirements of LEED certification in the
market, awareness and training of employees
during the execution of daily activities, and
absence of adequate sites for the disposal of
construction waste in the region, relying only
on recycling cooperatives to deal with the waste
generated at the construction site in a proper way
(Machado 2017).

The benefits identified during the research at
the STP are related to the following factors: the
architectural design privileges the natural lighting,
and the double-height ceiling improves ventila-
tion, avoiding the need to use air conditioning;
13,000 m2 occupied by green areas preserve the
riparian forest; the structure for collecting rainwa-
ter retains suspended materials, which are not
carried to the point of discharge; paving is perme-
able and reduces heat island effects; alternative
transportation for employees is encouraged
with preferential seats for vehicles powered by
alcohol and natural gas, bicycle, bicycle locker,
and access ramps; the consumption of water and
electricity is smart; the toilets have box coupled
and double command and the taps count with
automatic closing and flow restrictors; more
efficient presence sensors, fluorescent lamps, and
motor hoods are also used; during construction
there was a preference to use materials produced
regionally; and the estimation that a certified
building can reduce solid waste emissions by up
to 70%, drinking water use by 40%, CO2 emis-
sions from 33% to 39%, and electricity use by
24–50%.

Raising and knowing the benefits and chal-
lenges related to choosing a more sustainable
posture in Bragança Paulista STP can help those
directly and indirectly involved in the research to
acquire and disseminate knowledge about sustain-
able development, as they delve into the analysis
of different aspects related to this concept. From
this perspective, it is worth highlighting that,
regarding environmental education, Bragança
Paulista STP already has a permanent program
of visitation in its facilities.

In these activities, participants are sensitized
about the water issue regarding the region and
the importance of sewage treatment to maintain
both life and environment quality. However, dur-
ing the development of this work, it was noticed
that elements related to sustainable development
that target construction sector are little
approached during these activities. Through an
environmental education perspective, the aware-
ness potential of these visits could be leveraged,
once options for less impacting alternatives in
this sector have great educational potential, such
as the intelligent and efficient use of water and
energy, the incentive to alternative transporta-
tion, and the natural ventilation and light
improving environmental comfort with low
impact.

From the case study development, it could be
noted that benefits of sustainable construction go
beyond the reduction of environmental impacts,
making enterprise more efficient and, thus, col-
laborating to sustainability in a more wide per-
spective. However, some challenges are faced for
its implementation, such as sensitizing society
that sustainable construction can be an economi-
cally and environmentally viable alternative if
it is developed in a planned way and if it considers
the evaluation of all construction life cycle.

One of the connections between environmental
education, knowledge transfer, and sustainable
construction is that these spheres can create con-
ditions for a critical ecological awareness and
show that human beings and nature can coexist
in a balanced way. The study in the STP made
it possible to verify the benefits of sustainable
construction. However, it was also observed
that the LEED-certified administrative building
is not exploited in its total capacity for envi-
ronmental education and knowledge transfer
regarding sustainable development. Sustainable
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construction can be an important tool for educa-
tion by encouraging a reflexive critical analysis of
environmental problem, thus helping to minimize
socio-environmental impacts.

The example of SABESP building case study
was a practical way to demonstrate how sustain-
able construction can be an instrument for envi-
ronmental education and for knowledge transfer
with regard to sustainable development. The
SABESP building has the most basic LEED cer-
tification available, and yet, it was possible to
identify several important environmental aspects
that it meets. They are aspects that depend much
more on construction-conscious development
than on financial resources. It demonstrates that
lack of financial support is not an obstacle to
sustainable construction. Therefore, the aware-
ness of society is extremely important, and the
lack of it is the main barrier to a sustainable
future.
T

Final Considerations

According to Lukman and Glavic (2007), sustain-
able development principles represent one of the
major challenges for the establishment of a better
common future. They also remain a challenge at
university level.

In this context, it is becoming increasingly
clear that education and knowledge transfer
related to sustainable development are essential
if effective changes are to take place as regards
how humans have interacted with environment.
In this sense, it is expected that sustainability may
be feasible now and in the future.

The sewage treatment plant case study
(Bragança Paulista, São Paulo, Brazil) presented
in this paper demonstrates that research and
actions for sustainable development must also
take place beyond the university campus and
involve diverse institutions and social actors.
Conducting this research provided the teachers
and students involved to raise and develop knowl-
edge about themes that contribute to sustainable
development. On the other hand, it enabled the
sewage treatment plant to know its potential
in promoting knowledge transfer involving
sustainability, regarding its administrative build-
ing, which is certified by LEED seal.

In view of the above, it can be mentioned that
there are many efforts of higher education institu-
tions in promotion of actions, projects, research,
knowledge construction, teaching and learning
processes, and management systems that enable
a more inclusive society. But there are also many
challenges to overcome, which are part of the
process of understanding and consolidating
HEIs’ role for sustainable development. Such
challenges must be overcome in a critical, reflec-
tive, participatory, and collaborative way, involv-
ing society as a whole, outside and within
academic campus. In order to do so, the more
knowledge about current environmental problem
and its different perspectives are developed and
shared, the closer society is to sustainability.
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Definition

The theory and practice of sustainability educa-
tion, while often transformative in intent, does not
often draw from transformative learning scholar-
ship. This chapter reviews the three approaches to
transformative learning that facilitate micro level
or individual change, meso level or transpersonal
and institutional change, and macro level or social
change. Sustainability education is most transfor-
mative when it addresses all three levels of
change, in this case in higher education. At the
macro level, it challenges the deepest structures of
Western epistemology (ways of knowing and
nature of truth), ontology (ways of being and
nature of existence), cosmology (nature of the
universe), and ethics (nature of moral values and
conduct). Drawing from Karen Barad (2007), an
onto-epistemological-ethic of relationality begins
to transform the dualism, reductionism, mecha-
nism, and anthropocentrism built into our knowl-
edge systems. At the macro level, this can drives
global approaches to technology, professional
practices, and policy making. At the meso level,
it can assist in cultural transformation of educa-
tional institutions toward a relational paradigm of
sustainability, thereby enabling capacities to
address pressing global issues and assist in
achieving the Sustainable Development Goals
(SDGs). At the micro level, transformative learn-
ing can guide curriculum and pedagogical
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development that is consistent with relationality
approaches to sustainability.
T

Introduction

It is clear to many educators and social innovators
that the intractable issues we face in our current
global system require a profound restructuring of
educational systems, alongside other societal
change. While sustainability education is often
aimed at change, not all forms of learning and
resulting change are transformative, particularly
in higher education. As UNESCO (2014) sug-
gests, educational institutions are straining at
their edges to accommodate the necessary trans-
disciplinary approaches as well as moving toward
a cosmology, ontology, epistemology, and ethics
of relationality – all elements of a deep under-
standing of sustainability. Deep sustainability
holds the potential to think in a different way
about inclusivity, innovation, economics, safety,
and equity, all elements of the SDGs.

While much has been written on sustainability
in relation to habit change, organizational change,
and change management, little has been informed
by scholarship on transformative learning. Fur-
ther, while sustainability initiatives assume an
intention toward change, not many catalyze a
deep transformation in the key operating assump-
tions that currently dominate in Western cultures.
This is especially evident in higher education
which, as large institutions are slow to change,
despite their role in knowledge creation and
dissemination.

This chapter describes the three dominant var-
iants of transformative learning that address pro-
cesses of change at the micro, meso, and macro
levels. Transformative sustainability education
(TSE) builds on micro, meso, and macro under-
standings but also moves beyond mechanist, sci-
entist, dualist, and reductionist structures toward
post-humanist ways of knowing and being and an
onto-epistemology of relationality. By embracing
a transformative process of deep sustainability, we
will have the knowledge, skills, and predisposi-
tions to be able to withstand the coming decades
of turbulence.
Concept of Transformation

The concept of transformation has been central to
modern thinking, often considered the most com-
plete or radical form of change. Trans-form-ation
assumes that it is a change in form. Transmeans to
“go across” indicating the dynamic of “morphing”
or moving from one shape to another. In other
words, transformation involves a living process
of structural change, not just a change in surface
appearance or an evolutionary development.

The concept of transformation is part of a con-
stellation of Enlightenment ideas, inferring free-
dom and emancipation from oppression in all its
forms. The Modern Era in the West threw off the
yokes of tradition, including feudal land holding,
the divine right of kings, unquestioned obedience
to the Church, and birth into an unchangeable
social class. Over several 100 years, the West
embraced the ideas of the Enlightenment,
manifested in liberal democracy, private property,
industrial capitalism, entrepreneurial commerce
with a rise in the middle class, religious pluralism,
urbanization, and class mobility. Change, not tra-
dition, became pre-eminent.

Modernist ideas are implicit in transformative
learning theorizing, including progressivism,
rationalism, causality, autonomous individualism,
and interventionism. Yet, some theorizing is
attempting to struggle free of problematic aspects
(Lange 2012, 2018) and the constructivist,
humanist, and critical social theories in which
these concepts are embedded (Williams 2018).
This is most evident in Transformative Sustain-
ability Education (Lange and O’Neil 2018).
Transformation Processes

Until recently, there have been three original var-
iants of transformative learning theory, all
founded on modernist precepts. Yet, transforma-
tive sustainability theorists are recasting these in
new ways.

