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Table	of	Contents

TOCs	are	not	required,	except	for	long	reviews	and	theses	

Tip:	build	the	table	of	contents	even	if	not	needed	and	check	
whether	the	5tles/sub5tles	are	consistent	
	
This	is	easy	with	LaTeX	:	just	add							\tableofcontents
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4.2. Assumptions 
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Supplementary	material

Supplementary	material	=	everything	that	may	be	useful	to	
some	but	would	distract	the	reader	from	the	main	message	if	
put	in	the	core	of	the	ar5cle	

Use	with	modera5on
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References

Your	sources	of	informa5on	must	be	cited	

…but	these	cita5ons	must	be	reliable	
Perennial	
Easy	to	find
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book with ISBN yes
book without ISBN avoid
website with date of last visit avoid
website generally not
article in peer-reviewed journal yes
idem, but in another language avoid
article in mainstream newspaper avoid
oral recording no
technical report if necessary
PhD thesis if necessary
submitted (but not yet accepted) article no
article in preparation (not yet submitted) de!nitely not
preprint in archive (e.g. ArXiV) usually not
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How	to	cite	?

Each	journal	has	its	own	rules	

Examples	
Recent	studies	[2]	and...	
Recent	studies	[MacKay	et	al.,	2018]	and...	
Recent	studies	(MacKay	et	al.,	2018)	and...	
Recent	studies	by	MacKay	et	al.	(2018),	and…	

See	for	example	the	Chicago	Manual	of	Style	:		
h]ps://www.chicagomanualofstyle.org/home.html	
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How	to	cite	?

Lists	of	references	are	oBen	full	of	errors	
	
“Sloppy	cita5ons	=	sloppy	wri5ng	=	sloppy	work”	

134

Use as much as possible automated tools for collecting 
(ZOTERO…) and displaying (BiBTeX…) references.  

But even these are not devoid of errors
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How	to	cite	?

There	are	excellent	tools	around	(EndNote,	JabRef,	Mendeley,	
BiBDesk…)	for	collec5ng	and	handling	references

135



T.	Dudok	de	Wit Scien0fic	wri0ng	-	2024

How	to	cite	?
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Graphics

A	good	graph	provides		
The	greatest	number	of	ideas	/	informa5on	
With	the	smallest	possible	investment	from	the	reader		
With	the	least	ink		
And	in	the	smallest	space		
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Graphics

139

“Show me your graph and I shall tell you how well you 
understand the problem”
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Graphics

A	good	graph	complements	you	message		
+	reinforces	it		
+	introduces	a	touch	of	crea5vity	
+	is	properly	integrated	in	it	
	
	
	
	
	

BEWARE	:	part	of	your	audience	will	mainly	focus	on	graphs
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Graphics

Figure	cap5ons	

Should	
Describe	what	is	shown,	e.g.	
“displacement	versus	age	for	a	sample	of	xxx”	
Provide	all	important	experimental	details	
Iden5fy	mul5ple	curves	or	traces	

Should	NOT	
discuss	or	interpret	the	results	
be	vague,	e.g.	“plot	of	the	data”

141



What is wrong here ?
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Be concise (ex. 3)

Can you distinguish these curves?
Clear, concise, easy to read



What is wrong here ?
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Scale bars in Micrographs
Illegible scale bars are a 
common problem

Scale bar clearly indicated



What is wrong here ?
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5.4. Whistler wave properties 93

(a)

(b)

FIGURE 5.17: Proton thermal pressure of whistler waves observed
between 0.8 to 0.9 AU (a) fast wind and (b) slow wind.

5.4.4 Halo electron anisotropy ( T?h
Tkh

) values corresponding to the observed2145

whistler waves2146

The electron data are not regularly available as the proton data, there are large gaps,2147

therefore there are not many T?h
Tkh

values corresponding to the observed whistler2148

waves. Our technique to identify the accurate T?h
Tkh

values corresponding to whistler2149

waves identified is such that we find the time intervals in which we observe the 8 s2150

whistler spectra consecutively for at least 80 s, i.e. 10 consecutive spectra and then2151

identify the electron temperature values which are measured in those whistler in-2152

tervals, by this method we are sure that electron temperatures measured are always2153



What is wrong here ?
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106 Chapter 5. Whistler waves in the inner heliosphere

FIGURE 5.20: Normalized amplitude of whistler waves in the slow
and fast solar wind, error bars show the standard error ( sp

n )

FIGURE 5.27: Resonant energy of the electrons interacting with the
whistler waves (assuming the whistler waves are anti-parallel to the

mean magnetic field).
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Be concise (save ink)

• Figure 2, a) Photo induced absorption (PIA) spectra for 1.4 μm thick mesoporous TiO2 films sensitized with Ru‐bpy‐
TPA (circles) and Ru‐bpy‐Me (lines), pumped at 488 nm with an intensity of 128 mWcm‐2 and a frequency of 200 
Hz. The open circles and the dashed line correspond to the out‐of‐phase signals for the Ru‐bpy‐TPA and Ru‐bpy‐Me 
respectively. b) The frequency dependence of the PIA signal (dr = (dx2+dy2) at 800 nm (1.55 eV) under the same 
pump beam conditions as above. c) Transient absorption spectroscopy (TAS) of two similar samples to above, Ru‐
bpy‐TPA (dark solid circles, solid line) and Ru‐bpy‐TPA (gray open circles, dashed line)of the transient absorption 
signal at 650 nm (~1.9 eV absorption of the oxidized dye species). The pump was at 600nm with a pulse width of ~ 5 
ns with 35 μJ/pulse and a repetition rate of 30 Hz. 

Quickly, can you 
describe Fig. d?

Where is description for (d) 
…or even for (j)
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Wittke-Thompson et al. (2005) 
Rational inferences about departures 
from Hardy-Weinberg equilibrium
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Stephen Few (2008)

Copyright © 2008 Stephen Few, Perceptual Edge Page 12 of 13

Which of the following two graphs is easier to read?

In a graph, there is no need to make things look like objects in the real world. We want to 
display data as simply and clearly as possible.

Follow this simple set of nine rules and you’ll improve the quality of your tables and graphs 
without increasing your workload. If the information is worth displaying, it’s worth displaying 
well.



What is wrong here ?

150
R.	Benestad	(2015)



Which one is better ?
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Copyright © 2008 Stephen Few, Perceptual Edge Page 3 of 13

Use Color Meaningfully and with Restraint
I have a friend, Maureen Stone, who is an expert in color. She was once kind enough to 
write a guest article for my newsletter to introduce basic color theory and how it applied to 
data displays. Once, while chatting casually at a conference, she and I were bemoaning 
the fact that color is often applied haphazardly to data displays, tragically undermining 
their value. Regarding color, people tend to think that more and brighter is better. To 
illustrate the point that the opposite is true, Maureen mentioned that conferences dedicated 
to color and its use for information displays, exhibit great restraint in their use of color 
during presentations. For example, their PowerPoint slides tend to include grays far more 
often than you’ll typically see elsewhere. These experts realize that color should be used 
meaningfully, not arbitrarily or gratuitously. Here’s our next rule:

Rule #3 Use color only when needed to serve a particular communication goal.

We should only add color to an information display to achieve something in particular—
something that serves the goal of communication. Don’t use color to decorate the display. 
Dressing up a graph might serve a purpose in advertising, but it only distracts people from 
what’s important—the data—in an information display.

Rule #4 Use different colors only when they correspond to differences of meaning 
in the data.

The following graph illustrates one version of what we should avoid:

0

100,000

200,000

300,000

400,000

500,000

600,000

China Russia Finland Slovakia Romania Saudi 
Arabia

Egypt

What do the different bar colors in this graph mean? Not a thing. The labels along the X-axis 
tell us what the bars represent. The colors add no meaning or value, but their presence 
suggests that they do. Consciously or not, when people look at a data display and see visual 
differences, they try to determine the meaning to those differences. Suggesting meanings, 
which aren’t there, wastes people’s time, prompting them to expend mental resources in a 
fruitless pursuit. This graph is supposed to help people compare sales amounts associated 
with various countries. However, notice how much more your eyes are encouraged to 
compare the bars when they look alike, as shown on the following page, than when they 
look different, as shown above.

Copyright © 2008 Stephen Few, Perceptual Edge Page 4 of 13
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Whenever you’re tempted to add color to a data display, ask yourself these questions: “What 
purpose will this color serve?” and “Will it serve this purpose effectively?” If the answer is 
“It serves no useful purpose” or “It serves a purpose, but something other than color or this 
particular color would do the job better,” avoid using it.

Defi ne Standard Palettes of Colors for Particular Purposes
Nature uses color more wisely than most people do in tables and graphs. In nature, what 
purpose do the bright colors of fl owers serve? They attract pollinators—birds and bees—to 
the fl owers so they’ll spread the pollen and thereby propagate the species. This same 
strategy applies to data displays as well. When properly used, color can powerfully draw 
attention to particular data. 

We can use color effectively for three fundamental purposes in a data display to promote 
communication:

• To highlight particular data

• To group items

• To encode quantitative values

We’re now ready for the next rule:

Rule #5 Use soft, natural colors to display most information and bright and/or dark 
colors to highlight information that requires greater attention.

Rather than taking time to select a color from a huge list of possibilities each time we 
need one, time will be saved and the effectiveness of our choices will be improved by 
standardizing on a few good colors. I recommend that you standardize on a few color 
palettes, each designed for particular purposes. I maintain one palette of bright, dark colors, 
another of medium shades that are easy on the eyes, and a fi nal set of light, pale colors. The 
different levels of visual salience that these palettes represent serve particular purposes. 

