Scientific Research

S 4

d
Career




Scientific Research
as a

Career







Scientific Research
as a

Career

Finlay MacRitchie

CRC Press
Taylor & Francis Group
Boca Raton London New York
CRC Press is an impi
Taylor & Francis Gr

i up, an informa business



CRC Press

Taylor & Francis Group

6000 Broken Sound Parkway N'W, Suite 300
Boca Raton, FL 33487-2742

© 2011 by Taylor and Francis Group, LLC
CRC Press is an imprint of Taylor & Francis Group, an Informa business

No claim to original U.S. Government works

International Standard Book Number-13: 978-1-4398-6967-3 (eBook - PDF)

This book contains information obtained from authentic and highly regarded sources. Reason-
able efforts have been made to publish reliable data and information, but the author and publisher
cannot assume responsibility for the validity of all materials or the consequences of their use. The
authors and publishers have attempted to trace the copyright holders of all material reproduced in
this publication and apologize to copyright holders if permission to publish in this form has not
been obtained. If any copyright material has not been acknowledged please write and let us know so
we may rectify in any future reprint.

Except as permitted under U.S. Copyright Law, no part of this book may be reprinted, reproduced,
transmitted, or utilized in any form by any electronic, mechanical, or other means, now known or
hereafter invented, including photocopying, microfilming, and recording, or in any information
storage or retrieval system, without written permission from the publishers.

For permission to photocopy or use material electronically from this work, please access www.
copyright.com (http://www.copyright.com/) or contact the Copyright Clearance Center, Inc.
(CCC), 222 Rosewood Drive, Danvers, MA 01923, 978-750-8400. CCC is a not-for-profit organiza-
tion that provides licenses and registration for a variety of users. For organizations that have been
granted a photocopy license by the CCC, a separate system of payment has been arranged.

Trademark Notice: Product or corporate names may be trademarks or registered trademarks, and
are used only for identification and explanation without intent to infringe.

Visit the Taylor & Francis Web site at
http://www.taylorandfrancis.com

and the CRC Press Web site at
http://www.crcpress.com



Contents

Foreword ix
Preface xi
The Author xiii
1 Introduction 1
Motivation and Requisites for a Research Career 1
Early Interest and a Simple Research Problem 3
Importance of Combining Study with Experimentation 4
References 5
2 Scientific Training and Personal Development 7
University Qualifications 7
Bachelor’s, Master’s, and Doctoral Degrees 7
Research Ph.D. versus Combined Research and Course Work 8
Imaginative and Regimented Thinking 10
The Ph.D. Preliminary Examination 10
Research versus Collecting Data 11
Oral and Written Examinations 12
Limitations of Statistics 12
Accuracy: Are the Results What Are Intended to Be
Measured? 13
Where To after Graduation? 15
Main Areas for Employment of Science Graduates 15
Internships as a Precursor to Employment 16
Networking, Joining Associations, Conference Presentations 17
References 19
3 The Scientific Method 23
The Scientific Method, Empiricism, Induction 23
Karl Popper: Analysis of Early 20th Century Theories 23
Demarcation: A Criterion to Distinguish between Science
and Nonscience 25
Myths as Precursors of Scientific Hypotheses 26

© 2011 by Taylor and Francis Group, LLC

vil



Contents

Exploratory Work Preceding Hypotheses 27
Growth of Scientific Knowledge 27
Dangers to Growth: Lack of Motivation for Inquiry,

Misplaced Faith in Precision, Authoritarianism 28

How Scientific Research Can Be Put Off Track Deliberately 29
How Scientific Research Can Be Put Off Track

Unintentionally 30
References 32
4 Attributes Required by Research Scientists 33
Citations as a Criterion for Research Value 33
Conceptual Thought Required to Form Hypotheses 34
Detachment 35
Perseverance 36
Ethical Standards—Plagiarism 37
Publication 38
Service: Peer Reviewing 41
Service: Serving on Awards Committees 43
Grantsmanship 44
References 52
5 The Impact of Managerialism 53
The Managerial Ideology 53
Commonwealth Scientific and Industrial Research
Organization (CSIRO) of Australia 54
Reviews of CSIRO 54
Effects of McKinsey Review 55
Freedom of Expression in Science 58
A False Premise 60
Performance Criteria for Scientists 61
Influence of Managerialism on Scientists 62
The Risks of Corrupt Practices 64
Coping with Effects of Managerial Stress 67
References 68
6 Leadership in Science 71
Mentoring 72
Supervision of Research Students 72
Qualities Needed to Lead Scientific Research 75
Servant Leadership 76
The Inverted Pyramid 77
The Future 79
References 80

© 2011 by Taylor and Francis Group, LLC

viii



Contents

7 Insights from Notable Scientists 81
Marie Curie (1867-1934) 81
Charles Darwin (1809-1882) 83
Albert Einstein (1879-1955) 85
Rosalind Franklin (1920-1958) 86
Galileo Galilei (1564-1642) 88
Dorothy Hodgkin (1910-1994) 89
Irving Langmuir (1881-1957) 91
Lise Meitner (1878-1968) 93
Gregor Mendel (1822-1884) 94
Louis Pasteur (1822-1895) 96
Nikola Tesla (1856-1943) 97
References 99

8 Future Challenges for Scientific Research 101
Two Areas for Change in Direction 101
Why Are Humans the Only Species to Have Progressed
Culturally? 102
Why Present Funding Procedures for Research Are
Unsatisfactory 103
Stifling of Creativity in Science Can Stunt Future
Economic Growth 105

Suppression of Freedom Causes Stagnation of Knowledge 106
The Need for a Change in the Working Environment

for Research 107
References 109

© 2011 by Taylor and Francis Group, LLC






Foreword

Non plus ultra (“nothing more beyond”) was the warning to those
who sailed the Mediterranean Sea. According to Greek mythology,
these words were written on the Pillars of Hercules, at the Strait of
Gibraltar, marking the edge of the then-known world.

