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Abstract
Systems thinking is viewed as a transdisciplinary, interdisciplinary and multiperspectival domain,
drawing from multiple disciplines and applicable to science, society and the environment for example.
It brings together principles and concepts from ontology, philosophy of science, physics, computer
science, biology, engineering, geography, sociology, political science, psychotherapy and economics
and more.
In a world of ever-increasing complexity traditional methods of solving problems are no longer as
effective as they used to be, if at all. This is evident across disciplines and sectors, such as in bridge
construction, where social and environmental factors can determine the success or failure of a project.
Other examples include manufacturing, agriculture and mining. Where many approaches utilise a
reductionist approach to problems, the systems approach introduces interdependence and
relationships among the components of a system.
The National System of Innovation (NSI) in South Africa is viewed as a system if we were to assume
that the use of the word “system” in it implies an understanding of systems. According to a systems
view, this system consists of a number of players, agents or entities which have various relationships
and interactions with each other directed towards a set of results, which in this case has innovation
at its core.
Industry operates similarly within an ecosystem of value chains, supply chains, trade regimes and
markets which all exhibit clear system characteristics. Industrialization is generally understood to
mean the widespread development of industries in a region. By its very nature this means a system
consisting of a number of components that are related to each other and interact in various ways in
order to achieve a set of outcomes, in this case development of industry and economic growth for
example.
This paper proposes following a systems approach to describe and manage the systemic interaction
between the NSI and a system for industrialization and within the systems themselves.
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1 Systems
1.1 Definition
Definitions for “system” have been taken from traditional sources as set out below and are provided
to demonstrate how pervasive the use of the term “system” is in the English language. The Oxford
Dictionary defines “system” as follows:
1. “A set of things working together as parts of a mechanism or an interconnecting network; a complex
whole.”, e.g. ‘the state railway system’, ‘fluid is pushed through a system of pipes or channels’.
Specific examples: Physiology: ‘A set of organs in the body with a common structure or function.’, e.g.
‘the digestive system’, ‘The human or animal body as a whole.’, ‘you need to get the cholesterol out
of your system’; Computing: ‘A group of related hardware units or programs or both, especially when
dedicated to a single application.’; Geology (in chronostratigraphy): ‘A major range of strata that
corresponds to a period in time, subdivided into series.’, ‘the Devonian system’; Astronomy: ‘A group
of celestial objects connected by their mutual attractive forces, especially moving in orbits about a
centre.’, ‘the system of bright stars known as the Gould Belt’
2. “A set of principles or procedures according to which something is done; an organized scheme or
method.”, e.g. ‘a multiparty system of government’, ‘the public-school system’, ‘don't try bucking the
system’
2.1 “A set of rules used in measurement or classification.”, e.g. ‘the metric system’
2.2 “Organized planning or behaviour; orderliness.”, e.g. ‘there was no system at all in the company’
2.3 “A method of choosing one's procedure in gambling.”

The Meriam-Webster Dictionary provides the following:
1 : “a regularly interacting or interdependent group of items forming a unified whole // a number
system”, e.g.
a(1) : “a group of interacting bodies under the influence of related forces // a gravitational system”
(2) : “an assemblage of substances that is in or tends to equilibrium // a thermodynamic system”
b(1) : “a group of body organs that together perform one or more vital functions // the digestive
system”
(2) : “the body considered as a functional unit”
c : “a group of related natural objects or forces // a river system”
d : “a group of devices or artificial objects or an organization forming a network especially for
distributing something or serving a common purpose // a telephone system // a heating system // a
highway system // a computer system”
e : “a major division of rocks usually larger than a series and including all formed during a period or
era”
f : “a form of social, economic, or political organization or practice // the capitalist system”
2 : “an organized set of doctrines, ideas, or principles usually intended to explain the arrangement or
working of a systematic whole // the Newtonian system of mechanics”
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3a : “an organized or established procedure // the touch system of typing”
b : “a manner of classifying, symbolizing, or schematizing // a taxonomic system // the decimal system”
4 : “harmonious arrangement or pattern : ORDER // bring system out of confusion — Ellen Glasgow”
5 : “an organized society or social situation regarded as stultifying or oppressive : ESTABLISHMENT
sense 2 —usually used with the”

Lastly, Collins Dictionary gives a similar description:
1. “A system is a way of working, organizing, or doing something which follows a fixed plan or set of
rules. You can use system to refer to an organization or institution that is organized in this way.”, e.g.
‘he present system of funding for higher education is unsatisfactory.’, ‘...a flexible and relatively
efficient filing system.’, ‘...a multi-party system of government. [+ of]’, ‘The Court of Appeal has a
pivotal role in the English legal system.’ Synonyms: arrangement, structure, organization, scheme
More Synonyms of system
2. “A system is a set of devices powered by electricity, for example a computer or an alarm.”, e.g.
‘Viruses tend to be good at surviving when a computer system crashes.’
3. “A system is a set of equipment or parts such as water pipes or electrical wiring, which is used to
supply water, heat, or electricity.”, e.g. ‘...a central heating system.’
4. “A system is a network of things that are linked together so that people or things can travel from
one place to another or communicate.”, e.g. ‘...Australia's road and rail system.’, ‘...a news channel on
a local cable system.’ Synonyms: network, organization, web, grid More Synonyms of system
5. “Your system is your body's organs and other parts that together perform particular functions.”,
e.g. ‘He had slept for over fourteen hours, and his system seemed to have recuperated admirably.’,
‘These gases would seriously damage the patient's respiratory system.’, ‘...the reproductive system.’
6. “A system is a particular set of rules, especially in mathematics or science, which is used to count or
measure things.”, e.g. ‘...the decimal system of metric weights and measures. [+ of]’, ‘...Trachtenberg's
system of simplified mathematics.’ Synonyms: method, practice, technique, procedure More
Synonyms of system
7. “People sometimes refer to the government or administration of a country as the system.”, e.g.
‘These feelings are likely to make people attempt to overthrow the system.’, ‘He wants to be the tough
rebel who bucks the system.’
8. “See also central nervous system, digestive system, ecosystem, immune system, metric system,
nervous system, public address system, solar system, sound system”
9. “get something out of one's system”
1. “a group or combination of interrelated, interdependent, or interacting elements forming a
collective entity; a methodical or coordinated assemblage of parts, facts, concepts”, etc, e.g. ‘a system
of currency’, ‘the Copernican system’
2. “any scheme of classification or arrangement”, e.g. ‘a chronological system’
3. “a network of communications, transportation, or distribution”
4. “a method or complex of methods”, e.g. ‘he has a perfect system at roulette’
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5. “orderliness; an ordered manner”
6. “the system”
7. “an organism considered as a functioning entity”
8. “any of various bodily parts or structures that are anatomically or physiologically related”, e.g. ‘the
digestive system’
9. “one's physiological or psychological constitution”, e.g. ‘get it out of your system’
10. “any assembly of electronic, electrical, or mechanical components with interdependent functions,
usually forming a self-contained unit”, e.g. ‘a brake system’
11. “a group of celestial bodies that are associated as a result of natural laws, esp gravitational
attraction”, e.g. ‘the solar system’
12. “chemistry”, e.g. ‘a sample of matter in which there are one or more substances in one or more
phases’
13. “a point of view or doctrine used to interpret a branch of knowledge”
14. “mineralogy”, e.g. ‘one of a group of divisions into which crystals may be placed on the basis of
the lengths and inclinations of their axes, also called: crystal system’
15. “geology”, e.g. ‘a stratigraphical unit for the rock strata formed during a period of geological time.
It can be subdivided into series’

