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Introduction

We live in an ever-increasing unsustainable world in which
sustainability shows to be a complex multidimensional and
multi-stakeholder problem. The complexity to address is
increasingly beyond our traditional response capabilities.
Hence the challenge is “how we account for this com-
plexity in the quest for a sustainable world underpinned by
inclusion and fairness” (Espejo 2018). What is required is
to account for the “individual and cumulative social,
environmental and economic implications of decision or
process based on an understanding of the systemic nature
of the world, the interconnectedness of natural and human
systems”, and for the “direct and indirect consequences for
people and ecosystems based on an understanding of the
global nature of the world and how local and regional
issues are part of the whole” (Crofton 2000: 400).

People and technology are key resources for addressing
the above challenge. Dominant interpretative and
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governance approaches, however, tend to reduce complex
problems to the application of techno-centric knowledge
and pseudo-solutions focusing on single aspects of the
problems instead of trying to capture and read their com-
plexity as a whole. Governance in such complex contexts
requires challenging our dominant thinking, practices,in-
stitutions and development narratives (Ison 2017, http://
wosc2017rome.asvsa.org/).

Any phenomenon of reality relevant to the goals of
sustainability and sustainable development is indeed char-
acterized by highly interconnected dynamics that involve a
variety of ecological, social and economic dimensions that
cannot be effectively analysed in isolation (Holling 2001).

When dealing with such complex, interrelated, real-
world, riddled with uncertainties and contested problems
disciplinary knowledge requires being effectively integrated
and linked to action (Best and Holmes 2010). Inter- and
trans-disciplinary approaches are needed in order a body of
knowledge can be co-produced which is capable of over-
coming the limits of still fragmented and specialized disci-
plines and capable to include all perspectives, interests,
values of all actors involved or affected (Barile et al. 2018a).
Active collaboration with various stakeholders throughout
society—transdisciplinarity—must form a critical compo-
nent of sustainability science” (Yarime et al. 2012: 101).

Since its origins, Sustainability Science has been
engaged in such missions, providing a platform for build-
ing a corpus of knowledge which can “point the way to a
sustainable global society by facing challenges that exist-
ing disciplines have not addressed” (https://link.springer.
com/journal/11625): although the academic landscape has
constantly evolved over the years, shifting from discus-
sions focused on specialized fields to an interdisciplinary
debate that pursues a comprehensive understanding of
social, economic and ecological systems, there is still much
work to do (Komiyama and Takeuchi 2006; Orecchini
et al. 2012; Wiek et al. 2012).
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Many scholars highlight these still-unfulfilled needs, as
follows:
“The problems needing to be addressed are complex
and interconnected; they cannot be understood through
the lens of a single specialization and they cannot be
solved when isolated into compartments. Sustainability
leaders will need the ability to be flexible and innova-
tive, to think and communicate with others outside
narrow disciplines” (Robertson 2014: 309);

— “While furnished with a diverse range of perspectives
and approaches, development practice is in need of
ways to better conceptualize the interactions between
the social, environmental, and economic dimensions of
sustainability so that opportunities for simultaneous
improvement in human and ecological well-being can
be identified more readily” (Smith 2011: 1);

— “People with a broad interdisciplinary outlook [...] are
being sought out to offer systemic approaches that are
capable of dealing with the complexity of the problems
and the tasks we face’” (Crofton 2000: 400).

Principles and rules underlying the complexity of the
problems and the tasks we face, then, are to be identified
and operationalized, as well as well-grounded theoretical
frameworks that can offer general-level interpretation
schemes and models that are capable of supporting the
understanding of complex phenomena, and suffer less from
the passing of time.

Therefore, comprehensive frameworks capable of sup-
porting the shift from a simple combination of knowledge
to the required integration seem to be still missing. If we
agree that “What we observe is not nature itself, but nature
exposed to our method of questioning” (Heisenberg, 1958:
57), then the method of questioning adopted is determinant
to the understanding of any experienced phenomenon and
always affects the cognitive interpretation process and its
outcomes (Barile 2009).

On the basis of these premises, this Special Feature has
been launched to collect contributions from various disci-
plinary domains that propose frameworks of reference that
can be easily shared among scholars and professionals to
contribute to the building of a comprehensive body of
knowledge for sustainability science.

This Special Feature is one of the outcomes of the WOSC
2017, the 17th edition of the Congress of the World Orga-
nization of Systems and Cybernetics, a world organization
that invites scientists, policy-makers, professionals, and
students across the globe to contribute to the debate of the
dynamics underpinning contemporary societal problems
from cybersystemic perspectives. WOSC offers a space for
conversations about social dynamics from multiple points
of view. A call for multidisciplinary approaches launched to
collaborate to the creation of inter- and trans-disciplinary
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knowledge within the shared theme of problem-solving and
decision-making in the twenty-first century. Multiple con-
versations have helped to integrate the variety of themes in
the construction of the WOSC 2017s’ agenda that has been
highly participative valorising diversity within the overar-
ching theme of “Science with and for Society—Contribu-
tions of Cybernetics and Systems”.

