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Creative Problem Solving for Managers

Stimulating and developing the creative potential of all members of an organisation is widely seen as contributing to performance and results. This prestigious textbook provides a complete overview of the creative problem-solving process and its relevance to modern managers in the private and public sectors. It introduces ideas, skills and models to help students understand how creative thinking can aid problem solving, and how different techniques may help people who have different thinking and learning styles.

This updated fifth edition includes fresh case studies, exercises and suggested reading, alongside extensive diagrams and thought-provoking questions. A new chapter considers the use of heuristics in decision-making situations faced by managers, and examines how aspects of creative problem solving can relate to such situations. It also introduces a complex in-tray exercise, which demonstrates how the conflicting demands on an individual manager can be considered in practice. Supporting PowerPoint slides for lecturers are available for each chapter.

Creative Problem Solving for Managers will continue to be an ideal resource for undergraduate and postgraduate students studying problem solving, strategic management, creativity and innovation management, as well as managers looking to develop their decision-making abilities.

Tony Proctor is Emeritus Professor at the University of Chester, UK.



In Creative Problem Solving for Managers, Tony Proctor dispenses readers with rich examples of ideation techniques, as well as challenging the readers to question fundamental issues and develop their own capabilities. Proctor showers readers with easy-to-use techniques that have the potential to transform anyone into a genius level creative thinker and problem solver. The author explains and shares good practices for managers to avoid arriving at the same old answers to problems. Proctor offers plenty of techniques that today’s readers can use to bridge the creativity gap and unleash their hidden potential in problem solving.

Creative Problem Solving for Managers is full of practical guidance, as well as case studies to illustrate the key points. It provides the latest guide for generating new ideas – including a chapter to explain the range of computer software, apps, photographs and videos that can act as a spurt to ideation. This book is invaluable reading for undergraduate, postgraduate and MBA courses, as well as being particularly useful in ongoing professional development courses for managers.

Dr Kim Hua Tan,
 Professor of Operations and Innovation Management, Nottingham University Business School



Creativity is a life skill for leaders, managers, decision makers and students. The fifth edition of Creative Problem Solving for Managers provides excellent techniques to creative and critical thinking. I have used cases, techniques, methods and examples from Tony Proctor’s book in my teaching, which will help my students to acquire skills in high demand in business and government to solve complex problems.

Dr Wahabalbari Ahmed,
 Lecturer in Economics, Birmingham City University Business School



Creative Problem Solving for Mangers is very supportive of a practice-led approach to management education, at a time when creative thinking skills are increasingly necessary across organisations of all sizes and sectors. Drawing on comprehensive and in-depth theoretical support, it offers lots of useful practical cases and examples to stimulate critical analysis and debate. I have used previous editions as a core text and continue to do so with postgraduate students locally and globally to support decision making, problem solving and exploration of opportunities.

Dr Pauline Loewenberger,
 Senior Lecturer, University of Bedfordshire Business School
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Preface to the fifth edition

Any managers and executives seeking to further the interests of their organisations need to be able to think creatively. As we move towards the third decade of the current century, this need has become an urgent necessity among businesses in the developed world. It not surprising that interest in creative problem solving has continued to be high. In a world that is constantly changing and presenting new challenges, pathways to the solutions of new kinds of problem are always in demand. Nothing is certain and even long-established businesses can begin to crumble in a matter of months, so radical new ways of looking at problems seem to be very much the order of the day. Creative thinking should not be seen as the ‘universal antidote’ capable of curing all, but it offers ways of examining problems that force us to question fundamental issues. It makes us challenge basic assumptions. There are no such things as firm foundations – the bedrocks of civilisation can crumble into dust while we look on in awe and trepidation!

I am often asked whether the various approaches I outline in this book really work. The answer to this, I feel, is really only known by those who use the methods. Moreover, it is always difficult to know if you would have been able to find an answer to a problem that you did not know existed without the aid of the techniques I outline here. Or, indeed, for that matter, whether you might solve the problem more to your satisfaction by using other methods.

The material contained in this book should appeal to a wide audience. I originally thought the subject matter was something that would perhaps most interest experienced and mature adults. I discovered that not only was it something that appealed to experienced managers but it also held the attention of management students of all ages and backgrounds. One of my most enlightening experiences has been getting final-year undergraduates interested in the subject.

The subject matter of this book will appeal to people who have a variety of different interests in management. Whether your primary interest is in accounting, personnel management, marketing, production, or research and development does not really matter since the subject matter contained in this book is relevant to all these interests. However, you must approach the subject with an open mind; and all the methods, no matter how ridiculous they may seem, should be treated seriously – but not so seriously that they cannot be enjoyed. The greatest barrier to appreciating the subject matter of this book is scepticism.

I have made changes to the fourth edition of the book and expanded it from 15 to 16 chapters. In particular I have inserted a chapter specifically on decision making between the old chapters 13 and 14. This chapter essentially looks at practical decision making based on satisficing in terms of achieving objectives. Here is a brief synopsis of the contents of the book.

Chapter 1 looks at the nature of changing times and reviews some definitions of creativity. It also explains the nature of invention and innovation, distinguishing in the latter case between product and process innovation. It highlights the importance of creative problem solving in enabling business executives to cope with novel or new problems. In examining the importance of creativity to business and managers, the chapter picks out those instances where it is most needed. The chapter ends by explaining the concept of paradigm shift and its relevance to business, managers and creative thinking.

Chapter 2 argues that the blocks to creative thinking are essentially of two varieties – individual and organisational. First, it turns our attention to the various personal blocks that people may encounter when trying to solve problems, think creatively and deal with new kinds of problem. These blocks are to do with mindset and with factors to do with perception, emotion, expression and cultural influences. The chapter then continues by discussing how these blocks can be diagnosed in individuals and overcome. It then moves on to blocks encountered in organisational settings and the conditions that are needed to circumvent them and encourage creativity in organisations.

Chapter 3 argues that creativity is explained best by the neuro-physiological functioning of the brain. It envisages a connection between the neuro-physiological functioning of the brain and the cognitive theory of creative problem solving discussed later in the chapter. It then draws attention to other important contributions to the theory of creative thinking. We look specifically at the notion of divergent and convergent thinking and adopt the suggestion that the conditions under which ideation takes place are very important. We finish the chapter by looking at analogical reasoning, which is a cornerstone of many of the creative problem-solving techniques that we encounter later in the book and a building block of everyday thinking.

