From Research to Manuscript



Michael Jay Katz

From Research to Manuscript

A Guide to Scientific Writing

@ Springer



Michael Jay Katz

Case Western Reserve University,
Cleveland OH

U.S.A.

mjk8@case.edu

ISBN 978-1-4020-9466-8 e-ISBN 978-1-4020-9467-5

Library of Congress Control Number: 2008940867

© 2009 Springer Science + Business Media B.V.

No part of this work may be reproduced, stored in a retrieval system, or transmitted in any form or by any
means, electronic, mechanical, photocopying, microfilming, recording or otherwise, without written
permission from the Publisher, with the exception of any material supplied specifically for the purpose
of being entered and executed on a computer system, for exclusive use by the purchaser of the work.

Printed on acid-free paper

springer.com



Acknowledgements

I thank journal editors Olaf Andersen, John Bennett, Lynn Enquist, David
Fastovsky, Robert Genco, William Giannobile, Kathryn Harden, Theodore Harman,
William Koros, James Olds, David Rosenbaum, Catharine Ross, and George Schatz
for suggesting specific well-written scientific papers. Permissions to quote from
their papers were granted by Daniela Berg, David Fastovsky, Jacqueline Geraudie,
David Rosenbaum, and Benjamin Widom.

Journal permissions for quotations

e Augspurger et al. 2005. J Nutr 135: 1712-1717 [copyright 2005, permission
from the American Society for Nutritional Sciences].

e Bohm et al. 2005. Leukemia Res 29: 609-615 [copyright 2005, permission from
Elsevier].

e Borgens et al. 2004. J Neurosci Res 76: 141-154 [copyright 2004, permission
from Wiley-Liss, a subsidiary of Wiley].

e Fastovsky and Sheehan. 2005. GSA Today 15: 4-10 [permission from the
Geological Society of America].

e Gapski et al. 2004. J Periodontol 75: 441-452 [permission from the American
Academy of Periodontology].

e Glaunsinger and Ganem. 2004. J Exp Med 200: 391-398 [copyright 2004,
permission from The Rockefeller University Press].

e Milner et al. 1968. Science 161: 184—186 [copyright 1968, permission from
AAAS].

e Readinger and Mohney. 2005. J Electronic Mater 34: 375-381 [permission
from the Minerals, Metals & Materials Society].

e Sugimori et al. 1994. Biol Bull 187: 300-303 [permission from The Biological
Bulletin].

e Sundar and Widom. 1987. J Phys Chem 91: 4802—-4809 [copyright 1987, per-
mission from the American Chemical Society].

e Williams CM. 1961. Biol Bull 121: 572-585 [permission from The Biological
Bulletin].



Contents

ACKNOWIEAZEIMENLS ........cc.eoviiiiiiiiiiiiieiiect ettt v

PartI Tools and Techniques

1 The Standards of a Scientific Paper ...................ccoocoovveiiiiiinieeiee 3
1. A Stereotyped FOrmat..........cccceevieriiieniieiieiieeieeee e 3

2. Precise Language .......cccoceevieeiiienieeiienieeieeite ettt 3

3. A Single, Clear Dir€Ction..........cecueeriieiieenieiiienieeiee et 4

4. Reviewed and Made Available to Others..........ccocevevierieniiienieiieeeene 4

2 Scientific Words, Sentences, and Paragraphs..................c.ccccoovviennnn. 5
1. Scientific Text Needs Exactness and Clarity........cccccoeeveevverveeneennennne. 5
1.1, Write With PreciSion ........ccccevvieiiieniieiiienieeiceeeeeeeee e 5

1.2, Scientific Use Of TeNSes.....cevvteriierieriienieeiierieeieeiie e 7

2. The Paragraph Is the Unit of EXpOSition..........cccceeveeviienienciienienieenne 8
2.1.  Each Paragraph Makes One Point........cccccoeceevveeiieenieniieeneenns 8

2.2. Inside a Scientific Paragraph.........cccoccveviiniieniiniiinieiieeces 9

2.3.  Connect Succeeding Paragraphs ..........cceceevueenieniieenieniieeneenns 10

3 Writing Scientific TeXt............cccooiriiiiieiiiieieeeeeeee e 13
1. Begin to Write While You Experiment...........ccocceeveeviienieniieenienneenne, 13

2. Start Broadly, Work on the Details Later.........ccccceeceeveiienverciieniennenne. 13

3. A Magnified View of the Writing Process.......c.ccceceerveereeniienvennennne 14
3.1.  Use the Skeletal Outlines.........cccceevueerieerienieenienieeieesieeieens 14