To be effectively addressed, the challenge of sustain-
ability requires research and education to move from a
merely descriptive—analytic mode towards a transforma-
tional one. These fundamental requirements imply a strong
collaborative commitment of Science, Policy and Society
towards the envisioning and realization of a Sustainable
Future. Hence, this Special Feature aims to offer a contri-
bution to the development of general reference frameworks
that can support the understanding of issues related to
“people, technology, and governance for sustainability” by
adopting systems and cyber-systemic perspectives.

In what follows, we first briefly discuss the main con-
tribution of systems thinking as a paradigm useful to
interpret and address the complexity of sustainability issues
at methodological and practical level. Subsequently, we
illustrate the contents of the papers included in this Special
Feature. Finally, we outline some concluding remarks.

The contribution of systems
and cybersystemic thinking to sustainability

Systems and cybersystemic thinking

The complexity of sustainability is ever more widely
recognised. Parallel to this, the need of a systems approach
is ever more widely recognised and linked to the need of
overcoming still-dominant reductionist approaches. It has
been argued: “Integrated assessment of sustainable systems
cannot be accomplished by simply linking together a col-
lection of domain specific models. To assess the higher
order interactions among interdependent systems requires
new tools to capture the emergent behaviours and dynamic
relationships that characterize complex, adaptive systems”
(Fiksel 2006: 17).

There is a long tradition of systems thinking contribu-
tions to social sciences coming from various disciplinary
domains (Buckley 1968, 2009; Emery 1969). The origins
of systems thinking trace back to the first decades of the
twentieth century, although fundamental concepts used in
systems thinking can be found in ancient philosophers’
thought, like the foundational Aristotle’s form—substance
dichotomy. Systems thinking is at the basis of many dis-
ciplines ranging from biology (Maturana and Varela 1975),
ecology (Hannan and Freeman 1977) and sociology (Clark
1993). Bogdanov (1913) was the first to build a ‘science’ of
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structure based on the principles of organization. However,
the main reference for a general systems theory is the work
of von Bertalanffy (1968a, 1968b), while the contribution
of cybernetics is due to the work of Stafford (Beer
1972a, b, 1985).

As highlighted by Espejo in the WOSC presentation of
themes (http://wosc2017rome.asvsa.org/index.php/con
gress-information/themes-and-tracks), the main contribu-
tion of systems and cybersystemic is their focus in
addressing emergent behaviours and dynamic relationships
of complex systems, like those that typically characterize
sustainability issues, is twofold WOSC. At one level, sys-
tems thinking can contribute to disclose sustainability
problems that are deeply rooted in our societal structures
and culture. Explanations of unsustainability at this level
derive from an imbalance between limited cognitive,
emotional and organizational capabilities of individuals
and institutions on one hand, and overly complex and high-
risk technologies and production systems on the other
hand. At another level, systems thinking can help to dis-
close the epochal conditions of possibility of the crisis.
Both levels are needed to understand the deep dynamics of
unsustainability.

The fundamental aspect that grounds the validity (and
the necessity) of systems thinking as an approach to both
understand and govern sustainability issues is the inherent
systemic functioning of any kind of environmental, social
and economic phenomenon. They are all systems, and what
is more relevant, they are all interconnected.

Fundamentally, “what we know about all systems is that
they bring forth emergent properties that are always dif-
ferent from the sum of their component parts. Systems
cannot be understood by focusing on their parts alone if we
are to have any hope of understanding that at all”
(Robertson 2014: 309).

Interconnections are the key for the systemic function-
ing of observed phenomena, and systems thinking can help
recognizing and understanding the relevance and impor-
tance of these interconnections: “this is essential for
understanding the nature of sustainability crises we face
and therefore in finding solutions™ (Stibbe 2009: 85).

To develop and use such ability, what is needed is a
support at both methodological and practical levels. Here,
cybernetics integrates the contribution of systems thinking.
As clarified by Espejo (2018), systems thinking can help in
visualising wholeness and avoiding dysfunctional frag-
mentation. On the other hand, cybernetics helps under-
standing how to achieve and maintain stability in the
interactions between people, institutions and organizations.
Therefore, systemic thinking provides methodological
tools and is complemented by cybernetics that provides
tools to manage the emergent complexity, from the local to
the global.

Therefore, the systems perspective can be adopted, on
one hand, as a lens for interpreting sustainability recog-
nizing its inherent systemic nature and, on the other hand,
integrated with cybernetics, as a tool for approaching the
governance and management of sustainability.

