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CHAPTER 1 - OBSERVATION

“Humans, who are the servants and interpreters of nature, can act and
understand no further than they have observed in either the operation or

the contemplation of the method and order of nature.”

Sir Francis Bacon
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1.1

OBSERVING NATURE

The following observations, made in the subject areas of strategy
{(business) and Industrial Engineering {technical), lead to the inception of

this thesis,

Strategy

The term strategy or its adjective strategic, was derived from the Greek
word stratos, meaning army or war. The origins of the word strategy can
also be traced to strategos referred to the role of a general in command of
an army. Later it came to mean the art of the general, which is to say the
psychological and behavioural skills with which the general occupies the
role [Quinn: 64]. Military battles are won and wars are lost as a
consequence of this art of the general. Therefore, these skills with which
a general controls and manoeuvres his regiments or resources of war,

influence the outcome of the battle [Griffith: 38].

By the time of Pericles (450 B.C.) the term strategy also came to mean
managerial skill (administration, leadership, oration, power) [Quinn: 64],
as competitive struggles between industry rivals are just as true for
capitalistic organisations as it is for military regiments. Just as the general

control the resources of war so too do the management control economic
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resources. The art of the general or strategy is employed by both to attain

the spoils of rivalry [Grant: 36; Griffith: 38].

As much as society claims to be civilised, people will always engage in
warfare, as the reason for warfare is the pursuit of a common goal by two
or more opposing parties. Although the basis for warfare in the business
environment is economic interaction between the organisation and its
stakeholders, the philosophies around strategy remains the same as those

proposed for warfare by the Chinese 20008C {Griffith: 38].

The complexity of these behavioural skills required to control resources is
escalating as capitalistic organisations find themselves in a transition from
a physical to an inteflectual economy [Grant: 36; Toffler: 96]. In modern
corporations' the traditional definition of resources change as progressive
corporations do not compete for their fortunes by merely operating and
improving the means of production, but also by defining corporate

strategies of [Grant: 36; Encarta: 61; Popenoe: 711

e Controlling the up- and downstream activities that influence their
profitability;

e diversifying production to reduce the dependence on a single
product or service in the marketplace; and

» acquiring industry competitors to reduce competition.

" Conglomerate: Is a large company consisting of several unrelated organisations {firms) whose merger
increases and diversifies company assets. {Hornby: 44; Encarta: §1]
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1.2

By observing these corporate strategies and related actions of mergers,
consolidations and takeovers it is argued that organisations and
industries can be defined as resources’. This statement is supported by
the observation that progressive capitalistic corporations assess
organisations and industries for investments in the same way as mining
companies evaluate prospective mineral resources for potential

investments.

Industrial Engineering

A posteriori® knowledge in scientific disciplines such as mechanics,
electronics, chemistry and metallurgy is applied in fundamental
engincering theory. This is done to develop ways of economically

utilising natural resources for the benefit of mankind [Blanchard: 10].

These scientific, engineering, skills were extended to the mass production
systems of the smokestack organisations of the industrial era through
Industrial Engineering, which was conceived in the industrial revolution.
The engineering emphasis shifted from economic utilisation to not only
economic but also productive utilisation of natural resources (mass

production systems) for the benefit of mankind [Smith: 87; Taylor: 93].

? Resource: A supply of something that a country, an organisation or a person has and can use,

especially to increase their wealth. [Hornby: 44]

* A Pasteriori: Knowledge refating to that which is known through experience [paragraph 5.1.2,

chapter 1] {Latin, “from what comes after”). {Hornby: 44; Encarta: 61/
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The fundamental aim of Smith’s [87] The Wealth of Nations and Taylor’s
The Principles of Scientific Management [Davenport: 19; Taylor: 93},
which laid the foundation for what is now termed Industrial Engineering,
was to increase productivity by applying to human labour the same
engineering principles that have proven so successful in solving the
technical problems in the work environment {Blanchard: 10]. In the
Industrial Engineering realm, these engineering skilis are typically applied
in the manufacturing environments on systems containing raw material
input, machines, labourers and assembly or production lines. Industrial
Engineering’s association with the manufacturing environment stems
from the inception of this discipline during the Industrial Age
[paragraph 5.2.2, chapter 1] and hence the general association of the

word industrial with manufacturing.

By observing Industrial Engineering it is argued that the development of
this profession has been interrelated with the evolution of management
and the approaches required by management to improve organisations.

This observation [eads to the following [Moll: 65]:

¢ industrial Engineering is principally aimed at the improvement of
industrial operations. Although it is often proclaimed to be applicable
to other spheres as well, these opportunities have not yet been

exploited to their fuil potential; and

[
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¢ Industrial Engineering has grown from being aimed initially at the
operational level to a strategic and corporate level, creating

opportunities for greater impact.

1.3  Motivation

Integrating these observations made in the subject areas of strategy and
Industrial Engineering is the motivation behind this thesis as it holds a
further transition for Industriai Engineering to play a larger role in
optimising and improving capital investments made by corporations into
organisations and therefore industries. These observations lead to

defining the proposition of this thesis in paragraph 2.2 of chapter 1.
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2.1

PROPOSITION

Definition

In order to define the proposition, of this thesis, it is essential to begin by
identifying what constitutes a proposition, as not all sentences constitute
propositions. Sentences are linguistic items, as they either exist in natural
languages such as English, or in artificial languages such as symbols or

diagrams. However, the term sentence has two senses [IEP: 94]:

s Sentence-tokens are concrete objects existing in space and time. They
are composed of ink marks on paper, sequences of sounds, patches of
light on a computer monitor, etc [Dowden: 22]; and

s sentence-types cannot be located in space and time as they are

abstract objects.

Propositions are abstract entities that do not exist in space and time and
are sometimes said to be timeless, eternal, or omnitemporal entities
[IEP: 94]. The essential point is that propositions are not concrete
(material) objects, nor are they mental entities (thoughts) as Frege
[Klement: 49} had suggested in the 19" century. This notion can be
argued by evaluating truth that which is to be derived from a propaosition.
Logicians have coined the term truth-value as a generic term for truth or

falsehood {Dowden: 22]. To ask for the truth-value of P, is to ask whether
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2.2

P is true or whether P is false. The theory that propositions are the bearers
of truth-vaiues has also been criticised, but as it is the more favoured
theory that propositions, and not sentences, are the bearers of truth-

values. This theory will be adopted in this thesis.

Declarative {indicative) sentences rather than interrogative or imperative
sentences are used to express propositions. A proposition is customarily
defined in modern logic as what is asserted when a sentence (an
indicative or declarative sentence) is used to say something true or false,

therefore to make a statement [Williamson: 43].

The proposition

The proposition, of this thesis, is: The current philosophy of Industrial
Engineering can be expanded beyond its current realm of engineering
operational resources to incorporate the domain of strategic corporate
resoyrces, such as capitalistic organisations within unrelated industries.
This proposition is based on the observations and related motivation as

defined in paragraph 1.3 of chapter 1.

This expanded philosophy of Industrial Engineering is termed A Strategic
Industrial Engineering Philosophy and can be rationalised by contextually

defining each of its fundamental elements as follows:
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e Strategy meaning the psychological and behavioural skills with which
capitalistic corporations control resources [paragraph 1.1, chapter 1};

¢ industrial refers to two principles:

- Industry as a group of related capitalistic organisations
competing for the same market demand, through the
production or sﬁpplying of goods, services or other sources of
income [paragraph 1.1, chapter 1}; and

- industrial in the context of [ndustrial Engineering
[paragraph 1.2, chapter 1];

s Industrial Engineering meaning the scientific, engineering, knowledge
applied in the economic and productive utilisation of natural
resources for the benefit of mankind [paragraph 1.2, chapter 1]; and

e a philosophy meaning a set of fundamental arguments, axioms and
ideas that provides the primary context within which this thesis aims
to expand the science of engineering by exploring the scientific

boundaries of Industrial Engineering philosophy {Prologuel.

The primary aim of this thesis is therefore to philosophically expand the
application of Industrial Engineering, as a strategic skill, to the economic
and productive utilisation of corporate resources such as capitalistic
organisations within unrelated industries. A secondary aim is to explore
potential scientific frameworks that support this expanded philosophy of

Industrial Engineering.
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A logical breakdown of the proposition into its fundamental elements is

indicated in Figure 2-1.

Strateg zc
industrial X
Engineering

Philosophy

Strategic A !

Industrial Phil H
Engineering rosophy

Industry industrial A

Strategy Engineering | Philosophy

Industrial
Engineering

Strategy Industry

Figure 2-1: Fundamental elements of A Strategic industrial Engineering Philosophy
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RESEARCH

Cooper {16} describes research dimensions by classifying styles of
thinking on two axes, illustrated in Figure 3-1. The horizontal axis ranges
from a highly idealistic interpretation at the one end to empiricism at the
other. The vertical axis ranges from rationalism at the one end to
existentialism at the other. From this classification it is derived that

research can be based on:

Contradiction;

case study or research;

statistical analysis; and

sufficient reasoning.

This thesis applies the following two approaches in researching the

proposition:

 Fhilosophical research based on sufficient reasoning from existing
truths, which is an integration of empiricism and rationalism: and
 scientific research based on a literature study and statistical analyses,

which is an integration of empiricism and existentialism.

11
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3.1

An adapted research classification matrix [Cooper: 16] is illustrated in

Figure 3-1.
Rational
Reasoning / constructs

Based on: Based on:

contradiction sufficient reasoning

Idealism - Empiricism
Faith/ apinion ‘Law /truth

Based on: Based on:

case study / statistical analysis
research

Existential
Laws / fundamental principles

Figure 3-1: Research dimensions

Philosophical research

As sufficient reasoning is based on a process of reasoning conclusions

from truths [Figure 3-1, chapter 1}, it is essential to evaluate truth

theories. This philosophical problem of truth has been with us for

generations. In the 1% century AD, Pontius Pilate {John 18:38, The Bible]

asked “What is truth?” but no answer was forthcoming. Considerable

progress has been made in understanding the properties of truth in the

last few centuries. The most important of these philosophical theories of

truth are [Dowden: 22]:

12
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3.1.7

3.1.2

e Correspondence theory;
s Semantic theory;

¢ Coherence theory;

e Pragmatic theory; and

e Deflationary theory.

Correspondence theory

Truth, according to the Correspondence Theory, is presumably what
valid reasoning preserves. Historically correspondence theory was the
most popular theory of truth. First proposed in a vague form by Plato in
The Republic and by Aristotle in Metaphysics, this realist theory states
that truth is what propositions have by corresponding to a way the world
is, therefore a proposition is true provided there exits a fact
corresponding to it [Dowden: 22; Rundie: 43]. In other words,
proposition P is true if and only if P corresponds to a fact. According to
this theory truth is a certain relationship that holds between a proposition

and its corresponding fact.

Semantic theory

Tarski [92] captured what he considered to be the essence of the
correspondence theory of truth by creating the Semantic Theory. It seeks

to preserve the core concepts but without the problematic conceptual

13
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3.1.3

baggage of semantic paradoxes [Lowe: 43]. Tarski {92} wants his theory
to reveal the logical structure within propositions that permits valid
reasoning to preserve truth {Dowden: 22]. In other words the proposition

A or B is true if and only if:

* Proposition A is true; or
e proposition B is true; or

e both proposition A and proposition B is true.

Coherence theory

The correspondence theory and the semantic theory account for the truth
of a proposition as arising from a relationship between that proposition
and features or events in the world. Coherence Theory, in contrast,
accounts for the truth of a proposition as arising out of a relationship
between that proposition and other propositions. A statement is therefore
true if it coheres with other statements, false if it does not [Wolfram: 43].
Coherence theories help to explain how the truth was revealed and
therefore knowledge derived [Dowden: 22]. Specifically, a Coherence
Theory of truth will claim that a proposition is true if and only if it

coheres with a fogical consistency.

14
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3.1.4 Pragmatic theory

3.1.5

A pragmatic theory of truth holds that a proposition is true if it is useful to
believe. According to pragmatists [Dowden: 22], truth is what an ideally
rational inquirer would in the long run come to believe. Truth is therefore
the ideal outcome of a rational inquiry. The notion of truth as a relation
of correspondence between belief and reality is not rejected but clarified
by reference to actions, future experiences, etc. Each of the pragmatists,
including Pierce, James and Dewey, has a distinctive way of carrying out

this practical clarification [Hare: 43].

Deflationary theory

The deflationary theory, supported by Ramsey [Davidson: 43}, denies the
assumption, used by all the other mentioned theories, that a proposition
is true if the proposition has some property like correspondence with the
facts, satisfaction, coherence or utility {Dowden: 22]. Roughly it can be

summarised that the deflationary theory advocates that:

s The concept of truth is redundant except as an indirect reference
point; and
e ascribing truth to a proposition does not characterise the proposition,

it is revealing something of the speaker’s intentions.

15
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3.1.6 Applied methodology

Philosophical discussions of truth have been bedevilled by the question,
“How could a proposition be true unless we know it to be true?” For a
proposition to be accepted, it must at least be a justified belief
[Dowden: 22]. Justification, unlike truth itself, requires a special
relationship among propositions. Foundationalism is a theory about the
structure of justification that affirms that some beliefs are fundamental,
l.e. justified without being based on other beliefs. Justified non-basic
beliefs are based on these foundations through good inferences or
reasoning [Goldman: 43]. Thus for a proposition to be justified it must at
least cohere with other propositions that one has approved. On this
account, coherence among propositions plays a critical role in the theory
of knowledge. The principle of justification, thus foundationalism and
coherence, is therefore applied in this thesis, as this logical principle wili
help to reveal how the thesis derives its truths and therefore creates

knowledge.

Leibniz {Burnham: 11}, a supporter of the coherence theory, identified
truth as a proposition in which the predicate’ is contained within the

subject®. This idea of truth seems straightforward as it is now commonly

4 Predicale: That which is asserted. [Burnham: 11]

* Subject: That which is asserted about. [Burnham: T1]

16
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cailed analytic propositions, for example P=P, which is a basic logical

truth, therefore a fact.

Leibniz further argued [Burnham: 11] that the predicate is not .just
contained in the subject it is the subject, being contained is implicitly or
virtually the case with other truths. For example the statement Jupiter is
the sixth planet from the Sun will usually be taken to be true only
because it refers to a real world, in which Jupiter is, in fact, the sixth
planet from the Sun. But Leibniz would analyse this as follows: If
everything there was to know about Jupiter were known, that is, if a
complete concept of Jupiter was known, it would also be known {(among
many other things) that jupiter is the sixth planet from the Sun, at the
moment. Therefore, the statement Jupiter is the sixth planet from the Sun
is true not primarily because of some reference to the world, but because
a complete concept of Jupiter is known, which is the subject of the
proposition, and that complete concept contains (as a predicate) Jupiter
being the sixth pianet from the Sun. It may be the case that it happens to
be known that fupiter is the sixth planet from the Sun because reference
was made to the world. But the fact that this discovery about Jupiter was
made in this way does not make the statement that fupiter is the sixth
planet from the Sun true and therefore a piece of knowledge because of

that reference.

17
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Leibniz [Burnham: 11} also claimed that if a statement is true, it is true
irrespective of time and space. Therefore, the statement jupiter is the
sixth planet from the Sun, made on 1 January 2002, was also true a
miltion years ago and will be true a million years from now, even though
Jupiter might not be there then. As any truth proposition is defined in the
same way, the predicate is contained in the subject, it only takes a littie
thought to realise that for any subject, like Jjupiter, the number of
predicates that are true for jupiter will be infinite or at [east very large as

they must include everything that did or will ever happen to jupiter.

Leibniz [Burnham: 11] argued that one predicate or set of predicates
explains another. Therefore many of the predicates that are true of a
subject give the full picture (cohere) as a network of explanations.
Leibniz [Burnham: 11] continued that for every predicate that is true of a
subject, there would be a set of other true predicates, which constitute a
sufficient reason for it being true. This principle holds that nothing is
without a reason for it being and for being as it is [Grayling: 43]. This, he
called the principle of sufficient reason. Unless this was true, Leibniz
feels, the universe would not make .any sense and science and

philosophy both would be impossible [Remnant: 801.

The principle of sufficient reason must not only apply to each predicate
in the complete concept of a subject, but also to the concept itself in its

entirety as the concept of an existing thing. The totality of contingent

18
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things themselves does not explain themselves. There must be, Leibniz
[Burnham: 11] insisted, something outside the totality of contingent
things that explains them, something that is itself necessary and therefore
requires no explanation other than itself [Crayling: 43]. Therefore to
prove a proposition true by sufficient reasoning, it must be reasoned from

an existing truth.

To summafise, Leibniz {Burnham: 11] argued that knowledge is based on

the following two kinds of truths:

» Truth based on facts, therefore existing truths; and

e truth based on sufficient reason.

As virtually all theorists agree that a frue proposition is a necessary
condition for knowledge {Honderich: 43}, this thesis applies the principle
of sufficient reasoning from existing truths to create knowledge from its

proposition.

19
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THESIS FRAMEWORK

Kolb’s [50] learning cycle is used as a mode! to the framework of this
thesis. The learning cycle distinguishes between the following four

phases in creating knowledge [Kolb: 50:

e A question arises through reflection on the current reality of a
situation {reflective observation);

¢ an abstract model or theory is constructed (abstract tonceptua[isa—
tion);

s the theory is tested {active experimentation); and

e the effects of the experiment are examined (concrete experience).

The phases of learning, according to Kolb [50}, are shown in Figure 4-1.

Reflective
/ observation
%
Concrete Abstract ]
experience | conceptualisation

Active
“experimentation

Figure 4-1: The learning cycle

20
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4.1

This inductive, a posteriori, approach applies observation and
experiences from observation to reflection. The framework also needs to
support the primary research approach of sufficient reasoning based on
existing truths. The framework of the thesis is therefore based on the
integration of the learning cycle model and the primary research
approach. This leads to the following four chapters with a prologue being

added:

e Prologue;

s Chapter 1 - Observation;

o Chapter 2 — In search of the truth;

s Chapter 3 - Sufficient reasoning; and

e Chapter 4 — Reflection.

Observation

The first chapter is termed Observation and serves as introduction to the
thesis. This térm observation is derived from the first phase of the British
Empiricists inductive, a posteriori, approach. Bacon [IEP: 94], hailed the
primacy of experience, particularly the observation of nature, as the basis
for acting and understanding. In general terms, by using the term
observation in this thesis, one considers the circumstances, context and /
or merits of a specific situation or current reality. It is in this sense that the

term is used.

21 .‘
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4.2

4.3

In search of the truth

Chapter 2 is termed In search of the truth and independently researches
the basic element of the proposition to define their existing truths. This
chapter also serves as a literature study to the thesis. To establish the
existing fruths this chapter researches the basic elements of the

proposition on the following two research levels:

¢ Philosophical level, termed Academia [paragraphs 5.3, chapter 1],
philosophically researches the existing truths of the proposition’s
basic elements through the timeline of ages; and

¢ scientific level, termed Principia [paragraph 5.4, chapter 1},
scientifically researches the existing truths of the capitalistic

organisational goal to support its philosophical truths.

Sufficient reasoning

Chapter 3 is termed Sufficient reasoning and serves as the justification of
the proposition of the thesis. The philosophical principle of sufficient
reasoning is applied to argue the proposition, based on the existing truths
within strategy, industry and Industrial Engineering that is defined in
chapter 2. Knowledge is created by justification of the proposition through
reasoning the proposition from its existing truths. The principle of sufficient

reasoning will be applied on the following two levels:

22
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4.4

4.5

¢ Philosophical level, termed Academia [paragraphs 5.3, chapter 1],
applies the principle of sufficient reasoning on the existing truths,
contained within each of its basic elements of the proposition
{[paragraph 2, chapter 2}, to establish a true proposition; and

¢ scientific level, termed Principia [paragraph 5.4, chapter 1], applies
science to support the philosophically justified proposition that
Industrial Engineering can be used as a strategic skill to achieve the

capitalistic organisational goal {paragraph 3, chapter 2].

Refiection

Chapter 4 is termed Reflection and serves as the conclusion to the thesis. .

The title is derived from the final phase of the British Empiricists

inductive, a posteriori, approach [Bacon: 94].

layout

The layout of this thesis is summarised as:

e In Chapter 1 — Observation (or introduction} the circumstances,
context and/ or merits of the proposition of the thesis are defined;
e Chapter 2 — In search of the truth (or literature study) has two levels:
- In Level | — Academia the existing truths of the basic elements
of the proposition are defined; and

23
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- in fLevel Il — Principia the existing truths of the capitalistic
organisational goal are scientifically defined to support the
findings in level 1.

s Chapter 3 — Sufficient reasoning (or justification) has two levels:

- In Level I — Academia the principle of sufficient reasoning is
applied to justify the proposition and by doing this create new
knowledge; and

- in Level If = Principia the fundamental performance regulating
principles contained within Strategic Industrial Engineering are
statistically analysed to support the reasoning of {evel I.

e In Chapter 4 — Reflection {or conclusion) the findings of this thesis are

summarised.

24
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5.1

TERMINOLOGY

The following terms are referred to in the thesis and to ensure that they
represent the required meaning their origins and/or definitions are

elaborated upon. These terms or term categories are:

e Acquiring knowledge; ﬁ
s timeline;

e Academia; and

¢ Principia.

Acquiring knowledge

There are three terms used to describe the ways in which philosophers

argue that humans acquire knowledge [Encarta: 61; Lowe: 43; [EP: 94]:

s A priori;

s a posteriori; and

« synthetic a priori.

25
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5.1.1

5.1.2

A priori

A priori (Latin, from what comes before) knowledge is acquired
irrespective of experience, therefore by deductive reasoning alone
[Encarta: 61]. Continental rationalists maintained that knowledge comes
from foundational concepts known intuitively through reason, such as
innate ideas [IEP: 94]. Other concepts are then deductively dfawn from
these. A priori is a term used to identify this type of knowledge that is
obtained independently of experience [IEP: 94]. A proposition is
accepted a priori if, when judged true or false, one does not refer to
experience [Lowe: 43; [EP: 94]. A priorism is a philosophical position
maintaining that our minds gain knowledge independently of experience
through innate ideas or mental faculties. For Aristotle [IEP: 94] a priori
referred to something, which was prior to something else. By prior he
meant that something’s existence was caused by the existence of another.
Aristotle argued that to have knowledge of a prior thing was to have

knowledge of a causal relationship.
A posteriori

A posteriori {Latin, from what comes after) knowledge relates to that
which is known through experience [Encarta: 61; IEP: 94]. The 18"
century philosophical movement in Great Britain, refers to as British

Empiricism, maintained that all knowledge comes from experience

26
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5123

[IEP: 94]. British Empiricists staunchly rejected the theory of innate ideas
and argued that knowledge is based on both sense experience and
internal mental experiences, such as emotions and self-reflection. They,
the British Empiricists, took their cue from Bacon who acclaims the
superiority of experience, particularly the observation of nature. Bacon
[Lowe: 43; 1EP: 94] grounded the human understanding in observation
and experience, which leads to a harsh rejection of the popular
Aristotelian a priori, deductive method. The alternative that he proposed
is an inductive approach - a posteriori. According to Bacon observations
and experience should be collected and analysed to gain knowledge so

as to act on the most reliable facts.
Synthetic a priori

A third type of knowledge is gained by reflecting on the nature of rational
experience. It expresses the categories that the mind necessarily has to
impose on its sensations in order to organise them into rational
experience. Since the time of Kant, one of the most frequently argued
questions in philosophy has been whether or not such a thing as

synthetic a priori knowledge really exists [IEP: 94].

27
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5.2

Timeline

As discussed in paragraph 3 of this chapter, knowledge is acquired
through establishing a true proposition and therefore this thesis will
justify its proposition through the principle of sufficient reasoning, which
is founded on existing truths that is true irrespective of time and space.
To ensure that the proposition is based on timeless (unchanged) truths, a

timeline is included in the research framework.