Chapter 4 concentrates first on problem solving and later on the concept of creative problem solving. General ideas about problem solving and types of problem are discussed and several models of the process examined. This preludes a discussion later in the chapter that considers the process of creative problem solving. It looks at insights into problems and how they arise. Again, different models of the creative problem-solving process are examined. The chapter concludes by discussing limitations that can apply when adopting formal problem-solving approaches.

Chapter 5 offers an explanation regarding the suitability of the techniques outlined in subsequent chapters for gaining insights into different kinds of problem. It also puts forward the idea that different techniques may be perceived differently by different individuals. Some people may feel uncomfortable using some of the techniques – and there are good reasons for this. In this chapter we examine some of the main thoughts that address these issues. We look at:

	a) How an individual’s characteristics and modes of thinking and learning may impact on use of the techniques in the creative problem-solving process. This is also extended to the group situation.
 	b) Which techniques are most suitable for solving different types of problem.


Chapter 6 examines the process leading up to establishing and defining the problem. This is seen as a multi-stage process. The first stage, objective finding, essentially involves divergent thinking to generate a list of problems or problem symptoms. This is followed by convergence of thought to identify the most relevant problem areas for further exploration. Next is the fact-finding stage, where overall comprehension of the problem is increased by the collection of relevant information. This also helps new ideas to be generated. The previously identified problem(s) may now be seen from a new perspective. There are a variety of problem-definition mechanisms that we explore in the course of the chapter.

Chapter 7 introduces morphological analysis and related techniques. The techniques we look at are essentially systematic structuring mechanisms designed to facilitate the gaining of insights into the problem. A variety of techniques are considered, including checklists, listing, morphological analysis, force-fit triggers, the heuristic ideation process and component listing. If the subject of a problem has one or more easily identifiable dimensions, most of these techniques can be useful tools for helping to generate ideas.

Chapter 8 reviews some of the more popular forms of brainstorming. These include classical brainstorming, the ‘wildest idea’ variant, round robin brainstorming, the Gordon-Little variant, the trigger method, brainwriting and brainlining (brainstorming on the internet). Limitations of brainstorming as a method are also examined.

Chapter 9 discusses ‘lateral thinking’ under the headings of awareness, alternatives and provocative methods. The chapter considers each of these aspects in turn. Lateral thinking does advocate some ideation methods, and these come under the heading of provocative techniques. They include random stimulus, intermediate impossible, reversals, distortion and exaggeration, exposure, cross-fertilisation, problem switching. These are covered along with the use of metaphors and analogies, as well as thoughts about the discontinuity principle.

Chapter 10 takes a look at the subject of synectics. A method of using synectics is outlined and discussion given over to considering the various components that make up the synectics process. The chapter explains the four different types of analogy used, with illustrations of each.

Chapter 11 addresses the subject of breakthrough ideation. It starts by examining how a breakthrough idea was achieved many years ago and tries to draw some lessons from this. This is followed by examining a number of techniques that have been tried out in recent times to achieve breakthrough ideas. Visualisation, symbolic representation and ‘rich pictures’ are all mechanisms that can support this kind of thinking. Two other mechanisms are also discussed: wishful thinking and role playing. Finally, we point to the benefits that disruptive technologies can bring for those who discover and commercialise them. Such breakthroughs reflect paradigm shifts.

Chapter 12 reviews some of the remaining creative problem-solving techniques that may be used. Many of these techniques are illustrated and discussed on various websites and in books written for the popular press. Most of these techniques are straightforward and would fit into McFadzean’s category of paradigm-preserving techniques. Some require more imaginative thinking and could lead to paradigm stretching or even paradigm breaking.

Chapter 13 looks at methods of evaluation ranging from simple checklists to complex weighted scoring systems. First, however, it looks at sorting methods before examining evaluation methods. Many of the ideation methods that will have been examined in the previous chapters produce a large quantity of ideas. Before we can evaluate these ideas we need to sort them into categories or themes. This facilitates the process of making comparisons and evaluations. Finally, we give some thought to exercising choice.

Chapter 14 examines aspects of decision making and how they may be related to the creative problem-solving process. First we reflect on the types of decision executives may be expected to take. Next we will review how such decisions might be taken within an organisational setting. We consider decisions taken by both individual executives and groups. In practice, executives take decisions as individuals and as group members. They usually make use of heuristics in order to simplify the complexity that surrounds decisions. Sometimes when dealing with complex problems, a decision tool named the ‘analytic hierarchy process’ can be used to advantage. This is especially the case where there are several alternative courses of action to consider and several criteria to take into consideration. Finally, we note how creative problem-solving methods may be useful in helping along the decision-making process.

Chapter 15 reviews some of the problems of implementing ideas. First, consideration is given to the various sources of resistance to change. Next we look at the role of communication in overcoming resistance to change. This is followed by an examination of how ideas might be put into action. Lastly, the chapter looks at how one might foster a climate for change in an organisation. It also reviews a number of techniques and methods which can assist in the implementation of ideas.

Chapter 16 mentions the range of computer software that can be used to assist creative problem solving, stretching from purpose-built software to more general-purpose software. The amount of software available has expanded considerably over the past few years with the development of applications that will run on hand-held and mini computers fitted with touch screens – commonly referred to as ‘apps’. Developments on the internet have also led to the setting up of social network sites, and these too have facilitated the ideation process. Conventional computer software may be used creatively. Photographs and videos can act as a spur to ideation and with the aid of computers they can be a useful part of creative problem-solving sessions.

Throughout the book there are ample illustrations of the key points. There are specific case studies attached to each chapter. The latter invite the reader to make use of all the knowledge he or she has gained about the creative problem-solving process through reading the book. Where appropriate, I have also added some new material to this fifth edition. In view of this additional material, the bibliography has been substantially enlarged and many recent references included. At the same time I have deleted some older material that has become less relevant with regard to paradigm preserving, paradigm stretching or paradigm shifting.

As ever I am grateful to those who gave me ideas for the book. Specifically Professor Tudor Rickards, who provoked my initial interest back in 1983, and more recently Dr Elspeth McFadzean for her ideas on framing the techniques within the contexts of paradigm preserving, stretching and breaking. In addition, I am grateful to Dr Mark Crowther for the useful insights he gave me while undertaking research into decision making in a large public-sector organisation. My thanks also to anonymous reviewers for comments that led me to introduce modifications to the book from the fourth edition – in particular Chapter 14 on decision making.