3.2, Pile in Ideas.....ccooieiiiiiiieiieiieeecte et 15

3.3.  Collect Information from Outside Resources............ccceeueeneene 16

3.4. Form Rough Sentences..........ccoevveeviierieeniieniienienieeiee e 17

3.5. Arrange the Sentences into Themes .........cccceeveereieeniieniieenieenns 18

3.6. Make Your Themed Lists into Rough Paragraphs.................... 19

3.7. Take a Break and Clear Your Mind ........c.ccecveevieriiienieniennieenns 21

3.8. Put Together One Paragraph for Each Topic ........ccccovevieeneens 21

3.9. Shape a Working Draft .........cccoeoveeviieniienieniieieeiceieeeeeeee 22

3.10.  SmOoOth TranSitions .......cccueerieeriierieeiienieeiee st 26

vii



viii Contents

3011, POHSHING coueiiiiiiiiiiieieeeeeee e 27
3.12. When to Stop WIIting ......coeevierieniinieienieieeeeeee e 33

4. Advice to Speakers of Other Languages...........cccceeeevenirieeneeneneenne. 34
4 Presenting Numerical Data................occoooiiiiiiiieniiicieecceee e 35
Lo TaDIES o 37
1.1. Organize Your Data ........ccccecevieiinieniniiiieneeecseiene 37

1.2. Inside Tables Use Numerical Order..........cccccevveieininincnnene 40

130 EXAMPIES...ooriiiiiiiiiiiieieieeet et 42

2. STALSTICS toviriieiieiieiieit ettt 43
2.1, DeSCriptive StatiStiCS......evueevereerierienierieenieneenie e 43

2.2. Inferential Statistics and Hypothesis Testing...........ccccceuenee. 50

2.3.  Use Statistics Thoughtfully.........cccocevirieniniiniiiiniiicncn, 57

5 Constructing Scientific Figures...............cccooooiiiiiiiiiiiiniieieiecees 59
1. Basic GUIdEIINES ......c..ccuevieiiiiiiiiiiicieee e 59
2. FAgure Legends .......ccoeieriiiiiieieiieieeeee et 62
3. Numerical FIGUIES ...ccocoiviiiiiiiiieieiieiceeieeee e 62
3.l GraphsS oo 62

3.2. Relationships Between Variables...........ccccovceeveniencniencnnen. 66

3.3.  Aesthetics of Numerical Figures .........c.ccoccovveeveniencnencnnns 69

4. Preparation for Submission to a Journal..........c.cceecereeniiiininienennns 70
5. Scientific Patterns Should Be Reproducible...........c.ccooceiieninienennens 70

Part I Writing a Research Paper

1 Writing During Research ..............ccoccooiiiiiiiiiiiiiceeece e 75
1. Keep a Computerized NoOteboOK........cccecverieriinieninieniiienciieneeens 76
1.1. The Diary—Record Your Work Notes...........ccocereererienennens 76
1.2.  References—Archive Your SOUICES .......cc.ccooeevereeneneenennnens 77
2. Begina Draft Early ......c.ccoocooiiiiiiiiiiiiiieeee e 78
2 Composing the Sections of a Research Paper................c.cccoovvreinnnn. 79
1. Materials and Methods ........c..cocerieiiniiienieiiniec e 80
Lol RECIPES . .eeiienieiiieieeteieeet ettt 80
1.2.  Writing Your Materials and Methods Section........................ 82
1.3.  An Example of a Complete Materials
and Methods SECHION...........cceveeieriiiiniene e 92
1.4. Commit to a Few Key Variables ..........ccccoocevveniniencncncnnen, 93
2. APPLCIAIX ittt bttt 95
3 RESUILS. ettt e 97
3.1. Carving Out Your Results from Your Observations................ 98
3.2. Exploratory Data AnalysiS.......cceceeveeieneeieneenenienieiieneneens 101

3.3, Writing the ReSUlLS .....ccoovvivieiiiiiiiiieieeeeeeeeee e 105



Contents iX

3.4. An Example of a Complete Results Section ..........cccecueneene. 117

4. DISCUSSION c.utieieiieieesiteie sttt ettt ettt st e b s enbesaeens 118
4.1. Recap Your Results .......cccoeoueriieiiniiiiinieenieic e 118

4.2, Archive Your Results .......ccccoceeiiniiiininiiniecieeeseeee 121

4.3. Try to Make a Proposal ........c..ccccevieiiininiinieniiieneiiecee 125

4.4. An Example of a Complete Discussion Section ................... 132

5. CONCIUSION. ..c.uiiitiiiiitieiiet ettt 132
6. Limitations of This Study........cccceeoeniiiiiniiiiiie e 136
7. INErOAUCTION ...ttt 137
7.1, Define the Gap......cccoceeveerieiiiiieiieieceeeee e 138

