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Introduction

Thank you for downloading our selection of chapters focusing on Creativity for STEM 
Students. 

It is critical for students in STEM to develop their creative skills, to create new ideas, to 
be innovative and entrepreneurial. STEM students need to develop the ability to go 
beyond facts and to develop creativity that will enable them to push ahead in their 
careers and to enable STEM to move forward.

This Freebook brings together chapters exploring these themes from titles across our 
range. Chapter 1, Lessons from the Past, looks at how we can learn from the Renaissance 
to drive STEM forward today. Next, Entrepreneurship and Innovation takes a closer look 
at key considerations for entrepreneurs in creating new businesses. Chapter 3, Creativity, 
Invention and Innovation provides historical context for these themes and provides an 
understanding of how they fit into the designed world. Three Neglected Skills teaches 
students key skills in listening, reading and seeing; demonstrating how well developed 
communication skills aid those working in STEM.  Taken from David Bohm's classic 
book, On Creativity, chapter 5 looks at the deeper questions that underlie the 
relationship between science and art. Finally, chapter 6, The Power of Narrative and Story, 
discusses how and why story is essential to human life and why this should be a 
consideration for those in STEM.

We hope you enjoy reading through these selected chapters, be sure to click through 
and learn more about each title. Each chapter is just a small sample of our content, visit 
our website to find out more about the books these are excerpted from and to browse 
our full selection of books in this area.  All the books included in this Freebook are 
available as Inspection Copies. Simply visit our website to request a copy to consider 
for your course.

Note to Readers

References from the original chapters have not been included in this text. For a 
fully-referenced version of each chapter, including footnotes, bibliographies, references 
and endnotes, please see the published title. Links to purchase each specific title can 
be found on the first page of each chapter. As you read through this Freebook, you will 
notice that some excerpts reference previous chapters ? please note that these are 
references to the original text and not the Freebook.
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LESSONS FROM THE PAST

#

This chapter is excerpted from 

Inventive Engineering: Knowledge and Skills for 
Creative Engineers 

by Tomasz Arciszewski

© 2016 Taylor & Francis Group. All rights reserved.
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2.1 WHY LEARN FROM THE RENAISSANCE?

We are living in a period of rapid technological progress that requires the constant 
evolution of how we think about engineering. To understand how we can ensure 
the evolution of our field, it is helpful to look back at the historical factors that led 
to the da Vincian era, that is, the Renaissance. Inventive engineers must develop a 
strong understanding of why engineers in general were so successful, respected, 
and important in the past. That brings us to the Renaissance man, an individual 
(who can be of either gender) who personified various Renaissance-era ideas that 
led to the emergence of several generations of exceptionally successful creators. 
These individuals were also engineers, and their fifteenth- and sixteenth-century 
creations still impress and inspire us today.

2.2 RENAISSANCE EMERGENCE

The evolution of Western civilization in the last millennium can be described as a 
three-stage process. In this process, the dominant sociocultural paradigm gradually 
evolved from the Dark Ages (or the Middle Ages) through the Renaissance to the 
present modern age.

The Dark Ages ended in the fourteenth or the fifteenth century, depending 
on the country. This era was a time when the Roman Catholic Church was a 
dominant influence in the lives of European societies. During this time, life was 
highly restricted in terms of expressions of human creativity, and there was a 
forced focus mostly on the religious side of existence. As a result, very little 
changed in Europe over a period of several centuries. Even science in the Middle 
Ages was mostly driven by the official theology of the Roman Catholic Church. It 
was a period of scholastic studies that mostly concentrated on dogmatic and 
deductive considerations without any empirical verification of results which would 
involve induction or out-of-the-box thinking. During this period, it appears that the 
main purpose of science was to validate the existence of God. To make matters 
worse, the problems that were considered by scientists were often fantastical or of 
little practical importance. In the Dark Ages, a subject of ?important scientific 
inquiry? may, for example, have been ?How many devils can fit on a pinhead?? The 
science of the Middle Ages produced very few significant results, and this period is 
usually considered one of scientific stagnation and even decline.

A good reflection of the Middle Ages and their philosophy as mirrored in 
art can be found in the famous painting of Lord Hilarion, which presents the saint 
as an ascetic living in a cave and entirely focused on his spiritual life (Figure 2.1). 
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Lord Hilarion is an ideal man of the Middle Ages. Academic learning in the Dark 
Ages was also a reflection of the times. Usually, learning was simply the 
memorization of various texts, mostly religious, which were read by a ?professor? 
and repeated by students several times (Figure 2.2). Since this teaching reflected 
the official church doctrine, there was very little room for any questioning of 
provided knowledge, not to mention for discussion or creativity. Such teaching only 
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reinforced the intellectual stagnation of the Middle Ages.
The word Renaissance is a combination of the French verb renaître (to revive) 

and of the noun naissance (birth). It means ?revival? (Gelb 1998, 1999, 2004). Usually, 
the Renaissance is understood as the revival of the classical ideas of human power 



and of unlimited human potential, which were entirely rejected in the Dark Ages. 
The Renaissance can be described as a transition from the ascetics of the Middle 
Ages to the consumerism and enjoyment of life in the modern age.

The Renaissance was also an emergent phenomenon of cultural, 
intellectual, and social transformations in Europe driven by emerging capitalism, 
and it was a combination of many factors that created it in its totality: interrelated 
social changes, scientific and geographic discoveries, a flood of inventions, a 
revolution in the arts, and the resulting new philosophy in science, which focused 
on the empirical exploration of nature, including the experimental verification of 
acquired knowledge. The Renaissance can be described as a movement from the 
exploitation of one?s soul, with a focus on religious and eternal life, to the 
exploration of the entire world, with a focus on the enjoyment of life and its 
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associated creativity. Exploitation is a deductive process. Exploration, on the other 
hand, is an inductive and abductive process, as it entails the generation or 
discovery of new ideas and their verification. What we find in the Renaissance is a 
transition from deduction to induction and abduction? with truly revolutionary 
consequences.

There is no single explanation as to why the Renaissance actually occurred. 
Many historians believe that the black death (bubonic plague) in the fourteenth 
century was the main reason for the Renaissance. It caused the rapid deaths of up 
to 50% of the population in parts of Europe and raised serious philosophical and 
religious questions about life in general, about human priorities, and, most 
importantly, about the role of the Roman Catholic Church. This inquiry eventually 
led to the rapid reduction of the church?s influence. Noblemen were particularly 
exposed to the black death because of their travels and interactions with many 
people, and they died in disproportionately large numbers. The result was a 
concentration of wealth and capital in the hands of a very few surviving noblemen. 
Thus, a necessary condition for the emergence and growth of capitalism was 
created, and the transition from the feudal system to capitalism began. This 
process gradually changed social structures and redistributed wealth within large 
segments of European (and, subsequently, American) societies, with all its 
philosophical, social, and political consequences (Beazley 2003).

In his recent book, 1434? The Year a Magnificent Chinese Fleet Sailed to Italy 
and Ignited the Renaissance, Gavin Menzies (2009) provides another hypothetical 
reason why the Renaissance began in Italy and why its pace was so rapid in the 
beginning. Menzies claims that in 1434, at the beginning of the Italian 
Renaissance, a large Chinese fleet visited Venice and Florence. The European fleets 
did not compare to the size of the Chinese fleet, which included hundreds of ships 
as well as tens of treasure ships, each approximately ten times larger than the 
ships used by Columbus 58 years later in his voyage to America (Figure 2.3). The 
fleet was sent to Europe by Emperor Zhu Zhanji as part of his strategy to create a 
global Chinese empire. The mission of the fleet was to demonstrate Chinese 
scientific, technological, and military superiority and to ?instruct them (the 
Europeans) into deference and submission.?

A generation before, Emperor Zhu Di, grandfather of Emperor Zhu Zhanji, 
had initiated the monumental work of creating an encyclopedia (the Yongle 
Dadian) containing knowledge accumulated by Chinese scientists over a 2000-year 
period and presented in 11,095 volumes. He employed over 3000 scholars on the 
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project. A copy of this encyclopedia was carried by the fleet and shown in Italy. 
Menzies claims that many inventions in the encyclopedia were also copied in 
Florence and made available to numerous Italian scholars. With the landing of the 
Chinese fleet on European shores, a significant knowledge transfer from East to 
West occurred that ultimately led to an intersection of Chinese and European 
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bodies of knowledge and to the emergence of a new modern knowledge, which 
was the scientific foundation of the Renaissance. Menzies (2009) claims that 
when the pace of discoveries in the fifteenth century is considered, a significant 
increase can be observed after the year 1434, when the Chinese knowledge 
infusion took place. It is still an open research question for historians and 
ethnographers as to whether this increase can be entirely contributed to 
Chinese contact, although a probabilistic relationship between this knowledge 
and the increased pace of the Renaissance most likely existed. In addition, there 
is a good possibility that the Medici effect actually occurred on two levels? first 
on the global/international level with the intersection of Chinese and Italian 
bodies of knowledge (Menzies 2009) and then on the local Italian level as 
described by Johansson (2004). Menzies? discovery is significant for inventive 



engineering since it allows us to understand the emergence of transdisciplinary 
knowledge, which comes through integration, an integral part of our study.

The emergence of the Renaissance can also be explained strictly from an 
inventive engineering perspective. The sociocultural paradigm that was the 
Renaissance can be considered as a ?system.? As such, its evolution can be 
described by patterns of evolution (Clarke 2000, Zlotin and Zusman 2006), which 
provides an excellent explanation for the nature of expected change. Three types 
of relevant evolutionary patterns are provided here.

The resources utilization pattern states that a system evolves in such a way 
as to improve the utilization of resources. There is no question, in terms of the 
utilization of resources (capital), that capitalism represented a significant 
improvement with respect to the feudal system and that the concentration of 
capital as a result of the black death was necessary to initiate the evolution of the 
dominant sociocultural paradigm, in this case the Dark Ages, as it evolved into the 
Renaissance era.

The increased system dynamics pattern states that a system always evolves 
to increase its dynamics. The Dark Ages can be characterized by a very low mobility 
of people even within their own countries. That situation had to change, and 
therefore the Renaissance emerged as an age of significantly increased mobility 
both within individual countries and in all of Europe. Also, it was a period of 
geographic exploration of the world outside of Europe. These discoveries obviously 
contributed to the rapidly increased pace of the sociocultural paradigm of 
evolution.

The increased complexity followed by simplification pattern states that a 
system?s evolution has periods of growing complexity followed by periods of 
simplification, or declining complexity. For example, in the Dark Ages, the number 
of rules describing socially accepted behavior imposed on the people was rapidly 
growing in terms of both numbers and complexity, and this had an increasingly 
harmful impact, particularly in science. This process had to be reversed for the next 
step of evolution to occur. When it eventually happened, this pattern led to a 
decreasing number of rules during the Renaissance.

2.3 RENAISSANCE MAN

A Renaissance man (defined here as a person of either gender) is a polymath or a 
person knowledgeable and successful in several unrelated domains? for example, 
in the fine arts as well as in mathematics. The emergence of polymaths was part of 
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Renaissance culture. These individuals were celebrated and the concept inspired 
many scholars to excel in several domains. However, during the Renaissance, the 
available body of knowledge was very limited, so it was possible to acquire nearly 
encyclopedic knowledge in more than one domain. Today, it is impossible to do 
this, although at least a conceptual understanding of several domains is still 
feasible and even necessary to succeed in any field, especially science.

Three examples of Renaissance-era polymaths are Leon Battista Alberti 
(1404?1472), an architect, painter, poet, scientist, mathematician, linguist, and 
skilled horseman (Figure 2.4); Nicolaus Copernicus (1473?1543), an astronomer, 
mathematician, physician, jurist, Catholic cleric, economist, and military leader; and 
Galileo Galilei (1564?1642), a scientist, physicist, philosopher, and musician. 
Renaissance individuals exist today as well. Examples include entrepreneur Bill 
Gates, musician/astrophysicist Brian May, actor/poet/painter Viggo Mortensen, 
media personality Oprah Winfrey, and director of the National League for 
Democracy in Burma/Myanmar, Aung San Suu Kyi.
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A Renaissance man is a polymath, but that is only a part of what he or she 
is. A Renaissance man?s interests, knowledge, and accomplishments reflect the 
ideas of the Renaissance. As such, this type of person is very confident in him- or 
herself. He or she believes in their own unlimited capacities for intellectual and 
physical development, and this belief leads to creative and world-changing results 
in many domains. In contrast, a person living in the Dark Ages considered him- or 
herself as an unimportant speck of dust in the universe and entirely controlled by a 
higher power. The balance of intellectual and physical development is a 
Renaissance-era idea that strongly contrasts with the Middle Ages? focus on 
religious doctrine. A Renaissance man has three other characteristics. He or she 
travels extensively, speaks several languages fluently, and has a good 
understanding of various cultures.

A Renaissance man is sometimes called a generalist because he or she has 
a holistic understanding of the world and is able to integrate knowledge from 
various domains in order to produce transdisciplinary knowledge. In this way, he or 
she is capable of advancing our understanding of the world and of contributing to 
the evolution of our civilization.
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The best way to understand the concept of a Renaissance man is to 
examine Renaissance figures such as Leonardo da Vinci (Figure 2.5), a giant of the 
Italian Renaissance (Wrey 2005); and Krzysztof Arciszewski, a lesser-known figure 
of the Polish Renaissance, whose travels and achievements in many areas had an 
impact on history, engineering, and science in several countries, including Poland, 
the Netherlands, and Brazil.

Leonardo da Vinci (1452?1519) was among the most important 
Renaissance figures, and his impact on the evolution of European civilization 
cannot be overstated. Surprisingly, he had a very limited formal education and 
never studied at a university. This was his weakness, because in his early years, his 
formal knowledge was limited. It was also his strength, however, because it forced 
da Vinci to teach himself about the subjects he was interested in, thus avoiding the 
narrow understanding of the world and nature that still dominated at the 
universities of his time. His self-education was a process of discovering and 
experimentally verifying knowledge, which allowed him to learn objective truths 
about the world that later led to the development of a unique approach to science 
and engineering. This approach also eventually resulted in many one-of-a-kind 
scientific discoveries and inventions.

Da Vinci?s more formal education began when he became an apprentice in 
the studio of the sculptor and painter Andrea del Verrocchio in Florence. The artist 
immediately recognized da Vinci?s rare artistic talent and introduced him to his 
patron, Lorenzo ?il Magnifico? de Medici. Soon after, da Vinci became a part of the 
Medici court and, in so doing, was exposed to a unique intersection of art and 
science known as the Medici effect (see Section 2.5).

In 1482, da Vinci was forced to leave Florence. He moved to Milan, where 
he worked under the patronage of Ludovico ?the Moor? Sforza. In Milan, Leonardo 
produced several of his masterpieces, including The Last Supper. His paintings not 
only reflected his excellent understanding of human anatomy and nature but also 
represented a departure from the art of the Dark Ages. This shift between the art 
and philosophy of the Middle Ages and Renaissance art is evident when comparing 
a painting of St. Francis of Assisi by an unknown artist (Figure 2.6) to da Vinci?s 
Leda and the Swan (Figure 2.7). Both paintings are focused on the human body. 
However, the first painting represents the ascetic male body of a saint, which is 
well hidden under a long monk?s robe. In the second painting, a beautiful naked 
female body is depicted. The first painting expresses human suffering in the search 
for heaven, while the second is a manifestation of beauty, love, and eroticism. The 
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first is inspired by religion, the second by a classical myth. The differences could 
not be greater.

While in Milan, da Vinci continued his studies of human and animal 
anatomy and also studied astronomy, botany, geology, and geography. He began 
studying flight principles and developed various civilian and military inventions. 
For example, he invented a tank (Figure 2.8) and, in the area of civil engineering, 
he invented a new type of bridge (Figure 2.9). When Sforza lost his power after the 
French invasion of Italy in 1500, da Vinci moved back to Florence. He continued his 
artistic career but also became a chief engineer working for Cesare Borgia, the 
commander of the papal armies, in 1502. In this capacity, da Vinci traveled 
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extensively and became interested again in geography and cartography while 
making six maps of central Italy (Gelb 2004).

There is no easy way to characterize da Vinci. He was a figure who was 
truly larger than life and a man who had a strong impact on our civilization. Da 
Vinci was a talented artist? a painter and a sculptor. He made numerous 
contributions to the advancement of fine arts, including the introduction of his 
unique combination of realistic portrayals of humans and nature mixed with 
sophisticated symbolism, his bold use of perspective, and the development of new 
painting techniques. He was also a scientist who made discoveries in several areas 
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including anatomy, hydraulics, fluid dynamics, and aerodynamics. He practiced 
engineering, including mechanical, civil, and structural engineering, and he was an 
inventor whose concepts, such as the helicopter, parachute, and tank, would be 
realized centuries later. Da Vinci has often been described as the archetypical 
Renaissance man. He was a polymath, but not just that. In the spirit of the 
Renaissance, he was always conscious of his body and health and considered his 
physical abilities and spiritual dimensions to be equally important as his 
intellectual power. Most importantly, da Vinci was a great scholar who developed a 
modern holistic/systems understanding of the world. From our perspective,
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Leonardo?s scientific methodology for studying nature is his most important 
contribution to humankind.

Krzysztof Arciszewski (1592?1656), depicted in Figure 2.10, was one of the 
leading figures of the Polish Renaissance, which occurred later there than in Italy. 
Arciszewski was well educated in the protestant schools in Poland (?migiel, 
Raków), Germany (the University of Frankfurt), and in the Netherlands. He served as 
a military and intelligence officer for the Lithuanian potentate Count Radziwi?? and 
the French Cardinal Richelieu. He traveled extensively all over Europe and 
participated in several wars. He also studied military engineering and artillery in 
the Netherlands and participated in a Dutch expedition to Brazil, where he took 
part in a Dutch war with Portugal and Spain over the control of Brazil. In regards to 
his engineering and military talents, Arciszewski was gradually promoted to the 
ranks of general and admiral of the Dutch fleet in Brazil and became the 
commander of all Dutch forces within that country. He was credited with the 
conquest of Brazil for the Netherlands and, among other honors, a special map of 
Brazil, prepared by the famous Dutch cartographer Blaeu, was dedicated to him (a 
copy of this map is owned by the Author and is shown in Figure 2.11). Arciszewski 
was also a scientist. During several trips to Brazil, he studied the customs of the 
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local tribes (today extinct) and collected species of flora and fauna, which he 
brought back to the Netherlands. These specimens became the subject of research 
by biologists and botanists and subsequently led to the emergence of modern 
biology in that country. When Arciszewski came back to Poland, he was given the 
post of general of the Royal Artillery and built a network of arsenals within Poland. 
He also created the Polish Royal Navy. While back in his home country, he 
participated in the Chmielnicki War in the Ukraine. Arciszewski was also a 
published poet and was interested in medicine. In 1643, he published a medical 
treatise called Podagra Curate about the treatment of podagra, a type of gout.

Arciszewski was one of the first formally educated military and civil 
engineers in Poland, and several military buildings and installations designed and 
constructed by him still exist in Poland and Brazil. For example, an arsenal 
designed by him in Warsaw, Poland, miraculously survived the Warsaw Rising of 
1944 and presently houses a museum. Arciszewski was a military and intelligence 
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officer, a poet, and a scientist interested in medicine and biology. In all these areas 
he achieved a high level of prominence. He could be considered a polymath. 
However, the combination of these achievements and the fact that he was truly a 
global man living and working in several countries earns him the title of 
Renaissance man as well.

Leonardo da Vinci and Krzysztof Arciszewski are figures of obviously 
different historical significance. However, there are striking similarities between 
their lives. Both men received a nontraditional education, which was the key to 
their accomplishments. Da Vinci learned during his apprenticeship with Verrocchio. 
It was a hands-on education driven by constant artistic and intellectual challenges 
and conducted under the spell of the Medici effect. Also, he was a self-educated 
man who widely used abduction and induction to acquire knowledge. In this way, 
he prepared himself to become a thinker and a creator of new ideas. Arciszewski 
studied in the protestant schools in northern Poland, which were much more 
socially and intellectually progressive than the traditional Catholic schools for 
noblemen of his time. Also, he studied in two different countries (the Netherlands 
and Germany) where education was provided in different cultural and social 
contexts. In this way, his education enabled him to develop a complex, 
multiperspective understanding of the world. This understanding is key to 
creativity and is simulated in Synectics (see Chapter 12). Like da Vinci, Arciszewski 
also spoke several languages, including Polish, Latin, German, and Dutch, as well as 
some French. 

The second similarity between these two Renaissance men was that both 
had committed, or were accused of committing, crimes in their formative years and 
were forced to leave the environments in which they were raised and educated. Da 
Vinci had to leave Florence, while Arciszewski left Poland for many years. Both 
situations were extremely traumatic for these men and led them eventually to 
lifelong travels in periods of history where travel was not the norm. Their travels 
exposed them to various cultural environments and expanded their understanding 
of the world.

Finally, both men were never married for various personal reasons. Their 
entire focus was on work and on their never-ending travels and adventures, a 
situation partially forced by the circumstances of their times but also as a result of 
the choices they made. They became global men only loosely associated with 
specific geographic regions and with a good understanding of many cultures and 
peoples.
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Looking at these men?s lives, an interesting pattern emerges. These 
individuals can be considered living proof that true greatness can only be achieved 
by integrating knowledge from various domains and cultures and by balancing the 
contradictory, personality-based aspects of who they were with the professional 
components of their lives. Their successes can be directly attributed to their 
intuitive use of the theory of successful intelligence, which has as one of its 
foundations the ability to compensate for one?s weaknesses through one?s 
strengths. Obviously, there are lessons to be learned through da Vinci and 
Arciszewski for students like you who are looking for new ways to inspire 
themselves and become truly inventive engineers.

We can look at the Renaissance and the individual works that were created 
within that time period from a strictly engineering perspective as well. This may 
give us, as engineers, the insight with which to revitalize the profession in modern 
times. The dome of St. Peter?s cathedral in Vatican City (Figure 2.12) is a good 
example of the creation of a novel structural system during that time. It was 
considered a miracle at the time it was designed and built. Five centuries later, the 
dome is still admired. The project was a result of a joint effort between artists, 
architects, and engineers, several of them polymaths. It is also an excellent 
example of idea integration from several domains. It was created by the 
Renaissance spirit and, even now, it is still inspiring generations of architects and 
structural engineers. 

The dome was initially designed by the Italian architect Donato Bramante. 
The process of design and construction, however, took many years (1505?1590), 
and a number of Renaissance creators contributed to its completion, including 
Giuliano da Sangallo, Raphael, Peruzzi, Michelangelo, Fra Giocomo della Porta, and 
Fontana. St. Peter?s was the largest and most complex dome structure of its time, 
with an internal diameter of 136.06 ft (41.47 m) and a total height of 448.06 ft 
(136.57 m) with respect to the floor of the basilica (Miller 2009). It has a complex 
ovoid shape and was designed as a two-surface brick shell structure integrated 
with a system of eight stone arches, very difficult to conceptualize and design even 
today.

The dome of the cathedral is a result of inventive engineering and the 
most creative thinking of the time. Artistic, architectural, structural, and 
construction knowledge was integrated in a sophisticated way, which produced 
results beyond comprehension for its contemporaries and which still offers modern 
civil and structural engineers a lesson in humility. There is no question that a 
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structural engineer working alone today would not be able to develop such a 
design. He or she would have a deep but narrow analytical knowledge limited 
mostly to the structural aspects of the project with very little, if any, understanding 
of the artistic and architectural components of the design. Indeed, the genius of 
the final design needed a long line of Renaissance men to add their input to 
Bramante?s simple initial sketches. 

All these individuals were true creators able to integrate knowledge from 
several domains and to produce a design that is absolutely unique in its novelty, 
sophistication, and complexity. Your objective as an aspiring inventive engineer is 
to learn the skills necessary to create comparable inventive designs. This requires a 
recreation of educational mechanisms, which will lead to a new generation of 
engineers similar to our Renaissance-era predecessors. It also requires discipline, 
inventiveness, and an open mind on the part of each inventive engineering 
student.
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2.4 DA VINCI?S SEVEN PRINCIPLES

The essence of the Renaissance creative learning and thinking is captured by 
Leonardo da Vinci?s ?Seven Principles? as formulated by Michael Gelb (1998), a 
best-selling author and motivational speaker who specializes in creativity and 
innovation. Interestingly, Gelb is also a former professional juggler, and he uses the 
metaphor of juggling in order to inspire and motivate others to create life balance 
and work with the Seven Principles. He has authored several books on the subjects 
of creativity, performance, and success (Gelb 1998, 1999, 2004), the most well 
known of which is How to Think Like Leonardo Da Vinci: Seven Steps to Genius Every 
Day. In preparation for writing this book, Gelb spent months learning about da 
Vinci, poring over the dozens of notebooks da Vinci wrote in, and even visiting the 
places where da Vinci use to live and work. Gelb?s Seven Principles are the keys to 
understanding this prolific engineer, painter, architect, and scientist as well as his 
genius in general. Most importantly, they provide an intellectual foundation for 
building a systematic approach to one?s own life and work that can be called the 
da Vincian approach. As Gelb explains, da Vinci?s thinking processes (which led to 
his numerous inventions and accomplishments in art and science) can be accessed 
by everyone. 

2.4.1 Principle No. 1: Curiosità

In Italian, curiosità means ?curiosity.? However, as a da Vincian concept, this word 
has a much more complex meaning. In general, curiosità can be described as 

seeking the truth or an infinitely curious and open attitude to life and 
nature resulting in a never-ending learning process. (Gelb 1998

The combination of intense curiosity and an open attitude of never-ending 
learning is the key to da Vinci?s genius. Curiosità must be explained from several 
different perspectives in order to understand its transdisciplinary meaning.

First of all, there is the spiritual dimension to curiosità. This aspect is 
directly related to da Vinci?s constant spiritual and scientific quest to understand 
the origins of life. The two seemingly contradictive concepts of spiritual and 
scientific growth describe best his passion for learning in general. While in 
Florence, da Vinci began his studies of human anatomy, including the anatomy of 
pregnant women and unborn babies. His drawing of a human embryo in a womb 
(Figure 2.13) is the first known anatomically correct rendition of such a subject. 
The drawing is a symbol of da Vinci?s own scientific discoveries, but it is also ripe 
with spiritual and symbolic meaning because it shows the beginnings of human 
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l ife.
The drawing also shows the moment when a child demonstrates his or her 

own curiosità in the womb. We are all born with unlimited and unrestricted 
curiosità. Unfortunately, over the course of our lives in the modern world and 
within the modern education system, curiosità gradually lessens. Very few people 
are able to maintain and cultivate it throughout their lives and, sadly, such people 
are often the subjects of ridicule. These individuals question established truths and 
confront authorities by asking difficult and often ?strange? questions. Perhaps you 
recall an individual like this in school or in a job setting; perhaps you were or are 
one of these individuals.
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By asking the tough questions, these individuals are actually engaging in the 
learning process and are actively expanding their knowledge about their lives and 
the world around them. If you want to be a successful inventive engineer in today?s 
world, which requires out-of-the-box thinking and professional leadership skills, 
then you must preserve your own sense of curiosità and change your own 
perceptions regarding curiosity. Asking tough questions may make you stand out 
from the crowd and may lead to some raised eyebrows, but how else can you 
expand your knowledge about a given subject if you do not ask?



Developing a sense of curiosità is not easy for most at first, since our 
modern education system in general was designed to create workers and does not 
promote creative thinking for the most part. Fortunately, Gelb, and also 
psychologists, claim that curiosità is part of each person?s inherent personality. 
They also claim that it can be a part of a body of knowledge and, as such, can be 
acquired using specific methods of knowledge acquisition (Gelb 1998). Although 
curiosità can be stunted by non-use, it can also be restored or even expanded 
through proper training. The objective of such training, says Gelb, is to nurture a 
person?s emotional intelligence (EQ) and to develop an individual?s unique 
investigative style (Gelb 2004). Da Vinci?s investigative style cannot be easily 
replicated today, but understanding its major components will help you to develop 
methods and tools of your own for cultivating curiosità, which will lead to a more 
successful career and a more enriching and authentic life.

The da Vincian investigative style can be considered as systematic process 
of knowledge acquisition and as such can be learned just like any other subject 
matter. In this process, a certain number of questions about a subject are generated 
beforehand while more questions are formulated as part of the process of inquiry. 
When the initial questions are gradually answered, these answers stimulate 
additional questions and lead to the building of a new understanding of the 
problem being investigated. The focus for this kind of exercise is not so much on 
looking for the right answers but on formulating the right questions.