Tony Proctor, Chester, 2018


Chapter 1
 Creativity and its importance in business


Creative thinking plus new technology leads to a competitive advantage

The internet comprises an immense network of interconnected computers, and the World Wide Web is a collection of webpages found on this network of computers. The World Wide Web was invented by Sir Tim Berners-Lee when he was attempting to find an easier way for scientists to share data from their experiments. Its creation opened up the internet to everyone, allowing people to share their work and thoughts through social networking sites, blogs and video sharing. Moreover, the World Wide Web is not only useful to individuals but has come to be recognised as a way for organisations and firms to conduct business in an efficient manner. One such organisation is Amazon. From its origins as an online bookseller in the late 1990s Amazon has expanded to offer many different products. Technological innovation has played an important part in this. In addition, the firm’s marketing strategy of focusing on making the online shopping experience as seamless as possible has been a key element in its success. With one click of a button the customer is able to place and pay for their order, and the system also remembers key details such as the delivery address.



Introduction

In this chapter we first review the changing times and look at the impact it has on us and on the need for creative thinking. Next we review definitions of creativity and highlight the importance of creative problem solving in assisting business executives get to grips with novel or new problems. Next we distinguish creativity from innovation. Creativity in business is extremely important since it is the means of generating new ideas which are required to deal with previously unmet situations. It also gives businesses a competitive edge in the marketplace, enabling them to survive and even stay ahead of the competition. We pick out those instances where creativity is most needed, noting in particular the phenomenon of paradigm shift. Paradigm shifts occur when a totally new way of doing things becomes universally adopted. This chapter sets the scene for the next chapter, where we discuss some of the blocks people may encounter in coming up with ideas and how these blocks may be overcome.


Aircraft Pollution

With the advent of the jet engine and advanced navigational instrumentation the airline industry was born. The death knell was sounded for the transatlantic passenger liner, and as one product life-cycle drew to a close a new one began. The jet engine heralded a paradigm shift in civil aviation, and creativity was needed to harness, exploit and market the applications of the newfound technology. Some fifty years on, serious questions are now being raised about the viability of air travel in the long term. High levels of environmental pollution from aircraft emissions during flight and the environmental impact of the growth of airports in densely populated areas are only two of the issues that are becoming a cause for concern. Creative thinking is required to find ways of dealing with both of these issues.



Changing Times

The first few years of the present century saw technology advancing in line with that experienced during the last years of the twentieth century. The trend has continued, but alongside the prominence of technology in creating change, economic, political and social pressures have come to dominate the scene. In the past few years the latter have begun to produce problems which are difficult to solve. In business there is a need to gain insight into such problems. Questions such as ‘How does one stimulate growth in sales and profits when there is no growth to be had?’ may be at the back of managers’ minds. Or even, ‘How can we ensure that the business will survive?’ They cannot, however, assume, like Dickens’ Wilkins Micawber, that ‘something will turn up’. Challenging assumptions is at the heart of creative problem solving.

In Chapter 2 of this book we will examine the reasons why people have difficulty in challenging assumptions and thinking in a creative manner about such problems. In Chapter 5 we will explore this topic further and see how and why people have different approaches and different preferences in relation to thinking and how this can impact on their approach to finding solutions to some kinds of challenging problems. Of course, it is helpful to understand something about how people get ideas and how this can be encouraged in individuals and organisations. In Chapters 3 and 4 we look at the theoretical ideas relating to creativity and creative problem solving. The techniques sections of the book are intended as guides to help people generate ideas. Chapter 11, which features paradigm breaking approaches and comments on the positive and the negative consequences of disruptive technology, may be of particular interest.

In Chapters 13 to 15 we examine how ideas might be evaluated (Ch. 13), decisions made (Ch. 14) and the problems that might be encountered in implementing decisions and how these might be overcome (Ch. 15). Evaluating ideas, making decisions and implementing those decisions is perhaps the hardest part of the creative problem-solving process. Ideas arise sequentially and what we determine is the best idea today we may not prefer tomorrow. In addition, just how certain can we be that our judgements are sound? Are we really using the right criteria by which to judge ideas? When it comes to implementing ideas the situation is equally obscure. Moreover, it is all well and good coming up with what seem to us to be good ideas, but will those who have to put the ideas into practice have the same view?

Technology marches steadily onwards, developing new, more powerful and convenient devices to improve people’s lives both inside and outside of work. The internet has grown like some giant spider’s web across the vast emptiness of hyperspace, providing hubs of activity for social and business networking and communication exchange. It provides a mechanism for the exchange of creative ideas and insights into intransigent problems. At the same time technology has not stood still in developing more convenient and sophisticated personal computers and communication devices. ‘Apps’ are one of the buzzwords of the day and they abound in huge numbers; some even facilitate the use of creative problem-solving techniques. These are all developments that we will examine in Chapter 16.

Let us now turn to look at creativity and how people have tried to define it.

Some Definitions of Creativity

What is creative thinking?

Creativity is a concept which we often come across in our everyday conversation. We hear of creative people, admire creative objects of art or read creative books. Yet, despite our almost innate understanding of what it means to be creative, there is much confusion about the nature of creativity.

It is useful to examine how ideas about the nature of creativity have developed over the years. Wertheimer ([1945] 1959) suggested that creative thinking involved breaking down and restructuring our knowledge about something in order to gain new insights into its nature. Understanding our own cognitive model of reality may therefore be an important determinant of our ability to think creatively (Kelly,1955; Rogers,1954). Creativity is something which occurs when we are able to organise our thoughts in a way that leads to a different and even better understanding of the subject or situation we are considering.

Maslow (1954) thought of creativity as having two levels. He envisaged primary creativity as the source of new discovery, real novelty, or ideas which depart from what exists at a given point in time. He saw secondary creativity as a characteristic possessed by many scientists in their collective search for discovery and achieved by working alongside other people, extending the work of previous researchers, and exercising prudence and caution in their claims about new insights or ideas. He envisaged creativity as an aspect of human nature to be found universally in all human beings. In children he felt it to be an easily observable phenomenon, but he suggested it was something that adults lose, surfacing mainly in dreams with the relaxation of repressions and defences. It was a view that was echoed subsequently by Stein (1974), who argued that without such an assumption the techniques for stimulating creativity would have no application.