Micro Level Change
The first variant is called perspective transforma-
tion. Through his 1980s pioneering study on
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women returning to community college, Jack
Mezirow (1991) coined the term “transformative
learning” within the field of adult education and
lifelong learning. For Mezirow, transformative
learning is the central task of adulthood, in that
adults should be continuously challenging their
inherited or uncritically assimilated beliefs sys-
tems. While higher education often leads to trans-
formation, transformative learning is not a process
explicitly embraced by higher education
institutions.

Mezirow understood transformation as the
rational process of assessing one’s meaning per-
spectives or habits of mind. During a reflective
process, most often in dialogue with others, adults
can identify their personal paradigms and how
these constrict their perceptions, limit their under-
standings of the world, and shape emotive
responses. As adults rework their daily assump-
tions, the learning process is expected to yield
perspectives that are more inclusive, discriminat-
ing, and permeable. In a defensive response, some
individuals have a “hardening of the paradigms,”
and will attempt to vigorously apply their old
ways of knowing, yielding rigid thought systems.
Yet, the most an educator can do is invite people
into the process. As a humanist, Mezirow believed
that individuals would often rise to the challenge.

Assumptions that adults examine can be epi-
stemic habits, sociolinguistic habits, psychologi-
cal habits, moral-ethical habits, and/or aesthetic
habits. The outcome of transformation is a “struc-
tural reorganization of the way a person looks at
himself or herself,” attaining the ability to think
for themselves (Cranton 2005, p. 631). Autonomy
of thought coheres with the central tenet of the
Enlightenment which Kant (1983) understood as
the emergence from self-imposed immaturity
which relies on understandings derived from
others. “Have courage to use your own
understanding! – that is the motto of enlighten-
ment” (p. 41). This epistemological shift is the
raison d’être of the Modern era and, by extension,
of transformative learning.

The process of transformative learning is con-
sidered best led by educators who can facilitate
rational discourse. Within Habermasian condi-
tions for clear and equal communication, learners
can weigh the validity of their premises or truth
claims within group dialogue. This process, how-
ever, challenges much of conventional pedagogy
in higher education, where the professor is posi-
tioned as an expert who is a “sage on the stage”
dispensing knowledge in trickle down manner.
Transformative learning, rather, requires educa-
tors to respect the life experience and ideas that
learners bring with them into the learning envi-
ronment, making the educator a guide and
co-learner in the discovery process of knowing.

Mezirow identified ten phases of transforma-
tive change that learners undergo, although these
have been widely debated. The most research-
confirmed phase is the disorienting dilemma.
This refers to an unexpected event, person, or
idea that cannot be understood within one’s
existing meaning framework. This may trigger
the start of a transformative process to resolve
this disorientation. Such a process usually
involves self-examination, reflecting on the pre-
mises of their thought, seeking out people with
shared experiences or viewpoints, exploring new
ideas/roles/relationships, formulating a plan of
action, experimenting with new ways of thinking
and ways of being, and eventually integrating the
new perspective into their lives. This process can
be quite sudden (epochal) or gradual
(incremental). Either way, if the transformative
learning has reached the integration phase, it is
typically irreversible.

One example of this transformative approach
to sustainability education is seeking a change of
mind or a consciousness change. For instance,
Daloz et al. (1997) identify the habits of mind
that enable people committed to sustainability to
work effectively over the long haul. Robert Kegan
(1994) discusses a constructive developmental
theory of sequences, moving from adolescence
third-order consciousness to a self-authoring
fourth-order consciousness to a “trans-system”
fifth-order consciousness. Education for shifting
consciousness is also familiar among those edu-
cators working with Bateson’s levels of con-
sciousness. Another example is teaching systems
thinking. The ability to think systemically is sim-
ilar to Brookfield’s (1987) description that “pre-
supposes the development of critical thought – the
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ability to recognize, question, and articulate the
assumptions underlying one’s own as well as
others’ thought and actions. Shifting from recog-
nizing cause-effect thinking toward “integrated,
interconnected, self-maintaining complexity”
that understands how a system operates and the
leverage points for change (Meadows 2008) man-
ifests perspective transformation. Echoing
Mezirow, Daloz (2004) suggests that this kind of
transformative learning helps to nourish a semi-
permeable self through a process of learning how
we learn and by shifting our habits of mind.

As is evident, this theory is focused on the
micro level of change, or rather individual change,
one student at a time. It relies heavily on cognition
and rationality rather than other ways of knowing.
It is also progressive in assuming that adult devel-
opment progresses toward increasingly optimal
states, in this case, attaining autonomy of thought
and a permeable self. While these elements are
useful, they can also restrict the reach of change.

Nevertheless, much of sustainability education
by default is focused on individual learning.
Within a modernist understanding, citizens are
understood as rational choice-makers who take
an informed and active role in society by examin-
ing threats and possibilities, thereby building the
collectivity of society. On this basis, sustainability
educators expect that framing the issues in a com-
pelling way, providing factual science, and creat-
ing a context for rational weighing of viewpoints
will led to transformation and civic engagement.

However, this link between knowledge and
action is not given. In response, sustainability
educators complain about the despondency, nar-
cissism, resistance, paralysis, or denial of the gen-
eral public to research-based facts. Learners
respond by pointing to the weight of larger prob-
lematic systems which dwarf the size and impact
of individual efforts. Structures – economic, polit-
ical, and cultural – seem to constrain meaningful
change.

Yet, change at the individual level is vital.
After higher education degrees, well-positioned
change makers can act as champions of sustain-
ability. The multiplication of individual efforts
can also create movements of change, albeit
sometimes slow and often frustrating.
Meso Level Change
The second variant of transformative learning
emerges from analytical depth psychology and
organizational transformation theory. Transper-
sonal psychology is distinct from mainline
schools of psychology such as behaviorism,
Freudian psychoanalysis, humanism, and analyti-
cal psychology. A general description and then an
application within sustainability education will be
discussed.

In this variant, transformation is considered “a
fundamental change in one’s personality involv-
ing conjointly the resolution of a personal
dilemma and an expansion of consciousness
resulting in greater personality integration”
(Boyd 1989, p. 459). Discernment, not critical
reflection, is the primary transformative process
and the central work is soul work. For the most
part, however, spirituality (distinct from religion
but addressing the human spirit), philosophy, and
consciousness studies have been marginalized in
the Western academia, now in resurgence.

The goal of Jungian psychoanalysis is individ-
uation toward wholeness of self. While the pro-
cess is through individual self-exploration or
small group exploration, it is transpersonal in
impact by shifting symbols and archetypes that
comprise collective narratives. It is also transper-
sonal in fostering a larger sense of self beyond the
individual, in understanding profound connected-
ness to the rest of the living world, human and
nonhuman. It moves beyond ego-based rationality
to also engage emotional and symbolic content.
This psychic content finds many avenues into
consciousness, sometimes emerging through
sleep-based or waking dreams, flashes of insight
or vision, or through intuitive or imaginal pro-
cesses sparked through arts and music-based
modalities. In identifying archetypal motifs,
learners engage the collective unconscious of
humanity and thereby have access to levers of
knowing and change. However, this process is
often difficult as one must walk directly through
grief, emotional pain, and layers of psychic
protection.

As Clark and Dirkx (2000) suggest, Jungian
theory also challenges the unitary, autonomous,
coherent view of the modern self. It holds an
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understanding of the self as plural, inherently
conflicted, and often motivated by unconscious
agendas. Transformative learning surfaces these
inner conflicting elements in a search for resolu-
tion and thus assists in the integration of multiple
facets of one’s personality. While this process can
be within a therapeutic process, it can be
approached on a small group basis in the class-
room (see Clark and Dirkx 2000), as long as the
educator has done their own psychological work
and is familiar with small group dynamics.

One exciting example of a transpersonal
approach to transformative learning related to
sustainability comes from O’Sullivan (1999). He
suggests that we are not motivated and energized
by rational ideas, but by the dream structures
embedded in our collective psyche. As Jung has
said: the dream drives the action (p. 3). The
symbols of the modern western world are like
mantras ringing in our ears, which normalize
the consciousness that propagates the consumer-
industrial culture, including positivity to unre-
strained profit-making that is a variation of
imperialism, industrialization as progress, and
the desire to consume (p. 103).

These mythic structures are inculcated in
schooling and higher education, including myths
of: competition; merit; getting rich, rich lifestyles;
achieving fame; survival of the fittest; self-
interest; deserving the best; and getting as much
for as little as you can. Further, advertising helps
us to see consumer items as fulfilling our desires
for identity, belonging, meaning, and respect. We
come to believe that there will be scientific and
technological fixes to the wicked problems we
face as humanity. The distractions of entertain-
ment and desire to accumulate experiences,
largely through travel, further build these mythic
structures. Modernity and alienation from the nat-
ural world have also led to an ecological blind-
ness. This cultural programming will persist,
O’Sullivan says, until there is a contrasting cos-
mological narrative with a vastly different ethic,
challenging public enrapture to these mythic
structures.

Drawing from the writing of cultural historian
and ecotheologian Thomas Berry, O’Sullivan
asserts that the human story cannot be considered
apart from the Earth story. The central purpose of
education should be the wellbeing of the Earth
and the wellbeing of humans. For him, human
habitation on the Earth needs to be reconstituted
in harmony with the integral functioning of the
planet. To attain these ethical imperatives,
O’Sullivan suggests we need to move beyond
the eras of conquest with its predator and domi-
nator relations. O’Sullivan calls for an ecozoic
education that uses The Universe Story (1992), a
scientific and mytho-poetic narrative compiled by
mathematical cosmologist Brian Swimme and
Thomas Berry, to help learners locate themselves
as humans within the much larger unfolding uni-
verse story.