According to Toffler [96,97], human history, although being complex
and contradicting, can be seen to fit patterns. These patterns are evident

throughout the evolution of humanity in concepts including society,

culture, the media, organisations, science, computers, politics,

economics etc. Toffler’s wave theory is used as a base to establish a
standard reference timeline within which this thesis could research
timeless truths. The central premise of Toffler's [96,97] Wave Theory

holds the pattern of three great advances or waves of change:
o Agricultural age (10" millennium BC to 18" century AD);

» Industrial age (1 gh century AD to 20" century AD); and

s Systems age (20" century AD to the present day).
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5.2.1

5.2.2

523

Agricultural age

The first wave of transformation began when some prescient person
about 10,000 years ago planted a seed and nurtured its growth. The
significance of the age of agricuiture (agricultural revolution) was that
people moved away from nomadic wandering, hunting, gathering and
foraging and began to cluster into villages to develop_the culture of the

great peasant societies of the past [Toffler: 96,97].

Industrial age

The Second Wave of change, triggered by the Industrial revolution some

300 years ago, gave rise to a new factory-centred civilisation, an
expression of machine muscle and gathered steam after America's Civil
War. People began to leave the peasant culture of farming to come to
work in city factories. It is still spreading in some parts of the world as
hundreds of millions of peasants, from Mexico to China, flood into the
cities searching for minimal-skill jobs on factory assembly lines

[Toffler: 96,97].

Systems age

Just as the machine seemed at its most invincible, countries started

feeling the impact of a gathering third wave, based not on muscle but on
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mind. This is variously called the information or the knowledge age. The
Third Wave Information Society is more than just technology and
economics, It is not just digital and networked. Painful social, cultural,
institutional, moral and potitical dislocations accompany this transition
from a brute force to a brain force economy and a social demand
worldwide for greater freedom and individuation. The Third Wave helps
to explain why so many industrial age institutions, from giant
corporations to governments, are dinosaurs gasping for their last breathe.
“This might be the reason why the United States of America is suffering
from simultaneous crises in everything from education system, the health
system, and the family system to the justice system, and the political
system. They were designed to work in a mass industrial society”

[Toffler: 96,97].

Academia

Academia was originally a public garden or grove in the suburbs of
Athens, named after Academus or Hecademus, who left it to the citizens
for gymnastics [Encarta: 61; Griffin: 43; IEP: 94). Few retreats could be_
more favourable to philosophers and the early thinkers. Within this
enclosure Plato possessed, as part of his patrimony, a small garden, in
which he opened a school for the reception of those inclined to attend
his instructions. Hence arose the Academic sect and conseguently the

term Academy has descended to our times. The name Academia is
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frequently used in philosophical writings, especially in Cicero, as
indicative of the Academic sect [IEP: 94]. This thesis refers to Academia,
in its purest sense, as the context of philosophical facts and reasoning, as
opposed to the popular, and often misdirected, use of the term as a

collection of study material.

Principia

Newton’s most famous publication “Phifosophiae Naturalis Principia
Mathematica (Mathematical Principles of Natural Philosophy)”,
commonly known as Principia, contains all his laws of motion and
theories of tides and gravitation [Hall: 61; Rouse Ball: 82]. In this book
Newton applied the theory of coherence by proving his theorems
through reasoning from fundamental principles and therefore deriving
laws of nature (knowledge). This thesis refers to Principia in context of

scientific facts and reasoning.
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CHAPTER 2 - IN SEARCH OF

THE TRUTH

“I want to know how God created the world. | am not interested in this or

that phenomenon, [ want to know his thoughts. The rest are detail.”

Albert Einstein
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1.1

SEARCHING FOR THE TRUTH

Introduction

The first step in creating knowledge is to define existing truths, as these
are the foundations for justifying a proposition [paragraph 3.1.6,
chapter T]. In this chapter, these existing truths contained within A
Strategic Industrial Engineering Philosophy are examined by researching
the proposition’s fundamental elements [paragraph 2.2, chapter 1} on

two levels:

In Level I — Academa, the existing truths of this thesis’s proposition are
philosophically researched through the evolution of its fundamental
elements. Fach element is philosophically researched according to a
representative timeline in order to find the truth irrespective of time and
space [paragraph 3.1.6, chapter 1], therefore to determine its existing

truths. These fundamental elements are:

e Strategy;
= industry; and

e Industrial Engineering.

In Level Il — Principia, the existing truths of the capitalistic organisational

goal that support the philosophical truths, as defined in level | -
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1.2

Academia, are scientifically researched. Therefore level I - Principia

defines the scientific fundamentals of the capitalistic organisational goal.

Layout

The layout of this chapter is summarised as:

s In level | ~ Academia the existing truths of the proposition are

philosophically researched through the use of evolution timelines.

The following two areas are researched:

In Strategy, the existing truths contained within strategy and

industry are researched. Strategy is researched in the context .

of the capitalistic environment. The existing truths bf Iﬁdﬁstry,
in the context of capitalistic industries, are also identified. The
existing truths of strategy are summarised in paragraph 2.4, of
chapter 2; and

in Industrial [ngineering, the existing truths contained within
engineering and specifically Industrial Engineering are
researched. The existing truths of Industrial Engineering are

summarised in paragraph 2.8 of chapter 2.

e In level /I - Principia the achievement of the capitalistic

organisational goal is scientifically analysed by researching the

measurement of the capitalistic organisational goal and various
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capital accumulation ratios are evaluated. The peripheral concepts of
weighted average cost of capital and capital structure that influence
the measurement and its interpretation are also researched. The
existing truths of measuring the capitalistic organisational goal are

summarised in paragraph 3.5, chapter 2.
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2.1

LEVEL | - ACADEMIA

Strategy

To set the term strategy in perspective of this thesis, its context is defined
as; strategy applied by the capitalistic corporation {paragraph 2.2,
chapter 1]. Defining the existing truth of strategy within this context
requires a framework. Dimensions, for such a framework, are derived
from the concept of cybernetics', as it is proposed that strategy, within
the capitalistic organisational context, can be viewing as a cybernetic

system,

This is based on the principle that cybernetics views goal orientated
organisational systems as feedback control cycles [Weiner: 104]. Strategy
is defined as [Oxford: 44]: The art of formulating a series of manoeuvres
to obtain a specific goal. Strategy, in the capitalistic organisation, is
aimed at achieving the capitalistic organisational goal and is therefore

part of a goal orientated organisationai system.

The existing truths of Industry, or its adjective Industrial, are researched

in the context of capitalistic industries {paragraph 2.2, chapter 1]. These

' Cybernetics: (Greek from kybernétés meaning “steersman” or “governor”): Interdisciplinary

science dealing with communication and control systems in living organisms,
machines and organisations. [Hornby 44, Encarta 61}
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truths are derived from the research done on the context of strategy as

defined above.

It is proposed that strategy, within this context, be viewed as a cybernetic

system as itlustrated in Figure 2-1.

-----------------

Series of
manoeuvres

Achievement of
organisational
goal

Capitalistic Organisational
organisational goal
goal dimension

Organisational
control
dimension

Feedback

Strategy

Figure 2-1: Cybernetic dimensions of strategy

The two dimensions that influence the existing truths of strategy, within
the context of a capitalistic corporation, are derived from the cybernetic

system. These two dimensions are:

¢ The concept of a capitalistic goal orientated organisation; and
e a series of manoeuvres and a feedback control cycle that controls the

achievement of the organisational goal.
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Based on this framework, the existing truths of the capitalistic

organisational strategy are derived from the following:

* The existing truths of the capitalistic organisational goal, by
researching the evolution of the organisation goal through economic
systems in paragraph 2.2 of chapter 2; and

« the existing truths of organisational control, by researching the
evolution of behavioural skill employed to control the achievement

of the organisation goal in paragraph 2.3, chapter 2.
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2.2

Capitalistic organisational goal

The term economic system (economy) is defined as the science of
alfocating or utilising scarce or limited resources [Stalin: 88; Toffler: 96].
These economic systems vary from being based on exchange or barter to
sophisticated financial calculations. Every known saciety has some sort
of economic institution, as the economy is one of the most important
human cultural universals {Popenoe: 71]. Economic systems must solve a
number of problems, as resources, both natural and human, are timited,
by governing the allocation and utilisation thereof [Stalin: 88;
Toffler: 96]. The evolution of economic systems, which are known to
history, are defined as the following five main types {Popenoe: 71; Stalin:

88]:

s Primitive communal systems;
» slave systems;

o feudal systems;

« capitalist systems; and

s socialist systems.

An adapted version of the evolution of econamic systems is used as the
timeline through which the evolution of the capitalistic organisational
goal is researched in order to define the existing truths contained within

this dimension of strategy. The last two types of economic systems,
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namely capitalist systems and socialist systems, have developed as
alternatives to one another. The framework that is applied to analyse the
development of the capitalistic organisational goal and its relationship to
the evolution of economic systems excludes socialist systems as the
context of this thesis relates to capitalist systems. However, socialist
systems are briefly discussed. The timeline is further adapted by

including references to Toffler’s {96,97] wave theory.

This adapted timeline of the evolution of economic systems is illustrated

in Figure 2-2.

Communal
ownership

Primitive communal {Communism}

Private
ownership

< /\,

10000 sc 7000 ap 1200 1400 1600 1800 2000 ap

Hustrial age >

»

Agricultural age

Figure 2-2:Timeline for the evolution of economic systems
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2,2.1 Primitive communal systems

The primitive stone tools and later the elementary weapons of the ancient
societies prohibited the possibility of men individually combating the
forces of nature and beasts of prey {Stalin: 88]. In order to gather food or
build some sort of habitation, men were obliged to work together if they
did not want to die of starvation, fall victim to beasts of prey or
neighbouring societies. These primary human requirements of food,
shelter and security were the first common goals or special purposes
around which groups formed, these special-purpose groups are called

organisations [Etzioni: 71].

The economic system of the simplest historic societies rarely extended

beyond the family. Labour was divided between the family members,
who hunted, gathered, grew, harvested food and produced the basic
necessities for survival. Little or no surplus of these commodities was left -----
after their needs were met. In this subsistence economy, trade, marketing
and taxation were non-existent. The basis of the relations of production 1
under the primitive communal system is the notion that the means of

production are socially owned [Sassoon: 61; Stalin: 88].

Organisations originated from the fundamental human requirement of

survival. As human requirements transformed from an initial need to

survive to more sophisticated needs [Maslow: 56] like growth, prosperity
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and regeneration so too did the special purposes change around which
they rallied. As humans transform themselves in the pursuit of their
needs, organisations transform themselves in order to reach new levels of
achievement. The first fundamental goal that organisations pursue is
therefore the ability to improve themselves, termed effectiveness [Moll:

65].

The relationship between organisational needs and effectiveness is

iltustrated in Figure 2-3 [Moll: 65}

Vision

/ Innovation
/ Growth
/ Prosperity

Survival

Effectiveness

Figure 2-3: Organisational needs vs. effectiveness
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2.2.2 Slave systems

The basis of the slave system is that slave-owners not only own the
means of production, but also the workers in production (sfaves) whom
can be traded or killed as though they were objects [Stalin: 88]. Ethnic
differences often occurred between slave-owners and slaves and slavery

is often founded upon a strong racially prejudiced belief that the ethnic

group to which the slave-owner belongs is superior to that of the slaves

{Encarta: 61].

Society evolved from stone tools and the primitive husbandry of hunters

to metal tools, pasturage, cultivation and handicrafts of the agricuitural

age. Land was exclusive and moderated wealth {Toffler: 96,97]. Farmers
most probably began by noting which wild plants were edible or
otherwise useful and learned to save the seed and to replant it in cleared
land. Extended cultivation of the most prolific and hardiest plants yielded
a stable strain. Herds of livestock were assembled from captured young
wild animals and those with the most useful traits, such as small horns 2

and high milk yield, were bred [Encarta: 61].

Domestication of plants and animals, in the agricultural revolution,
increased the potential of producing surplus goods. Organisations (social

groups} found that by focusing on certain crops, more could be produced =

and these surpluses of production lead to the exchange of products
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between individuals and societies. The first stage of a market economy
was probably a regular, perhaps weekly, gathering for the exchange of

these surplus goods [Popenoe: 711.

People began increasingly to devote themselves to particular tasks to earn
a living by meeting the demands of the marketplace. In this way the
division of labour was extended beyond the family and across villages or
even an entire district. Religious functionaries, healers and metal workers
were among the first few specialists who offered their services to the

community at large {Popenoe: 71].
The ability of organisations to improve the way in which they satisfy their
basic needs are therefore the second fundamental goal that organisations

pursue, termed efficiency {Moll: 65].

The relationships between organisational needs, effectiveness and

efficiency are illustrated in Figure 2-4 {Moll: 65]:
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2.2.3

Vision

/ Innovation \
/ Growth \
/ Prosperity

Survival

Effectiveness

Organisational needs

Efficiency

Figure 2-4: Organisational needs vs. effectiveness and efficiency

Feudal systems

The feudal system is based on the principle that the feudal iords own the
means of production, but does not fully own the warkers in production,
the serfs, whom the feudal lords can no longer kill, but which can still be
traded {Stalin: 88]. This period is characterised by two systems of

relations [Encarta: 611:

¢ Feudalism; a contractual system of political and military relationships

existing among members of the nobility; and
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e seignorialism; a systern of political, economic and social relations
between seigneurs, or lords, and their dependent farm labourers or

peasants.

Feudalism was characterised by the granting of fiefs, mainly in the form
of land and labour, in return for political and military services, a contract
sealed by oaths of homage and fealty (fidelity). But lords and vassals were
both free and social peers. Feudalism joined political and military service
with landholding to preserve medieval Europe from disintegrating into
innumerable independent seigneuries after the fall of the Carolingian

Empire [Encarta: 611,

Alongside feudal ownership, there is individual ownership by the..
peasants and the handicraftsmen of their implements of production and
his private enterprise based on personal labour. With the improvements
in the utilisation of iron {i.e. the iron plough) and the developments in
agriculture, horticulture, viniculture and dairy farming, factories appeared

alongside the handicraft workshops.

These new productive forces demanded that labourers display some kind
of initiative in production and an inclination or interest in work. The
feudal lords therefore discarded slaves as labourers with no interest in
work and entirely without initiative. They now preferred to deal with

serfs, who have their own husbandry, implements of production and a
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certain interest in work essential for the cultivation of the land and for the
payment in kind of a part of their harvest or labour to the feudal lords

[Encarta: 61; Popenoe: 71}.

This economic system evolved to a sophisticated economic order, which
included landowners who rented space to craft-workers and fuxury trade
industries becoming a regular feature of the economy. Rulers levied taxes
on trade to support professional armies that defended the increasingly
complex societies from competing rulers and armies as wars and
conquests were fought to satisfy the demands of ever more active markets

[Popenoe: 71].

The increased influences of the environment on organisations and the
ability of organisations to remain congruent with their environments is
the driving force behind the third fundamental goal that organisations
pursue, termed equilibrium [Moll: 65]. The relationships between
organisational needs and the following three fundamental organisational

goals are illustrated in Figure 2-5 {Moll: 65]:

s Effectiveness (the ability of organisations to improve themselves);

s efficiency {the ability of organisations to improve the way in which

they satisfy their basic needs); and
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2.2.4

e equilibrium (the ability of organisations to remain congruent with

their environments).

Vision

/ Innovation
/ Crowth
/ Prosperity

Survival

Effectiveness

Organisational needs

Efficiency

Figure 2-5: The fundamental organisational goal

Capitalist systemns

The basis of the capitalist system [Stalin: 88] is that capitalists own the
means of production, but not the workers in production, these workers
can neither be traded nor killed, as they are personally free. In order for
the wage labourers to survive they trade their labour to the capitalists, as

they do not own the means of production.
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Merchants and trade are as old as civilisation itself, but capitalism as a
coherent economic system had its origins in Europe in the 13" century,
towards the end of feudalism [Encarta; 61}, Human beings have always
had a propensity to barter and exchange one thing for another
[Smith: 871. This inclination towards trade and exchange was rekindled
and stimulated by the series of crusades that absorbed the energies of
much of Europe from the 11" through the 13" centuries. A key element
that emerged in capitalism was the undertaking of activities in the
expectation that it will yield gain in the future. Because the future is

unknown, both the risk of loss and the possibility of gain always exist.

The voyages of discovery in the 15" and 16" centuries gave further
impetus to business and trade, especially following the vast flood of
precious metals that poured into Europe after the discovery and conquest
of the New World. The economic order that emerged from these events
was essentially commercial or mercantile; therefore its central focus
remained on the exchange of goods rather than on their production

[Encarta: 61].

Forces of the renaissance and the Reformation furthered the thrust
towards capitalism from the 13" century onward [Encarta: 61]. The
Protestant Reformation started as people increasingly voiced their
discontent with the current social system [Popenoe: 71]. The most

important belief of Calvinism, a mainstream of Protestantism, which
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affected capitalism, was predestination [Proverbs 12:29; The Bible}. This
belief puts an enormous strain on every individual, who wondered
constantly if he was chosen. Intense human activity would develop and
maintain self-confidence because it was obligatory for every individual to
deem himself one of the chosen. This taught people to regafd work as a
form of prayer and the growth of possessions (accumulate capital) and
not wasting it on worldly enjoyment, as evidence of a state of blessing,

the result of a calling [Andreski: 6; Weber: 103].

The capitalist system grew out of a simple market economy and began
taking form during the late middle ages {Wallerstein: 101]. Together with
the new form of Christianity, namely Protestantism came a dramatically
altered nature to the European society and by the 17" century the trade
and manufacturing economy was steadily growing. Although all the
elements of capitalism were present at that time, commodities were still

largely agricultural [Popenoe: 711.

Two developments, in the latter half of the 18" century, paved the way

for the emergence of modern capitalism [Encarta: 61]:
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¢ The first was the appearance of the physiocrats? in France after 1750;
and
» the second was the devastating impact that the ideas of Adam Smith

had on the principles and practice of mercantilism’.

Smith represented more than just the first systematic treatise on
economics as he made a frontal attack on the doctrines of mercantilism.
Like the physiocrats, Smith portrayed the existence of a natural economic
order that would function most efficiently if the state played a highly
limited role. Unlike the physiocrats, however, Smith did not believe that

industry was unproductive or that only the agricultural sector was

capable of producing a surplus above the subsistence needs of society,
but saw in the division of labour and the extension of markets almost
limitless possibilities for society to expand its wealth through

manufacturing and trade [Encarta: 61; Smith: 87]. it was Smith that, far

more than the physiocrats, opened the way for industrialisation and the

emergence of modern capitalism in the 19th century.

The industrial form of capitalism came with the industrial revolution and

the discovery of non-human sources of energy. Harnessing the power of

¢ Physiocracy: A school of economic t'hbught that suggested the existence of a natural order in
economics, one that does not require direction from the state for people to be
prosperows. {Encarta: 61]

¥ Mercantilism: Economic policy, under which governmentaf control was exercised over industry and
trade for the self-interest of the sovereign {the state) and not the sell-interest of the
individual owners of economic resources. [Encarta: 61}

=
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steam marked a highly significant step in technology and the introduction
of the steam engine fed to many new inventions in transport and industry
[Encarta: 61]. The harnessing of steam was a significant turning point, as
this made large-scale centralisation of manufacturing possible [Toffler:
96,97]. This also led to the creation of industrial industries that converts
raw material into consumer goods. At the same time the tremendous
population growth in the European countries provided a labour force that
has turned to manufacturing for survival. The new productive forces
require that the workers in production shall have higher education and
more intelligence than the serfs, that they be able to understand
machinery and operate it properly. Therefore, the capitalists prefer to
deal with wageworkers, who are free from the bonds of serfdom and who

are educated enough to be able to operate machinery properly.

Mass production of increasingly larger quantities of commodities
intensified competition. Customer service and the principle of low prices
and large turnover were introduced to the market. The result of this
process was rationalisation. Those who would not follow suit had to go
out of business. Respectable fortunes were made and not lent out at
interest, but always reinvested in businesses [Weber: 103]. The effect of
increased competition, enhanced by the advances in knowledge, skills,
science and technology influenced the demands made by customers

regarding the products that they required.
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Throughout its history, but especially during its ascendancy in the 19"
century, capitalism has had four key characteristics [Encarta: 61;

Popenoe: 71]:

s Basic production facilities of land and capital are privately owned,

e owners of land and capital as well as the workers they employ are
free to pursue their own self-interests in seeking maximum gain from
the use of their resources and labour in production;

e economic activity is organised and coordinated through the
interaction of buyers and sellers in markets; and

» under this system a minimum of government supervision is required

(faissez-faire),

Private property is the cornerstone of the capitalist system. In capitalism,
individuals or groups, as opposed to the societies as whole or political
rulers, own almost all goods. By owning property, individuals or groups

obtain the freedom to use it to their best advantage.

Profit is the goal of those who own and manage the means of production.
In capitalist theory, owners are free to decide how they will use their
profits. They may raise their own standard of living, expand their
organisation or invest in other areas of the economy. In principle, a

government does not restrict the amount of profit made.
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Through competition, different producers of a particular commaodity seek
to appeal to the greatest possible number of buyers. Competitors
constantly change their prices and the character of their goods to capture
a greater portion of the market. Ideally, competition inspires
technological progress as manufacturers try to outdo one another.
Consumers are free to spend their incomes in ways that they believe will
yield the greatest satisfaction. This principle, called consumer
sovereignty, reflects the idea that under capitalism producers will be
forced by competition to use their resources in ways that wiil best satisfy
the wants of consumers. Self-interest and the pursuit of gain lead them to

do this.

The French term laissez-faire, which roughly translated means let (them)
do (as they wish), summarises the common belief that capitalism
functions best in those societies in which the government interferes the
least in the marketplace. In this view, the forces of competition and
customer demand, which are inherent in the capitalist system, are
believed to be natural controls that will sufficiently regulate the
economy’s operation. Governments under this doctrine are only

necessary to defend the rights of its citizens.
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2.2.5

The basic unit of modern capitalism is the organisation, which derives its
most suitable motivating force from the spirit of capitalism [Weber: 103].
The fundamental capitalistic organisational goal is to accumulate capital.
The elements of the capitalistic goal of the accumulfation of capital are

iliustrated in Figure 2-10.

Accumulation
of capital

v v

Capital
investment

Capital gain

Figure 2-6: Accumulation of capital fundamentals

Socialist systems

The economic system most often considered, as an alternative to
capitalism is socialisrn. While the final aim of socialism was a communist
or classless society, it increasingly concentrated on social reforms within
capitalism. The basis of the relations of production under the socialist
system [Stalin; 88] is the social ownership of the means of production.
The state is typically the collective owner, but in some forms of socialism
the owner might be a small community or everyone who works for a

particular enterprise.
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Supporters of socialism object to capitalism on ethical and practical
grounds. Capitalism is claimed to be unjust, as it exploits workers,
degraded them by transforming them into beasts or machines and
enables the rich to get richer while the workers face misery. Socialists
also maintain that capitalism is an inefficient and irrational mechanism

for the development of society's productive forces {Sassoon: 61].

In place of the market mechanics for setting prices, socialist theory calls
for prices to be set collectively. The socialists believe that in economic
(as in social and political) affairs, the important decisions should be made
by representatives of all the people and should be co-ordinated to
promote the broader social goals of the state, which then becomes the
organisation that defends the interests of its citizens. The goods produced
are distributed according to labour performed, on the principle: He who

does not work, neither shall he eat. {Giddens: 32].
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2.3

Organisational control

As defined in paragraph 1.1 of chapter 1, strategy relates to the art of the
general, which is to say the psychological and behavioural skills with
which the general occupies the role of commanding the army
[Quinn: 36]. This will be taken as the context in which this paragraph
explores the evolutions of organisational control. In this paragraph the
evolution of organisational control is analysed from its military origAins to

its application in the industrial age capitalistic organisations,

A timeline, primarily based on Toffler’s [96,97] wave theory, is used to
explore the existing truths of organisational control. The wave theory is
adapted by including references to Stalin’s [88] development of

economic systems.