7.2. Begin with the Known..........cccceceiiiiininiiniiiecece 138

7.3. Take a Direct Path to the Unknown...........cccceoeveeninencnnnn. 139

7.4. Summarize Your Plan-of-Attack........c.cccocevvieninieniniencnnn. 139

7.5. A Sampler of Introductions..............cccoccevcevceevcinoenccncencnnnns 140

7.6.  An Example of a Complete Introduction Section.................. 148

8. ADSIIACE .ottt 149
8.1.  The Simple ADSIFrACE.......cceeoueiiiiiiiiiieeieeteeeeee 149

8.2. The Abstract with SUDSECHIONS........cccvereeriiriiiieiiieiencnee, 152

9. Key Words and the List of Nonstandard Abbreviations..................... 154
9.1, Ky WOIdS ....oouiiiiiiiiiiiciiieniesteeeceeeee e 154

9.2. Alphabetical List of Nonstandard Abbreviations.................. 155

TO. THE cveceicec ettt 155
L1, FOOMNOLES ..ottt sttt sttt st iee e 157
12, AcknOWIEdZements ........ccceiueeiiriieiieniieiieieeie et 158
13, RETEICICES .. .eeiiiiieiieiieieeet ettt 159
13.1.  Cite Original SOUICES .......cccuereeiirieniirieieeeereeeie e 160

13.2. Don’t Cite Incomplete SOUICes .........ccoceervereererienienienienneens 160

13.3. Find the Appropriate Citation Formats ...........cc.cceeereenennne. 161

13.4. Use Bibliographic SOftware ...........ccocceceevirienenienenieneneene 162

13.5. Check Your Text Citations and Your Reference List ............ 162

Part III Preparing a Manuscript for Submission

1 Choosing a Journal ..............ccccccoeiiiniiiiiiiniicicce e 165
1. Make a List of Candidate Journals...........ccccoceeevienienieciinienieiininennns 165

1.1.  Consider Open Access Publishing ...........cccccevereeneniencnnens 166

1.2.  Rank the Journals by Quality .........ccccoeveeviniininieninicnennene 167

1.3.  Aim for the Best and Toughest Journal............c.cccccereeninnnen. 167

2. SEYLE RUIES ..ottt 168

2 AFIinal REWTIte .....cc.ccooiiiiiiiiiiicccceeeeeee e 171
1. Get a Friendly Critique.........ccccovievierienienienienieieeeesieeeeee e 172

2. Read the Paper Backwards..........coccoviiiiniiiiniiiinieceecee 172

3. Recheck the Spelling.......cccceviereiiiniiieiiieeeeee e 174



X Contents

3 Preparing and Submitting the Manuscript ..............cccocveevieniieneennnn, 175
1. Print and Page FOrmat..........c.ccoooviiiiiniininieiiecec e 175

2. The Manuscript Packet..........cccooceeririiniiiiniiienieieeeeeceeeee 175
2.1 Pa@ ONC ..ot 175

2.2, PaE TWO .ottt 176

2.3, Page TRICE......couiiiiiiieiiieieee e 177

2.4, Page FOUT.....ccooiiiiiiiiiieeee e 177

2.5. The Last PAes ......ccceeuirieiiiiiiiiieeeeceeeeeeee e 177

3. The Introductory Letter.......ccocevieriirieniinieniieienieeeseee e 177

4 Responding to Editors and Referees ................c.ccccceeviiniieiieniieeneennnn, 179
L. HOMEWOIK ..ottt 179

2. The Comment-by-Comment Letter.........ccooeevvenieiienienienienieienenne. 180

3. StaY CalMiueceiiiiieiiiiecee e e 181
Appendix A Words That Are Often Misused ..............c.ccocveeveeniieneennnnns 183

Appendix B Simplifying Wordy, Redundant, and Awkward Phrases.... 189

Appendix C Standard Scientific Abbreviations ..................cccooeevienin. 191
Basic RUIES.......oouiiiiiieiieiee s 191
Appendix D Typical Bibliographic Formats................c.ccoccoecinnvinininnnnn. 195
1. Formats for Text CItations .........cccceevereeriereenienienieneenie e 195

2. Bibliographic Formats for the References Section............ccccceeveeneenee. 195

L ATHCIES oot 195

II. BOOKS ittt 196

IIL. OtRET ..t 197
Appendix E Additional Reading.................cccoccoooiiiniiiiiiniieiieeeee 199
Appendix F  Software Suggestions ..............ccccccoeviiieniiiiienieeeenieeeeene 201



Introduction

Observations Plus Recipes

It has been said that science is the orderly collection of facts about the natural
world. Scientists, however, are wary of using the word ‘fact.” ‘Fact’ has the feeling
of absoluteness and universality, whereas scientific observations are neither abso-
lute nor universal.