To recognise how present-day can be the necessity of
systems thinking, it is useful to go back to the motives that,
in the late 1970s , according to von Bertalanffy (1968b:
11), led to postulate a general theory of systems:

1. “Up to recent times the field of science as a nomothetic
endeavour, i.e., trying to establish an explanatory and
predictive system of laws, was practically identical
with theoretical physics [...].

2. In the biological, behavioral and sociological fields,
there exist predominant problems which were
neglected in classical science or rather which did not
enter its considerations [...].

3. This in turn was closely connected with the structure of
classical science [...].

4. What has been said are not metaphysical or philo-
sophic contentions. [...].

5. It therefore appears that an expansion of science is
required to deal with those aspects which are left out in
physics and happen to concern the specific character-
istics of biological, behavioral, and social
phenomena.”

After almost 50 years, these motives appear still valid
and systems theory reliable to ground a systems study of
observed phenomena to account for their complex
behaviour.

Essentially, systems thinking and the systems approach
imply (Mingers and White 2009):

e Viewing the situation holistically as a set of diverse
interacting elements within an environment;

e Recognising that the relationships or interactions
between components are more important than the
components themselves in determining the behaviour
of the whole system;

e Recognising a hierarchy of levels of systems and that
systemic properties emerge at different levels and there
is a mutual causality within and between levels;

e Accepting that people will act in accordance with
differing purposes or rationalities.

Systems thinking and systems approaches

Systems thinking is a set of general interpretation schemes
that inform systems approaches. Over time, interest of
scholars for the development of formalized systems
approaches has grown (Churchman 1968; Klir 1969;
Weinberg 1975; Gharajedaghi 1999; Haines 2000;
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Daellenbach and McNickle 2004; Ashby 2009; Barile
2009; Golinelli 2010).

Different approaches to systems thinking, hence differ-
ent ways to apply systems thinking as a methodological
approach, can be traced to the distinction, established by
Checkland (1981) in the book Systems Thinking, Systems
Practice, between ‘hard’ and ‘soft’ systems thinking. In
hard systems thinking, “the world can be taken to be a set
of interacting systems, some of which do not work very
well and can be engineered to work better” (Checkland
1981: A10). In soft systems thinking, “the world is taken to
be very complex, problematical, mysterious. However, our
copying with it, the process of inquiry into it, it is assumed,
can itself be organized as a learning system. Thus, the word
‘systems’ is applied to the process of our dealing with the
world.” (Checkland 1981: A10).

A systems approach is substantially viewed as opposite
to a reductionist approach. A comparison between the
reductionist and the systems approach is provided in
Table 1. It should be said, however, that the systems
approaches do not neglect the validity of the reductionist
approach per se; rather, it can be successfully adopted for
analytical purposes but it fails in understanding the
dynamic functioning of a phenomenon, which is always the
outcome of interaction processes emerging from its con-
nected components.

As a general theory perspective (Ashby 1958; von
Bertalanffy 1968a), systems thinking can effectively pro-
vide the knowledge required to support the interpretative
approach necessary to recognise the interconnectedness of
dynamics of the observed reality. This interconnectedness
gives rise to complex recursive structures that emerge from
the whole network of relationships characterizing the way
reality appears organized. Recognizing these recursive
structures is fundamental to have a hope to govern its
emerging complexity, like in the case of sustainability
issues. Hence, to understand the complexity of systems,
understanding recursion is fundamental.

Recursion is a concept well studied by cybernetics and
other streams of systems thinking. It is, for example, the
core of the Systems Model of Stafford Beer that has been a

milestone of cybernetics applied to management marked
with the book Brain of the Firm (1972).

Among the numerous scholars who developed the
original model of Beer, for example in the scientific con-
text of management (Yolles 1999), Espejo is one of the
main references. In the early 1970s, during the Allende’s
government in Chile, Raul Espejo was Operational Direc-
tor of the CYBERSYN project under the scientific direc-
tion of Stafford Beer. As President of the WOSC, he is now
successfully promoting scientific collaboration among
scholars from many diverse disciplinary domains from all
over the world as a response of Science to the challenges
posed by modern Society.

Following the Beer’s and Espejo’s work (Beer 1972;
Espejo and Harnden 1989), during the last decades, a
stream has been developed in the field of management
studies, that moves from re-exploring the systems roots of
management and governance of organizations to account
for the increasing failures in facing the growing complexity
(Tainter 1988; Waldrop 1992; Mitchell 2009). As an
interpretative framework that supports a governance
methodology for organizations as well as any entity viewed
as a viable system, the viable systems approach (vSA)
(Barile 2000, 2009; Golinelli 2010; Barile and Saviano
2011; Barile et al. 2012a, b; Pels et al. 2014) has been
developed moving from the original Beer’s definition of
Viable System as a system that “survives, remains united,
is integral, is homeostatically balanced both internally and
externally, and possesses mechanisms and opportunities for
growth, learning, development, and adaptation, which
allow it to become increasingly effective within its envi-
ronment ~(Barile and Saviano 2018: 4).