The attitude was: “Go no further!” “Nothing more to discover!”
Today, we might say: “We have hit a brick wall!”

Ignoring the ancient warning, the motto Plus ultra (“there is more
beyond”) was adopted by Charles V, King of Spain, following the
discovery of the Americas.

But is there “more beyond” today? There are no new continents to
discover, no new frontiers to colonize, no new chemical elements to
be named. We have walked on the moon. We have probed the Solar
System and beyond. Is exploration dead?

Have we now exhausted the possibilities for adventure, for
discovery, for excitement, for exploration? Have we hit the proverbial
“brick wall?” Is there really Non plus ultra?

No, no, no! Exploration is not dead. There is much “more beyond.”

Arm yourself with the motto of Charles V: Plus ultra. But instead
of voyaging beyond the limits of the Mediterranean, voyage beyond
the limits of our scientific knowledge. Instead of donning the
seaman’s sou wester, assume the mantle of the lab coat.

It is still possible to achieve the thrill of being able to say:
“Sometimes I get to feel that I'm the only person in the world who
fully understands a particular question.” (See Chapter 1.)

The career in science can still lead us to the point of being able to
say: “I am the first ever to demonstrate XXX.” “I am the first ever to
elucidate how XXX happens.” What type of XXX do you choose?

Where would you wish the new exploration to lead you?

Just read on!

Colin Wrigley, AM
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Preface

This book is intended to present a picture of what is involved in a
career in scientific research. The targeted readers are those who are
already engaged in as well as those who are contemplating a career
in science. It is also hoped that this book will attract readers from the
general public and those who influence public policy. Some sections
of the book are provocative, and readers will no doubt disagree
with many of the opinions expressed. This is the nature of science.
Contrary opinions are welcome, and new and valuable insights
can often arise from the ensuing debate. This is in great contrast to
some other disciplines. In science, precedence counts for nothing.
Every theory and interpretation is continually questioned and chal-
lenged, regardless of when it was originally put forward. Scientific
understanding is a dynamic process and always subject to change.
The aim of research is to discover the truth and advance genuine
knowledge. Scientific research enriches our culture and drives the
technology that has improved the living conditions in which many
humans live. It is therefore one of the most noble professions. Science
is universal. The pursuit of knowledge should not be affected by
national boundaries. This is one of the great attractions of working
as a researcher. It enables formation of friendships with colleagues
in various parts of the world and provides opportunities for inter-
national travel and for the nurturing of these friendships.

The greatest advances have been made by scientists when the con-
ditions have allowed their creativity to flourish. Scientific research
is an exploration into the unknown. This is not properly understood
by many of those who are in charge. As a result, in recent decades,
there has been an increasing encroachment of business management
principles into the control of research. One of the themes in the book
is to point out the unsuitability of managerial principles to direct
science. The arguments are particularly emphasized in Chapter 5.

Chapter 2 describes the qualifications usually required to become
a researcher. Chapter 4 proposes some of the attributes that research
scientists need to develop to have a successful career.
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I tried to include examples of my own experiences as a researcher
to illustrate some of the points. I feel that this, in certain cases, is
preferable to more abstract discussions. The careers of many people
are influenced by chance events that occur during their lives. In my
case, I happened to listen to a talk by Sir Peter Medowar, a Nobel
Laureate, in which he outlined the views of Sir Karl Popper, one
of the foremost philosophers of science. This made me realize the
importance of acquiring an understanding of the scientific method
for a career in research. Thus, Chapter 3 has been devoted to a dis-
cussion of aspects of the scientific method. Popper proposed several
areas that pose a danger to scientific progress. One was a lack of
motivation for inquiry. The period from the 1950s to the 1970s, was
a pinnacle of excitement in science as described in Chapter 8. Many
scientific and technological advances were made during this period.
Since then, there are signs that some of this excitement has declined.
This shows up in the falling enrollments in science courses and the
decrease in science’s share of high-achieving students, which has
been observed in some countries. Hopefully, this will be a passing
phase. It will be up to those who take up the profession to bring
about a return of this excitement. There is no reason why this should
not be achieved. Great discoveries are there, waiting to be made.
All that is needed are the conditions for scientific research to be
suitable. The creation of these conditions will depend on those who
lead. Some thoughts about leadership in science are put forward in
Chapter 6. We learn from history, and it is valuable to peruse the
careers of individual scientists who have made an impact. A few
examples of such scientists are discussed in Chapter 7, to help
give insight into how they arrived at their achievements. The final
chapter (Chapter 8) turns attention to two related challenges facing
the advance of scientific research. The first is the need to free sci-
entists from the constraints that prevent them from realizing their
true creativity. The second, which is directly related to the first, con-
cerns the need to achieve a more pleasant working environment for
many scientists.

I feel that it is important that scientists do not take themselves
too seriously, so at the end of some of the chapters, a few humorous
anecdotes are included.
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