Rickards (1985: 5) defines creativity as ‘the personal discovery process, partially unconscious, which leads to new and relevant insights’. Rickards (1988: 225) also advocates a view of creativity as a universal human process resulting in the escape from assumptions and the discovery of new and meaningful perspectives, or as an ‘escape from mental stuckness’. In broad terms he believes creativity is to do with personal, internal restructuring.

More simply, creativity can be thought of as ‘the production of novel and useful ideas in any domain’ (Amabile et al., 1996: 1155) – and in a business context, ‘creativity is the production of new ideas that are fit for a particular business purpose’ (Pryce, 2005).

Parkhurst (1999) points out the lack of consensus regarding the definition of creativity but that many researchers agree that creativity may be defined in relation to the terms ‘new and useful’ (Mumford, 2003), which suggests that a creative product is that which is deemed to be novel or original and useful or adaptive (Batey, 2012). Indeed, Simonton (2017) points out that there is no dearth of alternative definitions of creativity and that some would claim that there is a ‘standard definition’, namely, originality and effectiveness (Runco and Jaeger, 2012). However, he suggests that even this definition has some deficiencies. These various definitions seem to agree that creativity involves an ability to come up with new, different and even useful viewpoints. However, any definition of creativity is complicated because the concept is multifaceted.

Creative thinking becomes extremely important when considering what to do when a change in the status quo has occurred or is about to occur. New ways of looking at a situation may be required and an existing paradigm for dealing with the perceived new situation may appear to be inadequate. This is the case when a paradigm shift has occurred.

Paradigm Shift

Kuhn (1962) defined and popularised the concept of ‘paradigm shift’ (p. 10). Kuhn argued that science does not evolve, rather it follows a ‘series of peaceful interludes punctuated by intellectually violent revolutions’, and in those revolutions ‘one conceptual world view is replaced by another’.

A paradigm is a set of rules and regulations that defines boundaries and helps us to be successful within those boundaries, where success is measured by the problems solved using these rules and regulations. Paradigm shifts are different from continuous improvement. Examples include: going from donkey cart or horse-drawn carriage to car or travelling long distances by aeroplane instead of bus or ocean liner. Paradigm shifts have made it possible to send complex, accurate messages over great distances: they have facilitated moving from primitive methods such as shouting, smoke, fire, drum, flag signals to highly sophisticated mechanisms such as telegraph, telephone, fax, live video by wire, optical fibre, and communications satellite.

Paradigms have life-cycles, and towards the end of the life-cycle problem solving becomes more costly, more time-consuming and less satisfactory (Figure 1.1). Solutions no longer fit the larger context because of changes that have occurred elsewhere. Nowhere is this better illustrated than in the case of needing to improve parts of the UK motorway network. Widening sections not only involves millions of pounds of taxpayers’ money but also place an additional unestimated burden on motorists in terms of long delays, excessive fuel consumption while negotiating the sections involved, and psychological stress which is difficult even to estimate. The paradigm of widening busy stretches of motorway must surely be in the final stages of its life-cycle. A paradigm shift is urgently required.

Towards the end of the life-cycle, problem solving becomes more costly, more time-consuming and less satisfactory. Solutions no longer fit the larger context because of changes that have occurred elsewhere.
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Figure 1.1
 Paradigm life-cycle curve



Paradigm shifts require a change in perspective on the subject. Blinkered thinking associated with holding too rigorously to a paradigm can lead to missing opportunities and overlooking threats which may have a critical impact on a business. Two competitors may see the same opportunity or threat in different ways, and the one that is able to make the best response can gain a sustainable competitive advantage over its rival.

The process of paradigm shift can be encouraged and effected early through the use of creative thinking. Creative thinking introduces notions and ideas that would not normally be contemplated in problem solving. Creative problem-solving methods make extensive use of techniques and approaches that help to find solutions to recalcitrant open-ended problems.

The ability to tolerate ambivalence between opposites or two incompatible subjects is thought to characterise highly productive creative thinking. Edison’s invention of a practical system of lighting involved combining wiring in parallel circuits with high-resistance filaments in his bulbs, two things that were not considered possible by conventional thinkers of the time. Because Edison could tolerate the ambivalence between two incompatible things, he could see the relationship that led to the breakthrough.

Paradigm shift can occur when new inventions come into being and are turned into innovations. The need for creative thinking often becomes paramount when a paradigm shift occurs or is likely to occur soon.

Innovation, Invention and Knowledge

Invention is an act of creativity that results in a device, process or technique novel enough to produce a significant change in the application of technology.

The application of creativity is fundamental to invention. The element of novelty has various forms; it may be a new device or process, or even material, but it may also consist of a combination of existing knowledge in a manner not previously considered – for example, microwave technology, a form of electromagnetic radiation as employed in, for example, microwave ovens.

We need to differentiate between invention and innovation. One may look at invention as the formulation of new ideas for products or processes, whereas innovation concerns the practical application of new inventions into marketable products or services.

It is also useful to differentiate between two types of innovation:


Product innovation: this comprises changes to attributes of product, resulting in a change in the way the product is perceived by consumers – for example, wireless connectivity to the internet opposed to access by cable.

Process innovation: this relates to changes to a service or product production process. It usually produces benefits in the production process, i.e. increase in productivity and cost reduction – for example, emails compared to mail delivered through the postbox.




Product Innovation

Digital camera

not all that many years ago, amateur photographers zealously guarded their 35mm cameras. They took them everywhere when on holiday and some even engaged in home printing of coloured photos when they got back. To get really good photos required a great deal of skill. Given the cost of prints and film it could be an expensive pastime, too. One might expend a good deal of time, effort and money just to get a few really good photos.

The advent of the digital camera has changed nearly all that! Skill is still required to get really good photos, but cost and time have been reduced very substantially. The modern digital cameras enable us to take a photo and print it out on our computer at home in a matter of minutes. The cameras also offer many more features and cost much less than the 35mm ones did just ten years ago.

Process innovation

How many examples of process innovation can you think of? Here are four for a starter:

	Introduction of a bar-coded goods-tracking system
 	Introduction of GPS tracking devices for transport services
 	Implementation of computer-assisted design for product development
 	Implementation of a new reservation system in a travel agency.




Mokyr (1990) suggests there are two main types of invention that lead to innovations. He identifies macro-inventions as technological breakthroughs that constitute discontinuous leaps in the information set and create new techniques. He contrasts these with inventions of major importance which have to be made in order to perfect the macro-inventions. Such inventions he names micro-inventions. Looked at within the framework of advancements in technology, we might consider macro-inventions to be those that constitute a paradigm shift in terms of thinking.