There are several conditions that make the process of curiosità successful 
(Gelb 1998). First, the investigator must conduct formal studies. For example, if the 
subject at hand was a decision about which way to take your engineering career 
after graduation when you are a civil engineer, then you would first take some time 
to do an initial study of the current economic climate and options in general for 
beginning engineers as well as perhaps a more in-depth study of the particular 
fields of engineering that appeal to you. Then you must enhance these 
investigations with daily observations. In this case, this could be subscribing to or 
reading engineering-related or job-search-related publications as well as taking 
the time for personal reflection in order to become really solid in your choice of 
which way to go. Second, you must combine broad studies of many domains that 
are loosely related to your core issue with in-depth studies of your specific domain. 
For the subject of career focusing, this means looking at all the periphery careers 
that connect to your career directly, such as domains of mechanical engineering, 
structural engineering, and transdisciplinary fields like bioengineering as well as 
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more loosely related subject areas such as art, architecture, design, and software 
engineering. Learning about career-focusing techniques in general would fit into 
this category as well. Next, consider the problem from multiple perspectives and 
distances, literally and symbolically (Figure 2.9). Imagine yourself involved in your 
chosen career. What do you see yourself doing exactly? What skills are you using? 
What is your emotional state? What other factors are involved in your ideal life as 
you go forward with your dream career?

The above process must be balanced with periods of inactivity so that both 
the conscious and subconscious sides of the human brain will contribute to the 
final solution. The inquiry should also be infused with a ?poetic language? and the 
use of metaphors that will stimulate human creativity and provide the necessary 
sfumato (see Section 2.4.4). As we give time to the logical investigation of solutions 
to our career problem, we must also let our right brain, or unconscious mind, 
simply ?sit? with it for a while. Creative problems are often eventually solved by 
allowing all the information we have gathered to soak in to our reality.

Finally, throughout the entire process, results, points of inquiry, and ?a-ha 
moments? should be regularly recorded in a notebook. Your notebook should be 
used to write down thoughts, ideas, impressions, and observations. The purpose of 
the notebook is not only to create a record but also, much more importantly, to 
create a foundation for knowledge integration and for the emergence of 
transdisciplinary knowledge. Carry your notebook with you at all times to jot down 
questions, inspirations, and ideas as they come to you. 

In his books, Gelb (1999) provides detailed descriptions of various specific 
exercises that can be conducted to improve curiosità. One powerful exercise is 
called ?Stream of Consciousness.? This exercise requires selecting of one specific 
question that is important to you (about your work, your relationships, or your life 
in general or about a more academic subject) and then writing down your related 
thoughts, ideas, and answers regarding the subject without editing or censoring. 
The writing should be done without interruption for ten minutes straight. The 
results of this exercise are usually amazing, since it forces you to think with both 
hemispheres of your brain. The time limitation also forces you to disregard 
traditional analytical and deductive attitudes while using the entire brain?s power. 
As mentioned, this exercise can also be used for more professional or academic 
questions. For example, if you are struggling with a particular step in a design 
project, take ten minutes and do this exercise. You may be surprised as to what you 
discover in the process.
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Regular contemplation is also an important part of efforts to improve 
curiosità. In this case, Gelb (1998) recommends various exercises dealing with your 
personality as well as your observations of nature. Such exercises must be 
conducted in a quiet environment and they require time. However, if they are 
performed on a regular basis, they gradually lead to the desired attitude change. 
Other possibilities for improving curiosità include becoming involved in an ideal 
hobby, learning a new language, or working on expressing your authentic self.

As an engineering professor, I have used these exercises with my own 
students (and for my own subjects of inquiry) with great success. For example, 
while teaching the course Introduction to Design and Inventive Engineering, I 
routinely ask students to assess their own curiosità using the curiosità test from 
Gelb (1998). Their initial response is predictable, and most are surprised that 
engineers can even be asked such non-engineering questions. Soon after, however, 
frank answers are provided and a lively discussion usually ensues.

2.4.2 Principle No. 2: Dimostrazione

The Italian word dimostrazione literally means ?presentation? or ?demonstration.? 
However, just as with curiosità, the da Vincian principle of dimostrazione means 
much more (Gelb 1998). It can be understood as an attitude of

- Experimentally verifying acquired knowledge
- Accepting both the analytical/abstract and practical nature of knowledge
- Accepting the value of both positive and negative results (mistakes) and 

learning from them
- Accepting social responsibility and serving society as a whole

The da Vincian and Renaissance-era concept of dimostrazione represents a 
fundamental departure from the purely abstract and faith-driven scholarship that 
was prevalent in the Middle Ages. During that time period, only consistency with 
religious doctrine was required to validate research results. Dimostrazione for da 
Vinci and for us today means direct feedback between research and the world and 
between processes of knowledge acquisition and verification.

Da Vinci also correctly recognized the significance of mistakes for research 
and inquiry. Mistakes (called negative examples in computer science) are critically 
important in the process of both human and automated (computer-generated) 
knowledge acquisition because both are equally necessary to acquire decision 
rules, which are the basis for formal knowledge and which represent the specific 
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body of knowledge contained in any subject matter.
Finally, in regards to social responsibility, today?s version of a Renaissance 

man, or a person who excels at a diversity of subject matters and has many talents 
and interests, is expected to be responsible with respect to society as a whole, not 
just to the Roman Catholic Church as it was in da Vinci?s time and prior. In addition, 
such a person is expected to produce meaningful results and also to acquire 
knowledge that can be experimentally verified as being consistent with nature. 
Such knowledge should not only expand the existing body of knowledge but 
should have a pragmatic impact on society in terms of inventions created and 
ideas put forth afterwards. New improvements on bridge technology represent a 
great example of this in engineering. Inventions generated by the Renaissance 
man or woman should be beneficial to society and its evolution. In this way, a new 
pragmatic science is born as well.

Da Vinci?s inventions represent the best reflection of dimostrazione. For 
example, his studies of nature and aerodynamics led to his invention of a 
parachute (Figure 2.14) and to specific parachute-related design recommendations 
that are still sound even in the context of modern science. In fact, Mr. Olivier 
Vietti-Teppa of Switzerland recently built a parachute inspired by da Vinci and 
actually used it to perform a perfect and complete 2,000-feet jump in Payerne, near 
Geneva, Switzerland (McManus 2008).

The Renaissance-era concept of apprenticeship is a good example of 
dimostrazione in action. Apprenticeship during the Renaissance period was a 
combination of fundamental studies and extensive hands-on training that resulted 
in experiential learning. This kind of training was very different from the 
educational opportunities of the Dark Ages and is also very different from the way 
we learn today. In apprentice-based education, a teacher provides guidelines only 
to his students. Through these loose directions and the act of observation, students 
begin to learn the basic subject matter and also gain a sense of independence and 
confidence as they learn skills on their own. When da Vinci was a master, he always 
demanded that his students become independent thinkers, ?inventores? (Gelb 
2004) or ideators. Ideators are people who are capable of generating new ideas 
that may lead to a radical departure from the accepted theories and religious 
dogma of the day. 

The ideal students of the Dark Age were passive followers. They were more 
like disciples who were only capable of interpreting the thoughts of their masters 
through deductive reasoning. Renaissance students, on the other hand, were 
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experimentalists and creators. This was especially important as the experimental 
process began to become a part of actually scholarship. The contrast between the 
two could not have been greater. Unfortunately, today?s way of educating students 
is often more similar to that of the Dark Ages than to that of the Renaissance. Very 
often, in the interest of time and practicality, modern students such as yourself are 
required to memorize facts and procedures without ?wasting? time and resources 
on experiments, hands-on classroom activities, or experiential learning. In general, 
this kind of emphasis does not lead to successful engineers who can become 
leaders and the inventors of creative solutions to engineering problems.

Dimostrazione is an attitude, and as such it can be measured and improved 
in a systematic way. Gelb (2004) provides a reflective self-assessment test with 
eleven probing questions to begin to cultivate the attitude of dimostrazione in 
oneself. According to Gelb, taking this test is the first step in improving one?s 
dimostrazione. The test can be done in many ways. For example, you can identify 
several of the most influential experiences of your life and describe them in short 
sentences. You can also reflect on how you use accumulated experience on an 
everyday basis. More difficult is the analysis of your core beliefs when considering 
several general and more esoteric areas such as human nature, politics, and the 
meaning of life. In each case, your responses should be written in your notebook. 
When you ask yourself these questions, consider the sources of your beliefs, their 
nature, and your personal emotional responses as well. This mental exercise 
should be followed by a reflection on the roles of media and family in the 
development of your beliefs. How have you come to believe what you currently 
believe? What or who has influenced you throughout your life? Obviously, the 
ultimate goal of this assessment is to develop your self-awareness about your own 
beliefs and their subjective nature. These inquires and your subsequent discoveries 
naturally lead to the development of a multi-perspective understanding of the 
world and nature, which opens you up to the possibility of creative solutions to 
problems, both academically and in life.

Making mistakes is also part of learning. Acquiring knowledge happens 
inductively using both negative and positive examples; learning from mistakes 
when they occur can be considered a useful part of obtaining results in any inquiry. 
Having a positive attitude toward mistakes is difficult for anyone, but this attitude 
can be created, again, through the question?answer process. Conducting 
stream-of-consciousness writing (Gelb 1998) on questions such as ?What would I 
do differently if I had no fear of making mistakes?? is a powerful exercise that can 
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provide you with a different perspective on the mistakes you have made in the 
past or may make in the future.

Finally, creating affirmations for yourself that are believable to you can 
contribute to a growing sense of dimostrazione from within. For example, patience 
and resilience in the face of adversity are quite important. These attributes can be 
affirmed through writing and repeating sentences such as ?I feel patient with 
myself? or ?I never quit when problems arise.?

2.4.3 Principle No. 3: Sensazione

In Italian, sensazione means ?feelings,? ?sensitivity to feelings,? or ?experiencing a 
sensation.? Da Vinci used this word to name a complex state that can be described 
in the following way (Gelb 1998):

- The development of all the senses
- Building both the rational/intellectual and emotional approaches to life, 

nature, and problems
- The integration of all abstract and physical inputs to create synesthesia
- Using synesthesia to acquire transdisciplinary knowledge or to create new 

ideas

Da Vinci strongly believed that every person is capable of being a complete 
human being? that is, a person with a transdisciplinary understanding of the world 
that reflects the perfect balance of art and science (as described in Principle No. 6, 
?Arte/Scienza?). He also believed that there should be a balance between emotions 
and intellect. To acquire transdisciplinary knowledge, a human needs to use the 
power of his/her entire brain, both left and right.

In the Middle Ages, prior to the Renaissance, education was mostly focused 
on analysis and on the development of the left (analytical) part of the brain at the 
expense of the right hemisphere, which deals with the human emotions, creativity, 
and sensory inputs. Unfortunately, this is similar to how students are taught today 
as well. If you want to acquire transdisciplinary knowledge and become an 
inventive engineer, developing the right hemisphere of your brain through focusing 
on all the senses and on the integration of the senses and thought is of utmost 
importance.

The ultimate goal with sensazione is to create the phenomenon of 
synesthesia. Synesthesia is a complete integration of various abstract inputs 
(thoughts coming from various domains) with our physical sensory inputs.A human 
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receives physical or sensory inputs from his or her five senses, including vision, 
hearing, smell, taste, and touch. The phenomenon of synesthesia can be considered 
as an intellectual and emotional state in which both the intellect and all five 
senses are activated and their interactions create a new state of awareness, 
leading to knowledge integration. Synesthesia requires a conscious activation of 
all senses, no doubt a difficult task for the average human. Fortunately, it is 
possible to learn how to become aware of all five senses and how to use them to 
create synesthesia. Da Vinci believed, and I agree, that this is the best way to create 
transdisciplinary knowledge, or new ideas, and is the key to creative intelligence.

Sensazione is an attitude that is difficult, but not impossible, to develop. 
When we are born, we are aware of all our senses and we use them all the time to 
learn about the world. We are open to all kinds of physical inputs coming from the 
surrounding environment. As we grow older, however, we are told not to touch 
certain things, not to smell certain things, and not to do certain things out in the 
world. Also, we gradually learn not to show our emotions. We learn how to control 
our emotions or, even worse, to focus only on the rational and non-emotional parts 
of ourselves and our lives. In this way, we learn how not to use all our senses and 
how to separate our emotions from our intellectual life. If we want to develop the 
attitude of sensazione, we need to rediscover our emotions and our senses. 
Interestingly, many successful and creative scientists in mathematics and 
engineering are people who are able to maintain a balanced attitude during their 
entire life, including keeping their emotional attitude alive and using their senses 
through various artistic activities, such as playing piano, painting, or dancing.

The attitude of sensazione can be gradually developed, but as is the case 
with the other da Vincian principles, it requires time and deliberate effort. The 
most difficult part of such training, but a part that is critical to inventive 
engineering, is to develop an ability to relate drawings and sketches to sounds, 
colors to textures, sounds to flavors, and so on. Such cross-referencing of sensory 
inputs is absolutely necessary to create true synesthesia and a full integration of 
sensory inputs. For example, we could say that as one listens to a composition by 
Debussy, it smells like the ocean; or that using belt truss systems in the structural 
systems of tall buildings is like seeing the color blue. Take a moment to reflect on 
the experience of sense integration and crossover in your own life. Was there ever 
a time that a sight appeared like a sound, or a texture conjured up a certain smell? 
That was sensazione at work in your life.

It is possible to measure your own level of sensazione so as to help you
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acquire or improve it. Gelb (1998, 2004) provides several self-assessment tests for 
the individual senses and also a self-assessment test of a person?s ability to 
practice synesthesia. He also provides various mental exercises for the 
improvement of all the senses and their integration. Da Vinci believed in a clear 
hierarchy of senses from the perspective of synesthesia. Vision was obviously 
considered the most important sense for him, closely followed by hearing, touch, 
smell, and taste. In this chapter, only vision will be discussed because of its 
importance to engineering. However, many details about the remaining senses and 
mental exercises to improve them can be found in Gelb?s works on the subject 
(Gelb 1998, 1999, 2004).

The eye encompasses the beauty of the whole world.

This short statement by da Vinci clearly reveals his understanding of the 
supreme importance of vision. At the same time, it is an excellent example of his 
own sensazione. The use of metaphor and of emotionally charged words (?the 
beauty of the whole world?) creates a complex rational and emotional description 
of the sense of vision and its significance. Da Vinci also claimed that looking is not 
enough, however. He wrote,

Do not look without seeing.

This statement means that receiving a visual sensory input is only part of the 
cognitive process of learning. Saper vedere (?knowing how to see?) became an 
important part of the never-ending nature studies that da Vinci conducted 
throughout his life. Obviously, he clearly believed that seeing was a part of 
learning. Such an understanding is entirely consistent with modern concepts of 
vision. For example, the use of sketching is considered vital for problem solving in 
business (Roam 2008). Vision is also a part of the human-reasoning methodology 
called visual thinking (Arnheim 1969) and is even thought of as part of human 
intelligence as a whole (as in the concept of visual intelligence introduced by 
Hoffman 1998). Can you think of an experience, either within the classroom or in 
your life in general, when you suddenly ?saw? a subject from a different or larger 
perspective, where maybe before you could only see the parts? That is an example 
of the importance of ?vision.?

There are at least two ways to improve your vision and your ability to ?see,? 
in the larger context. Learning to draw by hand is one way. Learning how to sketch 
serves at least two purposes. First, drawing teaches you how to present and 
represent complex concepts quickly and in a natural way. Second, hand drawings 
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are never perfect, but their fuzziness is desirable in accordance to Principle No. 4 
(sfumato) because they allow the imagination and a sense of possibility to emerge. 
Technically perfect, computer-generated drawings always seem to be complete in 
and of themselves, implying that the work is over. Such drawings, however, are 
produced using a limited number of objects that are available in a given computer 
tool. This obviously restricts the imagination, forcing you to think only in terms of a 
specific domain. On the other hand, the unfinished nature of hand drawings creates 
a proper framework for further thoughts and for the continuation of work. The 
feeling of imperfection and work in progress associated with hand drawings is also 
inspiring and provokes further ideas. As a side note, the desire to evoke a feeling of 
inspiration is one of the reasons why true visual artists were hired to prepare 
illustrations for this book. When sketching, you can easily produce your own 
objects, which expands your search for ideas in general. Did you know that hand 
drawing was widely taught as part of civil engineering education until only about 
30 years ago, before it was replaced by a mechanistic approach based on the use of 
various computer tools? Gelb (1998) provides a short ?Beginners? Da Vinci Drawing 
Course? in his book.

There are many strictly mental exercises to improve one?s vision and ability 
to see as well. For example, in the exercise ?Describe a Sunrise or Sunset? (Gelb 
1998), a person watches a sunrise or sunset in a quiet place. First, however, before 
the actual watching takes place, the person is asked to relax his or her body and 
mind through several deep, full breaths followed by extended exhalations. After 
the event, the person describes the experience in as much detail as possible in his 
or her notebook. In another mental exercise called ?Create Your Own Internal 
Masterpiece Theater? (Gelb 1998), the participant is asked to select a famous 
painting, for example da Vinci?s Mona Lisa. Next, a quality reproduction of the 
painting is hung on a wall and studied for at least five minutes every day for a 
week. Then, as the individual is preparing for sleep, he or she is requested to 
recreate the painting in his or her mind?s eye with all its details. In addition to 
shapes and color, appropriate sounds and smells can be added. Such a visualization 
should be performed for several days, and each time its results and comments 
should be recorded in a notebook. When the exercise is over, the person can reflect 
on what they wrote about the experience and, if possible, compare their 
observations with others doing the same exercise. A growing sophistication of 
images and impressions can usually be observed by individuals doing the exercise 
over time.
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Da Vinci believed that painting was the highest form of art. This was a 
reflection of his belief in the supreme importance of vision, but also because 
paintings were the best way to present sensazione in a way acceptable to a 
diversity of individuals during his time. His famous painting St. John the Baptist 
(Figure 2.15) is an excellent example. For engineers, the flow of robes in the 
painting is perfectly consistent with fluid dynamics (and was inspired by da Vinci?s 
studies in this area). Also, the entire composition seems to be balanced, bringing a 
unique kind of joy to many structural engineers. At the same time, non-engineers 
can perceive this balance as a picture of spiritual harmony and peace. There are no 
sharp edges in the painting; it is a reflection of the complexities of life and love as 
well as the complexities of engineering theories and models. The colors are warm 
and inviting. A sensitive person practicing sensazione can easily generate many 
interpretations of the painting, as it is rich intellectually as well as 
thought-provoking and highly sensory.
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2.4.4 Principle No. 4: Sfumato

Da Vinci was a master of complexity. He always managed to present complex and 
sometimes not fully understood notions in simple terms and often in a way that 
was purposefully contradictory. In modern times, this is done in Synectics as well 
(see Chapter 8). Synectics is a problem-solving methodology that stimulates 
thought processes of which the subject may be unaware. It was developed in the 
1960s and is now widely used. Sfumato is also a term used by visual artists to 
describe particular color and technical attributes and techniques where a blurring 
of defining lines occurs within a particular image. Such concepts, when combined, 
create a delicate balance between various meanings reflecting the complexities of 
the world. The principle of sfumato addresses all these related and important 
issues.

In Italian, sfumato literally means ?going up in smoke,? ?smoked,? ?turn to 
mist,? or, in the case of colors, ?soft? or ?mellow.? As an attitude, sfumato may be 
interpreted as (Gelb 1998)

- A willingness to accept and understand the world in its infinite complexity
- Keeping an open mind in the face of the unknown and uncertainty
- A willingness to embrace contradictions and paradoxes
- Acquiring, accepting, and using ambiguous knowledge

The attitude of sfumato represents a paradigmatic shift from the scholarly attitudes 
promoted in the Middle Ages. During those times, scholars were supposed to 
discover the truth in the form of crisp, or binary, results with a clearly distinguished 
boundary between good and bad; that is, between God and the devil. Sfumato 
represents a much more sophisticated attitude. It is like the shift from binary 
thinking to multi-value logic, which led to the development of the theories of fuzzy 
(Zadeh 1965, Ross 1995) and rough sets (Pawlak 1991) in engineering. These 
theories offer a much more realistic and complex understanding of the world than 
traditional binary logic. Their introduction in the 1980s and 1990s led to 
revolutionary changes in many areas of engineering and science.

In the same way, sfumato represents the end of black-and-white thinking 
about the world in general. It teaches us that a complex concept (e.g., the concept 
of ?a man?) cannot be reduced to a single point (i.e., a single example of ?a man?). 
These complexities must be described by using the entire spectrum of concepts 
contained within two extreme opposites. Unfortunately, engineering formulas are 
usually presented in terms of the mechanics of materials with very limited 
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discussion of the assumptions behind them and their often controversial nature. 
These discussions must be had, however, if true understanding is to occur about 
the very nature of engineering itself and if inventive engineering is to be 
developed that can produce truly revolutionary inventions.

In more abstract and overarching terms and adhering to our example of 
the concept of ?a man,? Figure 2.16 provides a good example of a spectrum that 
describes a human life in its extremes. Supposedly, both figures represent da Vinci. 
On one side, he is in his youth, and on the other side, he is an old man. Looking 
closely at the lines in the drawing, you can see that there is no sharp boundary 
between figures, only a continuity representing gradual changes in the subject?s 
life and its constant evolution. When such understanding of complex concepts is 
accepted and when the extreme and opposite ends of such concepts are taken into 
consideration, the determination of where the spectrum ends on either end can be 
qualitatively determined by each individual. This is a critical step in any learning 
process.

An example of the importance of looking at extremes in complex concepts 
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can be seen by looking at da Vinci?s life and work in particular. Da Vinci was always 
engaged in a search for beauty, and he obviously studied beautiful people. 
However, he was equally interested in ugly or grotesquely disfigured people. 
Intuitively, da Vinci discovered the fundamental assumption of learning: to acquire 
knowledge, we need both positive and negative examples. They are equally 
important.

Sfumato also means that to learn about a complex concept, contradictions 
represented by paradoxes must be accepted and considered as a legitimate part of 
the acquired knowledge. Such understanding is surprisingly modern. Only in the 
1940s did Altshuller (1969) propose discovering contradictions (and using them) as 
a part of inventive problem solving. The use of paradoxes is also promoted in 
Synectics. In the case of Synectics, the formulation of a problem as a paradox is 
expected. It is intended to initiate a complex cognitive process, which is still not 
fully understood but has proven to be powerfully effective.

In addition, sfumato means that a Renaissance person can willingly accept 
the frequent ambiguity of his or her observations and purposefully incorporate this 
ambiguity into his or her body of knowledge. Such an attitude is partially a 
reflection of the mysticism that was prevalent in the Middle Ages and at the 
beginning of the Renaissance. However, it also represents an attitude of openness 
to uncertainty in general and is consistent with the modern understanding of 
cognitive processes. In the case of knowledge discovery and inventive design, such 
processes can be lengthy and have subsequent periods of conscious and 
subconscious activity. To produce novel ideas, all kinds of input are desired in order 
to use the entire power of the human brain, both the analytical left hemisphere 
and the creative right hemisphere. The latter, that is, the right side of the brain, 
particularly benefits from ambiguous knowledge as it has the potential for 
stimulating all kinds of associations. These associations are critical for inventive 
problem solving and are also a key part of Synectics.

Figure 2.16 shows St. John the Baptist in his famous pose with a raised 
finger. The message of this painting is subject to many interpretations. Nothing is 
clear about the painting. Therefore, it is much more stimulating intellectually and 
emotionally than a painting with a clear message communicated only on the 
rational level. The understanding of complex concepts in the world as proposed in 
sfumato is acceptable today, and at least some within the engineering community 
have accepted such approximate theories as the theories of fuzzy (Ross 1995) or 
rough sets (Pawlak 1991). Modern scholars are much more open to ambiguity than 
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ever before. Six centuries ago, however, this attitude was truly revolutionary.

2.4.5 Principle No. 5: Arte/Scienza

The concept of arte/scienza (?art/science?) means that a Renaissance person should 
be a whole-brain thinker. He/she should build an understanding of the world by 
using two entirely different but complementary perspectives with roots in art and 
science, respectively. These two perspectives should be balanced since both are 
necessary but neither is sufficient. In more specific terms, this attitude can be 
described as (Gelb 1998)

- Always maintaining a balance between art and science
- Using both artistic and engineering knowledge
- Using both emotional and rational approaches
- Using both imagination and logic
- Using both the right and left brain hemispheres
- Seeing both the whole picture and the details

The common assumption about engineers is that they are left-brained. Such 
individuals have a profile that can be described as analytical, with 
logical/deductive reasoning being the preferred type of thinking. This assumption 
is generally correct. In my opinion, however, the practice of reinforcing this existing 
brain-dominance profile in engineering education is damaging to the potential 
that exists in the profession. By maintaining this image, we significantly reduce the 
chances of amazing engineering innovations being brought into being by future 
engineering leaders such as yourself. Engineers who consciously employ 
whole-brain thinking, on the other hand, possess the potential for truly inventive 
engineering practices, which can benefit not only the profession but the entire 
world.

It is not easy to develop and practice whole-brain thinking when one is not 
used to thinking in this way. Gelb (1998) provides a self-assessment test to 
determine your level of arte/scienza as well as a number of exercises that develop 
this type of thinking.

Mind mapping is a powerful way to cultivate whole-brain thinking, and 
some believe that it is the key to whole-brain thinking. The concept of a mind map 
goes back to da Vinci?s practices. However, it is also supported by modern research 
in cognitive psychology (Buzan and Buzan 1994). Surprisingly, this concept has also 
been reborn in computer science as ontology, and its use in engineering is 
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considered to be state of the art (Gruber 1993). Within engineering, the use of 
mind mapping and ontologies is limited to the building of complex, multimedia, 
knowledge-based systems for training and decision making (Oguejiofor et al. 
2004). As you will see, however, the practice can in fact be used for every aspect of 
your academic and personal life.

A mind map is a visual representation of a body of knowledge related to a 
specific central concept. It is designed to show all related concepts and their 
relationships in a nonlinear way, with the main concept centrally positioned and 
secondary concepts surrounding it. A mind map should be produced using pictures, 
words, colors, and differentiated line thicknesses and fonts, but there are no formal 
rules on how to actually create one. With practice, however, your artistic richness 
and sophistication usually gradually improves. A mind map should be drawn by 
hand if possible so as to increase its spontaneous nature and to maximize the 
involvement of the right brain hemisphere. Over the last several years, however, 
many computer tools for mind mapping have been introduced. For more details 
and examples, see Section 5.3.

If you are interested in thinking outside the traditional linear and 
hierarchical knowledge structures that are predominant in engineering and in 
becoming a truly inventive, creative, and successful engineer, then I suggest you 
use mind mapping as a tool for problem solving and idea generation whenever 
you can. The use of pictures and colors requires right-brained thinking and 
imagination, which leads to a truly cognitive ?revolution? and to novel, rewarding 
results.

The principle of arte/scienza is very important, and mind mapping is the 
fastest way to bridge this gap within yourself. It represents a significant departure 
from how you might be used to thinking about academic and life problems, but the 
rewards for your learning and life in doing so will be well worth it.

2.4.6 Principle No. 6: Corporalita

The Italian word corporalita in English means ?corporality,? or ?the state of being in 
physical or in bodily form rather than in spiritual form? (MSN Encarta). Da Vinci?s 
attitude of corporalita has a much more complex and interesting meaning, however. 
This attitude is described by Gelb (1998) as sana in corpora sano? a sound mind in 
a sound body. In more specific terms, it can be described as (Gelb 1998)

- Recognizing the fact that a human being has mind, spirit, and body and that 
they are wholly integrated
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- Seeking a balance between intellectual and physical development
- Recognizing the importance of the human body
- Recognizing the fact that a fully integrated, balanced, and optimally 

functioning man or woman must have a healthy body
- Seeking health through the holistic approach in which a human body is 

considered a system
- Recognizing the fact that a human body is like a microcosm and that its 

energy field and the complex interactions within it exist among various 
parts

The Dark Ages was an era of ascetics. During that time, the human body 
and its needs were considered unimportant. It was believed that the body provided 
only a temporary shelter for the spirit and, as such, did not need to be respected. In 
fact, sometimes the physical body was abused in order to demonstrate the purely 
spiritual nature of human existence. The Renaissance changed this way of thinking. 
The human body was again important, as it was during Greek and Roman times. 
This new way of thinking stated that the body not only supported human existence 
on Earth but was also a powerful instrument for the enjoyment of life. Most 
importantly, during the Renaissance, the body was thought of as an integrated 
system that included the mind and spirit as well. This system was a necessary 
component for serving both God and society.