It is clear from just a cursory look at the definitions provided that the word “system” is pervasive in
the English language. Now, while it may be of interest to do a study of the usage of similar terms in
other languages that is unfortunately outside the scope of this paper. Instead, the point that needs to
be made here is that “systems” are being applied in a range of contexts.
This can cause misunderstanding by itself because of what different users understand under the term
“system”. On top of this dimension of understanding, one can add other layers or dimensions of
understanding, such as the understanding informed by culture, tradition, language, education,
occupation and discipline respectively, for example.
Further definitions include those provided by Ackoff and Checkland. Ackoff (1981) describes a system
as follows:
“A system is a set of two or more elements that satisfies the following three conditions:
The behaviour of each element has an effect on the behaviour of the whole. […]
The behaviour of the elements and their effects on the whole are interdependent. […]
However subgroups of the elements are formed, each has an effect on the behaviour of the whole
and none has an independent effect on it. […]
A system, therefore, is a whole that cannot be divided into independent parts. […]The essential
properties of a system taken as a whole derive from the interaction of its parts, not their actions taken
separately.” (Ackoff, 1981)
Checkland (1982) defines it similarly, namely:
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“The central concept ‘system’ embodies the idea of a set of elements connected together which form
a whole, this showing properties which are properties of the whole, rather than properties of its
component parts.”
The definition and description proposed by Mele et al (2010) provides an even broader perspective
on what a system is, namely “an assemblage of objects united by some form of regular interaction or
interdependence”. In their work, they also refer to the following definition by Tien and Berg (2003):
“A system can be natural (e.g., lake) or built (e.g., government), physical (e.g., space shuttle) or
conceptual (e.g., plan), closed (e.g., chemicals in a stationary, closed bottle) or open (e.g., tree), static
(e.g., bridge) or dynamic (e.g., human). In regard to its elements, a system can be detailed in terms of
its components, composed of people, processes and products; its attributes, composed of the input,
process and output characteristics of each component; and its relationships, composed of interactions
between components and characteristics”.
For the purposes of the discussion presented here, a system is therefore defined as follows and is
assumed to be described in equivalent terms in whatever frame of reference informs its usage
pertaining to innovation and industrialization:
“A group or combination of interrelated, interdependent, or interacting elements or components
forming a collective and complex whole, that share a common purpose and which work together in a
certain way.”

1.2 Systems Theory
Systems theory is generally accepted to have originated from the work by Ludwig von Bertalanffy’s
work on General Systems Theory (GST) of the 1930’s, known as the “Allgemeine System theorie”. It is
seen as a transdisciplinary, interdisciplinary and multiperspectival domain and integrates principles
and concepts from ontology, philosophy of science, physics, computer science, biology, engineering,
geography, sociology, political science, psychotherapy (within family systems therapy) and economics
among others. Systems theory is therefore an interdisciplinary theory that can be applied to many
systems in nature, society and in science. It provides a framework with which phenomena can be
investigated holistically (Capra, 1997).
It needs to be pointed out that while some have criticised GST as pseudoscience, the intention of Von
Bertalanffy was to provide a different perspective or paradigm as a basic conceptual framework in the
development of exact scientific theory, as indicated by Laszlo as well for example. This originates from
the translation and loss of meaning from the German words "Theorie" (or "Lehre"), and
"Wissenschaft" (translated Scholarship). These words have a much broader meaning in German than
the closest English words 'theory' and 'science'.
Bertalanffy’s ideas refer to an organized body of knowledge and "any systematically presented set of
concepts, whether empirically, axiomatically, or philosophically" represented, as opposed to what
many associate with the term "Lehre" (Meaning the theory and science in the etymology of general
systems). Again much is lost in translation as the "closest equivalent" translates as "teaching", which
"sounds dogmatic and off the mark" (Laszlo, 1974). His intention was to use the term “system” to
include those principles that are understood to be common to systems in general, as can be seen from
his words about the subject in GST:
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“...there exist models, principles, and laws that apply to generalized systems or their subclasses,
irrespective of their particular kind, the nature of their component elements, and the relationships or
"forces" between them. It seems legitimate to ask for a theory, not of systems of a more or less special
kind, but of universal principles applying to systems in general.” – Von Bertalanffy
Systems thinking comes from no longer focussing on the parts, but instead on the whole (Checkland,
1997; Weinberg, 2001; Jackson, 2003) and consideration of observed reality as an integrated and
interacting “unicuum of phenomena” where the individual properties of the single parts become
indistinct (Mele et al, 2010). It is no longer a matter of the whole just being the sum of its parts and
therefore breaking a system down into its various parts in whatever form that may be. Neither is it
any more about the whole being more than the sum of its parts, because of the impact that the
relationships between the parts themselves and the events they produce through their interaction
have on the system. It has become now about the sum of the parts, the parts and the relationships
between the parts. The relationships require added attention because of their importance,
introducing what Luhmann (1990) describes as “system elements are rationally connected”.
Furthermore, these elements stand in relationship towards a shared purpose (Golinelli, 2009) and also
towards the environment surrounding the system and other adjacent systems.
Analysis from a systems perspective should therefore in the least be cognizant of the function or
purpose of the system while also investigating the elementary components thereof and their
relationships and interactions, which is the holistic perspective Von Bertalanffy (1968) refers to. It is
understood that this enables greater understanding and insight into a system or phenomenon being
studied.
A hallmark of systems theory is that it developed simultaneously across various disciplines and that
scholars working from a systems theory perspective build on the knowledge and concepts developed
within other disciplines. Examples of this can be found in natural and ecological sciences (organic
aspects, homeostasis and equifinality (Hannan and Freeman, 1977), chemical and biological disciplines
(autopoietic aspects; Maturana and Varela, 1975), sociology and psychology (cognitive aspects; Clark,
1993), and information technology (cybernetic aspects; Beer, 1975).
Because of this simultaneous development across very diverse disciplines, some of the theories
encapsulated by systems theory sometimes have conflicting elements. This means that they offer
effectively what can be termed alternative perspectives regarding a specific phenomenon that is being
studied.
Mele et al (2010) reiterate that the fundamental unit of analysis in a systems approach, is ‘a system’
where the ‘system’ consist of many parts or structures (Parsons, 1965). This contrasts to the nonsystems approach, or analytical approach, of identifying each individual component and its role and
placing less or no attention on the relationships, interactions and the system as a whole.
Following a systems approach, a system exhibits relationships with supra-systems and sub-systems
(as briefly described in section 1.2.4 on the viable systems approach below). Supra-systems are
hierarchically ordered as a function of their influence on the system while sub-systems are found to
be more or less directed and managed by the system in order to contribute to its finality (Barile, 2006,
2008) or purpose.
A consequence of these relationships with supra- and sub-systems however, is that it becomes difficult
to define system boundaries because it would appear that such boundaries do not have much
meaning. This is because the engagement with supra- and sub-systems shows a tendency to lead to
absorption of at least parts of these into the system with the intention to develop as a whole system
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(Barile 2006, 2008; Mele et al (2010). This is also reflected in the application of systems theory to
organizations (further discussed in the following section) as reflected for example by Wood (1991)
that society and business are interwoven rather than being entities that are distinct from each other.
Application of the concept of a system to the world we live in therefore means a system can exist at a
sub-atomic level, as a microorganism, amoeba and other single cellular organism, or at large scale as
a society, company, earth or even the whole cosmos.
A system can furthermore be “open” or “closed”. An “open” system is able to exchange energy, matter
or information with the environment for example (refer to section 1.2.2). Such exchange can result in
internal processes that transform and impact on the system. These processes include for example
homeostasis, self-regulation, equilibrium/balance, autopoiesis and equifinality/common finality
(Mele et al 2010).
Homeostasis refers to the information exchange between the system and its external environment
where the system is able to maintain a state of equilibrium over time (Hannan and Freeman, 1977).
The process of Self-Regulation is an adaptive mechanism or process that the system applies to keep
itself in balance. This balance is achieved within the limits of the system’s structure and through
information exchange with the outside world (Beer, 1975). Equilibrium on the other hand represents
the attitude and ability of the system to provide an appropriate contribution to the needs of some or
all supra-systems within the framework of reference systems (Beer, 1975).
While it would be useful to further expand on these processes, it is not the intention of this paper to
provide an exhaustive elaboration on what a system is and how it operates. For the sake of
demonstrating the broader framework, some specific theories and aspects of Systems Theory are
briefly described in the following subsections.