Use colours only when they add useful information 
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Colour	palette

152

General	bathymetric	chart	of	the	Oceans	(GEBCO)

Coulours have a deep 
impact on what you 

want to reveal
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Some	combinations	must	be	avoided

Red	and	Green	
about	10%	of	men	suffer	from	daltonism	

Colours	that	will	appear	similar	in	black	and	white

153

Isahara plates: what number is shown ?
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Treacherous	graphs
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Treacherous	graphs
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How	to	lie	with	sta5s5cs	(1989)
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Treacherous	graphs

Global land temperature
Skepticalscience (2012)
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Some better examples
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Examples
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A.	Gelman	(2002)
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Examples
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http://compensationinsider.com/a-good-graph-is-worth-a-thousand-words/



How to turn this into a good graph ?

Counts of citations of various professions in the New York 
Times

160

Raters' characterization 
of sentences 
(absolute score range) Percent 

Negative (1-1.9) 23.9 
Neutral (2-2.9) 52.2 
Positive (> 3) 23.9 

Total 100.0 

Characterization 

Negative ( ) 
Neutral ( ) 
Positive ( ) 

0% 20% 40% 60% 

Figure 1. Top panel: Table from Ellenberg (2000) shows the relative 
frequencies of three categories in a set of 46 ratings of sentences. Bottom 
panel: Graphical display allows direct comparison without distractions of 
irrelevant decimal places. Parentheses show ? 1 standard error bounds 
based on the implicit binomial distribution with n = 46. 

the percentages are relevant (e.g., the proportion of "neutral" 
responses is approximately twice that of "negative" or "posi- 
tive"). The response categories are ordered, and we keep that 
ordering in our display. The parentheses indicate ?1 standard 
error bounds based on the binomial distribution, which makes 
it clear which comparisons are statistically significant. We have 
suppressed the y-axis and the box that would, by default, enclose 
the graph, because we felt those lines would be distractions. We 
have also shrunk the tick marks on the x-axis so that they would 
not interfere with the visual comparison of the three percent- 
ages. This all took a bit of work but we believe the graph shows 
the comparisons of interest more clearly (and in no more space) 
than the table. 

Once we move from a table to a graph, we can think of ways 
to display more information in this example. The measurements 
appear to be on a continuous scale, and so they could be pre- 
sented as a histogram with more than just three categories. There 
must certainly be more information on each case (e.g., the length 

color, and display multiple plots on a single screen-and also 
in the presentation stage, where it is easy, after a little bit of 
practice, to alter axis labels, add text to plots, and do the other 
little bits that make a graph readable. Other programs could also 
work well if they have this level of flexibility. Microsoft Excel is 
an example of a package that does not allow enough user control 
to consistently make readable and concise graphs from tables. 

3. EXAMPLES 
In this section, we show how we would take seven of the 

tables in the March 2000 issue of JASA and change them into 
figures. We consider the motivations for the original tables and 
the details of how to display the information graphically, where 
in many cases we apply general principles of graphical display 
as discussed in books such as Tufte (1983), Cleveland (1985), 
and Wainer (1997). We also briefly discuss the other tables in the 
journal issue, since we do not have the space to consider them 
all individually here. 

3.1 Comparing Three Percentages 

The first article in the JASA issue is an overview of statis- 
tics (Ellenberg 2000), and its first table (reproduced as the top 
panel of Figure 1 here) displays the relative frequencies of three 
categories in a set of 46 ratings of sentences in newspaper arti- 
cles. The first thing we notice is the over-precision of the stated 
numbers, for example, 23.9%. Based on a simple calculation 
of binomial variation, we would expect this number to have an 
associated uncertainty of /0.24(1 - 0.24)/46 = 6%, so any 
precision beyond single percentage points is clearly overkill. 
This problem will automatically be corrected in a graphical dis- 
play, since the eye will not detect fractions of percentages in any 
case. 

Our simple graph appears in the bottom panel of Figure 1: 
the lengths of the lines indicate the percentages, and they are 
aligned vertically for direct visual comparison. We display as 
a line plot, with zero as a baseline, because the magnitude of 

1996 
total 

Frequency of employed Relative 
Profession recent citations (1,000) frequency 

Lawyers 8101 880 9.2 
Economists 1201 148 8.1 
Architects 1097 160 6.9 
Physicians 3989 667 6.0 
Statisticians 34 14 2.4 
Psychologists 479 245 2.0 
Dentists 165 137 1.2 
Teachers 

(not university) 3938 4724 0.8 
Engineers 934 1960 0.5 
Accountants 628 1538 0.4 
Computer programmers 91 561 0.2 

Total 20,657 11,034 1.9 

1 citation per 
100 employed 

U) 
0 
So 

* o - 

C 
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o 
(DO - 
LL 

L yers 

ysicians Te,cRe 
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- chtects Engineers 
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/De ssts 

-/ / Com'pter 
progr mmers 

Statisticis a 

1 citation per 
1,000 employed 
s 

1 citation per 
10,000 employed 

10,000 100,000 1,000,000 
Number employed 

Figure 2. Top panel: Table from Ellenberg (2000) displays counts 
and rates of citations of various professions from the New York Times 
database. Bottom panel: Display as a figure shows the relative positions 
of the different professions much more clearly. The log-log display allows 
comparison across several orders of magnitude. The x and y axes are 
on the same scale, so that any 45? line indicates a constant relative 
frequency. 

The American Statistician, May 2002, Vol. 56, No. 2 123 

I 

A. Gelman et al. 2002
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A. Gelman et al. 2002

Raters' characterization 
of sentences 
(absolute score range) Percent 

Negative (1-1.9) 23.9 
Neutral (2-2.9) 52.2 
Positive (> 3) 23.9 

Total 100.0 

Characterization 

Negative ( ) 
Neutral ( ) 
Positive ( ) 

0% 20% 40% 60% 

Figure 1. Top panel: Table from Ellenberg (2000) shows the relative 
frequencies of three categories in a set of 46 ratings of sentences. Bottom 
panel: Graphical display allows direct comparison without distractions of 
irrelevant decimal places. Parentheses show ? 1 standard error bounds 
based on the implicit binomial distribution with n = 46. 

the percentages are relevant (e.g., the proportion of "neutral" 
responses is approximately twice that of "negative" or "posi- 
tive"). The response categories are ordered, and we keep that 
ordering in our display. The parentheses indicate ?1 standard 
error bounds based on the binomial distribution, which makes 
it clear which comparisons are statistically significant. We have 
suppressed the y-axis and the box that would, by default, enclose 
the graph, because we felt those lines would be distractions. We 
have also shrunk the tick marks on the x-axis so that they would 
not interfere with the visual comparison of the three percent- 
ages. This all took a bit of work but we believe the graph shows 
the comparisons of interest more clearly (and in no more space) 
than the table. 

Once we move from a table to a graph, we can think of ways 
to display more information in this example. The measurements 
appear to be on a continuous scale, and so they could be pre- 
sented as a histogram with more than just three categories. There 
must certainly be more information on each case (e.g., the length 

color, and display multiple plots on a single screen-and also 
in the presentation stage, where it is easy, after a little bit of 
practice, to alter axis labels, add text to plots, and do the other 
little bits that make a graph readable. Other programs could also 
work well if they have this level of flexibility. Microsoft Excel is 
an example of a package that does not allow enough user control 
to consistently make readable and concise graphs from tables. 

3. EXAMPLES 
In this section, we show how we would take seven of the 

tables in the March 2000 issue of JASA and change them into 
figures. We consider the motivations for the original tables and 
the details of how to display the information graphically, where 
in many cases we apply general principles of graphical display 
as discussed in books such as Tufte (1983), Cleveland (1985), 
and Wainer (1997). We also briefly discuss the other tables in the 
journal issue, since we do not have the space to consider them 
all individually here. 

3.1 Comparing Three Percentages 

The first article in the JASA issue is an overview of statis- 
tics (Ellenberg 2000), and its first table (reproduced as the top 
panel of Figure 1 here) displays the relative frequencies of three 
categories in a set of 46 ratings of sentences in newspaper arti- 
cles. The first thing we notice is the over-precision of the stated 
numbers, for example, 23.9%. Based on a simple calculation 
of binomial variation, we would expect this number to have an 
associated uncertainty of /0.24(1 - 0.24)/46 = 6%, so any 
precision beyond single percentage points is clearly overkill. 
This problem will automatically be corrected in a graphical dis- 
play, since the eye will not detect fractions of percentages in any 
case. 

Our simple graph appears in the bottom panel of Figure 1: 
the lengths of the lines indicate the percentages, and they are 
aligned vertically for direct visual comparison. We display as 
a line plot, with zero as a baseline, because the magnitude of 

1996 
total 

Frequency of employed Relative 
Profession recent citations (1,000) frequency 

Lawyers 8101 880 9.2 
Economists 1201 148 8.1 
Architects 1097 160 6.9 
Physicians 3989 667 6.0 
Statisticians 34 14 2.4 
Psychologists 479 245 2.0 
Dentists 165 137 1.2 
Teachers 

(not university) 3938 4724 0.8 
Engineers 934 1960 0.5 
Accountants 628 1538 0.4 
Computer programmers 91 561 0.2 

Total 20,657 11,034 1.9 

1 citation per 
100 employed 

U) 
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So 
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Figure 2. Top panel: Table from Ellenberg (2000) displays counts 
and rates of citations of various professions from the New York Times 
database. Bottom panel: Display as a figure shows the relative positions 
of the different professions much more clearly. The log-log display allows 
comparison across several orders of magnitude. The x and y axes are 
on the same scale, so that any 45? line indicates a constant relative 
frequency. 