Macro-inventions may need refining before they can be expected to work well. In addition, any invention may need to be refined if it is used for a purpose for which it was not initially designed. In both cases the refinements that take place are micro-inventions. Berg (2006) discusses the concept of useful knowledge (Mokyr, 2002), which relates to practical and informal knowledge as well as to what is customarily viewed as scientific knowledge. It covers knowledge relating to what works in practice and the personal knowledge of those who obtained the data as well as scientific hypotheses. Both macro and micro inventions depend upon the application of useful knowledge. In both instances, however, the knowledge that is applied may be useful but it may not also be reliable. In other words, the inventions themselves are likely to go part way to achieving their purpose but not necessarily achieve the ideal state. The latter then gives rise to the need for successive micro-inventions or refinements to the initial macro-invention. In all cases knowledge has also to be relevant to the problem in hand. Lack of relevance with respect to knowledge used may stymie innovation altogether. Knowledge is generated in different ways, but the limited thinking capacity of a single individual has often to be supplemented by that of others in order to turn ideas into inventions and subsequently into innovations. Creative insights leading to inventions may depend upon the application of relevant, useful and reliable knowledge to turn them into innovations. Such knowledge is often provided by other contributors who are encountered in business and other social networks. Acknowledgement of an association between social networks and creativity in organisations is a relatively recent development in the field of creativity (Perry-Smith and Shalley, 2003). The relationship between business networking and new product and technological innovation has been discussed by several writers (Seufert, 1999; Kohlbacher, 2008).


The Elements of Innovation

Just one person in an organisation can have a good idea, so we should pay attention to all the ideas that people have and give them due consideration.

Macro-inventions may have their limitations and may not solve the immediate problem with complete satisfaction in the short term or be suitable for employment in all circumstances. They should not be discarded out of hand, however, since it may be possible to correct deficiencies with modifications (micro-inventions).

Macro-inventions often need several micro-inventions before they are truly capable of solving the problems for which they have been designed.

Successful innovations depend on relevant, useful and reliable knowledge.




Inventions, Innovations or Just Creative Research?

Gene research

In 1988, Rudolf Jaenisch and co-workers succeeded in implanting in mice the gene for a hereditary disease of humans. It was thought that it would open the way for the study of such diseases and lead to improved treatment.

Superconductors

In 1911, Heike Onnes discovered that electrical resistance in mercury disappears when the mercury is cooled to absolute zero. This phenomenon is known as superconductivity. It was found subsequently that other metals and alloys also become superconducting at very low temperatures.

Today, superconductors are used in large and powerful magnets, mainly in particle accelerators and the magnetic-resonance imaging machines used in medicine. There are other potential applications.

Infinity of non-smooth four-dimensional spaces

In 1987, Clifford Taubes discovered that the infinity of non-smooth four-dimensional spaces is uncountable (an infinity is countable if each element in it can be matched to one of the counting numbers).

Quarks

When physicists first began to think deeply about quarks they were puzzled because isolated quarks had not been observed. One idea was that quarks might be the ends of strings. Assuming that a particle was a string and quarks were just the ends of the string, it was understandable why one never found a quark without the other. A string is essentially a one-dimensional object in a space of four dimensions (counting time as a dimension). Physicists turned to topology, the mathematics of knots and surfaces, to find out what the implications might be of using strings instead of particles in their calculations. To their surprise, they discovered that strings simplified the calculations.

Question

How would you classify each of the above four illustrations in terms of inventions, innovations or just creative research?



From a business development point of view and in terms of developing growth strategies it is suggested that breakthrough innovation should not be the focus of attention – perhaps reflecting Mokyr’s concern for having useful knowledge that is relevant and reliable with respect to how the market will respond. Indeed, the latter strategy may be too radical for some markets (Treacy, 2004). Evidence points to a more than 90 per cent failure rate among new products launched on the marketplace, and the majority of these are based on radical technologies (Christensen et al., 2005). Such evidence indicates that, in order to remain competitive, organisations should seek to develop new products via incremental technologies (Moon, 2005). Adopting a process of continuous improvement to existing products appears to be a requirement of continued success (viz. Randall et al., 2005). Adopting such a strategy involves the redesign of existing models/products with incremental technologies, which produces cost savings in terms of time and money and may lead to retention of existing customers (Treacy, 2004). Innovative tec hnologies and tools were crucial for Google to become the world’s most popular search engine and a robust financial enterprise with its market value continuously rising (Vise, 2005).

The two general theories of invention are the deterministic and the individualistic. The deterministic theory holds that when economic, technical and cultural conditions are ‘ripe’ an invention will be made by one inventor or another; who does it is just historical accident. This theory has some support in the numerous instances of simultaneous and independent invention. It also helps explain the competing claims that emerged over the invention of the steamboat, the electric telegraph, the incandescent lamp and the aeroplane. The theory is also plausible because timing is unquestionably important in invention. Also, inventors are likely to focus on projects that are reasonably attainable and for which there is a recognisable need or demand.


Creativity and Inventions

Christian Doppler gave his name to a well-known principle which he discovered in the nineteenth century (the Doppler effect). We can observe it any time a motorist sounds his or her horn while passing us. When the source of the sound is approaching us the pitch seems higher than when it moves away from us. Sound waves are just one form of wave subject to this effect.

Can you think of how twentieth-century inventors might have made use of this principle to come up with commercially applicable inventions?

See Appendix 2 for suggestions.



The Importance Given to Creativity in Business

In management, problems arise as different or new situations present themselves, and they often require novel solutions. It is frequently difficult to see solutions to problems by thinking in a conventional fashion. Logical thinking takes our existing knowledge and uses rules of inference to produce new knowledge. However, because logical thinking progresses in a series of steps, each one dependent on the last, this new knowledge is merely an extension of what we know already, rather than being truly new. It would seem, therefore, that logical thinking has only a limited role to play in helping managers to be creative. The need for creative problem solving has arisen as a result of the inadequacies of logical thinking. It is a method of using imagination along with techniques which use analogies, associations and other mechanisms to help produce insights into problems.

Over the past few decades creativity has become a highly fashionable topic in both academic and business worlds. That is not to say that creativity did not exist before, but its importance to the continued success of an organisation had yet to be recognised. Many management problems require creative insights in order to find satisfactory solutions. Nowadays, the majority of organisations are fully aware of just how vital creativity is to their prosperity. Over time, considerable research has been undertaken which enables us to obtain a better understanding of creativity and become more innovative ourselves.