1.2.1 General Systems Theory (GST)
Von Bertalanffy (1956) defines a system as a complex of interacting elements and pursues systems
thinking across numerous disciplines in order to find general principles that can apply to all systems.
GST introduces a “system” as a new scientific paradigm contrasting the analytical, mechanical
paradigm, characterizing classical science (von Bertalanffy, 1950).
At the core of general systems theory is its focus on interactions between elements. It should be clear
that the behaviour of a single autonomous element is different from its behaviour when the element
interacts with other elements.
The second key characteristic of his theory is the distinction between open, closed and isolated
systems. Open systems demonstrate exchange of resources such as energy, matter, people, and
information with the external environment. Closed systems display only exchange of energy and none
in terms of information and matter. Lastly, in the case of isolated systems there is no exchange of
elements whatsoever, as the term indicates.
Some of the approaches that have been developed based on GST include open system theory, the
viable system model and the viable system approach, as well as Autopoiesis by Francisco Varela and
Humberto Maturana, Cybernetics and Complex Adaptive Systems (CAS) and others.
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1.2.2 Open systems theory
Open Systems Theory (OST) describes the relationships between organizations and the environment
in which they are found. This theory therefore looks at an organizations’ ability to adapt to changes
under environmental conditions (with or without the need for information processing) (Boulding,
1956; Katz and Kahn, 1978). This adaptation can occur at two levels, namely counteractive or
amplifying.
Katz and Kahn (1978) apply the open system concept to the organization by viewing the organization
as a system made up from energetic input-output where the energy coming from the output
reactivates the system. Emery and Trist (1960) describe organizations as socio-technical systems,
underlining the two main components of the firm when viewed in terms of a system. These two
components are the social component (people), and technical component (technology and machines).

1.2.3 Viable System Model
The Viable System Model (VSM) characterises a system as an entity that is adaptable for the purpose
of surviving in its environment that is continually changing (Beer, 1972). With this approach, the viable
system is an abstracted cybernetic description that is applicable to autonomous organizations.
Because cybernetics is an interdisciplinary study of the structure of regulatory systems, this approach
refers to the study of how actions by a system cause changes in its environment. These changes are
taken to be understood by the system itself in terms of feedback which then allows the adaptation of
the system to new conditions. Effectively, this means that the system can change its behaviour.
In cybernetics, the system and the environment display different levels of complexity because the
environment may have degrees of complexity that are not perceived by the system. When VSM is
applied to organizations the observer introduces conceptual tools in order to redesign the
organization by way of: i) change management; ii) understanding the organization as an integrated
whole; iii) evaluating the essential functions of implementation, coordination, control, intelligence and
policy (Beer, 1972; Espejo and Harnden, 1989; Espejo, 1999; Christopher, 2007).

1.2.4 Viable system approach
The Viable System Approach (VSA) introduces a different interpretation of consolidated strategic
organizational and managerial models in terms of so-called sub-systems and supra-systems. Subsystems relate to the analysis of relationships among the internal components of an enterprise
whereas supra-systems look at the connections between enterprises and other influencing systemic
entities in their context (Golinelli, 2000; Golinelli, 2005; Barile, 2006; Barile, 2008).
The organization or entity being studied is here ‘a system’ made up of many parts or structures
(Parsons, 1965). Taking a systemic approach then leads to the view that every system is in relation
with supra-systems and sub-systems in one way or another. The supra-systems are hierarchically
ordered based on their influence on the system while the sub-systems are directed and managed by
the system in order to contribute to what is termed its finality (Barile, 2006, 2008), or purpose.
The introduction of concepts as described in the viable system approach challenge the matter of
system boundaries because they no longer make much sense. This originates from the application of
the principle that as contact creates participation the specific system tends to absorb supra-systems
and sub-systems or part thereof in order to develop as a whole system (Barile 2006, 2008).
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1.3 Systems and Management
Systems theory encompasses a wide field of research with different conceptualizations and areas of
focus (e.g. Boulding, 1956; Maturana and Varela, 1975; Senge, 1990), as briefly shown in the previous
section. Applying these to the field of management and organizations has led to various analyses of
the relationship between organizations and their environment (e.g. Burns and Stalker, 1961; Lawrence
and Lorsch, 1967; Aldrich, 1979) and the interactions and relationships between parts in order to
understand it better with the aim to improve organizational efficiency, productivity and so on.
Turner (1991) for example, found that significant gains in performance became possible when leaders
moved from managing the organization as if it were a machine or mechanical system to facilitating
the organization as a social system. This introduced the concept of the social organization, which can
be described as a type of very complex social system or living synergistic social system.
A living synergistic social system has the ability to create the conditions for its own existence. Living
synergistic social systems are thinking systems (Maturana & Varela, 1992). Their ability to facilitate
energy flow is a result of all the parts of the system working together as a whole and this energy flow
means it also falls within the scope of Open Systems Theory (OST). Wholeness, thinking, and creativity
are attributes that exist only when all the parts of such a living synergistic social system are viable and
supportive of each other. Living synergistic social systems are products of the synergy that results from
the interactions among the parts that create their wholeness. The essence and almost all of the value
of a synergistic social system resides in its synergy-producing interactions (relationships) and not in its
parts. As is the case for all systems, living synergistic systems also cannot be separated into parts and
still maintain their essential natures.
The systems movement revealed flaws in the assumption that organizational performance is the sum
of the performance of each part taken separately. In contrast, systems thinking demonstrated that
the interactions among the parts of a system produce most of the system’s performance, leading to
the application of the 80/20 rule (Koch, 1998). Eighty percent of the system’s performance potential
is based on the interactions among the system’s parts while twenty percent of the total performance
of a typical system is ascribed to the parts themselves.
The administrative leader who treats a system as a machine is focusing only on the parts separate
from the system as a whole and as a consequence is only tapping into 20% of the system’s potential.
According to systems theory, such a leader could increase the system’s potential by shifting the focus
to include the interactions of its parts. By designing and facilitating an increase in the number of
meaningful interactions among the parts of the system, greater synergy is produced which increases
the flow of energy.
In a living synergistic social system, the design typically refers to the structure and the parts refer to
the people, which are typical characteristics of OST. The structure creates boundaries in which a
certain number of interactions are possible. The workers in the organization determine if the
interactions are meaningful. Therefore, meaning is shifted from the leaders to the workers.
This is reflected for example in the study of organizational performance. Wong, Ormiston and Tetlock
(2011) state that the most important approach used to assess a firm’s corporate social performance
is a stakeholder approach, which relates directly back to the level of interactions within an
organization and between the organization and others outside of it. The stakeholder approach
describes the way firms act in a socially responsible manner when they take the interests of multiple
10