When da Vinci was an apprentice in the workshop of Andrea del Verrocchio 
in Florence, he became interested in human anatomy. First, he wanted to learn the 
?divine proportions? or the ?Golden Rule? describing the ideal proportions of the 
human body and its ultimate beauty. Next, he became intrigued by the incredible 
complexities of the body itself. Several historians even claim that in 1472, da Vinci 
joined the Company of St. Luke? a guild of apothecaries, doctors, and artists? in 
order to have access to hospitals and to continue his anatomical studies. As a 
result of these studies, da Vinci developed a unique understanding of a human 
being as an integrated system. Da Vinci?s Vitruvian Man (Figure 2.17) became a 
symbol of his holistic/systems understanding of the unity of mind, spirit, and body.

Da Vinci intuitively used the concept of fractals to make the claim that ?the 
human body, and the energetic system that surrounds it, is a miniature replica of a 
larger, universal system? (Gelb 2004). This fascinating view of the body was 
immediately rejected by his contemporaries in medicine. Only today, several 
centuries later, is da Vinci?s holistic understanding of the human body and its 
energy field finally accepted in the area of energy healing and used to heal people 
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through various practices such as Reiki.
Da Vinci believed that a human being should carefully maintain a balance 

between his or her intellectual and physical development in order to realize his or 
her full potential. This line of thinking was also a reflection of the Renaissance-era 
belief that a genius must be physically superior to ordinary people. Da Vinci was a 
skilled equestrian, and many other Renaissance leaders were also outstanding 
sportsmen. Da Vinci developed a surprisingly modern physical development 
system, which combined three major elements: a healthy diet, a complex training 
program, and body awareness.

Da Vinci practiced these tenets in his own life. He was a vegetarian. He 
drank lots of water and very little wine. He ate meals that included fiber-rich 
vegetables, grains, beans, and fruits, all prepared with olive oil. The best example 
of such a diet is his famous minestrone soup. He also recommended that eating 
should be a moment of enjoyment with full focus on the food. One should find 
pleasure in every bite while contemplating, at the same time, the nature and 
origins of all the ingredients and their unique taste.
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Da Vinci?s physical training system had three distinctive components, 
including aerobic conditioning, strength training, and flexibility exercises, each 
with a different goal and all carefully balanced for maximum benefits. Aerobic 
conditioning was intended to improve awareness, emotional stability, and stamina. 
Also, it was supposed to prevent arteriosclerosis and premature aging (a health 
theory he proposed as a result of his anatomical studies). Strength training was 
used to burn excess fat, strengthen muscles and, again, prevent osteoporosis. 
Finally, flexibility exercises were intended to prevent injuries and to improve the 
circulatory system.

The development of body awareness was a uniquely da Vincian idea, and it 
should be considered within the context of his holistic understanding of the 
human body, which always balanced the purely physical and purely spiritual 
aspects of life. Becoming aware of one?s body means having a clear picture of it, 
understanding how it operates, and understanding how individual parts are 
balanced in physical, functional, and spiritual terms. Again, such awareness can be 
developed through various physical and mental exercises described in Gelb?s book 
(Gelb 2004). For example, in one such exercise, a person is to witness his or her 
naked body in a mirror and to prepare a drawing. Next, the entire body map is to be 
explored to find places where the head balances on the neck, where shoulder 
joints are located, and so on. Ultimately, body awareness is intended to help a 
human being utilize his or her body in the most optimal way. This leads to 
improved performance in all activities.

On the surface, this principle may seem unrelated to inventive engineering. 
I believe, however, that corporalita is particularly important for inventive engineers. 
We need to maintain a balance between body and mind for mental stamina as well 
as to attain a relatively high level of physical fitness in order to work for many 
hours, sometimes days and nights, on our inventions.

2.4.7 Principle No. 7: Connessione

Connessione means ?connection? in Italian, but like da Vinci?s other principles, this 
concept signifies much more. It can be interpreted as (Gelb 1998)

- Recognition of the interconnectedness of all phenomena in nature and life
- Understanding the world as a single system with all its elements 

connected by direct and indirect feedbacks
- Understanding that the world is a complex and chaotic system
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- Understanding that knowledge is created within a nonlinear system

Da Vinci studied human and animal anatomy. This inquiry led him to the 
understanding that there are many similarities between human and animal organs. 
It also led him to realize that all living systems could be viewed within a larger 
framework. From da Vinci?s vantage point, differences between mammals are 
insignificant and, in fact, a unified picture of nature can and does emerge. This 
concept was rediscovered several centuries later in the scientific community by 
systems scientists. In fact, only recently, in the second half of the twentieth century, 
has the science of the holistic understanding of the world called cybernetics 
emerged. Cybernetics has gradually led to the development of systems analysis, 
which is based on the principle of wholeness in its approach to the analysis of all 
systems, built and natural, real and abstract, small and large. Connessione may be 
interpreted as a ?systems? view of the world.

In relation to this, during the last 20 years, chaos theory (Alligood et al. 
2000, Arciszewski et al. 2003) has been reluctantly accepted by the scientific 
community as well. Chaos theory takes systems theory a step further in recognizing 
that complex systems may become unstable and may display chaotic behavior. As 
part of this behavior, even small quantitative changes in certain critical parameters 
may produce significant, qualitative changes in the behavior of the entire system. 
This may include a trajectory change in the case of planetary systems, for example, 
or a buckling of structural members under compression. Da Vinci understood such 
behavior in the sixteenth century. He wrote, ?The earth is moved from its position 
by the weight of a tiny bird resting on it.?

Da Vinci left thousands of pages of his personal notes covering all areas of 
science and art. However, he never attempted to organize them nor to categorize 
individual items. Da Vinci strongly believed that all his thoughts were 
interconnected and equally important. As such, they too should be seen in their 
?systems? context. This understanding was surprisingly modern. Da Vinci was a 
highly creative person who used various pieces of knowledge from many domains 
to create new concepts. This is similar to creating an ontology, or way of thinking 
and studying reality, in which many concepts are interrelated and exist without a 
hierarchical structure. Da Vinci had a lifelong practice of combining and 
connecting disparate elements to form new patterns. This process was not much 
different than the process of morphological analysis proposed by astrophysicist 
Fritz Zwicky (1969) in the late 1940s. In this method, a problem is divided into a 
number of subproblems that are considered entirely independently. For each 
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subproblem, various solutions are found and presented in a morphological table. A 
solution to the entire problem is found as a randomly produced combination of 
solutions to the individual subproblems. For example, when da Vinci was a young 
boy, he created his first dragon (Figure 2.18) and described the process of drawing 
it: ?make dragon looking naturally? take for its head that of a mastiff or setter, for 
its eyes those of a cat.? By following his own step-by-step instructions for adding 
relatable images together, young da Vinci was able to create something quite 
fantastical and new.

The attitude of connessione can be quantitatively assessed using tests 
developed by Gelb (2004). One very personal and life-focused example is a mental 
exercise called ?Family Dynamics.? This exercise involves answering questions 
about family and about the functions of its individual members. In addition, there 
are questions about how the family has changed over time and about the patterns 
of evolution behind these changes. Gelb (1998) believes that understanding family 
dynamics also improves one?s understanding of one?s own personality and life 
goals. In this particular exercise, Gelb recommends drawing a diagram 
representing your family as a system. This drawing may subsequently lead to 
metaphorical questions about the family as seen as a single human body. Some 
questions include: Who in the family is the head? Who is the heart? Who would be 
at the limbs? Who would be standing on solid ground as the feet? For the 
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engineering profession, this same exercise can be extremely helpful when 
analyzing the dynamics of a specific company (one that you may be considering 
working or interning for) or it can be used when evaluating engineering issues 
themselves, such as looking at the relationship between the parts of a vehicular 
system and determining their interrelating importance.

Connessione in terms of creativity may be developed through other 
inventive exercises as well. When seen through the lens of connessione, the key to 
human creativity is assumed to be the ability to see unfamiliar combinations and 
connections. For example, if you were asked to invent a new concept of a floodwall 
that combines knowledge from both foundation and naval engineering, how would 
you go about doing so? What interrelated factors would you have to consider? 
What materials would you use, and how would you assemble them in a way that 
promotes interrelational harmony and functionality? Using the da Vincian concept 
of connessione (as well as tools such as mind mapping) may help.

Another worthy general exercise that is simple and also fun involves 
contemplating the origins of all components of a meal. Once a meal is visualized, 
prepare a drawing or mind map representing it and how each individual ingredient 
contributes to the whole of the meal. Of course, this contemplation exercise can 
also be conducted using engineering subjects. Consider, for example, the structural 
components of a large-span suspended bridge. How do all of the individual parts 
relate to create a unique whole? What would happen if you left out or removed 
one part? How would this effect the entire structure? How would adding a new 
component change the whole?

Perhaps one of the most important, indeed life-changing, exercises for 
general life evaluation is called the ?Time Line River of Life? (Gelb 1998). This is 
also a great exercise to do when you are at a crossroads in life, such as just after 
graduation and before entering the job market. The goal of this exercise is to help 
you develop a bigger picture of your life in order to be a better human being, to 
live a meaningful life, and to increase your chances of success in all aspects of life. 
The exercise requires the use of metaphorical thinking as well as the commitment 
to devoting at least one week to it.

For this exercise, first consider life as a river flowing from the mountains to 
the sea. As the river flows to its ultimate destination, it encounters all kinds of 
dams, levees, rapids, and so on. For the next seven days, focus on just one aspect of 
your time line river of life per day. When you focus on these aspects, imagine them 
as part of your river:
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- Day 1: Sketch the big picture of your dreams (a mind map): What does your 
river look like in general?

- Day 2: Explore your goals: As you move along your river, what do you see 
up ahead?

- Day 3: Clarify your core values: Imagine a challenge coming your way 
upstream. What do you do about it?

- Day 4: Contemplate your purpose: Why are you in the river in the first 
place? Where are you going? What are you moving away from?

- Day 5: Assess current reality: What does the water you are moving on look 
like? Is it flowing fast or slow? What do you look like? What are you 
wearing? Are you sailing or swimming? What does your craft look like? Are 
others with you? How are you feeling, and what are you thinking about?

- Day 6: Look for connections: What do you see around you? Are there fish or 
wildlife? What do you see on the bank of the river? What is the weather 
like? Can you see any connections or synchronicities (interesting, 
interrelated coincidences) happening as you move down the river?

- Day 7: Strategize for change: Imagine yourself getting closer and closer to 
your intended goal. Is this goal changing or staying the same? How do you 
feel about this goal? Are you excited, happy, or anticipating what will 
happen next? Or are negative emotions coming up for you? If you need to 
change your goal, that is OK. Part of this process is to determine if our 
current goals are still valid based on changes that have occurred in our 
lives and those that continue to occur.

Do this exercise and all the exercises presented in this section using mind maps. 
The insights that can be gained by looking at issues and problems with a sense of 
connessione can be quite dramatic and eye opening as well as extremely insightful 
for your life and work.

2.5 THE MEDICI EFFECT

Frans Johansson (2004), in his book The Medici Effect, recently proposed an 
intriguing concept that speaks to creativity and the generation of novel ideas. He 
describes the specific environment that eventually created the intellectual 
foundation for the Renaissance as part of a transformational paradigm he calls the 
?The Medici Effect.?

The Medici family lived in Florence, Italy. Their most well-known family 
member was Lorenzo Medici, or Lorenzo il Magnifico. In the fifteenth century, the 
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Medici family had accumulated a lot of wealth through banking and was 
considered one of the richest and most influential families in Europe. They also 
became great supporters and sponsors of the arts and of science. They pursued 
their philanthropic projects for a combination of reasons, including their desire to 
increase the prestige of their family, the need to expand their power base, and also 
because of a sense of guilt for their wealth and prestige. During the time the 
family was thriving, the practice of banking, and particularly lending money with 
interest, was considered sinful and an obstacle to salvation. Apparently, the Medici 
family was concerned about their collective salvation and tried to balance their 
banking practices with positive contributions to society.

Many leading Italian artists and scientists of the day became members of 
the Medici court and lived together there at the invitation of the family in 
conditions of relative comfort. There, these individuals had time to focus on their 
work but were also forced by circumstances to interact with each other. Together, 
over time, they created a small community. This was a rare occurrence, since the 
Middle Ages, or the Dark Ages, was a time when interactions between individuals 
of different disciplines was not the norm. All members of the Medici court talked, 
debated, and even argued about their individual works. In the process, they began 
to break down the barriers between disciplines and began to generate all kinds of 
ideas, often randomly and in the moment. These ideas were then analyzed from 
various perspectives. Many of them were rejected, but those that were accepted 
often led to new understandings of each discipline and to the gradual emergence 
of transdisciplinary knowledge. This knowledge represented a new understanding 
of the arts and sciences. More importantly, it led to a heightened understanding of 
the world in general. Ultimately, the knowledge and ties between the individuals in 
the Medici court became the very foundation for the Renaissance.

Johansson (2004) also proposes the concept of intersection as it relates to 
the development of Renaissance-era thinking. Intersection is a result of the Medici 
effect and can be described as ?the time and place-specific integration of 
knowledge with components coming from various disciplines, cultures, and 
personalities.? When a new idea is generated within a given discipline, it usually 
happens along an existing line of evolution and therefore can be considered 
?directional? (Johansson 2004). When an intersection occurs, however, that new idea 
represents a true paradigm change, or the beginning of a new line of evolution. 
Such an idea can be called an intersectional idea because of the unique 
mechanisms behind its development and because it often has a great impact on 
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the evolution of its domain. A great example of intersection is the public 
introduction of the Internet as the World Wide Web in the 1980s. Not only did this 
introduction change its domain (computer science and technology), it also created 
a global paradigm shift that, as we know, was to affect every aspect of modern life.

In Chapter 14, ?Bio-inspiration in Designing,? we will discuss intersection in 
the context of biology and engineering and how using knowledge from biology in 
conceptual design requires the integration of knowledge from these two domains 
but at the same time how this process changes our understanding and leads to 
inventions.

From a social perspective, intersection is a phenomenon that naturally 
results when people of various backgrounds, professions, and cultures are put 
together and encouraged to interact. Over time, such interactions lead to dialog 
and an exchange of ideas and concepts. They also lead to the development of new 
ideas reflecting integrated thinking with roots in several separate disciplines 
(Figure 2.19).

It takes time to create intersection. Intersection is a knowledge acquisition 
process and can occur when professionals from two or more domains work 
together on a problem and along the way discover that the same concept often has 
entirely different meanings in various disciplines. Both learn the situatedness of 
these concepts (Gero 2007); that is, how the concepts change depending on their 
domain-related context. This process is similar to Synectics, in which we 
intentionally change the meaning of various concepts using contexts from many 
domains that are randomly selected. In the case of Synectics, changing the context 
is done purposefully and in a semisystematic way, and this has the result of making 
the strange familiar. The results of Synectics also include making the familiar strange 
and making excursions. Excursions are created by selecting words (concepts) from 
outside the problem domain and trying to interpret them in the context of a new 
domain. Such a process obviously expands our body of knowledge through the 
introduction of new concepts with roots in various domains that are not 
necessarily related to our area of expertise.

Intersection can be considered on the level of a community? as was the 
case at the Medici court in the fifteenth century? or as a phenomenon that simply 
occurs between two people. It can also be considered on the level of a single 
person who randomly generates ideas using his or her knowledge from various 
disciplines and situations, which are informed by different cultural experiences. 
Intersection that occurs within a single person is also closely related to Synectics.
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There are at least three factors that are driving the process of intersection in the 
world today. They are globalization, the evolution of science in the direction of 
transdisciplinary knowledge, and the information technology revolution (Johansson 
2004). Globalization encourages, and indeed often forces, people of various 
cultures and languages to work together and to combine, merge, and create new 
ideas from diverse backgrounds and perspectives. In terms of scientific evolution, 
there is growing interest in the integration of existing scientific disciplines such as 
genetics and computer science in order to develop a transdisciplinary, or 
integrative, understanding of the world. This understanding is absolutely necessary 
when dealing with complex, adaptive systems and has, in fact, created new 
scientific disciplines such as cybernetics, the systems sciences, chaos theory 
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investigations in physics, and evolutionary design in engineering. Finally, rapid 
progress in information technology (IT), particularly in the area of computing, has 
created new opportunities to simulate complex phenomena and acquire advanced 
knowledge. This ultimately has led to the intersection of disciplines and the 
creation of transdisciplinary knowledge as well. We have more advanced 
intellectual resources today than ever before. If forward-thinking scientists and 
artists are able to initiate another period of qualitative changes resulting in a new 
wave of modern inventions, then the next Renaissance would be much more 
powerful than the last one.
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?Entrepreneurial vision is the act of seeing the invisible.?

1.1 Introduction

According to the Business Dictionary, entrepreneurship is

the capacity and willingness to develop, organize and manage a business 
venture along with any of its risks in order to make a profit. The most obvious 
example of entrepreneurship is the starting of new businesses. In economics, 
entrepreneurship combined with land, labor, natural resources and capital can 
produce profit. Entrepreneurial spirit is characterized by innovation and 
risk-taking, and is an essential part of a nation?s ability to succeed in an ever 
changing and increasingly competitive global marketplace.

Entrepreneurs and entrepreneurship are universally held in the highest esteem. 
Worldwide attention to entrepreneurs as agents of economic value was bolstered 
in the early 1940s by the seminal work of Joseph Schumpeter. The Austrian 
economist?s concepts helped establish entrepreneurship as a substantive economic 
activity linking entrepreneurship to a theory of national economic benefit. 
Schumpeter argued that the essence of entrepreneurial activity lay in the creation 
of ?new combinations? that disrupted the competitive equilibrium of existing 
markets, products, processes, and organizations.

In theory, entrepreneurship is a business venture where an individual is 
able to turn an innovative idea into a profitable commercial reality. In practice, 
entrepreneurship is multifaceted, ranging from operating a small business from a 
garage, to solving an unmet market need, to turning a new and unique idea into a 
high-growth company. Entrepreneurship can involve starting a business that brings 
a new cure for a disease, offering a product or service previously unavailable, or 
acquiring an existing business with an established market presence and helping it 
evolve to reflect the entrepreneur?s own vision and personality. 

As a business venture, the founder/entrepreneur should be able to 
unambiguously answer the following key ?vision? questions:

- What is your target market?
- How large is your total addressable market?
- Who will be your first customer?
- What problem can you solve for them?
- How do you design and manufacture your product?
- How do customers acquire your product?
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- How do you scale your production?
- How do you make a profit?
- How do you intend to ?exit??

1.2 What Makes Startups Successful?

The prospect of starting a new business is exciting for any entrepreneur. But 
industry statistics consistently report a 90% startup failure rate over a two year 
period. When you embark on a trip, it is prudent to plan your route on a map to 
ensure that you do not get lost. You might think of an overall strategy as a type of 
map that plans the best and quickest route for your new startup.

In the author?s experience, the concept of the opportunity window for 
ensuring startup success is as it is shown in Figure 1.1.

- Funding: You may start by bootstrapping the organization, but eventually 
you will need external funding to expand your operation. If the company 
looks like a success, it will attract capital.

- Business model: Your business model is your overall plan to propel the 
startup from concept to profitability. It is your master road map for 
penetrating the market and becoming a market leader.

- Team: While you are the undisputed leader, you must hire the best 
affordable talent to round your team and make sure you hire people with 
complementary skills to yours.

- Timing: Your timing refers to the receptivity of the market to your 
innovation. If the market is ready, it will embrace your product without 
much delay or resistance.

- Disruptive idea: Your disruptive idea should be your market innovation. The 
idea is your sensational answer to an unmet need in the market. It should 
provide you with a distinct business advantage.

The early stage of a startup company is the most important phase of the firm?s life 
because it will determine the evolution of its whole structure. In the early stages, a 
startup must clearly and decisively define the following cornerstones:

- Founder?s group expertise: Any weakness in the founder?s group should be 
remedied by seeking outside talent and input from a dedicated board of 
trustees.

- Commitment by entrepreneurial team: The startup team must be willing to 
make many personal sacrifices to ensure success. It is crucial to enlist this 
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kind of commitment as early as possible.
- Secure supply sources of critical raw materials: Does the startup have safe 

and available sources of critical raw materials, or is that a company 
vulnerability?
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1.3 What Makes Startups Fail?

Small business statistics show that 9 out of 10 startups are doomed to fail within 
the first two years of business. And amazingly, the figure is the same not just for 
technological startups but for other small enterprises as well.

Although there is a surplus of reasons that contribute toward startup 
failure, there are a few core reasons that are common across all failed startups, 
no matter the niche. Let us consider the five most common reasons of failure 
witnessed across almost all unsuccessful business startups, as shown in Figure 
1.2.

The biggest single reason for startup failure is no market need or poor fit. 
This underscores the importance of researching whether or not the market needs 
your product. Literature surveys state that 35%?42% of failed startups are due to 



?lack of a market (need) for their product? as the prime reason for their failure.
Wrong pricing means either too high or too low product pricing. If the 

product is priced too high, it will fail to capture adequate market share, thus 
opening an opportunity for lower-priced competitors to gain a foothold in the 
innovative product.

Conversely, failing to keep the costs of producing the product low 
ultimately forces startups to increase their price point. It becomes especially 
problematic if the startup is offering a ?free trial? product in the first place. 

Most entrepreneurs finance their startups with their own savings combined 
with small to medium-size loans from friends and family. Add some failed starts, 
mismanagement, and employment issues and you?ve got the perfect recipe for a 
financial disaster. This phenomenon is commonly termed as being underfunded, 
leading to bankruptcy.

An astonishing 15% of startups claim they failed because they did not have 
the right people in their executive team. Inability to find, or afford, the perfect 
candidate for the job will lead to bad hiring decisions. 
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Finally, no matter what is your niche, you will have competitors vying for 
your audience/market. Unless, your startup has the financial strength to establish 
itself as the go-to product in your niche, you will start to lose ground to 
competitors and eventually become outcompeted in your selected market.

1.4 Types of Entrepreneurs

According to the Entrepreneurship and Resource Guide the following definitions 
provide cross-sections of the different types of entrepreneurial types as follows:

- Community entrepreneurs: Community entrepreneurs often involve a 
number of people in a community working together to address a critical 
community need. This type of entrepreneurship is particularly effective in 
rural areas where no one family or person may have the financial resources 
to help establish a much-needed business or service. Community 
entrepreneurs may also be involved in nonprofit projects, such as building 
a community swimming pool, community center, or public library.

- High-growth entrepreneurs: During every major economic growth period in 
history, the majority of jobs created resulted from entrepreneurs operating 
high-growth businesses. Therefore, communities should not only continue 
efforts to recruit established firms and branch plants, but also make the 
expansion of high-growth businesses a top priority. High-growth 
entrepreneurs connect local communities to national and international 
markets more effectively than nearly any other existing industry. In 
addition, entrepreneurial businesses are likely to reinvest their wealth in 
local communities, while a branch plant may instead send money back to a 
corporate office or to an administrative headquarters.

- Hobby entrepreneurs: Hobby entrepreneurs often develop businesses 
related to activities they enjoy as pastimes. Hobby entrepreneurs are 
important to rural Nebraska because they provide services that may be 
otherwise unavailable to local communities due to the low population. 
While larger-scale entrepreneurs may look for pools of skilled labor, hobby 
entrepreneurs often work alone and may engage in their entrepreneurial 
venture part-time in addition to another occupation.

-  Lifestyle entrepreneurs: As well as bringing more jobs and increased 
consumer spending, a lifestyle entrepreneur will often bring a unique 
product or service to a community. Lifestyle entrepreneurs
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often develop a business simply from something they enjoy doing, which 
could be anything from producing and selling crafts to painting murals in 
baby nurseries.

- Minority entrepreneurs: Minorities and immigrants throughout history have 
served as vital sources of entrepreneurial spirit that have led to the 
creation of numerous enterprises throughout the United States. Whether 
creating businesses to provide culturally specific goods or services or to 
address a need in the larger economy, minority entrepreneurs fill critical 
roles in local economies.

- Social entrepreneurs: Social entrepreneurs operate both within the 
for-profit and nonprofit sectors. They use business skills and resources to 
provide solutions to community and national needs.

- Student entrepreneurs: Student entrepreneurs use their abilities to apply 
classroom skills in non-academic settings. Entrepreneurship offers students 
at both the high school and college levels the opportunity to create jobs 
that are more flexible and more tailored to their interests and time than if 
they were to enter the general job market. Students may also be able to 
provide insight into a market that would otherwise be overlooked and 
present fresh new ideas for improving existing businesses.

- Women entrepreneurs: While many younger women may not think twice 
about starting a business, women who grew up in an earlier time may find 
the prospect daunting. Women often have special insight into the 
marketplace and bring unique skills and interests to a business venture.

1.5 Entrepreneurial DNA

Entrepreneurs are business opportunists who, through their knowledge, creativity, 
drive, and vision, create economic value. Entrepreneurs challenge conventional 
wisdom by practicing disruptive innovation? that is, innovation that creates new 
markets through the application of a novel set of principles. Entrepreneurs change 
the rules of the game by challenging the status quo in return for commensurate 
financial returns. 

Successful entrepreneurs guide their fledgling organization in a variety of 
methods, such as

-   Clearly articulating your organizational vision

- A meaningful vision and long-term plan of action. Organizational vision 
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acts as a constant point of reference in what is otherwise a chaotic working 
environment.

- Your organization?s vision acts as a powerful motivator for employee 
behavior, creating a common purpose that helps pull people in a desired 
direction and increasing performance and commitment. The specific 
content of the vision will vary with the organization, but your job as the 
founder/entrepreneur is to formulate an inspiring narrative and then to 
articulate that narrative clearly, unambiguously, and regularly.

- As well as clearly articulating and regularly communicating your 
organization?s vision, entrepreneurs need to make that vision concrete in 
terms of values and expected behaviors? motivating their people by 
reinforcing entrepreneurial behaviors (e.g., dependability, truthfulness, 
openness, honesty, courage, etc.) and promoting entrepreneurial values 
(e.g., creativity, confidence, capability, excellence, etc.).

-   Empowering your team

- In the entrepreneurial organization, leaders need to understand when to 
adopt a directive leadership style and when to empower their staff.9 While 
overly directive and authoritarian leadership cripples creativity, being too 
unstructured can result in projects never being realized.

- At the inception of a project, entrepreneurs may grant high levels of 
autonomy but set clear expectations in terms of deadlines and 
deliverables. If the leader micro-manages and displays pessimistic 
attitudes, entrepreneurial behavior will be stifled.

- However, as projects progress and ideas and strategies become more 
concrete, leaders should adopt a more direct approach to consolidate ideas 
and ensure that the project is completed and delivered on time.

-   Specifying your organizational risk tolerance

- When making decisions, it is important to specify the amount of 
organizational risk the entrepreneur is willing to tolerate. Leaders who 
work for established organizations tend to be less aggressive than 
entrepreneurs (founders) and as a result tend to favor evolutionary rather 
than revolutionary developments.

- Inevitably, this leads to the concept of risk management. Risk management 
is not the total avoidance of risks but rather the reduction of negative 
deviation from plans, instead placing emphasis on  business opportunities. 
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The focus is on anticipating future potential issues and taking a conscious 
decision on how best to proceed.

-   Your organizational culture

- Every organization has a ?culture?? the shared values and beliefs of an 
organization that influence its experience, behavior, and interaction with 
others. And as an organization?s culture shapes behavior, in turn, it is vital 
that the culture facilitates entrepreneurial behavior among the staff.

- An entrepreneurial culture is a culture where motivation and enthusiasm 
are incentivized and valued. Leaders are to be given the time and 
opportunity to develop ideas that may fail (the corollary of leaders 
tolerating controlled levels of risk).

- Most people become self-employed because they are not given the 
opportunity to develop their ideas or because their ideas are not valued by 
their organization.15 With this in mind, any entrepreneurial organization 
needs to ensure the culture supports its intrapreneurs (existing employees 
that have entrepreneurial potential).

-   Your chain of command

- The chain of command describes the line of authority from the top of the 
organizational hierarchy to the bottom, military style. An organization?s 
span of control is related to the number of subordinates a manager can 
effectively and efficiently direct.