For example, ‘children have 20 deciduous [baby] teeth’ is an observation about the
real world, but scientists would not call it a fact. Some children have fewer deciduous
teeth, and some have more. Even those children who have exactly 20 deciduous teeth
use the full set during only a part of their childhood. When they are babies and tod-
dlers, children have less than 20 visible teeth, and as they grow older, children begin
to loose their deciduous teeth, which are then replaced by permanent teeth.

‘Children have 20 deciduous [baby] teeth’ is not even a complete scientific state-
ment. For one thing, the statement ‘children have 20 deciduous teeth’ does not tell
us what we mean by ‘teeth.” When we say “teeth,” do we mean only those that can
seen be with the unaided eye, or do we also include the hidden, unerupted teeth?

An observation such as ‘children have 20 deciduous teeth’ is not a fact, and, by
itself, it is not acceptable as a scientific statement until its terms are explained:
scientifically, ‘children have 20 deciduous teeth” must be accompanied by definitions
and qualifiers. The standard way to put science into a statement is to define the
statement’s meaning operationally. Instead of attempting a purely verbal definition
of ‘teeth,” for instance, scientists define it by the procedure—the recipe—that has
been used when making the observations about teeth.

In science, ‘children have 20 deciduous teeth’ is neither universal nor abstract.
It is a record of the result of following a specific recipe, and the statement is scientific
only when we include the recipe that was used. For ‘children have 20 deciduous
teeth,” one appropriate recipe would be: “T looked in the mouths of 25 five-year-old
boys and 25 five-year-old girls in the Garden Day Nursery School in Cleveland,
OH, on Monday, May 24, 2008, and I found that 23 of the boys and 25 of the girls
had 20 visible teeth.”

A meaningful scientific statement includes an observation and its recipe, and the
standard form for recording meaningful scientific statements is the scientific
research paper.

xi



Xii Introduction

Writing a Scientific Research Paper

Science is the orderly collection of scientific records—i.e., observations about the
natural world made via well-defined procedures—and scientific records are
archived in a standardized form, the scientific research paper. A research project
has not contributed to science until its results have been reported in a standard
paper, the observations in which are accompanied by complete recipes. Therefore,
to be a contributing scientist, you must write scientific papers.

This book contains my advice and thoughts about writing a scientific research
paper. My basic hard-won realization is that writing a good scientific paper takes
time. On the other hand, I have found that the writing will seem endless if you begin
with the title and slog straight through to the last reference. This approach is diffi-
cult, wearing, and inefficient. There is a much more effective way to write.

I suggest that you write your paper from the inside out. Begin with the all-
important recipes, the Materials and Methods. Next, collect your data and draft the
Results. As your experiments end, formulate the outlines of a Discussion. Then
write a working Conclusion. Now, go back and write the historical context, the
Introduction. Only after all else has been written and tidied up, will you have suf-
ficient perspective to write the 7Title and the Abstract.

Throughout the writing, your tools and techniques will be the same. You should
use precise words and, whenever possible, numbers. You should write direct sen-
tences that follow a straight line from point A to point B. In addition, you should
fill all sections of the stereotyped skeleton of a standard scientific paper.

Writing a paper should be an active part of your research. If you wait until your
studies are finished before you begin to write, you will miss a powerful tool.
Research is iterative—you do, you assess, and you redo, and writing a paper is a
way for you to continually make the reassessments necessary for critical and per-
ceptive research.

Your manuscript can even be a blueprint for your experiments. The empty skeleton
of a scientific paper poses a set of research questions, and, as you fill in the skele-
ton, you automatically carry out an orderly analysis of your data and observations.
Moreover, by setting new data into the draft of your paper, you can maintain
perspective. You will filter out the shine of newness, as your results—even unusual
results—are put into the context of your existing data and your full research plan.

As a scientist, you must write, and, as an experimentalist, writing while you
work strengthens your research. Writing a paper can be an integral part of observa-
tional science.