Transpersonal psychology evolved into Inte-
gral theory through Ken Wilbur. O’Sullivan
builds upon Integral theory as well as New Sci-
ence (Capra 1996). Integralism utilizes the Uni-
verse Story to counter alienation and create a
sense of relationality with all beings and elements
in living evolution, inseparable in space and time.
He suggests that education for Integral develop-
ment understands the dynamic wholeness of the
universe and of our consciousness. In this way,
he describes transformation as occuring within
ordered systems which have a normal band of
fluctuation. However, when the system reaches a
critical level of perturbation causing sufficient
turbulence, the system transforms itself into a
higher order, reordering itself into a new pattern.
This “breakdown or transform” model of change
is considered applicable to the processes we now
see around us, calling for a biospheric politics
with a much-expanded sense of time (Rifkin
1991).

The outcome of transformation is embedded
in O’Sullivan’s definition of transformative
learning:

transformative learning involves experiencing a
deep, structural shift in basic premises of thought,
feelings, and actions. It is a shift in consciousness
that dramatically and permanently alters our way of
being in the world. This shift includes our under-
standing of ourselves and our self-locations and our
relationships with other humans and with the natu-
ral world. It also involves our understanding of
power relations in interlocking structures of class,
race, and gender, our body awareness, our visions
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of alternative approaches to living, and our sense of
possibilities for social justice, peace and personal
joy. (O’Sullivan et al. 2002, p. xvii)

Thus, the notion of the individual self gives
way to relational matrix (1999, p. 225).

To enact a transformation process, he suggests
that education should, first, name the historical
moment we are in, particularly profound anthropo-
centrism, and then discuss how to live in a time of
ongoing crisis and disaster including the responses
of despair, grief, and loss. Second, education
should help learners question the fundamental
mythos, as a form of transformative critique.
Third, an alternative and transformative vision to
this dominant cultural form needs to be offered. To
provide hope, concrete indicators of how current
societal forms are being abandoned and new forms
are being created illustrate ways forward. He
names these stages as: survive, critique, and create,
constituting deep cultural therapy.

In terms of higher education, O’Sullivan sug-
gests that it can no longer be a closed process of
knowledge accumulation; it must rise to the sin-
gular but complex challenge before us by shifting
from teaching estrangement to teaching
relationality. This requires incorporating a cosmic
horizon, drawing from older wisdoms, celebrating
life systems of Earth, interspecies awareness, and
helping learners see their presence within a much
larger historical process of geological evolution,
human cultural development, and scientific-
technological development. Finally, an ethic is
needed that penetrates the current dream structure
to dislocate the pre-eminence of corporate needs
and White, patriarchial power, to build biore-
gional responsibility. It can inspire creativity and
imagination for what can be. For O’Sullivan, the
good and moral action is that which enhances,
amplifies, or completes the natural processes of
the Earth and universe toward differentiation, sub-
jectivity, and community (p. 223).

One final example of this approach is Joanna
Macy (1998) who also blends living systems the-
ory, deep ecology, ancient wisdom traditions, and
critical analyses of power. Through a Buddhist
approach, she names all the psychological reasons
for repression (pain, despair, distrust, guilt, being
emotional, belief in separation, being morbid or
unpatriotic, and powerlessness). She allows for an
expression of grief for the Earth and all beings, as
a way to reconnect to our basic humanity. By
designing rituals and ceremonies that affirm inter-
connectedness, express despair, engage in evolu-
tionary remembering, and consider sacred
responsibilities, we can overcome deadening and
“come back to life.” She says that by acknowl-
edging our pain and despair, we can avoid dis-
placement beliefs that generate passivity,
scapegoating, avoidance, and burnout. Macy and
Seed have designed the Council of All Beings
learning activity, various types of guided medita-
tions, and a despair ritual that break through the
current culture of estrangement.

The meso level is largely concerned with cul-
tural change, as well as thinking frameworks,
which can overcome the belief systems and ways
of being that are unsustainable at their foundation.

Macro Level Change
The third variant emerges from Paulo Freire who
focuses on change at the macro level, or rather
social change. In the 1950s and 1960s, the bril-
liant Brazilian educator Freire developed a more
collective and emancipatory form of literacy edu-
cation for peasants and the urban poor. He was
critical of schooling as “banking education”
where teachers deposit knowledge into passive
students who regurgitate this into products for
evaluation, thereby developing compliant
workers for an industrial, capitalist system. This
critique still applies to much of higher education.

Freire developed an educational process for
impoverished adults that used literacy as a way
to analyze their difficult living conditions. Freire
engaged learners by using the words they were
learning to examine the political and economic
conditions that created their poverty as well as
discussing ways out of it. He called this transfor-
mative process, conscientization, a rising of con-
sciousness that can break through the fatalism and
culture of silence, particularly the belief they did
not deserve better. He believed this fatalism was
reinforced by education and the Church, replicat-
ing the favorable conditions for increasing wealth
and power of the elites. Jane Thompson (1980)
summarizes a core Freirean premise:
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There is no such thing as a neutral education pro-
cess. Education either functions as an instrument
which is used to facilitate the integration of gener-
ations into the logic of the present system and bring
about conformity to it, or it becomes the ‘practice of
freedom’, the means by which men and women deal
critically with reality and discover how to partici-
pate in the transformation of their world. (p. 26)

Freire’s work has inspired educators and edu-
cation systems around the world, often known as
critical pedagogy. Freirean transformative adult
education critiques mainstream educational sys-
tems, recognizes the political nature of all educa-
tion, and aims to transform all forms of
oppression, particularly by race, class, and gender
but along all axes of difference. But this form of
education not only critiques, it offers a vision. . .in
this case of a just and sustainable society. Critique
and hope are held in dialectical tension.

For Freire, the social relations within a learning
situation are integral to the learning process. He
advocated that educators take up democratic rela-
tions, as co-learners with their learners, working
together to “name the word” as they “name the
world.” In other words, as we language the world,
we make the world. Rather than a prescriptive
curriculum so often at the core of education sys-
tems, praxis is a pedagogy of the question. It
disrupts taken-for-granted meanings, raises big
questions, enables learners to reflect and know
their social reality, and creates space to discuss
ways of achieving change.

Another premise is that all educators have an
ideological commitment, overt or covert. In this
approach, educators are explicit about their ethical
investment in social and environmental justice.
This provides the opportunity for students to
assess educator intentions. It flattens the status
hierarchies generally present in higher education.
Overall, it offers a deep experience of democracy.

Social change in this approach is not individual
or incremental but it is at the collective level.
Freire understood change as dialectical, through
the conflict of contrasting ideas, which can break
through into a third way. Assessing the logical
outcomes of ideas can liberate learners to under-
stand the consequences of certain practices and
assess their collective interests. The threat for the
state in this type of education is that it helps to
build social movements for change. Freire was
clear that education cannot “transform society by
itself” – by intellectual reflection unrelated to
significant movements in which social action con-
cretely occurs. “Precisely because education is not
the lever for the transformation of society, we are
in danger of despair and of cynicism if we limit
our struggle to the classroom. . .nevertheless
transformation is an educational event” (p. 129).
As Freire’s process was so effective, he was exiled
to Switzerland and later the USA. He published
Pedagogy of the Oppressed (1970) and then
experimented with his process in other continents,
before returning to Brazil. He eventually was
elected and held the position of Secretary of Edu-
cation for São Paulo in the 1990s.

Freire’s emancipatory form of transformative
learning has been profoundly influential in South-
ern contexts, where poverty, oppression, and
repression are more overt, and openness to
humanist Marxism is less problematic. Yet,
there have been important applications of Freire’s
ideas in Northern contexts too, including in the
labor movement, antipoverty movement, immi-
grant and literacy education, women’s move-
ment, antiracism, and in other antioppression
movements. Ira Shor used critical pedagogy
within a New York-community college setting
(1992). Myles Horton was inspired by Freire in
the development of the Highlander Folk School.
African American feminist bell hooks (1994),
was profoundly influenced by Freire as she had
experienced banking education in the Kentucky
school system. Echoing Freire, she asserts that
education should be a practice of freedom and
hope. She enacted the ideas of: teaching as a
sacred vocation, educational relations as one of
liberating mutuality, and engaged pedagogy as
necessary for transgressing and decolonizing cul-
tural norms.

The “blind spots” in Freire’s thinking have
been well identified, including the elements of
progressivism, interventionism, causality, and
dualism (Mayo 2004). As well, new thinking
about social change – beyond dialectical, func-
tionalist, psychoanalytical, or social movement
theories – has emerged, adding nuance to
Freirean-inspired practices.
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In terms of sustainability education, Freire’s
approach is present in the Ecopedagogy move-
ment, promoted by Richard Kahn (2010) and
Moacir Gadotti (2010) and very active in Latin
America. Kahn’s premise is that there is a crisis in
environmental education, while very successful in
fostering a socially active counterculture, new
morality, new technologies, and institutional ini-
tiatives, a more radical and complex form of
ecoliteracy is required to re-educate misunder-
standings of basic environmental ideas, overcome
the academic isolation of environmental educa-
tion, and call out environmental literacy that is a
“greenwash” (p. 9). More to the point, the matrix
of domination and hyperindividualist anthropo-
centrism is ripe for radical reconstruction. This
particular unsustainable system had a beginning
and it will have an end.