- Successful entrepreneurs are able to react and exploit opportunities 
quickly and effectively. A long chain of command coupled with a large span 
of control (as in larger, established companies) makes it harder to seize 
opportunities quickly. Conversely, successful entrepreneurs operate with a 
low chain of command and grant high autonomy to their subordinates, thus 
creating a ?flat? hierarchy that facilitates fast decision making.

-  Your entrepreneurial team: Composition and dynamics

- Contrary to the popular conception of the lonely, creative genius, most 
people are actually more innovative and effective when they are part of a 
larger social group and within a supportive workplace that is likely to be 
their own department or team

- Entrepreneurial teams are defined as a small a number of individuals who 
work together to innovate and exploit opportunities. Venture capital firms 
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rarely consider venture proposals based on individual entrepreneurs but 
favor proposals from team-based ventures because team-based ventures, 
overall, have a better track record. In sum, ?Entrepreneurial teams are at the 
heart of any new venture.?

-  Intraorganizational communication

- Research has conclusively shown that the more an idea is shared with 
other experts, the more feasible and applicable the idea becomes. For 
example, it is common to find that engineers are preoccupied with 
technical details yet fail to pay attention to the benefits the consumer 
wants from a product. By increasing the level of communication between 
marketers and engineers, consumer demand can be met while reducing the 
possibility of?dead on arrival? product releases.

- Understanding is the essence of communication. Communication is a 
two-way process of reaching mutual understanding in which participants 
not only exchange (encode/decode) information but also create and share 
meaning and direction. Your startup success may depend on how well you 
communicate your mission/vision to your staff.

1.6 Discovery, Invention, and Innovation

For the founder/entrepreneur, it is important to understand that discovery, 
invention, and innovation have very different incentive systems.

1. Discovery or basic research: An increment to preexisting knowledge. For 
example, pure scientists aspire to become famous (not necessarily wealthy). 
Such fame brings them praise, peer admiration, and a place in history. With 
fame as an incentive system, scientists have powerful incentives to 
immediately publish their results, thus creating a free flow of ideas. 

Basic research has the goal of advancing or increasing the understanding 
of a fundamental principle. It has no immediate expectation to yield a product; 
its intent is to advance knowledge.

2. Invention: A non-obvious new device or process. To qualify for a patent, an 
invention must pass a test of originality? that is, being sufficiently different 
(non-obvious) from previous inventions. It must be understood that patented 
inventions do not have any economic value until the invention results in a 
saleable product. Thus, the incentive is to commercialize inventions.
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3. Innovation: A market-disrupting way of doing business. Innovations can 
occur in all goal-directed behaviors such as product introductions, profit 
maximization, and increased personal wealth. Thus an innovation improves 
performance in goal-directed behavior as measured by a criterion. An example 
would be profit maximization in business.

Table 1.1 presents a summary of these concepts.
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1.6.1 Distinctions between Invention and Innovation

The literature makes an important distinction between invention and innovation. 
Invention and innovation are closely linked, to the extent that it is hard to 
distinguish one from another? biotechnology and pharmaceuticals, for instance.

In many cases, there is a considerable time lag between the two. In fact, a 
lag of several decades or more is not uncommon. Such time lags reflect the different 
requirements for working out ideas and commercializing a product. While inventions 
may be carried out primarily in universities, innovations occur mostly in small 
entrepreneurial firms. To be able to turn an invention into an innovation, a firm 
normally needs to combine several types of knowledge, capabilities, skills, and 
resources. For instance, the firm may require production knowledge, adequate 
facilities, market knowledge, a distribution system, promotional capabilities, and 
sufficient financial resources to reach profitability.

Another complicating factor is that, frequently, inventions and innovations 
are a continuous process. For instance, the modern car is radically improved 
compared with the first Model T Ford, through the incorporation of a very large 
number of different inventions/innovations. In fact, the first versions of virtually all 
significant innovations, from the computer to the World Wide Web, were primitive, 



unreliable versions of the products that eventually succeeded in the marketplace. 
In an influential 1986 paper, Kline and Rosenberg point out the following:

It is a serious mistake to treat an innovation as if it were a well-defined, 
homogenous thing that could be identified as entering the economy at a 
precise date? or becoming available at a precise point in time. [? ] The fact is 
that most important innovations go through drastic changes in their 
lifetimes? changes that may, and often do, totally transform their economic 
significance. The subsequent improvements in an invention after its first 
introduction may be vastly more important, economically, than the initial 
availability of the invention in its original form.

Nonetheless, innovation occurs when an invention is used to change how we live, 
work, feel, or behave, as depicted mathematically in Figure 1.3.
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1.7 Entrepreneurship and Innovation

The terms entrepreneurship and innovation are often used interchangeably, but 
this is misleading. Innovation is often the basis on which an entrepreneurial 
business is built because of the competitive advantage it provides. On the other 
hand, the act of entrepreneurship is only one way of bringing an innovation to 
the marketplace. Knowledge-intensive entrepreneurs often choose to build a 
startup company around a technological innovation. This will provide the 



financial and skill-based resources needed to exploit the opportunity to develop 
and commercialize the innovation.

Once the entrepreneur has established a new organization, the focus is to 
develop and commercialize an innovative product. An innovative product or service 
must add value to customers or perceive an improvement. An important part of the 
exploitation process is to ensure that the innovation adequately fulfil ls prospective 
customers? needs. The better the innovation fulfil ls customer needs, the more likely 
customers are to adopt it. A common mistake technology companies make is to 
focus on the technological capability of their product rather than on how that 
technology can satisfy customer needs.

1.7.1 Four Drivers of Innovation

Four factors encourage an entrepreneurial organization to innovate. These four 
drivers can be summarized as follows:

- Emerging technologies
- Competitor actions
- New requirements from customers, suppliers, and governments
- Emerging changes in the external environment

1.7.1.1 Emerging Technologies

Emerging technologies are by nature risky undertakings. In the past, established 
organizations developed technologies in large R& D laboratories; however, in 
today?s environment, entrepreneurial companies are best positioned to exploit 
innovation, since entrepreneurial companies accept high risks in exchange for 
potentially large rewards.

1.7.1.2 Competitor Actions

Competitors can provide a benchmark regarding which projects and initiatives to 
pursue. Copying competitor innovations reduces risk because the products may 
have already been adopted by the market. Although such behavior is unlikely to 
increase market share, it can be effective in maintaining the status quo by 
counteracting some competitor advantages.

1.7.1.3 New Requirements

Historically, innovations were developed from the insights of a small number of 
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designers and engineers. Now, however, with greater technological complexity and 
market segmentation, modern organizations are engaging as many stakeholders as 
possible in the innovation process.

1.7.1.4 External Environment

All organizations are affected by changes in their external environment; these 
changes can be another driver of innovation. Environmental changes can occur 
because of competitor actions that have revolutionized the business environment 
or through macro shifts in the political, economic, cultural, or technological 
environment. As organizations struggle to realign with their new business 
environment, they must innovate their products, processes, and services 
accordingly.

Example: After the terrorist attacks of September 2001 in the United States, 
governments across the globe imposed greater security requirements on the 
airline industry. The initial impact of this new environment was chaos at airports, 
long lines, and customer exasperation. Airlines and airport authorities had to 
innovate their processes to meet these new customer requirements to remain 
competitive.

Innovation came in the form of explosives detectors, capable of detecting 
trace quantities of explosive vapors in the air surrounding baggage. Explosives 
detectors are now ubiquitous in every concourse of domestic and international 
airports.

1.7.2 Innovation Pitfalls

Innovation is critical to any company that wants to build or sustain a competitive 
advantage. But the wrong kind of innovation can destroy profits and annihilate 
companies. For example, Enron was proclaimed the ?most innovative? company 
from 1996 to 2001 by Fortune magazine.

But many of its innovations were illusory. Enron?s leaders formed 
autonomous corporate venturing units, novel partnerships, and spinouts. They 
substituted recognized accounting, financial, and valuation rules and instead relied 
on real options approaches and mark-to-market accounting to create fictitious 
profits that existed only on paper. We could call that ?innovative? accounting.

1.7.3 Replication from Previous Employment

Particularly in the high-tech industry, many successful entrepreneurs spend little 
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time researching and analyzing their markets. In addressing the area of the 
entrepreneurial origins of high-tech firms, it is hard to ignore the importance of 
new ventures that spin off from more established firms.

According to Bhide, however popular it may be in the academic world, a 
comprehensive analytical approach to planning does not suit most high-tech 
startups. Entrepreneurs typically lack the time and money to interview a 
representative cross-section of potential customers, let alone analyze substitutes, 
reconstruct competitors? cost structures, or project alternative technology scenarios. 
In fact, too much analysis can be harmful; by the time an opportunity is 
investigated fully, it may no longer exist in the fast-paced high-tech world. 

Examples from the electronics industries (e.g., semiconductors, lasers, and 
hard disk drives) are legendary. Spin-offs of Fairchild Semiconductor (e.g., Intel, 
Advanced Micro Devices, and National Semiconductor) and the Xerox Corporation 
(e.g., 3Com and Adobe) are examples of this intriguing phenomenon.

1.7.4 Impact of Geographic Location

Geographic location is also important to new venture creation for reasons other 
than knowledge replication. Certain geographic areas may be associated with 
different cultures of risk-taking and career norms, which may differ even within 
technology-intensive regions (e.g., Silicon Valley vs. Boston?s Route 128 area).

According to GEM?s ?2016 Global Report,?33 we can assess innovation 
activity according to two dimensions? geographic region and economic 
development level? among the participating economies in the survey, as depicted 
in Table 1.2.

The GEM report proposes that entrepreneurship dynamics can be linked to 
conditions that enhance (or hinder) new business creation. In the GEM?s 
methodology these conditions are known as entrepreneurial framework conditions 
(EFCs). EFCs are one of the most important components of any entrepreneurship 
ecosystem and constitute ?the necessary oxygen of resources, incentives, markets 
and supporting institutions for the creation and growth of new firms.?

The EFCs can be considered an essential part of the puzzle that 
understanding businesses? creation and growth represents. The state of these 
conditions directly influences the existence of entrepreneurial opportunities, 
capacities, and preferences, which in turn determines business dynamics. Hence, it 
is expected that different economies and regions have different structures and 
qualities of EFCs or different ?rules of the game" that directly affect entrepreneurial
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activities. This is summarized in Table 1.3.

TABLE 1.3

GEM?s Nine Key Entrepreneurial Framework Conditions (EFCs)

1.  Entrepreneurial Finance: The availability of financial resources? equity and 
debt? for small and medium enterprises (SMEs) (including grants and 
investments).

2. Government Policy: The extent to which public policies support 
entrepreneurship. This EFC has two components:
2a. Entrepreneurship as a relevant economic issue
2b. Taxes or regulations that encourage new SMEs

3. Government Entrepreneurship Programs: The presence and quality of 
programs directly assisting SMEs at all levels of government (national, 
regional, municipal).

4. Entrepreneurship Education: The extent to which training in creating or 
managing SMEs is incorporated within the education and training system 
at all levels. This EFC has two components:
4a. Entrepreneurship education at basic school (primary and secondary) 
level
4b. Entrepreneurship education at post-secondary levels (higher education 
such as vocational, college, business schools, etc.)

5. R& D Transfer: The extent to which national research and development will 
lead to new commercial opportunities and is available to SMEs.

6. Commercial and Legal Infrastructure: The presence of property rights, 
commercial, accounting, and other legal and assessment services and 
institutions that support or promote SMEs.

7. Entry Regulation: This EFC contains two components:
7a. Market dynamics: the level of change in markets from year to year
7b. Market openness: the extent to which new firms are free to enter 
existing markets

8. Physical Infrastructure: Ease of access to physical
resources? communication, utilities, transportation, land or space? at a 
price that does not discriminate against SMEs.
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9. Cultural and Social Norms: The extent to which social and cultural norms 
encourage or allow actions leading to new business methods or activities 
that can potentially increase personal wealth and income.

Entrepreneurship typically operates within an entrepreneurship ecosystem that 
often includes

- Government programs and services that promote entrepreneurship and 
support entrepreneurs and startups

- Nongovernmental organizations such as small business associations and 
organizations that offer advice and mentoring to entrepreneurs (e.g., 
through entrepreneurship centers or websites)

- Small business advocacy organizations that lobby the government for 
increased support for entrepreneurship programs and more small 
business-friendly laws and regulations

- Entrepreneurship resources and facilities (e.g., business incubators and 
seed accelerators)

- Entrepreneurship education and training programs offered by schools, 
colleges, and universities

- Financing (e.g., bank loans, venture capital financing, angel investing, 
private foundation grants)

Not surprisingly, the strongest entrepreneurship ecosystems are those found in top 
entrepreneurship hubs such as Silicon Valley, New York City, Boston, Singapore, and 
other such locations where there are clusters of leading high-tech firms, top 
research universities, and venture capitalists.

1.8 Search for a Suitable Definition of Entrepreneurship

The literature provides a confusing array of definitions for entrepreneurship. There 
are as many definitions as there are academics in the business field. For this 
reason, Table 1.4 provides some important definitions by different authors.

1.9 Market Leadership

According to most business startup experts, market leadership is desirable not only 
for the obvious reasons of revenue and profit but also because it also enables 
lower sales costs, makes it easier to access decision makers, increases publicity, 
lengthens product lifecycles, facilitates recruiting, and more. Yet one of the most 
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frustrating issues for a sales force in a startup company is the enormous 
discrepancy between where the company is today (?Nobody has heard of us!?) and 
actually dominating the market. The key is to very carefully define a small but 
important market, build a plan to dominate your market segment, execute your 
plan, and then target adjacent markets by systematically building a share in a 
continuously larger market.

By choosing your target market, working diligently to dominate that 
segment, then carefully choosing adjacent markets and working diligently to 
dominate them, you can eventually reach the position to which you aspire. This 
reasoning may sound counterintuitive and risky. Many startup entrepreneurs feel 
that they cannot afford to ignore any potential buyer and that the more markets 
they cover the better. Unfortunately, experience shows that such a strategy almost 
always leads to failure? failure to ?own? a market, failure to achieve significant 
traction in a specific market, and inevitably failure to produce a ?must-have? 
product.

1.9.1 Choosing Your Target Market

Choosing your target market is one of the hardest strategic tasks, yet many 
startups ignore this crucial step and rush to market with a product that they feel is 
suited to anyone. Choose instead to introduce a highly differentiated product that 
can lead to early victories. Steps in choosing your target market are shown in Table 
1.5.

1.9.2 Expected Growth

Be prepared for the first period in operation to be strenuous. Not just for a few 
weeks, but maybe for months and years. Then you?ll really notice the benefits of 
having worked thoroughly with the business plan. But you also have to be able to 
take action on the fly and get help when this is wise. 

As a newly established business, export and expansion are probably not 
the first things you think of. But in the medium term, it may be worth looking a bit 
beyond the market you have established yourself in. It may be regional, national, or 
international expansion. Do not consider a geographic expansion before you have 
fully exploited the potentials of the domestic market.
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Ideally, you should have available production, capital, and management 
capacity before you concentrate on other geographical markets. You should have a 
strong position on the domestic market in terms of customer loyalty and 
profitability. Today, exports and imports are far more than the trade and import of 
goods to and from abroad. In an increasingly globalized world, even very small and 
newly established businesses can engage in cross-border trading without major 
problems. In some cases, international trade can be a part of the business concept 
of the establishment. With the Internet as a communication channel, it is feasible 
to buy services in countries with high competence and low labor costs.

1.10 What is Your Exit DNA?

The truth about investors is that they are a pain the neck. They will want a 
never-ending amount of financial data, to be named on the Board of Directors, to 
get their investment back in record time, but most of all they want an exit strategy 
before they even look at you. This is illustrated in Figure 1.4.

There are basically two types of exit strategies: either you go public or you 
are acquired. The media will always focus on the big exits, worth billions of dollars, 
but exits are generally not that spectacular..

Most exits are in the order of $100 million or lower. According to the 
Mergerstat database, the following high-tech exits were under $30 million.
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- Google bought Adscape for $23 million (now AdSense).
- Google bought Blogger for $20 million.
- Google bought Picasa for $5 million.
- Yahoo bought Oddpost for $20 million.
- Ask Jeeves bought LiveJournal for $25 million.
- Yahoo bought Flickr for $30 million.
- AOL bought Weblogs for $25 million.
- Yahoo bought del.icio.us for $30?35 million.
- Google bought Writely for $10 million.
- Google bought MeasureMap for less than $5 million.
- Yahoo bought WebJay for around $1 million.
- Yahoo bought Jumpcut for $15 million.

A common misunderstanding about exits is that you have to grow the company to 
be profitable or grow it to be larger than $X million of revenue before you can exit. 
The real threshold is to ?prove your business model.? In a recurring revenue 
business, for example, you have a history that clearly shows actual results for

1. Revenue per customer
2. Gross margin per customer
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3. Customer lifetime (or churn)
4. Cost of customer acquisition

In other words, how much is a customer worth to the business, and what do they 
cost to acquire?

With that data, you can clearly prove a credible projection that shows that

- if the new owners can add $X million of capital, the business
- Will have Y customers
- Will generate $YY revenue
- Will be worth $Z million on a discounted cash flow basis

Bottom line: When you can have a reasonable negotiation on enterprise value, you 
can sell your business at an optimal price.
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Defy the Conventional

The Campaign for University of Ottawa, Canada

5.1 Objectives

- Provide an extensive historical perspective of creativity and innovation.
- Summarize innovation milestones throughout history.
- Provide knowledge about creativity, creative thinking, and creativity 

components in individuals.
- Introduce the notion of ?Defy the Conventional? and link it to three of the 

greatest minds in scientific history: Newton, Darwin, and Einstein.
- Understand invention and innovation in the designed world.
- Discuss innovation, types of innovation, forms of innovation, benefits and 

risks of innovation, and innovation diffusion to the market.
- Differentiate and distinguish between the different types of innovation, 

such as radical and incremental innovation.
- Distinguish the different forms that innovation can take, such as product, 

process, and service innovation.
- Discuss the process of innovation and show the difference between linear 

and interactive models of innovation.
- Determine the relationship between invention and innovation.
- Explain the aspects of technological innovation and its determinants.
- Introduce disruptive innovation technologies and provide a brief 

description of the 12 related technologies.
- See the value of, and be adept at, seeing opportunities for employing 

engineering habits of the mind as thinking tools in every day that aid in 
stimulating creativity and innovation in individuals.

- Recognize that a one?s ways of thinking are influenced by their profession, 
culture, upbringing, and context, and that a much richer realizing of a 
problem or system is developed by employing multiple ways of thinking.

- Define green innovation (GI) and discuss its topology and characteristics.
- Explore integrated innovation as coordinated application of scientific, 

technological, social, and business innovation to develop solutions to 
complex problems.

- Discuss strategies to enhance creativity in engineering education.
- In a case study, discuss innovation within automotive industry including 
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Tata Nano and several self-driving cars (SDCs).
- Provide three end of chapter pedagogical knowledge strategies, namely  

knowledge acquisition, knowledge possession, and knowledge creation to 
help understand the above topics and generate new and alternative ideas 
and solutions.

5.2 Historical perspective

Great triumphs of engineering genius: the locomotive, the truss bridge, the 
steel rail are rather invention than engineering proper.

Arthur Mellen Wellington

5.2.1 Historical approach

Historians have had less to say about creativity than innovation. Interest has 
largely focused upon the end result of creativity, that is, innovation. This is in large 
part because of the greater interest in the economic and social consequences of 
innovation than its origins. In addition, creativity is not easily substantiated 
through historical evidence since it is not so obviously outcome based, or as easily 
documented, as innovation. Furthermore, there has not much been written about 
the reverse causality, that is, of innovation upon subsequent creativity. However, 
increased interest in recent years on the role of human capital in economic 
progress and the development of knowledge has motivated closer historical 
consideration of the creative origins of innovation (Ville 2011).

Most analysts of innovation emphasize the importance of a historical 
approach, with good reason. First, innovation is time-consuming, based on 
conjectures about the future, and its outcomes typically are uncertain for long 
periods. Therefore, analysis of any innovation requires an understanding of its 
history. Second, innovative capabilities are developed through complex, cumulative 
processes of learning. Finally, innovation processes are shaped by social contexts, 
as Lazonick (2002) has pointed out: the social conditions affecting innovation 
change over time and vary across productive activities; hence, theoretical analysis 
of the innovative enterprise must be integrated with historical study.

5.2.2 Early history

The controlled use of fire was a very early invention in the early Stone Age, with 
some of the earliest evidence dating back to somewhere between 200,000 and 
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600,000 years ago. Around 15,000 BC, the first animal domestication began taking 
place, and around 10,000 BCE, the first domestication of plants. This step was 
critical for the advancement of the human species. Around 4000 BCE, the ancient 
Egyptians were making wooden sailboats and around 1200 BCE the Phoenicians 
and the Greeks began to make even bigger sailing ships (Allis 2015).

The significant step in the history of innovation came with the creation of 
the wheel, sometime between 3300 and 3500 BC. Discovered in southern Poland, 
the earliest known depiction of a wheeled vehicle was on a clay pot. The next 
critically important innovation that contributed to the development of a strong 
human civilization was money. Around 3000 BC, the Sumerians were one of the 
first societies (if not the first) to begin using money to help the ease of commerce 
and exchanging of goods, replacing the barter system. The whole science of 
metallurgy began around 4400 BC when human civilizations began to use copper 
and silver, and soon thereafter it was figured out how to merge copper and tin to 
form bronze. Around 3000 BC an even stronger substance, iron, was found, which 
gave rise to a new age of human history. The next great innovation, around 200 BC, 
was water power? first used in the Fertile Crescent area in the Middle East. This 
breakthrough enabled enormous transformations in our ability as a species to 
harness power, and water power continued to be used into the nineteenth century, 
when water-powered mills were still common in England and New England (Allis 
2015). Moving into the Common Era calendar, the creation of paper was most 
transformational. Rag paper, first used by the Chinese around the year 105, was 
rendered large. Invented around the sixteenth century, wood paper allowed 
knowledge to be spread much more easily.

5.2.3 The first Industrial Revolution

Prior to the surge of the Internet, no innovation did more for the distribution and 
democratization of knowledge than Johannes Gutenberg?s printing press. The 
machine was developed around 1440 in Mainz, Germany, and improved through 
the use of a mold that allowed for the quick production of lead alloy-type pieces.

Moving to 1600, English scientist William Gilbert invented the term 
electricity, which was initiated from the Greek word for amber. Afterward, in 1752, 
Ben Franklin showed that lightning and the spark from amber were one and the 
same substance, electricity. In 1608, Hans Lippershey created a convex lens and 
concave eyepiece that facilitated the creation of the telescope (Allis 2013).

Most economic historians regard the developments in Britain and 
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Northwestern Europe from around 1760 as an economic and technological 
watershed. Innovation during this period is best conceptualized as an 
economy-wide process that involved technological, organizational, and 
institutional change, spanning many sectors and product groups. The British 
Industrial Revolution (IR) was closely associated with the beginnings of a shift 
from a cottage system of outworkers using hand tools in cotton manufacture to the 
deployment of machine tools located in centralized factories (Hudson 2004).

A great deal of inventive activity during this period focused on consumer 
goods. According to Berg and Eger (2003), much of this consumer goods patenting 
affected a vast number of small, novel products such as buckles and fasteners, 
cabinets and furniture, and spectacle frames. Much of the patent activity within the 
textiles sector, roughly one-third, involved new products (Griffiths et al. 1992). 
Much of the inventive activity in this key sector within the IR involved new thread 
types and fabrics, and focused on a consumer market.

A significant innovation of this period was the steam engine of James Watt, 
first introduced in 1775. Watt?s innovation is commonly described as the 
emblematic technology of the IR. 

A significant innovation of this period was the steam engine of James Watt, 
first introduced in 1775. Watt?s innovation is commonly described as the symbolic 
technology of the IR. During the 1800s, external combustion granted exponential 
expansion in transportation, agriculture, and manufacturing, where in 1885 Karl 
Benz built a gasoline-engined car. The steam engine?s principle of energy into 
motion set the platform for later innovations like internal combustion engines and 
jet turbines, which has powered the production of cars, trains, and aircraft during 
the twentieth century.

5.2.4 The second Industrial Revolution

In the late nineteenth century, industrial technologies began to change, and a 
range of new technologies and industries emerged. This second IR took place on 
the continent of Europe and in the United States. As a result, innovation was 
associated with both questions of spatial location and production technology. The 
second IR was characterized by organizational innovations that laid the 
groundwork for links between industry and formal science that became stronger 
during the course of the twentieth century. The late nineteenth century has been 
labeled as a second IR; major advances in new, more scientifically based industries 
and in different countries were driving a new expansionary phase: German 
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chemicals, electricity, and automobiles should particularly be noted (Pierenkemper 
and Tilly 2004). American firms carried these advances through into the twentieth 
century, particularly by extending German technology into organizational and 
marketing innovations. Automobiles were at this point mass produced on assembly 
lines and sold through specialist dealers. All of this was achieved under new 
governance structures associated with multidivisional organizations (Chandler 
2003). The technological shifts of the late nineteenth century were accompanied 
by changes in firm structure. Large-scale, vertically integrated enterprises emerged 
in Germany and the United States that incorporated specialized research and 
development departments or laboratories.

Bridging scientific discoveries and technological innovation typically 
requires considerable time. For example, in 1800, Italian Alessandro Volta made 
the first battery (known as a Voltaic pile). In 1803, Henry and Sealy Fourdrinier 
invented the paper-making machine. No significant technological applications 
followed Faraday?s demonstration of electromagnetic induction and primitive 
electric generators and motors in 1831, with the exception of the telegraph. Yet 
this scientific discovery laid the foundations for one of the defining industries of 
the second IR, electrical equipment and electric power generation. In the 1830s, 
William Sturgeon developed the first practical electric motor. Transformers and 
electric lights using ac current were developed throughout the 1800s, thanks to  
the efforts of inventors such as Warren de la Rue, Joseph Wilson Swan, and Thomas 
Alva Edison, where Edison and Swan patented the first long-lasting light bulbs in 
1879 and 1880 and opened the world?s first power plant, liberating society from a 
near-total reliance on daylight. In 1888, Nikola Tesla patented the ac electric 
induction motor and, in opposition to Edison, became a loyal advocate of ac power. 
In 1905, Albert Einstein explained the photoelectric effect. When electrical power 
transmission was established in the last quarter of the nineteenth century, ac and 
dc were competing to become the standard power distribution system, a historical 
period known as the ?war of currents.?

In 1860s, James Clerk Maxwell figured out radio waves and set out basic 
laws of electromagnetism. Then in 1876, Alexander Graham Bell patented the 
telephone, though the true ownership of the invention remains controversial. In 
the 1880s, Pierre and Paul-Jacques Curie discovered the piezoelectric effect. In 
1901, Guglielmo Marconi sent radio frequency signals across the Atlantic Ocean 
from United Kingdom to Canada.

Scientific advances in physics and chemistry during the last third of the 
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nineteenth century created considerable potential for the profitable application of 
scientific and technical knowledge in industry. Among important inventions in this 
regard, Louis Pasteur developed pasteurization, a way of preserving food by heating 
it to kill off bacteria. In 1895, German physicist Wilhelm Röntgen discovered x-rays. 
Perkin?s accidental synthesis of mauveine in 1856 was the first synthetic dyestuff. 
Exploitation of scientific advances required the development of complex process 
technologies for which no scientific foundation existed.

The first in-house industrial R& D laboratories were established by German 
firms seeking to commercialize innovations based on the rapidly developing field 
of organic chemistry. Kekule?s 1865 model of the molecular structure of benzene, a 
key component of organic chemistry and synthetic dyestuffs, provided the first 
scientific foundation for developing new products. Scientifically trained personnel 
were needed to translate Kekule?s breakthrough into new products.

The rapid expansion in Germany?s network of research and technical 
universities during the second half of the nineteenth century was critically 
important to the growth of industrial research, particularly in the chemical 
industry. German universities produced a large pool of scientifically trained 
researchers, many of whom sought employment in France and Germany during the 
1860s. University faculty advised established firms, and university laboratories 
provided a site for industrial researchers to conduct scientific experiments in the 
early stages of the creation of in-house research laboratories. During the 
nineteenth century, German universities pioneered the development of the modern 
model of the research university, in which faculty research was central to the 
training of advanced degree holders. In addition, the German polytechnic institutes 
that had been founded during the 1830s by various German principalities were by 
the 1870s transformed into technical universities that played a central role in  
training engineers and technicians for the chemical and electrical equipment 
industries. According to Murmann and Landau (1998), by the 1870s Germany had 
nearly 30 university and technical university departments in organic chemistry, and 
seven major centers of organic chemistry research and teaching. Technically 
trained personnel moved into senior management positions within German 
industry, in contrast to the situation in the United Kingdom, further strengthening 
the links between corporate strategy and industrial research.