The American Statistician, May 2002, Vol. 56, No. 2 123 
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Graphics

For	examples	of	beau5ful	or	inspiring	graphics,	see	

h]ps://informa5onisbeau5ful.net	

h]p://www.storytellingwithdata.com	

h]ps://www.edwardtuBe.com/tuBe/	

h]ps://store.xkcd.com/collec5ons/posters	

h]ps://stats.stackexchange.com/ques5ons/423/what-is-your-
favorite-data-analysis-cartoon	
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https://informationisbeautiful.net
http://www.storytellingwithdata.com
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https://stats.stackexchange.com/questions/423/what-is-your-favorite-data-analysis-cartoon
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One	last	thing…

Fill	free	space	intelligently		

Fonts	can	be	10	to	20%	smaller	than	in	main	text.	But	not	less!	

Label	axes	

The	legend	is	here	only	to	explain	what	is	on	the	figure,		
NOT	to	comment	on	it.
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Where should I publish ?
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Different	types	of	article	:	choose	the	proper	one

Journal	paper:	presents	final	original	results,	careful	descrip5on	of	
technique	etc.,	refereed	

Special	issue	:	in	general,	following	a	conference.	More	focused,	but	with	
hard	deadlines.	

“LeNer	to	the	Editor”	or	Rapid	communica0on:	short	research	paper	that	
requires	rapid	publica5on	(some5mes	esteemed	higher	than	regular	papers)	
refereed	

Review	paper:	summarises,	evaluates	and	synthesises	results	already	
published	elsewhere.	Generally	on	invita5on	only.	No	descrip5on	of	
personal	achievements.	

Proceedings	paper:	OBen	preliminary	results.	Short,	some5mes	specula5ve		
and	oBen	not	as	important	as	a	journal	paper	

PhD	thesis:	Combina5on	of	above,	but	much	more	challenging	!
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Where	to	publish	?

Criteria	to	take	into	account	

What	is	the	audience	of	the	Journal	?	

In	what	countries	will	the	journal	be	mostly	read	?	

Impact	Factor		

Publica5on	charges	

Quality	of	the	editorial	procedure:	how	many	reviewers	?	

How	long	does	it	take	to	get	the	ar5cle	online	?			

Details:	online	version,	colour	vs	black/white	figures	

…
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Impact	factor

Impact	factor		
=	average	of	cita5ons	per	publica5on	of	the	last	2-3	years	
=	proxy	for	the	rela5ve	importance	of	a	journal	within	its	field	
	
	
	

Usually	provided	by	Scopus	or	by	Web	of	Science	

See:	h]ps://www.scijournal.org
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IFy =
citationsy�1 + citationsy�2

publicationsy�1 + publicationsy�2
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Impact	factor	:	examples	(2018)

Acta	Geophysica	:	0.9	
Annual	Review	Biochemistry	:	19.9	
Applied	Physics	Le]ers	:	3.4	
Astronomy	&	Astrophysics	:	5.2	
Astrophysical	Journal	:	5.5	
Atmospheric	Research	:	3.8	
Combus5on	and	Flame	:	3.7	
Fuzzy	Sets	and	Systems	:	2.7	
Geophysical	Research	Le]ers	:	4.3	
Int	Journal	Modern	Sciences	and	
Technology	:	0.7	(predatory)	
Int	Journal	Science	and	Nature	:	0.9	
(predatory)	
Interna5onal	Journal	of	Engineering	
Science	:	4.4	

Journal	of	Geophysical	Research	:	3.31	
Journal	of	Hazardous	materials	:	6.6	
Living	Reviews	in	Solar	Physics	:	12.5	
Nature	:	40.1	
Nature	Physics	:	22.8	
Nature	Geoscience	:	13.9	
New	England	Journal	Medicine	:	72.4	
Physical	Review	Le]ers	:	8.4	
Physical	Review	E	:	2.3	
Plasma	Processes	and	Polymers	:	2.8	
Plasma	Sources	Science	and	Tech	:	3.3	
Proc	Nat’l	Academy	Sciences	:	9.6	
Science	:	37.2
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Impact	factor	:	caution	!

Impact	factor	
cannot	be	used	to	compare	across	disciplines	
is	highly	skewed	by	scoops	and	controversial	ar5cles	
is	moderately	correlated	with	the	quality	of	the	results	

High	impact	factor																			High	quality	journal	

170
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One	last	thing…

171

Non-refereed journals   
or low-IF journals  

usually are not considered for 
promotions or for job applications.



When/what to publish ?
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Important	questions	to	ask	yourself	before	writing

What	is	your	topic	of	discussion?	

Why	is	it	important?			

How	is	it	related	to	previous	work	in	the	field?	

What	is	new	or	different	about	your	contribu5on?	
	
	
	

173

Careful planning (before writing) will 
help you save a lot of time.



When to publish ?

What is the best time to write my article ? 
 
When I have collected all my results ? 
When I have the idea ? 
When I have !nished analysing all the results ? 
…
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When	to	publish	?

175

 
My study is fully 

completed 

Advantage : results have 
had time to mature 
Advantage : less risk that 
someone else will steal 
my results 
Disadvantage : work may 
never get published, long 
article = extra work

I am still working on my 
study  

Advantage : ideas are still 
fresh + writing may give 
new ideas 
Disadvantage : 
contributes to publication 
in"ation, results may turn 
out to be wrong by lack 
of hindsight
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When	to	publish	?

The	best	publica5ons	generally	are	those	which	clearly	
express		
	
one	single,		
simple,	
novel	idea		
in	an	elegant		
and	per0nent	way.
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When	to	publish	?

Focus	on	one	single	and	strong	message	

Avoid	clu]ering	your	message	with	too	many	results

177

KISS	=	Keep	it	simple,	stupid	!
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When	to	publish	?

178

Too many messages will kill your message



Writing Style

179
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Style	=	a	difficult	balance

180

clear, concise and 
factual

original and 
catchy

di#cult balance
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6	frequent	problems

1. Subjects	

2. Nominaliza5ons	

3. Flow	

4. Passive	vs	ac5ve	voice	

5. Time	(past/present/future)	

6. UK	vs	US	English

181

After “Scienti!c Writing: Clarity, Conciseness, and Cohesion” by Nathan 
She"eld, Duke University (2011)
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Problem 1 : Subjects



Exercise 1

What is wrong with this text ? 

“The assumptions that all sites evolve at one of two 
evolutionary rates (conserved and nonconserved), that these 
rates are uniform across the genome, that sites evolve 
independently conditional on whether they are in conserved 
or nonconserved regions, and that the phylogenetic models 
for conserved and nonconserved regions have the same 
branch-length proportions, base compositions, and 
substitution patterns, all represent oversimplications of the 
complex process of sequence evolution in eukaryotic 
genomes.” 
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Exercise 1

What is wrong with this text ? 

“The assumptions that all sites evolve at one of two 
evolutionary rates (conserved and nonconserved), that these 
rates are uniform across the genome, that sites evolve 
independently conditional on whether they are in conserved 
or nonconserved regions, and that the phylogenetic models 
for conserved and nonconserved regions have the same 
branch-length proportions, base compositions, and 
substitution patterns, all represent oversimplications of the 
complex process of sequence evolution in eukaryotic 
genomes.” 

184
Long distance between subject and verb



Exercise 1

What is wrong with this text ? 

“The assumptions that all sites evolve at one of two 
evolutionary rates (conserved and nonconserved), that these 
rates are uniform across the genome, that sites evolve 
independently conditional on whether they are in conserved 
or nonconserved regions, and that the phylogenetic models 
for conserved and nonconserved regions have the same 
branch-length proportions, base compositions, and 
substitution patterns, all represent oversimplications of the 
complex process of sequence evolution in eukaryotic 
genomes.” 

185
Context comes after the main ideas



Exercise 1

What is wrong with this text ? 

“The assumptions that all sites evolve at one of two 
evolutionary rates (conserved and nonconserved), that these 
rates are uniform across the genome, that sites evolve 
independently conditional on whether they are in conserved 
or nonconserved regions, and that the phylogenetic models 
for conserved and nonconserved regions have the same 
branch-length proportions, base compositions, and 
substitution patterns, all represent oversimplications of the 
complex process of sequence evolution in eukaryotic 
genomes.” 

186
Complex subject



Exercise 1

What is wrong with this text ? 

“The assumptions that all sites evolve at one of two 
evolutionary rates (conserved and nonconserved), that these 
rates are uniform across the genome, that sites evolve 
independently conditional on whether they are in conserved 
or nonconserved regions, and that the phylogenetic models 
for conserved and nonconserved regions have the same 
branch-length proportions, base compositions, and 
substitution patterns, all represent oversimplications of the 
complex process of sequence evolution in eukaryotic 
genomes.” 

187
Implied actions versus verbs
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Problem	1	:	Subjects

Problem	:	subjects	and	verbs	are	oTen	too	far	apart	

English	readers	expect	doers	to	be	near	their	ac5ons	

Use	concise	sentences	whenever	possible

188
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Problem 2 : Nominalisations
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Problem	2	:	Nominalisations

Problem	:	overabundance	of	nominalisa0ons	

e.g.	division	versus	to	divide	

English	readers	expect	ac5ons	to	be	in	verbs.	

Nominaliza5ons	are	ac5ons	that	appear	in	parts	of	a	sentence	
other	than	a	verb	(e.g.	in	nouns	or	adjec5ves)	
	

190



Exercise 2

Correct this 

“The assumption that all RNAs are poly-adenylated is an 
oversimpli!cation of the transcription process.”  

191



Exercise 2

Correct this 

“The assumption that all RNAs are poly-adenylated is an 
oversimpli!cation of the transcription process.”  

Solution  

“The model oversimpli!es the transcription process because 
it assumes that all RNAs are polyadenylated.”

