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' But what are these highest studies?

The highest of all is the study of the Good whose possession is blindly coveted by
all men, though none can give clear account of its nature.
Is it not obvious then that the Guardians of the state must study this Good? For,
without it, how can they perform the duties of their station?’

ACTI
MODULE I ~ SETTING THE
SCENE
Understanding the
revolutionary change
process

=
MODULE VI - LEADERSHIP

The foundation that enables change to
occur throughout the process.
Examining preparedness to lead the
revolution. Assessing and building the
revolutionary leadership capabilities of
the organisation

ACT III
MODULE V- RE-ARCHITECTING
THE ORGANISATION
Outlining the specific steps and
changes that lead to realizing the
vision

THE QUANTUM
ORGANISATION

Plato: xxiv

ST ——————5_

MODULE II - FACING THE
REALITY
Understanding and recognising
the need for change

MODULE III AWAKENING:
LAUNCHING THE REVOLUTION
Creating a sense of urgency to

change. Recognising and

overcoming the sources of
resistance

ACT II
MODULE IV~ ENVISIONING
Creating a vision of what the
organisation will look like upon
completion of the revolution
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MODULE OBJECTIVES

In this, the first module, the scene is set.

The module focuses on the changing world and the reasons behind the changes.
It studies Toffler’s three economic waves and the eras of discontent that pave the
way for a subsequent wave. It identifies the chaotic nature of the universe as

collisions of waves.

The notion of critical mass is explored and the critical mass for Toffler’s
Information Age is identified as the introduction and rapid advancement of the
microchip. It is also suggested that although Toffler’'s waves are different in that
they served the differing needs of their times, inherently they followed a

repetitive cycle — similar to Kondratieff's K-waves.

The module also serves as an introduction to the rest of the thesis, showing how
Tichy’s revolutionary change model could be employed to show the effect of
technology and, more specifically, IT in serving as (and continuing to be) the
major force in changing the business environment and the processes through

which business js conducted.

Along with Toffler's waves and Tichy’s change model, Plato’s conceptions of the
ideal state, form part of the rich vocabulary of learning that is created by the

expansion of (information) technology.
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1. A COLLISION OF WAVES
1.1 INTRODUCTION

It was in 1970 that Toffler conceived the rate of change of society to be
exponential. He argued that there is an inherent reproductive principle in
technology in that it is possible for technology to create more technology. He
continued beyond that notion. He subsequently [1980] demonstrated that the
economic world as we know it, has evolved through waves, each wave bringing
with it its own specialisations, thus moving through the Agricultural Revolution,
the Industrial Revolution and, subsequently, the Superindustrial Revolution - also
known as the Third Wave. Each wave (of change) brought with it an era of
discontinuity or dissatisfaction with the existing realities of the time. Thus, each

wave itself constructed the force and gap for the next one.
Since Toffler's waves form the focal point of this thesis, they are summarised in
the table below.

Table 2: Summary of Toffler’s three® waves of economic discontent

APPROXIMATE DURATION DRIVING FORCE

FIRST WAVE 8000 BC - mid 18" century Physical labour

SECCND WAVE  18™ century - late 20" Machines and blue collar
century workers
THIRD WAVE 1960s - IT and knowledge workers

After: Toffler, 1980

Each wave is represented by an S-curve that shows an early period of dislocation,
followed by a long spell of maturity and, subsequently, its eventual demise as
new technologies replace the old. Societal structures and business structures
become obsolete. The transition periods and the era of discontent that pave the

NOTE: Since the finalisation of this thesis, a fourth wave has emerged, namely that of BIO-

TECHNOLOGY. It is submitted that the driver for this will be technology and that there will be a
similar period of discontinuity (quantum age), because of the subsequent collision of the third and

fourth waves — RP, November, 1999.
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way for the introduction of the new wave, constitute a period of chaos and
turbulence during which there is an unfreezing from the current state,
transformation and a refreezing into the new state when some equilibrium is
reached. This introduces the notion of change and transformation. (These will be
deemed the same for the purposes of this thesis). How long the period of
equilibrium lasts, is uncertain. However, it is evident that the periods of

discontent occur at shorter and shorter intervals of time.

These waves are schematically presented in Figure 2 below.

INFORMATION
WAVE

INDUSTRIAL
WAVE

AGRICULTURAL
WAVE

Period of
discontinuity
1960 - 2000

Period of
discontinuity
1750 - 1850

Figure 2: The three waves of Economic Discontent

After: Toffler, 1980 TIME

There is evidence that the world is reaching the end of the current (second)
wave. Never before has the turbulency been as high as it is now. (Handy [1989]
calls this, ' ..the age of unreason ..".) If it is true that technology creates

technology [Toffler, 1970], then, in all probability, the current wave cannot
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satisfactorily contain all the shifts in society - especially the shift in advancing
technology and the resulting knowledge gained from this spur driving forcefully
towards an unknown future. Toffler [1980] believes that humanity faces a
quantum leap forward in terms of the deepest social upheaval and creative

restructuring of all time.

Until now the human race has undergone two great waves of change, the first
(wave) taking thousands of years to play itself out and the second (wave) a mere
three hundred years. The history of the modern time is more expeditious and it
is likely that the Third Wave will sweep across history and complete itself in a few
decades. The imminent emergence of the Third Wave will affect all aspects of
civilisation. It will challenge and contradict the old powers of relationships, the
shared values and beliefs of our times and the fundamental nature in which the
nations and businesses exist. It brings with it a new way of life based on

diversified, new energy resources, production methods and information overload

and flow.

The Third Wave economy is dominated by service organisations, with the line
between manufacturing and services blurred and fuzzy. Service activities, such
as design, marketing and customer support, provide significant value — even in
manufacturing organisations. The knowledge (or intellect) of the workers is
deemed the primary resource, thus introducing the emerging notion of knowledge
workers. Organisations which want to survive and be successful in the age of
discontinuity and the emergent Third Wave, will have to address real and
different issues focusing on how this new resource will be accumulated and
deployed on the shifting battle field. The old paradigm that services are
intangible, ephemeral, not capital-intensive and generally play a minor role in

economic activity, is something of the past [Hope and Hope, 1997].

The grand metaphor, according to Toffler [1980] is that of the collision of waves,
resulting in social tensions, conflict and the break up of polarisations - which can
be seen in the current build-up of tensions around the globe. This is also true for
organisations around the world - the metaphor merely switches to the platform of

knowledge - who owns it, how it is extracted, assimilated and implemented for
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quick decision-making in the complexities that confront leadership in
organisations and nations alike. This author elected to refer to the current

collision of waves and the infusion of the digital wave, as the Quantum Age.

The organisation of business as known today, originates from the Second Wave.
Workers in SECOND WAVE ideologies generally bemoan the break-up of mass
society, seeing this as fragmentation. Two hundred years after the Industrial
Revolution dramatically changed the established world order, the world is again in
a period of sharp transformation - the length of which is uncertain as is its
outcome. There is no doubt that this gives rise to the same fears and
uncertainties felt by eighteenth-century agricultural workers when they migrated
from the fields to the factories. Job security has vanished with organisations re-
engineering and downsizing [Hope and Hope, 1997] in an endeavour to remain
competitive in an increasingly unstable environment. These methodologies
brought with them their own sets of rules - and, arguably at least as many

failures as successes.

The real engine that drives the Quantum Age is technology [Hope and Hope,
1997]. However, there are a number of factors that change the competitive

landscape of organisations — even South African ones. These are:

The evolution and impact of technology,

the change in the global market (mainly through new technology),
Government-driven changes (mainly deregulation and privatisation in the
South African context),

O the changing face of the competition (to some extent through new

technology),
the changing pattern of employment (to some extent through technology) and

The rise of knowledge as the key economic resource (mainly through

technology).
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1.2 A REPETITIVE CYCLE

1.2.1 KONDRATIEFF'S K-WAVE

Russian economist, Nikolai Kondratieff, mastermind behind the notion of the
Kondratieff (K-) wave, was banished in the 1920s because his economic wave
theory contradicted the Marxist dictum that capitalism will eventually devour
itself. Capitalists did not like his idea either, since it implied that long periods of

economic prosperity inevitably collapse. According to Kondratieff

'..that happened not just because people forgot the past, but because the past
ceased to provide a valid guide to new realities brought on by change.’

Kondratieff, 1920

In the 1930s, Austrian-American economist, Joseph Schumpeter [Zwick, 1998]
took Kondratieff’s ideas further when he charted the K-waves from one period of
calm to the next and found that waves of innovation and risk follow from periods
of relative predictability when credit and venture capital are neither too free nor
too tight and risk seems most quantifiable. Inevitably, some entrepreneur
(dubbed ‘the conductor’ by Schumpeter) introduces an innovation so radical that
it disrupts the very stability that had made it possible. This conductor generally
clears the path for other initiators to follow. Old rules no longer apply. People
are forced to break with the past. Innovation begets innovation until the cycle
(or wave) ends. Thus, the Industrial Revolution K-wave that reshaped the world
in the first half of the previous century led to, but was separate from, the Neo-
mercantilist K-wave that shaped (and was shaped by) the first half of this
century. The first K-wave was launched by the works of Confucius and the art of

printing almost one thousand years ago.