The institutional transformation of Germany?s national innovation system 
was both a cause and an effect of the growth of the chemical and electrical 
equipment industries. Werner von Siemens of the Siemens electrical equipment 
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firm was a founder of the German Association for Patent Protection in 1874, and 
the first national patent law in the new German state was passed in 1877.

5.2.5 The following Industrial Revolution

The development of industrial research within US manufacturing firms followed 
developments in the German chemical and electrical machinery industries. Many of 
the earliest US corporate investors in industrial R& D, such as General Electric and 
Alcoa, were founded on product or process innovations that drew on recent 
advances in physics and chemistry. The corporate R& D laboratory brought more of 
the process of developing and improving industrial technology into the boundaries 
of US manufacturing firms, reducing the importance of the independent inventor 
as a source of patents (Schmookler 1957).

An enormous milestone forward in the field of medicine is antibiotics that 
saved millions of lives by killing and preventing the growth of harmful bacteria. 
Scientists such as Louis Pasteur and Joseph Lister were the first to identify and 
attempt to combat bacteria. In 1896, the French medical student Ernest Duchesne 
originally discovered the antibiotic properties of penicillium; however, his research 
went mostly unobserved. But it was the Scottish biologist Alexander Fleming who 
made the first leap in antibiotics when he accidentally discovered the 
bacteria-inhibiting mold known as penicillin in 1928. Penicillin enabled doctors to 
fight bacterial infections, save lives, and heal syphilis, gangrene, and tuberculosis 
(Allis 2013).

The structure of the innovation process in the industrial economies was 
transformed after 1945. Global scientific leadership shifted decisively from Western 
Europe to the United States. A new set of industries, focused on several innovation 
areas, grew rapidly. As global trade and investment flows revived after the 
1914?1945 period of war and depression, international flows of technology also 
expanded, and by the 1980s and 1990s enabled economies such as Japan, South 
Korea, and Taiwan to advance to the front rank as sources of industrial innovation. 
Developments in the United States illustrate these trends most vividly and 
highlight the development of a US National Innovation System. Just as innovation 
is more than science and technology, an innovation system is more than those 
elements directly related to the promotion of science and technology. Rather, it 
also includes all economic, political, and other social institutions affecting 
innovation (Atkinson 2014).

Moving into the second half of the twentieth century, the types and 
location of innovation shifted once again with its economic and industrial 
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hegemony. From the 1950s, Japanese firms began to challenge those in Europe and 
North America, particularly through holistic innovation in manufacturing systems, 
known as lean production, new approaches to labor leadership and management, 
and the development of imaginative forms of interfirm transacting, especially 
just-in-time contracting (Fruin 1992).

In summary, Table 5.1 outlines innovation throughout the three IRs 
(Bruland and Mowery 2004), whereas Table 5.2 summarizes innovation milestones 
since the 1600s. 
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Communication skills are widely regarded as being the most important 
competency for engineers. When it comes to learning materials and courses, 
however, the focus is almost always on one-way communication, namely writing 
and giving a confident technical presentation or sales pitch. The focus of this 
chapter is on the almost entirely neglected area of perception skills: listening, 
reading, and seeing. 

Why are these so important?
The problem is not simply that these skills are widely neglected and taken 

for granted in education. Nor is it that many people, not just engineers, are poor 
listeners, inaccurate readers, and failures at noticing things that they can clearly 
see. By attempting the exercises later in the chapter, you will most likely find that, 
as a result of taking these skills for granted, there is plenty of room for 
improvement in your own abilities. 

These three skills are fundamentally important for two reasons.
First of all, the main transmission aspects of communication, writing, 

speaking, and drawing (or some other use of graphic images or visual content), all 
depend on your ability to read, listen, and see accurately. Further explanation for 
this will have to wait: the following chapters address this issue comprehensively. 
In the meantime, I ask that you accept this assertion and devote as much time and 
energy as you can to developing your neglected perception communication skills.

The second and even more compelling reason that these skills are so vital 
is that becoming an expert engineer is a long-term journey of learning: it will take 
up to 10 years or more before you can count on being reasonably expert in some 
aspects of engineering.

The rate at which you can learn and acquire engineering expertise is 
almost entirely dependent on these three perception skills: listening, seeing, and 
reading. Your ability to learn depends entirely on your ability to perceive reality, 
which can be much more difficult than it might appear. 

Perception skills are not only demonstrated by accurately perceiving the 
world around you; there is also the need to notice important details. Throughout 
your formal education, your teachers have guided and helped you learn about 
yourself and the world. You did not have to rely very much on your own ability to 
perceive the world: instead, for the majority of the time, you were experiencing the 
world through words and recorded images prepared by other people. Your teachers 
pointed out what was important to learn and you accepted that as the scope of 
necessary knowledge. However, in the world outside formal education, you have to 

THREE NEGLECTED SKILLS 
LISTENING, SEEING AND READING

Excerpted from The Making of an Expert Engineer

Chapter 4

87



rely almost entirely on your own senses.
Therefore, the first and most fundamental capabilities you need to 

cultivate for your learning journey, and for you to become a competent and 
articulate engineer that is capable of influencing your engineering enterprise, are 
these three perception skills. This chapter addresses each one separately, but first 
we need to understand some recent results from psychology research to 
understand just how difficult it is to master accurate perception skills.

It is useful to specifically understand how formal education can allow your 
perception skills to become neglected: one might even argue that formal 
education can result in serious damage.

As a graduate emerging from tertiary education, your ability to listen and 
see for yourself has probably not been seriously practiced for several years. You 
have spent a significant part of your recent life studying texts and notes provided 
by your teachers and lecturers. During most of that time, you relied on their eyes to 
point out what was important and what could be safely ignored. If you graduated 
recently, your lectures were probably recorded and supplemented by PowerPoint 
presentations and lecture notes. Furthermore, you probably had access to other 
notes and past exam papers from previous students that they had kindly placed on 
Internet discussion boards to help you pass your course with the least amount of 
work.

The world of engineering practice is a very different place.
Most of the people that you can learn from throughout your career will not 

provide you with notes when they teach or tell you things that are really 
important, nor will you be able to record what they say, at least not most of the 
time. Even if you can make a recording, you probably won?t have time to go back 
and listen to it for a second time. You need to quickly and accurately understand 
what is being said, often with heavily accented, grammatically incorrect English, 
using words in atypical and unexpected ways.

When you go on site, you will be expected to be able to see for yourself. 
You will almost certainly have a phone camera with you, but you need to know 
what to point the camera at and how to take photographs that show what?s 
important. No one will be pointing to the essential components that need to be 
documented or recorded; those decisions will be left up to you.

In other words, you need to reacquire the ability to use your own ears and 
eyes, a process that takes a decent amount of time and practice.
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Prior knowledge and perception

Practice concept 29: Perceiving reality requires us to understand how prior knowledge 
can help us and deceive us

The world is often different than what we expect. One can argue that learning only 
occurs when we discover that our expectations don?t match with reality. Most of 
the time, it is very difficult to make sense of the world without some prior belief 
that provides us with an expectation about what we are experiencing. However, the 
same expectations and beliefs that help us make sense of the world also prevent 
us from seeing reality and learning where our expectations are wrong. That is why 
learning can be very difficult. To learn effectively, we need to understand how our 
normal senses are influenced by prior beliefs that can actually prevent us from 
learning, and then, temporarily ?disable? that influence.

Our human senses ? sight, hearing, touch, smell, and taste ? are the means 
by which we experience the world around us. Proprioception concerns another set 
of senses within our body by which we sense the state of our own body ? the 
positions of our limbs and fingers, our temperature, our orientation and balance, 
whether we are turning, and so on.

For many years, psychologists have struggled to understand how we 
manage to make sense of the constant flow of information that arrives through our 
eyes, ears, and other sensory organs. Artificial intelligence and computer science 
researchers have continued to struggle to replicate our senses using computer 
hardware and software.

For many years, artificial intelligence researchers and cognitive scientists 
held that perception was a layered process that started with low-level analysis of 
visual images or sounds. For example, sharp changes in brightness in an image 
often indicate where the edges of an object are located. Image segmentation, the 
locations of edges, colours, corners, and other features, was presumed to be the 
most fundamental step in visual perception. Everything else, it was thought, 
depended on information derived from the segmentation step.

Now we understand that human perception is much more complex. The 
ways we reliably make sense of what we see and hear depend on our prior 
knowledge of what we expect to see and hear.

I can illustrate how powerful this concept can be by explaining a small 
practical contribution in image analysis that embodied some understandings about 
human perception.

We wanted a means to locate certain features in images of sheep, lying 
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upside down on a cradle, ready to have the wool shorn off by a robot. By accurately 
locating these features, our software could estimate the likely shape of the sheep?s 
body underneath the layer of wool, which is up to 12 cm thick.

It was impossible to analyse these images using conventional computer 
vision techniques. The light and dark shading caused by the natural profile of the 
sheep?s fleece, as well as the dirt that characterises sheep?s wool grown in the 
dusty conditions of the Australian outback causes extreme variation in the 
images.We needed a technique that could recognise the major features, obvious to 
the human eye, but elusive for computer image analysis algorithms, which typically 
start by identifying the edges between light and dark areas of an image. Figure 6.1 
shows several examples.
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Figure 6.1 
Fast computer vision measurements with 'messy' sheep images. Each imag (approx 
150x150 pixels) shows the crutch, the rear end of a sheep between the legs, seen from 
above. The sheep was lying on its back, prepared for shearing. A pre-shaped 'snake' line 
starts at a fixed location in the black area between the rear legs on the left side of the 



image. It slides to the right, stopping at the end of the sheep. The snake can adapt to the 
shape of the crutch, as the software provides the snake with flexibility to bend and slip 
sideways if needed. By combining our prior expectation of what the crutch looks like with 
image data encoded into the initial shape, position, and flexibility of the snake, we obtained 
far higher speed and much greater reliability of image analysis. The pronounced striping at 
the bottom of the seventh image was caused by sheep movement at the instant the image 
was captured using an intelace scan camera, yet the image analysis still produced a correct 
result. (You may need an enlarged image to see this.)

We adapted a technique known as ?active contours? or ?snakes?, which was originally 
developed by Terzopoulos, Kass, and Witkin at the Schlumberger Palo Alto 
laboratories. We imposed a prior belief about the shape of the feature we were 
trying to locate in the sheep image and used a pre-shaped active contour, or snake, 
that could deflect elastically, to a certain extent, in order to locate nearby features 
in a particular sheep image. The software analysed the image intensity along 
30?50 short lines crossing the snake at right angles to each of the snake?s line 
segments to determine which way the snake needed to be moved and whether it 
needed to be bent to match that particular sheep. Not only were we able to 
reliably locate subtle image features, but our method was also about 500 times 
faster than conventional image analysis methods. It had to be. At the time, we were 
relying on computers that were approximately 100 times slower than a typical 
smart phone today.

In doing this, we were replicating a fundamental aspect of human 
perception. We are able to quickly discern important aspects of the world around 
us because our mind already knows roughly what to expect; this prior knowledge 
or belief framework helps us make sense of the signals that we receive through 
our eyes, ears, and other senses. Without knowing what to expect, it would take us 
far too long to avoid being run over by a cyclist heading directly towards us. Our 
ancestors would have been eaten by tigers had it not been for their ability to make 
sense of the world by using their prior knowledge. 

We are not alone in this. Professor M. Srinivasan and his team at the 
Australian National University discovered that bees and other insects have similar 
visual perception abilities, despite having a tiny visual cortex compared to the one 
found in the human brain.

At the same time, however, our powerful ability to use expectations to 
rapidly perceive what is happening around us can also deceive us, as shown in 
Figure 6.2. Our beliefs shape our perception. The BBC video ?Is Seeing Believing?? 
provides many entertaining examples that demonstrate this relationship.
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Figure 6.2 

Demonstration of the 'Cornsweet Illusion', in which the flat surface of the upper grey tile 
appears darker than the shaded surface of the lower white tile, whereas in fact they are the 
same shade of grey, as shown in the rectangles sampled from the image above. Covering 
the white and dark shading between the tiles with a finger or pen will help to expose this. 
Our beliefs about the tile colours influence our lower level perception of the shades of 
grey. Image reproduced by permission from Purves, Shimpi &  Lotto (1999). This illusion and 
others by the same authors have been made available in colour in the online appendix.

Later in this chapter, some simple challenges in sketching will help demonstrate 
this for you in a very practical manner.

The challenge in perceiving reality, therefore, is to disconnect at least part 
of the influence of prior expectations in order to reduce their influence on what we 
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see or hear. This means much more work, as it is much more difficult to perceive 
reality without prior expectations, partly through lack of practice. Most of the work 
that you need to do for the exercises in this chapter reflects this difficulty. It takes 
time and patience. This is the first application of the concept of ?deliberate 
practice? that was explained in Chapter 4. Don?t expect it to be easy.

Gradually, through doing these exercises, you will come to learn how prior 
knowledge influences what we see and hear, and how you can compensate for this 
influence.

Once you can compensate effectively for prior knowledge, and more 
accurately perceive reality with less effort, your own learning process will be much 
faster. As long as you continue to allow prior knowledge to get in the way of 
accurate perception, your learning will essentially be confused by the inaccurate 
perception driving it. 

In later chapters, when we take up the challenges involved in influencing 
other people, we will return to this discussion of prior knowledge. It is helpful to 
understand the way that prior knowledge can influence perception. Only then can 
you appreciate how difficult it is for other people to learn something new so that 
you can begin to influence what they do. That is why it is so vital that you take the 
time and trouble to work through the practice exercises prescribed in this chapter. 
This is an integral foundation for the topics covered in the later chapters of this 
book.

Practice concept 30: Engineering is based on accurate perception skills
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This brief discussion also highlights the importance of visual skills. An expert 
engineer has to be able to read and interpret displays showing sensor readings 
and information. He or she also has to interpret engineering drawings, and then be 
able to watch how the designers? intentions in the drawings are translated into 
reality in order to detect possible slips and mistakes. At the same time, an expert 
engineer can quickly check materials and components to make sure that there are 
no obvious flaws before they are installed and then hidden out of sight by other 
construction work. A visual imagination helps an engineer anticipate the processes 
of translation into reality in advance, once again in order to avoid problems before 
they actually occur, while also effectively allowing them to plan the work in a 
logical sequence. 

We depend on prior knowledge for interpreting drawings and photographs, 
just as much as we do to interpret speech, and words on paper. Sometimes this can 
lead us astray. For example, a mechanical engineer explained how a large and very 
expensive reactor vessel made from exotic material was specified with drawings 
using 3rd angle projections. The 3rd angle projection is a drawing convention for 
describing three dimensional objects using two dimensional views (projections) of 
the object from the top (plan view) and sides (elevation views). While the 3rd angle 
convention is common in the Americas, the mirror image 1st angle convention is 
commonly used in Britain and former British dominions. In this instance, the 
reactor vessel was fabricated by technicians who mistakenly interpreted the 
drawings using the 1st angle convention, even though the 3rd angle symbol was 
included on all the drawings. They made a mirror image of the specified reaction 
vessel, and by the time the mistake was discovered, it was too late.

Much of what you need to learn to become an expert engineer will be 
based on what you see with your eyes. The more accurate your visual perception 
skills, the more accurately and quickly you can learn.

Are you ready for this? How good are your visual skills?
The third part of this chapter, we will put your visual skills to the test and 

help you to develop much more accurate visual perception skills. First, however, we 
will focus on listening.

PERCEPTION SKILL 1: LISTENING

This will be a brief introduction to the most neglected skill in communication. 
Even if you look at nothing else in this book, the single most effective way to 
improve your ability as an engineer is to practice listening and writing notes that 
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enable you to accurately recall what was said by others. As we shall see later, the 
aim is to capture not only the essence of what was said, but also the language and 
the precise words used by the speaker.

If you look around, you will find that nearly every communication skills 
book or course misses this seemingly fundamental ability.

Listening is the single most important skill for engineers.
Our research has demonstrated that engineers spend between 20% and 

25% of their time listening, on average: that?s far more than any other single 
activity.

In my engineering career, many of the most valuable things I learnt came 
from listening to other people: there were no notes, handouts, or recordings. Often, 
the truly useful information is only conveyed through speaking. People may even 
be reluctant to write it in an e-mail. I was very fortunate to receive some superb 
training that developed my listening skills early in my career.

Listening, and subsequent note taking, does not come naturally. These are 
acquired skills that need to be practiced. Developing these skills requires hard 
work, just like any other aspect of expertise.

Your clients will only give you money to spend if you respond to their 
needs. Most clients with money tend to be verbal people: they don?t typically 
express their needs in writing or drawings. That?s the first reason why listening is 
so important for engineers: you need to listen in order to thoroughly understand 
your clients? needs.

The second reason why listening is so important is that engineers cannot 
achieve much without a great deal of help from other people. You need to be sure 
that they are listening to you, and you need to listen to them when they tell you 
about problems that may arise. Accurate communication is one of the best ways to 
avoid nasty engineering problems. The major contributing factors to most 
engineering disasters have involved communication failures. The Transocean crew 
operating the BP Macondo well in the Gulf of Mexico tried to communicate their 
concerns about the condition of the drill ing operation to their superiors, but the 
risks of a catastrophe were never fully appreciated. Eleven of them died in the 
subsequent fire and explosions. Knowing when someone else has properly listened 
and understood is as important as listening itself.

Most people think that being able to hear means that they can listen. 
However, just a few minutes of observation will tell you that those two skills are 
very different things; many people could definitely benefit by improving their 
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l istening skills. You may be no exception.
When I have asked my students in the past about which aspect of 

communication skills they would most like to improve, their most common request 
is often phrased like this:

?I would like to be able to get my point across more often. I find that other 
people don?t listen to my ideas. I?d like them to listen more carefully, 
because I get frustrated when they seem to misunderstand what I am 
saying or miss the point completely.?

Knowing more about listening skills can really help you in that sort of situation.
The chances are that the ?other people? are not listening particularly well, 

but you have not noticed. Also, you have probably not listened carefully enough to 
them to realise that they have, after all, understood more about what you were 
telling them than you thought. Communication is a two-way street, requiring the 
effort and attention of all parties involved.

If you can recognise the level of other people?s listening skills and notice 
when they are not listening, then you can save yourself a lot of trouble. Once you 
can tell when another person is not listening, you should simply stop talking. 
Continuing to talk is a waste of your time and effort. Instead, you need to regain 
their attention and work out how to retain it so the information you are offering 
can be effectively absorbed.

The suggestions in this chapter have been developed with the help of an 
invaluable reference text: People Skills by Robert Bolton (1986). It is a valuable 
companion for developing many of the skills discussed in this book.

Practice exercise 3: Observing listening lapses

Join a group of people talking about something: it could be a project meeting, a 
casual conversation, or just a group of people trying to organise a social activity. 
Even better, if you?re living with two or more other people at home, simply observe 
a routine conversation around the dinner table.

Watch and listen carefully.
See if you can notice when someone starts speaking before the other 

person has finished talking.
When this happens, the interrupting person most likely switched their 

mental focus a few seconds before they opened their mouth to figure out what 
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they were going to say. They have not only missed what the other person said once 
they started to speak, but also what was said for the last few seconds before that

Now, think of three other indicators that could alert you to a listening 
failure.

1.

2.

3.

(See the later section on listening road blocks for hints, if you need them.)
Repeat this exercise whenever you can.
The main trick for good listening is to keep your focus on what the other 

person is saying, right through to the end.
It?s hard, and sometimes genuinely tiring, until you have practiced this skill 

and it has become natural.
If you?re like me, you will often find your attention drifting . . . that strange 

way the person said a certain word . . . the piece of food stuck to their lower lip . . . 
there are countless things that can divert your attention. How many times have 
you been listening to someone, perhaps in a meeting, and found yourself thinking 
about something completely irrelevant?

Fortunately, since most people start with poor listening skills, it?s not that 
difficult to significantly improve.

Practice concept 31: Listening starts with engaging the other person

There is not much point in listening unless the other person is talking. That sounds 
obvious, right? In fact, it is not that easy to keep the other person talking unless  
you convey to them that you are actually interested in what they?re saying.

Let me warn you, this can be quite challenging with many engineers, 
because engineers often like to express very complex ideas using minimal amounts 
of language. Therefore, when you are listening to someone who is economic with 
their words, you need to employ some special techniques to keep them talking and 
explaining their initial comments in greater detail.

There are several techniques you can learn that help keep other people 
talking, which can then provide you with valuable learning opportunities.
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Building rapport with the speaker, developing a relationship

We will return to this theme a number of times throughout this book. People are 
much more helpful if you take the time to build a relationship with them. This 
means extending the conversation to include anything of mutual interest: it might 
be sports in some contexts, political gossip in others. Talk about anything other 
than the information or advice that you need, at least for a few minutes, so that the 
other person sees that you value them as an individual, not just as a source of help 
when you need them. Whenever you pass near their workplace, take a moment to 
call in and say hello, even if you don?t need anything in particular at the time.

When you meet people for the first time, ask them to talk about their 
interests other than work for a few minutes. This helps to set most people at ease 
in your presence and starts the foundation of good rapport.

Posture

The best place to start is with your posture. 
Notice that when people are really listening carefully, their posture often 

clearly shows that; you don?t even have to watch or listen carefully to understand 
whether they are paying attention and listening.

However, a person who is leaning back in their chair, with their hands 
folded behind their head, staring at the ceiling . . . chances are that they are not 
listening very carefully. Compare this to someone sitting forward in the chair, with 
head and eyes fixed on the person who is speaking. This person is probably 
concentrating on everything that the speaker is saying.

Be careful, however, when observing others and judging their level of 
listening. Posture can be deceptive. A person who does not look at the speaker may 
actually be listening very attentively, even though it might seem to put you off as a 
speaker. 

Yes, that?s right. The posture of the person listening can actually 
communicate a great deal to the speaker. Therefore, as a listener, sitting up 
attentively, leaning forwards, keeping still, and focusing on the person to whom 
you are listening to can help hold the speaker?s attention and urge them to 
continue talking, because you are sending a strong, non-verbal message to them 
that you are listening carefully.

Appropriate body motion

Once again, observe people while they are communicating. What do they do 
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when other people are talking? Do they fiddle with their papers or books? Do they 
shuffle their feet?

Someone who is really listening hard will probably keep very still because 
their mind is focused on the speaker.

Try to develop an awareness of your own body movements when you?re 
listening: keep as still as possible.

Eye contact

Like posture and body motion, eye contact is very important.
Keeping your eyes focused on the speaker does two things.
First, it helps you to avoid distractions and increases your focus on what is 

being said.
Second, like posture, it sends a strong non-verbal message to the speaker 

that you are focusing on what they are saying. Eye contact is a very powerful tool 
for the listener.

However, in many cultures, it is considered impolite to look directly at a 
person of higher social status, or even at a young person of the opposite sex. These 
sorts of cultural cues will often come through experience, but this means that you 
need other methods of listening well or assessing whether others are listening to 
you.

In other words, in certain situations, eye contact is a useful indicator, but 
you need other techniques to make sure that listening is working.

Environment

When you want to listen to someone carefully, it helps to choose a good 
environment, one without too many distractions. You cannot always choose your 
environment, but it helps to be aware of how different environments can affect 
listening. 

Listening is all about focusing on the speaker, so any interruption is likely 
to interfere with concentration.

Switching your mobile phone to silent mode before starting is a good way 
to prevent interruptions, particularly in our modern world where 
hyper-connectivity seems to be the ?new normal?.

If you can, avoid meeting at times when other people are likely to come 
looking either for you or the person to whom you are listening. If you can?t go 
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somewhere private, see if you can put up a ?Meeting in Progress? sign to minimise 
interruptions, but remember to take it down afterwards.

Make sure that both participants in the conversation (you and the speaker) 
are comfortable. Choose a room with comfortable furniture, but not so comfortable 
that one of you may fall asleep.

Sit lower, or at the same level as the speaker: avoid a situation where you 
are sitting on a higher chair than the person you are listening to.

Reduce glare: avoid a situation where one of you has to look at the other 
person against a bright light or a window.

Sometimes it is best to choose an open space, either outside or in a busy 
coffee shop. A person who does not know you that well may not feel comfortable 
sitting by themselves in a room with you. A busy coffee shop has enough 
background noise to keep the conversation private, but will still put them at ease 
due to the informality of the locale. However, don?t choose a place where either of 
you are ?well-known? or it will be difficult to avoid interruptions.

The only problem with meeting in public is that background noise makes 
listening more difficult, particularly in the form of other people talking. Be sure to 
choose a place with an undisruptive level of background noise.

Emotion and fatigue

Anyone in a heightened emotional state tends to find listening much more 
difficult. This is precisely why intense relationships can be so challenging after the 
initial stage of infatuation has passed. Even positive emotions can disrupt or 
decrease listening abilities!

If you are tired or upset, even if you are full of overwhelming joy and 
excitement, try and defer the conversation for another time: your listening skills 
will be reduced by your emotional and physical state.

Fatigue is the other killer of your listening abilities! Alcohol is also usually 
fatal for your listening and retention. 

Unless you have professional training as a counsellor, avoid any situation 
requiring  accurate communication when the other person is in a heightened 
emotional state, particularly when the emotions are negative, including anger, 
frustration, loss or bereavement, insecurity, or anxiety. Wait for a day or two: there 
will be other opportunities to communicate more effectively.

On the other hand, don?t suddenly break off a conversation if you realise 
that you?re not listening well, or that the other person has switched off: that can 
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kill a relationship quickly! Wait for a suitable moment to pause the stream of 
conversation, and then take your leave, or simply apologise for being too tired or 
distracted to continue, even if you think that the other person is the one who is too 
tired or emotional and isn?t listening!

If you need to calm down quickly to improve your own listening ability, 
there are several useful techniques that you can practice. Moderate exercise for 30 
minutes or more (e.g. walking), deep breathing, sleep, concentrating on something 
completely different (but not too demanding), or even sitting down for a relaxing 
meal can help. If you are religious, prayer can also be very helpful.

Remember, also, that listening can be tiring because it demands your full 
concentration, particularly if you are not used to doing it for long periods of time. It 
is even more exhausting in a noisy environment or if the speaker has an unfamiliar 
accent. Take time out for a rest after 45 minutes or so and let your ears, brain, and 
patience recharge.

Active listening

Active listening is a special type of interactive conversation, one in which the 
listener carefully uses occasional participation to help the speaker along. This is a 
skill that you can easily master, and it can make listening more fun and enjoyable. 
It is also very useful in meetings: your active listening will help other people in the 
meeting to understand what someone is saying and promote additional 
engagement.

Active listening takes practice and can feel embarrassing at first. However, 
it sends a powerful message to the speaker that you are really paying attention 
and genuinely respecting what they are telling you. When they see your level of 
interest, the speaker will probably tell you much more than they otherwise would 
have done.

The main technique in active listening is to engage the speaker in a 
dialogue. Active listening is a two-way conversation. It builds on the idea of 
building rapport, as mentioned earlier.

Respond non-verbally to the speaker

While you are listening, respond to the person who is talking. Smile when there is 
a hint of humour, put on a slight expression of concern when they look concerned 
or begin talking about a difficult situation. 

Emulate their posture: if they are sitting up and leaning towards you, try to 
do the same. If they are sitting back with their legs crossed, try adopting a similar 
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pose without making yourself uncomfortable.
Maintain eye contact, but not necessarily with a fixed stare that might 

make the speaker uncomfortable. If the speaker?s eyes wander occasionally, let 
yours wander too, but keep a close watch at the same time, as many people change 
their posture and body language over the course of a conversation.

Minimal encouragement

Insert brief ?minimal encouragement? phrases into the conversation when the 
speaker pauses, like ?Oh yes??, ?Really . . .?, or ?Cool . . .?, etc., without actually 
interrupting the speaker. This will encourage them to continue and will 
demonstrate that you are fully engaged.

Attentive silence

If the speaker pauses, don?t respond immediately; they may be thinking about what 
to say next. Try ?attentive silence?. This simply means waiting for the person to 
continue talking. Silence is nearly always more effective than phrases such as ?Tell 
me more? or ?What else did they say??

Taking notes

Take notes if the conversation is important. However, in sensitive situations, always 
ask if it is okay to take notes first! 