192

Put action in verbs = avoid nominalisations
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Problem 3 : Flow



T.	Dudok	de	Wit Scien0fic	wri0ng	-	2024

Problem	3	:	Flow

Problem	:	poor	flow	in	the	text	(lack	of	cohesion)	

A	cohesive	sentence	links	with	neighbouring	sentences	usually	
by	pu�ng	familiar/old	ideas	first	and	ending	with	new	ideas.		

Avoid	disrup5ng	the	flow	by:	
–	Star5ng	with	unfamiliar	ideas	or	words	
–	Ending	with	backwards-linking	ideas	

194



Exercise 3

Identify old and new information 

“Farmers try to provide optimal growing conditions for crops 
by using soil additives to adjust soil pH. Garden lime, or 
agricultural limestone, is made from pulverized chalk, and 
can be used to raise the pH of the soil. Clay, which is a 
naturally acidic soil type, often requires addition of 
agricultural lime.” 

195



Exercise 3

A better version 

“Farmers try to provide optimal growing conditions for crops 
by using soil additives to adjust soil pH. One way to raise the 
pH of the soil is an additive made from pulverized chalk 
called garden lime or agricultural limestone. Agricultural 
limestone is often added to naturally acidic soils, such as 
clay.” 

196

Put familiar information !rst
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Problem 4 : Passive vs Active
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Problem	4	:	passive	vs	active

198
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Problem	4	:	passive	vs	active

199

The dog kicks the ball 
Active

The ball is kicked by the dog 
Passive
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Problem	4	:	passive	vs	active

Ac0ve	voice	
The	subject	of	the	sentence	performs	the	ac5on	
The	subject	acts	
Example	:	I	stole	the	money	

Passive	voice	
The	subject	of	the	sentence	receives	the	ac5on	of	the	verb	
The	subject	is	acted	upon	
Example:	The	money	was	stolen	by	me
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Problem	4	:	passive	vs	active

Ac5ve	voice	emphasizes	the	author	responsibility	
	
We	did	not	a@empt	to	perform	this	experiment	because…	
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Problem	4	:	passive	vs	active

Ac5ve	voice	improves	readability	
	
The	hypothesis	that	higher	pressure	causes	thinner	silicon	
deposiCon	was	rejected	by	the	manufacturer	
												vs	
The	manufacturer	rejected	the	hypothesis	that	higher	pressure	
causes	thinner	silicon	deposiCon
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Problem	4	:	passive	vs	active

Passive	voice	:	Sounds	more	neutral	and	focuses	more	on	the	
result	than	on	the	actor	
	
The	team	did	not	update	the	last	table	because…	
						vs	
The	last	table	was	not	updated	because…	
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Problem	4	:	passive	vs	active

Passive	voice	:	Allows	to	eliminate	the	actor	
	
We	did	not	a@empt	to	perform	this	experiment	because…	
						vs	
No	a@empt	was	made	to	perform	this	experiment	because…	
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Problem	4	:	passive	vs	active

Passive	voice	:	emphasises	what	was	found,	NOT	who	did	the	
finding	
	
We	determined	that	annealing	the	thin	films	at	700°C	
produced	voids	and	increased	surface	roughness.	
	
																					vs	
	
Voids	and	increased	surface	roughness	were	observed	in	the	
thin	films	annealed	at	700°C.	
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Problem	4	:	passive	vs	active

But	passive	voice	has	many	disadvantages	

It	reverses	the	order	of	the	sentence	(A-B	vs.	B-A)		
I	lit	the	candle		<—>		The	candle	was	lit	by	me		

It	can	eliminate	the	actor	(causing	ambiguity)		
No	a@empt	was	made	to	bypass	the	pressure	valve	

It	oBen	increases	length	
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Problem	4	:	passive	vs	active

207

Journal editors encourage the use of active voice

keep 10-30% in passive voice



Exercise 4

Correct this 

“The substrate surface was mapped using an Atomic Force 
Microscope” 

208



Exercise 4

Correct this 

“The substrate surface was mapped using an Atomic Force 
Microscope” 

Solutions 

“We mapped the substrate surface using an Atomic Force 
Microscope.”  

“The Atomic Force Microscope mapped the substrate 
surface.”

209



I or We ?

Am I allowed to use “I” or “We” ? 

If I’m the only author, should I use “I” or “We” ?

210
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Problem	4	:	passive	vs	active

It	is	ok	to	start	some	sentences	with	I	or	We	

But	don’t	use	them	excessively

211

4/8/2015 

9 

 1. Emphasizes Author Responsibility 

� No attempt was made to contact non-
responders because they were deemed 
unimportant to the analysis. (passive) 

Vs. 
� We did not attempt to contact non-

responders because we deemed them 
unimportant to the analysis. (active) 

It’s OK to use “We” and “I”! 

� You/your team designed, conducted, and interpreted the 
experiments. To imply otherwise is misleading. 

� The experiments and analysis did not materialize out of thin air!  
� The goal is to be more objective, not to appear more objective. 

“After all, human agents are responsible for designing 
experiments, and they are present in the laboratory; 
writing awkward phrases to avoid admitting their 
responsibility and their presence is an odd way of 
being objective.”— 
Jane J. Robinson, Science 7 June 1957: 1160.  
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Problem	4	:	passive	vs	active
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Theory of Superconductivity*
J. BARnzzN, L. N. Coopzzg ANn J. R. Scrrzrzzzzzf

Departmelt of Physics, Urtiversity of Illinois, Urbarta, Itlirtois
(Received July 8, 1957)

A theory of superconductivity is presented, based on the fact
that the interaction between electrons resulting from virtual
exchange of phonons is attractive when the energy difference
between the electrons states involved is less than the phonon
energy, Ace. It is favorable to form a superconducting phase when
this attractive interaction dominates the repulsive screened
Coulomb interaction. The normal phase is described by the Bloch
individual-particle model. The ground state of a superconductor,
formed from a linear combination of normal state configurations
in which electrons are virtually excited in pairs of opposite spin
and momentum, is lower in energy than the normal state by
amount proportional to an average (Ace)', consistent with the
isotope effect. A mutually orthogonal set of excited states in

one-to-one correspondence with those of the normal phase is
obtained by specifying occupation of certain Bloch states and by
using the rest to form a linear combination of virtual pair con-
figurations. The theory yields a second-order phase transition and
a Meissner effect in the form suggested by Pippard. Calculated
values of specihc heats and penetration depths and their temper-
ature variation are in good agreement with experiment. There is
an energy gap for individual-particle excitations which decreases
from about 3.5kT, at T=O'K to zero at T,. Tables of matrix
elements of single-particle operators between the excited-state
superconducting wave functions, useful for perturbation expan-
sions and calculations of transition probabilities, are given.

I. INTRODUCTION
'HE main facts which a theory of superconductivity
must explain are (1) a second-order phase

transition at the critical temperature, T„(2) an elec-
tronic specific heat varying as exp(—Ts/T) near
T=O'K and other evidence for an energy gap for
individual particle-like excitations, (3) the Meissner-
Ochsenfeld effect (B=O), (4) effects associated with
infinite conductivity (E=O), and (5) the dependence
of T, on isotopic mass, T,QM=const. We present
here a theory which accounts for all of these, and in
addition gives good quantitative agreement for specific
heats and penetration depths and their variation with
temperature when evaluated from experimentally
determined parameters of the theory.
When superconductivity was discovered by Onnes'

(1911),and for many years afterwards, it was thought
to consist simply of a vanishing of all electrical re-
sistance below the transition temperature. A major
advance was the discovery of the Meissner eGect'
(1933),which showed that a superconductor is a perfect
diamagnet; magnetic Aux is excluded from all but a
thin penetration region near the surface. Not very long
afterwards (1935), London and London' proposed a
phenomenological theory of the electromagnetic prop-
erties in which the diamagnetic aspects were assumed

*This work was supported in part by the Once of Ordnance
Research, U. S. Army. One of the authors (J. R. Schrieffer) was
aided by a Fellowship from the Corning Glass Works Foundation.
Parts of the paper are based on a thesis submitted by Dr. Schrieffer
in partial fulfillment of the requirements for a Ph.D. degree in
Physics, University of Illinois, 1957.
f Present address: Department of Physics and Astronomy, The

Ohio State University, Columbus, Ohio.
[Present address: Department oi Theoretical Physics, Uni-

versity of Birmingham, Birmingham, England.
'H. K. Onnes, Comm. Phys. Lab. Univ. Leiden, Ãos. 119,

120, 122 (1911).' W. Meissner and R. Ochsenfeld, Naturwiss. 21, 787 (1933).'H. London and F. London, Proc. Roy. Soc. (London) A149,
71 (1935);Physica 2, 341 (1935}.

basic. F. London4 suggested a quantum-theoretic
approach to a theory in which it was assumed that
there is somehow a coherence or rigidity in the super-
conducting state such that the wave functions are not
modified very much when a magnetic Geld is applied.
The concept of coherence has been emphasized by
Pippard, ' who, on the basis of experiments on pene-
tration phenomena, proposed a nonlocal modification
of the London equations in which a coherence distance,
gs, is introduced. One of the authors' r pointed out that
an energy-gap model would most likely lead to the
Pippard version, and we have found this to be true of
the present theory. . Our theory of the diamagnetic
aspects thus follows along the general lines suggested
by London and by Pippard. 7
The Sommerfeld-Bloch individual-particle model

(1928) gives a fairly good description of normal metals,
but fails to account for superconductivity. In this
theory, it is assumed that in first approximation one
may neglect correlations between the positions of the
electrons and assume that each electron moves inde-
pendently in some sort of self-consistent field deter-
mined by the other conduction electrons and the ions.
Wave functions of the metal as a whole are designated
by occupation of Bloch individual-particle states of
energy e(k) defined by wave vector k and spin o", in
the ground state all levels with energies below the
Fermi energy, 8&, are occupied; those above are
unoccupied. Left out of the Bloch model are correlations
between electrons brought about by Coulomb forces
and interactions between electrons and lattice vibrations
(or phonons).