stakeholders such as customers and also their own employees into account (Ruf, Muralidhar, Brown,
Janney, & Paul, 2001; McGuire, Dow, & Argheyd, 2003).
Wong, Ormiston and Tetlock (2011) furthermore show from previous work that there are a number
of ways (e.g. values, leadership style, past experience and training) in which an organization’s strategic
leaders, i.e. its CEO and senior executives, influence various organizational stakeholders, which further
confirms the fact that the interactions and relations among people are of importance when examining
how an organization functions as a system. They also identify a number of areas where further
research is required to better understand how especially the top management team affects the social
performance of the organization, which is clearly part of understanding an organization as a system,
as referred to earlier.
As the systems movement further developed, scholars observed the need to look at the system’s
containing system in order to better understand and leverage performance. Organizations aligned
with the containing system’s intent produced additional gains in organizational performance. The
concept of alignment became an important tool for leveraging organizational performance (Green,
2003). Green (2003) proposed additional performance tools for the next millennium that are based
on:
• Facilitating the natural forces that govern individual and organizational performance;
• Relying on learning and the effective application of organizational learning;
• Featuring natural laws, mental models, living synergistic social systems, and structure
(dynamics);
• Applying a pattern of systemic leadership; and
• Operating in a stable or unstable environment.
Mele et al (2010) provide a number of examples of how systems theory can be applied to management
and in organizations. These are briefly summarised here in order to provide additional context for
application of systems theory to organizations or firms in laying the groundwork for understanding
the role of a systems approach in innovation and industrialization.

1.3.1 Learning and Knowledge
Within the context of systems theory and relating to how organizations or firms function, the
organization can be described as a learning system and having a certain set of skills and competences
that enables it to produce its own knowledge. (Nonaka and Tacheucki, 1995) The firm thus becomes
a cognitive system that creates information and activates its skills in order to produce knowledge
through continuous leaning processes (Vicari, 1992).
Knowledge is at the core of what is called an autopoietic process of resource generation, creating what
is termed as resource-behaviour-resource cycles where cognitive schemes allow the entire system to
function. Senge (1990) analysed how the systems method of thinking enables firms to become
learning organizations by utilising systems thinking, personal mastery, mental models, building shared
vision, and team learning as the basis for the development of three core learning capabilities. These
core learning capabilities involve fostering aspiration, developing reflective conversation, and
understanding complexity to address value generation.

11

1.3.2 Environment
A system inevitably exists within an environment that surrounds it. This means that if the organization
is the system at the micro level, then the environment is the system at the macro level, as also pointed
out by Mele et al (2010). Taken to extremes, this has interesting mathematical consequences,
especially because of the concepts of infinity and current understanding of the cosmos. For most
systems however, specifically those apply to organizations, the environment is significantly smaller.
In the analysis of the structure of the system and of supra-systems, an organization’s leader applies
various attenuating and amplifying actions of the kind needed for long-term survival, which results in
the modification of the borders between the system and the individual supra-systems (viability).
Brownlie (1994) presents two conceptualizations of the environment within which the system occurs,
namely the objective environment and the enacted environment.
Regarding the objective environment, Brownlie (1994) states that “the construct ‘environment’
corresponds to some freestanding material entity that is independent of the observer, concrete,
external and tangible”. Introducing the concept of the enacted environment however, leads to the
rejection of this notion of an external objective reality. From the perspective of an enacted
environment, the environment is thought of as a “mental representation embodied in a cognitive
structure which is enacted in retrospect and fashioned out of the discrete experiences of managers”.
Organizations and environment in this approach are thus viewed as labels for patterns of activities
which result from human actions and their accompanying efforts to make sense out of those actions
(Smircich and Stubbart, 1985). From this point of view it is therefore possible that different
organizations within the ‘same’ environment can interpret the same set of data about particular
market conditions and circumstances very differently for example.
The organization is viewed as embedded in a set of inter-organizational relationships of different
strength with a set of stakeholders (Pfeffer and Salancik, 1978). This view is adopted by the networks
approach in marketing for example, which reasons that companies are ‘connected’ and that they
operate within a ‘texture of interdependencies’ (Hakansson and Snehota, 1995; Ford, 2002).

1.3.3 Relationships
According to the viable system model (Christopher, 2007), competitive firm behaviour is strictly linked
to the ability to identify and manage functions and relationships, thereby establishing communication
channels, organizing information flow, and rationalizing and harmonizing a firm’s development
aligned with all external relationships.
The governance of viable organizations then has to address and direct the system towards a final goal
by transforming static structural relationships into dynamic interactions with other viable systems.
The ability to organize relationships delineates the efficiency of governmental action, which is a
central characteristic of viable systems, contributing to the equilibrium of the system from one side
and to the satisfaction of supra-systems’ expectations from the other. For the organizations, it is
fundamental to consider the compatibility between systemic actors (consonance) and to improve the
effective harmonic interaction between them (resonance). Consonance is linked to the concept of
relations and refers to a static vision. Consonance represents the potential harmonic relation, whereas
Resonance instead is related to dynamic aspect, i.e. the interaction between entities.
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Relationships find particular application in the area of stakeholder management and the importance
is reflected through for example the application of the concept of the “mutually supportive
framework” (Donaldson & Preston, 1995) that serves the interests of all stakeholders and not one at
the expense of another.
The role of managers in the determination of stakeholder needs and meeting them is also recognized
(Wong, Ormiston and Tetlock, 2011), as well as their role in corporate social performance (Thomas &
Simerly, 1994, 1995), which further demonstrates the clear role of relationships within the
organization as a system. The effect of managers and senior executives on corporate social
performance can be described in various ways and frameworks, one of which is strategic leadership
theory which describes how executives’ orientations, made up of psychological factors (e.g., values,
cognitive style and personality) and experiences (such as tenure and functional background), influence
their strategic decision making and therefore as a result, firm outcomes (Finkelstein & Hambrick, 1996;
Finkelstein, Hambrick, & Cannella, 2009).

1.3.4 Adaptation
Barile and Polese (2010) present that any organization has to be able to preserve its viability and
stability by creating an environment internal to the organization that is able to respond effectively to
external stimuli at all levels. This is in line with the viable systems approach where an organization is
deemed viable as a system if it is able to survive in a particular context in the presence of continual
dynamic processes and several kinds of internal changes. This ability of the organization is termed
adaptation.