Schumpeter continues that, within these big waves (so-called K-waves), smaller
waves exist. For example, the lean early 1970s followed the reckless 1960s and
built a base for the Information Era following from the digital computer and the
quantum-powered microchip. However, at the end of every big wave, even

endless possibilities tend to be over-estimated and the wave starts to show signs
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of decline. Schumpeter believes every K-wave is a complete story in itself. K-
waves are not about history repeating itself, but there are similarities from cycle
to cycle. It is suggested here that in the transition to the new wave (Third Wave)

it is possible to learn from the past, even though the new platform is that of

knowledge.

1.2.2 HISTORICAL EPOCHS

Literature abounds with various studies examining the sources of disequilibrium,
corroborating Toffler’s theories. For instance, Imperato and Harari [1994a: 9]

write

‘Every beginning is in part an ending of something else.’

On transformation, they contend that

‘Nearly all events that followed were influenced by a historic cataclysm. ..

the impact of each transformation was universal: in manner, in time, in place.’

Imperato and Harari, 1994a: 10

In agreement with Toffler's contentions, they propose the following historical
model for epochal changes, in which they maintain that dramatic changes have
occurred only twice in the entire history of the Western civilisation. This model
divides history into three periods, these being the Classical Age, the Middle Ages
and the Modern Age. These are summarised in the epochal time line in Figure 3

below.
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CLASSICAL MIDDLE MODERN FOURTH
AGE AGES AGE EPOCH

S R
[lfise 2
1% transition point 2" transition point 3" transition point
313 - 476 early 1300s - 1600s 20th century

Figure 3: Epochal time line
Source: Imperato and Harari, 1994a: 11

These authors do not believe that any of these changes were sudden or abrupt -
each dovetailed with a wide array of human activities - although they agree that
the current transformation will occur more quickly than did the previous
transitions with the pace of change continuing to accelerate. They see the
revolution in communication and information technologies as the most dramatic

driving force.
The most interesting aspect of their work lies in the following:
‘Our ability to see similarities between what happened in the past
and what is happening now strengthens our view
that the modern era is deconstructing in front of us.’

Imperaro and Harari, 1994a: 14

They believe that one can identify a number of points of correspondence between

the beginning of the modern era and current time. These are:

a Major revolutionary developments in communication and IT.
o O©On a grand scale, a pervading sense of vulnerability and, at the same time, a
feeling of being on the threshold of tremendous opportunity.

o A far-reaching change in trade patterns.
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@ An environment of expanding horizons, spurred on by exploration and
scientific discovery.
a A series of commercial revolutions that have yet to play out all their

ramifications.

The tensions and crises of current times are part of a broader picture that reveals
a world in the middle of another historic transformation. This perspective is not
merely another warning about the new millennium. It holds that there are
similarities between the beginnings of the earlier eras and the events that occur

today. As Imperato and Harari [1994a: 15] put it:

'The past is the present unrolled for understanding;

the present is the future rolled for action.”’

1.2.3 THE END OF A WAVE

From Kondratieff’s and Schumpeter’s beliefs, as well as Imperato and Harari's
findings, there is evidence to support the theory that there is some pattern to the
economic waves. Although one cannot predict when an existing wave will
decline, the fact remains that it will decline. What the critical mass is to generate
this change, is unclear. The microchip and its uses are mainly responsible for
current trends in technology and applications of this technology may drive the

next wave. This will be expanded upon in the next section.

A collision of technological, competitive and cultural pressures forms the vortex of
the Information Wave. At the heart of the chaos brought about by markets and
businesses trying to redefine themselves, organisational forms that no longer
work and dated business thinking, the leadership has to make informed decisions.
Futurists and management thinkers have invented terms to explain and navigate
through these changes, namely ‘paradigm shift’, ‘transformation’, ‘re-invention’,
‘re-engineering’ and ‘revitalisation’. The three major spurs to the quickening pace

of change are [Champy and Nohria, 1996]:
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a Technology,

a the changing role of government, and

a globalisation.

(1)

(ii)

(iii)

Technology, particularly IT, is transforming business dramatically.
Examples are virtual banking, digital commerce and digital publishing. IT
is not only changing how work is done, it is redefining the business - this
is specifically true for the Internet and digital commerce applications. It is
altering organisational structures and enforcing dynamic new leadership

models.

Government, in particular, is dramatically rethinking its role in business.
On a worldwide basis, there is deregulation, privatisation and increasing
free trade (for example, falling trade barriers allowing new players to enter
markets and change the basis of competition). This leads to a rethinking
by businesses as regards their purpose, their organisational structures and

an enforced new leadership.

Globalisation is forcing organisations to re-organise themselves in radically
different ways. Businesses across the globe compete to deliver the same
product or service - the differential being speed, quality, deliverability and
price (for example, giant multinationals like Asea Brown Boveri have

become global as opposed to being tied to any particular nation state).

1.2.4 CONCLUSION

From the above, one may conclude that the economic waves or epochs - each

serving the needs and purposes of the time - are by nature cyclical and repetitive.

That is, although the exact duration of each wave is uncertain, principally, there

is a shift in the paradigm (from agriculture, to industrial to information).

Moreover, there is evidence of similarities between waves, the shift pertaining

only to the needs of the time and how these needs are addressed.
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Like the K-wave, there is evidence to support the believe that although the
economic world has transcended two worlds and is in all likelihood entering the
third where knowledge will rule, the paradigms within each wave are very much

the same and only the platforms on which they are executed, differ.

During the course of this thesis, Kondratieff's K-WAVE or Toffler’'s Information
(Digital) Economy or historical epochs will be studied, especially with regard to
the transition (denoted by the term Quantum Age) after the above theories and

those expressed by Hawking [1988].
2. CHANGING FACE OR FACING CHANGE

Change is too mild and misleading a term to account for the market chaos that
businesses face today. Civilisation is being remade. What the world is
experiencing in magnitude today, is similar to what happened some five hundred
years ago, at the dawn of the Modern Age, when the printing press, the Scientific
Revolution and overseas exploration began the democratisation and vigorous
expansion of human knowledge. The current explosion in telecommunications,
materials science and biotechnology, coupled with efforts at space and oceanic
exploration, have combined to create a similar effect. The proliferation and
integration of workstations, laptops, fax machines, cellular telephones and
personal digital assistants have served to democratise information, spread power
and dismantle traditional organisational forms based on hierarchy and
functionalism. Old ways of thinking are being challenged at the same time as the
current understanding of the world is enlarging. In businesses, the resultant
destabilisation is discrediting some of the most cherished assumptions. Some of

the cornerstones of business success are [Imperato and Harari, 1994b]:

0 Standardised and undifferentiated products - instead of radical segmentation

and one-to-one customisation.
0 Quality is best managed as assurance at the end of the product - instead of
being included in the design at the source by self-managed teams (often in

collaboration with ‘outsiders’ like customers and suppliers).
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2.1 CRITICAL MASS THEORY

The idea of critical mass is very important in this thesis. The notion of critical

mass originated in physics, where it is defined as

‘.. the minimum amount of radioactive material

necessary to produce a nuclear reaction.”’
Masterton, Slowinski and Stanitsky, 1981: 582

They explain that the critical mass of Uranium-235 required to maintain a chain
reaction appears to be about 40 kg. Once critical mass is reached, the process
becomes self-sustaining. The extent of the reaction and when it happens depend
upon the concentration and purity of the radioactive material used and the
geometry of the surrounding reaction system. Situations in which a process
becomes self-sustaining after some threshold point has been reached, abound.
For example: What was the critical mass for the adoption of Groupware to assist

users compelled to do a common task in a shared environment?

Critical mass is like a landslide - a trend becomes a megatrend. It is the point
when an accepted paradigm is replaced by another. Aburdene and Naisbitt [1993:

xv] postulate that
‘It is an idea whose time has come.’

Once the critical mass has been achieved, the rate of adoption of an innovation
becomes self-sustaining. Critical mass, although in itself a simple phenomenon,
is intricate to execute. One can try to predict when the change will occur, but it
is impossible to know exactly when until it occurs. The critical mass may be in
place but needs some spark to set it off. However, critical mass is necessary, but
not sufficient. The energy of critical mass must be manifested through the

actions of the leadership and the choices they make for the businesses and

societies that they serve.
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2.2 THE MICROCHIP - THE CRITICAL MASS OF THE
QUANTUM AGE

Microchips have long been used in calculators and digital watches. Microchips
went into assembly lines, elevators, artificial pets, rocket ships and blenders.
There seems no limit to their application. Their uses seem endless. There seems
no danger of oversupply - and that supply creates demand. Virtually every
technological advance over the last twenty years has occurred as a result of this
innovation, including fractal and chaos simulations. The rapid application of the
microchip gives credence to the notion that it will form the critical mass for the

end of the current wave and the birth of a new one.

2.3 RADICAL CHANGE

Societal concerns (for instance, fear of nuclear events, the thinning of the ozone
layer and quality of food and water) are exacerbated for businesses by added
pressures like downsizing, restructuring and the chaotic nature of the capital
markets. There is pressure from global competitors in a once secure domestic
market. This is underscored by new commercial arrangements, with American
capitalists interacting with Japanese and German models, where command
economies more oriented toward free markets fuse to create one world economy
consisting of multiple markets. The focus of trade has migrated from the Atlantic
to the Pacific. Fluctuating inflation causes a questioning of values. The world is
not at ease. There is a transition to another epoch. The world is leaving the
existing era for a new stage in history. The primary lesson to be learnt from
history is this: Periodically, like Toffler's economic waves, society needs a sharp
break with old habits. It needs deliberately to learn new ways of existing and
doing business. Leadership should see that simply ‘pressing the pedal harder’ by
doing more of the same does not work, nor do cosmetic changes according to the
' flavour of the month’, nor do piecemeal solutions. Businesses needed a radical

redesign and total rethink of the ways in which they did their business.