4 F. London, Proc. Roy. Soc. (London) A152, 24 (1935);
Phys. Rev. 74, 562 (1948).' A. B.Pippard, Proc. Roy. Soc. (London) A216, 547 (1953).

6 J. Bardeen, Phys. Rev. 97, 1724 (1955).
7 For a recent review of the theory of superconductivity, which

includes a discussion of the diamagnetic properties, see J.Bardeen,
Eecyclopedia of Physics (Springer-Verlag, Berlin, 1956), Vol. 15,
p. 274.

Passive voice can still lead to the Nobel prize…



Exercise 5

What is wrong in this text ? 
Using a Beer–Lambert approach, we compute the 
primary production of excited and ionized states 
due to photoabsorption, neglecting the secondary 
production that is due to photoelectron impacts as 
well as to precipitated suprathermal electrons. 
Ions sputtered from the surface were also 
neglected. Computations are performed at the 
equator and close to the pole, in the same 
conditions as during the Galileo flyby. From the 
excitations, we are computing the radiative 
relaxation leading to the atmospheric emissions. We 
also proposed a simple chemical model to retrieve 
the stationary electron density. There are two main 
results…
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What is wrong in this text ? 
Using a Beer–Lambert approach, we compute the 
primary production of excited and ionized states 
due to photoabsorption, neglecting the secondary 
production that is due to photoelectron impacts as 
well as to precipitated suprathermal electrons. 
Ions sputtered from the surface were also 
neglected. Computations are performed at the equator 
and close to the pole, in the same conditions as 
during the Galileo flyby. From the excitations, we 
are computing the radiative relaxation leading to 
the atmospheric emissions. We also proposed a 
simple chemical model to retrieve the stationary 
electron density. There are two main results…
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Exercise 5

What is wrong in this text ? 
Using a Beer–Lambert approach, we compute the 
primary production of excited and ionized states 
due to photoabsorption, neglecting the secondary 
production that is due to photoelectron impacts as 
well as to precipitated suprathermal electrons. 
Ions sputtered from the surface were are also 
neglected. Computations are performed at the 
equator and close to the pole, in the same 
conditions as during the Galileo flyby. From the 
excitations, we are computing compute the 
radiative relaxation leading to the atmospheric 
emissions. We also proposed propose a simple 
chemical model to retrieve the stationary electron 
density. There are two main results…
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Problem 5 : Time
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Problem	5	:	time

Problem	:	check	for	consistent	0mes	

Avoid	a	mix	of	past/present/future	tense	

Highlight	verbs	to	check	this
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Problem 6 : UK or US English ?
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Problem	6	:	UK	vs	US

Your	text	should	be	either	in	US	English	or	UK	English,	not	a	
mix	of	the	two	

US	English	is	more	frequently	used,	especially	outside	of	
Europe
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Exercise 6

Is this UK or US English ? Convert into the other one 

The center of the 15-meter wide radiated zone revealed high 
ionization levels, leading to signi!cant deviations from 
modeled air resistivity. At !rst, we though that this was a 
property of the local medium. However, further investigation 
revealed that this could have been an artifact of the 
sampling procedure, which was biased toward the central 
part of the zone. Consequently, the whole zone has to be 
reexamined and the possible role of sulfur-rich constituents 
has yet to be carefully evaluated.
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Exercise 6

Is this UK or US English ? Convert into the other one 

The centre of the 15-metre wide radiated zone revealed 
high ionisation levels, leading to signi!cant deviations from 
modelled air resistivity. At !rst, we though that this was a 
property of the local medium. However, further investigation 
revealed that this could have been an artefact of the 
sampling procedure, which was biased towards the central 
part of the zone. Consequently, the whole zone has to be 
reexamined and the possible role of sulphur-rich 
constituents has yet to be carefully evaluated.
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Problem	6	:	UK	vs	US

222

A&A English Guide

Astronomy
&Astrophysics

Guide to the English Editing at Astronomy & Astrophysics
J. Adams, C. Halliday, A. Peter, and M. Usdin

Observatoire de Paris, 61, Av. de l’Observatoire, 75014 Paris, France

June 2011

1. Aims of this guide

This language handbook can be used in different ways, which include finding explanations behind some of the suggested changes.
It was written based on the kinds of changes we recommend most often in A&A papers, so it does not pretend to be a full English
language guide.

The most useful time to use this A&A handbook is while working through the changes we have suggested in your accepted
article, whenever you are not able to understand why a change was suggested. It not only contains details, but also tries to give a
sense of the spirit behind certain types of changes we ask for, from some simple conventions about details of spelling or punctuation,
through causes of ambiguity, to changes for the sake of rhetorical effectiveness. At times, for instance, some of these explanations
will have been inserted into the yellow note boxes in your corrected version, when a problem occurs often in a paper.

A second use might also be to take a look at it before submitting a paper so as to anticipate some of the changes we will suggest
anyway or, alternatively, as a ‘style guide’ to supplement any you might be using at present.

2. Consistency of style: UK/US spelling conventions

A basic principle of our editing is to ask for consistency within an article, whether in the punctuation, capitalization, spelling, or
abbreviations. One example is found in words that have more than one proper spelling or form: disc/disk, online/on-line/on line. A
good dictionary will tell you both versions of any word, and some tell you which is more common to the dialect you have chosen.

This dictionary should also let you know which spellings are American (US) and which are British (UK), when there are
differences. There is only a small difference between the two conventions, but you need to use the same one throughout a paper. Use
the following guidelines (see Table 1) when asked to revise the spelling for this reason, and of course your text processor (including
LATEX) can track this for you.

3. Punctuation, abbreviation, and capitalization

As for all rules, some of the following are conventions chosen for stylistic consistency within A&A. Most, however, are aiming to
make the text clearer for readers, so anything that causes them to stop in order to understand or puzzle through a sentence may also
make them stop reading altogether and go on to something else, which is neither the goal of the Journal nor the aim of any author.

How to write dates

In the text of your article, you may use either date formats common to regular prose (Day Month Year or Month Day Year) or the
IAU recommended format (Year Month Day), as long as you remain consistent. Please use letters for the month, rather than using
its figure, to avoid ambiguity.

When the date is an integral part of the event’s name, the use of the IAU format is recommended but not mandatory
(for example, “the 2003 January 17 CME event”). Dates included in tables should be in the IAU abridged format
(e.g., 2003 Jul 4).

Otherwise, you are free to choose from the following formats, as long as the format is consistent:
3 December 2005 / 3 Dec. 2005 / Dec. 3, 2005 / December 3, 2005 / 2005 December 3 / 2005 Dec 3.

English Guide, page 1 of 13

Much more information in this document (see on Celene)



T.	Dudok	de	Wit Scien0fic	wri0ng	-	2024 223

That or Which ?



One example: that or which ?

Which is the correct formulation ? 

1. Dogs which bark scare me. 

2. Dogs that bark scare me. 

3. Dogs, which bark, scare me. 

4. Dogs, that bark scare me.
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One	example:	that	or	which	?

Simple	rule	(with	some	excep5ons)	:	If	removing	the	words	
that	follow	change	the	meaning	of	the	sentence,	use	"that"	
Otherwise,	"which"	is	fine	
	
Dogs	that	bark	scare	me.	
Dogs,	which	make	great	pets,	bark	a	lot.	

But	the	meaning	can	also	be	different	
	
Our	house,	which	has	two	cellars,	is	located	in	Orléans.	
Our	house	that	has	two	cellars	is	located	in	Orléans.
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One	example:	that	or	which	?

Important:	“which"	is	always	preceded	by	a	comma;		
“that”	is	never	preceded	by	a	comma.	

In	scien5fic	journals,	“which”	is	used	only	when	the	
informa5on	following	is	added	and	is	not	essen5al	to	the	main	
idea	of	a	sentence	(e.g.	something	you	may	have	put	into	
parenthesis)
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Some exercises

227



Exercise 7

Improve this sentence 

This component chie#y involves a description and 
quantitative analysis of the study’s data collection process. 
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Exercise 7

Improve this sentence 

This component chie#y involves a description and 
quantitative analysis of the study’s data collection process. 

  

This component describes and quantitatively analyzes the 
data collection process.  
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Exercise 8

Improve this sentence 

Detailed analyses of the evolutionary features of di$erent 
types of regulatory elements are an important area for 
future research.  
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Exercise 8

Improve this sentence 

Detailed analyses of the evolutionary features of di$erent 
types of regulatory elements are an important area for 
future research.  

  

Future research should analyze the evolutionary features of 
di$erent types of regulatory elements.  
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Exercise 9

Improve this sentence 

Improvements are expected in the predictive power of all 
the scores being computed on multispecies alignments.  
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Exercise 9

Improve this sentence 

Improvements are expected in the predictive power of all 
the scores being computed on multispecies alignments.  

  

We expect to improve the predictive power of our 
multispecies alignment scores.  
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 Exercise 10

Improve this sentence 

Some astonishing questions about the nature of the 
universe have been raised by scientists studying the nature 
of black holes in space. The collapse of a dead star into a 
point perhaps no larger than a marble creates a black 
hole.  
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Exercise 10

Improve this sentence 

Some astonishing questions about the nature of the 
universe have been raised by scientists studying the nature 
of black holes in space. The collapse of a dead star into a 
point perhaps no larger than a marble creates a black 
hole.  