Educational institutions can “bridge the poli-
tics of the academy. . .and alternative social insti-
tutions located in the public sphere. . ..with
grassroots political organizing, capable of
achieving social and ecological transformation”
(Kahn 2010, pp. 18–22). Only by building the
“extra- and intra-institutional foundations. . .can
meaningful ecological policy, philosophy,
and curricular frameworks” achieve the SDGs
(p. 19). This discourse, then, links post-develop-
ment and decolonization discourses to anti-
oppression pedagogies, that all name the
disruption of local cultures and economies, par-
ticularly Indigenous cultures, during the Mode-
rnist era (Esteva and Prakash 1998). Only
resuscitating the cosmological dimension present
in non-Western epistemologies, can vernacular
forms of learning in specific places take hold once
again, reinvigorating community self-sufficiency,
equity, and environmental justice.

This level of change, therefore, is concerned
with structural transformation – of economies,
of technologies, of ideologies, of politics, and of
institutions. The goal is a radically democratic
sustainability politics and an empowered global
civic culture, which is in a nascent form. This
civic culture contests the transnational capitalist
project that has taken us to the brink and helps
reimagine hopeful trajectories for our planetary
context.
Transformative Sustainability Education:
Fostering an Ecology of Change
Processes of transformative learning and sustain-
ability education need to struggle free of many
embedded modernist assumptions around out-
comes, measurement, and managerialism to
focus on learning processes that best manifest
deep transformation and sustainability. As is
clear from the foregoing discussion, the core prob-
lematics revolve around the learning-action nexus
and what constitutes transformation, if and how
action can be fostered, and the nodes of action –
individual/micro, cultural/meso, and structural/
macro (Moyer et al. 2016).

A transformative sustainability education then
needs to consider all the foregoing elements as an
ecology of transformative learning (Lange 2015).
Moreover, drawing from both modern physics and
ancient wisdom traditions, there is a “relational
shift” in ontology and epistemology occurring
(Spretnak 2011). This shift points to the deeply
relational nature of reality where all things are
connected as an animate, living system, and
interpenetrating whole. As Spretnak describes:

. . .all entities in the natural world, including us, are
thoroughly relational beings of great complexity,
who are both composed of and nested within con-
textual networks of dynamic and reciprocal rela-
tionships. We are made entirely of relationships, as
is the whole of the natural world. (p. 4)

Moving away from the colossal recon-
structibility project of modernity and the
Anthropocene Era will require a relational under-
standing of sustainability and deep transformation
by questioning the ontological, epistemological,
and cosmological roots of our societies (Lange
2018). “The environment,” sustainability, and
transformative learning are not objects to be
acted upon or processes to be used instrumentally
toward a predetermined end state. Humans are not
independent rational agents acting upon the mate-
rial world or on human worldviews to create
transformation. Rather it is mutually learning
and transforming into a new way of thinking and
especially of being, within overlapping and
expanding circles of human and nonhuman rela-
tions. As physicist Karen Barad (2007) suggests,
the ethics of entanglement means that we are not
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innocent, objective, and amoral bystanders. Nei-
ther are we the only actors in the universe. We are
inherently entangled in a dynamic world, which
makes ethical demands of us daily. It is this insep-
arability that challenges higher education which
has been structured on reductionism, dualism,
hierarchalism, and disciplinary specialization.

One example is Indigenous knowledge sys-
tems which “fundamentally challenge and trans-
form our current global economic-cultural order”
(Stewart-Harawira 2005; Williams 2018). While
all human languages and cultures have been
born of place (Battiste et al. 2005), the current
structures are disembedded, as part of ongoing
colonial invasion. Indigenous land-based onto-
epistemology challenges the place-based educa-
tion of sustainability educators. Unless the vio-
lence of settler societies and colonization is
acknowledged and it becomes clear how settler
colonial ideas pervade place-based education,
then only a partial relational shift will evolve, as
knowledge and identities are entangled (Williams
2018). Jeannette Armstrong (2006) frames active
Indigeneity as “learning to live within the require-
ments of place” as in “sharing one skin.” It is
actively engaging with decolonization and
encouraging transformative sustainability educa-
tors to teach about the Indigenous resurgence
agenda which addresses wealth and power dispar-
ities as well as damage to the land (Williams
2018). In this way, then, many of the SDGs can
begin to be addressed.

As Burns (2011), Widhalm (2011), and
McNeil (2018) suggest, transformative sustain-
ability education in higher education can be
designed on ecological principles where the learn-
ing engagement is a living system itself. Transfor-
mative sustainability is making visible the
underlying physical, social, ecological, political,
and economic dynamics through the examination
of new content, multiple perspectives, and local
contexts. Place-based learning using an experien-
tial and participatory pedagogy with self-
balancing systems of feedback to constitute learn-
ing as sustainability (Burns 2011; Sterling 2009).
Widhalm and McNeil, drawing from the work of
Fritjof Capra (2004), have illustrated how to use
living systems principles to design a pedagogy:
through nested systems, networks, dynamic bal-
ance, cycles, flows, and development. Complexity
theory also introduces the concepts of complexity,
energy fields, distributed knowledge, bifurcation
points, butterfly effects, and self-organizing sys-
tems to assist in understanding transformation
(Lange 2012).

Blending the micro and meso levels of trans-
formation can include : the role of critical reflec-
tion on premises within personal and cultural
paradigms; conscientization about hegemonic dis-
courses and the dominant mythos in society; dis-
cernment toward personality integration and a
transpersonal consciousness; as well as
reenchantment in locating oneself and the human
story within the Earth story. As part of a new
cosmology, this can create a vision of achievable
alternatives to take us into a sustainable society.

In terms of creating macro or systemic change,
Zivkovic (2017) discusses how creating a disequi-
librium state, amplifying action, encouraging self-
organization in communities, and using feedback
and information, can build the adaptive capacity of
communities. Further, the social innovation and
community development literature defines the trans-
formative process as Scaling Deep, Scaling Out,
and Scaling Up (Riddell and Moore 2015; Westley
and Antadze 2010). Scaling Deep is the process of
impacting cultural roots by analyzing roots causes of
particular issues, using systems thinking. Storytell-
ing about successful innovations that contain big
cultural ideas can shift beliefs and norms. Scaling
Out refers to a deliberate replication of programs
geographically and in numbers. What is replicated,
though, are the principles that made the initial social
innovation successful, which are then adapted in
new contexts. Scaling Up is impacting the laws
and policies that create barriers to sustainability
practices. This is a process of political advocacy
that can disrupt existing systems, link together
community-level policy makers, redirect institu-
tional resources, and precipitate the redesign of
structures that currently constrain practice.

One ethical debate is whether transformative
sustainability education is used as a tool for indoc-
trination. Transformative educators may have some
intentions around outcome, but their intent should
be to create conditions for inquiry with students
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free to accept or reject content as part of democratic
relations. There will always be resistance among
some learners, particularly as the pedagogy will
threaten the status quo. Further, the ultimate impact
of transformative sustainability education is
unknown and mysterious, as it taps many currents
within an individual and a society, which cannot be
shaped or controlled. Current thinking is that the
process of educating/learning is itself the transfor-
mative element. While content can be chosen to
disrupt understandings, the process of inquiry is the
most transformative element. Nevertheless, capac-
ity building in terms of skills, communicative abil-
ities and linkages to social institutions and
movements help support long-term transformative
change. It becomes, then, “educating for the emer-
gence of a different, possible world” (Gadotti 2010,
p. 203).
T

Higher Education and Transformative
Sustainability Education

University education emerged during feudalism,
and public education emerged during early indus-
trial capitalism. The structural core of formal or
institutionalized education is to isolate disciplines,
ages, sectors, and sites of learning. Locked into
these siloed forms, educational institutions struggle
to engage transformative sustainability education.
A polyarchy of new forms of sustainability educa-
tion are occurring in disparate noninstitutionalized
sites. These sites offer visionary practices and high-
light the restructuring required by educational sys-
tems, beyond their feudal and industrial roots.

Wals and Blewitt (2010) suggest that there
have been three waves of sustainability in higher
education. With the emergence of the environ-
mental movement in the 1970s, the first wave
was new programs and fields such as environmen-
tal engineering and environmental studies, but
they were fit within existing empirical and theo-
retical reductionist frameworks. The second wave
started in the 1990s with the proliferation of dec-
larations by higher education institutions, such as
the Tallories Declaration. While the rhetoric and
rationales were helpful in profiling a sustainability
agenda, it led to little concrete change in the
mandate of universities. Rather this second wave
focused on the operational level where campus
greening sought to reduce ecological footprints.

Curriculum and pedagogical change at the uni-
versity level have proven resistant to change. First
attempts included individual professors infusing
sustainability content into existing courses, but
this has resulted in containment and marginaliza-
tion. Those that have taken up the role of sustain-
ability champions on campus have faced many
barriers: contestations and vagueness around the
concept of sustainability and its relationship to
existing domains of knowledge; seeing sustain-
ability as an impositional agenda; the lack of
knowledge and skill around sustainability; diffi-
culty speaking outside of disciplinary language;
disciplinary silos with epistemic boundaries and
legitimated methodological traditions with
established reward systems; the structure of career
tracks that shape university programs; and mod-
ern administrative governance and bureaucratic
logics. Furthermore, regarding pedagogy, there is
little agreement on what constitutes sustainability
competencies (Sterling et al. 2017).