Scientific Papers Used as Examples

In the text of this book, I rebuild and improve a paper that I wrote in 1985, entitled
“Intensifier for Bodian Staining of Tissue Sections and Cell Cultures.” I use this
paper because it is brief, simple, and well known to me.
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Just as a picture is worth a thousand words, an actual example of a well-written

scientific paragraph is worth a dozen descriptions of one. To illustrate the craft of sci-
entific writing, I have included excerpts from scientific papers far better than my own.

The excerpts are from articles across the range of scientific studies. For the most

part, these papers are lean, logical, and cleanly written. They are examples of good
science writing and they have been recommended to me by the editors of the jour-
nals in which they appeared. In the text, I refer to the papers by author(s) and date.
Here are the full bibliographic citations:

Abercrombie M, Heaysman JEM. 1954. Observations on the social behaviour of
cells. II. “Monolayering” of fibroblasts. Exp Cell Res 6: 293-306.

Augspurger NR, Scherer CS, Garrow TA, Baker DH. 2005. Dietary s-methylme-
thionine, a component of foods, has choline-sparing activity in chickens. J Nutr
135: 1712-1717

Berg D, Siefker C, Becker G. 2001. Echogenicity of the substantia nigra in
Parkinson’s disease and its relation to clinical findings. J Neurol 248: 684—689.
Bohm A, Piribauer M, Wimazal F, Geissler W, Gisslinger H, Knobl P, Jager U,
Fonatsch C, Kyrle PA, Valent P, Lechner K, Sperr WR. 2005. High dose inter-
mittent ARA-C (HiDAC) for consolidation of patients with de novo AML: a
single center experience. Leukemia Res 29: 609-615.

Borgens RB, Bohnert D, Duerstock B, Spomar D, Lee RC. 2004. Tri-block copoly-
mer produces recovery from spinal cord injury. J Neurosci Res 76: 141-154.
Fastovsky DE, Sheehan P. 2005. The extinction of the dinosaurs in North
America. GSA Today 15: 4-10.

Gapski R, Barr JL, Sarment DP, Layher MG, Socransky SS, Giannobile WV.
2004. Effect of systemic matrix metalloproteinase inhibition on periodontal
wound repair: a proof of concept trial. J Periodontol 75: 441-452.

Glaunsinger B, Ganem D. 2004. Highly selective escape from KSHV-mediated
host mRNA shutoff and its implications for viral pathogenesis. J Exp Med 200:
391-398.

Haseler LJ, Arcinue E, Danielsen, ER, Bluml S, Ross D. 1997. Evidence from
Proton Magnetic Resonance Spectroscopy for a Metabolic Cascade of Neuronal
Damage in Shaken Baby Syndrome. Pediatrics 99: 4-14.

Jacobson C-O. 1959. The localization of the presumptive cerebral regions in the
neural plate of the axolotl larva. J Embryol Exp Morph 7: 1-21.

Kiekkas P, Poulopoulou M, Papahatzi A, Panagiotis S. 2005. Is postanesthesia
care unit length of stay increased in hypothermic patients? AORN J 81:379-382,
385-392.

Milner B, Taylor L, Sperry RW. 1968. Lateralized suppression of dichotically
presented digits after commissural section in man. Science 161: 184-186.

Paul DR, McSpadden SK. 1976. Diffusional release of a solute from a polymer
matrix. J Membrane Sci 1: 33—48.

Perez JF, Sanderson MJ. 2005. The frequency of calcium oscillations induced by
5-HT, ACH, and KCI determine the contraction of smooth muscle cells of
intrapulmonary bronchioles. J Gen Physiol 125: 535-553.
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Chapter 1
THE STANDARDS OF A SCIENTIFIC PAPER

1. A STEREOTYPED FORMAT

Research papers are the repositories of scientific observations plus the recipes
used to make those observations.
Scientific papers have a stereotyped format:

e Abstract

e Introduction

e Materials and Methods
e Results

e Discussion

e Conclusion

* References

The exact section headings sometimes vary, but most scientific papers look
pretty much the same from the outside. There are no novel constructions or inven-
tive twists of the narrative. Instead, the framework is unchanging so that the content
can be studied without distraction. The predictable form of a scientific paper, with
its standard set of sections arranged in a stereotyped order, ensures that a reader
knows what to expect and where to find specific types of information.

2. PRECISE LANGUAGE

Within this stereotyped format, the language of a scientific paper aims to be
clean, clear, and unemotional.

Much of the color of our everyday language derives from ill-defined, emotion-
ally charged, ear-tickling images conjured up by sensuous words such as ‘slovenly,’
‘sibilant,” and ‘sneaky.” Science, however, avoids colorful words.