Scientists studying black holes have raised some 
astonishing questions about the universe. A black hole is 
created by the collapse of a dead star into a point perhaps 
no larger than a marble. 
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Exercise 11

Improve this sentence 

We identi!ed genes that are di$erentially expressed 
between species. A phylogenetic tree based on the number 
of di$erentially expressed genes between species 
recapitulates their known phylogeny.  
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Exercise 11

Improve this sentence 

We identi!ed genes that are di$erentially expressed 
between species. A phylogenetic tree based on the number 
of di$erentially expressed genes between species 
recapitulates their known phylogeny.  

We identi!ed genes that are di$erentially expressed 
between species. The number of di$erentially expressed 
genes can be used to build a phylogenetic tree that 
recapitulates the known phylogeny. 
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To	summarise

KISS	always	!	

Omit	unnecessary	words	

Put	ac5ons	in	verbs:	find	nominaliza5ons	and		
see	if	they	should	be	converted	to	verbs.		

Place	verbs	near	subjects:	highlight	subjects	and	verbs	and	
check	for	subject-verb	distance		

Put	familiar	informa5on	first:	check	each	sentence	for	old	and	
new	informa5on.	
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There	can	be	exceptions

239

184 J. Org. Chem., Vol. 86, No. 1, 1971 Bunnett and Kearley

Comparative Mobility of Halogens in Reactions of Dihalobenzenes
with Potassium Amide in Ammonia

J. F. Bunnett18 and Francis J. Kearley, Jr.11)

Metcalf Chemical Laboratories, Brown University, Providence, Rhode Island 02912

Received June 22, 1970

Dihalobenzenes in which the two halogens are unlike release two different halide ions, generally in unequal
amounts, on reaction with KNH2. From m-dihalobenzenes, the relative yields of halide ion are in the order
I > Br > Cl, but 0- and p-dihalobenzenes give more complex patterns because either of two steps in the aryne-
forming reaction may be rate limiting. Under reaction conditions, haloanilines furnish little halide ion. When
potassium anilide is the base, the heavier halogen is in all cases released preferentially.

Reactions of potassium amide
With halobenzenes in ammonia
Via benzyne intermediates occur.3-4
Bergstrom and associates6 did report,
Based on two-component competition runs,
Bromobenzene the fastest to react,
By iodobenzene closely followed,
The chloro compound lagging far behind,
And fluorobenzene to be quite inert
At reflux (—33°).
Reactions with para-dihalobenzenes,
In which the halogens were not the same,
The same order of mobility revealed,
But differences in reactivity
Were somewhat less in magnitude.

The irregular mobility rank
Explanation finds in the mechanism
Whereby arynes are formed.3,4 There are two steps:
Abstraction of the ortho proton
And then expulsion of the halogen
From the anion intermediate.
In Scheme I the mechanism is set forth.

Scheme I
X X

Here proton removal is favored, in rate
And in respect to equilibrium,
By high electronegativity
Of halogen.6 But the expulsion step

(1) (a) To whom correspondence should be addressed: University of
California, Santa Cruz, Calif. 95060. (b) National Science Foundation
College Teacher Research Participant (from Spring Hill College, Mobile,
Ala.), summer, 1965.

(2) Note from Editor.—Although we are open to new styles and formats
for scientific publication, we must admit to surprise upon receiving this paper.
However, we find the paper to be novel in its chemistry, and readable in its
verse. Because of the somewhat increased space requirements and possible
difficulty to some of our nonpoetically inclined readers, manuscripts in this
format face an uncertain future in this office. However, we take this op-
portunity to encourage readers and authors to examine carefully a new for-
mat represented by the articles on pages 3591-3646 and the Editor’s Notice
in the November 1970 issue of this journal.

(3) J. D. Roberts, D. A. Semenow,  . E. Simmons, Jr., and L. A. Carl-
smith, J. Amer. Chem. Soc., 78, 601 (1956).

(4) J. F. Bunnett, J. Chem. Educ., 38, 278 (1961).
(5) F. W. Bergstrom, R. E. Wright, C. Chandler, and W. A, Gilkey,

J. Org. Chem., 1, 170 (1936).
(6) J. Hiñe and P. B. Langford, ibid., 27, 4149 (1962).

Is faster in the opposite order.
According to the evidence, for both
Iodine and bromine step 1 limits rate.3
But on the other hand, the setting free
Of halogen determines total rate
For chlorine and fluorine atoms on the ring.

We have repeated the experiments
With dihalobenzenes of Bergstrom’s group.
They are extended to the isomers
Meta and ortho, and to the action
Of potassium anilide reagent.
Throughout, halide ions have been determined
By potentiometric titration
In which end points for diverse halide ions
Are discrete, and easy to recognize^
Nitrogenous products were not assayed.

Results

Data for reactions of all nine mixed
Dihalobenzenes (excluding fluorine)
With four equivalents of amide base
Are set forth in Table I. Reactions
With the same base in deficiency
Appear, for six substrates, in Table II.
In Table I, more than one halide ion
Is set free from each dihalobenzene
Molecule. This suggests the possibility
That maybe haloanilines too react
With potassium amide. In Table III

Table I
Reactions of Dihalobenzenes with Excess

Potassium Amide in Ammonia"
Halogens Orien- Registry -Halide ion yields, %b---'
present tation no. I- Br" Gi- Total Ratio0

Cl, Br ortho 694-80-4 98.5 ll 109.5d 90/10
meta 108-37-2 101 7.5 108.5“* 93/7
para 106-39-8 95.5 8.0 103.5" 92/8

97.5 8.0 105.5d 92/8
Br, I ortho 583-55-1 71 83 154 46/54

64 73.5 137.5 47/53
meta 591-18-4 96 17.5 113.5 85/15
para 589-87-7 50.5 70 120.5 42/58

Cl, I ortho 615-41-8 93.5 42.5 136 69/31
93.5 32.5 126 74/26

meta 625-99-0 95.5 6.5 102 93/7
para 637-87-6 96 14 no 87/13

“ Reaction conditions: 0.02 mol of dihalobenzene with 0.08
mol of KNH2; time 10 min, unless otherwise noted. 6 Reckoned
on the basis of one halide ion per molecule of dihalobenzene;
thus, the first experiment afforded 0.0197 mol of Br- and 0.0022
mol of Cl-. " Ratio of heavier halide ion to lighter halide ion.
d 15 min. * 20 min.
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There	can	be	exceptions
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Dihalobenzenes in which the two halogens are unlike release two different halide ions, generally in unequal
amounts, on reaction with KNH2. From m-dihalobenzenes, the relative yields of halide ion are in the order
I > Br > Cl, but 0- and p-dihalobenzenes give more complex patterns because either of two steps in the aryne-
forming reaction may be rate limiting. Under reaction conditions, haloanilines furnish little halide ion. When
potassium anilide is the base, the heavier halogen is in all cases released preferentially.

Reactions of potassium amide
With halobenzenes in ammonia
Via benzyne intermediates occur.3-4
Bergstrom and associates6 did report,
Based on two-component competition runs,
Bromobenzene the fastest to react,
By iodobenzene closely followed,
The chloro compound lagging far behind,
And fluorobenzene to be quite inert
At reflux (—33°).
Reactions with para-dihalobenzenes,
In which the halogens were not the same,
The same order of mobility revealed,
But differences in reactivity
Were somewhat less in magnitude.

The irregular mobility rank
Explanation finds in the mechanism
Whereby arynes are formed.3,4 There are two steps:
Abstraction of the ortho proton
And then expulsion of the halogen
From the anion intermediate.
In Scheme I the mechanism is set forth.

Scheme I
X X

Here proton removal is favored, in rate
And in respect to equilibrium,
By high electronegativity
Of halogen.6 But the expulsion step

(1) (a) To whom correspondence should be addressed: University of
California, Santa Cruz, Calif. 95060. (b) National Science Foundation
College Teacher Research Participant (from Spring Hill College, Mobile,
Ala.), summer, 1965.

(2) Note from Editor.—Although we are open to new styles and formats
for scientific publication, we must admit to surprise upon receiving this paper.
However, we find the paper to be novel in its chemistry, and readable in its
verse. Because of the somewhat increased space requirements and possible
difficulty to some of our nonpoetically inclined readers, manuscripts in this
format face an uncertain future in this office. However, we take this op-
portunity to encourage readers and authors to examine carefully a new for-
mat represented by the articles on pages 3591-3646 and the Editor’s Notice
in the November 1970 issue of this journal.
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(6) J. Hiñe and P. B. Langford, ibid., 27, 4149 (1962).

Is faster in the opposite order.
According to the evidence, for both
Iodine and bromine step 1 limits rate.3
But on the other hand, the setting free
Of halogen determines total rate
For chlorine and fluorine atoms on the ring.

We have repeated the experiments
With dihalobenzenes of Bergstrom’s group.
They are extended to the isomers
Meta and ortho, and to the action
Of potassium anilide reagent.
Throughout, halide ions have been determined
By potentiometric titration
In which end points for diverse halide ions
Are discrete, and easy to recognize^
Nitrogenous products were not assayed.