This adapted timeline for the evolution of organisational control is

illustrated in Figure 2-7:
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10000 5c 1000 ap 1200 1400 1600 1800 2000 ap

Cormmunal
ownership

Primitive communal (Communism)

Private
ownership

Feudalism

Capitalism

Figure 2-7: Timeline for the evolution of organisational control

Communal age

As discussed in paragraph 2.2.1 of this chapter, primary human
requirements of survival, inc[uding' food, shelter and security were the
first common goals or special purposes around which organisations
formed [Etzioni: 71]. In order not to fall victim to neighbouring societies
these ancient organisations probably created military organisations to
fight wars with prehistoric stone tools and uncomplicated weapons
[Stalin: 88]. From these times engaging in warfare was a result of two or

more parties pursuing a common goal [Griffith: 38].

Armies are purposeful organisations that are under the control of
generals. Organisational control, within this context, is defined as

[Oxford: 44]: The ability to make somebody or something do what you
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2.3.2

want. This definition illustrates the fundamental ability (psychological
and behavioural skills) that enabled the general to control an army. An
organisation’s strategy is primarily concerned with the way in which it
proposes to interact with its environment and how it proposes to
influence what it can not control by using the resources over which it has

control [Ansoff: 4].
Agricultural age

Probably the oldest treatise on controlling organisations comes from the
Chinese societies (approximately 2000 Bc) in their strategies for military

forces. In order for a general to be victorious, he needs to [Griffith: 38]:

¢ Analyse his position as a whole, based on the factors governing the
art of war (analysis); |

e modifying his plans accordingly before entering into battle (design);

e giving the correct orders to allocate resources optimally

(implementation).

Strategy gives military action meaning, which must be in accordance
with the object of the war. In other words, strategy forms the plan of the
war and in doing this, links together the series of acts that lead to the
final decision. It therefore makes the plans for the separate campaigns

and regulates the combats to be fought in each. These strategies or the
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plans, containing tactics aimed at misleading the enemy [Fredirick: 31;
Criffith: 381, are devised prior to the battle and sets the course of actions
to be taken during the battle depending on the outcome of the generals’
analyses. Strategy must go with the army to the field in order to arrange
particulars on the spot and to make the modifications in the general plan,
as plans can turn out incorrect and others, relating to details, cannot be
made beforehand. Strategy can therefore never take its hand from the
activity. Strategy knows no other activity than reguiating combat with the
measures, which relates to it. It is the employment of the battle to gain
the end of the war [Von Clausewitz: 100]. In a strategy, the thinking of
the general is specified, it describes the proposed course of action of the
different campaigns that compose the war and regulates the battles to be
fought aimed at achieving the object of war [Von Clau.sewitz: HTOO].
Strategy is the overall plan for deploying resources to establish a
favourable position and is concerned with winning the war. Strategy in
warfare is the coordinated application of all these forces of a military
organisation to achieve a common goal. Strategy's fundamental

components are:

s Along-range view (vision);
e the preparation of resources; and
s planning for the use of those resources before, during, and after an

action.
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The relationships to war in the military organisations are based on the

following principles [Criffith: 38; Von Clausewitz: 100]:

¢ Sovereign or state gives broad instructions, the objectives of war (goal
/ purpose);

* prince or general decides on and articulates the plan of battle or war
(strategy / control); and

e troops execute a series of actions, the battle (tactics / operations).

As society and warfare have steadily grown more complex, military and
non-military factors have become more and more inseparable and by the
time of Pericles (450 BC) strategy also meant managerial skill
(administration, leadership, oration, power) [paragraph 1.1, chapter 1].
An organisation is owned by a group of shareholders (capitalists) who
protect their personal capital by legally limiting their liability for the
organisation’s debts [Encarta: 61; Popenoce: 71]. While the shareholders
are entitled to a voice in the decision-making process, in practice most
large organisations are characterised by a separation of ownership and
control, the latter responsibility being given to management
{Popenoe: 71]. This phenomenon correlates with the relationships in
military organisations. Shareholders own organisations, they dictate the
purpose and goals, but management control the organisation. The

relationship between shareholders, managers and labourers, based on
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their function within the capitalistic organisation and relative to the

means of production, can be defined as:

o Shareholders own the means of production, therefore defining the
goals;
e managers contro/ the means of production, aimed at achieving the

goal; and

e [abourers operate the means of production.

The relationships between resources in both military and capitalistic

organisations are similar, as illustrated in Table 2-1.

Military organisation Capitalistic
organisation
Setting the goal Sovereigns or states Capitalists or
i 8 shareholders
Control Princes or generals Managers | L
Action / operation Troops Wage workers or

fabourers

Table 2-1: Correlation of relationships between military and capitalistic organisations

The following correlation of organisational control between the art of the
general in military organisations and the art of the manager of capitalistic

organisations can be made as illustrated as in Table 2-2.
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2.3.3

Purpose / goal

Environment

Rescurces

Generals Object of war Warfare Military forces
Accumulation of - Means of

Managers : Competition :
capital production

Tahle 2-2: Correlation of control between generals and managers

Industrial age

During the industrial age, with the increase in competition between
capitalistic organisations, the term strategy expanded far beyond its
original military meaning to also include controlling of the capitalistic
organisations’ resources. Military strategy and organisational strategy
share a number of common concepts and principles, the most basic
being the distinction between strategy and tactics [Grant: 36]. Strategy is
the overall plan for deploying resources to establish a favourable
position. A tactic is a scheme for a specific action. Whereas tactics are
concerned with the manoeuvres necessary to win battles, strategy is

concerned with winning the war {Liddell Hart, 41].

Continual competition leads organisations to seek greater control over
both the sources of raw materials and the outlets of their products. The
organisation with the greatest competitive advantage commonly

eliminates weaker organisation through acquiring them or leaving
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economic forces to terminate their activities. These large organisations
use their profits to finance their own future development and growth

[Popenoe: 71].

The relationship between ownership and control is depicted in Figure

2-8.

le«—Ownership —»]

Means of
production

Sources of raw

5 Markets
materials

4 Control »

Figure 2-8: Organisational ownership and control

As a result of the related actions of mergers, consolidations and takeovers

corporations are created. According to Porter {74} a corporation has two

levels of strategy:

e Business strategy {or competitive strategy) concerns how to create
competitive advantage in each of the organisations in which a
corporation competes; and

e corporate strategy (or company-wide strategy) concerns two different

questions:

- What business the corporation should be in; and
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- how the corporate office should manage the array of

organisations.

Corporate strategy is what makes the corporate whaole add up to more
than the sum of its organisations. Grant [36] summarises the distinction
as follows: Corporate strategy is concerned with where a firm competes;
business strategy is concerned with how arfirm competes. Andrews (7]
describes corporate strategy as the pattern of decisions in a company that
determines and reveals its objectives, purpose or goals. These decisions
produce the principal policies and plans for achieving those goals and

define the range of organisations the corporation is to pursue. This will

also define the kind of economic and human organisation it is or intends

to be, and the nature of the economic and non-economic contribution it =~

intends to make to its shareholders, employees, customers and
communities. Grant [36] describes corporate strategy as decisions over

the scope of a firm’s activities. He defines this scope as:

¢ Product scope — How specialised should the corporation be in terms
of the range of products it supplies?

¢ Ceographical scope — What is the optimal geographical spread of
activities for the corporation?

s Vertical scope — What range of vertically linked activities should the

corporation encompass?
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As a corporation is a collection of individual organisations, corporate
strategy making is a bigger picture exercise than crafting strategy for a
single-organisation company. Corporate managers have to craft a multi-
organisational, multi-industry strategic action plan for a number of
different organisations competing in diverse industry environments.
Managing a group of diverse organisations is usually so time consuming
and complex that corporate level managers delegate lead responsibility

for business strategy to the head of each organisation.

The subject area of corporate strategy concentrates on the following

[Thompson: 95]:

e Making moves to position the corporation in the industries chosen for
diversification. The basic strategy options are:
- Acquire a organisation in the target industry;

~ form a joint venture with an organisation to enter the target

industry; or

~ start a new organisation internally and try to grow it from the -

ground.
» taking action to improve the long-term performance of the

corporation’s portfolio of organisation’s once diversification has been

achieved:

- Strengthening the competitive position of  existing

organisations;
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- divesting organisations that no longer fit into management’s
long-range plans; and
- adding new organisations to the portfolio.

e trying to capture whatever strategic fit benefits exist within the
portiolio of organisations and turn them into competitive advantage;
and

* evaluating the profit prospects of each organisation and steering

corporate resources into the most attractive strategic opportunities.

Although the great strategic thinkers of this period argue about the exact
definition of strategy, the philosophy applied in controlling military
forces has been adopted to control capitalistic organisations -in their
competitive environments. Strategy philosophers differ on the inclusion
or exclusion of objectives or goals in the definition of strategy. A
distinction can be made between those authors (models) that separate the
goal formulation and strategy formulation tasks and those that combine

them [Schendel and Hofer: 85].

The first group that separates the two tasks include authors like Ansoff
[8], Cannon {12], McNichols {59], Paine and Naumes [68], Glueck {33],
Hofer and Schendel [41]. This group consists for the most part of people,
who write from a planning perspective. Therefore people predisposed to
the planning approach are more likely to try to distinguish goals from

strategies. Strategic planning as defined by Ansoff [8] refers to the formal
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process in the organisation of compiling and implementing long-term and

short-term plans [Mall: 65].

The second group are subscribers to the strategic thinking school and
combine the two tasks. These authors including Mintzberg [63], Andrews
(7], Chandler [13], Learned et al. [51], Katz {46}, Newman and Logan
[67], Uyterhoeven et al [98]. Strategic thinking as defined by Mintzberg
[63] refers to the skill associated with the strategic planning process

IMoll: 65].

Strategic thinking ensures the effectiveness of the strategy process,
therefore that the organisation is focused on the relevant issues. Strategic
planning is concerned with the efficiency of the strategy process,
therefore the level of success with the execution of the formal process.
Mintzberg {63] argues that the core skill required in strategic thinking is
innovation, while the core skill required in strategic planning is the

application of the structured approach.

He explains this paradox as follows Mintzberg [63]: “When strategic
planning arrived on the scene in the mid 1960s, corporate leaders
embraced il as the one best way to devise and implement strategies that
would enhance the competitiveness of each business unit. True to the
scientific management pioneered by Frederick Taylor, this one best way

involved separating thinking from doing and creating a new function

68




UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

<
IN SEARCH OF THE TRUTH

staffed by specialists: strategic business planners. Planning systems were
expected (o produce the best strategies as well as step-by-step
instructions from carrying out those strategies so that the doers, the
managers of businesses, could not get them wrong. As we now know,

planning has not exactly worked out that way.

Business planning is not strategic thinking. Indeed planning often spoils
strategic thinking, causing managers to confuse real vision with the
manipulation of numbers. And this confusion lies at the heart of the issue:

the most successful strategies are visions, not plans.”
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2.4

Existing truths of strategy

The existing truths of strategy, within a capitalistic organisation, are
summarised in this paragraph. The research was done over a
representative timeline in order to identify the existing truths of strategy
irrespective of time and space. As defined in paragraph 2.1 of this
chapter, the existing truths of strategy, as applied by the capitalistic
organisation, are based on the existing truths contained within the two

cybernetic dimensions relating to:

e The concept of a capitalistic goal orientated organisation; and
* a series of manoeuvres and the behavioural skills that contro! the

achievement of the organisational goal.

An organisation is a group of individuals with a common goal or purpose
[Etzioni: 71]. The concept of purposefully organising originated from the
primary human requirements of survival, such as food, shelter and
security, and as these human requirements evolved to more sophisticated
needs [Maslow: 56] like; prosperity, growth and regeneration so too do
the purposes change around which organisations form. Although the
purposes, around which groups rally, might change, it can be derived
that organisations will always remain purposeful. An organisation is

therefore defined based on its goal or purpose.
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The relationships between organisational needs and the following three

fundamental organisational goals are illustrated in Figure 2-5 [Moll: 65):

» Effectiveness (the ability of organisations to improve themselves); -

» efficiency (the ability of organisations to improve the way in which
they satisfy their basic needs); and

e equilibrium (the ability of organisations to remain congruent with

their environments).

Vision

/ Innovation
/ Crowth
/ Prosperity

Survival

Effectiveness

Organisational needs

Efficiency

Figure 2-9: The hierarchy of basic needs of an organisation

The economic system of capitalism holds four fundamental

characteristics [Encarta: 61; Popenoe: 71]. Groups uniting around this
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economic purpose of capitalism can therefore be defined as capitalistic

organisations and are also similarly characterised by:

e Organisational means of production (capital) are privately owned,
typically by shareholders;

e shareholders pursue their own self-interests in seeking maximum gain
from the use of their capital, therefore accumulation of capital. Capital
investments are exposed to both the risk of loss and the possibility of
gain;

¢ economic activity is organised and coordinated through the

compelitive interaction in markets; and

e minimum government supervision is required (faissez-faire).

The elements of the fundamental capitalistic goal of the accumulation of

capital are illustrated in Figure 2-10.

Accumulation | —
of capital -

Capital
investment

Capitai gain

Figure 2-10: Accumulation of capital fundamentals
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The evolution of organisational goals created larger and larger
organisations and large organisations are characterised by the separation
of ownership, control and labour. The following differentiations in the

relationship to the means of production are made [Popenoe: 71):

e Shareholders own the means of production;
* managers control the means of production; and

e labourers operate the means of production.

Two fundamental areas of control can be identified if linked to the

objective of the capitalistic organisation:

 Control over the means of production (e.g. resources including capital
and labour); and
e control over markets and sources of raw materials to achieve a

competitive advantage.

The capitalistic organisational goal is pursued in an environment where
two or more capitalistic organisations compete in meeting the demands
of the market. A group of organisations that competes in meeting the
same market demand, through production or supplying of goods, services
or other sources of income, -is defined as an industry. In the Oxford
dictionary [44], the term industry is defined as: The people and activities

involved in producing a particular thing, or in providing a particular
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service. Economic industries can customarily be classified as

[Encyclopaedia Britannica: 24]:

s Primary or commodity® industries;

¢ secondary or manufacturing industries; and

¢ tertiary or service industries.

Strategy, in the economic environment, is the art or actions of the
manager or leader to establish purposeful control over the organisation

and the activities required for this can be derived as;

s Analysis of the current position;
¢ designing the plan of action to achieve the goal; and
e implementation of the plan of action by allocating and controlling

resources,

The strategic process, based on these strategic activities, is illustrated in

Figure 2-11.

T Commaodity: In general terms it is primary producis {or raw materials) that is grown, such as
coifee, tea, rubber, or cotton, or an extracted mineral resource, such as gold, copper,
or tin; it may also be something that is (n effect} reared, such as wool.
[Encyclopaedia Britannica: 24]
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Analyse Design plans,

Y BN PIANS X Allocate
current procedures and

- C resources
position policies

Figure 2-11: The strategy process

The term strategy is defined in the Oxford Dictionary [44] as: The art of
formulating a series of manoeuvres to obtain a specific goal. The

following fundamental elements defines the existing truths of strategy as

applied by the capitalistic organisation:

¢ Itisaimed at accumulating capital (purposeful);

* a visionary course of action is set through plans, policies and
procedures to compete in meeting customer demands (action plan);

¢ resources are allocated in order to obtain control over (resource
allocation):

- The means of production (resources that includes capital and

labour); and s
~ the sources of raw material and the markets in order to obtain
a competitive advantage.
* a process of analysis, planning (design) and implementation is

followed,
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The subject area of corporate strategy has four fundamentals concerns:

¢ Positioning the corporation in the industries chosen for
diversification;

e improving the long-term performance of the corporation’s portfolio of
organisation’s;

° capturing whatever strategic fit benefits within the portfolio of

organisations and turn them into competitive advantage; and

« evaluating the goal achievement prospects of each organisation and

steering corporate resources into the most attractive strategic

opportunities.

The terrn organisational strategy, in the context of this thesis, is therefore
defined as: A visionary plan of action by which resources are controlled

in order to achieve the capitalistic organisational goal of accumulating

capital.
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2.5

Industrial Engineering

Engineering is defined by The Accreditation Board of Engineering and
Technology [Blanchard: 10] as: The profession in which a knowledge of
the mathematical and natural sciences gained by study, experience, and
practise is applied with judgement to develop ways to utilise,
economically, the materials and forces of nature for the benefit of
mankind. Engineering is therefore the profession that strives towards the
development of solutions for the satisfaction of human requirements by

the application of the sciences.

Maynard (58] and Salvendy [83] define Industrial Engineering as:

Industrial Engineering is concerned with the design, improvement and in- =

staflation of integrated systems of people, materials, equipment and

energy. It draws upon specialised knowledge and skills in the
mathematical, physical and social sciences together with the principles
and methods of engineering analysis and design to specify, predict and

evaluate the results to be obtained from such systems.

By comparing these definitions with the principles contained within the
definition of technology [Encyclopaedia Britannica: 24], as: The
application of knowledge to the practical aims of human life or to
changing and manipulating the human environment, including the use of

materials, tools, techniques, and sources of power to make life easier or
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more pleasant and work more productive. It can be derived that
engineering is a profession that operates within the field of technology,
with the specific emphasis on applying scientific (mathematical and

natural sciences) knowledge.

The existing truths of Industrial Engineering, within this context of
technology, are explored through a framework. Dimensions for such a
framework are derived from the concept of cybernetics, as Industrial
Engineering, being concerned with improvement, can be viewing as a
cybernetic system. Cybernetics views Industrial Engineering as a

feedback control system [Weiner: 104],

It is proposed that Industrial Engineering can be illustrated, as a

cybernetic system, as in Figure 2-12,

Science

Scientific
knowledge
dimension

Requirement Solution

Technology

dimension _—
Application

Figure 2-12: Cybernetic dimensions of industrial Engineering
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Based on this perspective the existing truths of Industrial Fngineering can

be defined by exploring:

» The evolution of scientific knowledge; and

¢ the development of technology over time.
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2.6 Scientific knowledge °

A timeline of the evolution of scientific knowledge moving from mythical

common sense, of ancient societies, to philosophy of science, of the early
thinkers, to scientific knowledge, in the 17" Century, is proposed. This

timeline is used to explore the evolution of scientific knowledge.

The timeline proposed to explore the evolution of scientific knowledge is

illustrated in Figure 2-13.

| Mythology

Philosophy of science

Science

' »
600 sc 400 sc 1400 ap 1600 1800 2000 Ap
Farly  Classical Middle  Renaissance  17th  Enlightenment  Modern
Man  Antiguity  Ages Century World
* [fhales ¢ Galileo i
* Socrates . Kepler
¢ Plato

, e Newton
*  Aristotle

Figure 2-13: Timeline in the search for scientific knowledge

¥ This section is adapted from selective writings of Blanchard [10), Delius [21] Encyclopedia
Britannica [24], Honderich [43], Encarta [61] and Popenoe [7 1] accep!t where stated differently.

80



&

W UNIVERSITEIT VAN PRETORIA
0 UNIVERSITY OF PRETORIA
Qe YUNIBESITHI YA PRETORIA

IN SEARCH OF THE TRUTH

2.6.1 Mythology

Ancient artisans, including navigators, farmers, architects, merchants,
biacksmiths, shipbuilders, physicians and chroniclers were familiar with
a great variety of materials, plants, animals, people and events. An
enormous amount of information resided in the customs and common

sense of the time.

Mythology is the study and interpretation of myths. Myth is a complex
cultural phenomenon that describes and portrays in symbolic language
the origin of the basic elements and assumptions of a culture

[Encarta: 61]. Mythic narrative relates, for example to:

e How the world began;
e how humans and animals were created; and

¢ how certain customs, gestures or forms of human activities originated.

Myths differ from fairy tales in that they refer to a time before the _
conventional world came into being. As myths refer to an extraordinary
time and place and to gods and other supernatural beings and processes,
they are usually seen as aspects of religion. Myths are classified
according to the dominant theme they portray [Encarta: 61]. Four main

types of myths are defined:
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s Cosmogonic myths;
s myths of culture heroes;
¢ myths of birth and rebirth; and

¢ foundation myths.

Cosmogonic myth is usually the most important myth in a culture and

becomes the exemplary model for ail other myths. It relates to how the
entire world came into being. In some narratives, as in the first chapter of
In The Bible the creation of the world proceeds from nothing (creatio ex
nihilo). Egyptian, Australian, Greek, and Mayan myths also speak of

creation from nothing. Other cosmogonic myths includes the following:

¢ Describe the creation as an emergence from the lower worlds, known
in Navajo and Hopi cultures;
» symbolise creation through the various layers of emergence in a

coconut shell or in the world egg, known in Africa, China, India, the

South Pacific, Greece and Japan;

e creation stories of the world-parent myth, known to the Babylonian,
Egyptians, Zufi and Polynesians; and

e creation comes about through the agency of an earth diver, an

animal, known in Romania and india.

Related to cosmogonic myths, but at the other extreme, are myths

describing the end of the world (eschatological myths) or the coming of
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death into the world? The myths presuppose the creation of the world by
a moral divine being, who in the end destroys the world. At this time
human beings are judged and prepared for a paradisiacal existence or
one of eternal torments. Such myths are present among Hebrews,
Christians, Muslims and Zoroastrians. Other eschatological myths include

the following:

e A universal conflagration and a final battle of the gods are part of
Indo-European mythology;

« in Aztec mythology several worlds are created and destroyed by the
gods before the creation of the human world; and

o death is not present in the world for a fong period of time, but enters

it through an accident or when human beings overstep the limits.

Myths of the culture hero describe the actions and character of beings
that are responsible for the discovery of a particular cultural artefact or
technological process. In Greek mythology Prometheus, who stole fire
from the gods, is a prototype of this kind of figure. In the Dogon culture,
the blacksmith who steals seeds for the human community from the
granary of the gods is similar to Prometheus. In Seram, in Indonesia,
Hainuwele is also such a figure; from the orifices of her body she

provides the community with a host of necessary and fuxury goods.
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2,62

Usually related to initiation rituals, myths of birth and rebirth tell how life
can be renewed, time reversed or humans transmuted into new beings. In
myths about the coming of an ideal society (millenarian myths) or of a
saviour (messianic myths), eschatological themes are combined with
themes of rebirth and renewal. Millenarian and messianic myths are
found in tribal cultures in Africa, South America and Malaysia, as well as

in the world religions of Judaism, Christianity and Islam.

Since the beginnings of cities sometime in the 4" and 3™ millennia Bc,
some creation myths have recounted the founding of cities out of
ceremonial centres, which were seen as extraordinary manifestations of

sacred power,

Philosophy of science

Aiming at something more profound, some early thinkers restarted the
scarch for knowledge. These early thinkers were called philosophers as
they preferred words to things, speculation to experience, principles to
the rule of thumb and they did not mind when their ideas conflicted with
traditions and common phenomena of the most obvious kind. According
to folklore Thales (approximately 600 BC) was the first true philosopher

[Kirk; 48].
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Philosophy, from the Greek word philosophia meaning love of wisdom
(philos, meaning fove and sophia meaning wisdom, [Pojman; 70}, is the
rational and critical inquiry into basic principles. Philosophy is often

divided into four main branches:

s Metaphysics, the study of ultimate reality;

o epistemofogy, the study of the origins, validity and limits of
knowledge;

e ethics, the study of morality and the good; and

e aesthetics, the study of the nature of beauty and art.