The essential characteristic of scientific writing is clarity. Slippery words and
vague phrases are confusing, and there is no place for ambiguity, arcane language,
or froth in the archives of scientific records. In science, descriptions must be pre-
cise, recipes must be complete, data must be exact, logic must be transparent, and
conclusions must be cleanly stated.

M.J. Katz, From Research to Manuscript, 3
© Springer Science + Business Media B.V. 2009
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3. A SINGLE, CLEAR DIRECTION

Beyond a stereotyped format and transparent language, a scientific paper also
needs clarity of direction. Your entire paper should point inexorably toward its
Conclusion.

Introduction

Materials and Methods
Results

Discussion

CONCLUSION

Therefore, as you write, point the way for your reader, and remove tangents
and digressions. Keep a single theme at the fore. For example, if your Conclusion
is about temperature, then temperature should be ever-present in your paper.
‘Temperature’ should be in the 7itle. The Introduction should tell how your pred-
ecessors wrote about temperature. The Materials and Methods section should detail
the instruments that you used and the operations that you performed involving
temperature. The Results section should include data about temperature, and the
Discussion section should connect your data to the existing scientific literature
about temperature.

4. REVIEWED AND MADE AVAILABLE TO OTHERS

Finally, a scientific paper should be accessible to others. Scientific journals
are the traditional mechanisms for reviewing, disseminating, and preserving scien-
tific papers, so submit your paper to a peer-reviewed journal. Having your paper
reviewed by experts ensures that it can be understood and used by a broad scientific
community. Then, having your paper preserved in a public forum ensures that the
scientific community will have the opportunity to use it.



Chapter 2

SCIENTIFIC WORDS, SENTENCES,
AND PARAGRAPHS

1. SCIENTIFIC TEXT NEEDS EXACTNESS
AND CLARITY

1.1. Write with Precision

In science, your goal is to write a paper that is easy to understand. The art of
scientific writing is not in the subtle underlying message conveyed by your prose.
Instead, scientific prose is judged by how well it defines the details of the observa-
tions that you have made. In a short story, the reader might marvel at the “sensual
writing, with hints of the mysteries of space and time.” In a scientific paper, how-
ever, your prose style should disappear, and the reader should marvel at the realis-
tic, explicit, and cleanly etched picture that you have painted.

Scientific papers have a stereotyped format so that there are no distractions from
their contents. Likewise, scientific prose should be formulaic and plain. Here, the
medium is not the message, the message is the message. Therefore, when you write
a research paper, make your message precise and keep the medium unobtrusive.

To write precisely is to write without adornment. It can be an effort to recognize
fluff and imprecision in your own writing, so train yourself to catch and to remove
vagaries, emotion, indirectness, and redundancy. (For examples of the simplifica-
tion of wordy phrases, see Appendix B below.)

It helps to remember that your goal is to speak plainly, i.e., to write clean
straightforward sentences without hedging. Say what you mean directly. For
example:

e “It may therefore not be unexpected that ...” should be “These results suggest

* “An effort was made to ...” should be “We tried to ...”

e “The sorbitol probably acts to increase ...” should be “The sorbitol probably
increases ...”

e “This gene is of significant interest for understanding commonalities in the
evolutionary history of the microorganisms A and B” is clearer, simpler, and
more informative when you tell exactly what you have in mind, such as “A sin-
gle mutation in this gene of microorganism A has brought about its new use in
microorganism B”

M.J. Katz, From Research to Manuscript, 5
© Springer Science + Business Media B.V. 2009
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e “Itis our considered opinion that other authorities may have misstated the relative
import of such particulate concatenations in the soluble phase of the paradigm”
should be written with specifics, such as “In their 1994 paper, Drs. Williams and
Wilkins say that the drug’s failures are due entirely to the clumping of suspended
drug particles. In contrast, we propose that the viscosity of the solvent causes
40-50% of the failures.”

1.1.1. Use Numbers

Numbers have just the right properties for scientific writing: numbers are
precise, objective, unambiguous, and without emotional undertones. Moreover,
numbers can be used to describe many things in the real world; for example, in a
variety of ways, numbers can represent shapes and sizes:

]
]
]
]
[ [ ]

4

1
-- square numbers --

A AA
A AA AAA
A AA AAA AAAA
A AA AAA AAAA AAAAA

1 3 6 10 15
-- triangular numbers --

Because quantifiable adjectives are ideal descriptors in science, try to redefine
all your adjectives as numbers. “Tall’ should be defined numerically, for example,
‘greater than 2m’ or ‘greater than 7km. Likewise, ‘heavy’ should be ‘greater
than 10kg’ or ‘greater than 100kg’ or, perhaps, ‘greater than 10° kg.’ If you use
‘brief,” tell us whether it means less than a minute, less than a second, or less than
a millisecond.