You will learn about more efficient ways to take notes in a later section. 
If the speaker informs you that what they are about to say is confidential or 

?off the record?, stop taking notes. Then, try and listen especially carefully and when 
you have an opportunity later, write notes to help you remember what was said in 
confidence. When writing notes, always anticipate that someone may stumble 
across your notes one day: use code words to protect anyone who might be 
vulnerable if the notes ever become public. To minimise the chances of this ever 
happening, remember to keep your notes secure and password-protected, if 
possible.

If you feel the need to use a recorder, always ask permission first, and use a 
discrete recording device to avoid unnecessary questions from other people.

Infrequent, open questions, probing, or clarification

Ask occasional, infrequent questions, and always use ?open-ended questions?.
A ?closed? question is one that will evoke a ?Yes?, ?No?, or ?I don?t know? answer, 

or at least one variation of a very small range of possible answers.
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An ?open? question invites a longer, more informative response. Instead of 
asking, ?Was Jane there??, you can get a lot more information by saying, ?Tell me 
about the other people who were there.?

It?s often important to ask clarifying questions. Sometimes you will feel 
afraid to admit that you don?t know what a word means or that you?ve forgotten 
about something very important that the speaker just told you. Ask politely for an 
explanation, perhaps with a confession that you?re not quite sure what they meant. 
Here are some examples of ?probes? which are exploratory, open-ended questions 
that seek further clarification.

?Could you tell me what you mean by that??

?Tell me what you mean when you use the word ________??

?I?m sorry, I think I missed that. My mind must have switched off for a moment; 
could you tell me again please??

It is very important to clarify the meaning of technical terms. As engineers, we 
assume that all technical terms have a well-defined meaning that is understood 
the same way by everyone. This is not necessarily the case.

Door openers

Sometimes, the speaker will be stuck, perhaps trying to think of words to describe 
what they want to convey to you. If attentive silence does not work, try a gentle 
?door opener? in the form of an open question, possibly about something not 
entirely relevant. The effect is simply to get the speaker back into talking, telling 
you things that are on their mind. Even if you take them off the track slightly, they 
will soon come back. 

This might happen at the start of a conversation, try asking about people 
you both know. ?How?s Sam these days? What have you heard about him recently?? 

Midway through, you can take the speaker back to something they may 
have  mentioned briefly in passing, such as ?Could you tell me more about that 
instrument you said you found really useful for measuring surface temperatures? 
Can you remember where you got it from??

Paraphrasing

This is probably the most important ?active listening? skill to master, and it takes a 
significant amount of practice to truly perfect. At first, it seems embarrassing, but 
never mind that. Keep working on this skill, even though you may feel rather 
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embarrassed.
After the speaker has said something that?s important to accurately 

understand, ask them to listen to your own understanding of what they just said, in 
your own words, and tell you if it?s right:

?If I heard all of that correctly, what you have just told me is ____ ____ ____ 
____ ___. Is that what you meant??

or

?Did I hear you correctly when you said ____ ____ ____ ____ _____ ____ ___??

This is particularly helpful in meetings, especially if you are the meeting chair. If 
you are unsure whether you really understood what the speaker was saying, the 
chances are good that the other people present have possibly also misunderstood 
what was said. By asking for clarification, or better yet, paraphrasing what you 
think the speaker just said, you will help other people understand more accurately.

You might think it takes extra time and trouble, or you might feel that you 
will annoy the speaker by doing this. However, you will actually make the speaker 
feel more reassured that you are sincerely trying to understand what they have 
said. 

Roadblocks

Just as active listening helps to improve listening accuracy and is an important 
skill to practice, there are also ?roadblocks?, which are actions that inhibit effective 
listening. 

There are some actions that really disrupt face-to-face communication. If 
you notice a person using them, they can provide strong evidence that the person 
is not listening well.

Train yourself to notice when other people deploy these roadblocks and 
remind yourself that we all make the same mistakes more often than we should!

Criticising, name calling

You are listening to someone and they tell you about a difficult situation or 
conversation. You say, ?I don?t think it was a good idea to say that.? In a more 
extreme version, it might come out as, ?You idiot! Why did you say that??

The speaker will feel embarrassed and will be reluctant to tell you what 
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really happened, because no one likes being told that they did something wrong, 
also known as direct criticism.

If you really think they could have handled a situation better, try this: ?That 
must have been tough for you! I?m not sure I would have been able to handle that.?

If asked directly for advice and criticism, it is beneficial to provide it, but do 
it gently.

Diagnosing or praising evaluatively

You are listening to someone and they tell you about a difficult situation or 
conversation. You say, ?You must have been tired or pissed out of your mind to say 
something like that!?

Your statement is quite possibly true, but once again, your response is 
unlikely to make the speaker comfortable enough to tell you the remainder of 
what they still have not told you; perhaps they will be too reluctant to talk about it 
now!

Praising someone for doing ?the right thing? can also block communication, 
because the speaker might be silently thinking, ?I must have been a dumb idiot to 
have said that!? 

Diagnosing

It is easy, especially as an engineer, to diagnose the situation the speaker has been 
trying to describe to you and give your analysis of what the speaker has just said.

This diverts attention from what the speaker was talking about and can 
weaken the speaker?s confidence in telling you everything. Also, the intellectual 
effort needed to diagnose the situation will inhibit your listening capacity, making 
the speaker feel like you aren?t really engaging in what they are trying to express.

Thinking about something else while the speaker is talking

I constantly find myself doing this and I know that it is my main listening 
weakness. Thinking blocks your ability to listen, so learn to switch off your own 
thoughts. That is contrary to what we do for the vast majority of our lives, so it 
takes practice.
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Ordering

For example, ?You should tell him about . . .?
Once again, this shifts the speaker?s attention from the situation they are 

describing to possible responses, even though they may not have finished 
describing everything that you need to know.

Threatening

For example ?If you don?t (X), then (Z) will happen.?
As with ordering, this diverts the speaker?s attention from the situation they 

are describing to possible consequences, despite the fact that they may not have 
finished describing everything you need to know.

Moralising, advising

For example, ?It?s not right to say that.?

or

?I think you should have told them to . . .?
The speaker needs to feel completely comfortable that you will accept 

their point of view in order for them to fully describe the situation. We all make 
mistakes and take actions that we would prefer not to have done in that way. 
However, most people are very reluctant to talk about their own mistakes and need 
constant reassurance that they will be supported and protected as much as 
possible. Moralising can undermine this confidence very quickly and put you at 
odds with the speaker.

This does not mean that you have to agree with the speaker?s point of view 
and accept that what they did is correct. However, it is necessary to defer your own 
response in order to ensure that the speaker feels free and comfortable to tell you, 
so you can listen accurately and get the whole story.

Logical argument

For example, ?If it?s true that you said . . . then it follows that you must have . . .?
Most people, even engineers, cannot necessarily remember past events in a 

perfectly logical sequence. Our memory is selective, as is our ability to recall, so we 
often reconstruct stories of past events in a way that makes sense to us, but not 
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necessarily to other people. Trying to explore the logic of what somebody has just 
said is more than likely to disrupt their account and make them doubt their own 
memory. 

If you can see a gap or an inconsistency in what someone has just 
explained to you, try posing an exploratory (probing) question such as, ?That?s really 
interesting, could you please tell me more about what you just explained . . .?? or 
?I?m not sure I quite understood that; could you please explain that last part again . 
. .??

Excessive questioning

Too much questioning can be just as inhibiting. A skilled listener will recognise 
when a speaker feels uncomfortable talking about a sensitive issue. The speaker 
may change the topic, pause for a long time, start talking really quietly, or even 
show visible signs of distress, such as sweating or turning pale.

In these circumstances, it is best to move on to a different topic. Once the 
speaker has enough confidence, they may return to the more sensitive issue of 
their own accord if they think that it is important for you to know. Alternatively, it 
may be possible to try again on another occasion. Sensitive issues need to be 
handled with care, not questioning.

Reassuring

For example, ?There?s no need to worry about that, it will all blow over very soon.?
While you might say this with the best of intentions, trying to help the 

speaker feel better, the effect is usually the opposite. No one wants personal 
problems to be diminished or treated as though they aren?t important. Instead, it is 
much better to reflect the feeling expressed by the speaker in a way that enables 
them to understand that you have heard what they just said. For example:

?I can see that you would be very worried about that. It must be tough for 
you.?

Just remember that the aim here is to help the speaker tell you everything 
they can, and for you to understand the speaker fully, including how the speaker is 
feeling about the issues that they are telling you about.
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Practice concept 32: Listening accurately and taking notes

So far, we have dealt with the important issue of keeping the other person 
engaged and talking: the more they talk, the greater the opportunity you have to 
learn. The other aspect is to be able to listen accurately and take notes in order to 
capture as much detail about the words actually used by the speaker and the 
overall meaning of what they said. There is always great temptation to paraphrase 
and substitute different words from the ones actually used by the speaker. Try and 
avoid doing this as much as possible. This is very important in certain situations 
but the value of this practice will not become clear until we reach Chapters 8 and 
12.

Unlike almost every other aspect of engineering practice, everyday life 
provides endless opportunities for you to practice and improve your listening skills, 
provided that you can evaluate the accuracy of your listening.

Try listening to lectures and taking detailed notes: see the section below 
for guidance on taking accurate notes with minimal effort. Compare your notes 
with written handouts and notes taken by other people attending the lecture. Try 
to understand why you missed some things or misunderstood the big picture 
concepts. Perhaps try sitting closer to the lecturer so you can hear better and with 
fewer distractions.

When appropriate, use paraphrasing more often during conversations, 
explaining that you are trying to improve your listening skills.

The best aspect to this kind of practice is that any improvement can be 
very rewarding. Relationships will improve and you will learn more easily, with less 
effort and fewer mistakes.

Writing accurate notes

It is never too late to start learning how to take accurate notes. I learnt this 
technique midway through my career and it has been immensely helpful to me 
ever since.

Being able to write comprehensive notes that capture the essence of what 
was said is a vital aspect of listening skills. Surprisingly, many students never 
acquire this skill, even though it can enable almost complete recall of a lecture. I 
have seen some students furiously typing lecture notes on laptops, but there are 
much easier and more relaxed ways to write notes that will enable you to achieve 
near 100% recall, even months later. Education research has helped to show that 
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students who take effective notes score up to 15% higher in course assessments.
Here, I have shown you a method that personally works well for me. There 

is a multitude of different ways, however, and you can also develop your own. 
Another way is to learn how to write in shorthand, a skill that many journalists 
develop for speed, without sacrificing comprehension or accuracy.

The method I have used since I was a student is based on the same ideas 
that Tony Buzan used in his books on ?mind mapping? (e.g. Buzan &  Buzan, 1993). 
When I first started taking notes, I used to write key phrases in more or less the 
same sequence as my lecturers, something like this:
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If the lecturer was well organised, so were my notes, but I still had difficulty 
keeping up. Furthermore, real problems never seemed to follow the lecturer?s 
notes! Disorganised lecturers seriously taxed my memory! They told us extremely 
useful stories and anecdotes, but I could never notate all of it in the same manner 
as I demonstrated above.

Then, I found a much more useful approach that used branching diagrams, 
also known as mind maps, and I found that this enabled me to take clearer notes 
much faster. Also, I could recall everything that was said in a much more organised 
way. I could recall it using my own organisational techniques, rather than having to 
rely on the speaker?s system of organisation, if there even was one. I was no longer 
stuck or exhausted, simply because the speaker was disorganised.

The method is very simple. 
Also, it works for everything from casual conversations and phone calls to 

meetings, seminars, and lectures. 
While the speaker talks, write down the key ideas and concepts as single 

words or brief phrases on the page. It does not matter where you start writing, but 
the middle of the page is often a good place to start. Leave a little space between 
each of the phrases or words. As the speaker continues, write more key words or 
phrases near the ones to which they are related, and draw lines or arrows showing 



the relationships. As you notice connections that even the speaker has not referred 
to, you can add more arrows and connections, even adding a note or two of your 
own alongside the lines to explain your mental deductions.

You may end up with what seems like a disorganised maze of words and 
lines all over the page, but the initial form does not matter at all.

As soon as you can, underline the most important concepts and phrases. 
After the speaker has finished, perhaps after the meeting or lecture, add 

additional notes of your own to clarify the concepts and connections based on 
what you understood from the speaker. Add notes for items that you did not have 
time to write during the meeting. When I use this technique, I enclose any thoughts 
or side observations of my own in square brackets to distinguish them from what 
the speaker said. 

When you need to recall what was explained, start with the underlined 
words and phrases. Then, follow the arrows and lines to recall what the speaker 
talked about; your memory will fil l in the gaps between the words on the paper. 
After a little practice, you will be surprised at how much you can remember, 
concepts and ideas that go far beyond the words actually written on the page.

Look at the diagram below. It is my representation of what I have just told 
you, yet it only requires around 30 words, some lines and a handful of symbols to 
represent around 350 words of text. That?s around 10 times less than the number 
of words in the explanation above. Given that most people speak at around 100 
words per minute, you only need to write approximately 10 words per minute to 
keep up with what they are saying and still be able to recall everything important.
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This technique not only enables you to write notes while keeping up with the 
speaker, but it also provides you with an excellent way to organise your thinking 
before you start to write something. We will come to that application of this skill 
later.

Practice exercise 4: Listening and note taking

1. At any meeting, or even during a casual conversation, ask permission to 
take notes. Write your notes as clearly as you can. Later, reconstruct what 
was said in bullet point form. Ask the speaker(s) to review your notes so 
they can point out any mistakes, misinterpretations, significant omissions, 
etc.

2. Watch other people in conversation or sitting in a meeting. Try using the 
listening skills worksheet (available in the online appendix) to take notes 
about what you observed. Make sure you do this discretely, or ask 
permission first, as many people can be quite offended if they think you are 
trying to watch them too closely.

3. The Australian Broadcasting Corporation (ABC) Radio National website 
provides an enormously valuable resource to practice listening and note 
taking. The website provides podcasts of many programmes, as well as full 
transcripts. (http://www.abc.net.au/rn/)

i)  Each day, listen to any recorded programme that interests you, for which 
    ABC also provides a transcript. Listen to no more than 7?10 minutes 
    while taking notes. Do not press pause: let the recording play at normal 
    speed.

ii) After completing the notes, reconstruct what was said as best you can 
     from your notes. This should take you about 20 minutes. You don?t have 
     to reproduce exactly what each person said: a set of bullet points will 
     be enough.

iii) Use a word processor to open the transcript from the ABC website, or 
     print out a copy of the transcript.

iv) Compare your reconstructed bullet points with the short section of the 
      transcript recording to which you listened. 

v) Highlight all the text in the relevant section of the transcript that was
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      accurately conveyed by your bullet points.

vi)  Do not highlight any important words or ideas that you missed, or 
      where the word you wrote does not correspond to the word in the 
      transcript. For example, if you wrote ?specification? (or even abbreviated 
      it as spec?n), but the word in the transcript is ?requirements?, do not 
      highlight the transcript, even though the words have similar meanings.

vii) Estimate the percentage of the transcript text that you have   
      highlighted to calculate your score (only the section of the broadcast 
      transcript corresponding to the section that you listened to).

Many of my students have started with a score of 5?10%. However, after practicing 
a few times, they have improved to 50% or better. Others who started at a level of 
about 50% have improved to about 80%, some even as high as 90%. Individuals 
interpret the evaluation criteria differently, so comparison with others is not 
meaningful. However, anyone can monitor their own progress using this technique.

Remember that like any other aspect of developing expertise, deliberate 
practice is required (Chapter 4). It takes time and effort to improve your note 
taking and recall. As it can be tiring, initially limit your deliberate practice to no 
more than 30 minutes per day, gradually increasing as you get used to it.

Practice concept 33: Contextual listening

So far, we have covered two important aspects of listening ? maintaining the 
engagement of the other person and accurate listening (capturing the exact words 
that were used by the speaker as best we can). The third aspect of listening 
requires that you develop sensitivity to particular word choices by the speaker. Let?s 
start with a simple example of a quotation by an engineer:

?They stuffed that one up really badly; it took weeks to recover the drill stem 
they had dropped down the hole.?

Suppose this engineer had started with the word ?we? instead of ?they?. Would that 
have made any difference? You might argue from a logical point of view that the 
aim of the sentence is to convey the seriousness of an incident in which the drill 
stem, possibly thousands of metres of steel piping with an expensive diamond 
drilling bit on the end, had been dropped down a hole in the rock. That word 
choice would not make much difference in terms of the subject: the essence of the 
incident remains unchanged. However, there is a big difference in terms of the 
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speaker?s perspective.
By using the word ?they?, the engineer has implied that he or she is not 

associated with the people responsible for the incident. Using ?we? would have 
conveyed the idea that the engineer is part of the group responsible, and is 
therefore sharing some of the responsibility. Social scientists refer to this notion 
using the word ?identity?, which is how we as people tend to associate ourselves 
with particular groups. When we discuss a local football team and say, ?We 
thrashed them last Saturday?, it means that we identify ourselves as being 
associated with the team. We have many different simultaneous identities: with 
our workgroup, company, profession, occupation, sporting teams, community, 
graduating class, and even our nationality. We often change identities very quickly 
depending on the circumstances, or even combine various identities at the same 
time. For example, if our football team lost, we might have said, ?They got thrashed 
last Saturday?, temporarily de-emphasising our normal association with the team.

Noticing the words that people use as an indication of their identity 
enables you to perceive important social relationships that have a significant 
influence on the way people act.

This is what Juan Lucena has referred to as contextual listening:

?a multidimensional integrated understanding of the listening process wherein 
listening facilitates meaning making, enhances human potential, and helps foster 
community-supported change. In this form of listening, information such as cost, 
weight, technical specifications, desirable functions, and timeline acquires meaning 
only when the context of the persons making the requirements (their history, 
political agendas, desires, forms of knowledge, etc.) is fully understood.?

We will return to this idea in later chapters of the book.

Practice concept 34: Helping others to listen

You can apply your understanding of listening skills to help others listen more 
accurately. Most of the points listed above can be helpful in this situation as well.

For example, eye contact helps immensely. When I am speaking to a class 
of students, even when it is a large group, I scan my eyes across the entire 
audience all the time while I am speaking. I look into the eyes of the audience 
constantly. This way, I am not only able to hold their attention longer, but I can also 
tell when I start to lose the audience, because some people might start to move 
their eyes around the room, losing focus on me. Soon after that initial sign, if I 
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don?t regain their attention, I will start to hear shuffling feet and papers being 
moved around. Essentially, I will know that I have lost the attention of my 
audience!

Once again, be careful . . . some people feel uncomfortable being stared at, 
particularly in a small group or a one-on-one situation, and will actually look away 
while you are talking, even though they are still l istening carefully. Other people 
may have a natural squint: their eyes seem to be looking somewhere else, even 
though they are actually looking straight at you.

When it comes to lectures and presentations, remember that a PowerPoint 
presentation is a great attention vacuum! People in the audience will look at the 
screen in order to look at and possibly read what?s there, which means that they 
may soon stop listening to you. It is difficult for many students to read and listen at 
the same time.

If you present more than about ten words on the screen, people who 
naturally prefer reading to listening will stop paying attention to what you are 
saying while they read the text. In an engineering environment, it is not 
uncommon to find that most people will read the text and stop listening.

The same distracting quality applies if you distribute a handout or a report 
before or during your presentation. If you need to have this tangible element to 
your presentation, wait until after you have finished speaking to distribute the 
material. 

Sometimes, a picture can tell the whole story, with minimal commentary. If 
this is the case, stop speaking for a few moments so that your listeners can devote 
their attention to the picture. When you want to regain your audience?s attention, 
you can simply press the ?.? key: the screen will go blank. (Press it again to get the 
picture back.) Alternatively, you can insert a black slide into your presentation, 
which will be a clear signal for the audience to shift skills from picture analysis 
back to listening.

Summary: Listening is an imperfect, interactive, interpretation performance

While this chapter deals with perception skills, it should now be apparent that 
listening perception is not a one-way process that starts with hearing and ends 
with making sense of what we hear. Instead, prior knowledge is needed to 
accomplish effective listening perception: we cannot make sense of what we hear 
without some prior understanding of language, for example. That being said, this 
prior knowledge can also interfere with what we think we have heard at the same 
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time. Partly to try and resolve this potential weakness, and partly to evaluate our 
listening performance, we resort to expanding a conversation with the speaker to 
help with apparent ambiguity or misunderstandings. Therefore, listening is a truly 
interactive performance: not a one-way input process.

Perfect listening is rarely possible in real situations. Even with the best 
interaction, the closest relationship, extended conversation, and explicit 
clarification, misunderstandings still persist as a result of the prior knowledge that 
we need to be able to make sense of the spoken words in the first place. Because 
of this, listening is always an act of reinterpretation: the listener is reconstructing 
the ideas being explained by the speaker. That reconstruction can never be the 
same as the speaker?s original ideas.

The challenge for engineers, therefore, is to learn how to ensure that this 
reinterpretation by the listener still allows technical ideas to be faithfully used or 
reproduced, even though there will always be a certain degree of 
misunderstanding.

We shall learn in the next two sections that reading and seeing are also 
imperfect, interactive, interpretation performances, although there are distinct 
differences, of course. Part of the interactive element will be a conversation with 
ourselves, while what we see may have been created in a previous time by people 
who are unable to be with us, thereby making direct interaction with them 
impossible.

PERCEPTION SKILL 2: READING

We all have preferred channels for receiving information about the world around 
us. The fact that you have read this far suggests that your preferred channel may 
be reading. You may be an above average reader, but that does not mean that you 
are necessarily a comprehensive reader: a reader who can engage with the text in 
detail in order to see different meanings and interpretations.

This section is the shortest in this chapter because reading this book and 
completing the practice exercises will help improve your reading skills. 

Only about 10% of the population are comfortable with reading extended 
texts. That percentage seems to apply to engineers just as much as any other 
segment of the population. As a reader, you may be sought after by other engineers 
who have lower reading skills, as you will be seen as a source of information and 
advice. Therefore, you need to develop the skill to read comprehensively so that 
you don?t lead others astray.
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In essence, reading is no different to the other principal modes of 
perception ? seeing and listening. Comprehensive reading depends not only on 
perceiving the actual words that are written on the page, but also on the prior 
beliefs that we have to begin with. Our perception depends on these prior beliefs, 
but at the same time, they can deceive us.

Comprehensive reading does require that you read every word. When we 
read silently, we often skip words; sometimes we bypass entire sentences or 
paragraphs without necessarily being aware that we missed part of the text. 

One of the best ways to make sure that you read every word on the page is 
to practice reading out loud to the wall of your room. This is also valuable practice 
for writing: reading out loud helps to build tacit knowledge in your head about the 
patterns in which words regularly occur. Eventually, this will make it easier for you 
to write better.

Just as with listening, try and be aware of where your attention lies as you 
are reading. If your attention starts to wander as you read and you cannot 
remember the content of the last few paragraphs or sentences, stop yourself from 
moving forward. Take a break and rest. Reading accuracy is significantly affected by 
fatigue, both mental and physical.

You can assess the accuracy of your reading from the quizzes that you can 
access through the online appendix. Some of the quizzes are designed to test the 
accuracy of your reading.

Comprehensive reading can be tedious and slow, but it doesn?t make it any 
less essential.

You can also find a wide variety of helpful texts on how to read quickly 
(speedreading). This technique depends on the conventional way of writing in 
Western countries, however: the main idea of paragraph will be conveyed by the 
first sentence. Therefore, you can read quickly by skipping from paragraph to 
paragraph: you don?t have to necessarily read the rest of each paragraph, because 
you know that it simply elaborates on the idea conveyed in the first sentence. 
Speed-reading can be a great way to build up a map or a framework of the content 
of the book and its main ideas so that you can return to the parts that are most 
informative for you and read them carefully at a later time.

The ideas that you absorb through reading will soon vanish from your head 
unless you take some action to reinforce those memories before they fade. There 
are several ways to do this.

It is a good idea to take notes as you read. These days, I use the iAnnotate 
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App on my iPad whenever I can. It gives me the freedom to mark up the text: by 
highlighting or underlining, the program will automatically extract those sections 
of the text into a summary document for me, giving me the page number where 
they are located in the original PDF document. If I can, I make a record of the 
location of a quotation on the page: 35a.4 means page 35, left hand column (a), 
40% of the way down from the top of the page.

Another way to reinforce and explore the ideas that you have just read is to 
imagine that you have another person who is unable to read sitting in the room 
beside you. Explain the sense of what you have just read so that they can 
understand the content of the book. You may also have certain questions on your 
mind. Ask the imaginary person, ?I don?t quite get this part, when it says (X). What 
do you make of that?? You can even imagine what the other person might say in 
response, like ?Why don?t you look it up on the Internet and see what Wikipedia 
says about it?? Can you remember a time when something that happened at work 
resembled what you have just read? Explain to your imaginary companion what 
actually happened and explain to them how reading the book has helped you 
understand that episode differently. 

Much of what you read in this book will help your understanding of 
yourself and others around you. After all, the biggest parts of engineering practice 
that were lacking in your formal education are ideas that can help you understand 
how people behave and perform engineering work. Try and think of questions that 
you can ask other people around you to explore these ideas. Go back to some of 
the ideas about different kinds of knowledge and how you can access that 
knowledge through social networks, as explained in Chapter 5. Ask other people 
about this, such as what they have noticed about the different ways that people 
build on the knowledge of others.

How can you evaluate the extent of your reading, especially when the 
reading material is not supported by quizzes and other learning activities? One 
trick you can use is to choose any paragraph at random after you have completed 
reading. Make sure you only reread the first sentence of the paragraph. Using your 
notes and memory, see if you can write a summary of the rest of the paragraph as 
accurately as possible. When you have done this, read the rest of the paragraph 
and compare your summary with the actual text in the paragraph. 

Remember that prior understanding and knowledge can fundamentally 
alter the meaning of words for you. It is impossible for you to have the same prior 
understanding and knowledge as the person who wrote the text. This means that 
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you will almost certainly interpret the text in a different way from what the author 
intended. Just like listening, reading is an act of reinterpretation. As it is very 
important that you remember this, we will return to this theme in the next chapter.

Practice exercise 5: Reading for learning

Like active listening, comprehensive reading is a two-way conversation. However, 
the original author is no longer present, so the conversation has to be with oneself 
or another person. Here is a practice exercise that illustrates some of the ways to 
conduct such a conversation in order to help with learning.

I provide similar instructions to my students; in fact, I tell them that I don?t 
believe they have read anything until they have written a ?conversation piece? 
responding to what they have read.

Read a section of text, for example, part of this book, which is between 5 
and 20 pages long.

Write a brief description of the content, including the main ideas presented 
in the text (beyond what is already given in a summary or abstract, if available).

Describe your assessment of the reliability of the research and the strength 
of the evidence presented to support the text. Sometimes, you will find no 
evidence presented at all. Try and distinguish between material based on research 
or other systematic collected evidence and ?recipes? that are based on opinion. Note 
any references or further reading that you think you need to follow up on. Often, 
we may be tempted to classify opinions without stronger evidence as ?subjective? 
and unreliable. Yet, we often find that opinions can offer insights that more 
systematic research can miss. A comprehensive reader can make sense of diverse 
contributions, reconstructing ideas that may not have even been apparent to the 
writer of the text.

Next, explain what the writing contributes towards the questions and 
issues relevant to your own aims that motivated you to read the text in the first 
place. It can be very helpful to quote sentences or even full paragraphs from the 
text, but you must explain how each quote is particularly meaningful for your goals 
and interests. Include a precise page reference for each of these comments.

Finally, write down your own impressions and issues arising from the text, 
as well as questions that remain in your mind that can stimulate an ongoing 
conversation with yourself and a later search for meaning.

If I were able to converse with you, the reader, as you work your way 
through this book, we would both learn a great deal. As I cannot be with the vast 
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majority of you, I suggest that you write a reflective journal as you read this book, 
section by section. The following practice exercise will give you some pointers.

Ultimately, the test of your reading of this book lies in one or more of the 
following:

a) insights that you develop into the world of engineering in which you 
immerse yourself every day,

b) a demonstrable performance improvement that brings personal rewards for 
you, the reader, in terms of job satisfaction and (preferably) improved  
remuneration in the long term, or,

c) accumulation of evidence to demonstrate that the ideas in this book need 
revision or restating, in which case I hope that you will send your 
accumulated evidence to me so I can take it into account for a subsequent 
edition.