In 1990, Hammer and Champy changed forever the scene for companies who

were trying to reinvent themselves because the environment and their customers
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said that they should, through the introduction of the concept of re-engineering

the business processes.

‘Any company that is more successful at restructuring than re-engineering

will find itself getting smaller faster than it is getting better”,

Hamel and Prahalad, 1995: 12

The above summarises the (general) consensus and concerns with regard to the
misconceptions of re-engineering and its confusion with downsizing and
restructuring. Hammer himself, the father of re-engineering [Hammer and
Champy, 1990] thought it necessary to plead for a re-engineering of re-
engineering [Hammer, 1995]. Whereas, in 1990, the aforementioned authors
outlined how companies should restructure in order to cut costs and position
themseives for rapid growth and aggressive competition, in 1995 Hammer
emphasises re-engineering for growth instead of cost cutting. He believes that
many organisations misinterpreted the original message and used re-engineering
as an excuse to slash employee numbers. He states that after an organisation
has trimmed off the fat, it should re-engineer for growth. He believes that
organisations that want to challenge their competition aggressively, should follow
through on their re-engineering efforts to focus on products, customers and
market share; that is, putting the business in a position to be more competitive
and adaptable to change. This means an evolution of re-engineering as business

evolves with it.

‘A Company that cannot change the way it thinks about
IT, cannot re-engineer.

A company that equates technology with automation cannot re-engineer.’

Hammer and Champy, 1990: 83

Hammer and Champy’s proposition of replacing a lacklustre diamond by a
sparkling one suggests that IT forms an integral part of the new way of working.

They believe ‘.. state of the art IT ..” to be '.. an essential enabler ..” in
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corporations re-inventing themselves and continue to cite examples of the misuse

of IT in the organisation of work.

Some IT gurus believe that the main problem with re-engineering lies in the
unflinching focus on the bottom line - not on the IT [Cowley, 1995]. They
believe that redesigning processes as a cost-cutting measure is counterproductive
as a lot of valuable knowledge and information tied up with these processes is
simply discarded. Cowley subsequently decides that the shift towards re-

engineering for growth is less an evolution of re-engineering than a mask for its

failures.

Geisler [1997] contends that the BPR proposed by Hammer and Champy, cites IT
as the enabling mechanism for organisations to reinvent themselves. The
redesign of the work processes and the elimination of processes with little or no
value added and the resultant overall redesign of the organisation depend on the
existence and support provided by ubiquitous IT [after Geisler, 1997]. She
believes that the fallacy in this contention is composed of the following

dimensions that help explain the failure of BPR. These are:

0 The information dimension and

a the technology dimension.
These will be elaborated on below.

(i) The information dimension

Q Even the best, complete, timely, correct and clear information is not

enough to fuel re-engineering.
Q If re-engineering is already flawed as a concept and major change

programme, IT and the ubiquity of information cannot overcome these

flaws.
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(ii) The technology dimension
Q This is the pattern of evolution of IT from back room, cost-cutting
efficiency purposes to front-end and strategic use for overall
organisational performance, enabling organisations to advance on the

learning curve.

Thus, it is possible that IT is not the catalyst and cannot act as such for BPR. It is
suffering its own evolution. It certainly has brought about many changes in
culture and the way work is performed, but it brings about its own form of change
in the organisation - one that does not necessarily correlate with the intentions of
BPR. In view of this, Hammer and Champy’s contention stated above could be
seriously flawed. The value of information will be discussed in Module IV and also

in Module V, the latter with respect to its relevance to BPR.

There have been countless case studies of organisations showing dissatisfaction
~with their notion of re-engineering and the term de-engineering, seems to be
replacing its predecessor. Thus even the proposed vehicles are themselves
undergoing a change. The notion of de-engineering will be explored in a

subsequent module (Module V).

It is suggested that the emergence of a new organisation and new organisational
structures follows from the emerging new technologies at an ever-increasing
pace. This brings with it a new turbulence, changing forever the classic
management model and the ways in which business decisions are made. The
business world is flooded with information and it is up to the new age leaders
(managers simply will not exist) to deal with it intelligently and transform it into
knowledge.  Although the focus in this thesis is not on the aspect of
organisational change dynamics itself, it will, however, make use of Tichy’s well
known revolutionary cycle above to develop new age systems of knowledge

management, since the notion itself is revolutionary.
This thesis will focus on the Age of Transition (termed the Quantum Age) to reach

Toffler's Third (or Fourth) Wave. It will question IT’s ability to enable the

company to transform itself as it should - the so-called IT black hole and, what
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this author terms, the ‘keeping up with the Joneses effect’. The notion of change
will be researched - why it is necessary and how this may be achieved. The
chaotic and turbulent environment in which the organisation has to exist and
survive, will be studied as will that point in time where it is necessary to jump the
curve (called the cusp or change point) be determined (mathematically and
inferentially). Furthermore, so-called first curve companies and second curve
companies will be studied to find out what makes them (the latter) different or
better. In doing so, the focus will be on the technologies (mainly IT) available to
make this possible. It will be shown that, in order to survive, the business should
focus on Information Management. An attempt will be made to study the value
chain of business data - from data to information, to knowledge, to prompting
intelligent and timeous business decisions - thus, the creation of knowledge and

ideas. This revolutionises business structures, policies and procedures.

This thesis will make use of Tichy’s model denoted above according to the scheme

presented below.

Table 3: Schematic presentation of flow of thesis

PROLOGUE Introduction to the thesis
; ACTI Module I Managing in an Age of
RECOGNISING THE NEED Setting the Scene Transition
FOR CHANGE
Module II Inside Chaos
Facing the Reality
Module III The Emergence of the
Awakening Chaordic Enterprise :
ACT II Module 1V The new Leverage of
CREATING A NEW VISION Envisioning Knowledge
ACT III Module V The Case for De-engineering
INSTITUTIONALISING Re-architecting the Corporation
CHANGE
Module VI Twenty-first century
Leadership Leadership
EPILOGUE Conclusion History repeats itself
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3. QUANTUM MECHANICS AS
ORGANISATIONAL THEORY

The term '‘Quantum organisation’ will be introduced in Module III after the notion

in quantum physics developed by Planck. According to Hawking [1988: 55],

‘..quantum mechanics does not predict a single definite result for an observation.
Instead, it predicts a number of different possible outcomes and tells us exactly
how likely each of these is. Thus, if one made the same measurement on a large
number of similar systems, each of which started off in the same way, one would
find that the result of the measurement would be

A in a certain number of cases, B in a different number, and so on.”

Quantum mechanics thus introduces an unavoidable element of unpredictability
or randomness into (any) science. Moreover, it has been the most outstandingly

successful theory that underlies nearly all of modern science and technology.

Quantum theory was first proposed by Max Planck in 1900 to explain the
properties of the radiation given off by hot bodies [Masterton, Slowinski and
Stanitski, 1981]. Some years later, in 1905, it was used by Albert Einstein to
treat the emission of electrons by metals exposed to light. Still later, in 1913,
Niels Bohr used quantum theory to develop a model of the hydrogen atom. It is
generally realised that the quantum theory is a general one that applies to all
interaction of matter with energy. Its application to the field of business and
change is fairly unfamiliar, but, for this author, relevant - moreso within the
chaordic framework to be discussed in Modules II and III forming much of the

focus of this thesis.

Greene [1999] contends that our understanding of the physical universe has
deepened profoundly through the use of quantum mechanics and general

relativity. Furthermore, Heisenberg’s uncertainty principle!’ (also known as the

! There are features of the universe that cannot be known with complete precision. Such
uncertain aspects would become more severe as the distance and time scales become
smaller [Greene, 199: 424]
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principle of quantum mechanics) which postulates that the universe is a frenetic
place when examined on smaller and smaller distances and shorter and shorter

time spans, thus denoting some interrelationship between uncertainty and frenzy.

It is contended that

O business organisations in some ways may exhibit similar behaviour patterns
as the universe, and, secondly, that

O these uncertainties and frenzies in many ways reflect the uncertain futures
and erratic behaviours exhibited by organisations when confronted with a

changing environment and changing business rules and norms.

Thus, from quantum mechanics, may be borrowed some sense in the chaos of the
Third Wave, and, use will be made of the term when describing organisations of
the future in Module III (to be termed the ‘chaordic enterprise’, of which the

quantum organisation will be a good example).
Greene [1999: 420] defines quantum mechanics as

'The framework of laws governing the universe whose unfamiliar features such as
uncertainty, quantum fluctuations, and wave-particle duality become most

apparent on the microscopic scales of atoms and sub-nuclear particles.”’