Even the inherently subjective adjective ‘painful” should be set as a number on
a scale quantifying how painful, as is done in most hospitals:

LOLOBE

0 1 2 3 4 5 6 7 8 9 10
Pain Score

none mild moderate severe worst
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1.1.2. Use Objective Words

Of course, you cannot write with numbers alone. When quantifiable words are
not available, you should use as precise and objective a vocabulary as possible.

Whether any particular sentence is precise and objective, depends on the
reader’s ability to define all its components. For example, “The needle vibrated
continuously” is appropriate in a scientific paper if the reader is told which needle,
what type of vibration, and over what time period it vibrated continuously. In sci-
ence, the rule is, define all your words.

Beyond this rule, a few writing habits will help to ensure good scientific text.
One of these habits is to weed out or replace vague and subjective terms; for
instance, remove:

e Expressions with no clear limits, such as
o a lot, fairly, long term, quite, really, short term, slightly, somewhat, sort of,
very
* Words of personal judgment, such as
o assuredly, beautiful, certainly, disappointing, disturbing, exquisite, fortuitous,
hopefully, inconvenient, intriguing, luckily, miraculously, nice, obviously, of
course, regrettable, remarkable, sadly, surely, unfortunately

* Words that are only fillers, such as
o alright, basically, in a sense, indeed, in effect, in fact, in terms of, it goes with-
out saying, one of the things, with regard to

 Casual colorful catchwords and phrases, such as
o agree to disagree, bottom line, brute force, cutting edge, easier said than
done, fell through the cracks, few and far between, food for thought, leaps
and bounds, no nonsense, okay, quibble, seat of the pants, sketchy, snafu, tad,
tidbit, tip of the iceberg

1.2. Scientific Use of Tenses

Good scientific prose uses a precise vocabulary. Scientific prose also uses verb
tenses in a standardized way. When discussing research, the present tense indicates
general knowledge and general principles, while the past tense indicates results of
experiments.

1.2.1. Present Tense Is for Generalities

Use the present tense for general knowledge statements, widely accepted state-
ments, and statements for which you could cite textbook references; for example:

e “Black-eyed Susan (Rudbeckia hirta), a member of the Aster family, is a plant
native to North America.”

» “Hexoses formed by digestion in the intestinal tract are absorbed through the gut
wall and reach the various tissues through the blood circulation.”
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e “The term ‘nuclide’ indicates a species of atom having a specified number of
protons and neutrons in its nucleus.”
* “On a protein-rich diet, the amount of methylhistidine in the urine increases.”

1.2.2. Past Tense Is for Specific Observations

Your results—the particular observations that you made during a research
study—are bits of history, so use the past tense when you report your experimental
results. For example:

e “In photographs of Guatemalan tarantulas, we found that the number of dorsal
stripes ranged from six to nine.”

* “During his war-time expedition to Guatemala, Rawski (1943) reported finding
tarantulas with 9 stripes.”

e “Eighteen percent of the patients in our study developed a mild rash.”

e “The diodes were compared at regular time points during the next 75h.”

2. THE PARAGRAPH IS THE UNIT OF EXPOSITION
2.1. Each Paragraph Makes One Point

In a research paper, each paragraph should contain one main idea, and the space
between paragraphs should be like taking a mental breath. Picture the text as, Idea
#1, breathe, Idea #2, breathe, ...

Most people absorb ideas in small chunks, and scientific paragraphs are those
small absorbable chunks. You can assess the absorbability of a paragraph simply
by counting its sentences. The ideal size for a paragraph is 3—4 sentences, and five
sentences are about the upper limit. If you find that you have written six or more
sentences without allowing for a mental breath, then go back and break your writ-
ing into smaller chunks.

Consider this paragraph about insulin.

¢ ‘To keep all the cells in the body coordinated and working toward the same meta-
bolic goals, the body uses hormones. Hormones are chemicals that are carried
throughout the bloodstream, giving the same message to all the cells they meet.
For sugar metabolism, the hormone messenger is insulin. Insulin is a protein that
is made in the beta cells, which are clustered inside the pancreas. When the level
of glucose in the blood becomes too high, the beta cells secrete insulin molecules
into the bloodstream; thus, after a meal, the pancreas puts a large dose of insulin
into the blood. The message that insulin then transmits throughout the body is
“it’s time to absorb, use, and store glucose.”’