One mandate of universities and other higher
education institutions is knowledge creation,
knowledge dissemination, and addressing real-
world issues. However, such real-world issues
have proven to be wicked problems – complex
social policy problems that cannot be definitely
described, do not have clear solutions, and are rife
with multi-causal factors, conflicting goals, and
unforeseen consequences (Zivkovic 2017). Yet,
there is a call for graduates who have sustainabil-
ity knowledge and leadership capacity and who
can act as decision makers and change agents
around sustainability (Sterling et al. 2017).
UNESCO (2014) has become quite pointed in its
assessments charging that “the global transforma-
tion of higher education towards sustainable
development has yet to occur” (p. 31). The former
Director-General of UNESCO, Irina Bokova
(2015), insists that re-envisioning education
must parallel the deep transformation occurring
in societies. She calls for new forms of education
as well as systemic approaches to curricular
change and capacity-building, to address global
justice and sustainability solidarity.
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There is now a polyarchy of learning edges
within and outside the university. Groups of aca-
demics have hosted cross-fertilizing peer dialogue
on their campuses to explore systemic and relational
thinking. Cross-campus spaces have also developed
where transdisciplinary learning is supported as a
form of professional learning. This professional
learning is invitational and participatory, not
impositional and predetermined (Moore 2005).

Research is slowly become interdisciplinary, and
even transdisciplinary, to address wicked problems.
Research questions are becoming highly integrative,
beyond any one discipline and their fragmentary
knowledge. Some programs are eliminating disci-
plinary units and letting the real-world problems
drive the curriculum and the need for disciplinary
thinking (Redman and Wiek 2013). University
activism has always played a major role in social
change and linkages between classrooms, commu-
nity advocacy and social movements are natural
alliances for fostering awareness, learning, and
action. Kahane (2012) suggests that transformative
scenario planning is a strategic tool that can assist
organizations moving beyond existing logics by
focusing on: systemic diagnosis of context by a
range of players who respect each other but may
not agree; denser connectivities so that networks
create reinforcing feedback systems, and learning
so that personal values and identity are connected to
the big issues around us. Tried in post-apartheid
South Africa, the process of developing plausible
scenarios together diverse stakeholders can avoid
common pitfalls and more consciously led to trans-
formative action. New vocabularies and language
are also emerging to encapsulate newways of being,
thinking, and acting, itself a process of decolonizing
from modernity (Kimmerer 2015; Lange 2017).
Many higher education educators are reorganizing
higher education programs outside of the university
auspices in more flexible arrangements.
Final Remarks

In sum, we are currently in transition between the
modern and postmodern epochs, constituted by par-
adigm shifts in multiple science and social science
fields. This shift is every bit as significant as the shift
from the medieval to modern (Best and Kellner
2001). Premodern (traditional/non-Western), mod-
ern, and postmodern ideas all currently coexist
within collective and individual belief systems.

With this in mind, Selby and Kagawa (2015)
suggest that the key elements of transformative sus-
tainability education include: education that interro-
gates the drivers of the unsustainability crisis;
education that challenges underlying assumptions
and paradigms; education that is integrated with
social action and is able to scale innovations more
broadly into society; education that taps learning
modalities outside of what is commonly accepted;
learning that is anticipatory and creative by mani-
festing a vision of what is possible; education that is
inter- and trans-disciplinary; education that is
entangled and immersed in the natural world and
interactive with physical elements and species;
learning that is localized to and respectful of land;
and learning that walks out of four classroom walls
into many spaces and places. Fostering transforma-
tive learning at micro, meso, and macro levels, cre-
ating an educational space that is predicated on
ecological principles and mimics a living system,
challenging current epistemological, ontological
and ethical systems, and offering the vision of
an ontology of relationality are the deepest and
strongest forms of transformative sustainability
education.

This is the largest crisis in the legitimacy of
higher education in 500 years, but with a poly-
archy of transformative research, education, and
action across many disciplines, the learning-
action nexus can be bridged into multiscalar rela-
tionships that become places of real change. Such
transformative sustainability education can even-
tually manifest in life-giving societies, achieving
the goals of sustainability.
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Definition

Transformative pedagogies for sustainable devel-
opment encourage learners to change the direction
of development that seems to be inevitable
by enhancing their awareness, understanding
of complexities, empathy, compassion and
empowerment.
New Ideal of the Good Life Is Needed

In a new geologic epoch – the Anthropocene
epoch – humankind is the biggest individual
determiner of the future of planet Earth, which
means that the future is in the hands of humans
more than ever before (Crutzen 2002). In other
words, the effect of humans on the atmosphere,
oceans, and nature is great enough to leave per-
manent impacts (Rocktström et al. 2009). The
species Homo sapiens is destroying the natural
systems that maintain all life (Ripple et al. 2018).

Our children will live in a world where wild
areas are reduced, where there are fewer animal
and plant species, where fewer areas are available
for food production, and where natural resources
are declining and the climate is more volatile
(Marsh 1965; Ward and Dubos 1972; Budowski
1984; Ehrlich et al. 2012; Wiedmann et al. 2015;
United Nations 2015; Ripple et al. 2018). Thus,
holistic societal change is needed to create safe
and fair operating space for humanity. These
changes are among the biggest learning chal-
lenges facing humankind (Åhlberg et al. 2014).

In the history of mankind, a fatalistic way of
thinking has been replaced with a new under-
standing. People have started to understand that
they can be creators of their common future.
Therefore, two kinds of future strategies have
been developed. Political strategy emphasizes
innovation and technological progress that is reg-
ulated by decision-makers. Pedagogical strategy
is based on the relevance of identities, values, and
ethical frameworks. This strategy is emphasized,
for example, by behavioral economics, behavioral
sciences, and education sciences (Hämäläinen
2015, 1023).

The World Commission on Environment and
Development presented sustainable development
as a model of holistic social change (WCED 1987,
46). Fundamentally sustainable development is
about the transformation of basic aspects of the
present ideal of material well-being to protect the
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natural systems that maintain human and non-
human life (Baker 2006). In its deepest sense,
this means that the main goal of learning is seeing
things differently instead of doing things better or
even doing better things (Bateson 1972;
Sterling 2010).

Later, quality of social change is described by
the Agenda 2030 action plan. It came into effect in
the beginning of 2016. The 17 universally
accepted goals and 169 targets at its core apply
equally to all countries (United Nations 2016).
The main purpose of the Agenda 2030 is noble:
“We resolve, between now and 2030, to end pov-
erty and hunger everywhere; to combat inequal-
ities within and among countries; to build
peaceful, just and inclusive societies; to protect
human rights and promote gender equality and the
empowerment of women and girls; and to ensure
the lasting protection of the planet and its natural
resources” (United Nations 2015).

Transformative pedagogies for sustainable
development ask how we human beings could,
as decision-makers and citizens, change the direc-
tion of development that seems to be inevitable.
How does learning transform humans and human-
environment relationships? How could students
integrate personal transformation pathways in
attempts to shape material and social changes?
Which social factors could drive humanity to
move away from unsustainability? How can soci-
etal transformations be accelerated toward sus-
tainable development goals?
T

Implementation of Agenda 2030: From
Behavioral Changes to Social Change

Even if humankind face great challenges, we are
able to overcome them. Societies are becoming
more affluent. People are more prosperous than
ever, and the amount of available information is
enormous. Freeing citizens from extreme poverty
is no longer the main object of national govern-
ments. Therefore, broader examination of well-
being enables recognizing the heart of progress.
Education as a social process and function is in
vain until we define the ideal of society we have in
mind (Dewey 1916).
There is a common vision concerning the
notions of what is good life and progress in soci-
ety. People from different background agree that
peace is better than war and equal rights are better
than discrimination. We also think that happiness
is better than misery and opportunities to enjoy
family, friends, culture, and nature are crucial in
life (Pinker 2018). In other words, progress and a
better future are clearly defined as a shared vision
in Agenda 2030 (United Nations 2015). It pursues
a peaceful, sustainable society, comprised of more
personally fulfilled people, making full use of
their potential (Fadel et al. 2015, 7). The challenge
is how to make it happen. How do we reach these
common goals?

The present socially constructed beliefs and
assumptions about the good life consist of anthro-
pocentrism, individualism, unlimited growth, and
technological progress (Glasser 2018). Tradi-
tional Western logic is based on linear thinking,
where systemic views are not common.
A common assumption is that the future can be
predicted by examining the past and present and
identifying the cause-to-effect relationships
between them. This is manifested by a reduction-
ist and simplifying discourse, in which there is no
attempt to recognize the interconnection of differ-
ent parts (Ackoff and Rovin 2003). A need for
simplification is easy to understand because cur-
rent life is more complex than before and people
want to have the feeling of good life management
in their everyday lives.

It is necessary to question the present socially
constructed beliefs and assumptions about the
good life because it reproduces society and culture
with the harmfulmetanarrative (Fadel et al. 2015,
98–99). From the systems thinking point of view,
there are three basic dimensions of progress, and a
hierarchy exists between these dimensions. The
sustainability promoting metanarrative is based
on the fact that without well-functioning nature,
there can be no society because humankind is
dependent on thriving ecosystems and the sustain-
able use of natural resources such as fertile soil,
crop pollination, water purification, disease con-
trol, and climate control. Without a society, there
can be no societal functions, including an econ-
omy. The solid base of society is built on human
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rights, social justice, and dignity. The good life on
the finite planet Earth is not possible without an
efficient economy, which is necessary to fulfil the
basic needs of people (Giddings et al. 2002;
Hediger 1999; Ott 2003; Salonen and Konkka
2015).