This notion of uncertainty is underpinning all strategic objectives that leadership
might decide to embark upon, since it infers a chaotic universe and environment
wherein, the organisation has to orchestrate its own survival. This notion of
chaos, and the subsequent order (= ‘cha-ord’), is the focus of Module II and will
be revisited in Module V with the notion of de-engineering to resolve the re-

engineering failures.
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4. THE IDEAL STATE

The quotations in the text have mostly been borrowed from Plato’s dialogue, The
Republic. This acknowledged masterpiece consisting of a large collection of
essays have come down to us as the works of the Greek philosopher, Plato,
making him one of the most familiar names in ancient history. Plato lived in a
peculiarly significant historical period, and the events and people of that time are

well known to the modern world.

During his lifetime (427 BC to 347 BC), there were continuous struggles and wars
for the sake of nationalism and freedom. Living in such an age, he was witness to
various political developments, one of these being the disgraceful trial and death
of Socrates in 399 BC. There was the battle of Mantinea, the most important
event in Grecian history, and the Sacred War that secured the supremacy of
Philip of Macedon in Greece. Some of the richness of The Republic, is probably
the result of his observations of the turbulent times in which he lived. At one
stage in his career Plato was invited to enter Greek politics which he declined
however, because of what he deemed enduring iniquities in the system -
especially the condemnation of Socrates who had been his mentor. Like
Socrates, he received no fees for his instructions and taught mainly through

conversation, hence the dialogue form in his works.

At one point in his life, he conceived the notion of applying his political science to
the government of a state. He wanted to see the establishment of a state based
on sound principles. Broadly speaking, Plato’s Republic, spells out the nature of
justice, derived from an inquiry, suggesting that justice would best be seen in the
perfect state and that, when discovered, it might be recognised by an analogy to
the individual. Accordingly the ideal state is constructed, and when this progress
is completed, the inquirers discover justice. It is interesting to note that, Plato
also made mention of two waves, these being justice and equality. Since to this
author, the State is an extended form of personal mastery, the individual, the

organisation and, on a broader scale, the state, all have to abide by the same set

of rules and notions.
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It is suggested that the jump to Toffler’'s Information Age, or what will be termed
throughout this thesis, the Quantum Age (as the transition to the Third Wave - or
the Fourth), in many ways relates to and can learn from the teachings of one of
the great philosophers of the ancient times. Hence the many quotations supplied.

May these have specific meaning in the twenty-first century.
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MODULE II - FACING THE REALITY:
INSIDE CHAOS

' If any state then may be described as master of itself,
its pleasures and its desires, ours may be so characterised.’

Plato: 24

S S e R e
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MODULE VI - LEADERSHIP REALITY
The foundation that enables change to Understanding and recognising
occur throughout the process. 1 the need for change
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MODULE OBJECTIVES

This module explores the chaos that ensues from the collision of Toffler’s waves.
The notions of chaos and catastrophe are explored, following on the end of

Newton’s linear world. The notion of a 'chaord’ (from chaos into order) is defined.

The net effect lies in jumping the (so-called S-) curve, wherein organisations are
warned that nothing less than radical change will suffice and that there is a
breaking down of old rules and ways of thinking. Technology is identified as one

of the driving forces behind the jump.

The notion of the cusp (change point or bifurcation point) identifying the moment

in time for the jump, will be explored.
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1. INTRODUCTION

The world has dissolved into a series of events designed to orchestrate chaos and
confusion. Most of what has been assumed in the past no longer fits the current
reality. Society has passed a great divide into a subsequent era, leaving behind
the needs, commitments and alignments of the past hundred years or so [Peters,
1987]. After the turbulence of the creative destruction that accompanied the
Industrial Revolution, a new set of mechanisms was put in place. What followed
was a great wave of innovation, entrepreneurial bio-engineering, information
revolution and an internationalisation of the economy, culminating in the creation

of the knowledge society.

The consequence is the advent of a culture of risk, in that business outcomes are
only predictable in the shortterm. The future is in disorder with structures
constantly changing and decaying [Van de Vliet, 1994]. She warns that the
unpredictability arises because of the system’s extreme sensitivity to initial
conditions - tiny variations amplify into huge consequences. For example, it is
now possible that a single innovative gadget could have the power of making
entire markets obsolete. In this lies the leader’'s greatest challenge: To force
obsolescence of a product by the introduction of a new product, rather than

letting a competitor do so [Lawler and Galbraith, 1994].

Ross [1994: 159] calls this a notion of break-up, since a ‘..non-standard world is
thrown at a standardised system’. In this new culture of risk, business will have

to undergo more radical restructuring than at any time in the past.

Change, and managing that change, is the challenge that every organisation
faces. It is the latter that means the difference between winning or losing in the
ultra-competitive new world order. Ross [1994], forecasts that global businesses
are headed for a once-in-200-years’ revolutionary change not to be fully realised
until the year 2000. He predicts that those who recognise this new world order of
global business and learn to exploit the change, will capitalise on the resultant

opportunities created. These forces include technological acceleration far more
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advanced than anything ever seen since the Industrial Revolution, a massive
trend towards customisation and movement away from the centralised hierarchy
(which he calls the ‘molecular organisation’) in which companies will organise
themselves around entire markets. He warns that change really happens by
things ‘bubbling” along seemingly undetected for a long time until something

finally gives way, resulting in discontinuous change.

The question of whether there is any warning of this discontinuity could be
partially answered in the affirmative. Change may be examined from a historical
point of view. Such an example could be found in the fall of the Berlin Wall,
typifying massive social change. Although the fall of the Wall could be said to
have happened overnight, its fall in real terms, was the result of the slow demise
of communism after many years of evolution. Consequently, change cannot be

seen as a constant, but rather as discontinuous [Drucker, 1994].

Every system, be it political, social or industrial, contains the seed of its own
destruction. Mass production has given birth to an economic demon called mass
customisation, that is effectively reducing the market to one size [Peters, 1987].
The consequence of this is that the product has not been standardised, only the
market has. The marketing game has put on a new face. Customisation of
products has caused shorter cycle times, thereby removing inventory and the
distribution channels used for mass production. Since the 1980s, the number of

consumer products has increased exponentially.

Today’s companies are still rooted in the old order. Old structures have been
broken down, but no alternatives put in their place. The modern manager needs
to take stock of where we are in this new age industrial system, since even big
companies will flounder [Lawler and Galbraith, 1994]. Companies that can
exploit this new order will reign supreme over their competitors. Theirs is the
choice whether they will treat change as a measure of survival or as a great new
opportunity to move a customer ahead. This is re-invention time. It calls for
another Naisbitt and another Taylor to create order where there is chaos.
Moreover, there is no guarantee that the process will be painless or that it will be

quick. Even the outcome is uncertain.
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2. NEWTON'’S LINEAR WORLD

Recent years have seen a tremendous surge of interest in the sciences and their
bearing on the rapidly changing outlook of the universe. Mathematicians have
played a substantial part in the evolution of scientific and philosophical thought
comparable to that of the philosophers and scientists themselves. The emphasis
is on those great and simple guiding ideas of mathematical thought that are still
of vital importance in living, creative science and mathematics. The basic ideas
of modern mathematics, from which the whole vast and intricate complexities of
the current business environment have been woven by thousands of workers, are
simple, of boundless scope, and well within the intellectual grasp of today’s

leadership.

It must not be imagined that the sole function of mathematics is to serve the
sciences; it has a light and wisdom of its own. This will be explored here to the
extent that it (mathematics) becomes viable for the turbulence of the new

millennium.

‘I do not know what I appear to the world, but to myself
I seem to have been only like a boy playing on the seashore, and diverting myself
in now and then finding a smoother pebble or a prettier shell than ordinary, whilst
the great ocean of truth lay undiscovered before me.’

Such was Isaac Newton’s estimate of himself towards the close of his life. For
completeness, and since they have bearing on this thesis, Newton’s three laws of
motion are stated [Bell, 1953]:

1. Every body will continue in its state of rest or of uniform (unaccelerated)
motion in a straight line except in so far as it is compelled to change that
state by impressed force.

2. The rate of change is proportional to the impressed force and takes place in
the line in which the force acts.

3. Action and reaction are equal and opposite.
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Of particular importance, is the opening statement of the second law of motion,
namely rate of change. What is this rate and how is it measured? The masses
Newton investigated remained constant during their motion. This adds a
measure of predictability to his philosophies. The third law, in a business context,
warns of the effect of change and that the result of the change (be it radical or

otherwise) is as great as the change itself in magnitude.

Newtonian science, the underpinning of civilisation from the 1700s to the present,
is rooted in physics and mathematics - rule-bound disciplines that require data up
front in order to operate. The core of the paradigm, namely the laws of motion
above, suggests that the world is a well-behaved machine. It offers the promise
of a well-behaving and predictable universe. It underscores the belief that

relationships between cause and effect are simple, clear and linear.

This * ..if X, then Y follows ..” view of the world prevailed for two centuries,
delighting the scientists whose primary objectives were to predict and control.
With the advent of the Industrial Era, Newtonian science led us to focus on
businesses from a stable system perspective. Whenever some force would upset
the system, it would be the leadership’s duty to re-establish equilibrium. Not to
do so would constitute failure. With stability as the ultimate goal, the paradigm
implied that order should be imposed from the top (the top down, command-and-
control leadership style) together with supporting structures for decision-makers
(resulting in bureaucracies and hierarchies). These were the cornerstones of the
Scientific Management movement, having as its building blocks reguiarity,

predictability and efficiency.