Results

Data for reactions of all nine mixed
Dihalobenzenes (excluding fluorine)
With four equivalents of amide base
Are set forth in Table I. Reactions
With the same base in deficiency
Appear, for six substrates, in Table II.
In Table I, more than one halide ion
Is set free from each dihalobenzene
Molecule. This suggests the possibility
That maybe haloanilines too react
With potassium amide. In Table III

Table I
Reactions of Dihalobenzenes with Excess

Potassium Amide in Ammonia"
Halogens Orien- Registry -Halide ion yields, %b---'
present tation no. I- Br" Gi- Total Ratio0

Cl, Br ortho 694-80-4 98.5 ll 109.5d 90/10
meta 108-37-2 101 7.5 108.5“* 93/7
para 106-39-8 95.5 8.0 103.5" 92/8

97.5 8.0 105.5d 92/8
Br, I ortho 583-55-1 71 83 154 46/54

64 73.5 137.5 47/53
meta 591-18-4 96 17.5 113.5 85/15
para 589-87-7 50.5 70 120.5 42/58

Cl, I ortho 615-41-8 93.5 42.5 136 69/31
93.5 32.5 126 74/26

meta 625-99-0 95.5 6.5 102 93/7
para 637-87-6 96 14 no 87/13

“ Reaction conditions: 0.02 mol of dihalobenzene with 0.08
mol of KNH2; time 10 min, unless otherwise noted. 6 Reckoned
on the basis of one halide ion per molecule of dihalobenzene;
thus, the first experiment afforded 0.0197 mol of Br- and 0.0022
mol of Cl-. " Ratio of heavier halide ion to lighter halide ion.
d 15 min. * 20 min.
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Dihalobenzenes in which the two halogens are unlike release two different halide ions, generally in unequal
amounts, on reaction with KNH2. From m-dihalobenzenes, the relative yields of halide ion are in the order
I > Br > Cl, but 0- and p-dihalobenzenes give more complex patterns because either of two steps in the aryne-
forming reaction may be rate limiting. Under reaction conditions, haloanilines furnish little halide ion. When
potassium anilide is the base, the heavier halogen is in all cases released preferentially.

Reactions of potassium amide
With halobenzenes in ammonia
Via benzyne intermediates occur.3-4
Bergstrom and associates6 did report,
Based on two-component competition runs,
Bromobenzene the fastest to react,
By iodobenzene closely followed,
The chloro compound lagging far behind,
And fluorobenzene to be quite inert
At reflux (—33°).
Reactions with para-dihalobenzenes,
In which the halogens were not the same,
The same order of mobility revealed,
But differences in reactivity
Were somewhat less in magnitude.

The irregular mobility rank
Explanation finds in the mechanism
Whereby arynes are formed.3,4 There are two steps:
Abstraction of the ortho proton
And then expulsion of the halogen
From the anion intermediate.
In Scheme I the mechanism is set forth.

Scheme I
X X

Here proton removal is favored, in rate
And in respect to equilibrium,
By high electronegativity
Of halogen.6 But the expulsion step
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California, Santa Cruz, Calif. 95060. (b) National Science Foundation
College Teacher Research Participant (from Spring Hill College, Mobile,
Ala.), summer, 1965.

(2) Note from Editor.—Although we are open to new styles and formats
for scientific publication, we must admit to surprise upon receiving this paper.
However, we find the paper to be novel in its chemistry, and readable in its
verse. Because of the somewhat increased space requirements and possible
difficulty to some of our nonpoetically inclined readers, manuscripts in this
format face an uncertain future in this office. However, we take this op-
portunity to encourage readers and authors to examine carefully a new for-
mat represented by the articles on pages 3591-3646 and the Editor’s Notice
in the November 1970 issue of this journal.
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Is faster in the opposite order.
According to the evidence, for both
Iodine and bromine step 1 limits rate.3
But on the other hand, the setting free
Of halogen determines total rate
For chlorine and fluorine atoms on the ring.

We have repeated the experiments
With dihalobenzenes of Bergstrom’s group.
They are extended to the isomers
Meta and ortho, and to the action
Of potassium anilide reagent.
Throughout, halide ions have been determined
By potentiometric titration
In which end points for diverse halide ions
Are discrete, and easy to recognize^
Nitrogenous products were not assayed.

Results

Data for reactions of all nine mixed
Dihalobenzenes (excluding fluorine)
With four equivalents of amide base
Are set forth in Table I. Reactions
With the same base in deficiency
Appear, for six substrates, in Table II.
In Table I, more than one halide ion
Is set free from each dihalobenzene
Molecule. This suggests the possibility
That maybe haloanilines too react
With potassium amide. In Table III

Table I
Reactions of Dihalobenzenes with Excess

Potassium Amide in Ammonia"
Halogens Orien- Registry -Halide ion yields, %b---'
present tation no. I- Br" Gi- Total Ratio0

Cl, Br ortho 694-80-4 98.5 ll 109.5d 90/10
meta 108-37-2 101 7.5 108.5“* 93/7
para 106-39-8 95.5 8.0 103.5" 92/8

97.5 8.0 105.5d 92/8
Br, I ortho 583-55-1 71 83 154 46/54

64 73.5 137.5 47/53
meta 591-18-4 96 17.5 113.5 85/15
para 589-87-7 50.5 70 120.5 42/58

Cl, I ortho 615-41-8 93.5 42.5 136 69/31
93.5 32.5 126 74/26

meta 625-99-0 95.5 6.5 102 93/7
para 637-87-6 96 14 no 87/13

“ Reaction conditions: 0.02 mol of dihalobenzene with 0.08
mol of KNH2; time 10 min, unless otherwise noted. 6 Reckoned
on the basis of one halide ion per molecule of dihalobenzene;
thus, the first experiment afforded 0.0197 mol of Br- and 0.0022
mol of Cl-. " Ratio of heavier halide ion to lighter halide ion.
d 15 min. * 20 min.
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One	last	thing
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Some of the best scienti!c articles turn the 
text into a narrative, as if you were telling a 

story. 

Make your article attractive !

Say what you mean and mean what you say
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Formatting
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Your layout is your business card
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Which	font	?
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1. A New Mini-Moon Was Found Orbiting Earth. 
There Will Be More. The object, a car-size asteroid 
called 2020 CD3, won’t be here for long, and new 
telescopes will help us spot more of these objects.

3. A New Mini-Moon Was Found Orbiting Earth. 
There Will Be More. The object, a car-size asteroid 
called 2020 CD3, won’t be here for long, and new 
telescopes will help us spot more of these objects.

2. A New Mini-Moon Was Found Orbiting Earth. 
There Will Be More. The object, a car-size asteroid 
called 2020 CD3, won’t be here for long, and new 
telescopes will help us spot more of these objects.

4. A New Mini-Moon Was Found Orbiting 
Earth. There Will Be More. The object, a 
car-size asteroid called 2020 CD3, won’t 
be here for long, and new telescopes will 
help us spot more of these objects.

New York Times 2/2020
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Fonts

Some	elementary	rules	

Fonts	with	serif	(Times,	Georgia,	Bookman,	…)	are	more	
confortable	to	read	on	the	long	term	than	fonts	without	serif	
(Helvetica,	Calibri,	Verdana,	…)	

Avoid	using	more	than	2	different	fonts	

Avoid	constantly	changing	font	size/style/type	

Never	write	in	capitals	
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Police

How	to	make	a	text	more	readable	?	

By	changing	style,	using different fonts	and	alternaCng	

styles.	You	can	also	use	different	font	sizes,	or	vary	
colours.	But the reader will eventually get annoyed and upset. 
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Example

You joined Prof. Jones’s lab at the beginning of a summer 
program, and you were instructed by him to follow experimental 
procedures from the lab notebook of last summer program’s 
participant, Jane.  
However, Jane's notebook was so badly written (e.g., missing 
important pieces of information, hard to read) that you were 
unable to use it. Upon showing the notebook to Prof. Jones at 
the beginning of the summer, you saw !rsthand his surprise, 
disgust, and anger about the state of the notebook. 
Prof. Jones explained how to re-do the work, and he put 
together a scienti!c paper based on your results at the end of 
the summer. He has just emailed you the !rst draft of this 
paper for your comments. You notice that his name is !rst and 
that Jane's name is not listed as an author on this paper.

248

Cindy PalinkasWhat is unethical here ? What would you do ?
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Ethics

Peer	review	is	today	increasingly	threatened	by	fraudulous	
behaviour	

There	are	different	kinds	of	problems	
misconduct	
conflicts	of	interest	
plagiarism	
falsifica5on	
fraud	
predatory	journals	
and	more

249

see: https://publicationethics.org/
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Misconduct accounts for the majority of retracted
scientific publications
Ferric C. Fanga,b,1, R. Grant Steenc,1, and Arturo Casadevalld,1,2

Departments of aLaboratory Medicine and bMicrobiology, University of Washington School of Medicine, Seattle, WA 98195; cMediCC! Medical
Communications Consultants, Chapel Hill, NC 27517; and dDepartment of Microbiology and Immunology, Albert Einstein College of Medicine, Bronx, NY 10461

Edited by Thomas Shenk, Princeton University, Princeton, NJ, and approved September 6, 2012 (received for review July 18, 2012)

A detailed review of all 2,047 biomedical and life-science research
articles indexed by PubMed as retracted on May 3, 2012 revealed
that only 21.3%of retractionswere attributable to error. In contrast,
67.4% of retractions were attributable to misconduct, including
fraud or suspected fraud (43.4%), duplicate publication (14.2%), and
plagiarism (9.8%). Incomplete, uninformative or misleading retrac-
tion announcements have led to a previous underestimation of the
role of fraud in the ongoing retraction epidemic. The percentage of
scientific articles retracted because of fraud has increased ∼10-fold
since 1975. Retractions exhibit distinctive temporal and geographic
patterns that may reveal underlying causes.

bibliometric analysis | biomedical publishing | ethics | research misconduct

The number and frequency of retracted publications are im-
portant indicators of the health of the scientific enterprise,

because retracted articles represent unequivocal evidence of
project failure, irrespective of the cause. Hence, retractions are
worthy of rigorous and systematic study. The retraction of flawed
publications corrects the scientific literature and also provides
insights into the scientific process. However, the rising frequency
of retractions has recently elicited concern (1, 2). Studies of se-
lected retracted articles have suggested that error is more com-
mon than fraud as a cause of retraction (3–5) and that rates of
retraction correlate with journal-impact factor (6). We undertook
a comprehensive analysis of all retracted articles indexed by
PubMed to ascertain the validity of the earlier findings. Retracted
articles were classified according to whether the cause of re-
traction was documented fraud (data falsification or fabrication),
suspected fraud, plagiarism, duplicate publication, error, un-
known, or other reasons (e.g., journal error, authorship dispute).