An Economic Cleaning Job: Finding a Less Costly Way of Performing a Task

Tank refurbishers clean out and reline industrial storage tanks. In an increasingly competitive market, margins are becoming tighter and profitable business ventures more difficult to find. nearly all the tanks the firm refurbishes are cylindrical and vary considerably in terms of the volume of liquid they contain. The procedure is to remove the ends, clean and repaint the inside of the cylinder, clean and repaint the end sections and reweld the pieces after completion of the repainting.

How might the firm seek to be more competitive in the pricing of its jobs?

See Appendix 2 for suggested answer.



Change is an ever-present phenomenon to which businesses of all kinds are forced to respond if they want to stand the best chance of survival and prosperity. But how should they respond? An increasing number of problems have no precedents, and there are fewer tested ways of approaching them. This poses problems for organisations. A plethora of literature has emphasised the need for creativity in business. Indeed, Oldman and Cummings (1996: 609) noted that ‘numerous commentators have argued that enhancing the creative performance of employees is a necessary step if organisations are able to achieve competitive advantage’. This has been reiterated both previously and subsequently by other writers (e.g. Majaro, 1991; De Brabandere, 2005; Gogatz and Modejar, 2005; Im et al., 2013; Eggers et al., 2017).

There are strong arguments to support the view that in the second decade of the twenty-first century the competitive marketplace demands ever-increasing value to customers, which translates into lowest total cost, highest total quality, fastest total cycle time, and highest total overall customer satisfaction (Atkins et al., 2002). This in turn supports the argument that there is a need for creativity and continuous innovation. In a globally competitive environment where firms compete on both quality and cost then means of improving operating procedures and achieving cost reductions also demands creative thinking. As global competition intensifies, creativity helps establish and maintain a competitive advantage (Meisinger, 2007).


Firefighting Management

A wildfire can quickly get out of control and destroy thousands of acres of woodland and homes and other buildings which make up the geographic and social infrastructure of the life of communities. Fires have to be tackled quickly and extinguished effectively by people well trained in firefighting. Because of the damage fires cause it is very worthwhile putting in place measures which can minimise the risk of fires occurring in the first place and, if they do occur, from rapidly spreading out of control.

In the context of business, firefighting management is about putting the urgent issues before the important ones. This often means that important ones are not dealt with expeditiously. At best, managers fail to give proper attention to strategic priorities and the focus is on survival.

A proactive stance to management is required in which systematic and careful circumspection is linked to developing timely creative interventions in order to reduce the necessity for large-scale firefighting.



Why is creativity in management important? According to James March (1988), the main problem in management is that ‘Organisations face a large number of problems of about equal importance, but only a few solutions. Thus the chance of finding a solution to a particular problem is small.’

In order to identify and so solve many of the problems that arise in business it is necessary to challenge the problem-solving capabilities of those in charge. In many cases the creative process which is used to approach problems has to be restructured and redeveloped in order to produce new ideas and perspectives.

Change is an intrinsic necessity for a company that wishes to perform well in the long term. As John Harvey Jones stated: ‘Unless a company is progressing all the time, it is in fact moving backwards. It is quite impossible to maintain the status quo’ (Rogers, 1996). Attempting to do things in the same way as they have always been done can lead to difficulties in a business environment that is experiencing rapid cultural, economic or technological change. Change is an ever-present phenomenon to which businesses of all kinds are forced to respond if they wish to stand the best chance of survival and prosperity.

The rapid growth of competition in business and industry is often quoted as a reason for wanting to understand more about the creative process (see, for example, Rickards, 1990). Many firms are continually experiencing pressure to enhance old systems and products. Growth and survival can be related directly to an organisation’s ability to produce (or adopt) and implement new products or services and processes (VanGundy, 1987). One of the key aspects of any organisation’s success or failure is its ability to stay ahead of the competition in a rapidly changing environment. The modern business, with its emphasis on competition, building larger markets, strategic planning, team working, etc., has created the need for new problem-solving and decision-making strategies.

Where there is a comparative lack of innovation this may be due to slowness in adopting new management techniques. This may be attributed to a combination of low investment in new technology and weak employee training and development policies (Porter and Ketels, 2003). A renewed emphasis on skills development, enterprise and innovation is necessary if a country’s economy is to remain competitive.

Another reason is that managers need to discover new and better ways to solve problems (Ackoff and Vegara, 1988). In particular, an increasing number of problems have few or no precedents, hence there are fewer tried and tested ways of approaching them in anticipation of reaching a successful outcome. To stay in business a company has to respond creatively to the problems it faces. Problems may exist in both the external and internal environments. The former poses problems such as how to cope with slow economic growth, how to deal with new entrants to an industry, how to grow sales at the pace of competition in high-growth markets, how to deal with new technological developments and how to cope with shorter product life-cycles. The latter poses problems to do with poor internal communications, financial problems, alienated or poorly motivated staff and inadequate planning.

Changes within a company, forced by internal or external factors, create an unhappy climate for the company and its workers. Management needs to respond positively to such situations. Creativity is considered to be a vital asset for any person who is in a leadership role (see, for example, Bennis and Nanus, 1985; Ekvall, 1988; Carr, 2010). Creative leaders actively hunt for new problems and are especially successful in handling new challenges which demand solutions outside the routine of orthodox strategies. They often possess significant vision and are able to inspire others by their creative talents.

Creativity is an important resource and organisations have to try to make use of this resource by devising settings which permit creative talents to thrive. Employees’ expertise and skills are an important asset in a knowledge-based economy and have a positive impact on growth and jobs in the economy. Of particular importance are those that produce, adapt and diffuse new technical knowledge. Successful innovation depends on the ability to mobilise technical resources, knowledge and other inputs needed in the innovation process. This includes sources of knowledge, such as networks of firms, concentrations of R&D and business services. When these are available, the ability to innovate is enhanced. The interface between science and society represents a platform for increased competitiveness. It permits knowledge transfer mechanisms that bring knowledge to the market as commercialised products.

How Creative Thinking May Be Used in Management


Illustrations of How Creativity May Be Used in Management

	To make more effective use of a manager’s time
 	To improve a product’s appeal to customers
 	To improve motivation among staff
 	To appeal to customers’ wants and needs
 	To cut costs through more efficient/effective production methods
 	To identify new and profitable product-market opportunities.