3. CHAOS - THE EMERGING PARADIGM
3.1 CHAOS AS A SCIENCE

Chaos, as referred to in the sciences, is a revolution in the understanding of the
way the world works. Its revelations have overturned Newton’s law-abiding
universe and replaced it with a world of infinite complexity and in which
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everything is connected in a vast, ever-evolving web. Chaos in a business sense
does not infer collapse of the organisation and its structures, rather it refers to
the eminently orderly disorder that mystics for centuries (and scientists fairly

recently) have recognised as nature’s way [Bonnie, 1997].

Traditionally, mathematicians and physicists, not to mention mystics, had little to
say to each other. They each operated within the sacrosanct walls of their own
intellectual ivory towers, awaiting contrary opinions from each other. However, in
the 1960s, meteorologists, mathematicians, physicians and biologists observed
through * their respective experiments, that nature’s behaviour seemed
unpredictable, forming random and complex patterns described by equations that
would not resolve into straight lines but that bifurcated at odd points and
behaved according to their own preconceived notions - almost like clouds in the
sky. This brought about the discovery that nature, contrary to their belief, is
indeed erratic in its behaviour. This was contrary to the Cartesian belief in nature
being a spiritless matter whose whole could be grasped by analysis of her parts or
that of Newton who thought nature to be like a well-behaved machine set in
motion by God and driven by laws the world could probably control if these were
understood. Thus nature was not the rational and eminently orderly extrapolation

of the human mind.
3.2 CHAOS AS A THEORY

The very term chaos theory is misleading. According to [Murphy, 1996], some
researchers prefer terms like ‘non-linear dynamics’, ‘bifurcation theory’, ‘change
theory’ or ‘self-organising theory’. Although it incorporates elements of chance,
chaos, she believes, is not random disorder. - Rather, it attempts to understand
the behaviour of systems that do not follow a linear pattern or show conventional
cause and effect over time. When viewed as a whole, these systems exhibit
definite patterns and structures. However, at no single point can their future
behaviour be predicted from the past. In this sense, chaos is far from random
and therefore chaotic systems can be both determinate and unpredictable. These

systems can organise and renew themselves, with periods of order broken by
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sudden transformations in a direction that has elements of chance and cannot be

reversed.

A brief review of the foundations of chaos theory is given below [Murphy, 1996].

These are:

Q

0O 0O 0O 0O O

Non-linearity,

feedback,

bifurcations,

strange attractors,

scale,

fractals and correspondence and

self-organisation and self-renewal.

Non-linearity. Central to so-called Newtonian science is the principle that
causes and effects have a proportional relationship, in that small changes in
original conditions can induce consistent changes in their effects. On the other
hand, chaos theory proclaims that (even minuscule) changes in some
systems’ initial conditions could amplify exponentially in their effects which
could have little resemblance to the beginning. This makes anything beyond

short-term predictions impossible.

(i) Feedback: Newtonian science poses a machine-like universe that regulates

itself according to pre-set laws. Thus systems maintain their stability through
feedback and corrective actions to preserve the steady state. Newtonian
science assumes that stability is the norm and that instability is an error to be
rectified. On the other hand, chaotic systems evolve from accumulated
feedback acting like an iterative process. Output at every step in the system
provides material for a new formulation and new outcome, thereby amplifying

deviation and working to destabilise existing states and introduce new

patterns.

(iii) Bifurcations and phase changes: Destabilising the system can lead to new

directions, character or structures - called bifurcations. This is the point
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where, because of the catastrophic leap, the system arranges itself around a
new (different) underlying order. (The term ‘catastrophic’ as used here refers
to sudden discontinuous behavioural shifts in the response system and not to
disasters such as earthquakes or floods. Refer to Section 4.3.) Although the

occurrence of bifurcations can be predicted, their outcomes cannot.

(iv) Strange attractors: It is important to note that the unpredictability of a
system does not denote a lack of coherence or structure. This possession of
structure is termed ‘attractor’, meaning that it is an organising principle, an
inherent state of affairs to which a phenomenon will always tend to return no
matter how random single moments seem. Chaotic systems have strange
attractors whereby outcomes wander constantly and unpredictably within a
bounded range. Maps of such situations in which multiple variables are
pulling events in contradictory directions, resemble the scribbled doughnut or
butterfly wings familiar to mathematicians. Still, the underlying order
represented by the attractor limits excessively erratic behaviour and imposes
structure, even though unpredictability may exist within the bounds of that

structure.

(v) Scale: Since the evolution of a chaotic system is vastly complex and also
prone to disturbance by chance, it is impossible to determine its underlying
pattern by looking at a single event. Interpretation of the form and coherence
of a chaotic phenomenon is affected by the scale used to measure and view it.
Thus knowledge of the full map (or history) is important since different
behavioural patterns can prevail in different parts of the map. This is different
from the Newtonian logic which advocates generalisation from the part to the

whole. Chaos theory maintains that one should see the whole (not the parts)

to make decisions.

(vi)Fractals and correspondences: Following on the previous notion, chaos theory
assumes that concentrating on individual units yields different or misleading
information.  This holistic view in chaos theory differs sharply from the
Scientific one that believes that the behaviour of microcosms can be used to

deduce that of the whole system. Thus the qualitative measurement of a
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fractal was introduced by Mandelbrot to describe the relative degree of
complexity of an object. This enables the decision-maker to identify
correspondences or couplings between forms that vary significantly in scale
but exhibit similar patterns of complexity. In a chaotic system, a strange
attractor is a fractal curve that imbues all the diverse elements it governs with
its own underlying pattern. Thus a fractal representation of a system shows
very similar, though not identical patterns at successively greater
magpnification. This makes it possible to analyse chaotic systems by tracking

similar patterns through successive stages of evolution.

(vii) Self-organisation and self-renewal: The ability to reorganise is inherent in
the chaotic system itself and does not require any external intervention.
Some theorists believe that this sensitivity of a chaotic system to its own
history enables it to pull out of disarray - as well as impelling it into chaos.
Thus, chaos follows an inner logic on the one hand and has continuity on the
other, because of its iterative nature. Thus, a chaotic system is an unstable

combination of randomness and plan, broken by flashes of change.

Chaos science therefore highlights the role of chance, the possibility of many
outcomes and the ability of the observer to choose which outcome will be called
reality. It is emancipatory, with the price for open-endedness being extreme
uncertainty and the loss of a sense of control. In a business sense, chaos theory
could explain diversity theories (for instance, feminism or racism). It offers not
so much novel solutions as a structure for persistent problems and new models,
since it emphasises uncertainty, open-endedness, plurality and change. In this it

runs counter to the goal-oriented, certainty-seeking mode of Toffler's Second

Wave.
3.3 THE END OF NEWTON'’S LINEAR WORLD

The (now dated) Newtonian philosophy of a mechanically predictable and stable
universe married the Scientific Revolution to the Industrial Revolution.
Newtonian structures require a vast hierarchy exerting increasing control and

requiring more and more resources to keep the system in operation. This post-
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modern viewpoint sees time as reversible, meaning that one could move
backwards and forwards at any point and the same essential laws would be in
operation. Hock [1997] calls this the ‘age of management’ or more to the point,
the management of constants (as opposed to the Quantum Age introduced in
Module I and the Quantum Organisation in Module II). In this paradigm, the
business world digressed into management of constants, uniformity and efficiency
while the needs were in terms of co-ordinating variability, complexity and
effectiveness - these in themselves constituting the essence of change. It also
implies that the word ‘organisation’ is an impasse, increasingly archaic and
irrelevant, and also antithetical to the unstable spirit and unpredictable nature of

the world.

The modern world does not allow for float, that is, natural intervention between
an invention and its assimilation into society [Hock, 1997]. In the continual blur
innovation and change chase each other, leaving no time for float. Thus, change
is not going to happen, nor is it likely to happen. Change is the very nature of

what is happening.

3.4 CHAOS THEORY AS THE NEXT
ORGANISATIONAL PARADIGM

The question is whether chaos theory can provide businesses today with the
necessary methods and metaphors to deal with the shifting paradigm of work.
Does its self-organising capabilities lend themselves to the self-organisation of
people in companies? Is there utility in chaos and complexity theory which could

add to (even supplant) Newton’s laws?

Chaos theory has been successfully applied to operational problems [Tetenbaum,
1998]. He cites examples of companies that have used complexity-based
computer systems to develop programmes for manufacturing. These models

solved operational problems better than linear techniques, thus saving time and

money.
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Self-directed teams represent a small version of self-organisation. The dominant
organisational culture and shared values can be deemed a strange attractor and
business cycles behave according to the phase changes and scale that engender

systems thinking.

While chaos theory offers few practical guidelines, Murphy [1996] sees three

caveats about intervention within a highly unstable environment. These are:

Change has to evolve from within, it cannot be imposed from the outside.
Intervention works most efficiently at critical points, when the system is well
on the road to instability (the ‘burning platform effect’).

0 There should be quick response and actions at these crisis points, otherwise
the system may take on its own shape - which might not necessarily be

congenial to the organisation.