The two distinctive types of philosophical investigation are:

s Analytic philosophy, the logical study of concepts; and
e synthetic philosophy, the arrangement of concepts into a unified

system.

Parmenides (approximately 480 BC) claimed that the world was one, that
change and subdivision did not exist and that the lives of human beings
that contained both were a fantasy. The proof that he presented is based
on three, said to be self-evident, assumptions: That being is, that not
being is not and that nothing is more fundamental than being. The
argument follows that if change and difference exist, then there exists a

transition from being to not being, which is the only alternative. Not
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being is not; therefore change and difference are not either. This is an
early example of a type of philosophical reasoning that extended the
domain of confirmable truths and separated it from intuition. This
principle of being f(estin) is the first explicit conservation law, by
asserting the conservation of being. This premise guided laws such as the
conservation of matter and the conservation of energy. The
standardisation of being survived as the idea that basic laws must be

independent of space, time and circumstance.

The philosophy of western science was greatly affected by the early
scientists. They differed from philosophers by favouring specifics and
from artisans by their theoretical bias. By the middle of the 5" century BC
arithmetic, geometry, astronomy and harmonics were already dreaded
subjects of teaching. The arguments between scientists, phi[osopﬁers and
artisans who explained and defended their enterprise in writing, as well
as the more specific arguments between scientific, philosophical and
practical schools, form an early philosophy of science. In many subjects
of debate scientific assumptions were still closely intertwined with
magical and religious ideas. Philosophy of science investigates the
general nature of scientific practice [Lipton: 61]. The questions

considered in the phifosophy of science include:

86




UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

IN SEARCH OF THE TRUTH

<

s How scientific theories are developed, assessed and changed; and
e whether science is capable of revealing the truth about hidden entities

and processes in nature.

Piato (427-347 BC), being opposed to these quarrels, tried to build a
philosophy that combined technical excellence with religion and orderly
politics. Plato distinguished between mere opinion and science. for him,
science was the ideal of human knowledge and was seen as necessarily
true and unchanging. In The Republic [Cushing: 16] Plato discussed the
ideal state and the philosopher kings fit to rule it. According to Plato
these philosophers are to desire knowledge of the truth and the reality,
not just of superficialities, therefore true knowledge must be real, stable
and unchanging. It must be of unique, immutable objects (forms),
whereas belief has to do with appearances. Knowledge is infallible, while

belief may be true or false.

Aristotle {384-322 BC) was Plato’s most outstanding student. He favoured
a procedure of taking experience at face value and tried to reconcile
observation, common sense and abstract thought. He taught that all
genuine knowledge is gained through logical demonstration proceeding
from necessary first principles that are abstracted from sense, experience
or observation. His paper on natural bodies was titled Physica (Physics)
since the Greek word physika was originally derived from the adjective

for natural and, as used by Aristotle, had the meaning of natural science
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2.6.3

[Cushing, 16]. [t was in this sense that scientists were once referred to as
natural philosophers. Aristotle was the first systematic philosopher of

western science,

Socrates (470-399 BC) (known through his dialogue and teaching of his
most famous pupil, Plato), Plato and Aristotle are three of the earliest
ancient Greeks that contributed greatly to the philosophical foundations
of Western culture, by their systematic treatments of the nature of human
knowledge. Philosophy of science is the branch of philosophy that
attempts to clarify the nature of scientific inquiry {observational
procedures, patterns of argument, methods of representation and
calculation, metaphysical presuppositions) and evaluate the grounds of
their validity from the points of view of epistemology, formal logic,

scientific method and metaphysics.

Science

Through science the errors of mythical common sense are systematically
corrected [Macdonald: 54]. The significant accumulation of scientific
knowledge made it necessary to classify what was discovered in scientific
disciplines. Science began its separation from philosophy in the 17"
century with physics and astronomy the first to leave as they began to
develop experimental techniques of their own [Pojman; 70]. Galileo

added systematic verification, to the ancient methods of induction and
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deduction, through planned experiments by using newly invented
scientific instruments such as the telescope, the microscope and the

thermometer [Encarta: 61].

This exodus, led by Cafifeo (1564-1642 Ac), Kepler (1571-1630 AC) and
Newton (1642-1727 ac) was the first of many. Science proliferated into
more than a hundred distinct disciplines; including mathematical science
and natural science. Science, Latin for scientia, from scire, to know, is
used in its broadest sense to denote systematised knowledge in any field,
but usually applied to the organisation of objectively verifiable sense

experience [Encarta: 611,

The Industrial Revolution brought about mechanisation, the substitution '

of people with machines as a source of physical work. This process
affected the hature of work left for people to do. T.hey no longer did all
the things required to make a product, but repeatedly performed a simple
operation in the production process. Consequently, the more machines
were used as a substitute for people at work, the more workers were
made to behave as machines. Two ideas have been dominant in the way
we seek to understand the world around us during this machine age

IAckoff: 2,3]:

¢ Reductionism; and

s mechanism.
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Reductionism {(Plato) consists of the belief that everything can be
reduced, decomposed or disassembled into simple indivisible parts,
These individual parts are typically atoms in physics, simple substances
in chemistry, cells in biology and monads, instincts, drives, motives and
needs in psychology. Reductionism also gives rise to an analytical way of
thinking about the world by seeking explanations and understanding,
Analysis consists of taking apart what is to be explained, disassembling it,
if possible, down to the independent and indivisible parts of which it is
composed. Followed by explaining the behaviour of these parts. Finally
aggregating these partial explanations into an explanation of the whole.
Despite its successes, reductionism has been highly controversial, for it
denies the claims of those (especially Marxists) who argue that the world
is ordered hierarchal and that entities at upper levels can never be
analysed entirely in terms of entities at lower levels. Reductionism is

therefore preoccupied with analysis consisting of the following activities:

e Disassembling, what is to be explained, to the independent and
indivisible parts of which it is composed;

e explaining the behaviour of these parts; and

° aggregating these partial explanations into an explanation of the

whole.

Mechanism holds that alf phenomena can supposedly be explained by

using only one uitimate simple relation, cause and effect, According to
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this concept, the universe is completely explicable in terms of
mechanical processes. Inasmuch as these mechanical processes are best
understood in their movements, mechanism frequently involves the
attempt to demonstrate that the universe is nothing more than a vast
system of motions [Encarta: 61]. Therefore one thing or event was taken
to be the cause of another (its effect) if it was both necessary and
sufficient for the other. Because a cause was taken to be sufficient for its
effect, nothing was required to explain the effect other than the cause.
Consequently, the quest for causes was environment-free and employed
what is now called closed-system thinking. Fundamental laws permitted
no exceptions. Effects are completely determined by cause. Hence, the
prevailing view of the world was deterministic. It was also mechanistic,
because science found no need for teleological concepts, such as
functions, goals, purposes, choice and free will, in explaining any natural
phenomenon. They considered such concepts to be unnecessary, illusory
or meaningless. The commitment to causal thinking yielded a conception
of the world as a machine. It was taken to be like a hermetically sealed
clock, a self-contained mechanism whose behaviour was completely

determined by its own structure.

Although eras do not have precise beginnings and endings, the 1940’
can be said to have contained the beginning of the end of the Machine
Age and the beginning of the Systems Age. This systems age is the

product of a new intellectual framework in which the doctrines of
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reductionism and mechanism and the analytical mode of thought are
being supplemented by the doctrines of expansionism, teleology and a
new synthetic (or system) mode of thought. Expansionism is a doctrine,
which maintains that ail objects and events, including all experience in
them, are parts of farger wholes. It does not deny that they have parts, but
it focuses on the wholes that they form part off. It provides another way
of viewing things, a way that is different from, but compatible with,
reductionism. It turns attention from ultimate elements to a whole with
interrelated parts, to systems. Preoccupation with systems brings with it
the synthetic mode of thought. In synthetic thinking, something to be
explained is viewed as part of a larger system and is explained in terms of

its role in that larger system.

The synthetic mode of thought, when applied to systems problems is
called the systems approach. This way of thinking is based on the
observation that, when each part of the system performs as well as
possible, the system as a whole may not perform as well as possible. This
follows from the fact that the sum of the functioning of the parts is
seldom equal to the functioning of the whole. Accordingly, the synthetic
mode secks to overcome the tendency to perfect details and ignore

system outcomes {Moll: 65].

Because the Systems Age is teleologically orientated, it is preoccupied

with systems that are goal seeking or purposeful, that is, systems that can
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display choice of either means or ends, or both. It is interested in purely
mechanical systems only insofar as they can be used as instruments of

purposeful systems.

Systems exists in order to obey the rules set by a predetermined external
purpose by initially pursuing the purpose and if it can in fact be reached,
maintaining the properties of the purpose for the length of the useful life
thereof, after which the system either seizes to exist or a new cycle is
initiated. A systern interacts with its environment {larger whole) from
which the purpose is derived based on the requirements set by the
environment. It subsequently processes these requirements and the
resources given by the environment into something that satisfies the
requirements. The concept of a system life cycle [Blanchard: 10] is
derived from the point of view that life in general is cyclical and can be

modelled as a system as shown in Figure 2-14.

Externall |Strategy i
factors I [purposef:

h 4
—F

M infancy a{» Adole- Maturityf Ohsole—{; Death
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S kA Bt

Repro- |
duction |
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Figure 2-14: The life cycle of a system

The model is based on the life cycle of living beings. Entities are born

into nature or society with the purpose of interacting with the larger
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system of which they are part (such as the ecosystem), and for as long as
they are able to contribute towards the requirements of nature, sustain

their own being, reproduce and eventuaily cease to exist.

The Systems Age is most concerned with purposeful systems, some of
whose parts are purposeful, called social groups. The most important
class of social groups is the one containing system whose parts perform
different functions. These social groups are called organisations. In the
Systems Age interest is focused on groups and organisations that are

themselves parts of larger purposeful systems.

There is a correlation between the life cycle of man and that of man-

made systems. The life cycle of man made systems begins with the

identification of a need and extends through planning, research, design,
production or construction, evaluation, consumer use, maintenance and
support and ends with ultimate retirement / phase out. This process is
generic in nature and represents the life cycle nature of large-scale

systems.

A simplification of the customer-to-customer process or systems life cycle

is illustrated in Figure 2-15.
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2.7

Technology

Technology is the discipline in which knowledge is applied to the use of
materials, tools, techniques and sources of energy to make life easier or
more pleasant and work more productive. As science is concerned with
how and why things happen, technology focuses on making things

happen {Encyclopaedia Britannica: 24].

An adaptation of Toffler's [96,97] wave theory is used to explore the
evolution of technology. The wave theory is adapted by including a short

reference to the primitive communal age.

This adapted timeline for the evolution of technology is indicated in

Figure 2-16:

Agricultural age

Industrial age

Systems age

10000 sc 1700 ap 1900 ap

Figure 2-16: Timeline for the evolution of technology
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2.7.1

2.7.2

Primitive communal

The first appearance of deliberately shaped tools produced by ancestors
of human beings is found as far back as 2 600 000 Bc. The earliest
toolmakers” achievements such as stone axes, scrapers and control of fire
were no more than the products of chance [Layton: 61]. Major
technological activities can be traced back to ancient societies of which
the inventions of the Incas, Egyptians and Chinese are probabily the best

know.

Agricultural age

Technological skills become sufficiently conscious and were passed from

one generation to the next by accomplished practitioners. These

craftsmen, however, had no systematic body of knowledge about their

devices. This knowledge, resulting from analytical modes of thought

associated with modern science, empowered people in a radically
different way, from previously, to realise their technological goals

[Layton: 61].

These technological advances originate predominantly from military
requirements as the art and practice of designing, building and
maintaining of military works, lines of military transport and

communications. The pre-eminent military engineers of the ancient
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western world were the Romans, who maintained their supremacy by
constructing forts, garrisons, roads, bridges, aqueducts, harbours and

lighthouses [Encyclopaedia Britannica: 24].

Little technological advances were transferred from the military to the
civilian economy. This was all changed by the invention of the
line-of-battle or man-of-war ships, designed to carry heavy guns in
addition to its crew and their provisions, as this invention was converted
to transport substantial cargo instead of heavy guns and the first efficient
sea freight transporters were created. It was one of the greatest
technological breakthroughs that civilian economy ever experienced. It
supported the commercial revolution of the late Middle Ages when
international trade was established and Europeans started their economic
penetration and dominance of the entire globe. The military economy
and the civilian economy moved in parallel, mutuaily enriching each
other [Drucker: 22; Encyclopaedia Britannica: 24]. Every advance in
military technology provided new energy for the civilian economy and in

turn the civilian technology was very rapidly applied to the military.

The first technical university (Ecole des Ponts et Chausseés, founded in
1747) was established to train Civil Engineers in the art of building roads
primarily for the attempt of Louis XIV of France to become master of the
European Continent [Lake: 61). With this emerged the engineering

profession and the systematic application of science and technology to
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the design and production of goods and services [Drucker: 22]. The
engineering profession strives towards the development of solutions for
the satisfaction of human requirements by the application of the sciences

[Blanchard: 10]. The fundamental engineering approach is based on:

» An understanding of these requirements;
 the invention, conceptualisation and creation of solutions; and

* the development, application and maintenance thereof.

The classical approach to engineering is shown in the process model in

Figure 2-17.

Need
analysis

Construc-
£ tion

Concep-
/# tualisation

Implemen-
\f“ tation

[

» Operation ), Phase out »,

Applied sciences

Figure 2-17: The classic approach to engineering

The three fundamental skills necessary for the delivery of an engineered

solution are [Moll: 65];

e Innovation;
* astructured and systematic approach; and

¢ the application of scientific methods.
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2.7.3 Industrial age

Mumford [Layton: 61] grouped the development of technology in terms

of three successive, but overlapping and interpenetrating, phases:

e [Fotechnic (1000 ap — 1750) characterised by the use of raw materials
such as wood, glass and water, with increased use of animal power :
and energy from wind and water;

s palaeotechnic (1750 — 1900) a period of carboniferous capitalism

characterised by a coal and iron complex and the steam engine; and

¢ neotechnic (1900 onwards) characterised by prominent science and

an electricity-alloy complex with new materials such as plastics
coming into use. Electrical energy and diesel and petrol combustion

engines replaced the steam engine.

Technological development accelerated with the Industrial Revolution
and the substitution of machines for animal and human fabour. A central
theme of the industrial-era was centralisation and standardisation in the -~
production process. This age provided highway systems, cars, telephones
and mainframe computers linking remote outposts to central controls.
The coming of the Industrial Revolution, spurred by technological
advances such as steam power, changed working life profoundly.

Factories divided the work once done by a single craftsman into a

number of distinct, specialised tasks performed by unskilled or
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semiskilled workers. The idea that specialisation reduces cost, and
thereby the price the consumer pays, is embedded in the principle of the
capitalistic competitive advantage. Technology is the purposeful human
activity, which involves designing and making products as diverse as
clothing, foods, artefacts, machines, structures, electronic devices and
computer systems, collectively often referred to as the made world. Such
work often begins with a human need or an aspiration and technologists
draw on resources of many kinds including visual imagination, technical

skills, tools and scientific and other branches of knowledge [Layton: 61].

in The Wealth of Nations, Smith [38] recognised that the technologies of
the industrial revolution have created unprecedented opportunities for
manufacturers to increase worker productivity and therefore reduce the
cost of goods, by what has become known as the division of labour. A
number of specialised workers, each performing a single step in the
manufacturing process, were more productive than generalised workers
fully responsible for the manufacturing of one unit {Smith: 38]. The
division of labour is the basic principle underlying the assembly line in
mass-production systems. Modern mass-production methods have led to
such improvements in the cost, quality, quantity and variety of goods
available that the largest global population in history is now sustained at
the highest general standard of living ever. The requirements for mass
production of a particular product include [Encyclopaedia

Britannica: 24]:
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¢ The existence of a market large enough to justify a large investment;
* aproduct design that can use standardised parts and processes;

* aphysical layout that minimises materials handling;

« division of labour into simple, short, repetitive steps;

¢ continuous flow of work; and

* tools designed specifically for the tasks to be performed.

Technology, in line with the context of this thesis, was further expanded
by the various innovations of scientific approaches to management.
Taylor [92] defined a set of principles that form the basis of the scientific
approach towards the management and operation of human labour. The
basic premise is that the world is concerned with the destruction of
natural resources whilst the Waste of the human resource goes by
unnoticed. Waste of natural resources, including material is readily
apparent whilst waste in human efficiency is less apparent and less
understandable. Management was an aristocracy, a class consisting of
the elite, those who own the industry. Taylor proposed that the basic aim
of management should be the generation of maximum wealth for both
the employer and the employees. The wealth of these stakeholders is
interrelated. Underlying this argument is the principle that higher profits
are generated by higher productivity and that these higher profits can
contribute to higher wages and vice versa. The four principles to

scientifically manage work are {Taylor: 92]:
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¢ Development of scientifically based methods for every component of
work in order to replace traditional approaches;

* scientific selection, training and development of workers;

+ close co-operation between management and labour in order to
ensure adequate application of the proposed methods; and

e an equal distribution of work between management and workers,

specialising in administrative and technical work respectively.

Further pioneering included aspects such as demand forecasting, produc-
tion planning, facilities layout and the economic aspects of labour
division by Watt {1796) and Babbage (1832) {Kanawaty: 45]. Taylor [92]
.aiso p‘ioneered the scientific measurement of work and the Gilbreths,
Frank (1868-1924) and Lillian (1878-1972), refined it with time-and-
motion studies. As a result, production processes were simplified,
enabling workers to increase production. Gannt, defined Critical Path
Methods used in planning and control systems [Kanawaty: 45]. Fayol
[26] defined the fourteen principles of management and was also
responsible for the view that business management's role consists of four

basic elements namely planning, organisation, leading and control.

Reducing each job in the automative assembly process to the installation
of a single part in a predetermined manner made improvements on the
concept of dividing work into simple, scientifically determined tasks

[Ford: 28]. Initially, workers watked from one assembly stand to the next
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and the introduction of the moving assembly line brought the work to the
worker. In breaking down the assembly process into a series of
uncomplicated tasks Ford made the jobs infinitely simpler, but he made
the management of the process from a product perspective infinitely

more complex, especially when diversified products were introduced.

Alfred Sloan, succeeding Ford, created the prototype of the management
system needed for the Ford production system. Initially the management
system was based on ineffective departments unable to manage the
product mix demanded. General Motors, being diversified and extremely
bulky, was subsequently broken down into divisions for each model or
subassembly, inherently applying the principles of Scientific
Management on the management and organisational levels. Managers
were assigned to oversee each of these divisions, the only difference
being that, whereas workers needed technical skills, management was

perceived to manage the financial output of the divisions.

Manufacturing firms grew farger in the 19" century as standardised parts
and machine tools came into use and ever more specialised positions for
managers, supervisors, accountants, engineers, technicians and salesmen
were necessary. The trend toward specialisation continued through the
20" century and Scientific Management [ead to the development of
disciplines concerned with the management and design of work,

including  operations research, systems engineering, production
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management, industrial relations, personnel administration and linkages

to the behavioural sciences.

Applying engineering principles and techniques of scientific management
to maintaining high levels of productivity at optimum cost in industrial
enterprises created the [Industrial Engineering discipline. Industrial
Engineering is concerned with the design, improvement and installation
of integrated systems of people, materials, equipmént and energy. It
draws upon specialised knowledge and skills in the mathematical,
physical and social sciences together with the principles and methods of
'éngineering analysis and design to specify, predict and evaluate the
results to be obtained from such systems [Maynard: 58; Salvendy: 82]. It
is concerned with optimising systems by focusing on effectiveness, effi-
ciency, productivity, profitability and quality, an approach termed
productivity management {Sink: 86]. This field pertains to the efficient
use of machinery, labour and raw materials in industrial production. It is
particularly important from the viewpoint of cost and economics of
production, safety of human operators and the most advantageous

deployment of automatic machinery [Encarta: 61].
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The optimisation elements that concerns Industrial Engineering are

iliustrated on the generic system [Sink: 86] in Figure 2-18:

Downstream \

5 Process )
£ g system

< Efficiency ":‘Effectiveness>
' Prodléictivity }_
| : _3 Profitability | b»

Figure 2-18: The principles of Industrial Engineering

The generic system can be viewed as a process that translates input
received from upstream systems into output as required by downstream
systems. Industrial Engineering is concerned with the generation of
improved or optimal combinations of output and throughput in relation

to input with respect to these systems [Moll: 65].

In order to optimise systems, Industrial Engineering focuses on
effectiveness, efficiency, productivity, profitability and quality, an

approach termed productivity management [Sink: 86]:

 Effectiveness is defined as the degree to which a system accomplishes

what it is set out to accomplish {doing the right things). It is the
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strategic focus of productivity management.

o Efficiency is defined as the degree to which a system utilises its

resources in correctly performing its function (doing things right). It is
the operational focus of pro"ductévity management.

» Productivity is defined as the relationship between quantities of
output (throughput) from a system and quantities of input into that
same system.

» Quality is defined as the combination of the factors of conformance
to technical requirements; fitness for purpose; conformance to
financial and resource specifications and accordance to scheduling.
Quality management is a process applied to the five major

components of a system namely:

- Selection and/or management of upstream systems;
- management of incoming quality;

- management of process quality;

- management of outgoing quality; and

- interaction with customer needs and expectations.

e Profitability is defined as the relationship between the cost of inputs

and processing and revenues.

2.7.4 Systems age

Technology took a sharp turn away from standardisation and toward

individualisation and diversity. The third wave of transformation began
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adapting massive second-wave-type enterprises to the third-wave
appetite for differentiation. The third wave is not only concerned with
human intelligence, [Toffler: 96, 97}, but is also interested in where

machine intelligence is imbedded and how srart products are created.

108



&

W UNIVERSITEIT VAN PRETORIA
0 UNIVERSITY OF PRETORIA
Qe YUNIBESITHI YA PRETORIA

IN SEARCH OF THE TRUTH

2.8

Existing truths of Industrial Engineering

The existing truths of Industrial Engineering are summarised in this
paragraph. Research was done over a representative timeline in order to
identify the existing truths {paragraph 3.4, chapter 1] of engineering and
specifically Industrial Engineering irrespective of time and space. As
defined in paragraph 2.5 of this chapter, the existing truths of Industrial
Engineering are based on the truths contained within the two cybernetic

dimensions of:

» Scientific knowledge; and

s technology.

As early as the a.ncient Greek civilisations did people search for
understanding the world and events surrounding them and through this
search for understanding did they gain knowledge. Knowledge is defined
as [Oxford dictionary: 44]: The understanding and skills that is gained

through education or experience.

Human knowledge has evolved from being based on mythology through
philosophy of science to scientific knowledge. Plato defined science as
true infailible knowledge that is real, stable and unchanging. In the
Oxford dictionary [44] science is defined as: The knowledge about the

structure and behaviour of the natural and physical world, based on facts
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that you can prove. Scientific knowledge are primarily gained through

the following three methods:

¢ During the machine age:

- Reductionism; and
- mechanism.
¢ During the systems age: !

- FExpansionism.

Expansionism is a doctrine, which maintains that all objects and events,
including all experience in them, are parts of larger wholes or systems.
Preoccupation with systems brings with it the synthetic mode of thinking,
where something to be explained is viewed as part of a larger system and

is explained in terms of its role in that larger system.