The Viable Systems Approach (vSA) is a systems theory
(von Bertalanffy 1968a, b) in which the observed entities
and their environment are interpreted through a systemic
perspective, overcoming the limits of a reductionist
approach and shifting from the analysis of component parts
or structures (Parsons 1971) to the wholes (Capra 1996).
Regarding interaction, the assumption of the vSA is that
each entity/system is related to other systems, called supra-
systems, whose traits can be detected in their own sub-
systems. According to vSA, every entity (a firm, or simply

Table 1 Comparing the

- Reductionist approach
reductionist and the systems pp

Systems approach

approaches Source Leonard and

Focuses on parts
Beer 1994: 1

Linear causality A causes B
Observer status objective
Context not very relevant
One ‘truth’ or best answer
Externalities not important

Problems solved

Focuses on wholes

Circular causality A causes B causes C causes A
Observer status subjective

Context highly relevant

Multiple truths and answers

Externalities important

Problems dissolved
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an individual or a community) as a system can be con-
sidered as a microenvironment, made up of a group of
interlinked sub-components that aim towards a common
goal (this is the condition, for the aggregate, to be qualified
as a system). Networked and interconnected systems of
systems become eco-systemic contexts for any entity that
lives within them, influencing and being influenced by their
behaviours. In these ecosystemic contexts, the structural
boundaries among the component parts vanish when
interaction emerges (Barile et al. 2012b). Five foundational
principles inform the vSA understanding of viable systems’
behaviour (Barile 2009; Barile et al. 2018b):

1. Survival: a viable system has the aim to survive in a
specific context;

2. Eidos: from an ontological point of view, a viable
system can be observed from both a structural and a
systemic perspective;

3. Isotropy: in terms of behaviour, a viable system
distinguishes an area of decision-making and one of
action;

4. Acting: its aim is to reach a result, an objective,
through the interaction with suprasystems and subsys-
tems from which the system receives, but to which it
also supplies directions and rules of behaviour;

5. Exhaustiveness: entities external to the system are also
viable systems, and at the same time, components
deriving from a higher order level.

These five principles, together with the whole method-
ology, give account of the interconnected and recursive
nature of systems and the subjectivity of interpretation of
their behaviour. It should be said, in fact, that vSA takes on
a constructivist view of knowledge. Constructivism is “a
form of pragmatism and shares with it the attitude towards
knowledge and truth” (von Glasersfeld 1989: 124). It is
interesting to reflect upon the following sentences that
highlight the aspect relevant in the context of our thinking:
“constructivism is a theory of knowing, not of being. That
a model of the construction of knowledge could be
designed without making ontological claims about what is
known, is apparently difficult to accept. [...] And among
the scientifically minded the reluctance may spring from
the fact that to see the construction of theories as based on
autonomous abductions and conceptual assimilation brings
with it the realization that the responsibility for the gained
knowledge lies with the constructor” (von Glasersfeld
2001: 10-11).

Systems thinking and sustainability
In the problematic context defined by sustainability, sys-

tems thinking, as a governance and management approach
rooted in systems theory, is prominently proposed as a way

to conceptualize and act toward the integration of the
economic, social, and environmental dimensions of sus-
tainability supporting communities “to nurture both human
and ecosystem well-being.” (Smith 2011: 1).

From a systems perspective, sustainability has been
defined as “the ability of systems to persist, adapt, trans-
form or transition in the face of constantly changing con-
ditions.” (Williams et al. 2017: 13). Regarding the
understanding and the approach to sustainability, Clayton
and Radcliffe (1996), are firmly convinced that it cannot be
addressed without the adoption of a systems approach.
They affirm, in fact, that “To understand sustainability [...]
requires some understanding of the behavior of systems in
general and of human and environmental systems in par-
ticular’” (Clayton and Radcliffe 1996: 6).

A recent literature review of systems thinking as a
theoretical lens to better understand sustainability man-
agement, conducted by Williams et al. in 2017, evidences
the increasing attention to the potential of systems thinking
in sustainability management research. Results illustrate
the exponential increase in publications on systemic
dimensions of sustainability management. The study also
emphasises that research is still largely fragmented and
marginal to the mainstream management journals with the
Journal of Cleaner Production in a leadership position as
the primary publication outlet for systems thinkers. Five
core theoretical concepts emerge from the literature
review, which are used to understand sustainability from a
systems thinking perspective (Table 2).