1.3.5 Complexity
Complexity is based on concepts such as variety, variability and indeterminacy which are used to
describe networked systems for example (Golinelli, 2010). In networked systems, these parameters
mean the following. Variety is the variance that is possible by what a phenomenon may present to an
observer. Variability is closely related to variety in that it describes variety observed over time.
Indeterminacy is defined as the ability to fully understand a particular phenomenon (Barile, 2009;
Golinelli, 2010).
Complexity is recognised to be of value in the interpretation of service systems for example, because
they are complex adaptive systems (Holland, 1999). Such systems are described as complex because
they are diverse and consist of multiple interconnected network elements. They are also complex
because they are able to change and learn from experience, which of course relates to the adaptation
aspect referred to earlier.
Complexity requires significant attention within the exploration of systems, but complexity theory is
a field of study in its own right and it is not the purpose of this paper to go into all the detail thereof.
However, it is worthwhile to provide some further information in order to highlight its value in
enhancing our understanding of systems.
Complexity theory has gained ground because of developments such as technology, globalization,
competition, change, speed, complexity and paradox (Tetenbaum, 1998). Tetenbaum (1998) wrote:
“The new world is full of unintended consequences and counterintuitive outcomes. In such a world,
the map to the future cannot be drawn in advance. We cannot know enough to set forth a meaningful
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vision or to plan productively”. This statement clearly indicates the need for a different approach in
addressing challenges facing the globe today, which incidentally also is not a new call to action. History
documents numerous such calls to think differently in order to deal with change (Blainey, 2000;
Roberts, 1995). Kelly (1994, 1998) also made the case for new ideas, paradigms and practices in
dealing with the changes resulting from global restructuring of the economy and radical new
technologies. Introducing complexity theory and systems theory are some of the methods in which
such change can be dealt with effectively, which is also why it is proposed herein as part of the
approach to addressing innovation and industrialization.
Keene (2000) states that organizations still try to manage themselves based on principles of scientific
management, i.e. focussing on control, order, predictability and cause and effect. This requires strong
attention on analytical analysis (vs a systems approach). Her statement that the mechanistic approach
of reducing all systems to their constituent parts is inadequate to allow managers to deal with the
changing environment which further supports the systems approach to how organizations function as
briefly touched on here. Smith and Humphries (2004) extend this by stating that the need for nonreductionist ways in addressing management problems has led to the pursuit of complexity theory as
a method to be considered in finding solutions.
Complex systems can be described as “robust, involving multiple, often redundant chains of
interaction and causation…” (Marion and Bacon, 2000). They identify complex systems in terms of
three key characteristics, the first of which is that the whole is more than the sum of the parts. This is
reinforced by the second key characteristic which states that complex organizations stimulate outputs
that cannot necessarily be predicted simply by understanding all of the inputs. They present that such
uncertainty in prediction of outputs is the result of the fact that complex organizations can create
behaviour that can neither be predicted nor that is entirely unpredictable. This has been termed as
the ‘edge of chaos’ (Peters, 1992) which is a scenario where there is enough chaos to make predictions
impossible but at the same time demonstrates sufficient order to maintain functionality.
Further to the concept of chaos and with respect to innovation, Pascale (1999) stated that
organizational innovation occurs in the delicate balance between rigid structure and unbounded chaos
(Pascale 1990) and also identified some characteristics of complex systems that can inform
management implementation, as highlighted by Smith and Humphries (2004). The first aspect
identified states that complex systems are at risk when at equilibrium because stability and
equilibrium are viewed as precursors to failure. The second characteristic is that complex systems are
able to self-organize and demonstrate emergent properties, which means that what might be viewed
as chaos is not necessarily chaotic. The third identified aspect is that complex systems seem to move
closer to chaos when faced with a complex task. The fourth and last characteristic states that complex
systems are living systems and that they can only be disturbed and not directed.
The concept of complexity also occurs in various other areas, one of which involves the application of
complexity in socio-cognitive processes that guide the decision-making behaviour of senior executives
(Hambrick, 2007), which if course is equally relevant in an exploration of complexity in terms of
systems theory. Cognitive style is defined by Finkelstein and Hambrick as “how a person’s mind
works—how he or she gathers and processes information” (1996: 64). These cognitive styles can be
described by a range of typologies which have been proposed. These typologies cover for example
Mintzberg’s “planners versus thinkers” and Jung’s typology of executives based on how people
perceive and judge information (Wong, Ormiston and Tetlock, 2011).
One of these cognitive styles which is of particular relevance here because it relates to complexity and
relationships, two of the examples of how systems theory applies to organizations as mentioned
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earlier, is the concept of integrative complexity. Integrative complexity has been applied to
understand how top leaders, such as U.S. Supreme Court justices (Tetlock, Bernzweig, & Gallant,
1985), military commanders (Suedfeld, Corteen, & McCormick, 1986; Suedfeld & Granatstein, 1995),
and presidents (e.g., Tetlock, 1981) influence macro-level outcomes, e.g. military conflicts and
elections. The cognitive style identified as integrative complexity has furthermore been linked to
moral development (deVries & Walker, 1986; Sullivan, McCullough, & Stager, 1970) and to trade-off
reasoning (Tetlock, Peterson, & Lerner, 1996), both of which have clear consequences in ethics and
corporate social performance (Hemingway, 2005).
Integrative complexity firstly involves what is termed evaluative differentiation, i.e. “the capacity and
willingness to tolerate different points of view”. Secondly, integrative complexity involves so-called
conceptual integration, which is termed as the ability to “generate linkages between points of view,
to understand why people look at the same event in different ways, to confront trade-offs, and to
appreciate interactive patterns of causation” (Tetlock, Peterson, & Berry, 1993). On the basis of
evaluative differentiation and conceptual integration, integrative complexity can be applied to
describe a person along a scale, from simple (low integrative complexity) to complex (high integrative
complexity). This is of particular interest because of its relevance in a systems approach to innovation
and industrialization as described herein. One application of this particular cognitive style is
demonstrated by Wong, Ormiston and Tetlock (2011), who explored how integrative complexity (that
is effectively the ability to differentiate among and integrate multiple perspectives) in senior
executives affects how stakeholder needs are met.
Another example of the application of complexity, which is again relevant in this exploration of
systems theory, is within the concept of Global Mindset, as proposed by Javidan and Walker (2012)
and which indicates not only complexity but also introduces an additional level of systems
understanding required by senior executives in organizations. The key attributes of their Global
Mindset can be summarised by the following figure.
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Figure 1 The key attributes that makes up a Global Mindset as identified by Javidan and
Walker (2012).

Source: Javidan and Walker (2012)

1.4 Analytical vs Systems thinking
It is useful to refer to work done by Oyebisi, Momodu and Olabode (2013) who have provided some
simple tools to compare systems thinking to what they term analytical thinking. This assists in better
understanding the benefits of a systems approach as presented here.

Table 1 Comparison of the Three Stages of Analytical and Systems Thinking.
Stage
1

Analytical thinking
Take apart the thing to be understood

2

Try to understand the behaviour of
parts taken separately
Try to assemble this understanding
into an understanding of whole

3

Systems thinking (synthesis)
Identifying a containing whole (system) of which the
thing to be explained is a part
Explain the behaviour or properties of the containing
whole
Explain the behaviour or properties of the thing to be
explained in terms of its role(s) or function(s) within its
containing whole

Source: Fasser and Brettner (2002) from Oyebisi, Momodu and Olabode , 2013
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Table 2 A Comparison of the Attributes of Analytical Thinking and Systems Thinking.
Analytical thinking
Focuses on structure (how things work)
Yields knowledge
Enables us to describe
Looks into things

Systems thinking
Focuses on function (why things operate as
they do)
Yields understanding
Enables us to explain
Looks out of things

Source: Fasser and Brettner (2002)

Table 3 Analytical Thinking vs. Systems Thinking.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Analytic thinking (analysis of today)
We/they
Independent
Activities/tasks/means
Problem solving
Today is fine
Units/departments
Silo mentality
Closed environment
Department goals
Strategic planning project
Hierarchy and controls
Not my job
Isolated change
Linear/begin-end
Little picture/view
Short term
Separate issues
Symptoms
Isolated events
Activities/actions

vs.
vs
vs
and
and
vs
and
vs
vs
and
vs
and
vs
vs
vs
vs
and
vs
and
and
and

Systems thinking (synthesis for the future)
Customers/stakeholders
Interdependent
Outcomes/ends
Solution seeking
Shared vision of future
Total organizations
Cross-functional teamwork
Openness and feedback
Shared core strategies
Strategic management system
Serve the customer
Communications & collaboration
Systemic change
Circular/repeat cycles
Big picture/holistic perspective
Long term
Related issues
Root causes
Patterns/trends
Clear outcome expectations (goals/values)

Source: Haines Centre for Strategic Management (2007)
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2 Innovation
Because the aim here is to demonstrate the link between innovation systems and systems theory, only
a brief overview of innovation systems is presented.