Creative thinking benefits all areas and activities of management. It is required to dream up better ways of marketing goods, to devise new production methods, to find new ways to motivate people, and so on. Creativity turns up in every business situation where there is a chance that things can be done in a more businesslike, more profitable or more satisfying way.

The following are typical of the kinds of problem which require creative thinking:

	How to make more effective use of a manager’s time
 	How to improve a product’s appeal to customers
 	How to improve motivation amongst staff
 	How to appeal to customers’ wants and needs
 	How to cut costs through more efficient/effective production methods
 	How to identify new and profitable product-market opportunities
 	How to get skilled and experience staff to stay with the company without paying them excessively high salaries.


Problems which require creative thinking are ‘open-ended’ problems: that is, problems for which there is more than one solution. Executives have to make decisions which require creative problem solving in planning, organising, leading and controlling their organisations:

Planning

	Determining the mission of the organisation
 	Determining the organisational objectives
 	Identifying strengths, weaknesses, opportunities and threats
 	Adjusting the organisation behaviour and strategies to competitors’ strategies
 	Deciding how to implement competitive strategies.


Organising

	Deciding what jobs need to be done within an organisational unit
 	Deciding how various jobs within an organisational unit can be grouped together, etc.
 	Deciding how much authority should be delegated to various organisational positions
 	Determining how best to train people for their jobs.


Leading

	Finding ways of increasing productivity in the workplace.


Controlling

	Deciding what systems of control are needed
 	Setting standards
 	Identifying why standards/objectives have not been achieved.


Formulating strategy is another area which can benefit from creative thinking. Mintzberg (1987) identified five activities that describe the strategy process:

	goal/objective setting,
 	analysis (internal and/or external),
 	development of strategic alternatives and selection,
 	implementation,
 	evaluation.


He went on further to advocate the value of mental models in decision making. These models represent commonly held understandings that define the logic of a system and incorporate rule-like generalisations about what will or will not work in a particular system. While rule-based mental models can no doubt aid problem solving, one should challenge the assumptions upon which they are predicated in the event they cease to provide pathways to solutions. Indeed, challenging assumptions is fundamental to creative thinking.

Morecroft (1992) argues that strategy support tools are useful in terms of helping managers visualise strategy and its implications. In this latter context, Tan and Platts (2003) found support for the visualisation of complicated analysis as an aid to decision making. Furthermore, Dyson et al. (2007) argued that strategy tools can be used within the strategy development process to ‘rehearse strategy’ and facilitate creating and testing strategic initiatives, instead of ‘passively awaiting feedback signals that implementation is off course’.

The environments in which organisations operate produce both opportunities and threats. Organisations bent on survival and success in the dynamic business environment need to use suitable management tools that can identify emerging issues that are important for their businesses. If the cumulative changes in the economic, technological, social, political and cultural environments remain unnoticed by a company’s managers until it is too late to respond, the problems which they create may be insuperable (Large, 1992).

Greater environmental turbulence, particularly economic uncertainty, demands that new ways of thinking and behaving are required to enable businesses to survive (Rundh, 2007). Innovation in particular is a key differentiator between successful and unsuccessful firms in difficult environmental conditions (Tellis et al., 2009). Rundh (2007) argues that to be successful, a company should react quickly to the changing market environment and improvisation enables this (Moorman and Miner, 1998).

Conditions in Which Creative Thinking Is Needed Most


Information Problems: A Creative Solution Required

A few years ago a large public organisation was experiencing problems with disseminating information internally. Information never reached people to whom it was directed, there was a lack of upward communication, staff could not find out even the most basic information relating to their needs and it was often extremely difficult to find out who in the organisation could help with issues and problems. Developments in technology coupled with some creative thinking appeared to offer a possible solution. What was needed was an intranet that would enable people to both search out the information they required and respond to requests or other information which would in the past have not reached them at all.



It is argued that in an organisational sense creative thinking is required most when there is a lack of consensus regarding goals and also a lack of understanding about cause–effect relationships (Thompson, 1967). Disagreement often occurs when problems arise which have not been previously encountered and when outcomes and goals are uncertain.

Such is the nature of the situation created by environmental turbulence that it has been used as a creative force for change. In a research project (Martin et al., 2005) on the changing nature of leadership, 84 per cent of the 300 executives and senior managers surveyed believed that the definition of effective leadership had changed in the previous five years as business challenges grew more complex.

Palus and Horth (2002) argued that managers need to scan information quickly and make rapid judgements. They observed that when managers are faced with a complex problem, they tend to spend only 10 per cent of the available time examining a problem and its context, while 90 per cent of their time is spent on generating a solution. Perhaps not surprisingly, the result is that managers often end up solving the wrong problem. Palus and Horth (2002) suggest several approaches for breaking free of our habitual ways of seeing in order to become innovators:

	Alter perspective radically by changing one’s point of view.
 	Ask the opinions of others and collaborate with those who have the skills and perspectives one lacks.
 	Use questions to take aim at the root of the issues faced.
 	Spend time among customers, constituencies and competitors to gain new perspectives.
 	Keep track of ideas.
 	Change the pace of attention to information and knowledge acquired.


These and other suggested approaches are considered in later chapters of the book.

Questions

	Why does the modern-day manager need to know about creative problem solving?
 	How might executives improve their creative problem-solving skills?
 	What is a paradigm shift? Can you think of any recent examples?
 	What kinds of surprises do you think the twenty-first century might have in store for us as (a) workers, (b) consumers, (c) producers, (d) managers?
 	If we tend not to think about what we think we know already, and existing ideas tend to make us myopic about new possibilities, how can we hope to get new insights into existing problems?
 	James March argues that ‘Organisations face a large number of problems of about equal importance, but only a few solutions. Thus the chance of finding a solution to a particular problem is small.’ Does this mean that organisations must spend most of the time ‘muddling through’? Why or why not?
 	Growth and survival can be related directly to an organisation’s ability to produce (or adopt) and implement new products or services and processes (VanGundy, 1987). How does one reconcile this suggestion with the fact that many products appear to have been around for many years (e.g. Mars bars) while others enjoy a revival (e.g. the Volkswagen Beetle)?
 	Why should lack of agreement regarding goals and a lack of understanding of cause–effect relationships give rise to a need for creative thinking?
 	Differentiate innovation from invention.
 	When someone comes up with a brand new invention and is thinking about how to turn it into an innovation of one kind or another, how might he/she try to assess whether the knowledge available to him/her is useful, reliable and relevant?
 	Why might many firms prefer an incremental rather than a breakthrough approach to innovation?
 	What factors contribute to a lack of innovation in an industry?
 	Indicate what you think are the main drivers of successful innovation.
 	‘Creativity is not just for problem-solving. Very often the most powerful effects of creativity are seen when we challenge existing ways of doing things which are very satisfactory’ (Edward de Bono, 2006, ‘Thinking Managers’. Available at www.thinkingmanagers.com/management/creativity-management.php, accessed 9 April 2013). Discuss.
 	How has technology revolutionised how we do business? Give examples.
 	If the wheel had not been invented, technology would never have been part of our vocabulary? To what extent do you agree or disagree with this statement?
 	Macro-inventions often need several micro-inventions before they are truly capable of solving the problems for which they have been designed. Give examples.