The explanations of the five concepts reported in the
table consider, in effect, the perspective of organizations
(Khailov 2009), and refer to a managerial studies context.
However, as management represents a discipline
transversal to many problematic contexts and ever more
interested in complexity, the explanations of the five core
concepts can be generalized suggesting specific recom-
mendations for the governance of sustainability and deci-
sion making, as follows:

1. Interconnectedness—it is important to recognise the
complexity of interconnected environmental, social
and economic problems;

2. Feedbacks—it is important to recognise non linear
dynamics of systems and understand the underlying
governance mechanisms;

3. Adaptive capacity/resilience—it is important to recog-
nise the adaption mechanism of organizations to
changing environmental conditions;

4. Self-organization—it is important to recognise the self-
organization processes that lead to emergence
dynamics;

5. Emergence—it is important to recognise that existing
structures can hinder future emergence.
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Table 2 Core theoretical concepts to understand sustainability from a systems thinking perspective Source adapted from Williams et al. 2017: 50

Core theoretical concepts of systems thinking for sustainability

Reference sources in management
reserach

Interconnectedness

Organizations are agents in interconnected social, economic and ecological systems

Feedbacks

Interaction with and reaction to feedbacks causes non linear dynamics and the emergence of complex

behaviours over time

Adaptive capacity/resilience

Adaptive capacity ensures the survival of the system whenagents learn from their experience and act

accordingly

Self-organization

Self-organizing systems develop their own structure and behaviour spontaneously without being guided

from the top down

Emergence

Emergence is the result of lower level interactions when the system is pushed out of equilibrium

Davis et al. (2009)

Metcalf and Benn (2013)
Sterman (2001)

Valente (2010, 2012)

Sterman (2001)

Valente (2010)

Whiteman et al. (2004)
Ashton (2009)

Beermann 2011

Valente (2010)

Winn et al. (2011)

Batten (2009)

Sterman (2001)

Rotmans and Loorbach (2009)
Whiteman et al. (2013)
Dougherty and Dunne (2011)
Ehrenfeld (2007)

Huo and Chai (2008)
Rotmans and Loorbach (2009)

As it has been interestingly noted, “recognizing the
interconnections within systems and between systems, and
exploring the relationship which these interconnections
represent, is a learning pathway to a systems thinking
perspective” (Stibbe 2009: 88). Interconnections are,
therefore, the most relevant aspect in the governance of
sustainability, and systems thinking is the possible key to
their understanding.

To a deeper understanding, it is worth evidencing that
all of the above-listed core concepts can be traced to the
complex adaptive nature (Gell-Mann 1992) of social-eco-
logical systems that characterize most of the contexts of the
human-nature relationship. As highlighted by Ostrom
(2009), the study and governance of social-ecological
systems has traditionally suffered from the separation of
disciplinary knowledge. The problem worsens if we con-
sider the complex systemic functioning of socio-technical
systems that interact with and within social-ecological
systems (Redfield 2009).

As argued by Fischer et al. (2015), the concept of
social-ecological system has been useful for understanding
the interlinked dynamics of human—nature relationships, by
increasing recognition of the dependence of humanity on
ecosystems, improving collaboration across disciplines,
and between science and society, increasing methodologi-
cal pluralism and increasing consideration of social-eco-
logical interactions in policy frameworks. However,
“despite these advances, the potential of a social-
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ecological systems perspective to improve sustainability
outcomes has not been fully realized” (Fischer et al. 2015:
144).

To more effectively account for the complexity of sus-
tainability issues, appropriate approaches are required
(Meadows 2008). In particular, “Due to the complexity of
coupled systems, researchers should explore the simulta-
neous use of multiple models that reflect different system
interpretations or stakeholder perspectives” (Fiksel 2006:
20). The simultaneous use of multiple models, however,
requires researchers be endowed with a kind of knowledge
that makes their interpretation schemes flexible and
adaptable to the specificity of the different problems and
contexts under focus.

The briefly reported fundamentals of systems and cyber-
systemic thinking for sustainability highlight key require-
ments in the approach to both understand and govern issues
related to sustainability and sustainable development.
Hence, systems and cyber-systemic thinking are called to
support both the knowledge creation process within and
outside science, and its application to policy and organi-
zations’ decision making (Golinelli et al. 2015). Education
should play a key role as well, in a multi-actor collabora-
tive context, provided that social learning is a key mech-
anism to realize the cultural change required to the
transition toward sustainability (Saviano et al. 2018a, b;
Goekler 2003; Wiek et al. 2011). As Wiek et al. (2012)
noted, however, “research and education are valuable



Sustainability Science (2018) 13:1197-1208

1203

but not sufficient contributions to solving sustainability
problems [;...] collaboration and partnerships with and
across different stakeholder groups are critical conditions
for sustainability science and its real-world impacts
(Blackstock et al. 2007; Whitmer et al. 2010; Spangenberg
2011; Talwar et al. 2011)”. It has been underlined, in fact,
that “Progress in theory-based research needs to be bal-
anced with exploratory policy implementation that will
enrich our understanding of sustainability issues in real-
world systems” (Fiksel 2006: 20).