2.1 Innovation systems
Literature shows progression from national innovation systems (NIS or NSI) (Freeman, 1995, 2002;
Lundvall, 1992; Nelson, 1993) to regional innovation systems (RIS) (Cooke, 1992; Cooke et al., 1997;
de la Mothe and Paquet, 1998; Parker and Tamaschke, 2005) and even sectoral systems and smart
specialization. The nature of innovation systems are described here based on some of the definitions
presented in literature to show the clear association of a systems approach with innovation and to
provide a brief description of what is understood to be an innovation system.
National systems of innovation have been developed through the work of Freeman (1995, 2002),
Lundvall (1992), Nelson (1993) and others and provide a “consistent conceptual framework for
integrating key science, technology and innovation institutions into economic development” (Niosi,
2008). Lundvall (1992) includes organizations and institutions involved in research such as universities,
R&D departments and technological institutes in the NSI in a narrow context, but all of the learning
institutions, the economic structure and those institutions involved in “searching and exploring” form
part of the NSI in a broader context. Universities, government laboratories and innovative firms can
form the centre of the NSI. (Niosi, 2008).
The innovation system should include factors that impact innovation such as economic, social,
organisational and other factors that affect the creation, dissemination and use of knowledge (Edquist,
2008). Such factors should also have an impact on the learning capacity of organisations and therefore
the capacity to innovate (Lundvall, 1992). Factors impacting innovation are often used interchangeably
with system specific functions (Edquist 2001 from Suriyani et al, 2012; Liu and White, 2001; Johnson
and Jacobsson, 2000; Hekkert et al, 2007).
Resele (2015) presents that weak performance of functions creates innovation barriers with the main
functions of the NSI proposed to be development of new knowledge and use of knowledge. The NSI
further should support indirect functions by supplying resources, facilitate the exchange of
information and knowledge and define the framework or rules of the game for example.
The NIS/ NSI is presented by Resele (2015) as more focussed on the relationships within the system,
i.e. “the set of measures implemented within the cooperation between the public and private sector
to create, accumulate, change and use new knowledge with the aim to promote the implementation
of innovation and subsequently – the sustainable development of the economy.” Similarly, he
describes the RIS as “a complex system with strong interactions between several actors systematically
engaged in interactive learning” based on the definitions from Asheim & Isaksen (2002), Cooke (1998)
and Morgan (1997).
More specifically, a RIS can be described as a systemic and administratively supported interaction
(Carrincazeax and Gaschet, 2015) between the “knowledge exploitation subsystem” (Asheim and
Coenen, 2005) within a company and regional support infrastructure (e.g. technology incubators,
government or private research laboratories, technology transfer agencies, training systems). This
systemic interaction, together with collective learning in the RIS to support company innovation needs
typically takes place informally (norms, routines, trust, etc.) (Cooke et al, 2004) even though the
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intention is to provide specific institutional arrangements (Cooke and Schienstock, 2000). These
institutional arrangements consist of “a geographically defined, administratively supported
arrangement of innovative networks and institutions that interact regularly and strongly to enhance
the innovative outputs of firms in the region” which results very often in a high level of local interaction
and interdependence present in the RIS. This means that the learning capability of the region must be
properly separated from the knowledge infrastructure. (Carrincazeax and Gaschet, 2015)
One of the assumptions very often provided concerning innovation, is that some form of geographical
proximity or concentration of entities and relevant linkages between entities are conducive to
innovation and associated development (Arundel & Geuna, 2001). Regional agglomeration also seems
to best support an innovation based learning economy which promotes localized learning as well
(Asheim & Isaksen, 2002).
Resele (2015) presents that the resulting interactions among companies, industry associations,
research institutions and training centres provides a collective strategic response to the challenge of
increasing competition. This statement clearly identifies at the same time the multiple actors in a
much bigger system, which can also therefore be viewed as a system containing subsystems and supra
systems, as defined earlier. Furthermore, novelty and economic benefit are identified as the two most
important aspects that define innovation, which leads to a definition of innovation as follows:
“innovation in this research is defined as the development and implementation of new to the market
or company or significantly improved product or process that brings economic benefit to the company.”
– Resele (2015)
Fritsch and Slavtchev (2009) define innovation activity as the interaction and flow of knowledge
between institutions and actors and as a “collective learning process taking place in a system of
interconnected actors”, which demonstrates the intuitive and inherent understanding of innovation
as a system. They furthermore relate the system’s efficiency to the availability of actors, intensity of
interaction and the respective knowledge flows within the system, which addresses one of the main
features of a system, namely relationships and interactions among the components of the system.
Kaufmann and Tödtling (1999) also refer to a system, e.g. “Broader and more lasting effects of renewal
can only be achieved if innovation is becoming systemic in the region, i.e. if a regional innovation
system emerges”. Their definition of innovation refers to “an evolutionary, non-linear and interactive
process between the firm and its environment”, which they base on work by Kline and Rosenberg
(1986), Dosi (1988) and Malecki (1997).
Their reference to non-linearity in this definition means that numerous actors and sources of
information, both within and outside a firm or organization, stimulate and influence innovation while
the experience of customers, production and marketing is fed back into earlier phases of the
innovation process through additional interactions. To them, the interactivity in this definition is about
the internal collaboration between several departments within a company but also with other
companies (especially customers and suppliers), knowledge providers (e.g. universities, technology
centres) and organizations in finance, training and public administration, all of which contribute to
that company’s capacity to innovate.
This makes it clear that the innovation system, regardless of whether it is a RIS or NIS/ NSI or some
other form, is as much about the relationships between the various actors as it is about the flow of
information and knowledge.
Carrincazeaux and Gaschet (2013) extend the role of relationships and interactions beyond the
system, pointing out the importance of these external to the regional “system”. They present that
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these relationships can be considerably underestimated, referring to literature on clusters (Simmie,
2004; Bathelt, 2005) for example. The important role of external interactions is highlighted, as
demonstrated through other studies (Crevoisier & Jeannerat, 2009).
Carrincazeaux and Gaschet (2013) and Niosi (2008) also recognise the strong focus on the regional
dimension of innovation systems, which implies underestimating sectoral factors impacting
innovation (Carrincazeaux and Gaschet, 2013). This means that the industrial composition of regional
economies from the perspective of its knowledge base and technological specificities has a large
impact on regionally performance of industries. They present that the regional “performance” of an
industry depends on coherence between the knowledge base of the industry and the knowledge
creation and diffusion set-up, as well as on governance structure, also referring to studies that link the
knowledge base of industries and the nature of regional innovation systems.
The Social Systems of Innovation and Production (SSIP) (Carrincazeaux and Gaschet, 2013) is another
view on innovation systems that is described as a “coherent combination of institutional
components”, but the focus is on institutional arrangements (i.e. only on the components and not on
the system as a whole) and therefore it is evidence rather of a non-systems approach. However, this
is valuable in that it further describes the innovation system, e.g. the six institutional sub-systems as
identified by Amable et al. (1997). These sub-systems include science, technology, industry, financial
system, human resources and the education/training system. In the SSIP approach, the Science,
Technology and Innovation (STI) “core” is again referred to which has already been highlighted earlier
in this section. Their focus on institutional arrangements was intended to demonstrate the diversity
of regional systems and their performance. They found that the complementarities from this approach
between scientific, technological, industrial and educational profiles elevated the role of the national
dimension in the systems and their performance and that these complementarities appeared to have
a greater impact at a national level rather than a regional level.
The current System of Innovation Model is the sixth generation of innovation models (Oyebisi,
Momodu and Olabode, 2013). Lundvall introduced the concept of system of innovation in 1985 by
referring to the work by Friedrich List’s on the “National System of Political Economy” (1841). Freeman
(1988) labelled it “the national innovation system” based on the social and economic effects identified
by the model (Du Preez & Louw, 2008).