According to the chaos paradigm, the organisation should not attempt to control
existing attractors but should rather fit into them. On the other hand, accepting
the metaphors of the chaos paradigm in no way negates completely the models of
Newtonian science. Either approach can be appropriate, depending on whether
the system behaves predictably or not. At this stage, however, chaos theory is
more useful as an analogy than a source of practical solutions for relationships
between organisations and their environments. It helps in structuring persistent
problem situations where there is insufficient knowledge about cause and effect
relations and where leadership is able to act in unpredictable ways. In this sense,
chaos theory provides rules as definite as the Newtonian ones it challenges. The
new rules (pluralism, change and chance) may bring some comfort to leadership.
However, in many situations, chaos theory balances out the overly rational

management styles and approaches in situations where pro-activity cannot

prevail.

It provides a useful antidote to overly rigorous linear views without being a fully

satisfactory replacement.
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3.5 INTRODUCTION OF A CHAORD

Having said that there are indeed systems the behaviour of which is non-linear, it
seems paradoxical to mention that these same systems have order, that is, that
there is order in chaos and chaos in order [Bonnie, 1997]. According to Hock
[1997] there is an organisational and situational model in existence, termed
chaordic, that does not follow the traditional (linear) organisational pattern, but
through which order emerges and structure evolves. In practical terms this
means that, unlike the linear idea of cause and effect (which can be visualised as
a set of falling dominoes) in a chaordic system, one small change can accomplish
substantial and unpredictable changes throughout the system. Hence, through
the chaos, some pattern emerges and the system reaches some new form of
equilibrium (or order). At this new point, there will be a recognisable pattern,
coherence and cohesion within infinite diversity. The most prominent example is

nature’s ability to create (and never repeat) a single human being.

Definition of a chaord

Organisations, because they are made of people and hence are highly complex,
are non-linear systems. Chaos in this sense is described as complex,
unpredictable and orderly disorder in which patterns of behaviour unfold in
irregular but similar forms. This is called ‘bounded equilibrium’ or ‘chaordic’ by
Hock [1997], referring to the combination of chaos plus order. He believes that
in chaordic systems, order emerges, structure evolves and life is a recognisable

pattern within infinite diversity.

In this sense, chaos is referred to as ' ..the science of chaord or of chaordic
systems ..” [Fitzgerald and Van Eijenatten, 1998], combining cha-os and ord-er.
Chaordic systems are entities in which nothing ever happens quite the same way
twice, but enough happens in a neat enough way to preclude complete disorder.

Thus, every system in the universe is by definition a chaord.

Definition of a chaordic enterprise
Although every organisation is also by definition a chaord, the term chaordic

enterprise will refer to those rarefied enterprises in which for the most part, the
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most of the two most fundamental properties of reality mentioned in the above
context are maintained in dynamic balance by virtue of an intentional

management process. (See Module VI.)

In Newtonian systems, a hierarchy is preserved at the cost of flexibility. The
question is whether it is possible to compare societal structures to the empirical
principles of science. About this, most modern-day management theorists are in
accord. Not only should the business world take cognisance of the erratic
complexities of the Quantum Age, it should use these as a map for change. The
rationale is that, like the chaos models, human nature is by definition immensely
complex and highly susceptible to fluctuations. (Witness the many cultures of
diverse nature evolving through the short span of history.) Examples of chaotic
events abound throughout history, especially in connection with the innovation of
new technologies. For example, the invention of the stirrup in the 11" century
revolutionised battles. Another example is the introduction of the personal
computer which has revolutionised modern-day communications. These all bear
testimony to the notion that one small innovation (or change) can alter a nation
or revolutionise the way society operates. On a broader scale, the chaotic nature
of the environment affirms the reality that the (secure, stable, permanent)

universe has disappeared forever.

4. JUMPING THE CURVE

Organisations must face and conquer the chaos that exists in the new world
order. Today’s explosion into telecommunications, science and technology, into
global markets, challenges the old ways of thinking. In this changing
environment, the corporate leader can no longer assume that his business can
run along the old rails of the past. History teaches that, periodically, society as a
whole needs to make a sharp break with old habits. This is also the destiny of
business. Business needs to move from chaos, tumult and confusion into clarity -
into a new business order. There appears to be neither any half measure nor a

piecemeal solution. The answer lies in integrated solutions [Imperato and Harari,

1994].
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Charles Handy’s [Handy, 1995b, Craig and Grant, 1993] so-called sigmoid (or S-)
curve in Figure 4, describes the organisation’s natural life cycle. Any new idea,
product, business or industry starts at the bottom of the curve, struggles
through early development, increases its expansion, grows and succeeds over
time - as represented by the steep gradient of the curve (growth phase).
Success gradually slows as market conditions change and new competitors and
technologies emerge - as represented by the levelling-off of the curve (maturity
phase). This is followed by the downward slope of the curve (decline phase).

Handy goes on to state that the sigmoid curve sums up the story of life itself:

'‘We start slowly, experimentally and falteringly,

we wax and then we wane.’

He mentions the stories of the British Empire and of the Russian Empire and
continues to warn that the units of time are decreasing and that the accelerating
pace of change is shrinking every sigmoid curve. The curve is given in Figure 4

below.
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\
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Introduction _

TIME

Figure 4: Handy’s S-curve showing the natural business cycle
Adapted from Craig and Grant, 1993

The situation clearly needs a new boost and organisations need to consider
carefully, to anticipate when it is time to jump that curve [Imperato and Harari,
1994]. It demands of leadership the invention of a new curve for their business,
discontinuous from the previous one, in order to rise to new, higher levels of
success. Every new curve is discontinuous of the others since it is based on a
different set of assumptions and business opportunities as shown in Figure 5. To
keep prospering, companies should consider a new strategy at point A, (moving

instead to C and not to B) while business is doing well.
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Figure 5: Jumping the curve
Source: Handy, 1995c: 51

In practice, this means conforming to a new set of values, theories and practices.
It obviously involves a change in corporate culture. It means doing things
differently. It means changing one’s way of thinking, from doing things right
(efficiency) to doing the right thing (effectiveness). It means switching from
internal thinking to external thinking. This leap into the unknown can be
intimidating and people are afraid of the unknown. Even if they realise that they
have to leave the present curve, they are uneasy about the realities of the new

curve. More than that, generally that curve has to be invented.

In the following section, the time to change, that point in time denoted by the

term the ‘cusp’ or point of transition, will be explored.
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4.1 TIME TO CHANGE - IDENTIFICATION OF THE
CUSP

4.1.1 DEFINITION OF THE CUSP

No organisation can escape the need to re-skill its people, redesign its processes,
reshape its product portfolio or redirect its resources. Hamel and Prahalad
[1994] believe that organisational transformation is an imperative for every
organisation. According to them there are different platforms for the
transformation, these being pro-active, pre-active or reactive (these will be
explored in Module V in more detail, the focus here is to identify the point in time

to act, known as the cusp). They [Hamel and Prahalad] write in this regard:

'The real issue is whether transformation happens belatedly - in a crisis
atmosphere - or with foresight — in a calm and considered atmosphere;
whether the transformation agenda is set by more prescient competitors or
derives from one’s own point of view about the future; whether the
transformation is spasmodic and brutal or continuous and peaceful.

There is often a high price to be paid for brutal and belated transformation.’

They conclude [1994: 21]

'The goal is a transformation process that is revolutionary

in result, but evolutionary in execution.”’

This section addresses the issue of when it is time for radical change. In this, it
distinguishes between the pro-active (radically changing at time T;), pre-active
(radically changing at time T,) and reactive (radically changing at time T3)

transformations identified by the above authors.
Formally, the cusp can be defined as that point at which two curves meet [Oxford

Dictionary, 1993]. It is also called the ‘transition point’, denoting the passing or

change from one place, state or condition to another. Mathematically, the cusp is
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at the point of inflection of a given curve (a point of singularity), while from a

statistical viewpoint the cusp is called a ‘change point’.
4.1.2 MATHEMATICAL DETERMINATION OF THE CUSP

Handy’s S-curve is often used to describe the life cycle of a product, an idea or
organisation. There is a need for radical change in the growth (pro-active), pre-
actively in the maturity phase or reactively on the downward slope of the curve.
The curve may be described by a number of models, one of which, the Gompertz

function, which will be discussed below as an example.

(i) The Gompertz curve:

The Gompertz curve is generally used to summarise Handy’s S-curve. Farnum

and Stanton [1989: 189] explain
'Some phenomena (e.g. demand for newly developed products) exhibit rapid
growth early in their history followed by a declining growth rate until they reach
an upper saturation level accompanied by practically no growth. A trend curve

with an S-shape may be useful in these cases.’

Following from their modified exponential curve, the model below is proposed
S'=|OgS=Bo‘B1BZT+82/

[after Farnum and Stanton, 1993: 189].

2 For the modified exponential curve, p, = the trend value at time zero, ; = the amount by
which the trend value is multiplied to calculate the trend value in the next period
(0<p;<1), B> = determines how fast the rate of growth declines (i.e. the closer B, is to 0,
the slower the curve will grow toward its upper saturation level) and ¢ = the relative
movement of the series away from the trend at time t (error term).
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This curve may be redefined in terms of the following general business model:
log S = K- MN',

where, in accordance with the p-values above, the following are true:
T = time elapsed,
S = demand for business output, and
K, M and N = constants such that:
K is known as the upper saturation level, 0 < M < 1 and N determines how

fast the rate of growth declines.

Then three change points (or cusps, Ty, T, and Ts) are relevant following from the
pro-active, pre-active or reactive scenarios discussed earlier. These cusps can be

summarised in terms of the first and second derivatives (Table 4).