Purposeful systems exists in order to obey the rules set by some
predetermined external purpose by initially pursuing the purpose and if it

can in fact be reached, maintaining the properties of the purpose for the

length of the useful life thereof, after which the system either seizes to

exist or a new cycle is initiated. A simplification of the customer-to-

customer process or systems life cycle is illustrated in Figure 2-15.
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Figure 2-19: The life cycle of man made systems

The earliest forms of technology were found in the use of primitive tools
and fire. Technological developments came mainly from the military
environment and the advances in the military application of materials for
their inherent qualities (e.g. strength). Machines of war, roads, bridges,
forts and ships were constructed to supplement and strengthen the
military forces. Technology is defined [Encyclopaedia Britannica: 24},
as: The application of knowledge to the practical aims of human life or to
changing and manipulating the human environment, including the use of
materials, tools, techniques, and sources of power to make life easier or

more pleasant and work more productive.

The engineering profession and the systematic application of science and
technology to the design and production of goods and services
[Drucker: 22} emerged with the transfer of technology to the civilian
economy. With this came the division of the engineering profession into
specialised fields with Civil Engineering being the first non-military

engineering discipline. Subsequently engineering further divided into
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different disciplines, including mechanical, electronic, electrical,

chemical and industrial.

The engineering profession strives towards the development of solutions
for the satistaction of human requirements by the application of the
sciences [Blanchard: 10]. The fundamental engineering approach is

based on:

» Obtaining an understanding of the specific requirements or needs;

» the invention, conceptualisation and creation of solutions to satisfy
the specific requirement / need; and

» the development, application and maintenance of the solution in

order to satisfy the requirement / need.

The classical approach to engineering is shown in the process model in

Figure 2-17.

Need
analysis

Construc-
4 tion

Concep-
/ tualisation

Implemen-
¢ tation

Applied sciences

Figure 2-20: The classic approach to engineering

The three fundamental skills necessary for the delivery of an engineered
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sotution are [Mol}: 65];

¢ [nnovation;
e a structured and Systematic approach; and

¢ the application of scientific methods.

The greatest technological force behind the industrial revolution came
from harnessing non-human energy and with this the phenomenon of
centralisation, mass urbanisation being evidence thereof. Later during this
age the emphasis shifted towards improving the productive utilisation of
human labour, which was initially focused on the unskilled and semi-

skilled work force.

Industrial Engineering discipline originated in this industrial and
manufacturing environment and is concerned with the design,
improvement and installation of integrated systems of people, materials,
equipment and energy in the industrial age. It draws upon specialised
knowledge and skifls in the mathematical, physical and social sciences
together with the principles and methods of engineering analysis and de-
sign to specify, predict and evaluate the results to be obtained from such
systems. It is concerned with optimising systems by focusing on

effectiveness, efficiency, productivity, profitability and quality.
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The optimisation elements that concerns Industrial Engineering are

illustrated on the generic system [Sink: 86] in Figure 2-18:

Downstream
system

Upstream

- Process )

< Efficiency )@{Effectiveness’i :
| ProdLchtivity ’
_Profiabilit | »

Figure 2-21: The principles of Industrial Engineering
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3.1

LEVEL H - PRINCIPIA

The capitalistic organisational goal

During the primitive communal period success in achieving the
organisational goal was measured by tangible measures like having
sufficient food for survival or the size of property that was owned. In
capitalism success is measured by the amount of capital accumulated
Iparagraph 2.4, chapter 2]. The capitalistic organisational goal of
accumulating capital is a function of two fundamentai elements [Figure

2-10, chapter 21:

s Capital gain, and

e capital investment.

The relationship between accumulation of capital, capital gain and

capital investment is defined in Equation 3-1,
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(O

Accumulation of capital = Capital investment + Capital gain
Capital ;= Capital + 4 Capital ,,,
Capital Capital .+ A Capital

= t+n

Where: t=  Base period

n= Number op periods

Equation 3-1: Accumulation of capital (Capital t-n)

As defined in paragraph 2.4 of this chapter, shareholders pursue their

own self-interests in seeking maximum gain from the use of their capital.

The equation for capital gain can be derived as defined in Equation 3-2.

Capital ,,,= Capital -+ A Capital

b

A Capital Capital ., — Capital ,

tn =

Where: t=  Base period

n=  Number op periods

tquation 3-2: Capital gain (A Capital wa) _

The rate at which the capitalistic organisation achieves its goal is
determined by calculating the rate of capital accumulation for a specific
capital investment. This rate of accumulating capital is defined in

Equation 3-3. =
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Capital gain

Capital accumulation rate =
Capital investment

A Capital

Capital ,

Capital ,,,~ Capital ,

+n

Capital ,

Where: t= Base period

n= Number op periods ;

Equation 3-3: Capital accumulation rate

The following options exist to increase the rate of capital accumulation:

o Increase capital gain whilst maintaining capital investment levels;
o decrease capital investment whilst maintaining capital gain levels;
and

* increasing capital gain and decreasing capital investment.

3.2  Capital accumulation ratios

As indicated in Equation 3-3, the rate of capital accumulation is
measured by establishing relationships between the capital gain and the
capital investment. In accounting® terms this is achieved by establishing a

relationship between the income statements’ and the balance sheet® of a

 Accounting: The process of identifying, measuring, recording and communicating economic
information about an organisation or other entity {61],

7 Income statement: Summarises the organisation’s revenues, expenses, gains, and losses [61].
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capitalistic organisation [Walsh: 102]. Various linkages or ratios between
the income statements and the balance sheet can be made. These ratios
measure in one way or another the ratio between capital gain and capital
investment, The ratio between capital gain and capital investment is a

central concept in the capitalistic system Walsh: 102].

An organisation is owned by a group of shareholders {capitalists) who
protect their personal capital by legally limiting their liability to the
organisation’s debts {paragraph 2.2.4, chapter 2]. It can therefore be
derived that a relationship exists between an organisation’s capital and
the personal capital of its shareholders. An organisation obtains capital
from its shareholders, which is termed shareholders equity’. A second
means of obtaining capital is through debt'®, therefore borrowed funds
from another (usually a financial) entity. This relationship between
organisational capital, shareholders equity and debt is illustrated in

Equation 3-4.

Organisational capital = Shareholders equity + de bt

Equation 3-4: Organisational capital

¢ Balance sheet: Provides information about an organisation’s assels, fiabilities, and owners’ equity as

? Equity:
" Debt:

of a particufar date {67],
The monitory investment of the owners or shareholders in an organisation [61].

The monitory value that an organisation legally owes to another entity [61].
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Each monetary value of assets or organisational capital has to be matched
by a corresponding monetary value of funds drawn from the financial
market (shareholders and financial institutions). These funds have to be
paid for at a market rate. Payment can only come from the operating
surplus or gain derived from the efficient use of the assets or means of
production. It is by relating this surplus or gain to the value of the
underlying assets, funds, organisational capital or investments that the
ratio between gain and investment is determined. Four ratios are
explored in order to determine the most appropriate measure of the rate

of capital accumulation. These ratios are:

¢ Return on total assets (ROA);
e Return on net assets (RONA);
s Return on equity (ROE); and

e Economic value added (EVA).

The cost of funds or capital will also be researched by analysing the:

¢ Cost of equity;

¢ costof debt; and

s weighted average cost of capital (WACC).
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32.2.1 Return On Total Assets

Return on assets (ROA) is the ratio that links the gain or profit from the
income statement with total assets from the balance sheet. This ratio
measures how well management uses all the assets in the organisation to

generate an operating surplus [Walsh: 102].

ROA is expressed as a percentage and is defined in Equation 3-5:

Profit

ROA =
Total assets

Eguation 3-5: Return on total assets

3.2.2 Return On Net Assets

Return on net assets {(RONA) is the primary ratio that links the gain or
profit from the income statement with net assets (fixed assets + net 1
working capital) from the balance sheet. It therefore indicates the gain
generated by the net assets used in the organisation. This ratio measures
the operating performance of the organisation and integrates ali elements
at the operating level by linking profitability and activity. It is the primary

test of operating performance [Price: 79].
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3.2.3

RONA is expressed as a percentage and is defined as indicated in

Equation 3-6:

Profit

RONA =
fixed assets + net working capital

Lquation 3-6: Return on net assets

Return On Equity

Return on equity (ROE) moves beyond RONA and operating issues to an

examination of how the organisation is financed and how the financial

strategy affects the organisational capital accumulation rate {Equation .

3-3; chapter 2]. A key issue in financial strategy is the decision on the |

proportion of the organisation’s assets to be financed by debt versus
equity. Increasing the proportion of debt to equity in a profitable
organisation can raise the shareholder’s capital gains but simultaneously
increases the risk of capital losses. The concept of leverage is crucial to
managing the organisational capital accumulation rate and will be

elaborated upon in paragraph 3.4, chapter 2.

Sharcholders gain or profit is measured using profit after interest' and

taxes have been paid, therefore ROE is influenced by:

" Interest: Payments made for the use of borrowed funds (debt) [67].
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e Operating profits;
¢ the way in which the organisation is financed; and

* the proportion of its profits paid to tax'?.

This ratio is arguably one of the most important in organisational finance

[Walsh: 102]. It measures the absolute return delivered to the

shareholders. An adequate figure brings success to the organisation, as it ]

results in a high share price and makes it easy to attract new funds. At the
level of the individual organisation, a favourable ROE will keep in place
the financial framework for a thriving, growing corporation. ROF is a
critical feature of the overall modern market economy as well as of
individual organisations {Walsh: 102], as it drives economic factors such

ds:

» Industrial investment;
e growth in gross domestic product;
e employment; and

s government tax receipts.

ROE is expressed as a percentage and is defined as indicated in Equation

3-7:
" Taxation: The system of compulsory contributions levied by a government or other qualified
public body on people, corporations and property, in order to fund public
expenditure,
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Profit

ROE =
Shareholders equity

Equation 3-7. Return on equity

3.2.4 Economic Value Added
Economic Value Added (EVA} is an estimate of an organisation’s true
economic profit after subtracting the cost of all capital employed.

[Stewart: 91].

EVA is defined as illustrated in Equation 3-8:

EVA = Profit — Capital Charge”

or EVA = (ROTA - WACC™) x Invested capital

Equation 3-8: Economic value added

3.3  Weighted Average Cost of Capital

The weighted average cost of capital (WACC) is calculated as a weighted
average of the cost of equity and cost of debt. This is the cost of capital

for the organisation and it can be interpreted as the required market rate

" Capital charge: 15 equal to capital x Weighted Average Cost of Capital after tax (WACC)
"WACC: Defined in paragraph 3.3.
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for funds drawn from the financial market. The relationship between the
cost of capital, cost of equity [paragraph 3.3.1, chapter 2] and cost of

debt [paragraph 3.3.2, chapter 2] is illustrated in Equation 3-9.

Weighted average cost of capital = Weighted average cost of (equity + debt)

Equation 3-9: Weighted average cost of capital

Capital is a combination of equity and debt as defined in Equation 3-4. If
both sides are divided by capital the percentages of total capital
represented by equity and debt can be calculated, therefore termed
weighted average equity and weighted average debt. These relationships

of equity to capital and debt to capital are illustrate in Equation 3-10:

Capital = equity + debt

Equity Debt
] = +
Capital Capital

Equation 3-10; Capital relationship to equity and debt

By substituting Equation 3-10 into Equation 3-9 an equation for the
weighted average cost of capital can be defined as illustrated in Equation

3-11.
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WACC = Weighted average cost of (equity + debt)

Fquity Debt
- WACC = | w—— x Cost of Equity | + |-———— x Cost of Debt
Capital Capital

Equation 3-17: Weighted average cost of capital

The cost of capital for a risk-free investment is the risk-free rate {Figure
3-1, chapter 2. In the case of a risky investment, assuming that all the
other information is unchanged, the required return is obviously higher,
as risk requires a premium on the risk-free return. Therefore the cost of
capital for a risky investment is greater than the risk-free rate. The cost of
capital associated with an investment therefore depends on the risk of
that investment. An investor can invest in an investment with a return
equal to the risk free rate, with no risk. A premium is required to cover
the potential risk of investing in higher risk industries and organisations.
This is called the risk premium and can be illustrated on the risk map as

defined by Stewart [91] in Figure 3-1.
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Figure 3-1: Risk map

The following clarifications, relating to the risk map [Figure 3-1], are

made:

e Risk free rate (R) is based on a 12 months, daily average, of the long

term government bond yields;

o market risk premium (MRP), (Rw — Ry is based on large common
stocks and is estimated at 6%; and
e beta coefficients (6) for public trading companies are widely

available.

As an organisation draws funds from both debt (banks and creditors) and

equity (shareholders) the cost of capital will be a mixture of the surpius

returns required to compensate its creditors and shareholders at market
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3.3.7

rate. The organisational risk premium depends on the industry and the
financial risk (sofvency). The equity risk premium depends on the
organisational risk level.

Cost of equity

The cost of equity can be defined as illustrated in Equation 3-12:

Cost of Equity = Equity x (risk-free rate + equilty risk premium)

Equation 3-12: Cost of equity

The Cost of Equity can be calculated through two approaches [Ross: 81]:

s The dividend growth model; and

s the security market line (SML).

According to the SML approach, the required return on a risky investment
is a function of three factors, illustrated in the risk map [Figure 3-11.

These factors are:

o The risk free rate (R).
o The market risk premium (MRP}, {Rus — Rs.

o The systematic risk of the industry, called the Beta coefficient (8).
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Based on this, Ross [81] defines the equation to calculate the required

return on equity (Re} or the cost of equity, as iliustrated in Equation 3-13:

Re=R;+ B x (R, = R,)

Fquation 3-13: Cost of equity

3.3.2 Cost of debt

The cost of debt can be defined as illustrated in Equation 3-14:

Cost of Debt = Debt x (risk-free rate + company risk premium)

Equation 3-14: Cost of debt

Unlike the organisation’s cost of equity, its cost of debt (Ro) can normally
be observed either directly or indirectly [Ross: 811, as the cost of debt is
simply the average interest rate that the organisation must pay on new
borrowings and these interest rates can be observed in the financial
market. For example, if the organisation already has bonds outstanding,
then the yield to maturity on those bonds is the market-required rate on
the organisation’s debt. Alternatively if the organisation’s bonds were

rated, say AA, then the cost of debt is equal to the interest rate on newly
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3.4

issued AA rated bonds. The rate on the organisation’s outstanding debt is
irrelevant, as this only indicates roughly what the organisation’s cost of
debt was when the bonds were issued and does not necessarily relate to

the current cost of deht.

The interest paid by an organisation is deductible for tax purposes, but
payments to shareholders, like dividends, are not. Therefore the after tax
cost of debt needs to be calculated. In general, the after tax interest rate is
equal to the pre-tax rate multiplied by one minus the tax rate (Tc). The

after tax cost of debt is illustrated in Equation 3-15:

Cost of Debt = interest rate x (1-T_)

Equation 3-15: After tax cost of debt

Capital structure

Capital structure or leverage is the portion of capital, which is financed
by debt or equity. Leverage is measured as capital / equity, but it can also
be measured as debt / capital or even debt / equity. Whichever way it is
measured, higher levels of leverage imply higher levels of debt in the

capital structure.

129




4
W UNIVERSITEIT VAN PRETORIA
0 UNIVERSITY OF PRETORIA
Q¥ VU

NIBESITHI YA PRETORIA

IN SEARCH OF THE TRUTH

A change in an organisation’s debt will result in a change to the
organisation’s cost of debt and subsequently the profits will change by
this difference in the cost of debt. Therefore the change of profits is equal

to the change in the cost of debt, as illustrated in Equation 3-16.

Profit, ;= Profit, + A Cost of debt ,_,
A Profit = A Costofdebt

Where: t= Base period

Equation 3-16: Change in headline earnings

From this equation it can be derived that ROE is similarly influenced. A
change in ROE due to leverage is therefore calculated as illustrated in

Equation 3-17.

A Cost of debt

ARQOE =
A Equity
A Debt x interest rate(1-Tax rate)
AROE =
A Equity

Debt
AROE= A X Interest rate(1-Tax rate)

Equity

tquation 3-17: influence of leverage on ROE
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3.4.1 The limit to leverage

Leverage is a powerful concept. However, leverage acts to magnify gains,
but also losses. As the interest rate on debt increases, the positive effect
of leverage declines until a point is reached where leverage becomes
negative. An organisation is then said to be in negative leverage, when
the interest rate is larger than ROA. An organisation is in positive leverage
when the interest rate is smaller than ROA. This relationship between

ROE, ROA and the interest rate of debt is illustrated in Equation 3-18:

Profit Assets
ROf = X
Assets tquity
Profit Debt
ROf= ————— x| 1 + —
Assels Equity
R ROE
ROE= ROA x| |+ —m—
Interest rate

L.

ROA x ROF
ROE= ROA + —
Interest rate

ROA ROA
= ROE ’ Interest rate
ROA ROA .
ROE - Interest rate
ROE = ROA - |Interest rate
For: Interest rate > ROA
ROE< 0O
And for: Interest rate < ROA
ROE> 0

Equation 3-18: ROE, ROA and interest rate refationship
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3.4.2 lLeverage and risk

Risk, in this context, is defined as the probability of a deviation from an
expected result. The higher the proportion of debt to equity the greater
the leverage effect in a profitable organisation, but the greater the risk.
The obvious risk is that the organisation might not be able to pay the
interest or repay the loan in deteriorating business conditions. However,
if interest rates rise above the rate of return, as illustrated in Equation
3-18, then even if the organisation is trading profitably the effect of
negative leverage is just as powerful as the effect of positive leverage but

in the opposite direction,

From this point onwards a downward spiral occurs and the effect of
positive leverage turns to the tyranny of negative leverage as ROE falls
below what it could have been had there been no borrowings at all. This

erosion of equity can be insidious because the organisation may not

notice it if it is only watching its apparently healthy profit situation. This

is iltustrated by comparing the risk of the three organisations in Table 3-1,

I I

R |
Organisation Prof_l;?il:;htyx Activity = RONA X Leverage = ROE
A 3 2 6 4 24
B 4 3 12 2 24
C 5 4 20 1.2 24

Table 3-1: Leverage and risk example
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Each organisation produces the same ROE but at different rates of
leverage. If these organisations were allf in the same type of business, it
can be derived that Organisation C has a better operating performance as
measured by RONA as well as being the least risky of the three, as it has

the lowest leverage. Two areas of risks are defined [Ross: 81]:

e Risk inherent in the organisation’s operations or business risk; and

e risk that rises from the use of debt financing or financing risk.

Business risk depends on the organisation’s assets and operations and is

not affected by the capital structure. Given the organisation’s business

risk and cost of debt, the financial risk is completely determined by«

financial policy. Therefore, an organisation’s cost of equity rises when it
increases its use of financial leverage because the financial risk of the

equity increases while the business risk remains the same,

Debt has two distinguishing features that should be taken into account

[Ross: 81]. These two features are:

* Interest paid on debt is deductible from tax; and

» failure to meet debt obligations can result in bankruptcy.

The fact that interest paid on debt is deductible from tax is an added

benefit to debt financing. The fact that interest is deductible from tax
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generates a tax saving equal to the interest multiplied by the corporate

tax rate. This tax saving is called the interest tax shield [Ross: 81].

An added cost of debt financing is the risk of failure to meet debt
obligations that can result in bankruptcy. As the debt / equity ratio rises,
50 too does the probability that the organisation will not be able to pay
its bondholders what was promised to them. When this happens,
ownership of the organisation’s assets is ultimately transferred from the
shareholders to the bondholders. The cost associated with bankruptcy
may offset the tax-related gains from leverage. The term financial distress
cost generally refers to the direct and indirect cost associated with going
bankrupt and / or avoiding a bankruptcy filing. As the shareholders could
loose money with bankruptcy, they have a very strong incentive to avoid
bankruptcy filing. The bondholders on the other hand are concerned
with protecting the assets value and will try to take control from the
shareholders. This usually results in a long and potentially expensive
legal battle. In conjunction with this the organisation lose additional
value due to management focus being on saving the organisation and not
on business, normal operations are disrupted and sales are lost, valuable
employees leave, potentially fruitful programs are dropped and other

profitable investments are not made.
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3.4.3 Optimal leverage

The connection between capital structures, organisation value and cost
of capital is illustrated in Figure 3-2 and Figure 3-3 [Modigliani and
Miller: 79]. In Figure 3-2 the value of the firm (V1) is plotted against the
firms debt (D). In Figure 3-3 the weighted average cost of capital (WACC)

is plotted against the debt to equity ratio (D / £).

‘T N whe
. - =3\ K" Financial
Maximum organisation NV e Finan

value (V,*)

Present value of tax

shield on debe Actual organisation

value

Value of organisation
with no Debt (V)

Value of the organisation (V)

Optimal amount
of Debt {D*)

Total Debt (D)

Figure 3-2: The value of the organisation vs. debt

When there are no taxes, bankruptcy cost or other real-world
imperfections, the value of the organisation is not affected by its debt
policy and Vi [Figure 3-2] stays constant. When taxes are included it can
be seen that the organisation’s value critically depends on its debt policy.

The more the organisation borrows, the more it is worth. This happens
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because interest payments are tax deductible and the gain in value is

equal to the present value of the tax shield.

When the impact of bankruptey or financial distress cost is included the
value of the organisation is not as large as indicated. The reason is that
the organisation’s value is reduced by the present value of the potential
future bankruptcy cost. This cost grows as the organisation borrows more
and eventually outweighs the tax advantage of debt financing. The
optimal capital structure occurs at D*, the point at which the tax savings
from additional debt financing is exactly balanced by the increased
bankruptcy cost associated with the additional borrowing [Modigliani

and Miller: 79].

Re
—
&
I:
o
R
8 U
T /
E WACC
R :
=) Che—
s ¢
Minimum cost of Rpx (1-17c)
capital {WACC¥) Optimal Debt / Equity
" ratio (D*/F*)
¥

Debt / Equity ratio (D/E)

Figure 3-3: The relationship between WACC and Debt / Equity ratio
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Referring to Figure 3-3 the same conclusions can be drawn based on the
cost of capital. The weighted cost of capital (WACC) is not affected by the
debt policy in the basic case, where there is no tax, bankruptcy cost or
other real world imperfections, therefore the WACC is constant. WACC
declines as the organisation uses more debt financing. As the
organisation increases its financial leverage, the cost of equity does
increase, but this increase is more than offset by the tax break associated
with the debt financing. As a result the overall cost of capital declines.
Corresponding to D% in Figure 3-2, the optimal debt level, is the optimal
debt to equity ratio (D/E*). At this level of debt financing, the lowest

possible cost of capital (WACC), occurs.
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3.5

Fundamentals of the capitalistic organisational goal

ROE measures an organisation’s capital accumulating rate and therefore

the organisation’s rate of success in achieving its soal as it:
goal,

* Measures the rate of capital gain to the shareholder; and

 takes into account the organisation’s capital structure.

Return on equity (ROE) is defined as illustrated in Equation 3-7:

Shareholders gain

ROE =
Shareholders equity

Equation 3-19: Return on equity

ROE measures the return on equity and is sometimes also called return
on net worth. The difference between ROE and other financial ratios is
the use of debt financing or financial leverage as an additional tool to
grow shareholders capital. This relationship between ROE and financial

leverage is illustrated in Equation 3-20.
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Profit Assefs
ROF= o o
Assets Lquity
Profit
Where: ROA =
Assets
Debt Assets
and: 1+ =
tquity Equity

Equation 3-20: ROE and financial leverage relationship

ROE can be decomposed further to end with the Du Pont identity
[Price: 79]. The Du Pont identity indicates that three factors influence an

organisation’s ROE. These three factors are:

e Operating efficiency (as measured by profit margin);
e asset use efficiency (as measured by total asset turnover); and

 financial leverage (as measured by the equity multiplier).

The Du Pont identity is illustrated in Equation 3-21.
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Profit Sales Assets |
ROE = X X |
Sales Assets Equity
Profit
Where: Profit margin =
Sales
Sales
and: Total asset turnover =
Assets
Assets
and:  Equity multiplier = —————— 5
Equity

Equation 3-21: Du Pont identity

Weakness in either the operating or asset efficiency or both is visible in a

diminished return on assets (ROA), which will translate into a lower ROE.