Transformative pedagogies can be a tool that
leads to societal transformation that underlines
human solidarity and an expanding moral circle
that includes people, animals, plants, and life-
supporting ecosystems as well as the abiotic nat-
ural resources of the planet Earth. This is not
possible to achieve without integrated transdisci-
plinary heuristics that combine social, natural,
behavioral, and philosophic points of view
(Salonen and Åhlberg 2012). Sustainability
requires changes in worldviews, ways of thinking,
well-being paradigms, and life orientations
(Table 1). As a result of self-reflection, it could
be found that the best experiences of life are rarely
related to consumer goods. Consumption patterns
are often driven by wants, not needs. Participation
and belonging make us feel good. This kind of
social capital can be increased without negative
ecological effects. Knowledge, self-expression,
freedom, affection, and participation can grow
forever without any planetary boundaries
(Lehtonen et al. 2018).

An example from the late fifteenth century
helps us to identify what kind of social change is
needed in practice. The principles of sustainable
development were a reality among sheep herders
in Iceland then. They noticed that overcrowding
led to soil depletion and erosion. The Icelandic
sheep herders had recognized the value of fertile
soil as an indispensable prerequisite for their
Transformative Pedagogies for Sustainable Devel-
opment, Table 1 Principles of change to achieve a
sustainable future in the Anthropocene epoch. A path toward
full humanness and planetary responsibility by expanding

Worldview Self-centered Human-centere

Way of thinking Atomistic thinking

Well-being paradigm Accumulation of material goods

Life orientation Individual Collective

Moral circle I My
family

Friends
and
relatives

My
nation

All
peopl
business. For this reason, they decided to unite
and estimate the limit to growth in their business
and found that the speed of recovery of the pas-
tureland determined the limit of their activity. In
practical terms, this was the number of sheep on
the slope of a mountain and the fair sharing of
sheep between the herders. Subsequently, the
sheep herder community safeguarded the vitality
of nature in order to ensure the material wealth of
the community. The sheep herders adopted a more
holistic way of thinking. They gradually changed
their life orientation from individual to collective.
They also decided to include in their moral circle
the whole community and the whole ecosystems
on the island, more than only herders’ families.
This was a concrete path toward full humanness
and planetary responsibility in the late fifteenth
century in Iceland.

Implementation of Agenda 2030 requires
determined efforts at global, national, and local
levels. It also involves a range of open questions
and information needs (Odlekop et al. 2016). The
Government of Finland aims to achieve the sus-
tainable development goals of Agenda 2030 by
the Society’s Commitment to Sustainable Devel-
opment (SCSD). The action plan is closely
linked to another Government cornerstone pro-
ject, the formulation of Finland’s development
policy. SCSD is an instrument produced by the
Prime Minister’s Office for implementing the
Agenda 2030. According to the vision of SCSD
“in 2050, every person in Finland will be a valu-
able member of society. Finland will be an afflu-
ent society that lays the foundation for
sustainability and provides its citizens, commu-
nities and companies with the conditions they
humans’ worldview, way of thinking, well-being paradigm,
life orientation, and moral circle from left to right. (Adapted
from Salonen and Ålhberg (2012, 22))

d Life-centered Ecosystem-centered

Systems thinking

Harmony, coherence, consciousness

Planetary

e
Human
beings and
animals

Human beings,
animals, and
plants

Ecosystems Planet
Earth
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T

need to operate sustainably. The carrying capac-
ity of nature is not exceeded and natural
resources are used in a sustainable manner. Fin-
land will promote peace, equality and justice,
and offer practical and sustainable solutions to
the world’s problems.” To make the vision a
reality, Finland has focused on achieving the
following eights objectives (Lyytimäki et al.
2016; Commission on Sustainable Development
2016):

1. Equal prospects for health, education, and
employment

2. Equal opportunities for all citizens to influence
their own lives and common issues

3. Improving the productivity, profitability, and
quality of work

4. Supporting an active civil society
5. A carbon-neutral society by the year 2050
6. A resource-wise economy and socially respon-

sible business operations
7. Lifestyles based on nonmaterial consumption

and services
8. Decision-making that respects nature

SCSD serves as a long-term framework and
instrument of policy coherence for the strategy
and program work of different administrative sec-
tors. Every single Finn can make a public com-
mitment on a digital platform. Moreover,
hundreds of measurable and public commitments
are already made by companies, municipalities,
educational institutions, and nongovernmental
organizations (Lepuschitz 2014). These commit-
ments transform the whole society toward a more
sustainable future (https://sitoumus2050.fi/).
However, transformative pedagogies are needed
in mainstreaming of sustainable development,
and this requires adjustment of the values and
attitudes of citizens (Commission on Sustainable
Development 2016).
Toward Transformative Pedagogies for
Sustainable Development

Pedagogical strategy for human development
refers to human growth and education in theory
and practice (Hämäläinen 2012, 4). Paul Natorp
claimed that all pedagogy should be social
(Natorp 1920). This kind of society-oriented ped-
agogy can be identified as social pedagogy, which
is based on the large-scale and holistic theory of
human development. A human being is consid-
ered as a member of society and of different kinds
of communities – a group of people with respon-
sibilities for each other (Hämäläinen 2003, 73).

Social pedagogy emphasizes holism. It asks
what the full potential of the human being is in
the context of society and how the relationship
between individuals and society should be orga-
nized. It focuses specifically on the social pre-
conditions for individual development and to
opportunities to promote people’s growth into
active citizenship and social responsibility
while still fulfilling personal interests and oppor-
tunities (Hämäläinen 2015, 1028). Thus, social
pedagogy is about a general rather than special
theory of education. It addresses opportunities to
contribute to social life, welfare, and human
development (Hämäläinen 1989, 128; 2003, 71;
2012, 12–13).

Social pedagogy is an example of a pedagogy
that focuses on changing society (Hämäläinen
2012, 9). It deals with fundamental questions of
societal order, human development, and citizen-
ship education, and it promotes understanding
ourselves as human beings (the human domain)
and moral actors (the ethical domain). In the
Anthropocene epoch, however, it is also impor-
tant to understand human beings as a part of
nature. Transformative pedagogies for a sustain-
able development transform understanding and
conceptions about the interdependence of humans
and nature (Laininen 2018). These three over-
lapping domains together – human, ethics, and
nature – can promote human flourishing and a
sustainable future when they are addressed simul-
taneously (Ehrenfeld 2008, 58–59). Therefore,
truly transformative pedagogies not only focus
on human self-awareness but also on deep
social-ecological transformations in which people
define themselves as a part of the surrounding
social-ecological reality in harmony (Åhlberg
et al. 2014; Salonen and Bardy 2015; Salonen
and Konkka 2015).

https://sitoumus2050.fi/
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opment, Table 2 Developing of transformative peda-
gogy. Learning approaches, pedagogies, and goals to
achieve a sustainable future (Bateson 1972; Sterling 2010)

Way of learning Goal of learning

Cognition Conformative
pedagogy

Doing things
better

Metacognition Reformative
pedagogy

Doing better
things

Epistemic
learning

Transformative
pedagogy

Seeing things
differently

1970 Transformative Pedagogies for Sustainable Development
Martha Rogers (1994) proposes five dimen-
sions for transformative pedagogies:

(a) The cognitive dimension relates to knowledge
and rational thinking.

(b) The affective dimension relates to a combina-
tion of emotions and knowledge.

(c) The existential dimension means that learners
question their own values and ways of life and
begin to rebuild perceptions of themselves.

(d) Empowerment refers to responsibility, engag-
ing and redirecting life.

(e) Action includes making new choices on a
personal, communal, and political level.

Transformative pedagogies lead to a holistic
worldview (Laininen 2018) because they are
based on the epistemic approach to learning
(Bateson 1972; Sterling 2010). A holistic world-
view together with systems thinking and ethics
can be a key driver of sustainability in society.
The ethical domain of transformative pedagogies
is about extending the moral circle to include the
entire social-ecological reality. The eco-social
approach to education crystallizes into the adop-
tion of a systemic worldview – the extension of
the moral circle to cover all human beings, ani-
mals, plants, and abiotic parts of nature as pre-
sented in Table 1. I could start to ask, for example,
what chain of people, raw materials, and power
plants I have connected myself to by turning on
the lights in a room. Each everyday choice main-
tains the system to which it connects citizens
(Åhlberg et al. 2014).

Human freedoms and responsibilities are, sub-
sequently, based on the dependence on nature and
on other people. To achieve this, the moral circle
should, firstly, cover ecological issues on which
human beings are dependent and, secondly, social
issues to secure the prerequisites for human rights
and dignity. Under these conditions, it is possible
to create a sustainable economy that fulfils the
basic needs of all people on Earth. When living
on a finite planet, it can be asked whether the best
measure for our generation’s progress is to ensure
as much freedom for future generations as we
currently enjoy (Sen 2009, 250–252). In order to
achieve this, it is important to understand that
without an ecological foundation, no human com-
munity can exist and, without the human commu-
nity, there can be no economy. Therefore, all the
challenges related to humanity boil down to eco-
logical and social origins, as the economy is an
eco-social process (Lehtonen et al. 2018; Åhlberg
et al. 2014; Salonen and Konkka 2015).

Every interpretation of the surrounding reality
is a result of social construction (Berger and
Luckmann 1966; Searle 2010; Hacking 2000).
However, even the best social construction is
unfinished. Therefore, we human beings need
each other to question our interpretations, para-
digms, and way of thinking. Interaction and imag-
ination help people to perceive the weaknesses of
their worldview. Correction of them requires
humility. Changing the unfinished worldview and
the current unsustainable metanarrative requires
epistemic learning, which could transform our
way of thinking so that we are able to see the
world around us differently (Tables 1 and 2).