To foster a broader adoption of a systems approach to
sustainability, it is recommended to (Fiksel 2006):

— Foster trans-disciplinary collaboration in university
research;

— Improve communication to educators, government, the
media and the general public;

— Develop policy-formulation tools that recognise the
complex, interconnected nature of ecological and
socio-economic systems;

— Explore ways to introduce an awareness of ecological
systems into commerce;

— Develop mechanisms for integrated dialogue among
industry, government and academia, shifting from an
adversarial to a cooperative approach.

Accordingly, the WOSC 2017 Congress promoted a
boundary-crossing knowledge creation process under the
overarching framework offered by systems and cybernet-
ics. The outcomes of the WOSC 2017 have helped to
explore, debate, and clarify “what kinds of complexity
management strategies are more likely to focus our societal
and individual actions on desirable directions of sustain-
ability, inclusion, mutual respect, democracy, effective
organisation, and quality of life. The challenge is making
these strategies functional to societal and individual inter-
ests and not to the interests of the few.” (Espejo 2018
forthcoming).

People, technology, and governance
for sustainability: the contributions of systems
and cyber-systemic thinkers

This Special Feature stems from and expands on the out-
comes of the WOSC 2017 Congress exploring and advancing
the contribution of systems and cybersystemic thinking to
the understanding and governance of sustainability.

Various tracks have been proposed under the macro-
theme “People, technology, and Governance for
Sustainability™:

1. Human aspects of managing systems;
2. Smartness and sustainability;
3.  Smart technologies and big data;

4. The brain of the future;
5. Governance in the Anthropocene

As underlined in the presentation of the WOSC themes
and tracks (Barile et al. 2018c; http://wosc2017rome.asvsa.
org/index.php), the human aspects of managing systems
open the space for psychological and social reflexions
about interactions among us and with others in the envi-
ronment. Interactions within organizations and between
them and their environments give us the handle to discuss
today’s lack of fitness of governance in the Anthropocene;
our society and its institutions need effective learning
mechanisms, so far lacking, to cope with a fragile envi-
ronment and face the limited rationality in decision-making
(Simon 1991). Current information technology offers tools
to foster smartness in the quest for sustainability (Aquino
et al. 2018). Effective communication and smart tech-
nologies make more likely organizational structures sen-
sitive to changing environments and able to distribute
scalable responses from the local to the global. The
application of digital technologies in organizations is dis-
rupting their structures and increasing their capabilities to
deal with complexity and interactions. They are offering
potentials for better organizational structures and more
effective processes of governance. Cognitive machines,
algorithms, deep learning, big data are all contributing to
the brain of the future; while they amplify human capa-
bilities, they may help introducing constraints in the
environment to avoid overwhelming us with irrelevant
complexity.

Approaches based on systems and cyber-systemic
thinking are adopted by the authors to offer theoretical and
empirical as well as conceptual contributions for address-
ing the governance of sustainability issues. Authors’ con-
tributions have been grouped in the following four sub-
themes:

Systems and cyber-systemic approaches
and frameworks to address the complexity
of governance for sustainability

This first group of articles provide contributions to the
theme under focus by proposing systems and cyber-sys-
temic approaches and frameworks developed to address the
complexity of governance for sustainability.

Addressing the complexity of governance in the
Anthropocene is the aim of the work by Ison et al. Who
highlights that empowered capabilities are necessary for
dealing with such complexity and uncertainty. The authors
discuss, in particular, the effectiveness of governing
social-biophysical dynamics constrained by current pro-
cesses and systems of government, where governance
deficits emerge in multiple domains, especially when
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complex large-scale social-biophysical systems are to be
governed. The authors also discuss the failure in institu-
tionalising capability for governing wicked problems that
are relevant to sustainability science and Anthropocene
governance. Through the analysis of two cases studies, Ison
et al. highlights how systemic dynamics of governing
operate and fail, concluding that innovations are to be
developed to build the capacity necessary to address the
uncertainties of the Anthropocene by incorporating cyber-
systemic thinking/practices that can contribute to enhance
the empowerment and creativity underpinning sustainabil-
ity science.