Practice exercise 6: Written requirements

Even though many clients find it difficult to provide engineers with written 
requirements, there are some that do provide detailed written statements of 
requirements. Furthermore, engineering work often has to be performed so that it 
complies with contract conditions, recommendations contained in standards, or 
explicit requirements stated in codes. Engineers need to carefully read these 
statements to ensure that they allow time for any work that will be needed to meet 
the requirements and demonstrate compliance. In these circumstances, 
comprehensive reading is essential.

Here is an exercise that will help you develop comprehensive reading 
skills. Two or more people read the same text and compare notes. If you have not 
tried this before, you may be quite surprised to find how much you miss when you 
read a complex document. Some engineering companies formalise this process: in 
those companies, it is normal practice for at least two people to read a statement 
of requirements and exchange notes on what they found to reduce the chance that 
something important has been missed.

When two or more people read the same text, it is likely that they will find 
more ways of interpreting the text than a single reader would, often through 
interacting with each other. To see how this works, try it for yourself.

In reading the statement of requirements, pick out each of the 
requirements that call for some action or a response, and give each one a priority 
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rating score as shown below:

4=critical, cannot be missed;

3=important, compliance will enhance value;

2=necessary, but not important. Compliance will provide minor additional 
value;

and

1=optional, compliance will not influence the value of results.

To evaluate your reading performance, calculate the following:

N=total number of requirements identified by all readers in combination

Mi =number of requirements identified by each reader ?i? as a proportion of N

Pi =for each item where all the readers agreed on the same priority rating 
score, add the given priority rating. Divide the resulting sum by the sum of 
all the priority ratings assigned by this reader.

Here is a small worked example, with the scores given to a series of clauses in the 
following table.
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N=8 (Total number of clauses for which a response was seen as necessary by at 
least one reader)

Ma =7/8=0.88 (Proportion of clauses identified by reader A)

Mb =6/8=0.75 (Proportion of clauses identified by reader B)

Pa =(4+2+3)/(4+1+2+3+3+4+3)=0.45
(Proportion of clauses identified by reader A with agreement on priority)

Pb =(4+2+3)/(4+2+2+3+3+4)=0.5 
(Proportion of clauses identified by reader B with agreement on priority)

The closer your M and P values are to 1, the more consistent your reading is in 
comparison to the other readers. However, a score of 1, apparent perfect  
consistency, probably indicates that you have a problem. 

As we shall see in later chapters, human language can never be understood 
in the same way by every reader. That is why arranging for two or more people to 
read a single set of requirements is more likely to expose different meanings and 
interpretations. These interpretation differences either need to be clarified with 
the client or allowed for in planning the work needed to fulfil the requirements.

Therefore, a score of 1 indicates that you have not discovered 
interpretation differences: this should be a signal that you need to enlist the help 
of a reader with a different background to your own.

Does this seem like hard work?
Like any aspect of expertise, developing accurate reading skills takes 

deliberate practice, which inherently requires effort (Chapter 4). It takes time and 
persistence and can be much more fun if you have the support of friends and 
colleagues who can help you on your journey.

PERCEPTION SKILL 3: SEEING AND CREATIVITY

Earlier, we came to understand that any listening performance is an interactive, 
two-way conversation in which the listener responds to the speaker, sometimes 
almost entirely with non-verbal cues, other times with minimal responses, and 
often with questions to elicit more detailed explanations.

In the same way, seeing is a performance in which the viewer can respond 
in different ways. One of the most telling responses is freehand sketching, because 
it provides evidence about what the viewer has actually seen. Other responses can 
be annotated photographs, verbal or written field observation notes, or engaging a 
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Figure 6.3 Sketch of a tensile testing machine by a student

companion in conversation about the visual experience. Just as in the case of 
reading, where the text author is probably unable to be present, a seeing response 
can also require a conversation with oneself, such as annotated sketches or 
photographs. However, it is only when we sketch what we have seen that we can 
be sure that something has been noticed, in the same way that a paraphrased 
response to a speaker can help confirm that we have listened to and understood 
the intentions of the speaker. For this reason, accurate freehand sketches with 
appropriate annotations offer the best ways to evaluate the development of our 
seeing skills.

Therefore, this section of the chapter is just that: a series of simple 
sketching exercises to help evaluate your seeing skills. If you think that they could 
do with improvement, an online supplement to the book provides a graded set of 
exercises that you can work on independently over several weeks. These have been 
?road tested? by generations of my students over the last two decades.

Most engineers see themselves, in some ways, as creative designers, or at 
least as creative people that can innovate and devise original engineering 
solutions that meet the needs of their clients.

Like any other aspect of expertise, creativity is something that anyone can 
develop with deliberate practice, as explained in Chapter 4. Creativity is the ability 
to come up with original and innovative ideas when needed. Good ideas don?t 
simply emerge from nothing. Creativity depends on accumulating a vast memory of 
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ideas and observations in your mind: that internal library is composed of tacit 
knowledge of which you are normally never even aware. You can?t write it down, 
since you often can?t remember that you possess it. However, when you need it, 
these memories emerge . . . but not always precisely when you want them, of 
course.

Design expertise, in particular, relies on a vast memory of design ideas. 
Every time you see an engineering artefact, whether it is a culvert under a road, a 
bridge, a machine, an optical waveguide, a special connector, or any one of 
hundreds of other artefacts, you can potentially store this in your mind. However, 
this only happens if you learn to see the details, which depends on accurate seeing 
skills. 

Except for engineers with significantly impaired vision, most learn more 
with their eyes than any other sense, but it is a mistake to think that just because 
you can see with your eyes, that you can see accurately (remember, just because 
you can hear doesn?t mean you are listening). As we will soon see, your eyes and 
brain, when working together, can easily deceive you.

Practice concept 35: Developing seeing skills by sketching

Can you write your name? Can you draw reasonably straight lines on a piece of 
paper? Can you draw a square or a circle? Most people can do these simple tasks 
reasonably well. However, drawing the person sitting next to you or even your own 
hand can seem like an impossible challenge.

The reason for this stark increase in difficulty is simple. You can write your 
name or draw a square because your brain is more than able to control the 
movement of the pencil on a piece of paper. The only reason why drawing the 
person sitting next to you seems impossibly difficult is because your brain 
substitutes the image perceived by your eyes with a preconceived idea of how to 
draw a person. This preconceived idea takes the place of what your eyes actually 
see. Accurate seeing, therefore, requires that we master the mental discipline 
needed to suppress this automatic response by our brain. Learning to see is 
synonymous with learning how to stop your brain from taking over your mind, 
successfully putting aside preconceived ideas, and allowing your pencil to reflect 
what your eyes are actually seeing, just like a photocopier.

?Seeing? is an active process that you can improve with training and 
practice. It is a state of mind that requires discipline and the ability to put aside 
distractions and preconceived ideas. The quality of our sketching, therefore, reflects 

THREE NEGLECTED SKILLS 
LISTENING, SEEING AND READING

Excerpted from The Making of an Expert Engineer

Chapter 4

123



our ability to see. 
Learning to draw accurately is like learning a sport: you need to build your 

tacit knowledge, which is knowledge that connects your eyes with your fingers and 
enables you to accurately reproduce what your eyes see.

Training is essential, as well as deliberate practice: remember that 
deliberate practice can be very tiring, so build up your stamina in stages, starting 
with no more than 30 minutes of training each day.

Practice exercise 7: Evaluate your seeing skills

You may be surprised when you attempt these exercises. If you have learnt 
technical drawing skills or the use of CAD software like AutoCAD, Pro-Engineer, or 
SolidWorks, you may think these exercises will be easy for you. Many of my 
students who had good technical drawing skills have been surprised to learn how 
difficult they actually are.

For this evaluation exercise, you will need:

- Several A3 sheets of paper, preferably with a cardboard base (size 42 cm× 
30 cm)

- A clutch pencil (0.5 mm, 2B lead), or 2B wood pencil
- Eraser

If you have a digitiser tablet or touch screen and a sketching app or basic version 
of Photoshop, you can do the following exercises without using paper or pencils.

Reduce distractions as much as possible. You need a quiet room with good 
diffuse lighting, preferably free from sharp-edged shadows. You also need a 
comfortable chair. Furthermore, music may help you concentrate. Some 
psychologists have found that certain classical music can increase concentration ? 
works by Mozart and J. S. Bach are often recommended.

Before you start, take a few minutes to relax and let go of the tensions and 
distractions of the day that have built up thus far.

You will do four evaluation drawings. Take no more than 30 minutes for 
each and be sure to write your initials and the date on each of them.

Drawing 1:

- Draw a square, a circle, and a rectangle, side by side.Write your name 
immediately below.
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Drawing 2:

- Draw a person sitting in front of you: either the whole figure or just a head. 
If you?re in class, draw a fellow student. If you are alone, use a mirror to 
draw a self-portrait. If you can?t get access to a live figure, draw a portrait 
by working from a photograph of a person.

Drawing 3:

- Draw your own hand. Place your left hand (your right hand if you are 
left-handed) on one side of an A3 sheet of paper, and prepare a drawing of 
your hand on the opposite side of the paper. If you think that you might be 
interrupted, lightly trace around just the tips of your fingers before starting 
so that you can return your hand to the same position on the paper.

Drawing 4:

- Place a shiny metal spoon on a book and draw them together.

Take a short break.

Now, judge the results. You are probably much more satisfied with your 
square, rectangle, and circle than you are with your portrait or the drawing of your 
hand.  

You managed to write your name? What this shows is that your ability to 
move the pencil is not an issue. The only reason why the other drawings were not 
as good is that your eye and brain combination is not yet allowing you to move the 
pencil in appropriate ways.

How well do the shape and shading of your portrait correspond to the 
likeness of the person? Would you recognise the sketch as your hand? Can you see 
the reflections in the shiny metal parts of your drawing of the spoon? Can you see 
the texture of the binding of the book?

The shortcomings in your sketches demonstrate that your ability to see can 
always improve. When you can see accurately, you will be able to draw accurately 
too!

Practice exercise 8: Evaluate your potential for improvement

In her book, Drawing on the Artist Within, Betty Edwards described how she 
stumbled on the idea of drawing upside down as a way of tricking your brain to 
help disable your powerful habitual recognition process. This is what Daniel 
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Kahneman refers to as ?thinking fast?. It is an essential tool for survival, but not 
necessarily for seeing. As you walk across the road, thinking fast is the process that 
tells you that there?s a car heading in your direction and the approximation of how 
fast it?s travelling. It helps you quickly pick out the face of a friend or a loved one 
in the crowd at a football match or on a city street. Your brain is constantly 
working with the visual images coming from your eyes, recognising complex 
patterns almost instantaneously.

While this instinctive capacity for recognition is essential for survival, you 
have to learn to disconnect it when you need to accurately observe all the relevant 
features of an object or a person ? the subject of your drawing. Learning to draw is 
one way to do that. It is the equivalent of what Daniel Kahneman calls ?thinking 
slow?.

One way to disconnect your recognition engine is simply to copy an 
upside-down drawing. You are going to test this technique for yourself in this next 
exercise.

Resist the temptation to turn the drawing or your copy the right way up 
until you have finished. This is very important for the process.

Choose the drawing of the woman with a shawl or the wheeled robot, 
depending on your preference.

Draw a frame with similar proportions to the one around your chosen 
reference drawing.

Copy the drawing, starting anywhere you like. Most people prefer to start at 
the top of the upside-down drawing and work downwards.

Draw smaller, complete pieces, one at a time. Do not draw around the 
complete outline first and then fill in the middle.

Even if you manage to recognise parts of the picture, try and suppress 
these thoughts as you work. Just focus on the actual shape of each of the lines, and 
copy that shape to the paper: pretend that you are a photocopier. 

Try not to think of anything except how the lines fit together. Ask yourself, 
'What angle does this line make with the horizontal or vertical? Where is this 
corner in relation to other parts of the drawing??

Use your pencil as a gauge to see where a particular part of the drawing is 
in relation to other parts. Observe which points lie vertically with respect to each 
other, and which lie horizontally.

Finish the body of the woman before you start on her head. Before drawing 
her head, construct a faint rectangle to serve as a guide for size. Then, faithfully 
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Figure 6.4 Upside-down drawing exercise I.

copy the lines and dots that make up the head. Focus on each line and copy it, 
without trying to work out whether it is part of an eye, the hairline, or an article of 

clothing.
Be careful not to draw missing lines that you think should be there. The 

point of this exercise is to draw without recognition; to be a photocopier, not an 
artist.

When you have finished, turn your drawing the right way up. Most people 
are quite surprised at the result, which demonstrates, once again, that you can 

always improve your seeing skills.
Write your initials, and the date, and keep the results as another record of 

your work. If you have time, go on to try another upside-down drawing. Images of 
people or animals in motion provide wonderful practice and are easy to find on the 

Internet.
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Figure 6.5 Upside-down drawing exercise 2.

The rest is up to you: it normally takes 20?30 hours of deliberate practice (see 
Chapter 4) to make a difference for most people, but you may respond faster than 
that. 
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In order properly to understand the relationship between science and art, it is 
necessary to go into certain deeper questions which have to do with what 
underlies both these forms of human activity. The best point of departure for 
studying these questions is perhaps a consideration of the fact that man has a 
fundamental need to assimilate all his experience, both of the external 
environment and of his internal psycho- logical process. Failing to do so is like not 
properly digesting food, thus leading to the ingestion directly into the blood of 
foreign proteins (such as viruses) with destructive effects, resulting from their 
failure to work together with the body proteins to form a harmonious overall 
structural process. Similarly, psychological experiences that are not properly 
?digested? can work in the mind as viruses do in the body, to produce a 
?snow-balling? state of ever-growing disharmony and conflict, which tends to 
destroy the mind as effectively as unassimilated proteins can destroy the body.

Whether one is discussing food, man?s natural and social environment, or 
ideas and feelings, the question of assimilation is always one of establishing a 
harmoniously ordered totality of structural relationships. Ever since the earliest 
days, man seems to have been in some ways aware of the need to do this. In 
primitive times, science, art, and religion, interwoven to form an inseparable whole, 
seem to have been the major means by which this assimilation process worked.

Science was concerned not only with practical problems of assimilating 
nature to man?s physical needs, but also with the psychological need to understand 
the universe? to assimilate it mentally so that man could feel ?at home? in it. Early 
creation myths, which were as much scientific in their aims as religious,  certainly 
had this function.

As for art, it evidently helped man to assimilate the immediately perceptual 
aspects of experience into a total structure of harmony and beauty. It is clear that 
the way a human being perceives with his senses helps, in large measure, to make 
him what he is, psychologically speaking. The artist not only had to observe nature 
with a certain kind of objectivity that could be called the germ of a ?scientific? 
attitude (for instance, in order to get the kind of images and ornamental patterns 
that he wanted), but he also very probably had an unusual sensitivity to the beauty 
in nature?s forms and structures. By expressing this perception in the form of 
artistically created objects, he also helped other people to see in a more sensitive 
way. In addition, his work ultimately led to architecture, as well as to decorative art, 
which helped man to create around him a physical environment that he could 
assimilate into a relatively harmonious structure of perception and feeling.
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Although our main interest here is the relationship between art and 
science, I do not think that it is possible to understand this properly without paying 
at least some attention to religion. Religion has been concerned centrally with the 
question of experiencing all life, all relationships, as one unbroken totality, not 
fragmented, but whole and undivided. As an excellent illustration of this 
fundamental aspect of religion, I am reminded of an ancient Hebrew prayer that I 
learned as a child, which ended with the injunction of ?love God with all your 
heart, all your spirit, and all your might.? I took this to indicate that this was really 
the way one is meant to live. One sees in this example (as in many others that will 
come to the mind of the reader) that a key function of religion was to teach a kind 
of self-knowledge, aimed at helping man to be whole and harmonious in every 
phase of life. To this end it was necessary, of course, to cease to be concerned 
excessively with narrow interests, of self, family, tribe, nation, which latter tend to 
break the psyche of man into conflicting fragments, making a wholehearted total 
approach to life impossible.

Of course, man?s efforts at harmonious assimilation were misunderstood by 
many and became confused, thus leading to destructive results. Science, for 
example, extended the possibilities of war, plunder, and enslavement with its 
attendant miseries, far beyond what primitive man could do. Religion became a 
means of supporting the established order of society against the natural tendency 
for such an order to change with time. Such support was founded on speculations 
concerning a supposedly eternal supernatural order, which also came to give 
comfort and reassurance to people on the basis of illusory notions. But these 
functions are destructive, because any idea held solely in order to give pleasant 
feelings or to assure the stability of a particular custom or organization must 
ultimately lead people to think in terms of comforting and apparently satisfying 
illusions, rather than in terms of what is true. In this connection, art was often 
interwoven with religion, with the purpose of backing up the illusory aspects of 
religion by giving these aspects a false air of reality and concreteness, in the form 
of beautifully and skillfully made images and symbols of gods and supernatural 
forces. Similarly, scientific ideas were restricted and distorted so as not to disturb 
the prevailing religious mythology.

In view of the destructive effect of illusions of the kind described above, it 
may be said that the most significant implication of science is less in its many 
positive achievements than in  the fact that it teaches us to look at facts in an 
unbiased way, whether we like it or not, and that it is meaningless to do otherwise. 
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Indeed, one of the main points that I wish to make in this essay is that such a 
scientific spirit is necessary, not only in what is commonly called ?scientific 
research,? but also in art and in every phase of life, and that without this spirit, 
human actions are continually in danger of deteriorating into a mere response to 
illusion, leading to conflict and destruction.

In modern times the functions of science, art, and religion have become 
fragmented and confused. Science developed at an unparalleled pace in technical 
directions, but it seems to have parted almost completely from its role of aiding 
man to assimilate the universe psychologically, so that he could feel at home in a 
world that he understands and to the beauty of which he can respond inwardly 
and wholeheartedly. On the other hand, it seems that artists are not generally very 
seriously concerned with the scientific interest in seeing the fact, whether one 
likes it or not. Indeed, it seems that many artists (though, of course, not all) have 
rather widely tended to accept the current view, which regards human 
relationships, expressed in culture (including art, literature, music, drama, and so 
forth), as a field that can be manipulated at will in order to give pleasure, 
excitement, entertainment, and satisfaction, quite apart from questions of fact, 
logic, and coherence that are of central importance to the scientist. 

As for religion, its function has grown more confused still. Science has 
made it impossible for most people to accept the religious mythology literally. 
What is left is a vague and confused notion of some kind of God, along with 
various fragments of self-knowledge in the form of moral precepts.

Science and art have tried to take up some of the functions of religion, but 
so far in a rather confused way. Thus, the science of psychology aims at a kind of 
self-knowledge, leading a person to try to make a ?useful? and a ?profitable? 
adjustment to society. But man?s essential il lness today is his feeling of 
fragmentation of existence, leading to a sense of being alien to a society that he 
has himself created, but does not understand. Thus, he cannot assimilate his whole 
field of experience into a totality felt to be beautiful, harmonious, and meaningful, 
with the result that a mere ?adjustment? to the current state of affairs is not felt by 
most people to be really adequate.

Art has also entered the field of self-knowledge. Many artists have tried in 
their work to express the present state of confusion, uncertainty, and conflict, 
probably hoping that if these are given a visible shape and form, then somehow 
one can obtain mastery over them. This is a resurgence of a primitive ?magical? way 
of thinking, a way that may have been the best that primitive man could do, but 
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that is surely inadequate today, even if it was perhaps somewhat useful in earlier 
times. The fact is that no conflict is ever resolved merely by expressing it in visible 
or audible form. One may perhaps feel better for a while in doing this, but actually 
the conflict generally goes on as before, the better feeling being largely based on 
illusion. As was clear in the best teachings of ancient religions, the proper way to 
deal with conflict is to look at it directly by being aware of the full meaning of 
what one is doing and thinking.

Science can now help us to understand ourselves in this way by giving 
factual information about brain structure and function, and how the mind works. 
Then there is an art of self- knowledge, which each person has to develop for 
himself. This art must lead one to be sensitive to how his basically false approach 
to life is always tending to generate conflict and confusion. The role of art here is 
therefore not to provide a symbolism, but rather to teach the artistic spirit of 
sensitive perception of the individual and particular phenomena of one?s own 
psyche. This spirit is needed if one is to understand the relevance of general 
scientific knowledge to his own special problems, as well as to give effect to the 
scientific spirit of seeing the fact about one?s self as it is, whether one likes it or not, 
and thus helping to end conflict.

Such an approach is not possible, however, unless one also has the spirit 
that meets life wholly and totally. We still need this religious spirit, but today we 
no longer need the religious mythology, which is now introducing an irrelevant 
and confusing element into the whole question.

It would seem, then, that in some ways the modern person must manage to 
create a total approach to life which accomplishes what was done in earlier days 
by science, art, and religion, but in a new way that is appropriate to modern 
conditions of life. An important part of such an action is to see what the 
relationship between science and art now actually is, and to understand the 
direction in which this relationship might develop.

One of the basic reasons for the present tendency of science and art to 
remain separate and apparently not closely related is the current scientific view of 
the universe. In earlier times man believed that he had a central role in the 
universe, which helped give meaning to his life. With the Copernican revolution, 
the earth came to be regarded as a grain of dust in an immense, meaningless, 
mechanical universe, while man was seen as less than a microbe on this grain of 
dust. Surely, this view has had a very great psychological impact on mankind quite 
generally. But is it true that science necessarily implies a completely meaningless
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and mechanical character to the universe?
Some light is thrown on this question by considering the fact that most 

scientists (and especially the most creative ones, such as Einstein, Poincaré, Dirac, 
and others like them) feel very strongly that the laws of the universe, as disclosed 
thus far by science, have a very striking and significant kind of beauty, which 
suggests that deeply they do not really look at the universe as a mere mechanism. 
Here, then, is a possible link between science and art, with the latter being 
centrally oriented towards beauty. 

Now, there is a common notion that beauty is nothing more than a 
subjective response of man, based on the pleasure that he takes in seeing what 
appeals to his fancy. Nevertheless, there is much evidence that beauty is not an 
arbitrary response that hap- pens to ?tickle? us in a pleasing way. In science, for 
example, one sees and feels the beauty of a theory only if the latter is ordered, 
coherent, harmonious with all parts generated naturally from simple principles, 
and with these parts working together to form a unified total structure. But these 
properties are necessary not only for the beauty of a theory, but also for its truth. 
Of course, in a narrow sense, no theory is true unless it corresponds to the facts. 
But as we consider broader and broader kinds of theories, approaching those of 
cosmology, this notion becomes inadequate. Indeed, as has recently been pointed 
out in a television program by Professor Hermann Bondi, who is an authority in the 
field, we now have two rival cosmological theories, one due to Einstein, and the 
other to Hoyle. The unique new situation prevailing at present is that for the 
foreseeable future it will not be possible to make experimental tests that could 
discriminate between these theories on a factual basis. We shall then have to 
decide between them, first, on the basis of beauty and, second, on the basis of 
which one of them helps us better to understand the general facts of science, to 
assimilate such scientific experience into a coherent totality.

To throw light on this newly developing kind of situation in science, one 
may note that the word ?true? has a spectrum of meanings, lying between two 
limiting cases. First, as has already been indicated, a ?true? idea corresponds to the 
facts. But then, ?true? also means ?true to self,? as when we talk about a ?true line? 
or a ?true man.? In the broad sense with which cosmology is concerned, the 
universe as a whole is to be understood as ?true to itself?? a unified totality 
developing coherently in accordance with its basic principles. And as man 
appreciates this, he senses that his own response with feelings of harmony, beauty, 
and totality is parallel to what he discovers in the universe. So, in a very important 
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way, the universe is seen to be less alien to man than earlier excessively 
mechanistic points of view seemed to indicate.

Here, it seems, is a key link between art and science. For to the scientist, 
both the universe and his theory of it are beautiful, in much the same sense that a 
work of art can be regarded as beautiful? in effect, that it is a coherent totality, in 
the way described above. Of course, the scientist and the artist differ in a very 
important respect. For the scientist works mainly at the level of very abstract ideas, 
while his perceptual contact with the world is largely mediated by instruments. On 
the other hand, the artist works mainly on creating concrete objects that are 
directly perceptible without instruments. Yet, as one approaches the broadest 
possible field of science, one discovers closely related criteria of ?truth? and 
?beauty.? For what the artist creates must be ?true to itself,? just as the broad 
scientific theory must be ?true to itself.? Thus, neither scientist nor artist is really 
satisfied to regard beauty as that which ?tickles one?s fancy.? Rather, in both fields 
structures are somehow evaluated, consciously or unconsciously, by whether they 
are ?true to themselves,? and are accepted or rejected on this basis, whether one 
likes it or not. So the artist really needs a scientific attitude to his work, as the 
scientist must have an artistic attitude to his.

It seems to me that in the question of truth and beauty one finds what is 
really the deepest root of the relationship between science and art. On the basis of 
this understanding we can now study the relationship of science and art more 
broadly.

In early days both science and art tended to work largely in terms of 
images, representations, symbols, and so on. Thus in science it was commonly 
thought that theories and instrumental observations were simple reflections of the 
world as it is. Later, it became evident that such a simple reflection process cannot 
give the whole story. Each theory and each instrument selects certain aspects of a 
world that is infinite, both qualitatively and quantitatively, in its totality. According 
to modern physics (especially the quantum theory), when one comes down to the 
atomic and subatomic level of size, the observing instrument is even in principle 
inseparable from what is to be observed, so that this instrument cannot do other 
than ?disturb? the observed system in an irreducible way: and indeed it even helps 
to create and to give form to what is observed. One may compare this situation to 
a psychological observation, which can likewise ?disturb? the people being studied, 
and thus take part in the process that one wants to learn about, as well as ?create? 
and shape some of the very phenomena that can be observed.
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There has been in physics a gradually increasing awareness that scientific 
theories cannot be mere reflections of nature. Rather, as has recently been 
suggested by Kuhn, they are more like ?paradigms,? in effect, simplified but typical 
examples, the study of which illuminates nature as a whole for us, by revealing the 
essential relationships that are significant for observation and experiment. In a 
similar way, the physicist?s instruments enter into a ?paradigm relationship? with 
natural processes at the atomic levels, in which these processes reveal their 
essential order and structure in a simplified but ?typical? way. Once we understand 
the paradigm relationships we can look afresh at nature in all its complexity, and 
see it in a new light in a wide range of more particular and limited kinds of 
questions.

Now it should be evident that artists also make what may be called 
?paradigm? structures. No good picture is exactly or even mainly a mere reflection 
of its subject matter. Thus, a painting by Rembrandt is not just an image or symbol 
of the person who appears in it, but rather, by heightening certain features and 
simplifying others, the artist brings out a ?typical? aspect of character having a 
broad or even universal human relevance. So science and art have always been 
deeply related in this way because both have really been concerned mainly with 
the creation of paradigms, rather than with a mere reflection or description of 
subject matter.

The move away from imitative representation of nature in science, and 
toward the creation of what may be called a ?pure paradigm,? was anticipated by a 
corresponding movement in mathematics. Thus, mathematical expressions were 
originally regarded as symbolizing the properties of real things. But with the 
development of what is called the ?axiomatic approach,? mathematical expressions 
ceased to be regarded as basically symbolic of something else. Rather, they were 
initially given no meanings in themselves, all their meanings being in their 
relationships to other terms in a theory, these relationships having to be expressed 
as purely abstract mathematical operations. In this way they became elements of 
structures of ideas. Just as a brick in itself does not represent or symbolize anything 
else, but has all its ?meaning? in the structures that can be made of bricks, so a 
mathematical term gets all its meaning by participating in mathematical 
structures created and developed by mathematicians and scientists.

Parallel with this new approach to mathematics, the notion of scientific 
theories as ?paradigms? rather than as symbols, representations, or simple 
reflections of nature fits quite naturally. Such theories are creations of the scientist, 
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evaluated partly on the basis of their beauty? harmony, order, ?elegance,? unified 
totality, and so forth? and partly by their ability to help us understand broad 
ranges of scientific fact? that is, to assimilate them into a yet broader coherent 
structure. Such understanding includes the ability to suggest new relationships 
that are worthy of further investigation, both theoretical and experimental. Thus, 
the theory plays a dynamic and creative role, not restricted to a mere passive 
understanding of what is already known, but also going on to ?keep ahead? of 
knowledge in certain ways, anticipating what may come later, as well as suggesting 
new ?paradigm relationships? with nature, to be established in experiment, and to 
serve as a basis for further theory creation on a yet higher level.