Transformative pedagogies include possibilities
for a dramatic change in thinking and behavior.
Epistemic learning does not demand learners to do
things better or even doing better things. It asks
people to see the world around them differently. It
can permanently reform learners’ consciousness
and change their way of being in the world.
A possible shift “involves our understanding of
relations of power in interlocking structures of
class, race, and gender; our body-awarenesses, our
visions of alternative approaches to living; and our
sense of possibilities for social justice and peace and
personal joy” (O’Sullivan et al. 2002, xvii).

These fundamental changes start with individ-
uals and their change of attitudes, behavior, and
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lifestyle. The reflection on transformative action
points to the importance of community. In a phys-
ically, virtually, socially, politically, or culturally
defined community, learners find causes that con-
cern them both individually and collectively. It
evokes the lifelong learning perspective recogniz-
ing nonformal and informal learning throughout
the life of an individual. Therefore, transformative
actions for sustainability can also be seen as an
example of active citizenship (UNESCO 2019,
4–5).

A sustainable future is possible. In the
Anthropocene epoch, humankind needs transfor-
mative pedagogies with full humanness as a goal.
Then human beings can start becoming a part of a
bigger story – metanarrative – that is a universal
and equal story of a future consisting of peace and
dignity (Siirilä et al. 2018). In order to reach this
noble goal, transformative pedagogies for sustain-
able development should be embedded in all sub-
jects in all curricula (Stough et al. 2017).
T
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Changing Social Structure and Cultural
Patterns

Our planet is as closed a system as a spaceship
(Boulding 1966). A systemic entity, such as a
planet, society, city, person, language, car, or tele-
phone, is formed of the components it consists of
and interactions between these components.
A systemmaintains its existence through the inter-
action of its components (Bertalanffy 1968;
Bunge 1979; Mingers 2006).

In a new geologic era – the era of
Anthropocene – the spaceship Earth is in human
hands (Crutzen 2002) because the human pursuit
of the good life permanently changes the socio-
ecological system on which our everyday life is
fully dependent (Figueres et al. 2017; Ripple et al.
2017; Steffen et al. 2015). 1300 scientists from
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95 countries concluded in 2005: “human activity
is putting such a strain on the natural functions
of Earth that the ability of the planet’s ecosystems
to sustain future generations can no longer
be taken for granted” (Millennium Ecosystem
Assessment 2005).

The question is what will intelligent, forward-
thinking, and ethical human beings do who have
better than ever access to data, solid historical
evidence, and rich knowledge about future
trends? If we really want to start seriously
addressing complex social and environmental
challenges, we need to think in terms of systems,
and we must overcome the reductionist perspec-
tive and adopt a transformative orientation (Senge
1990):

From an early age we are taught to break apart
problems, to fragment the world. This apparently
makes complex tasks and subjects more manage-
able, but we pay a hidden, enormous price. We can
no longer see the consequences of our actions: we
lose our intrinsic sense of connection to a larger
whole. (Senge 1990, p. 3)

Transformative responses refer to social
change. Social change is the alteration of social
structure and cultural patterns through time
(Harper and Leicht 2016, p. 5). The role of inno-
vation and technological progress has often been
emphasized in social change. Scholars in sustain-
ability science and behavioral economics have
also underlined the relevance of an ethical frame-
work in the transforming process.

Great changes are possible. Humankind has
already managed to stop global ozone depletion.
We have almost doubled our life spans in a short
period. Moreover, we have created a universal
educational system and medical care. We also
know what to do next. United Nations Agenda
2030 is a roadmap to human dignity by 2030. It is
intended to end poverty, transform all lives, and
protect the planet (UNEP 2014; United Nations
2014, 2015). The needed transforming process is
dependent on both social structures and the behav-
ioral changes of citizens.

Consumption habits in the wealthiest countries
are the key to sustainability. The consumption
of the world’s most prosperous fifth (1.4 billion
people) accounts for more than 80% of the use
of natural resources and emitted pollution. This
is 60 times more than the poorest fifth in the
world. Therefore, even relatively small behavioral
changes of citizens living in affluent welfare soci-
eties can effectively reduce the use of natural
resources and combat climate change on a global
level (Munasinghe 2014, p. 260).

Does higher education only reproduce the
dominant way of living or does it offer transfor-
mative responses to society? This is a crucial
question because universities can be a major con-
tributor to unsustainability if they only reproduce
the dominant mainstream culture (Orr 2004;
Wals 2010). The main challenge for education
is what do we need more and what less to have
a good life?
A Transformative Higher Education
Institution and Social Change

Transformative learning challenges the core
assumptions and values that we as a society hold
(Mezirow 1978; Cranton 2006; Howlett et al.
2016). Transformation in higher education refers
to “a process of questioning and redefining one’s
frames of reference, experiences and assumptions
to generate new meanings and new visions
of future” (Leal Filho et al. 2018, p. 289).
Sustainability promoting universities embrace
pedagogies that educate students to become criti-
cal and reflective thinkers and practitioners
(Howlett et al. 2016, pp. 316–317). Therefore
transformative learning can even entail changes
of worldviews (Sipos et al. 2008).

Transformative orientations lead to a holistic
worldview (Laininen 2018). A holistic worldview
together with systems thinking is a key driver of
sustainability. This is a reason why transformative
higher education institutions are interdisciplinary
institutions. In practical terms, the interdisciplinarity
approach means that transformative responses to
sustainability is not possible without considering
the interconnectedness of psychological, social, eco-
nomic, and natural systems, for example, like this:

(a) According to the psychological evidence, we
know that, in overdeveloping countries, mass
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Table 1 Comparing higher education institutions:
reproducing the dominant society to offering transforma-
tive responses to a society

Higher
education
institution
reproduces the
dominant
mainstreaming
society

Higher
education
institution offers
transformative
responses to a
society

Strategy Thinking in silos
and disciplines
are emphasized.
Institution
maintains the
dominant way of
thinking in a
society

Institution offers
transformative
responses to a
society.
Interdisciplinary
approach is
emphasized

Management Management is
based on control
of individuals
and their
performance.
Procedures and
rules govern
what people do

Management is
based on
common values
and cohesion.
Collaboration,
networking, and
strong impact to
planetary Well-
being are
emphasized

Organizational
culture

Institution is
hierarchical.
Activities are
based only on
local laws.
Formal rules and
policies hold
people together.
Stability is
emphasized

Institution is
dynamic and
forward looking.
Individual
initiative and
freedom are
encouraged.
Trust and
commitment
hold people
together
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consumption leads to anxiety. Increased
opportunities to spend more cause an inability
to enjoy things obtained with money.

(b) According to the philosophical evidence,
we know that after meeting basic human
needs (water, food, clothes, shelter, energy,
healthcare, and education), it is difficult to
increase well-being by focusing mainly on
material things.

(c) According to the economic evidence, we
know that more sharing, cooperatives, and
local economies are possible.

(d) According to the evidence from social sci-
ences, we understand that the chances of hav-
ing a good life are threatened by increasing
inequality.

(e) According to the ecological evidence, it is not
clear that future generations will have the
same or better possibilities in their life as we
enjoy.

Sustainable universities serve as a model of
dignity and environmental stewardship (Sterling
et al. 2013). This challenges the strategy, the man-
agement, and organizational culture of the higher
education institution (Table 1). In the end, institu-
tions could be forerunners in transformative
responses to sustainability in society. In order to
reach this level, collaboration, networking, and
a strong impact on society are emphasized.
The impact includes both local and global
dimensions – planetary well-being. The institu-
tion is dynamic and forward looking. Trust and
commitment hold people together there (Cameron
and Quinn 2011).

By identifying connections and interactions
between different things and phenomena, we can
end up with decisions and policies both building
sustainability in society and enhancing the well-
being of citizens. This calls for holistic and
empowering approaches to research, learning,
and teaching, which reject the traditional cultural
dualism and segregation. This demands educators
to focus more on critical thinking, systems think-
ing, and enriching communication. What we
also need is developing of higher-order skills
such as logical thinking, analyzing, synthesizing,
inferring, deducting, inducting, and thinking
hypothetically. Most of all, this means that we
need to think in terms of systems.
Systems Thinking as a Driver of
Transformative Responses

Systematically thinking people perceive the world
as a systemic whole. Everything is connected.
Some connections are distant and weak, others
are immediate and strong, but the essential idea
is that the connections and interactions guide the
way people see the world. The worldview of these
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people replaces an atomistic worldview in which
a system can be understood by the sum of its parts.
Instead, everything is a part of a larger whole and
the connections between components are non-
linear. This approach generates goal-oriented
activities where the importance of the goal is
emphasized, but the details remain in the back-
ground (De Rosnay 1979).

Systems thinking may help us to question
our paradigms and worldviews. Without systems
thinking, it is difficult to understand that there can
be no society without a well-functioning nature. It
is also evident that without a society there can be
no societal functions, including an economy. The
solid base of society is built on human rights,
social justice, and dignity. The good life on the
finite planet Earth with population growth is not
possible without a robust economy. Without an
efficient economy, it is not possible to fulfil the
basic needs of people. However, no economy is
possible in the absence of thriving natural ecosys-
tems and people (Giddings et al. 2002; Hediger
1999; Ott 2003; Salonen and Konkka 2015; Max-
Neef 2010). Thus, economy has no intrinsic value
but is an instrument for human well-being. The
human being is fully dependent on thriving eco-
systems and the sustainable use of natural
resources such as fertile soil, crop pollination,
water purification, disease control, and climate
control.