From the Du Pont identity it can also be derived that increasing the
amount of debt in the organisation could leverage the ROE. This is only
true if the organisation’s ROA exceeds its debt interest. An organisation is
optimally leveraged when its tax savings from additional debt financing is
equal to the increased bankruptcy cost associated with additional

borrowings.
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CHAPTER 3 - SUFFICIENT

REASONING

“...there can be found no fact that is true or existent, or any true e
proposition, without there being a sufficient reason for its being so
and not otherwise, although we cannot know these reasons in most -

cases.”

Gottfried Wilhelm Leibniz
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1.1

REASONING FOR KNOWLEDGE

Introduction

The proposition, of this thesis, is justified by reasoning from its existing
truths and, by doing this, creating knowledge [paragraph 3.1.6, chapter 1].
In this chapter, the principle of sufficient reasoning is épphed in order to
justify the proposition A Strategic Industrial Fngineering Philosophy. This

is achieved by reasoning the proposition on two levels:

In LEVEL | — Academia, the proposition is academically justified. This is
done by expanding the philosophy of Industrial Fngineering beyond its
current realm of production related resources, to incorporate the domain
of strategic resources, such as capitalistic organisations within different
industries. The proposition termed A Strategic Industrial Engineering

Philosophy is proven true by reasoning from the following:

s Existing truths of strategy; and

¢ existing truths of Industrial Engineering.

The expanded Industrial Engineering philosophy is applied to define the
relationship between improving the corporation’s rate of achieving its
goal (ROE) and the four corporate performance-regulating principles.

These performance-regulating principles are:
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1.2

o Industry competitiveness;
e organisational competitiveness;
s strategic fit benefits; and

» industry exposure,

In LEVEL I - Principia, the key findings of explorative statistical analyses
are discussed. These analyses were performed to scientifically support the
proposed fundamental performance-regulating principles as being part of

Strategic Industrial Engineering.

Layout

The layout of this chapter is summarised as:

o In level | ~ Academia, the proposition, of this thesis, is justified by
reasoning from the existing truths defined in chapter 2. The
proposition is justified by reasoning the following:

- Achievement of the capitalistic organisational goal through a
capitalistic organisational system in paragraph 2.1 of chapter
31;

- Strategic Industrial Engineering Philosophy in paragraph 2.2 of
chapter 3;

- Strategic Industrial Engineering in paragraph 2.3 of chapter 3;
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(0333-

- Strategic Industrial Engineering Process in paragraph 2.4 of
chapter 3.

e In level Il - Principia, the key findings of explorative statistical

analyses, to support the performance regulating principles, are

summarised and discussed in paragraph 3.1.4 of chapter 3.

i
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2.1

LEVEL 1 - ACADEMIA

Capitalistic organisational goal

The capitalistic organisational goal, which is based on capitalistic human
needs, is defined as the accumulation of capital [paragraph 2.4, chapter
2]. Knowledge about how this goal is achieve is gained through applying
the scientific doctrine of expansionism [paragraph 2.8, chapter 2] and the
related synthetic mode of thinking, therefore by viewing the strategy of

achieving the capitalistic organisational goal, as part of a larger system.

This proposed larger system, defined as the generic organisationali__'_j-":-”'

system, is illustrated in Figure 2-1.

Upstream Downstream .

system

Goal
achievement |:

Goal Strategy

Figure 2-1: The generic organisational system

By including the transformation of capital investment to accumulated
capital (accumulated capital = capital investment + capital gain)

[paragraph 3, chapter 2] into the generic organisational system,
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knowledge is gained of how the capitalistic goal is achieved within this
larger system. The capitalistic organisation is therefore a system that
interacts with its environment by receiving input from that environment
and providing output back to the environment. Capital investment, the
input, is converted through a process of strategically controlling the
means of production to an output of accumulated capital, which is in line
with the objective of the capitalistic organisation {paragraph 2.4, chapter

2].

This capitalistic organisational system is defined and illustrated in Figure

2-2.

Capital
investment

Downsiream %
system

Accumulation
of capital

Upstream
system

Organisational

Feedback

Figure 2-2: The capitalistic organisational system

Organisational strategy is the process of controlling the organisational
means of production and is defined [paragraph 2.4, chapter 2] as: A

visionary plan of action by which resources are controlled in order to
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2.2

achieve the capitalistic organisational goal of accumulating capital. The
strategic activities {paragraph 2.4, chapter 2}, with its generic elements of
analysis, design and implementation ({resource allocation), are therefore
part of the expanded capitalistic organisational system aimed at
achieving the capitalistic organisational goal. This expanded capitalistic

organisational system is illustrated in Figure 2-3.

' procedures
and policies

current
posifion

Downstream %
system

Accumulation
of capital

Upstream
system

Organisational
goal

Feedback

Figure 2-3: Expanded capitalistic organisational system

Strategic Industrial Engineering Philosophy

The two fundamental organisational goals of effectiveness and efficiency
[paragraph 2.4, chapter 2], supported by the competitive nature of
capitalism, are the motivating forces behind maintaining high levels of
productivity of the organisational systems. Through the Industrial
Engineering discipline the achievement of these goals are supported by

drawing upon specialised scientific knowledge, skills and the analysis
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and design principles and methods of engineering to specify, predict and
evaluate the results to be obtained from such systems [paragraph 2.8,
chapter 2]. Productivity, which is a function of effectiveness and effi-
ciency, is defined as: The relationship between quantities of output from

a system and quantities of input into that same system. [Sink: 84].

It is reasoned that as the concept of maintaining high levels of
productivity is applicable to systems, it is not only applicable to the
manufacturing systems, but also to the capitalistic organisational system
[paragraph 2.1, chapter 3]. Therefore the Industrial Engineering
principles and skills that supports the achievement of higﬁ levels of
productivity of the means of production of manufacturing related
resources is also applicable to the capitalistic organisational system.
Based on this reasoning the following adjustments to the productivity

definition are proposed:

e Quantities of input, as per the definition of productivity [Sink: 84],
can be expanded to include the capital investment into the
capitalistic organisational system; and

° quantities of output, as per the definition of productivity [Sink: 84],
can be expanded to include the capital gain from the capitalistic

organisational system.

These expansions of the productivity definitions lead to defining
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productivity of capital as itlustrated in Equation 2-1.

Output

Productivity =
Input

Capital gain

Capital productivity =
Capital investment

Profit

investment

Equation 2-1: Capital productivity

It is further reasoned that the financial measure of capital accumulation
rate, defined as ROEF, [paragraph 3.4, chapter 2] and the measure of
capital productivity [Equation 2-1, chapter 3] measures the same
outcome. This reasoning of setting ROE equal to capital productivity is

tlustrated in Equation 2-2.

Profit
Capital productivity =
Investment
Profit
And: ROF =
Investment

Capital productivity= ROF
And: ROE = Capital accumulation

Capital accumulation = ROE = Capital productivity

Equation 2-2: Capital productivity measures capital accumulation (ROE)
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By applying specialised scientific knowledge, skills, principles and
methods of the Industrial Engineering discipline to specify, predict and
evaluate the results to be obtained from the capitalistic organisational
system, will maintain high fevels of capital accumulation or capital
productivity, which satisfies the capitalistic organisational goal. This
reasoning is further strengthened by the relationship between the
fundamental principles of the strategy process and the classical
engineering approach applied to achieve these improvements
[paragraph 2.4 and 2.8, chapter 2]. The Strategic Industrial Engineering

Process has the following steps:

» Current position analysis — obtaining an understanding of the specific

requirements or needs;

e action plan design — creation of an innovative solutions to satisfy the
specific requirement / need; and

¢ implementation of action plan through the allocation of resources —

applying the solution in order to satisfy the requirement / need,

The proposition of this thesis, that the current philosophy of Industrial
Engineering can be expanded beyond its current realm of industrial age
resources to engineering economic industry resources, is therefore
justified. This ex‘panded phitosophy of Industrial Engineering, termed A
Strategic Industrial Fngineering Philosophy, is therefore a strategic tool

that is concerned with the means through which the capitalistic
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2.3

organisational system achieve high levels of capital accumulation within

competitive industries.
Strategic Industrial Engineering

Strategic Industrial Engineering is defined as the utilisation of scientific
(Industrial Engineering) knowledge to productively utilise capital
investments made into industries as a means of increasing the rate of
capital accumulation in capitalistic corporations. The elements of
Strategic Industrial Engineering, in relation to achieving the organisational

goal, are scientifically explored in this chapter. The process, derived from

the relationship between the strategy and engineering processes

[paragraph 2.2, chapter 3}, has the following phases:

e Analysis of current position;

 design of an innovative action plan in order to satisfy the requirement
or goal; and

* implementation of the action plan through the purposeful allocation

of resources.

A generic Strategic Industrial Engineering Process is illustrated in Figure

2-4,
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Implement
~ action plans

Design action
plans

Feedback |l#-————

Figure 2-4: Generic strategic industrial engineering process

Analyse current
position

The third fundamental organisational goal of equilibrium is addressed in

Strategic Industrial Engineering through the following performance-

regulating principles:

e The ability {competitive advantage) of a corporation’s independent
organisations” to accumulate capital within their specific industries
(organisational competitiveness);

* competitive interactions within these individual industries (industry
competitiveness);

¢ the ability of the corporation to capture the strategic fit benefits of its

portfolio of organisations (strategic fit benefits); and
¢ the combination of independent organisations and therefore the

exposure to multiple industries (industry exposure).

These fundamentali performance-regulating principles, aimed at

achieving the capitalistic goal, are illustrated in Figure 2-5.
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Figure 2-5: Performance regulating principles

Organisational competitiveness

It is proposed that organisational competitiveness (ROE), within an
industry, is distributed as indicated in Figure 2-6. This distribution
indicates the industry’s average ROE performance and the standard
deviation of competitive organisational performances within the industry.
An organisation’s competitiveness within an industry can be derived from
its relative position to the average and standard deviation of this

distribution.
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Figure 2-6: Industry ROF vs. organisational ROF

The symbol ROEmea refers to the mean ROF performance of an industry.
Any organisation within this industry performs relative to this average.
This performance can be higher that the industry ROEmess, with the best
organisational performance indicated by ROEms. An organisation can
also perform lower than ROEmean and the worst performing organisation in
the industry will have a ROE that is indicated as ROEmi, which can even
be lower than 0 therefore negative. The productivity of the organisation
to accumulate shareholder capital (ROEF) is also measured against its cost
of equity (COL) to determine the positive or negative accumulation of
capital contribution, based on the risk profile of the organisation.
Organisationa has a competitiveness (ROFE) higher than the industry
average (RO£Emesn), although its performance is lower than the cost of
equity. Organisations therefore has a negative contribution to the
accumulation of shareholders capital, based on the risk profile of the

organisation.
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It is proposed that the distribution of organisations’ competitiveness is a
function of the three Du Pont identity elements [paragraph 3.5, chapter
2]. The competitiveness of an organisation, within an industry, is
therefore the aggregate of the performance of the organisation on each of
these elements measured against the competitors within the industry. The

three Du Pont identity elements are:

e Operating efficiency (as measured by profit margin);
e asset use efficiency (as measured by total asset turnover); and

» financial leverage (as measured by the equity multiplier).

2.3.1.1 Operational efficiency

The relative operating efficiency or operating competitiveness of the

organisation is determined by the profit margin, which is a function of:

e Sales price', which is a function of the market forces and industry

structure;

e units sold, also sales volume and relates to industry market share;

" Sales price: Monetary value of things measured in terms of what the buyers in a market

will give in exchange for them.
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e cost of sales?, which includes all operating cost also called operating

cash cost; and

e overhead cost’, which is non-operating cost including interest and

taxation.

The relationships between these elements of profit margin are indicated

in Equation 2-3. -

Revenue - cost of sales — overhead cost

Profit margin =
Sales price x units sold

Fquation 2-3: Operating efficiency

Comparing operating efficiency of competitive organisations within an

industry is achieved through the use of an industry cost curve. A generic

industry cost curve, based on cost curves generated by AME [5}, is

iltustrated in Figure 2-7.

? Cost of sales: Cost such as materials and wages that vary according to how much is

produced.

? Overhead cost:  Cost such as depreciation of the asset, interest on debt and taxation.
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Figure 2-7: Generic industry cost curve

The curve illustrates the following:

» Supply or production volume (units / organisation) as independent
variable; and

e monetary value / sales unit as dependent variable. The fpowEng are
iltustrated on this axis:

- Organisational cost / unit;

- organisational profit margin / unit; and _

- sales price per unit that is a function of demand.

The difference between the sales price / unit and the organisational cost /
unit of the organisation multiplied with the production volume is equal to

the organisation’s profit. Organisations to the left-hand side of the curve

will be more profitable based on lower cost per product. It is also
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indicated that the sales price / unit is lower than the organisation’s cost /
units to the far right of the curve. This indicates that the supply capacity

is more than the demand.

The organisations with a production cost / unit above the sales price /
unit line will therefore have to sell its product at a loss. The reason that a
certain amount of product can still be sold beyond the demand level is
that demand is influenced by price. If the price is low enough the
product will most likely be sold, based on the principle that the user
could now possible extract more value and therefore the product
becomes useful. These high cost organisations will eventually close
down if these low prices persist and they cannot reduce their cost to
below the sales price / unit. In doing this they need to become more
competitive and claim market share from another organisations in the
industry. The sales price / unit will again increase when the demand
exceeds the supply. The demand cycle in each industry is specific to the
industry and is based on demand drivers. A relationship, as indicated in

Figure 2-8, exists between the demand and supply curves of an industry.
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Time

Figure 2-8: Demand / supply relationship

The demand curve will tend to follow a smooth curve, while the supply
curve will typically follow a step curve. The reason for this is primarily
the capacity developed to supply. Most organisations has a certain
supply capacity, be it personnel in a consulting organisation or factory
capacity in a steel organisation. These positive and negative gaps
between demand and supply, also known as over and under supply, are
the primary drivers for sales price / unit and also profit margin

fluctuations.

An organisation’s position on the cost curve therefore represents its
relative operating efficiency within the industry. To improve operating

efficiency the following need to be addressed:

¢ Revenue needs to increase, therefore:
- Increase units sold: and / or
- increase sales price,
e Total cost needs to be reduce, therefore:
~  Cost of sales needs to be reduced; and

- overhead cost needs to be reduced.
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The organisational profit margin can also be compared to the industry
average, which is defined in paragraph 2.3.2.1 of chapter 3, to determine :
above or below industry average performance and subsequently the

organisation’s relative operational efficiency.

2.3.1.2 Asset use efficiency

Assel use efficiency is measured through asset turnover., The magnitude
of required assets are typically industry specific, but the efficient
utilisation of assets within the industry constraints is manageable. The

efficient use of asset is a function of the following elements:

¢ Sales price;

¢ units sold;

¢ current assets*

¢ current liabilities®; and

s fixed assets®.

? Current assets:  Those assets that management could reasonably be expected to convert into
cash within one year; they include cash, receivables, goods in stock (or
merchandise inventory) and shori-term investments in stocks and bonds.

* Current liabilities: Monetary amounts that are expected to be paid within one vear, including
salaries and wages, taxes, short-term loans and money owed to suppliers of

goods and services.

® Fixed assets: Encompass the physical plant—notably land, buildings, machinery, motor
vehicles, computers, furniture and fixtures. They also include property being

held for speculation and intangibles such as patents and trademarks.
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The relationships between these elements of asset turnover are indicated

in Equation 2-4.

Sales price x units sold

Total asset turnover =
Fixed assets + Current (assets — ljabilities)

Equation 2-4: Asset use efficiency r

Increasing revenue and or reducing assets improve an organisation’s
efficient asset usage. Revenue s increased as discussed in

paragraph 2.3.1.1 of chapter 3 and assets can be reduced by:

* Reducing current assets and fixed assets; and

e increasing the ratio between current liabilities and current assets.

The organisation’s asset utilisation can be compared to the industry

average, which is defined in paragraph 2.3.2.2, chapter 3, to determine

above or below industry average performance.

2.3.1.3 Financial leverage

Equity multiplier measures an organisation’s financial leverage and is a

function of debt and equity. This relationship between debt and equity is

itlustrated in Equation 2-5,
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Assets

Equity multiplier =
Equity

Debt

= T+
Equity

fquation 2-5: Financial leverage

Financial leverage can therefore be improved by increasing debt or by
reducing equity. However, positive financial leverage is limited to debt
interest being less than the organisation’s ROA [paragraph 3.3.1,
chapter 2]. Financial leverage also exposes the organisation to the

following risks [paragraph 3.3.2, chapter 2j:

» Business risk; and

s financial risk.

The optimal level of leverage, taking into account the above-mentioned
risks, is achieved when taxation savings from additional debt financing is
equal to the increased bankruptcy cost associated with additional

borrowings [paragraph 3.3.3, chapter 2].
Debt / equity ratios or leverage can be compared to the industry averages

[paragraph 2.3.2.3, chapter 3] to determine above or below industry

average performance.
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2.3.1.4 Cost of equity

The cost of equity is calculated based on the following factors

fparagraph 3.2.1, chapter 2}:

e The risk free rate (Ry).
¢ The market risk premium (MRP), (Rw — Ry.

¢ The systematic risk of the industry, called the Reta coefficient (8).

Return on equity (Re) or the cost of equity is illustrated in Fquation 2-6:

Re= R+ By x (R, ~R,)

Equation 2-6: Cost of equity

The importance of this as an internal organisational competitiveness
benchmark is to determine if the contribution towards accumulation of
shareholders capital (equity), as measured in ROE, is positive or negative

in relation to the inherent risks of the organisation.

Theoretically, an organisation’s long-term average ROF has the tendency
to gravitate to the organisation’s cost of equity, as the cost of equity

defines the long-term expected ROE of the organisation based on its
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2.3.2

inherent risks and related market expectations. Philosophically it can be
stated that the cost of equity is the shareholder’s expected long-term

return on capital investments made in a specific risk profile industry.

In the case where the organisation’s ROE is higher than the cost of equity,
the organisation has a positive accumulation of capital. An organisational
ROE below the cost of equity indicates a negative accumulation of

capital, based on the specific risk profile of the organisation.

Industry competitiveness

Value” creation requires that the sales price / unit that the customer is
willing to pay for a product or service exceed the production cost / unit
incurred by the organisation in producing the product or service. Value
creation however, does not translate directly into profit, as the surplus
value over the cost is distributed between customers and producers by
the forces of competition [Grant: 36]. The stronger the competition
between organisations, the lower the sales price / unit actually paid by
the customer compared to the maximum sales price / unit that they
would have been willing to pay. In other Words, the greater the

proportion of the surplus gained by the customer, the less is earned by

" Value:

The worth of a commodity or service measured against other commaodities
or services. The term generally refers to the total monetary revenue, or price,

for which an item wilf self.
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the organisations. The surplus earned by organisations over and above
the minimum cost of production is not entirely captured in profit. Where
an industry has powerful suppliers then these suppliers may appropriate a

substantial part of the surplus.

The level of industry profitability is determined, in part, by the industry
structure. The underlying theory of how industry structure drives
competitive behaviour and determines industry profitability is provided
by industrial organisation economics. The two reference points are the
theory of monopoly and the theory of perfect competition, which

represent the two ends of the industry structure spectrum.

A single organisation that is completely protected by barriers to entry of
new organisations f(;rms a monopoly. The profit that it creates is equal to
the value it creates. By contrast, many organisations supplying identical
products with no restrictions on entry or exit constitute perfect
competition. In this case the rate of profit falls to a level that just covers
the organisation’s cost of capital. Typically industries’ profits range

between these two extremes [Grant: 36].

A summary of the industry structure spectrum is presented in Table 2-1.
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Perfect .
competition Oligopoly Duopoly Monopoly
Concentration M.any. A.few. ‘ T.WD. O‘ne .
organisations organisations organisations organisation
Entry apd exit No barriers Significant barriers High batriers
“barriers
Product Homogeneous : : _—
differentiation product Potential for product differentiation
Perfect
information information Imperfect availability of information
flow
Table 2-1: Industry structure spectrum _

The effect of industry structure on industry value is illustrated in Figure

2-9.

A
Monopoly
Sales income (Price x units)
SV
v Industry :;]."'
§ profit E
w -
> L
Perfect competition -
Production cast {Cost / unit x units)
> a

Industry structure spectrum -

Figure 2-9: Industry value

Therefore competitive interaction within the industry determines an

industry’s profitability. Therefore profits earned in an industry are

determined by three factors [Grant; 36
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» The value of the product or service to customers;
e the intensity of competition; and
e the relative bargaining power at different levels in the production

chain,

Competitive forces shape the playing field within an industry. Porter [65]
suggests the five forces model as a means of understanding industry
structure and competitive behaviour. The Five Forces model is shown in

Figure 2-10.

Potential
entrants

Potential
entrants

Clients

Suppliers

Substitutes

Figure 2-10: Five forces modef

The five forces model requires an understanding of the following factors:

» The market needs that are being satisfied by a particular industry and
the products on offer;
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* existing competitors and the rivalry between them;

* potential competitive threats to the industry as a whole;

¢ potential substitutes to the industry as a whole;

e the nature of the customers {downstream system) of the industry with
an emphasis on the collective power of the all the businesses in the
industry to influence or expand the market;

e the nature of the supplier base (upstream system) of the industry; and

e barriers to entry into the existing business system set for/by an

organisation,

One of best-known and most enduring marketing concepts is the product
life cycle [Grant: 36]. Products are born, their sales grow, they reach
maturity, they go into decline and they ultimately die. Blanchard’s {10]
life cycle concept is derived from the point of view that life in general is

cyclical and can be modelled as a system as shown in Figure 2-11.

Adole- |: 0 -
ole Maturityh Obscle ‘
scence |

External [l {Strategy [ . ; i
' &Y Birth Infancy f 3
factors I |purposel : - | scence | |
L
Repro-

duction

Death

Figure 2-11: The life cycle of a system
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It products have life cycles, so too do the industries that produce them.
The extent to which industries conform to the life cycle is industry
dependent [Grant; 36]. Therefore the duration and evolution patterns of
life cycles may vary from industry to industry. Industries supplying basic
necessities may never enter a decline phase because obsolescence is
unlikely in such needs. Some industries may experience a rejuvenation of
their life cycle. An industry is likely to be in different stages of the life
cycle in different countries. Changes in demand growth and technology
over the cycle have implications for industry structure, competition and

sources of competitive advantage.

In the Oxford dictionary [44] industry is defined as: The people and

activitics involved in producing a particular thing, or in providing a
particular service. This definition supports the statement that the life cycle
of a particular thing or service (the product life cycle) and the
corresponding industry life cycle are the same life cycle. It can further be
derived that if a specific product is only produced by one organisation
and this is also the only product that the organisation produces then the
organisation’s fife cycle corresponds with that of the product and

industry.
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From the relationship between accumulation of capital (ROFE) and
revenue (sales), it is derived that an industry’s accumulation of capital
(ROE) is affected by the product life cycle. This relationship between

accumulation of capital (ROFE) and revenue is illustrated in Equation 2-7.