In Mathematics, the point of inflection is that point on the curve where the
2
function changes from concave to convex, that is, where 5T changes sign.

Ideally, the change should be orchestrated at the point of inflection during the
growth phase, indicating a pro-active decision to change (that is, designing the
future and making it happen). 1t is also possible to be pre-active in the decision
to change (that is, maintaining a strategic fit in terms of our expectation of a
possible future), in which case the jump should be orchestrated during the
maturity phase at the saddle point. It is also possible (yet not advisable) to be
reactive in the decision to change (that /s, from a crisis management
perspective), in which case the jump will be orchestrated after the maturity phase
has been reached on the downward slope of the curve. The latter phenomenon is

known as the burning platform scenario.
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Table 4: Summary of alternatives for jumping the curve

SCENARIO CHANGE POINT DERIVATIVES?
(CUSP) FIRST SECOND
DERIVATIVE DERIVATIVE
Pro-active T 8S 82S
(during the growth (inflection point) P >0
3T ST?
phase)
85 82 S
— >0 0
6T 6T2 =
Pre-active T, 3S v 8%S
(during the (saddle point) — = <0
: ; 6T 8T?
maturity phase)
S =0 8%S
o)
STS <0 5%S s
5T?
Reactive T3 8S 8%2S
(during the decline (not an inflection 5T <0 > =
phase) point if it is accepted 8T
that the curve will 35 o 8°S
asymptotically reach ST ST 2 <0
0)

Note: The terms pro-active, pre-active and reactive will be explained in context in Module
V (Figure 29).

PRO-ACTIVE SCENARIO:
It follows that the (pro-active) point in time (say T;) can be obtained by solving T

2 2
from the equation > = 0. Solving T; from the equation, —; = 0, one
3T T
K-M

obtains T;= logn( ), with K > M (0<M<1) and N positive. Thus, in order to

3 For the Gompertz curve cited above, 8S — _mnT logN (K-MNTexp(K-MNT) and

= -MlogN[logN.N"(K - MN") - N"(MlogN.N™)].
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be pro-active in the radical change, the time to change should be around the

point in time calculated by T, in terms of given values for K, M and N.

PRE-ACTIVE SCENARIO:
It follows that the (pre-active) point in time (say T,) can be obtained by solving T

S
from the equation T = MN" logN (K + MN") = 0. Thus, it follows that
MN' logN = 0, thus T, = -o0 (that is, no solution) or K - MN™ = 0, thus

log K

o
I

K
= logy—, with K > M (0<M<1) and M positive. Thus, in order to be
log N M

pre-active in the radical change, the time to change should be around the point in

time calculated by T, in terms of given values for K, M and N.

REACTIVE SCENARIO:

Since there is no inflection point because of the assumption that the function
asymptotically tends to infinity, no unique solution exists under this scenario. This
suggests that it is not possible to be reactive in decision-making if the Gompertz

curve is assumed relevant.

CONCLUSIONS:
Ideally, one would expect the jump to occur around the T, value (i = 1, 2)

obtained under the pro-active or pre-active scenarios. Any movement after the
_ 85 . o .
saddle point has been reached (8? = Q) is reactive in nature, the optimum

solution being around the point of inflection. The jump cannot be orchestrated
under a reactive scenario since there does not exist a solution. The following
general family of functions is proposed by this author as they follow Handy’s

suggested shape, but provide cleaner solutions under the scenarios discussed

above.
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(ii) Proposed model for the pro-active, pre-active or reactive scenarios:

The following family of functions provide greater scope in terms of applicability

and form for Handy’s S-curve.

Let

a
f(t) = -b(ct-a) exp(ct-a) % 0<t< —; a, b and ¢ are positive constants.
c

where a, b and c¢ are positive constants with respect to the specific business or

industry and t is the expected time to jump the curve,

As before, three cusps are relevant pertaining to the different scenarios. These
lead to different signs of the first and second derivative, as in Table 4 above.

2

d a
Letting az— = 0, one finds T; = — resulting in a negative second derivative.
c

From this one may conclude that the pro-active cusp point in time occurs after
. . . . df . a+l o .
the inflection point. Letting Et- = 0, one finds T: = —— resulting in a negative
c
first derivative. From this it follows that the pre-active cusp point in time occurs

df
after the saddle point (where E is negative). As before, no unique solution

exists under the reactive scenario because of the assumption of an asymptotic

distribution.

In conclusion, the main problem with the above methodology, is that the specific
functional relationship should be known a priori, with T the only independent
variable. The above method would serve organisations that optimally have iarge
enough data sets (generally, time series data) available to know a priori the

behaviour (distribution) of the variable(s) they are studying (for example, sales

2

4 d—f= -bc exp(ct-a)[1-ct+a] and :1%? = -bc? exp(ct-a) (a-ct)

dt
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data) and need to make predictions in terms of new product development and the
obsolescence of existing products (the second proposition serves a wider variety
of distributions than the first). Whether these values are in fact readily and
abundantly available, is questionable - one reason being that time series analysis
requires typically large data sets (rare in fast changing industries) to be accurate
in their predictions. The Gompertz curve, since it follows Handy’s S-curve couid
be used if not enough data is available to determine a model specific to the
organisation’s own history or industry. Alternatively, models of the form

proposed under (ii) could be fitted using statistical modelling techniques.
4.1.3 INFERENTIAL DETERMINATION OF THE CUSP

In Statistics, the term ‘change point model” is generally taken to mean those
models in which a change in parameters or functional form occurs at some point

in a sequence of observations [Dictionary of Statistical terms, 1990].

A description of the simplest type of change point problem is given by Lombard
[1989]. Consider a time ordered sequence of independent observations x;, x, ..
, Xp with distribution functions Fy, F, .. , Fy. If Fy = F, = .. = F,, the data are
homogeneous, that is X;, Xz, .. , X, constitute a random sample from a fixed
distribution. More generally, suppose that, for some integer t (1 <t < n), Xy, X3,
.., X, have a common cumulative distribution function F, while X.,4, X.42, +. , X4 1
have cumulative distribution function G. Then a change of distribution has

occurred with 1 called the change point or cusp.

The following serve as principles of hypothesis testing® for the above change point

models.

5> For more information regarding statistical inference and regression techniques, refer
Levine, Berenson and Stephan [1998].
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(1)

(if)

(iii)

General hypotheses:

For the above-mentioned case, the following are valid as general

hypotheses to be tested:

Test Ho: F=G(henceF, =F,= .. =F,), against
Hy: F=G,

and subsequently, estimate 1 in the event of rejection of H,.

If © is known, this becomes a two sample problem for which various

parametric and non-parametric tests exist. The distinguishing factor in
change point analysis, is that 1 is not known a priori.

General construction of test statistics:

Construction of tests for Hy can be based on the well-known two-sample
tests. Consider Z, an appropriate test statistic for the two sample problem
involving Xy, X5, .. , X, and X.1, .. , X,. Then obvious choices of test

statistics for testing H, against an alternative involving an unknown

change point are

1
MmaXig<n Zr OF — er .

n 1<r<n

The main focus in statistical literature involves the derivation of exact or
approximate distributions of such test statistics. Examples of these are

discussed below.
Parametric tests:

Parametric tests involve tests where the underlying distribution (normal,

exponential, or otherwise) may be assumed to be known.
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(iv)

Let X1, X2, .. , X, be independent and normally distributed with respective
means uy, pp , .. , Uy and common variance o®. The simplest model for

change in mean after the r'" observation (1 <r < n) is given by

Ho: pi = ', against
Ha: i = pnI(1 <i<1)+pu I(x+1 <i < n) for some unspecified value t and

indicator function I.
The subsequent test statistic is
Uy = max (| Ttl: 1<t < n),

which follows the t distribution with n-2 degrees of freedom. Also, Tz
corresponds to the familiar test statistic used for a two sample test

(independent observations) of the means, the latter respectively being ;:

and x: for the two groups and pooled variance ¢*. The major problem is

that the two groups need not necessarily be independent.

Tests also exist for the exponential distribution, the binomial distribution

and the Poisson distribution.
Situations that may complicate these derivations:

The above methodology assumes some underlying distribution - the
knowledge of which, a priori, is generally not available [Lombard, 1989].
Moreover, the number of change points are assumed to be at most one
(known as AMOC). (The latter may be corrected using procedures based
on ranks.) Another problem is establishing the presence of nuisance
parameters, that is, testing for a change in the variance of a normal
distribution with fixed but unknown mean. One should also determine
whether some value can be classified as a significant change point or a
statistical outlier. (Simple rank tests may solve this problem.) Lastly, the

x; are not independent, but are generated by some auto-regressive
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(v)

(vi)

scheme - thus negating the assumption of independence in the t test

above.

Rank tests:

Suppose that x;, %z, .. , X, are independent with unspecified density
functions, given by f,%, f,°, .. , f.>. and let r;denote the rank of x;, 1 <i <

n. The distribution of the rank vector r; does not depend upon the
underlying density, provided that the 6s are all the same. The simplest

way of constructing a non-parametric test is to replace x; in the parametric

T.
procedure by ¢{-——}, where ¢ is an appropriate score function defined

(n+1)
and integrable on the interval (0;1), depending upon the type of

parameter involved (location or scale).