A systems approach is a powerful tool for
creating transformative policies and strategies in
society. A holistic, systemic, and integrative inter-
pretation of the reality around us will not only
help our everyday choices but will also help us
to see bigger picture in responsible decision-
making. This approach helps to reveal connec-
tions between parts that make a larger whole. It
offers a way of seeing that there is a citizen in
a house, the house is located in a town, the town is
in a society, and the society is part of Earth. The
systems approach may help, for instance, to rec-
ognize that it is economically questionable to have
extremely low prices for unhealthy food. Diseases
linked to overweight increase the burden on the
health sector in society. They cause more prema-
ture deaths than malnutrition in our world (Lim
et al. 2012). Instead, healthy diets save resources
and improve the quality of life. For example,
locally produced organic plant-based food has
multiple benefits for citizens, society, and the
planet because it supports local farmers and entre-
preneurs, promotes public health, maintains bio-
diversity, and helps establish global food security
(Salonen et al. 2014; Helne and Salonen 2016).

Connections between different components of
human well-being can open a new way of think-
ing. For example, students who can see greenery
out of their classroom windows do better than
those who cannot (Matsuoka 2010), and patients
are cured faster in a hospital room with a green
view (Ulrich 1984). Moreover, people walking
from A to B on a tree-lined path alongside a
river were systematically happier than those who
took the same trip via an underground tunnel
system (Nisbet and Zelenski 2011), and those
who live in walkable neighborhoods have been
found to be significantly more likely to feel that
they belong to their community than those in car-
dependent suburbs (Leyden 2003).

According to John Dewey, “the conception of
education as a social process and function is in
vain until we define the ideal of society we have in
mind” (Dewey 1916). Next we will envision some
transformations towards sustainable society.
Visioning, Policy-Making, and Building a
Sustainable Society

A basis of standard of living is accumulation of
wealth. Accumulation of wealth is based on eco-
nomic growth. Economic growth is often pushed
by decisions about never ending desires and
wants of citizens. A shopper who shops only to
meet her or his needs – that are universal ends for
the good life – poses danger to economic growth.
However, permanent economic growth is not pos-
sible because “the economy is a sub-system of
a larger and finite system, the biosphere”
(Max-Neef 2010, p. 204; also Matutinovic et al.
2016). Planetary boundaries (Rockström et al.
2009) refer to an importance of identifying basic
needs of human beings.

In many societies, the amount of money and
time spent on meeting the basic needs of citizens
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Table 2 Comparing weak responses to strong responses

Weak responses to
sustainability

Strong responses to
sustainability

Standard of living Quality of life

Focus on desires and wants Focus on human needs

Global products and services Local products and
services

Linear economy Circular economy

Market economy True costs economy

Fossil energy Clean energy

Consumer citizenship and
individualism

Active citizenship and
belonging
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have fallen dramatically over the last few decades
(Jansson 2011). When it is easy to fulfill the basic
needs of everyday life, people tend to focus more
on nonmaterial goals in life (Inglehart 1977; Jebb
et al. 2018). In Shalom Schwartz’s value theory,
such a change in values means shifting from self-
enhancement to self-transcendence (Schwartz
1992). According to Abraham Maslow (2011,
p. 179) that kind of full humanness occurs as
altruism, belonging, and social cohesion. This
shift from getting a better and better standard of
living to having greater and greater life satisfac-
tion and happiness is linked to the question of
sufficiency and ethics. As John Maynard Keynes
put it: “when accumulation of wealth is no longer
of high social importance, there will be great
changes in the code of morals” (Keynes 1932).

The elements of human flourishing are non-
material. These elements enhance quality of life
and they can increase forever. When citizens shift
from the material goals of life (standard of living)
towards softer post-material values (quality of
life), wide-ranging effects on citizenship, society,
and the common future of humankindmay appear.
This is a strong and fundamental response to
sustainability in an affluent society (Table 2).
Thus, a fundamental question for policy-making
is whether we should focus more on quality of life
or on standard of living.

Local business maintains connections between
producers and consumers. Sharing economy and
local business enhance a sense of partnership,
cooperation, and belonging. In fact, thriving
local economies represent a deep-rooted democ-
racy in which communities have opportunities to
decide matters pertaining to their everyday life.
Local products and services strengthen the vitality
of the area. If money circulates five times or more
in its place of origin, it generates a small economic
boom (Max-Meef 2010, p. 204). This is a good
news to sharing commodities such as tools,
clothes, and vehicles. Sale of services may include
art galleries and gyms, as well as maintenance,
repair, and rental services. Use of services is often
less materially and energy intensive than owning
commodities. It also supports local labor intensity.
Local business is also more transparent and
accountable than global markets. Ecological and
social responsibility is often stressed when the
producer and consumer are near each other
(Helne and Salonen 2016). Versatile and inclusive
local economies are attractive as they foster trust
and confidence that is at the heart of all economic
activity (Diener et al. 2009).

From the standpoint of nature, economic
growth is a process of transferring natural re-
sources to landfills. Excessive mining is needed
because of linear economy. As a result of linear
economy, it is estimated that Japanese urban
areas contain 16% of the world’s gold and 22%
of silver (NIMS 2008). A shift from excessive
mining to the circular economy is necessary sim-
ply because nonrenewable resources are not
renewable.

Nature does not waste anything, but, instead,
everything circulates. Material and energy flow
forever. This idea is called circular economy. In
a society, homes, cities, or soils are not ends but
means to the next cycle of consumption. Wastes
and emissions are evidence of incorrect product or
service design (Salonen and Åhlberg 2012). In
fact, there is no need for the term “waste.” The
only thing to be eliminated is toxins due to their
accumulative and disruptive nature in the liver,
kidneys, and central nervous systems of humans
and animals. Heavy metals negatively affect
growth, reproduction, and the activity of the dif-
ferent organism in the natural ecosystems (Pepper
et al. 2011).

Market mechanisms fail to address the accu-
mulation of individual everyday actions into col-
lective social costs. Efficient markets are
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transparent. There are no hidden costs. In a true
cost economy, prices tell the truth. Externalities
are included in the prices of commodities and
services (Rees 2014, pp. 195–196). For example,
each stage in the life cycle of coal – extraction,
transport, processing, and combustion – generates
a waste stream. Each stage includes hazards for
health and the environment. These costs are typi-
cally considered externalities, and they are not
included in prices. Accounting for the costs of
damages doubles or triples the price of electricity
from coal per kWh generated. This makes renew-
able energy economically competitive (Epstein
et al. 2011). The situation is the same with other
commodities we use in our everyday life.
Switching to clean energy is one of the most
effective ways to achieve a sustainable society
because methods to produce energy are linked to
ecological integrity, safeguarding biodiversity,
democracy, nonviolence, and the peaceful coexis-
tence of people. Fossil energy–driven climate
change threatens social justice and human dignity
(World Bank 2012), which are on the agenda of a
socially sustainable society (Hämäläinen and
Matikainen 2018, p. 28). Even if we live on a
finite planet, rawmaterials and pollution are rarely
taxed. Instead, the majority of government
income from business is personnel related
(Wintzen 2014, p. 299). In general, from the
point of view of the citizen, society, and the
planet, it is better to tax depletion and pollution
than to tax labor and capital.

Active citizenship has many faces on different
levels. In a neighborhood, an active citizen builds
bonds between people from different back-
grounds. For example, neighborhood gardens
involve collaboration, knowledge sharing, and
shortening the geographic distance from garden
to dinner table. This improves happiness and
saves resources simultaneously (Helliwell 2014).
The current information society offers incredible
possibilities to active citizenship. For example,
the #metoo campaign is an example of active
citizenship and rapid social awakening on a global
level. This awakening refers to healthy and well-
functioning society with active citizens that have
the capacity to exercise moral judgment and the
ability to feel compassion (Rees 2014). Even the
emergence of a global civil society is possible
through networking, at least on a certain level
(Mitrani 2013). On the other hand, the challenge
is this: “It is easier and perhaps more plausible
to imagine a future of hyper-efficient, solar-
powered, sustainable, and authoritarian societies
than reformed and effective democracies” (Orr
2014, p. 220).

Holistic transformative responses to sustain-
ability are necessities because on the finite planet
resources are limited. However, mainstream
thinking and politics often try to maximize the
number of products and services by almost any
means. If our goal is primarily economic growth,
it is tempting to do things that do not directly
address the creation of opportunities for a long,
healthy, and meaningful life for people. The chal-
lenge is this, we accept negative things if the
economy just grows. Should we then, as a whole
society – private sector, public sector, and civil
society together – guarantee long, healthy, and
meaningful life in dignity at the lowest possible
cost to every citizen without growing the econ-
omy bigger than necessary? In sustainable society,
economy is for people, and policy-making is for
the well-being of citizens.

With transformative responses to sustainable
development, higher education builds a society
in which citizens have good reason to wake up
to a new day. Their living has a rich content and
precious purpose. This requires, above all, com-
bining different people’s skills in communities,
maximizing citizens’ experience of inclusion
in society, and increasing the human ability to
repeatedly overcome old habits and routines in
everyday life. In doing so, it is possible to maxi-
mize life satisfaction and the happiness of
citizens.
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