3 Industrialization
Similar to the approach taken for systems and innovation, this section on industrialization provides a
brief overview of what is understood by the term. This begins with some definitions, such as that
provided by Investopedia, which states that:
“industrialization is the process by which an economy is transformed from primarily agricultural to one
based on the manufacturing of goods. Individual manual labour is often replaced by mechanized mass
production, and craftsmen are replaced by assembly lines. Characteristics of industrialization include
economic growth, more efficient division of labour, and the use of technological innovation to solve
problems as opposed to dependency on conditions outside human control.”
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The Merriam-Webster Dictionary defines industrialization as “the act or process of industrializing: the
widespread development of industries in a region, country, culture, etc” while the Cambridge
Dictionary states that it is “the process of developing industries in a country”.
Simandan (2009) presents Industrialization as “a generic name for a set of economic and social
processes related to the discovery of more efficient ways for the creation of value.”
From these definitions it becomes clear that while terms such as system and innovation are typically
applied in the context of an object or noun, the term industrialization is applied as a process or verb.
For the purpose of describing the process of industrialization in terms of a systems approach, it is
therefore needed to describe the environment within which industrialization takes place, i.e. the
industrialization system.
The industrialization system is typically described by referring to industry subsectors, while the
industrial activity is performed by companies (firms) who interact with a supply chain or value chain
that involves suppliers, service providers, buyers, users and a transport and logistics subsystem.
Government is typically seen as an outside influence on the system and impacting on it by way of
policy, regulations, incentives, tax and other related instruments. The role of industrial policy in this
context is of particular importance, as it is understood to either support or limit industrialization.
Within the South African context, industrial policy is referred to in terms of the Industrial Policy Action
Plan (IPAP) of the Department of Trade and Industry (the dti) and the National Industrial Policy
Framework (NIPF). The dti offers a range of incentives, policies and regulations and applies
instruments, such as Special Economic Zones (SEZ’s) programme and the Industrial Parks Revitalization
Programme (IPRP), to drive industrialization.
The NIPF Vision addresses diversification of the economy firstly, as well as the following, which makes
it clear that the focus is on a process and not a system:
• The long-term intensification of South Africa’s industrialisation process, and movement
towards a twenty-first century knowledge economy;
• The promotion of a more labour-absorbing industrialisation path with a particular emphasis
on tradeable labour-intensive goods and services and economic linkages that catalyse
employment creation;
• The promotion of a broader-based industrialisation path characterised by greater levels of
participation by historically disadvantaged economic citizens and marginalised regions in the
mainstream of the industrial economy;
• Contributing to industrial development in Africa, with a strong emphasis on building regional
productive capabilities.
In doing so, a number of strategic programmes are proposed, of which the following are particularly
relevant to the discussion here:
• SP4: Skills and Education for Industrialization
• SP8: Innovation and Technology
• SP13: Coordination, Capacity and Organisation
It is important to note that the NIPF also identifies coordination and alignment as requirements for
successful industrialization. Yet that talks directly to the interactions identified in systems theory
earlier. This coordination and alignment should cover other supporting policies and institutions such
as those addressing the macroeconomic and regulatory environment, skills and education for
industrialisation, traditional and modern infrastructure and innovation and technology.
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This is evidence that the industrialization process requires significant interaction, while the various
components of the industrialization system and its subsystem further demonstrate that a systems
approach may be of value to the industrialization system and more so to its relation to innovation.