Cases

Game Enough

Game Enough recently reported a very substantial trading loss for the past 12 months’ operations. The loss amounted to some £185 millions and as a result the company reckons it will have to make some 10 per cent of its workforce redundant. The top management in the company places the blame firmly on deteriorating worldwide economic conditions and very uncertain outlook for the future.

The company has enjoyed rapid growth over the last decade and found it easy to make money in a market where variations on a theme have been very much the name of the game. It has been a ‘me too’ environment where anyone who can find some new narrative for an ‘old theme’ can make a quick profit. Characters and plots abounded and the same basic mechanics for constructing games and controlling game play have been employed in a seemingly endless fashion to tempt would-be gamesters into parting with their cash. Sales of the firm’s games have multiplied from small beginnings in a rapidly developing home market to multi-million-pound global sales.

The latest loss has come about as something of a surprise to a company that has traditionally been earning big profits and the chairman of the board of directors and chief executive are having discussions about what action they should instigate. The chief executive blames a worldwide economic recession and argues that it is simply a matter of ‘weathering the storm’. A leaner organisation, he argues, will come out of the recession fitter and better able to take advantage of the recovery that will ultimately come about. The chairman on the other hand is less convinced with this argument and feels that there are problems in the industry as a whole. He is influenced in his view by the opinions of several of the non-executive directors of the board who have wider experience of what happens in other industries.

Question

What do you think are the main reasons behind the firm’s demise? Can it do anything about the situation? Explain.

Keeping prices competitive

John Holmes operates a clothes wholesale distribution business. Competition is strong and pricing is keen. Rising costs of distribution, however, are a constant problem, and all rival distributors compete strongly on price. John is looking for ways of keeping prices competitive.

Question

How can John try to minimise price rises in the face of strong competition and at the same time still maintain profitability? (See Appendix 2 some suggestions.)

Price and innovation

Sally Major owns a hi-tech company which produces assembled and part-assembled components for a variety of industrial and consumer goods. Recently, the technical department has achieved a major breakthrough in the production process which enables the firm to reduce the cost of producing all component assemblies and sub-assemblies by at least 50 per cent. As a general guideline to setting prices the firm usually adopts around a 100 per cent mark-up on the costings, subject to this making the product competitive in the marketplace. Occasionally, where demand is high and there is no price consciousness, mark-up is more than 150 per cent, but still in line with what competitors are charging for similar products. There are only a handful of products where mark-up is less than 100 per cent and none where it is less than 80 per cent. In all cases, the firm makes sure that its pricing is in line with that of competitors. The firm adopts the role of market-challenger in all market segments. Market share varies from between 25 per cent and 40 per cent of the market segment.

Question

What action do you think Sally should now adopt with respect to pricing? (See Appendix 2 for comments.)

Paradigm shift

Paradigm shift in business strategy

In the new world of business, instead of long-term prediction, the emphasis is on understanding the multiple future world-views by using techniques such as scenario planning. In this view, the organisation plans for its futures, but does not rely on its plans.

Paradigm shift in design and use of technology

This involves the shift from the traditional emphasis on transaction processing, integrated logistics, and workflows to systems that support competencies for communication building, people networks, and on-the-job learning.

Paradigm shift in the role of senior management

It has been suggested that the role of senior management needs to change from command and control to sense and respond. The new emphasis should be on building commitment to organisational vision rather than compliance to rules and pre-specified best practices. Senior managers need to view the organisation as a human community capable of providing diverse meanings to information outputs generated by the technological systems. They also need to make the organisational information base accessible to organisation members. This is important given the increasingly fast-paced and dynamic business environment that creates disconnects between the process of decision making at the top and the implementation of such decisions at grassroots level.

Paradigm shift in organisational knowledge processes

Institutionalisation of ‘best practices’ by embedding them in information technology might facilitate efficient handling of routine and predictable situations. However, greater proactive involvement of human imagination and creativity is needed to facilitate greater internal diversity to match the variety and complexity of the changing environment. Effective knowledge management in such an environment may need imaginative suggestions.

Paradigm shift in organisation design

While the traditional business logic was based on a high level of structure and control, the dynamics of the new business environment demands a different model of organisation design. This model is characterised by relative lack of structure and lack of external controls. Differences in perspective may have a very positive role in innovation that feeds new product and service definitions and business models. This view encourages promotion of individual autonomy in experimentation and learning. Instead of emphasising ‘best practices’ archived in databases, it encourages continuous pursuit of better practices that are aligned with a dynamically changing business environment.

Question

Examine the implications of paradigm shift in the above contexts from the point of view of creative problem solving. What kinds of problem might they raise for managers in the twenty-first century?

Oil crisis revisited

The oil crisis of the early 1970s brought to everyone’s attention the fact that sources of energy might not last for ever . . . . One day the availability of oil seemed endless and cars buzzed effortlessly along the newly built motorways. The next day people were told that oil was a precious commodity that had to be conserved. Output in the principal producing countries in the Middle East was restricted to conserve supplies, a 50 m.p.h. speed restriction was imposed on the motorways and the price of oil rocketed on international markets. Businesses and private citizens felt the pinch in their pockets and inflation took on proportions that had not been seen for many years. Since that time the coming on-line of North Sea oil and the discovery of potential oil deposits in other areas has taken the sting out of the ‘need to conserve’ argument. Nevertheless, motor vehicle manufacturers have taken note of the need to conserve and introduced more efficient engines and are actively researching ways to improve fuel consumption requirements even further. There is also, of course, a drive towards finding viable alternative fuel sources – such as solar power and electrical battery power.

However,
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