Net income

ROE= ————
Total equity

Profit
Investment

Revenue x Profit margin

Investment

Equation 2-7: Accumulation of capital and sales volume relationship

An industry’s  profitability, in relation to the industry’s capital
productivity, is therefore bound by a life cycle, illustrated in Figure 2-12.
Industry profitability is a function of industry structure, therefore the
competitive behaviour within the industry. The life cycle is therefore

dependent on:

e The value of the product or service to customers;
¢ the intensity of competition; and
e the relative bargaining power at different levels in the production

chain.
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The sigmoid curve is often used to describe the life cycle of an
organisation [Handy: 41], in this thesis it will describe the life cycle of an

industry. It is therefore reasoned that an industry is subject to:

* An initial rapid growth phase;
 followed by a phase of maturity and relative stability; and

e lastly a phase of rapid decline. w

The sigmoid curve is defined in Equation 2-8 {Handy: 41:

7
)
Where: T =elapsed time
§ = cumulative organisational ROF

K, M and N are constants

fquation 2-8: Sigmoid curve

The following equations define the sigmoid curve phases:

The growth phase is defined as dS/d7T > 0;

the maturity phase is defined as dS/dT = 0;

e the saturation or decline phase is defined where dS/d7 < 0; and

the points of inflection where ¢’$/dT° = 0.
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An industry’s accumulation of capital (ROFE) life cycle (sigmoid curve) is

illustrated in Figure 2-12,

Growth Maturity Decline

ROE

Time

Figure 2-12: Accumulation of capital life cycle

The accumulation of capital life cycle represents the mean accumulation
of capital (ROEmess) of the industry over time. The distribution of
organisational accumulation of capital within the specific industry,
[paragraph 2.3.1, chapter 3}, indicates the organisational competitiveness

over the life cycle.
The proposed industry ROE life cycle that indicates the distribution of

organisational competitiveness throughout the life cycle is indicated in

Figure 2-13.
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A Growth ¢ Maturity Decline

: PETREE AL L Ty TOU

ROE
2
o
s

Figure 2-13: Industry ROE life cycle

The proposed industry ROE life cycle curve [Figure 2-13] depicts the

following:

e The organisational competitiveness distribution as defined in
paragraph 2.3.1 of chapter 3:

- The industry’s mean accumulation of capital (ROEmeas);
- the lowest organisational ROE in the industry (ROEmi);
- the highest organisational ROE in the industry {ROEmax);

e the cost of equity [paragraph 2.3.1.4, chapter 3], included as
reference point to indicate if accumulation of capital is higher or
lower than the cost of equity (COL), therefore to determine the
positive or negative accumulation of capital contribution, based on
the risk profile of the organisation; and

o the three fundamental phases of a life cycle:

~ The growth phase;
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- the maturity phase; and

- the decline phase.

The industry cycle, Figure 2-14, illustrates the proposed movement in
actual ROEmean, driven by industry competitiveness, versus the average

ROEmean over a 10 - 30 year period,

4 Actual ROE _ . —

mean

ROE

—
—
—

—
-~
-
e,

Average ROE

mean

Time (10 - 30 years)

Figure 2-14: Industry cycle

In Figure 2-15 the proposed Industry ROE life cycle, which might span a
period of hundreds of years, is illustrated with the industry cycle of 10 -

30 years superimposed on it.
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" Actual ROE

mean

ROE

Average ROFE, .. —¥,

mean

Industry life time

Figure 2-15: Industry cycle on the industry ROE life cycle

In Figure 2-15 it is illustrated that industry competitiveness influences the

industry cycle and the industry cycle in turn follows the proposed

industry ROE life cycle.

Often as one technology approaches its timits, another technology comes
along that will eventually replace it. As technologies evolve industry life
cycle discontinuities inevitable occurs. For example the glass bottle
industry found much of their business replaced by steel cans and paper

cartons. The steel can industry was succeeded by the aluminium can

industry and paper cartons were replaced by plastic.
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Technology driven industry life cycle discontinuities are illustrated in

Figure 2-16.
A
Technology B
kel The technolo
< EY
8 Technology A reaches its limits
Exponential
growth
Birth
pains
- >
Time

Figure 2-16: One technology or industry replaces another

Foster [17] studied such discontinuities and concludes that when they
occur, corporate fortunes change dramatically. “Leaders in the current
technology rarely survived to become Jeaders in the new technology.
Their losses can vary from gentle to total, from embarrassing to

humiliating.” These leaders-to-losers stories can include entire industries.

Current industry profitability cannot be used to accurately predict
industry profitability over time. However, the underling changes in the
industry structure, based on competition within the industry, can be used
to predict industry profitability with some accuracy. Scenarios of the

potential changes in the underlying industry structure can be used to
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predict the probable change in an industry’s operational efficiency. These

structural changes are driven by {Grant: 36}:

Current changes in production and process technology;

current strategies of the leading competitors;
e changes in infrastructure and related industries; and

e government policies.

An industry’s competitiveness is a function of:

¢ Operating efficiency, a function of industry structure over time and is
measured by profit margin, which is a function of {paragraph 2.3.2.1,
chapter 3]:
- The value of the product or service to customers;
- the intensity of competition;
- the relative bargaining power at different levels in the
production chain.
¢ asset use efficiency, measured by industry’s total asset turnover; and

o financial leverage, as measured by the industry’s equity multiplier.

2.3.2.1 Operating efficiency

The long-term mean profit margins of different industries vary as

indicated in Table 2-2. This table was constructed using historical data
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(ten-years) of the JSE Securities Exchange, obtained from ABSA Fconomic

Review {1]. -
Industry Profit margin
(10 year Average)
Retail 5.46
Building, Construction and Engineering 5.62
Clothing and textile 5.67
Information Technology 7.47 -
Services 7.88 -
Food 9.03
Transport 9.38
Electronics and Electrical 9.96
Steel 9.96
Beverage 11.81
Telecommunication 12.67
Diversified Industrial 14.73
Chemical, Oils and Plastics 19.67
Mining Holdings and Mining Houses 20.47
Property 28.77

Table 2-2: RSA industry vs. profit margin comparison

2.3.2.2 Asset use efficiency

Information obtained from ABSA Economic Review [1] was used to
construct Table 2-3, which indicates the relationship between asset
turnover and industries as measured over a ten-year period on the JSE -

Securities Exchange.
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Industry Asset turnover
(10 year Average)
Retail 2.59
Information Technology 1.98
Building, Construction and Engineering 1.72
Electronics and Electrical 1.68
Services 1.61
Telecommunication 1.59
Food 1.54
Transport 1.34
Beverage 1.23
Clothing and textile 1.21
Chemical, Oils and Plastics 0.86
Steel 0.85
Diversified Industrial 0.77
Property 0.33
Mining Holdings and Mining Houses 0.31

Table 2-3: Industry and asset turnover comparison

2.3.2.3 Financial leverage

Information obtained from ABSA Economic Review [1] was used to
construct Table 2-4 so as to indicate the relationship between the

debt/equity ratio and various industries as measured over a ten-year

period on the JSE Securities exchange.,
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Industr Debt / equit

Y {10 year Avgrage)-/)
Services 2.70 P
Telecommunication 1.70 ‘
Retail 1.58 '
Information Technology 1.41
Building, Construction and Engineering 1.36
Electronics and Flectrical 0.94
Food 0.93
Transport 0.93
Beverage 0.80
Property 0.78
Clothing and textile 0.72 ~
Chemical, Oils and Plastics 0.57 |
Steel 0.46
Diversified Industrial 037
Mining Holdings and Mining Houses 0.34

Table 2-4; Industry and debt/equity ratio comparison -

2.3.2.4 |ndustry accumulation of capital

Itis also suggested that these Du Pont elements have an interrelationship.
For example — high profit margins with a high asset turnover will
probable be more risky than a low profit with low asset turnover
organisation. Risk is captured in leverage, therefore the first example will

probable have a lower equity multiplier than the second example.

Information from ABSA Economic Review was used to construct Table
2-5 in order to demonstrate the potential interrelationship between the

Du Pont identity elements. From this table it can be seen that industries

with high profit margins typically have lower asset turnover. Debt / equity

tends to follow this relationship, although it is not conclusive.

180



&

W UNIVERSITEIT VAN PRETORIA
0 UNIVERSITY OF PRETORIA
Qe YUNIBESITHI YA PRETORIA

SUFFICIENT REASONING

Industry Profit margin | Asset turnover | Debt / equity
{10 year Average) (10 year Average)| (10 year Average
Retail 5.46 2.59 1.58
Building, Construction and Engineering 5.62 1.72 1.36
Clothing and textile 5.67 1.21 0.72
Information Technology 7.47 1.98 1.41
Services 7.88 1.61 2,70
Food 9.03 1.54 0.93
Transport 9.38 1.34 0.93
Electronics and Electrical 5.96 1.68 0.94
Steel 9.96 0.85 0.46
Beverage 11.81 1.23 0.80
Telecommunication 12.67 1.59 1.70 _
Diversified Industrial 14.73 0.77 0.37 =
Chemical, Oils and Plastics 19.67 0.86 0.57
Mining Haldings and Mining Houses 20.47 0.31 0.34
Prope rty 28.77 0.33 0.78

Table 2-5: Interrelationship between Du Pont identity elements

Industry accumulation of capital (ROE) is industry specific [paragraph

3.1.3.3, chapter 3], based on an industry’s tendency toward unique Du

Pont identity element values as illustrated above. Information from ABSA
Economic Review was used to construct Table 2-5 in order to
demonstrate the industry specific accumulation of capital, as measure in

ROE. This represents the industry’s competitiveness.
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2.3.3

industry ROE (%)
{10 year Average)
Services 34.25
Telecornmunication 34.25
Retail 22.34
Information Technology 20.86
Building, Construction and Engineering 13.15
Electronics and Electrical 15.73
Food 12.93
Transport 9.97
Beverage 11.62
Property /.40
Clothing and textile 4.94
Chemical, Oils and Plastics 9.64
Steel 3.89
Diversified Industrial 4.20
Mining Holdings and Mining Houses 2.16

Table 2-6: Indusiry specific ROE

Industry exposure

It is proposed that a corporation that is exposed to multiple organisations'

and therefore potentially multiple industries has a weighted average
capital accumulation (ROFE) based on the capital accumulation (ROE) of
each independent organisation, within its specific industry, that it is
éxposed to. The current and future ROE of each industry will influence
the current and future ROE of the corporation, as each organisation’s

ROE is influenced by its industry’s competitiveness.
In Figure 2-17 the proposed influence of a corporation’s exposure to

multiple industries is illustrated. Organisationa is performing worse than

its industry’s ROLmex although its ROE is higher than the corporate COE.
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Organisations is performing better than its industry’s ROEmeas, but worse

than the corporate COEF.

ROE, .., (industry A)

Organisation, .
COEFE {Corporation) k

ROE

Organisation,

ROE (Industry B)

mean

0 - i

Figure 2-17: Corporate induslry exposure

This  relationship between the corporation and its individual

organisation’s accumulation of capital (ROL) [paragraph 2.2, chapter 3] is

calculated as proposed in Fquation 2-9.

( (ROE XEqU"‘ty) organisation A + (ROE x Equ‘;ty) organisation B

EqUIty organisation A T Equf)’ organisation B 3

ROF

corporalion ™

Equation 2-9: Industry exposure

An organisation’s industry exposure is dependent on the corporation’s

investment philosophy regarding the relationship between diversity of the

grouping of organisations and shareholder accumulation of capital. In

principle diversification does not create shareholder value unless a group

183



&

W UNIVERSITEIT VAN PRETORIA
0 UNIVERSITY OF PRETORIA
Qe YUNIBESITHI YA PRETORIA

SUFFICIENT REASONING

of organisations perform better within a single corporation than they

would perform operating as independent, stand alone organisations. It is

proposed that the industry exposure is therefore dependent on:

¢ The investment philosophy of the corporation; and

¢ s defined by the organisational scope.

The corporation’s investment philosophy depends on the relationship

between ownership and control is illustrated in Figure 2-18.

High
Portfolio manager Integrated manager

p—

c

"]

E

un

L

-

g

=

=

=

©

W

Non-core Operator a
Low
Low High
Operational influence

Figure 2-18: Capital investment philosophy model
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From this model it is derived that three alternative philosophies exist:

= A portfolio manager philosophy with primary focus on ownership of

investments. The core skills and processes are portfolio management
related. A portfolio is managed in order to achieve accumulation of
capital by managing industries life cycles and risk.

An operator philosophy with primary focus on operations and
ownership of certain organisational facilities as secondary. The core
skills and processes are operational. A portfolio within this quadrant
is managed with the aim of creating a competitive advantage above
its competitors.

An integration manager philosophy focuses on the synergies between
individual assets. The core skills and processes are based on the
integration of these organisations as assets. A portfolio will be
managed in order to unlock synergies between the various

organisations to accumulate capital.

The dynamics of the capital investment philosophy model are:

° In order to move from an operator to an integration manager

approach, a corporation has to:
- Increase its capital investment;
- focus more on synergies than operations; and

- develop its integration skills.
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* In order to move from an integration manager to a portfolio manager

approach, a corporation has to:
- Focus more on capital investing than integration; and

- develop its portfolio management skills.

The investment philosophy also relates to the strategic fit of the

corporation’s portfolio with its goals, values, resources, capabilities and

core competencies. In other words, the investment philosophy of the
corporation describes the diversification philosophy and fits this with the

organisation’s goals, values and ability.

A corporation’s industry exposure is defined by the scope of the
corporation. The corporation’s scope axes define the diversity of a

corporation in terms of the relationships between its organisations and

industries, in which it competes [Grant: 36]. The corporation’s scope

axes are itlustrated in Figure 2-19.
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2.3.4

a4 Ceography

Products

Figure 2-19; Corporation scope axes

The scope axis defines the following [paragraph 2.4, chapter 2]:

e Range of industries (products) that the organisation competes in;

» geographical distribution of the corporation (local, regional, national,
glohal); and

e extent to which the corporation is integrated into downstream or

upstream industries.

Strategic fit benefits

The purpose of corporate diversification is to build shareholder value. For
diversification to enhance shareholder value, corporate strategy must do
more than simply diversify the company’s business risk by investing in

more than one industry. Shareholders can achieve the same risk
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diversification on their own by purchasing stock in companies in
different industries. Strictly speaking, diversification does not create
shareholder value unless a group of organisations perform better under a
single corporate umbrella than they would perform operating as
independent, stand alone organisations. For example, if organisation A
diversifies by purchasing organisation B and if A and B’s consolidated
profit in the years to come prove no greater than what each would have
earned on its own, then A’s diversification into organisation B has failed
to provide shareholders with added value. Company A’s shareholders
could have achieved the same 2+2=4 result on their own by purchasing

stock in organisation B. Shareholder value is not created by

diversification unless it produces a 242=5 effect where sister

organisations perform better together as part of the same corporation than

they could perform as independent organisations. [Thompson: 95]

The problem with such a strict benchmark of whether diversification has
enhanced shareholder value is that it requires speculative judgement
about how well a diversified corporation’s organisations would have
performed on its own. Comparisons of actual performance against the
hypothetical of what performance might have been under single
organisation circumstances are never very satisfactory and they represent
after-the-fact assessments. Managers have to base diversification
decisions on future expectations. Delermining whether a particular

diversification strategy will increase shareholder value is based on three
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tests. Diversification strategies that satisfy all three tests have the greatest
potential to build shareholder vaiue over the long-term. The three tests

for diversification are [Porter: 74]:

o The attractiveness test: The industry chosen for diversification must
be attractive enough to produce consistently good returns on
investment. The presence of favourable competitive conditions
defines true industry attractiveness and long-term profitability. Such
simpie indicators as rapid growth of a product are unreliable proxies
of attractiveness.

o The cost of entry test: The cost to enter the target industry must not
be so high as to erode the potential for good profitability. However,
the more attractive the industry, the more expensive it is to get into.
Entry-barriers for new start-up organisations are nearly always high -
where barriers are low, a rush of new entrants would soon erode the
potential for high profitability. Buying an organisation already in the
industry typically entails a high acquisition cost because of the
industry’s strong appeal. Costly entry undermines the potential for
enhancing shareholder value,

e Better off test: The diversifying corporation must bring some potential
for competitive advantage to the new organisation or the new
organisation must offer some potential for added competitive
advantage to the corporation’s other organisations. The opportunity

to create sustainable competitive advantage where none existed
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before means there is also opportunity for adding profitability and

shareholder value.

2.4 A Strategic Industrial Engineering Process

A Strategic Industrial Engineering Process, based on the integration of the

fundamental strategic process, the fundamental engineering process and
performance regulating principles, as discussed in paragraph 2.3 of this

chapter, is illustrated in Figure 2-20.

v

Analyse current
position

Design action Implement

action plans

Industry competitiveness

Organisational compelitiveness

Strategic fit benefits

Industry exposure

Figure 2-20:A Strategic Indusirial Engineering Process

The action steps, of this proposed process, are briefly discussed in

paragraphs 2.4.1 {Analyse current position), 2.4.2 (Design action plans)

and 2.4.3 (implement action plans). Defining this process in totality does

not fall within the scope of this thesis, however the short discussions of
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2.4.1

each proposed process step demonsirates the applicability of such a
process in support of a Sirategic Industrial Engineering Philosophy.

Defining the detail process is therefore left for further research.

Analyse current position

A corporation’s current position is determined by aggregating the results
from analysing the performance of each individual organisation and
relating industry in achieving the capitalistic goal. The performance of
these individual organisations and industries are analysed according to
the four performance-regulating principles [paragraph 2.3, chapter 3].
The results of these analyses are plotted on the current position matrix,

based on:

o Industry competitiveness (ROEnean) as independent variable;

* organisational competitiveness (ROE) as dependent variable; and

¢ organisation’s cost of equity (COE) as a threshold on both the
independent and dependent variables, to determine the positive or
negative accumulation of capital contribution, based on the risk

profile of the organisation.

These analyses results are aggregated, by applying the industry exposure
equation [Equation 2-9, chapter 3}, to determine the corporation’s overall

capital  accumulation performance. The corporation’s capital
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accumulation (ROE) is benchmarked against its cost of equity (COF.
Performance above the cost of equity indicates that the corporation’s
capital accumulation is above shareholders expectations. The inverse is
also true, as a corporate ROE below the cost of equity indicates a
performance below the shareholders expectations. Therefore a positive or
negative ROE contribution to the corporation, based on the risk profile of

the corporation.

The current position matrix is defined as illustrated in Figure 2-21,

Above COE

Organisational performans | Organisational performans
favourable. favourable.

Further investments in this Further investments in this

7 2]
un
5]
=
@
2 industry will reduce industry will increase
Y 8 corporate performance. corporate performance.
25
E ¢
o=
> B COf
© 3
g &
o~ g - Orpanisational performans
= E Organisational performans B P
e unfavourable.
-2 unfavourable.
T . ' . .
‘O_D . . . Further investments in this
o) Further investments in this industry mieht or might
industry will reduce y Mgt B
not increase
corporate performance.
corporateperformance.
Below COE

Below COE COE Above COL

Industry competitiveness
{measured in ROE)

Figure 2-21: Current position matrix
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2.4.2 Design action plans

Strategic actions for each individual organisation are defined, in
relationship to its current and required goal achievements, taking into
account the four performance-regulating principles. Aggregating these

strategies defines the corporation’s strategy.

Strategies of the individual organisations’ are plotted on the required

position matrix, based on:

¢ Future industry competitiveness (ROFEmes) as the independent
variable;
e organisational competitiveness (ROE) as the dependent variable; and

e organisation’s cost of equity (COF) as a threshold on both the

independent and dependent variables, to determine the positive or
negative accumulation of capital contribution, based on the risk

profile of the organisation.

The strategic fit tests, as defined in paragraph 3.6.3 of chapter 2, needs to
be performed in order to evaluate the ability of the corporation to capture

the strategic fit benefits of the corporation’s potential diversification

actions. These three tests are:
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e Aftractiveness test;
e cost of entry test; and

& better off test,

The required position matrix is defined as illustrated in Figure 2-22.

Above COE

Quadrant C Quadrant A

COE

Quadrant D Quadrant B

Organisational competitiveness
{measured in ROE)

Below COE

Be OWCOE Above COE

Future industry competitiveness
(measured in ROF)

Figure 2-22: Required position matrix

It is proposed that strategic action for each organisation be defined,
based on the following generic capital allocation strategies as defined for

each quadrant of the required position matrix.
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2.4.2.1 Quadrant A strategies

For organisations within this quadrant, both the organisation’s

competitiveness and the industry competitiveness exceed the cost of

equity or shareholders’ expectations. From this it is derived that:

e Additional capital investments in this industry will potentially
generate returns that exceed the cost of equity; but

e care should be taken, as this quadrant can be misleading. Although
the industry’s competitiveness is higher than COE it can be that the
corporation’s exposure is in the worst performing organisation in the

industry. In this case the organisation would also require improving.

An organisation within this quadrant can be rated as:

e A+ if the organisational competitiveness is higher than the industry’s
competitiveness; and
e A-if the organisational competitiveness is lower than the industry’s _

competitiveness.

Proposed capital investment strategies in this quadrant is based on:
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* Increase capital investments in A+ rated organisations, as potential
industry competitiveness and organisational competitiveness are
favourable; and

¢ two strategies are required for A- rated organisations:

- Improve organisational competitiveness; and

- increase capital allocation in this industry, as this is a

profitable industry. b

2.4.2.2 Quadrant B strategies

Industry competitiveness exceeds the cost of equity or shareholders
expectations and the organisational competitiveness is lower than the

cost of equity. From this it can be derived that:

» On average, additional investments in this industry will have returns

that exceed the cost of equity; however R
e the current organisation is this quadrant is under performing in this
industry and would therefore require improvement before further -

investments are to be made.

Proposed capital investment strategies in this quadrant is based on:

196



4

W UNIVERSITEIT VAN PRETORIA
0 UNIVERSITY OF PRETORIA
Q¥ VU

NIBESITHI YA PRETORIA

SUFFICIENT REASONING

* Improve organisational competitiveness in order to obtain capital
accumulation that exceeds cost of equity. This is potentially possible
in this industry as its competitiveness exceeds the cost of equity; and

» if this is not possible divestment should be considered.

2.4.2.3 Quadrant C strategies

Organisational ~ competitiveness exceeds the cost of equity or
shareholders expectations, although the industry competitiveness is lower

than the cost of equity. From this it can be derived that:

¢ On average, additional investments in this industry will have returns
that are lower than the cost of equity; however

 the organisation’s competitiveness in this industry is above average
and above the cost of equity. It is therefore important to identify the
success factors within the organisation, therefore the competitive
advantage, so as to determine if further investments will be
successful; and

¢ the standard deviation of the industry’s competitiveness is irhportant
as a high standard deviation combined with above average
organisational competitiveness indicates a higher probability of

success.
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Proposed capital investment strategies in this quadrant is based on:

* It the superior organisational competitiveness is due to an identifiable
competitive advantages that can be reproduced, then cautious capital
allocation can be attempted; however

¢ if no competitive advantages can be identified and therefore not
reproduced, then maximum capital accumulation should be captured

without additional capital investments.

2.4.2.4 Quadrant D strategies

Both the industry competitiveness and the organisational competitiveness
are lower than the cost of equity or shareholders expectation. From this it

can be derived that:

e On average, additional investments in this industry will have returns
that are lower than the cost of equity;

¢ improvement of the organisational competitiveness is required to
above the cost of capital before further capital investments are to be
made; and

» if no competitiveness improvements can be made to exceed the cost

of equity, then this organisation should be divested.
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An organisation within this quadrant can therefore be rated as:

e D+ if the organisational competitiveness is higher than the industry’s
competitiveness; and
e D- if the organisational competitiveness is lower than the industry’s

competitiveness.

Proposed capital investment strategies in this quadrant is based on:

¢ Divestment should be considered in D+ rated organisations, as
improvement efforts to increase the organisational competitiveness

would potentially be difficult and end in failure; and

¢ a D-rated organisation can improve its competitiveness to a C rate, if

the positive standard deviation of the industry’s competitiveness
exceeds the cost of equity. This would potentially be difficult and

could end in failure.