4 A systems approach to innovation and industrialization
Based on the brief summary of systems provided earlier and evidence of the presence of various
system characteristics it would seem that systems approach can be applied to innovation and
industrialization. A systems approach has benefits for innovation and industrialization, as well as in
the area where innovation and industrialization meet, not just to better understand the organizations
that innovate or drive industrialisation, but also to better understand the system per se.
The system of innovation, whether at national or regional level clearly has a purpose that is related to
knowledge, learning or economic benefit, which of course is one of the key aspects in the definition
of a system presented earlier. Secondly, there are very clear components or sub-systems identified,
which relate to universities, R&D institutions and government for example. This is of course again a
key aspect of a system as per the definition(s) provided herein. Lastly, there is extensive reference in
the literature about innovation systems to interactions, functions or processes, which constitutes the
third key aspect of what a system is.
Applying a systems approach to innovation is therefore aligned with the definition, which is further
supported by the wide usage of the term “system” in concepts such as the National System of
Innovation (NSI) or Regional Innovation System (RIS) as described already.
Looking at the industrialization environment, one can again clearly identify specific actors or
components, such as government and industry. Industry sectors and the existence of logistics and
supply chain management all provide further evidence of sub-systems within the industrialization
environment. This takes care of the first aspect of components of a system, while the purpose
generally relates to production or economic benefit (e.g. profit), which forms the second aspect of a
system as per the definition(s). The third aspect relating to interaction or processes, can be found in
the production or manufacturing processes, the engagements involved in supply and demand and
development of the industry and so forth. It would therefore again seem to inform the application of
a systems approach to the industrialization environment.
If both innovation and industrialization can be described in terms of a systems approach, it would
imply that they can be viewed as systems that impact each other, or even forming sub-systems of a
greater whole within the environment of economic activity or something similar and one can therefore
apply the concept of supra and sub-systems as explained in the Viable Systems Approach. (Refer to
section 1.2.4.)
As pointed out earlier, a systems approach is not just about the components, but is in fact, much more
about the system as a whole. Therefore, applying systems theory firstly means that much greater
attention needs to be given to the relationships and roles of each organization (or component) or
groups of organizations (e.g. industry associations, business chambers, labour unions) within each
system. Secondly, it needs to be applied to the various parts (departments, programmes, units or
other organizational components) within its hierarchy whether the components refer to government
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or a company or university. Of course, one can very easily (and should) view each of these components
as systems in their own right, but describing each according to systems theory is not the purpose here.
It needs to be made clear that the systems approach can be applied to organizations that innovate
and operate as industrial entities, as much as it can be applied to those that support and drive
innovation and industrialization by way of training, policy, etc. such as government, academic
institutions or R&D entities.
The systems approach needs to be applied to the greater system that includes all these organizations
and extends to include anyone or any organization that somehow contributes towards innovation and
industrial development/ growth or supporting industrial activities, .e.g. industry associations, business
chambers, supply chain and logistics companies, entrepreneurs, inventors, researchers, academia and
so on.
The various engagements or interactions (processes) in this system (which forms the second key
aspect of a system as described already) and understood to be central to working together as per the
definition in section 1.1, firstly involve regulatory and legislative functions of government, as well as
its compliance and monitoring function which can either aid or limit innovation and industrialization.
The interactions also involve the various aspects of production or manufacturing in industry, which
includes management, financial, marketing and other aspects. It also includes education, training,
R&D, continuous improvement, quality management, Intellectual property management.
At another level, the interactions relate to those among various actors or organizations in the system,
whether these are industry, government, academic institutions, R&D entities or others. A third level
can be added to this, which is often not sufficiently recognised, namely the level of interaction
between individuals within and across organizations. Another to view this would be to classify the
interactions according to the function they serve, i.e. production, procurement, marketing, operations
and so on.
The aspect pertaining to interactions or relations in systems theory are of particular interest because
it would seem that these are either neglected or addressed at a very low level, which would point to
one of the reasons therefore why the “system” is not working. These interactions and relations are
often referred to in terms of coordination, collaboration and partnerships.
The UNECA report on Dynamic Industrial Policy in Africa (2014) states that “Economies that have
industrialized have at their core—regardless of policies— institutions and processes to promote
strategic collaboration between the private sector and the government” and also that “Successful
industrial policy require close government–private sector collaboration that ensures its relevance and
effectiveness”. This demonstrates the understanding that collaboration, i.e. the interactions as per a
systems approach, are absolutely critical to industrialization. The role of collaboration in policy has
also been recognised by others (Rodrik, 2004; Evans, 1995; Maxfield and Schneider, 1997) further
reinforcing the understanding that interaction and relations, as per the definition of systems theory,
is required for policy, which is one way in which governments can support industrialization.
Unfortunately, it appears that this collaboration and also coordination is not in place sufficiently in
Africa, including South Africa (UNECA Report, 2014). This is especially noted in terms of collaboration
between government and the private sector, which is evident from the lack of trust between these
two sectors in South Africa as seen from media and other statements at this point in time. The UNECA
Report (2014) therefore recommends that high-level coordination needs to be increased because it is
recognised that “More successful countries understand, however, the need for systematic
coordination and regularly co-opt the private sector and encourage super-ministerial collaboration”.
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The third key aspect of a systems approach refers to a shared purpose. It becomes apparent by
observing the actions of the various components or players within the systems of innovation and
industrialization, that there is a lack of shared purpose and vision. While this may not be so evident
from organizational vision and mission statements, policy statements or business objectives, it is
found that the perception of government officials (and therefore government as a component of the
system or corresponding sub-system) is that private sector (industry, business, commerce) has only
one focus, which is to generate a profit for its shareholders and that government needs to protect the
people in the country against the resulting exploitation.
Private sector on the other hand views government as controlling, slow, ignorant and lacking the
knowledge and insight to support it so that work and economic activity can be provided. Private sector
views itself as the primary driver for economic activity and therefore prosperity in the country.
In similar fashion, academia and R&D institutions are viewed by many outside of that sector as being
disconnected from reality and to have a limited understanding of implementation and “real-world”
challenges.
None of these perceptions are true however as all of them are firstly perceptions, which per definition
mean that they are shaped by the frame of reference of the observer. Secondly, all of these
perceptions, and the many others that exist, may contain some aspects of truth and some aspects that
are not true, and therefore a lie. Exactly how much is truth and how much is lie needs further
attention, but for the purposes of the discussion here, it is sufficient to point out that the purpose of
various components within the systems of innovation and industrialization vary greatly based on their
actions and statements. This is of course further corroborated by the intentions or focus of academia,
government and industry, which are generally different, i.e. the first addresses primarily education
and research, the second policies and governing the country and the last economic activity.
In terms of a systems approach it becomes therefore clear that the purpose also needs urgent
attention in order to make the larger system of innovation and industrialization work more effectively
and efficiently. Both the divergence of purpose and absence of or insufficient relations and
interactions in a system can be addressed through similar means, involving planning, intentionality
and action.
Ultimately it is people that are doing the work, not some organization or programme or business unit
somewhere that are faceless and enable people to hide behind. The application of systems theory to
how people work is equally important. Firstly, leaders need to be raised up that have a systems
perspective and commensurate ability to work with systems, instead of being groomed to perpetuate
current non-system approaches to the workplace as is the natural tendency in any organization to do.
This would be supported by embracing diversity, not in word, but in deed. Embracing diversity should
not be some flavour of the month or political nicety but instead should be pursued actively because
the benefit is understood to be required.
This means therefore that such leaders will be raised up if the appropriate organizational change and
transformation policies are in place that are open to diversity of all kinds. At the same time
organizations need to exhibit the necessary organizational culture and characteristics to raise up such
leaders, while also enabling its people to deliver the particular purpose for which it exists.
It is important to note that even domestically based leaders are faced with increasing diversity, as
borne out for example by a survey of five hundred senior executives at hundred global corporations
conducted by the Economist Intelligence Unit (2010). The survey found that nearly sixty percent
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reported that their workers will have more diverse backgrounds and experiences and more than half
expected managers to become more international in composition.
Current technological developments such as those associated with the Fourth Industrial Revolution
are sometimes termed as disruptive exactly because from an organizational perspective, organizations
have not adapted and changed in terms of their processes, culture, thinking and therefore the services
or products they offer. This provides evidence that there is a need for a different approach, especially
within the context of innovation and industrialization. This approach should be based on systems
theory, especially because of the complexity of the larger systems within which life exists on this
planet.
Such complexity can be further explained by the impact human society has had on biodiversity and
climate change, such as presented in reports by the Intergovernmental Panel on Climate Change
(IPCC), the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES),
various United Nations organizations and a multitude of others. In many conversations and discussions
about the complex issues faced in the 21st century, the high complexity is often mentioned, while the
need for coordination and collaboration is increasingly at the forefront of such engagements, which
of course points exactly to the systems approach.
Engagements and relations as per systems theory, require communication. Therefore it is further
proposed that the systems approach also introduces extensive and inclusive communication and
awareness campaigns within organizations and at various levels of the systems of innovation and
industrialization. Communication is necessary for understanding and it motivates and encourages
participation and contribution by all the components of the particular system, whether it is an
organization, part thereof or the whole system in a country, region or in the world.
While social media has the potential to serve as a platform for such communication, the ability for any
Tom, Dick and Harry to give an opinion that is not automatically an expert view severely hampers this.
From another perspective, the fact that social media shows that so many have the need to be heard
and therefore have a right to an opinion directly demonstrates that the required communication in
relations and interactions needed for the system to be effective and efficient, is not present or
sufficient.
The proposed communication in the systems of innovation and industrialization should therefore be
transparent, verifiable, accountable and responsible among others. Such communication and
associated mechanisms should also take place simultaneously at a personal level among people, at
different levels in organizations and among organizations and other sub-systems.
A last means that can be considered is the importance of value systems, paradigms, belief systems
and other frames of reference in the interactions among various players at the various system levels
within the larger systems of innovation and industrialization. This also involves a focus on truth
because truth seems to be less and less visible when one considers propaganda, the concept of fake
news and marketing. Very often a particular message that is sent, whether by a politician, blogger,
sales person or journalist, is presented to create a particular perception by the receiver (customer,
supporter, reader, employee and so on) that will favour the sender in some way or other. Therefore
the perception of the receiver shapes how the system functions instead of the real characteristics of
the components of the system. This makes the management and operation of the systems and its
components much more difficult or even dysfunctional.
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5 Conclusion
In spite of the loss of much of the meaning of GST, Systems theory has become a widespread term
that is very often used to explain the interdependence of relationships created in organizations. In
addition, as a result of the very diverse area of application of this theory, it can act as a bridge for
interdisciplinary dialogue between autonomous areas of study as well as within the area of systems
science itself. It is for both these reasons that systems theory and systems thinking are introduced as
an approach to innovation and industrialization.
The systems of innovation and industrialization provide evidence of typical systems characteristics and
aspects. Three primary aspects, namely those pertaining to system components, interaction or
engagement and shared purpose that are found to be present in the systems of innovation and
industrialization have been used to identify shortcomings in the functioning of these systems and
associated means of intervention have been proposed, but further work would still need to be done,
such as involving the concepts of complexity, collaboration, coordination, partnerships and value.
Much like quantum mechanics is needed to explain and understood the cosmos, which is at a very
large scale, one needs to implement the systems approach throughout the system, its sub-systems
and components with a specific focus on the relations and interactions between and among all of
these in order to improve the systems of innovation and industrialization.
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