Saviano et al. address the call of systems thinkers for
overarching reference frameworks aimed to address the
need to overcome fragmentation of knowledge necessary to
understand complex sustainability issues, and the need to
strengthen the science-policy-industry interface for effec-
tively co-creating knowledge and solutions for sustain-
ability. They propose an advanced version of a triple helix
model for sustainability as a basis for elaborating on the
conditions for knowledge co-creation and effective sci-
ence—policy—industry collaboration. Key of the proposed
model is the contribution of systems thinking which can
provide a bridging perspective aimed to integrate the var-
ious disciplines addressing sustainability and the different
‘interface’ roles of science-policy-industry key actors.

Schwaninger’s paper provides a structural framework
for restoring the ecological balance of our planet, high-
lighting the fundamental contribution of cybernetic-sys-
temic approaches in the quest for ecological recovery. This
contribution lies in facing the complexity of ecological
recovery through the use of new, trans-disciplinary and
non-reductionist ways of systems design for renewing
sustainability. The cybernetic viable system model is pro-
posed as a frame for sustainable development, explaining
how clearly-defined organizational structures can support
the achievement of viability in any human or social system.
The fundamental concept of recursive organization is
exemplified in the design model, including all organiza-
tional levels of recursion, from individual to world.

The theme of governance for sustainability is also the
core of the work by Scalia et al. that discusses the use of
Elkington’s Triple Bottom Line and the Etzkowitz’s
Triple-helix representations as reference models in
developing frameworks for addressing sustainability. The
authors argue that a gap in literature emerges regarding
applications and examples, especially in the field of
inquiry defined by sustainability, compared to the dis-
cussion about criteria and method of the models that is
instead, richer. With the aim of providing a contribution
to cover this gap, Scalia et al. draw a more general view
from the triple bottom line model discussing its ‘triple-
helix’ functioning as proposed in the Triple Helix of
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Sustainability. A real example is provided of the systemic
functioning of the ‘triple-helix’ together with a discussion
of the use of the model as a reference in the under-
standing of the complexity of governance for
sustainability.

Systems and cyber-systemic models
for sustainability

The following two articles propose the adoption of systems
and cyber-systemic perspectives and approaches in the use
of measurement and evaluation models for sustainability.

Iandolo et al. discuss the concept of sustainable value
and develop a vSA-based model which they apply using
the System Dynamics (SD) methodology for measuring
sustainable value. In the model, the authors account for
the subjectivity of value, considering it as a vector
quantity, the result of a subjective weighting of different
dimensions. The aim of the authors is to translate theory
into action by developing a model through which vSA is
implemented into an SD model that can be instantiated to
specific real cases. The more specific goal is approaching
a measurement of sustainable value for business organi-
zations accounting for the subjective perspective of
decision makers with reference to the triple bottom line
framework. At the same time, the authors provide a first
attempt to operationalize the vSA.

Knowledge integration and co-production are the
themes of the article by Restrepo et al. who propose trans-
disciplinary approaches to foster sustainable change in
social-ecological systems. The authors’ focus is on
assessing the learning process accounting for the different
perspectives of participants, which are not usually central
to the evaluation, and on how new knowledge is trans-
formed into action. To discuss these problems, Restrepo
et al. analyse a 2-year collaborative learning process that
involves multiple farmers’ perspectives, and the way
farmers’ new knowledge is turned into action. The authors
use second-order cybernetics and integrate the Control
Loop Model with Learning Loops to extend the Kirk-
patrick’s four-level evaluation scheme. The findings show
the importance of knowledge integration and co-production
to improve the farmers’ ability to address complex sus-
tainability challenges, and the effectiveness of the proposed
evaluation scheme to explain learning and empowerment
experienced by actors involved in trans-disciplinary
research for sustainability.

Systems and cyber-systemic technology
for sustainability

This group of three articles adopts systems and cyber-
systemic perspectives to deal with different aspects and
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contexts in which technology plays an important role in
supporting the transition toward sustainability.

Bifulco et al. discuss this role in urban context. Tech-
nologies are investigated regarding their contribution to the
achievement of sustainability in the three spheres of planet,
profit, and people. Through a content analysis of reports
issued by 10 among the cities that are advancing fast to
become sustainable, technology results to be an element
crossing sustainability which supports, on one hand, cost
efficiency and better economic conditions in addressing
environmental problems and, on the other hand, the pro-
vision of public services for a better quality of life for
citizens and cities’ stakeholders. The contribution to effi-
ciency of technology is appreciated as sustainable because
of a better use of resources helping to manage and lead
cities towards more sustainable conditions.

In the subsequent article, Caputo et al. move from rec-
ognizing ICT as the key force towards more effective and
efficient use of resources. The authors believe that ICT-
based knowledge can offer an important contribution to
address sustainability, and, on this basis, examine its role in
advancing sustainability goals. Focus is on Smart Grid as an
example of complex technological contribution to address
sustainability. The Smart Grid experience, in the light of
systems thinking, shows the links between smartness and
sustainability and how ICT can widen the scope of the
sustainability “game” also engaging more “players”.