It seems very interesting that the development away from representation 
and symbolism, and towards what may be called ?pure structure? that took place in 
mathematics and in science, was paralleled by a related development in art. 
Beginning with Monet and Cézanne and going on to the Cubists and to Mondrian, 
there is a clearly detectable growth of the realization that art need not represent 
or symbolize anything else at all, but rather that it may involve the creation of 
something new? ?a harmony parallel to that of nature,? as Cézanne put it. It is 
surely significant that this direction of evolution has been continued in a new very 
active school of art which has included those who are called by various related 
names, such as ?constructionists? and ?structurists.? Although these artists are by no 
means in complete agreement as to their aims and beliefs, one can see in their 
work and in what they write the implication that ultimately the artist must start 
from certain basic (and generally three-dimensional) structural elements, which 
have in themselves no meaning, but which participate in forming a structure 
created by the artist, and which in this way take on all their meaning. As happens 
with scientific theories, such artistic creations can be beautiful in themselves, and 
also serve as simplified paradigm cases of structure, throwing light on the general 
nature of structure as perceived directly at the level of the senses (rather than as 
mediated by scientific instruments). In this way, art too can play a dynamic role, 
corresponding to that of science, because it is able to lead to new ways of 
perceiving man?s environment, and these in turn can become the basis for further 
artistic creation on a yet higher level. 

It seems remarkable that science, art, and mathematics have thus been 
moving in related directions, towards the development of what is, in effect, a mode 
of experiencing, perceiving, and thinking in terms of pure structure, and away from 
the comparative, associative, symbolic method of responding mainly in terms of
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something similar that was already known earlier in the past. Such an approach is 
as yet in its infancy, so that there would be little reason, especially in a brief essay 
of this kind, to attempt to evaluate the works of specific artists, scientists, or 
mathematicians with regard to this trend toward taking structure to be the essence 
of all experience. It seems sufficient at this point to call attention to the very 
widespread evolution in related directions in several different fields of human 
endeavor.

To me, the principal significance of this direction of evolution is that it has 
the potentiality for indicating a new kind of response to all types of experience. 
That is to say, one has seen in mathematics, science, and art a set of paradigm 
cases in which one can respond directly to perceived structures and not merely in 
terms of a comparative, associative, symbolic evocation of habitual patterns of 
ideas, feelings, and actions that were laid down in the past. Such a possibility, 
presenting itself most simply in these fields, may then be realized more broadly, 
ultimately perhaps spreading to the whole of life. In this way, it is possible that an 
important contribution could be made to solving modern man?s problem of 
creating a more harmonious and whole-hearted approach to life. For a great deal 
of the fragmentation of existence has always derived from attachment to habitual 
modes of thinking, perceiving, and action which are no longer appropriate and 
which tend to come into conflict with the structure of the fact as it is. Anything 
which can teach man what it means to see this fact afresh, creatively, even in some 
restricted set of fields, such as the sciences, art, and mathematics, could also help 
in changing man?s general approach to life in a corresponding way.

In view of the deep relationships between art and science that have been 
indicated here, what is the proper kind of connection between scientific and 
artistic work? It is first of all clear that there is no reason for scientist and artist 
simply to imitate each other, or mechanically to apply the other?s results in his own 
field. For example, it would evidently be of little use for the scientist to begin with 
a particular work of art and try to translate  or adapt its structure, so that it would 
become the basis of a scientific theory, expressing the laws and regularities of 
nature. For the scientist must think in terms of abstract axiomatic concepts and 
instrumental data which are extremely different from the basic perceptual structure 
of space, light, color, and form within which the artist works. To be sure, science and 
art have had a common origin in the distant past. But meanwhile, these two in 
reality complementary ways of coming into contact with the world have diverged 
and become very different. Their real unity is therefore to be apprehended only in 
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a rather subtle way.
What the scientists can learn from art is first of all to appreciate the artistic 

spirit in which beauty and ugliness are, in effect, taken as sensitive emotional 
indicators of truth and falsity. Here, one must run counter to the popular image of 
the scientist as a cold, unemotional sort of fish interested only in ?hard-headed? 
practical extensions of man?s mastery over nature. If one talks with typical 
scientists one soon discovers that, in fact, few of them have more than a secondary 
and incidental interest in practical applications of their ideas. Such a discussion 
soon reveals that what really interests scientists most deeply is the development 
of an understanding leading to the assimilation of nature. Thus, many physicists 
are tremendously excited by the notion that all matter, from the most distant 
galaxies to the earth, including human beings, is constituted of similar atoms. In 
this way, they feel that somehow they are mentally assimilating the whole universe 
in which we live. And some of the most creative scientists (such as Einstein and 
Poincaré) have indicated that in their work they are often moved profoundly, in a 
way that the general public tends to believe happens only to artists and other 
people engaged in what are regarded as ?humanistic? pursuits. Long before the 
scientist is aware of the details of a new idea, he may ?feel? it stirring in him in 
ways that are difficult or impossible to verbalize. These feelings are like very deep 
and sensitive probes reaching into the unknown, while the intellect ultimately 
makes possible a more detailed perception of what these probes have come into 
contact with. Here, then, is a very fundamental  relationship between science and 
art, the latter evidently must work in a similar way, except that the whole process 
culminates in a sensually perceptible work of art, rather than in an abstract 
theoretical insight into nature?s structural process.

What can the artist learn from science? Here, it appears reasonable to me 
to suppose that as no particular work of art can be simply adapted or translated 
into a scientific or mathematical theory, so no particular theory of this kind can 
simply be translated or adapted to determine the structure of a work of art. Instead, 
I should think that what the artist could appropriately hope to learn from science 
is something far more subtle than this. First of all, it must seem that he could 
appreciate the scientific spirit of an unbiased objective approach to structure, 
which demands that it be internally coherent, and coherent with relevant facts, 
whether one likes it or not. Understanding that this requirement is just as relevant 
in art as in science, one may thus perhaps be helped to see why art is not properly 
to be considered as an arbitrary action intended mainly to give pleasure, 
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satisfaction, or emotional release. Rather, just as scientific truth is found to be 
inseparable from artistic beauty, so artistic beauty may be seen to be inseparable 
from truth in the scientific sense, when the latter is given its broadest possible 
meaning. 

To be sure, the scientist must test his truths with the aid of instrumental 
observations and mathematical equations, while the artist must do so with direct 
perception, in a more subtle way that is much harder to explain verbally. In spite of 
this difference, however, it seems to me that art has, and always has had, a certain 
factual aspect, in the sense that a good work of art must be coherent in itself, as 
well as with the basic natural laws of space, color, form, light, and of how they must 
be perceived. It does not seem to be really possible for the artist to manipulate 
these in a completely arbitrary way, directing his work merely by the criterion of 
producing something that is pleasing to himself and to other people (although it 
must be said that many artists and art critics write as if this actually was the case).

Finally, there are more specific ways in which the scientist and the artist 
can learn from each other about structure, which is really of central interest in both 
fields. The fact is that the deepest and most general scientific ideas about space, 
time, and the organization of matter have their roots largely in abstraction from 
perceptual experience, mainly visual and tactile. The new evolution of art can help 
open the viewer?s eyes to seeing structure in new ways. As has already been 
indicated, the value of this to the scientist is not basically in the particular idea 
that a work of art or a statement by an artist suggests. Rather, it is in a new general 
understanding of structure at the perceptual level, which is relevant to every field 
of experiencing. From this, the scientist can form new abstract ideas of space, time, 
and the organization of matter.

I have personally discovered that through talking with artists and 
correspondence with them, as well as through seeing their work, I have been 
greatly helped in my scientific research. The main effect of these contacts was to lead 
me to look with a fresh view at structure as I perceived it directly with the senses. As a 
result, it became clear to me that current scientific and mathematical notions of 
structure may have only limited domains of validity. For if one looks again at the 
kind of perceptual contact with the world from which existing scientific and 
mathematical concepts have ultimately been abstracted, one sees that a great 
many as yet unexplored directions of abstraction have, in reality, been open all the 
time. In this way, the mind is freed to consider new ideas of structure, rather than 
to go on with comparative, associative symbolic thinking in terms of habitual 
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patterns laid down in the past.

What has been described above may well indicate an important potential 
direction for the evolution of a further relationship between science and art. Vice 
versa, new scientific notions of structure may be significant to the artist, not so 
much because they suggest particular ideas to be translated into artistic form, but, 
rather, because if they are understood at a deep level they will change one?s way of 
thinking about everything, including art. 

In this connection, I have discovered in my scientific work that in the long 
run it is less important to learn of a particular new way of conceiving structure 
abstractly, than it is to understand how the consideration of such new ideas can 
liberate one?s thought from a vast network of preconceptions absorbed largely 
unconsciously with education and training and from the general background. It 
seems to me that with regard to this question of preconceptions the situation 
should be basically similar in every field of creative work, whether this be 
scientific, artistic, or of any other nature. For by becoming aware of preconceptions 
that have been conditioning us unconsciously we are able to perceive and to 
understand the world in a fresh way. One can then ?feel out? and explore what is 
unknown, rather than go on, as has generally been one?s habit, with mere variations 
on old themes, leading to modifications, extensions, or other developments within 
the framework of what has already been known, either in one?s own field, or in a 
closely related form in some other field. Thus, one?s work can begin to be really 
creative, not only in the sense that it will contain genuinely original features, but 
also in that these will cohere with what is being continued from the past to form 
one harmonious, living, evolving totality.

More generally, it seems clear that everyone, whatever his field of work, 
could benefit from the kind of creative liberation of perception as a whole that is 
implied by a deep understanding of the relationship between science and art. For 
this would help free both the abstract intelligence and immediate sense 
perception from conditioning due to preconceptions and habitual responses at 
various levels. An understanding of this kind would, however, require a much more 
thorough exploration of the question of the proper relationship between science 
and art than has been carried out in this essay.

What is most relevant in such an exploration is to discern the basic and 
essential differences between the scientific and the artistic ways of observing and 
understanding structure. The harmony of these different but complementary 
modes in which a human being can respond to the world will surely constitute a 
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much deeper and more significant relationship than would a mere similarity of 
certain concepts of structure in the two fields. And this harmony must evidently 
depend on questions that are more fundamental than those that can be properly 
treated in terms of either field alone, questions such as those involved in 
understanding what is really to be meant by beauty, truth, order, structure, or 
creation. By giving deeper insights into these, a study of the relationship of science 
and art can enrich both fields, as well as many other aspects of human life which 
also arise from these deep roots. For these roots are at the basis of humanity?s 
process of assimilating all experience into one dynamic and creative totality, a 
process on which depends his physical and mental health, his joy in life, and, 
ultimately perhaps, the continuation of human life on this planet.
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Without the story ? in which everyone living, unborn, and dead participates ? men are 
no more than ?bits of paper blown on the cold wind? . . .

George Mackay Brown

Narration is as much a part of human nature as breath and the circulation of blood

AS Byatt

Stories are essential to human life as the air we breathe; as necessary to our 
development as food and drink; as critical to our functioning as any of our senses. 
We are each the author and narrator of our own unique life story. From our earliest 
days, storytelling has been a fundamental and central part of our lives. Mothers 
talk and sing to their children, even before they are born. They tell them stories and 
sing songs. These early ?nursery? rhymes may be simple and naïve, but they become 
central to the way we form and process ideas as children and adults. They aid our 
early understanding of the world in which we live and help mould our hopes and 
fears.

As soon as a child can use language competently the rate of 
communication increases dramatically. There can be a true interaction between 
speaker and listener. This is performed unconsciously, reflexively, without effort 
and now we instinctively impose narrative patterns upon the events around us. 
They provide context, organisation and meaning to our lives. The expanding world 
of ideas, concepts, objects and their relationships is made intelligible to us through 
stories.

The way in which our mind processes these stories is not simple. It seems 
that our brains can produce ?true? stories when they have the appropriate substrate, 
but have the ability to manufacture ?lies? when they don?t. There is a compulsion to 
impose meaning and structure on all information ? even random data. This leads 
to seeing a human face in the shadows on the surface of Mars or Jesus on a piece 
of toast, examples of a phenomenon the German neurologist Klaus Conrad termed 
apophenia ? finding patterns or connections in random or meaningless data. Our 
hunger for meaningful patterns is not limited to interpretation of sense data, but 
translates into a genuine hunger for story (see Box 1.1).

The instinctive requirement to resolve uncertainty, randomness and 
coincidence by enforcing meaning through narrative even works in a retrograde 
fashion. The Kuleshov effect demonstrated how the brain works to impose a 
?backstory? ? even when there isn?t one. In the early 1900s, Soviet film-maker Lev 
Kuleshov made a short film in which a shot of an expressionless actor alternated 
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with other images (a plate of soup, a girl in a coffin, a woman on a divan). Viewers 
reported that the expression on the actor?s face was different each time it 
appeared, depending on whether he was ?looking at? the soup, the girl in the coffin 
or the woman on the divan, showing an expression of hunger, grief or desire, 
respectively.  The footage of the actor was actually the same shot each time ? the 
viewers were fabricating their own back- story.

EM Forster, in Aspects of the Novel, said that there are only five facts in a 
human life: birth, food, sleep, love and death. It is therefore unsurprising that the 
most potent stories reflect these themes, especially the last two. Our stories help 
us to come to terms with these fundamentals so that we can handle the immensity 
and chaos of existence. Think of the relationship between ourselves and stories as 
that between fish and water. In the exact same way that water permeates, supports 
and provides a life- giving medium for fish, so humans cannot live without story.

It seems that there is a structural neurophysiological basis for this; that we 
are genuinely ?hard- wired? for story. Functional MRI (fMRI) studies in listeners who 
report a strong understanding of a story show a high degree of ?coupling? with 
similar events in the storyteller?s brain, particularly in the areas of the primary 
auditory cortex and the temporo- parietal junction where distinction and 
imagination appear to be processed (Stephens et al., 2010). We truly can connect 
with each other. However, this coupling vanishes when participants fail to 
communicate. This neuronal mirroring may be the basis of our ability to run 
powerful fictional simulations in our heads and the basis of understanding what is 
going on in another person?s mind.

In general, stories have defined patterns and a predictable set of 
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Box 1.1 Shor t  Film

First, watch the short animation film at 

www.youtube.com/watch?v-VTNmLt7QX8E then write down what you saw.

When the makers of the film, Fritz Heider and Marianne Simmel, 

asked viewers to describe what they saw, most reported stories about the 

circle and the litt le triangle being n love, about the big triangle trying to 

steal away the circle, about the litt le triangle fighting back, yelling to his 

love to escape into the house, and following her inside where they 

embraced and lived happily ever after.



components. There are three universal elements:

- A character or characters
- The problem
- A resolution of the problem.

If any of these is absent from a story we read or are told, we often feel unfulfi lled, 
uncomfortable, somehow cheated. This particularly applies to the resolution phase 
of the story. Just try telling a ?shaggy dog? story to a small child to see (and hear!) 
the frustration and exasperation that results. With increasing age and experience, 
however, most of us come to terms with the reality that not all stories can, or will, 
have an ?ending?. But that does not necessarily make it easier to accept. For us all 
death is the inevitable and final conclusion (see Chapter 9), but interim endings are 
important and often just as pressing in intensity: Will my pain or my symptoms get 
better? Will I still be able to work and support my family? Could this illness lead to 
my death?

Helping the patient tell their story

A patient?s story is their life, intrinsic and inseparable from their being. It defines 
their personality and identity uniquely. Gaining access to it enables the clinician to 
reach the nature of their problems, concerns and expectations. It is impossible to 
overemphasise the importance of the story ? or as we would term it, the history. All 
medical teachers exhort their students to ?Listen to the patient. They are telling 
you the diagnosis.? But many medical students and junior (and senior) doctors 
continue to ignore this advice. There is a pervasive view that a battery of tests 
(often complex, expensive, invasive and time-consuming) will provide the answer. 
Despite advances in novel imaging techniques, blood tests etc. this is wrong. 
Frequently this approach confuses and complicates the situation with false- 
positive and negative results and incidental irrelevant findings leading to 
diagnostic wild- goose chases. In reality, for 70?90% of cases the correct diagnosis 
will be made from the history alone (Hampton et al., 1975; Tsukamoto et al., 2012).

The best clinicians seem to have an almost instinctive, even magical, ability 
to obtain an accurate history. Achieving this is central to the practice of clinical 
medicine and the technique is best learnt by observing skilled practitioners. So 
how can we, as clinicians, help the patient to give their story? Perhaps the single 
greatest perceived problem is that of time. Inexperienced clinicians often consider 
that, with limited time, history taking is best served by a series of directed,
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usually ?closed? questions (see Box 1.2). Sometimes, closed questions are indeed 
necessary, but usually only later in the consultation. Initially, open questions with 
an encouraging comment or prompt such as ?And then?? or ?Uh- huh? are the secret 
to helping the patient give their story. Remember the process of watching a play or 
fi lm. There is no point in interrupting or fast- forwarding before the ?Character(s)? 
and the ?Problem? have been developed ? the denouement and its resolution will 
hopefully come from you later. 

For years, traditional medical history taking has followed a sequential and 
set pattern of questioning. This format has been promoted by the increasing use of 
structured electronic records, checklists and forms. The conventional sequence of 
questioning is:

- History of presenting complaint
- Past medical history
- Drug history and allergies
- Family history
- Social history
- Systemic enquiry of systems ? cardiovascular, respiratory, urinary etc.
- Is there anything else we haven?t covered?

But, much of a patient?s problem is inextricably linked to their personal situation 
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Box 1.2 Open and closed quest ions

Open quest ions encourage the patient to talk. They commonly start with 

a word such as 'What ' or 'Where', or a phrase: 'Please tell me more 

about...'. They are most useful early in the consultation when you are 

trying to find out what is going on and encouraging the patient to talk.

Closed quest ions seek specific information, usually as part of systemic 

enquiry. Do you have a cough? Do you have heartburn? and so on. They 

invite monosyllabic 'Yes' or 'No' answers an so obstruct the flow of the 

patient 's story.

Adapted from Macleod's Clinical Examination, 

13th edition, p..7



and this technique may be outmoded. Barry Wu from Yale University suggests that 
reversing the order of questions (see following) takes no longer and helps to put 
the patient?s story into context. Asking about the social and family history first may 
seem counter-intuitive, but it conveys your interest in the patient as an individual, 
fosters the patient? doctor relationship and your understanding of their 
problem(s). It may give crucial clues as to the nature of the problem even before 
the presenting complaint is approached, for example in relation to their 
occupation, family dynamics etc. Provided the process is explained carefully 
beforehand, the patient will feel that they are an individual, not simply viewed as a 
case of chest pain or breathlessness. As Sir William Osler said, ?The good physician 
treats the disease; the great physician treats the patient who has the disease?.

Reversing the order of history taking

- Social history
- Family history
- Drug history and allergies
- Past medical history
- History of presenting complaint
- Systemic enquiry of systems ? cardiovascular, respiratory,  etc.
- Is there anything else we haven?t covered?

(Adapted from Wu, 2013)

Listen first, listen second

Every storyteller wants an attentive, interested audience whose participation 
assists and does not interrupt or inhibit the narrative flow. In real life, however, it 
seems that this rarely happens. We basically don?t listen. Studies of recorded 
doctor? patient interviews show that less than a quarter of patients were allowed 
to complete even their opening statement of concerns. The mean time to 
interruption was 12 seconds in one study and 18 seconds in another! In over 
two-thirds of the consultations the doctor then interrupted with questions directed 
towards a specific concern (closed questions). Worryingly, in addition, elements of 
sexism intrude: doctors (both male and female) are more likely to interrupt a 
female patient than a male one (Rhoades et al., 2001; Beckman &  Frankel, 1984).

The skills needed to recognise, absorb and interpret a patient?s story have 
been called ?narrative competence? (Charon, 2000, 2004; Divinsky, 2007). Narrative 
competence, in some ways, necessitates a return to some of our childhood 
attitudes and experiences: listening carefully to ensure that you miss nothing of 
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the story?s structure and perspective and that all the insinuations and metaphors 
are identified; the need for creativity and curiosity to interpret the tale and 
conceive different endings; the emotional or affective talent to appreciate the 
patient?s mood and nature.

Some people seem to have these talents innately. There are charismatic 
individuals who, when you meet, have the ability to make you feel that you are, at 
that moment, the most important person in their life. Without being obstrusive 
they hang on to your every word. Politicians cultivate these skills, and proficiency 
in these techniques can be learned. In the UK and Europe, although there are some 
notable exceptions, medical education has lagged behind in this area. Many senior 
clinicians still view the ideas as woolly or self- indulgent ?soft- skills?. By contrast, in 
North America teaching in narrative competence is increasingly part of 
mainstream medical teaching.
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Box 1.3 Im proving nar rat ive com pet ence

- Read 'good' fiction. If you are in doubt as to what is 'good', start 

with some of the '100 Best Books' on websites such as the BBC, 

Guardian, Telegraph, etc.). When we read we 'experience' and 'feel' 

the struggle of the protagonist.

- Write about your experiences - medical and personal. If you can, 

share your writing with others. The simple act of writing helps to 

formulate and crystallise your views. Review, after a period of time, 

what you have written. Is it stilted, naive, even wrong?

- Read patients' stories. The persona accounts in, for example, The 

BMJ or at www.mayoclinic.org/patient-stories are often deeply 

moving. In a few words they give extraordinary insight into being a 

patient, their illnesses and interactions with the medical 

profession.

- Take time to reflect on these things.



The single greatest attribute is your ability to listen. Listening is not merely sitting 
passively; it involves active participation. Active listening involves the other senses 
as well as your ears. Here, regrettably, technology intrudes. You may think that you 
can simultaneously listen competently while entering information on a screen. You 
can?t. Listen first and type, or write, afterwards.

Inhibiting the patient?s story is all too easy. Patients may have 
communication difficulties or be intimidated by the environment or by aspects of 
social stigma. So be aware particularly of non- verbal pointers such as facial 
expression and body language that often complement or highlight the verbal story.

Physical factors such as sitting behind a computer screen, telephone calls, 
noisy environments or if the discussion may be overheard (curtains and screens 
never offer privacy) will prevent the patient from telling their story. So too may 
your personality and body language. Your nature, your ego, your beliefs, code of 
ethics or prejudices should never obstruct the patient?s narrative. Fundamentally, 
you have to be interested in the person in front of you. We all have ?off- days? but if 
you are not interested in your patients perhaps you should ask yourself: ?Is clinical 
medicine really for me?? Implicit in this interest is empathy. Crucially, empathy is 
not the same as sympathy, an expression of sorrow. Empathy communicates to your 
patient that you understand and appreciate at least some of what they are 
experiencing. One way of achieving this is to imagine that their story is yours. How 
would you feel, behave and react in their position or situation? (see Table 1.1.)

Obtaining the story begins the patient?doctor interaction. Subsequently, at 
various stages you will need to communicate with the patient and, often, their 
family. This may be about what is going to happen next; for example, further 
investigations, what treatment is proposed, its effects and the likely outcome. We 
often find this process uncomfortable. We train as scientists and are in comfortable, 
familiar territory dealing with facts and figures, physiology and pathology. But we 
are much less happy with communicating uncertainty and dealing with emotion. 
What are realistic goals? Can we give a true appreciation of the risks and benefits 
implicit in our therapeutic plan?

Many of these inadequacies relate to deficiencies in our education. We 
learn and are regularly tested on facts, data interpretation and practical 
techniques. Increasingly, communication skills are tested in examinations, often 
with actors playing the part of patients or relatives. What is more difficult to 
impart is the wisdom and empathy as to how best to apply this precious 
knowledge to an individual patient facing you. The process is also hampered by a 
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natural wish to be perceived by your patient as an ?all- knowing? healer with a vast, 
powerful store of modern diagnostic and therapeutic aids at your fingertips.  
Together, these factors can produce a refuge in aloofness or distance, the ?glass 
wall approach?; others may adopt the attitude that ?I have the knowledge and the 
power, I must be right?. In many clinics, hospitals and lecture rooms the cult of the 
?doctor as God? persists.

An ability to use a narrative or story format can solve or prevent many of 
these difficulties. It can give unique communication benefits enabling you to 
communicate and explain concepts which otherwise would be difficult or 
impossible (Charon, 2004). In many ways the technique mirrors the process used to 
enable the patient to tell their story. However, there are some additional points:

- Speak slowly and clearly
- Keep your sentences short
- Use language and words that are fully understood by the patient
- Use your body language and non-verbal communication to aid your 

technique
- Allow time for the message to ?get through?.

A storyteller who uses jargon, technical terms or euphemisms is unpopular. If in 
any doubt, ask the patient what they understand by a term you have used. Even if 
they understand the words, do they appreciate the implications of what you have 
said? For example, many patients still believe the word ?cancer? automatically 
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means a death sentence when, in reality, the form of cancer they have may be 
curable, or at least not imminently fatal. Simple words can later, if necessary, be 
expanded in complexity as the patient?s comprehension increases: ?There is a 
growth in your bowel. It is a form of cancer. However, we can treat this type of 
cancer with . . .?

Although language is the primary mechanism of communication, some 
patients may be inarticulate. This may be because they don?t know the words to 
use or they have a desire not to ?complain?. Even if the patient cannot find the right 
words they may be able to indicate their feelings or situation in some other way. 
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Figure 1.1 Some shapes of stories



Non- verbal approaches such as drawings or paintings may be brought to the 
consultation. Drawing and painting can give especially poignant story 
representations. Look at the sequence of paintings produced by artist John Bellany 
before, during and after his liver transplant ? the colours alone provide clues as to 
his state. In a paper ?Developing narrative competence in students?, Louise Younie 
published a powerful painting by one of her students which encapsulates her 
interaction with a middle- aged woman with a depressive illness (Younie, 2009). 
For the less artistic even a simple line can tell the story. In his master?s thesis 
(which incidentally was rejected!) the writer Kurt Vonnegut proposed that a 
character in a story, and the story itself, could be formulated in graphic form ? 
giving a pictorial representation of their state (see Figure 1.1).

Finally, to ensure that the patient and/or their relative fully grasps the story 
you have given them, get them to précis the information. Particularly for complex 
situations, some clinicians give a recording on tape or CD of the consultation. This 
enables the patient to replay and assimilate the information at leisure.

Our story

Stories seem to be essential to give structure to human life. They impose meaning 
on the empirical data of our existence to form a kind of ?cognitive script? ? a 
framework within which we can ask and interpret some of life?s central questions: 
Where we have come from? Why am I the way I am? Where am I going? From an 
evolutionary perspective, what is it about story which has made it so pervasive and 
necessary? Is our need for narrative an evolutionary adaptation or simply a carry- 
over or side- effect? Evolutionary psychologist Jonathan Gottschall poses the  
question this way: ?Evolution is ruthlessly utilitarian. How has the seeming luxury 
of fiction not been eliminated from human life?? (Gottschall, 2012, p. 24). Several 
possibilities exist: stories may be a kind of mating ritual ? a cognitive ?peacocking? 
to attract sexual partners. Perhaps they constitute a ?cognitive play? analogous to 
the physical rough and tumble of children, acting as a workout for our mental 
muscles. Or are stories a low- cost source of vicarious experience ? a kind of 
?mental holodeck? or flight simulator which allows us mental thrills without the 
cost of earning the stimulating neurochemicals the hard way in the ?real world? but 
which still equips us for future life experiences?

Our brains may be innately wired for stories, but they are generated within 
the confines of our own cultural context. Our stories define who we are and, in 
turn, we are created by the stories ?allowed? in our culture. ?. . . stories are working
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on us all the time, reshaping us in the way that flowing water gradually reshapes a 
rock? (Gottschall, 2012, p. 153). Our emotional state has a huge impact on this 
process. Successful people?s stories commonly contain themes of redemption. For 
them, negative events ? failure, disruption, loss or pain ? tend to transition into 
positive outcomes. Analysis of self- reported life stories shows that highly 
productive people have twice as much of this redemptive content as the rest of us. 

Naturally our life stories constantly evolve. As we get older the complexity 
of character, themes and drama increases; the process seems to peak in middle 
age, after which our stories tend to simplify again, but also become more positive. 
Memory translates our past life into the form of a novel with ?chapters? based on 
significant life events. We can imagine our future as chapters that have yet to be 
read.

Reflecting on the big questions about who we are and our purpose in life is 
crucial in shaping narrative identity. The stories that these questions provoke can 
help us to take control over our life; they can rewire our brains in positive ways. In 
medicine we are shepherded by the demands of our education and work?life at 
rates that often preclude sustained personal reflection. When we are brought to a 
standstill, often by some particularly difficult life event, the necessity to find a 
context for what is happening in our personal or professional life may painfully 
expose the superficiality of our self- understanding. Then we need to ask: ?Am I the 
victim of my story or the master of my destiny??
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