These analyses results are aggregated, by applying the industry exposure
equation [Equation 3-23, chapter 2], to determine the corporation’s
required capital accumulation performance. The corporation’s capital
accumulation (ROE) is benchmarked against the cost of equity.
Performance above the cost of equity indicates that the corporations

capital accumulation is above shareholders expectations. The inverse is
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2.4.3

also true, as a corporate ROE below the cost of equity indicates a

performance below the shareholders expectations.

The strategic fit benefit tests should be applied to all potential

diversification strategies. The results from this analysis should be

considered in combination with the proposed capital investment

strategies.

Implement action plans

In implementation, the administrative activities of continuously

measuring and controlling organisational performance against set targets .-

and the timely allocation of resources in order to support the
achievement of the set targets are required. This includes adapting the
strategies by making modifications, as action plans can turn out incorrect

and others, relating to details, cannot be made in advance.

Putting strategies into effect and getting the organisation moving in the
chosen direction call for a different set of managerial tasks and skills.
Whereas crafting strategy is largely an entrepreneurial activity,
implementing strategy is largely an internal administrative activity. Where
successful strategy formulation depends on vision, market analysis and
entrepreneurial  judgement, successful implementation depends on

working through others, organising, motivating, culture building and
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creating a strong fit between strategy and how the organisation does
things. Ingrained behaviour does not change just because a new strategy
has been announced. A performance management process aimed at the
successful implementation of the desired strategies requires addressing

the following main aspects:

 Defining an implementation plan supported by target setting;
 tracking performance against the plan;
* positive and negative rewarding for performance against targets; and

e creating a series of strategic supportive fits.

The proposed implementation cycle or performance management

process is illustrated in Figure 2-23.

Strategies

Tracking the
achievement
of targets

Strategy Rewarding

Corrective
actions

Support systems

Figure 2-23: Implementation cycle
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2.4.3.1 Target setting

Target setting is the process through which the corporation’s strategic
objectives are cascaded into detail targets for each organisation. This

process consists of the following three target setting phases:

e Challenging top-down targets are set based on the shareholders -
expectations;

e bottom-up targets are determined based on the organisation’s known

and potential ability;

e areality check is performed in order to deriving the final targets based
on both the shareholders requirements and the organisation’s ability.
The final targets are typically a stretched improvement of the bottom-
up targets based on detailed analyses of the performance drivers of
organisation; and

e final targets are set and forms the bases of the organisation’s budget.

The target setting process is illustrated in Figure 2-24,

Top-down
targets

Final
targets

Bottom-up
targets

Figure 2-24: Target setting process
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2.4.3.2 Tracking

Rigorous tracking of performance against set targets is required in order
to implement suitable corrective actions. The tracking process consists of

the following two phases:

o Constantly measuring the organisational performance against set
targets; and
* appropriately reporting deviations in order to expedite possible

corrective actions.

2.4.3.3 Rewarding

Rewarding of performance against set targets is determined by the
organisation’s rewarding philosophy. Rewarding can be positive if the set
targets are achieved or negative if the targets are not achieved. The
following entities are rewarded, based on the performance against

targets:

 Shareholders, through the targets being achieved also through
dividends;

e cmployees, as a motivational tool in order to achieve the set targets;
and

« the organisation through retained earning for future growth,
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2.4.3.4 Support systems

The motivational and inspirational challenge is to build enthusiasm
throughout the corporation to carry out the strategy and meet
performance targets. Along with enthusiasm and strategic commitment,
must come unified managerial effort to create a series of strategic
supportive fits. The stronger the strategic supportive fits created internally,
the greater the chances of successful implementation. These supportive

fits are summarised as {Thompson: 95]:

 The internal organisational structure must be matched to the strategy;

e the necessary organisational skills and capabilites must be
developed;

¢ resource and budget aflocation must support the strategy;

e the organisation’s reward structures, policies, information systems and
operating practices all need to reinforce the push for effective strategy
execution, as opposed fo having a passive role or even acting as
obstacles: and

e managers must do things in a manner and style that creates and
nurtures a strategic supportive work environment and corporate

culture.
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3.1

LEVEL It — PRINCIPIA

Research

The fundamental reasoning approach, as proposed by Plato {Cushing:
18], is used in conducting and concluding the research. This approach

consists of the following discrete elements as indicated in Figure 3-1.

m Thesis

Proposition Synthesis

. Antithesis

Figure 3-1: Fundamental reasoning approach

In this paragraph the key findings of explorative statistical analyses are
summarised to scientifically support the fundamental performance-
regulating principles proposed as being part of Strategic Industrial
Engineering Iparagraph 2.3, chapter 3}. The following three principles are

analysed:

e Organisational competitiveness;
* industry competitiveness; and

¢ industry exposure.
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3.1.1 Propositions

The following propasitions are analysed:

« The distribution of organisational competitiveness, within a specific
industry, is bell shaped, therefore the ROEmear and standard deviation

can be determined for that industry;

e industries conform to a life cycle shaped pattern; and
¢ ROFmean is industry specific; therefore industries’ structure and

competitiveness influence an organisation’s accumulation of capital.

2.1.2 Information

Financial information from listed organisation on the JSE Securities
Exchange was obtained from the Burcau of Financial Analysis.
Information relating to all the organisations within the following six

sectors was obtained for the period 1971 to 1999:

¢ Building and Engineering;
¢ Information Technology and Electronics;
e Mining Holdings and Houses;

e Pharmaceutical;

e Motoring and transport; and

¢ Banking and financial.
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The following information was obtained for each organisation within

these six sectors:

e Profit defined as Profit after Tax (PAT); and

s equity defined as Total owners interest (Ol.

The return on equity {ROE) of each organisation within the six sectors

was calculated based on Equation 3-1.

Profit

ROL = (Equity w1 + equity ,)
2

Equation 3-1: ROE calculation

The following information was excluded:

e All equity values < or = 0, as ROE can not be calculated for equity
values that is < or = 0; and

¢ 38 data points, representing 1.03% of the total data, for ROF < -150%
and ROE > 150%, as these points are extremes on the industries ROE

distributions,

Information used in the statistical analyses is included in Appendix A.
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3.1.3 Statistical analyses

Performing the explorative statistical analyses was supported by the
Department of Statistics of the University of Pretoria. The source

information has the following limitations:

e [Data points are not independent, as the same organisatiions are
present in consecutive years;

¢ tests for normality of the data indicated a significant deviation from
normality;

* uncertainty regarding the available data being representative of the

total population; and
¢ uncerfainty regarding the available data time fame as representative of

full industry life cycles.

3.1.3.1 Organisational competitiveness distribution ~

a. Thesis L

The Univariate procedure was applied to statistically analyse the
organisational ROEmer per sector. The results indicate that the

distribution of organisational ROEmesn per sector is bell shaped.
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b. Antithesis
Tests for normality indicate significant deviations from a normal
distribution. Closer evaluation of the data indicates that the main

contributing factor seams to be a wide distribution of a few

ROEnean Va|ue.

3.1.3.2 Industry ROE fife cycle

a. Thesis
Explorative statistical analyses of the various sectors’” ROEmean over
time were performed to identify each sectors’ ROFmen s-shaped
trend. Results from these analyses revealed that each sector’s

ROEmean correlates to an s-shaped curve.
b. Antithesis
These analyses were inconclusive, but the antithesis was not L

proven.

3.1.3.3 industry ROF mean

a. Thesis

Results from the explorative statistical analyses, based on the

Global Linear Model, indicate that ROFmen of each sector varies

significantly.

209



8-

W UNIVERSITEIT VAN PRETORIA
0 UNIVERSITY OF PRETORIA
Qe YUNIBESITHI YA PRETORIA

SUFFICIENT REASONING

b. Antithesis

These analyses were inconclusive, but the antithesis was not

proven.

3.1.4 Synthesis

Although the results are inconclusive, it is anticipated that further
analyses in this field would confirm these results. Explorative statistical

analysis indicates that the following propaositions are true

3.1.4.1 Organisational competitiveness distribution

The distribution of organisational competitiveness, within a specific
industry, is bell shaped, therefore the ROEmen and standard deviation can

be determined for industries. Results are included in Appendix B.

The ROLmen and standard deviation results of each analysed sector are

summarised in Table 3-1.
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SECTOR MEAN ROE g;@?:?:gg
Building and engineering 15.13% 22.49%
Information technology and electronics 23.53% 25.70%
Mining Holdings and Houses 28.52% 27.34%
Pharmaceutical 22.07% 21.08%
Motoring and transport 13.74% 18.54%
Banking and financial 18.79% 26.41%

Table 3-1: Mean ROFE and standard deviation per sector

3.1.4.2 Industry ROE life cycle

Each sectors’ ROEmean s-shaped trends conceptually indicate each sector’s
relative life cycle position. Therefore industries conform to a life cycle

shaped pattern. Results are included in Appendix C. The six sectors’

industry ROEmean s-shaped curves are illustrated in Figure 3-2
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(0333-

3.1.4.3 Industry ROEmean

The ROEmean of different sectors vary significantly. ROEmean is industry
specific; therefore industries” structure and competitiveness influence an
organisation’s accumulation of capital. Results are included in

Appendix D.
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CHAPTER 4 - REFLECTION

“The open mind never acts: when we have done our utmost to arrive at a
reasonable conclusion, we still. . . must close our minds for the moment

with a snap, and act dogmatically on our conclusions.”

George Bernard Shaw
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1.1.

REFLECTING ON THE THESIS

Introduction

In this thesis, a true and justified philosophical proposition, termed A

Strategic Industrial Engineering Philosophy [paragraph 2.2, chapter 11, is

established that expands the application of Industrial Engineering, as a

strategic tool, to include the economic and productive utilisation of

capitalistic corporate resources such as organisations within unrelated

industries. This is achieved through the following:

Applying a philosophical research approach that utilises sufficient
reasoning based on existing truths to justify the proposition;
researching from existing truths contained within the fundamental
elements of the proposition. These fundamental elements are the
following:

- Strategy;

- industry; and

- Industrial Engineering.
justitying the Strategic Industrial Engineering Philosophy;
defining Strategic Industrial Engineering that drives the achievement of
the organisational goal through the following performance regulating

principles:
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- Organisational competitiveness;

- industry competitiveness;

industry exposure; and

i

strategic fit benefits.
e proposing a Strategic Industrial Engineering Process for further
research. This process includes the following action steps:
- Analyse current position;
- design action plan; and

- implement action plan.

Various subject areas are researched to define the existing truths
contained within these fundamental elements and to justify the thesis’s

proposition. These subject areas are indicated in Figure 1-1.

Strategic
industrial %
engineering
philosophy

Strategic s
industrial Philosophy %
engineering
Indusftrial .
Strategy Engineeting Philosophy %

Strategy Industry Engineering

Economic
systems

Military
sirategy

Organisa-
tion

Technology Science Reason

Figure 1-1: The researched subject areas of this thesis
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Scientific frameworks are established that supports this expanded
philosophy of Industrial Engineering by demonstrating the achievement of

the capitalistic corporate goal. This is achieved through the following:

* Setting return on equity (ROF) as the scientific measure of capital
accumulation;

s proposing a Strategic Industrial Engineering Process, aimed at
achieving the capitalistic corporate goal, for further research. This
process is based on the following:

- The relationship between the fundamental strategy and
engineering processes; and
~ fundamental corporate performance-regulating principles.
» demonstrating the validity of these performance-regulating principles

through explorative statistical analyses.

This chapter concludes the thesis by addressing the following:

¢ Reflecting on the justified proposition;
 elaborating on the application of the proposition; and
s considering the contributions of A Strategic Industrial Fngineering

Philosophy.
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1.2

Layout
The layout of this chapter is summarised as:

» The application of the specific philosophical research approach, used
in this thesis, that utitises sufficient reasoning based on existing truths
to justify the true proposition is reflected upon in paragraph 2 of this
chapter;

e existing truths contained within the fundamental elements of the
proposition are reflected on in paragraph 3 of this chapter. These
existing truths, within the context of this thesis, are discussed in the
following paragraphs:

- Strategy in paragraph 3.1 of chapter 4;
- industry in paragraph 3.2 of chapter 4; and
- Industrial Engineer.ing in paragraph 0 of chapter 4.
e Strategic Industrial Engineering is reflected on in three parts:
- Philosophy in paragraph 4.1 of chapter 3;
- framework in paragraph 4.2 of chapter 3; and
— proposed process in paragraph 4.3 of chapter 3.

o the application of A Strategic Industrial Engineering Philosophy is
elaborates on by in paragraph 5 of this chapter.

¢ the contribution of A Strategic Industrial Engineering Philosophy is

reflected on in paragraph 6 of this chapter.
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PHILOSOPHICAL RESEARCH

The proposition of this thesis is shown to be a true proposition, as it
searches for the truth by applying the philosophical principle of
justification, thus foundationalism and coherence [paragraph 3.1.6,
chapter 1]. This logicat principle helps to reveal how the thesis derives its
truths and thus creates knowledge. The research method used in this
thesis is based on the coherency theory and includes the following action

steps:

» Observing nature in order to define the proposition [chapter 11;

» defining the existing truths contained within the observations and
related proposition [paragraph 2, chapter 2];

« reasoning the truth of the proposition through the philosophical -

principle of sufficient reasoning so as to gain knowledge by justifying

the proposition {paragraph 2, chapter 3J; and

e reflecting on the justified proposition {chapter 4].
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3.1,

EXISTING TRUTHS

The existing truths contained within the following three fundamental

elements of the proposition are reflected upon in this paragraph:

e Strategy, including the scientific measurement of the capitalistic
organisational goal;
s industry; and

¢ Industrial Engineering.
Strategy

The term organisational strategy is defined for this thesié as
[paragraph 2.4, chapter 2]: A visionary plan of action by which resources
are controlled in order to achieve the capitalistic organisational goal of
accumulating capital. Strategy within the context of the capitalistic

economic system is shown to contain the following existing truths:

e It is purposeful, as it reflects the fundamental organisational
behaviour. In the context of the capitalistic economic systemn the
purpose of strategy is to accumulate capital. The capitalistic
organisational goal of accumulating capital is a function of capital
gain and capital investment. This goal is pursued within an

environment of:
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- Utilising privately owned means of production;

- competitive interaction between rival organisations; and

- minimum government interaction.
it sets a visionary action plan through plans, policies and procedures
to compete in meeting customer demands;
it allocates resources to obtain contral over the capitalistic resources
(means of production), Continual competition leads organisations to
seek greater control over both the sources of raw materials {(upstream
activities) and the outlets of their products (downstream activities).
Investing capital into upstream, downstream and parallel systems
extends the span of an organisation’s control. These investments into
more than one organisation, that may or may not be in the same
industry, creates multi organisation conglomerates (corporations} that
are exposed to multiple industries with different capital exposure
profiles, strategies and capital accumulation potential. Subsequently
capitalists are becoming shareholders of industries as opposed to the
traditional view of capitalists being shareholders of organisational
means of production.
it utilises the process (art) of analysis, planning (design) and

implementation.
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3.1.1. Fundamentals of the capitalistic organisational goal

The achievement of the capitalistic organisational goal can be measured

by the scientific measure of return on equity (ROE) [paragraph 3.5,
chapter 2]. ROE measures an organisation’s capital accumulating rate

and thus the organisation’s success in achieving its goal, as it:

¢ Measures the rate of capital gain to the shareholder; and

e takes into account the organisation’s capital structure.

Three factors influence an organisation’s ROE. These three factors are:

* Operating efficiency (as measured by profit margin);
» asset use efficiency (as measured by total asset turnover); and

e financial leverage (as measured by the equity multiplier).

Return on equity (ROE) is defined as illustrated in Equation 3-1;

Shareholders gain

ROE =
Shareholders equity

Equation 3-1: Return on equity
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3.2,

3.3.

Industry

Industry is defined as [Hornby: 44]: The people and activities involved in
producing a particular thing, or in providing a particufar service. Industry

in this context is shown to contain the following existing truths:

o ltis a purposeful group of capitalistic organisations:
- That compete in meeting the demands of the market;
= through production or supplying of goods, services or other

sources of income,
Industrial Engineering

Engineering is defined as [Blanchard: 10]: The action of purposefully
applying scientific knowledge to resources, including materials and
energy. The engineering profession strives towards the development of
solutions for the satisfaction of human requirements by the application of
the sciences. From the above it can thus be derived that engineering

contains the following existing truths:
* Obfaining an understanding of the specific requirements or needs;

e creation of solutions to satisfy the specific requirement / need; and

e applying the solution in order to satisfy the requirement / need.
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Industrial Engineering is termed industrial as a consequence of its origins
in the industrial age and the general association of the words industrial
and engineering with manufacturing. Industrial Engineering contains the

following existing truths:

e It is concerned with the design, improvement and installation of
integrated systems of people, materials, equipment and energy in the
industrial and manufacturing environments;

it draws upon specialised knowledge and skills in the mathematical,
physical and social sciences together with the principles and methods
of engineering analysis and design to specify, predict and evaluate the
results to be obtained from such systems; and

e it is concerned with optimising systems by focusing on effectiveness, -

efficiency, productivity, profitability and quality.
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4.1.

STRATEGIC INDUSTRIAL ENGINEERING

Strategic Industrial Engineering Philosophy

The expanded field of Industrial Engineering, according to the Strategic
industrial Engineering Philosophy, is aimed at accumulating capital for
the benefit of the capitalistic organisational shareholders. Thus Strategic
Industrial Engineering applies scientific knowledge to capitalistic systems
aimed at accumulating capital for the shareholders. Philosophical
reasoning based on the existing truths of Strategy, industry and Industrial

Engineering supports this expansion of the Industriai Engineering field.

Engineering is the application of scientific knowledge to purposefully

utilise resources for the benefit of mankind [paragraph 2.8, chapter 2]. i
considering the organisational entity as a resource and the scientific
method of expansionism is applied to it, it can be derived that the
capitalistic corporation is a purposeful system with capital as input and
accumulated capital as output [paragraph 2.1, chapter 3}. The capital
productivity measure of this system is equal to the accumulation of
capital measure defined as return on equity [paragraph 2.2, chapter 3}.
Thus improving the capital productivity of the system will improve the
corporation’s  return on equity and subsequently improve the

corporation’s ability to achieve its capitalistic goal. Corporations can thus
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purposefully apply Industrial Engineering principles as a strategic tool to

influence the rate of capital accumulation {paragraph 2.2, chapter 3].

industrial Engineering aims to improve the productive use of capital in
production related resources including machinery and human fabour. If a
corporation’s strategy is to be supported by the Industrial Engineering
profession, then Industrial Engineering should include into its list of
resources the organisations and industries into which capital are
invested, with the intent to achieve the capitalistic organisational goal.
The semantic shift is towards improving the productivity of capital
investments made in industries, thus managing the organisation as a

resource.

The term industrial, relating to the discipline of Industrial Engineering, is
in context of the industrial age or manufacturing and not as a reference to
engineering industries. This latter concept of engineering industries
reflects the intention of this thesis, as it is shown that Industrial
Engineering principles can be applied to improve the productive use of
capital investments made into industries and consequently a

corporation’s ability to accumulate capital.

A Strategic Industrial Engineering Philosophy is therefore a purposeful

expansion of the Industrial Engineering profession, as a strategic tool,
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4.2,

aimed at realising the capitalistic organisational goal by improving the

rate of capital accumulation,

Strategic Industrial Engineering

The existing truth of the engineering process of analysing the needs,
designing a solution and purposefuily implementing this solution
correlates with that of the strategy process in the capitalistic organisation,
The proposed Strategic Industrial Engineering Process, derived from the
relationship  between the strategy and engineering processes
{paragraph 2.2, chapter 3], has the following phases [paragraph 2.3,

chapter 3]:

e Analysis of current position;

¢ design of a visionary action plan in order to satisfy the requirement or
goal; and

- implementation of the action plan through the purposeful allocation

of resources.

The accumulation of capital, defined as the goal of a capitalistic

corporation, is based on controlling the relationship between the

following fundamentals [paragraph 3.8, chapter 2]:
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» Organisational competitiveness, defined as the ability of a
corporation’s independent organisations to accumulate capital within
their specific industries;

o industry exposure, defined as the combination of independent
organisations and thus the exposure to multiple industries;

o strategic fit benefits, defined as the ability of the corporation to
capture the strategic fit benefits of its portfolio of organisations; and

s industry profitability, defined as the competitive differences between

individual industries.

In Figure 4-1 it is illustrated that the following performance-regulating

principles influence a corporation’s goal achievement:

¢ The competitiveness of its individual organisations;

¢ the individual organisations accumulation of capital relative to the
corporation’s cost of equity; and

e the competitiveness of the industries, industry structure, that the
corporation is exposed to; and

< strategic fit benefits that improve the corporate performance too more

than the average performance of its individual organisations.
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Figure 4-1: Corporate accumulation of capital

In Strategic Industrial Engineering it is proposed that controlling these
performance-regulating principles is based on the industry ROE life cycle.

The proposed industry ROE life cycle is illustrated in Figure 4-2.

A Crowth Maturity Decline
ROE .. ]
" ;
8 ............ B.Qljmin
L CQE e S N L -
. merrrries L
Time

Figure 4-2: Industry ROF life cycle

The industry ROE life cycle curve [Figure 4-2] depicts the following:
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e The organisational competitiveness distribution that includes:
- The industry’s mean accumulation of capital (ROEmear);
- .the lowest organisational ROE in the industry (ROEmia);
- the highest organisational ROF in the industry (ROEmay);
e the cost of equity is included as reference point to indicate if
accumulation of capital is higher or lower than the cost of equity

(COL), thus to determine the positive or negative accumulation of

capital contribution, based on the risk profile of the organisation; and

 the industry ROE life cycle that is a function of the industry structure.
Changes in the industry structure, including discontinuities, will
influence an organisation’s ability to accumulate capital. The three
fundamental phases of a life cycle are also shown:

- The growth phase;

- the maturity phase; and

- the decline phase.

4.3.  Strategic Industrial Engineering Process

A Strategic Industrial Engineering Process, aimed at achieving the

capitalistic goal, proposed for further research is illustrated in Figure 4-3.
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v

Analyse current
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Design action
plans

Implement
* action plans

Industry competitiveness

Organisational competitiveness

Strategic fit benefits

Industry exposure

Figure 4-3: Strategic industrial engineering process

Corporate strategies are proposed based on applying the Strategic
Industrial Engineering Process as a strategic tool. Corporate strategies are
defined from the relationship between a corporation’s individual
organisations with the performance regulating principles. These strategies
are based on the position of the individual organisations and relating

industries performances as plotted on the matrix illustrated in Figure 4-4:
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Figure 4-4: Base for corporale strategies
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APPLICATION

The author has successfully applied the fundamentals of Strategic
Industrial Fngineering to develop and implement corporate strategies that
is aimed at achieving the capitalistic goal. The following two applications

are highlighted as reference:

 As part of the corporation’s growth strategy an approach was
developed and implemented to direct the corporation’s industry
investment and divestment strategies; and
* a performance management strategy was developed and successfully
implemented in order to manage the corporation’s improvement
drive. The following elements of this strategy was integrated into a
performance management process:
- Corporate goals and strategic directives;
- organisational target setting;
- operations and operational improvement;
- organisational performance tracking;
- corrective actions; and

- performance rewarding.
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CONTRIBUTION

The thesis’s primary contribution is a philosophy aimed at establishing
and demonstrating a specific way of thinking about the role of Industrial
Engineering in corporate strategy and secondary to this is the contextual
elements elaborate upon. The author believes that A Strategic Industrial
Engineering Philosophy, as developed in this thesis, contributes the

following:

s Further extension of the Industrial Engineering profession into the
domain of business; and

e establishing a philosophical avenue for future research and study.

Progressive organisations are increasingly utilising the engineering

profession to solve problems in the business arena. The author extends

this philosophy to the Industrial Engineers that take up this challenge.
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“I have finished my task here.”

Einstein
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