This paragraph contains six sentences, and its length alone should send you
back to your writing desk. Reading the paragraph, you can find two major ideas.
First, there are sentences about hormones in general. Second, there are sentences
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about one specific hormone, insulin. To emphasize each of these ideas, we should
break the paragraph in two: one paragraph concerning hormones in general and the
other concerning the nature and the effects of insulin:

e ‘The body uses hormones to coordinate the metabolism of its many far-flung
cells. A hormone is a chemical that is carried in the bloodstream and that gives
a message to the cells it contacts. For sugar metabolism, insulin is one of the
hormone messengers, and its message is “take up, use, and store glucose.”

e ‘Insulin is a protein that is made in beta cells, which are clustered inside the
pancreas. When the level of glucose in the blood becomes too high, the beta cells
secrete extra insulin molecules into the bloodstream. After a meal, for instance,
the pancreas secretes a large dose of insulin into the blood.’

In a literary work, where the ebb and flow of words conveys a subconscious
emotional message, a page of short paragraphs can be choppy and disruptive.
However, a research paper has a different goal. Scientific writing must present a
clear unemotional experience. Here, the methodical form, Idea #1, breathe, Idea #2,
breathe ..., is an effective way to write.

2.2, Inside a Scientific Paragraph
2.2.1. The Lead Sentence

A typical scientific paragraph begins by stating its point, so the lead sentence
should tell us the focus of the paragraph. In the two-paragraph example above,
the first lead sentence, “The body uses hormones to coordinate the metabolism
of its many far-flung cells,” tells us that the first paragraph is about hormones as
long-distance messengers. The second lead sentence, “Insulin is a protein that is
made in beta cells, which are clustered inside the pancreas,” tells us that the second
paragraph is about a specific hormone, insulin.

2.2.2. The Subsequent Sentences

The remaining 2-3 sentences in each paragraph expand on the focal point that
was identified in the lead sentence. Inside the paragraph, the sentences may:

* Give examples of the focal point.

* Give more details about the focal point.

¢ Remind readers that the focal point is a member of a more general class of similar
things.

¢ Highlight an implication of the focal point.

In our example above, the first lead sentence tells us that the focal point of the
paragraph is:

« HORMONES = LONG-DISTANCE MESSENGERS
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The second sentence gives details of both sides of this equation:
HORMONE = CHEMICAL
HORMONAL MESSENGERS TRAVEL VIA THE BLOODSTREAM
Finally, the third sentence gives specific examples:
INSULIN = HORMONE
INSULIN’S MESSAGE = “TAKE UP, USE, AND STORE GLUCOSE”

2.2.3. Internal Flow

A scientist should be able to read your paragraphs without pausing. To give
your writing this flow, each sentence of a paragraph should set the stage for the
following sentence. Each internal sentence should be an extension of its predeces-
sor. This can be done by making the subject or object from sentence number one
the subject or object of sentence number two. By sharing its predecessor’s subject
or object, the second sentence continues the discussion and connects new ideas to
those that have been established previously.

For example, in the first paragraph of the example above, ‘hormone’ is an object
in sentence number one, and it is then used as the subject of sentence number
two:

e “The body uses hormones to coordinate the metabolism of its many far-flung
cells. A hormone is a chemical that is carried in the bloodstream and that gives a
message to cells it contacts.”

Likewise, ‘hormone’ and ‘message’ are a subject and an object in sentence number

two, and ‘message’ is used as a subject and ‘hormone messenger’ is used as an

object in sentence number three:

* ‘A hormone is a chemical that is carried in the bloodstream and that gives a mes-
sage to cells it contacts. For sugar metabolism, one of the hormone messengers
is insulin, and its message is “‘take up, use, and store glucose.”’

2.3. Connect Succeeding Paragraphs

In the same fashion, you can smooth the travel between paragraphs by making the
lead sentence of each paragraph refer to the previous paragraph. The flow between
paragraphs is most natural if the subject of the lead sentence is a subject or an
object in the last sentence of the preceding paragraph. In our example above, ‘insu-
lin” makes the bridge between the two paragraphs:

e ‘The body uses hormones to coordinate the metabolism of its many far-flung
cells. A hormone is a chemical that is carried in the bloodstream and that gives
a message to cells it contacts. For sugar metabolism, insulin is a hormone mes-
senger, and its message is “‘take up, use, and store glucose.”

e ‘Insulin is a protein that is made in beta cells, which are clustered inside the
pancreas. When the level of glucose in the blood becomes too high, the beta cells
secrete extra insulin molecules into the bloodstream. After a meal, for instance,
the pancreas puts a large dose of insulin into the blood.’