Tibau and Zazula address the need of multi-disciplinary
collaborative systems for creating sustainable buildings
and infrastructure. The study offers evidence of how the
participation of multiple disciplines in designing large
projects using traditional methods tends to generate
entropy that compromises sustainable construction. The
authors argue that new approaches based on the systematic
digitalization of the building lifecycle, from design to
demolition, can contribute to solving the problem by
introducing a Building Information Modeling (BIM) sys-
tems and big data. The novelty in the use of BIM and big
data is in the inclusion of the sustainability perspective in
models traditionally focused on construction performance.
A new conceptual and technical framework for sustainable
management of construction site big visual data is
provided.

Systems and cyber-systemic theoretical
perspectives and views of sustainability

The following group of papers address theoretical aspects
of sustainability science elaborating on the role that sys-
tems and cyber-systemic thinking can perform, at both
theoretical and practical level, in bringing a contribution to
sustainability science and its role of advancing the expec-
ted transformational change and social progress.

In particular, Biggiero proposes a reflection of the
identity and theoretical roots of Sustainability Science,
especially necessary for its inter- and trans-disciplinary
character, which involves a variety of different approaches,
theories and practices. The problem with such variety
seems to be how to ground it on a reliable and coherent
basis. In this respect, Biggiero warns against the risk of a
rejection from disciplinary specialized researchers and
suggests sustainability science to acknowledge its theoret-
ical roots of systems science and cybernetics to become a
powerful reference paradigm for knowledge exchange.
Biggiero also recognises, however, that systems science
and cybernetics should be more in general better under-
stood and embraced by scholars as sources of knowledge
for understanding challenging problems of our society.

By adoption of a systems perspective to discuss the
concept of sustainability, Ben Eli proposes to regard sus-
tainability as a system state that is mediated by specific
structures. In this way, Ben Eli intends to overcome the
more common pure normative interpretation of sustain-
ability. According to Ben Eli, focus on the kinds of
structures that mediate a system’s state would allow
proactive design of structures and mechanisms more
effectively capable of producing the change pursued in the
sustainability agenda. This transformational change is
interpreted as a second-order change, i.e., a change that
implies a major shift of the system itself. On this basis, Ben
Eli proposes a new definition of sustainability from which
five core sustainability principles are derived, which pre-
scribe the conditions for achieving sustainability together
with implications and operational guidelines. Particular
attention is paid to the necessity of forming an integrated,
systemic set, to be acted on simultaneously.

The last article of this group enlarges the perspective
focusing on the social progress aspects of sustainability and
discussing the division between non-profit and for-profit
sectors. Building upon different fields of study that include
economics, development studies, and non-profit manage-
ment, Hysa et al. propose a view of social business as a
sustainable business model discussing if the Social Business
(SB) is capable of solving the problems that arise in society,
changing the boundaries between the private, public and
non-profit sectors. In the view of the authors, the social
business may solve social, economic, and environmental
problems proving to be by default a sustainable business
model that respects the triple bottom line approach.

Concluding considerations
With the aim of addressing, in particular, issues regarding

people and technology related to the governance for sus-
tainability, the articles collected in this Special Feature
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highlight the contribution of systems and cyber-systemic
thinking, modelling and epistemology. They are the out-
comes of knowledge co-creation processes and articulated
methodologies and perspectives that involve a network of
scientists, practitioners, and researchers from various dis-
ciplinary domains and countries around the world.

In particular, these articles represent the responses of
systems thinkers to the call to join the transdisciplinary
academic community hosted by Sustainability Science
journal and contributes to the “discovery process that fuses
the natural sciences, social sciences, economic sciences
and humanities” it promotes (https://link.springer.com/
journal/11625). Hence, they offer a contribution to the
understanding of “interactions between global, social, and
human systems, the complex mechanisms that lead to
degradation of these systems, and concomitant risks to
human well-being.”  (https://link.springer.com/journal/
11625).

This Special Feature, whose aim is to strongly affirm
that the challenges posed by sustainability cannot be
effectively understood, hence addressed, without the
interpretative support of systems thinking, opens up mul-
tiple research trajectories, especially fostering collabora-
tion with other scientific communities that act in different
disciplinary domains and are ever more engaged to the
sustainability challenges (Lusch and Spohrer 2012; Goli-
nelli et al. 2015) and open minded (Mitroff and Linstone
1993). The various trajectories are illustrated along the
discussion in this editorial and in the papers included in this
Special Feature.

Be it a hard or a soft adoption of systems thinking, its
principles throw light on the otherwise mysterious world of
sustainability and sustainable development.

Be it people or technology to lever the one used to apply
systems thinking, it always shows an incomparable power:
simplify what inevitably appears complex to the eyes of
any observer.
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