Examples are:

For location parameters: ¢ (u) = 2u-1  (Wilcoxon score),
¢ (u) = ®7'(u) (normal score) and

for scale parameters: ¢ (u) = (2u-1) (Mood score),

¢ (u) = -log u (Savage score).

Estimation of the change point:

In the event that the null hypothesis of no change point is rejected, one
has to determine the change point. An obvious estimate of 1 is the point

€.

; at which the absolute standardised cusum ——————— attains its
Jk(n -k)/n

n —_ -
maximum, where C, = Z(Xi —xn), 1 <k < n. This estimator 7, is not

i=1

sufficient for the parameter [Hinkley, 1970] = since the distribution of the

sample X, X2, .., X, | 7 is not independent of . Moreover, it is not possible
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to obtain a consistent estimator for 1, because increasing the sample size
has no effect on the shape of the likelihood function. Thus, especially in
the non-parametric case, no satisfactory estimation of the change point is

yet available.
(vii)  Regression analysis:
Suppose that x;, X, .., X, have the linear model structure

X; = AiBi + e, where
A, = 1xp row vector of known constants,

Bi = px1 column vector of unknown regression constants and

e; = independent and identically distributed random variables.

Then the simplest regression change point model tests
Ho: B = B*, against

Ha: pi=p fori<t, and p;=p fori> .

Much research has been done in this field, although few researchers offer exact or
asymptotic tests. One aspect that has received attention, is the situation where
X1, X2, «o 4 X @nd X1, .., Xy fOrm parts of two time series with spectral densities
f; and f, respectively. Software has been developed by Venter and Steele [1995]
locally, called ‘Abrupt Change Point Analysis’ (ACPA), written in Visual Basic, that
determines, for a given data set, the possible change points - not necessarily

AMOC. The programme assumes independence of observations.

In most business applications, data are time-ordered, that is, x;;; is observed
after x; and constitute a time series. Nevertheless, the full data set, xi, x5, .. , X7
is available for analysis and the situation differs from that encountered in
sequential data analysis. In the latter case, the data are analysed with the
advent of every new observation, the objective being to detect a change as soon
as possible at the outset. The sample size is generally not determined by a data-

dependent stopping rule and the analysis is retrospective by nature. Lastly, the

- 59 -



MODULE II - FACING THE REALITY
INSIDE CHAOS

methodology depends to a large extent on known probability distributions -

generally not easily determined empirically.

The above methods require a priori determination from the organisation to
determine the closest fit with one of the above functions (or some other function)

that summarises their past behaviours.

This author does not entirely agree with Macmillan [1989] who recommends that
it is still possible for organisations to jump the curve during the decline phase.
This may well be what many (if not most) organisations do, but being neither
pro-active neither pre-active, will be a sub-optimal solution at best, as opposed to

strategy.
4.2 BUSINESS APPLICATION OF THE CUSP

In astrology, being on the cusp, refers to being born near the change of
astrological signs. This makes astrological interpretations uncertain. ‘On the
cusp’ in a business sense, refers to the age of discontent between the production
orientation of the past and the Information Age ahead. Thus, the cusp could also
refer to the movement towards the Quantum Age or into a different epoch. On a
smaller scale, organisations need to determine when they are on the cusp of their
current business and to be able to jump onto a new curve to bring them

competitive advantage.

4.3 CATASTROPHE THEORY
4.3.1 DEFINITION

The mathematics of smooth, continuous change cannot explain abrupt or sudden
changes. Models which result from the use of such mathematics, tend to imply
that sudden change is not permissible, or at least, not reasonable. However,
sudden changes do occur. Catastrophe theory is concerned with the phenomenon
of rapid or sudden change. The French mathematician, René Thom, proposed
and developed these theories to explain the behaviour of systems. In 1972, he

- 60 -



MODULE II - FACING THE REALITY
INSIDE CHAOS

postulated that there are elementary catastrophes represented by mathematical
equations that described generalisations of systems that move rapidly from one
state to another. Catastrophe theory helps to model discontinuous, abrupt
changes in a variable (behaviour) as a result of small, continuous changes on one
or more other (control) variables. According to Karathanos, Pettypool and Troutt
[1994], it allows for models in which abrupt change is not only permissible but
expected. Instead of experiencing the surprise of unexpected movement or
behaviour, one may expect catastrophe theory to help explain (and possibly
prepare for) the sudden changes in the behaviour variable. Moreover, Wright
[1983] believes the theory useful in handling situations in which qualitative data
are prevalent and in which qualitative management decisions have to be made.
The theory may also assist in the determination of appropriate data for

quantitative decision-making.

According to Stewart [1975] catastrophe theory applies to systems with a high
degree of friction which are governed by an energy function (E). The equilibrium

states respond to stationary values of E.
4.3.2CUSP CATASTROPHE MODELS

The advantages of using cusp catastrophe models (response surfaces) are

twofold. These are [Gresov, Haveman and Oliva, 1993]:

0 Their ability to capture, in a single response surface, both incremental and
sudden shifts in strategic response, and

0 the fact that there are means to estimate such models containing multivariate

constructs that are necessary for dealing with complex strategy variables.

In this, the name may be misleading since it implies only catastrophic situations
(earthquakes, tornadoes or floods), whilst, in reality, the term refers to sudden
discontinuous behavioural shifts in the response system. Catastrophes may be
described as points whose fundamental processes move towards states of
minimum or maximum potential (for example, a clock pendulum stopping). Such
models are only appropriate for so-called state-descriptive systems. In these

systems, the current state depends upon the prior state, and, statistically, would
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show high levels of autocorrelation in a regression analysis. In catastrophe
theory, the state variable exhibits the rapid change and the change is caused by
control variables. Thus there is some correlation between the ‘state’ and the
‘conditions’ to which the system is subject. Where this is not the case,

catastrophe theory is inappropriate.
Scapens, Ryan and Fletcher [1981] define the cusp catastrophe theory as

‘.. concerned with the analytical explanation of sudden changes in the behaviour
of a system, arising as a result of smooth changes in the factors which determine

the attainable equilibrium states of that system.’

The state in which one finds something, is a function of the conditions in which it
is embedded. For example, water is frozen below zero degrees Celsius at
atmospheric pressures, whilst water boils if the temperature reaches one hundred
degrees. Hence, for a given temperature, a physicist is able to determine the
state in which water, in its liquid form, would be found. At a social level,
Governments try to take steps and create conditions under which the population
will continue to vote for them, or organisations try to create conditions (wages,
benefits and others) that will avoid the state of labour unrest. Indeed, a
significant proportion of the quality philosophy, is based on the premise that,
under the right conditions (for instance, empowerment of employees), the right
state will be achieved (for instance, quality products). Organisations try varying
techniques to alter the conditions, for example: cross-functional teams,

delayering, training and management by objectives.

However, not all systems follow the natural law that there is a direct correlation
between the state of the system and the current operating conditions. According

to catastrophe theory, in some situations, under apparently identical conditions

two states are possible.

There is some sort of jump from the one state to the other. This jump is typical
of catastrophic systems and may occur without being noticed if no mechanism is
in place to detect this. This results in the possibility of overcompensation.
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Typically, in organisations, there may be a drive towards decentralisation or re-
engineering with every unit and element in the system driving towards the goal.
The result may be fragmentation, with unco-ordinated efforts negating the drive
towards success. Hence, long before the optimum position of balance has been
attained, the conditions are already in place and the system goes too far the
other way. The figure below schematically summarises this situation and

presents the classic view of catastrophic systems as well as the cusp.

State

Extra conditions leading
to catastrophic
behaviour of the system

" ;34,.“?"? g ,;‘
Zone of catastrophic /

behaviour

Figure 6: Schematic representation of catastrophic systems
Source: Finlow-Bates [1993: 471]

Along the line AB, a positive correlation exists between the ‘state’ (for example,
operating efficiency) and the ‘conditions’ (for example, length of communication
lines, span of control). In a catastrophic system, along the line CD, two
equilibrium points are present (namely, E; and E;) for virtually the same set of
conditions. In endeavouring to direct the system by varying one of the conditions

along what management believes to be an appropriate path, the system jumps
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undetected into a totally new position on the curve with a totally new state

(denoted by AB' and C'D").
4.3.3 MATHEMATICAL IDENTIFICATION OF THE CUSP

Gresov, Haveman and Oliva [1993] cite the following generic form of the cusp

function

fz)= Vz'-xy-thyZzs

This is depicted in Figure 7.

‘ e, Response su rface”
/ ) # Z = dependent variable
R /4' (behaviour)
: y
’z

Y = independent
variable
(splitting factor)

X = independent variable
(normal factor)

Figure 7: Generic form of the cusp function

Thus, mathematically, the cusp model is given by the set of maxima (or minima)
points

3
— =2z2-yz=0.
0z
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The following holds for the above variables:

X, Y = independent variables,

Z = dependent variable,

X, Y and Z are assumed to be latent constructs that can be estimated,

X = ‘normal factor’ because Z changes directly with X,

Y = ‘splitting factor’ because the response surface bifurcates as the value of the
variable is increased beyond some point known as the singularity.

Thom’s seven elementary catastrophes (of which the above is one) are
summarised by Oliva, Day and Jedidi [1987].

Movement occurs on the surface of the model in Figure 7. Changes in the
independent variables cause changes in the dependent variable. If Y is small,
smooth changes occur in Z (directly proportional to changes in X). At high values
of Y, large changes in X will result in rela<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>