Results
Causes of Retraction. PubMed references more than 25 million
articles relating primarily to biomedical research published since
the 1940s. A comprehensive search of the PubMed database in
May 2012 identified 2,047 retracted articles, with the earliest
retracted article published in 1973 and retracted in 1977. Hence,
retraction is a relatively recent development in the biomedical
scientific literature, although retractable offenses are not neces-
sarily new. To understand the reasons for retraction, we consulted
reports from the Office of Research Integrity and other published
resources (7, 8), in addition to the retraction announcements in
scientific journals. Use of these additional sources of information
resulted in the reclassification of 118 of 742 (15.9%) retractions in
an earlier study (4) from error to fraud. A list of 158 articles for
which the cause of retraction was reclassified because of consul-
tation of secondary sources is provided in Table S1. For example,
a retraction announcement in Biochemical and Biophysical Re-
search Communications reported that “results were derived from
experiments that were found to have flaws in methodological
execution and data analysis,” giving the impression of error (9).
However, an investigation of this article conducted by Harvard
University and reported to the Office of Research Integrity in-
dicated that “many instances of data fabrication and falsifica-
tion were found” (10). In another example, a retraction notice

published by the authors of a manuscript in the Journal of Cell
Biology stated that “In follow-up experiments . . . we have shown
that the lack of FOXO1a expression reported in figure 1 is not
correct” (11). A subsequent report from the Office of Research
Integrity states that the first author committed “research mis-
conduct by knowingly and intentionally falsely reporting . . . that
FOXO1a was not expressed . . . by selecting a specific FOXO1a
immunoblot to show the desired result” (12). In contrast to earlier
studies, we found that the majority of retracted articles were
retracted because of some form of misconduct, with only 21.3%
retracted because of error. The most common reason for re-
traction was fraud or suspected fraud (43.4%), with additional
articles retracted because of duplicate publication (14.2%) or
plagiarism (9.8%). Miscellaneous reasons or unknown causes
accounted for the remainder. Thus, for articles in which the
reason for retraction is known, three-quarters were retracted
because of misconduct or suspected misconduct, and only one-
quarter was retracted for error.

Temporal Trends. A marked recent rise in the frequency of re-
traction was confirmed (2, 13), but was not uniform among the
various causes of retraction (Fig. 1A). A discernible rise in re-
tractions because of fraud or error was first evident in the 1990s,
with a subsequent dramatic rise in retractions attributable to
fraud occurring during the last decade. A more modest increase
in retractions because of error was observed, and increasing
retractions because of plagiarism and duplicate publication are
a recent phenomenon, seen only since 2005. The recent increase
in retractions for fraud cannot be attributed solely to an increase
in the number of research publications: retractions for fraud or
suspected fraud as a percentage of total articles have increased
nearly 10-fold since 1975 (Fig. 1B).

Geographic Origin and Impact Factor. Retracted articles were auth-
ored in 56 countries, and geographic origin was found to vary
according to the cause for retraction (Fig. 2). The United States,
Germany, Japan, and China accounted for three-quarters of
retractions because of fraud or suspected fraud. China and India
collectively accounted for more cases of plagiarism than the
United States, and duplicate publication exhibited a pattern sim-
ilar to that of plagiarism. The relationship between journal impact
factor and retraction rate was also found to vary with the cause of
retraction. Journal-impact factor showed a highly significant cor-
relation with retractions because of fraud or error but not with
those because of plagiarism or duplicate publication (Fig. 3 A–C).
Moreover, the mean impact factors of journals retracting articles

Author contributions: F.C.F., R.G.S., and A.C. designed research, performed research, an-
alyzed data, and wrote the paper.

The authors declare no conflict of interest.
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because of fraud or error differed significantly from that of jour-
nals retracting articles because of plagiarism or duplicate publi-
cation. Accordingly, retractions for fraud or error and retractions
for plagiarism or duplicate publication were encountered in dis-
tinct subsets of journals, with differences in impact factor (Fig. 3D)
and limited overlap (Table 1).

Time-to-Retraction. The time interval between publication and
retraction varied according to the cause of retraction, with arti-
cles retracted because of fraud taking substantially longer to
retract (Table 2). A gradual trend toward increasing time-to-
retraction over time was detected (Fig. 4A). Journal-impact
factor did not correlate with time-to-retraction for manuscripts
retracted because of error, plagiarism, or duplicate publication,
but did exhibit a modest correlation for manuscripts retracted
because of fraud in high-impact journals, which tended to exhibit
a shorter time-to-retraction (Fig. 4B). A small number of authors
were responsible for multiple retractions. Thirty-eight research
groups with greater or equal to five retractions accounted for
43.9% (n = 390) of retractions for fraud or suspected fraud in the
modern biomedical literature (Fig. S1). Nearly all retracted
articles by authors with 10 or more retractions were retracted
because of fraud (Table S2). This finding is attributable to the
discovery of multiple fraudulent articles during the course of
investigation of a single instance of fraud. For example, the re-
traction of a 2010 Blood article by Sawada et al. (14) was fol-
lowed in rapid succession by the retraction of 30 additional
articles originating from the laboratory of Naoki Mori (Fig. S2).

Citation of Retracted Articles. Previous investigators have found
that many retracted articles continue to be cited as if still valid
work (15, 16), but others have documented an immediate effect
of retraction on citation frequency (17). Although we did not
examine this question comprehensively, we found considerable
variation among the most frequently cited retracted articles
(Table 3). Some retracted articles exhibited a rapid and sus-
tained decline in citations following retraction, but others have
continued to be cited (Fig. S3).

Discussion
In addition to confirming a recent rise in the incidence of re-
tractions, this study provides a number of additional insights.
Perhaps most significantly, we find that most retracted articles
result from misconduct, and nearly half of retractions are for
fraud or suspected fraud. In addition to a larger sample size
encompassing all retractions in the biomedical research litera-
ture, this study differs from some previous analyses in the use of
alternative sources of information, such as reports from the Office

Fig. 1. (A) Number of retracted articles for specific causes by year of re-
traction. (B) Percentage of published articles retracted for fraud or suspected
fraud by year of publication.
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Fraud or Suspected Fraud 

Fig. 2. Country of origin of publications retracted
for fraud or suspected fraud (A), plagiarism (B), or
duplicate publication (C).
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Plagiarism

The	top	4	reasons	for	retrac5ons	

Mistakes	

Self-Plagiarism	

Plagiarism	

Fabrica5on	or	Falsifica5on
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published in September 2005 in 
NDT&E International



T.	Dudok	de	Wit Scien0fic	wri0ng	-	2024
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published in September 2005 in 
NDT&E International

published in May 2006 in Signal 
Processing, retracted in May 2007
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published in September 2005 in 
NDT&E International

published in May 2006 in Signal 
Processing, retracted in May 2007
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Different	forms	of	plagiarism

Use	graphic	material	that	is	not	your	own,	with	ci5ng	its	
sources	

Repeat	someone	else’s	words	without	using	quota5on	marks	

Paraphrase	someone	else’s	ideas	improperly		

Describe	findings	or	ideas	that	are	not	your	own

257

after: http://www.bio.davidson.edu/dept/plagiarism.html
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Paraphrasing	often	leads	to	plagiarism	

Paraphrasing	=	repeat	someone	else's	ideas	while	not	copying	
verba5m.		

Typically	
Use	phrases	from	the	original	source	without	enclosing	them	in	
quota5on	marks	
Emulate	sentence	structure	even	when	using	different	wording	
Emulate	paragraph	organiza5on	even	when	using	different	
wording	or	sentence	structure.
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after: http://www.bio.davidson.edu/dept/plagiarism.html
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Original version 
 
Few laboratory creatures have had such 
a spectacularly successful and productive 
history as Drosophila. It !rst entered 
laboratories about 1900, revealed its 
talent for experimental genetics to 
Thomas Hunt Morgan and his students 
at Columbia University in the early 
1910s, and after some ups and downs in 
status is still going strong almost a 
century later. 
 
(from Kohler, R.E. 1994. The Lords of 
the Fly. The University of Chicago Press, 
321 pages.) 

after: http://www.bio.davidson.edu/dept/plagiarism.html

Paraphrased version 
 
Despite some ups and downs in 
status, nearly a century after the 
#y revealed its talent to Thomas 
Hunt Morgan and his students, 
Drosophila genetics research 
continues its spectacularly 
successful history (Kohler, 1994). 
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Rosalind Franklin (1920-1958), English X-ray crystallographer, who co-
discovered the DNA double helix structure together with Crick, Watson 
and Wilkins. She was never nominated for the Nobel prize
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L’Etudiant 8/7/2014
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Science Insider 6/4/2017
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Humanoid Robot Localization and Navigation in Domestic

Environment using RGBD Sensor

Salim Sayssouk
PRISME Laboratory

salim.sayssouk@live.com

ABSTRACT
A growing number of research studies deal with object ma-
nipulation in everyday environments, to perform service tasks
such as retrieving and delivering objects at home, or improv-
ing the lives of the elderly or disabled. However, to apply
such a task, we need a precise localization of the humanoid
robot in its environment which is a challenging issue due
to rough odometry estimation, noisy onboard sensing, and
the swaying motion caused by walking. To overcome these
limitations, we advocate the use of external sensors for lo-
calization and navigation in a smart home environment.

As opposed to a stand-alone self contained robot, our hu-
manoid benefits from the information coming from other
sensing devices in the environment. In order to achieve
robust localization while walking, and retrieving an object
from the floor, we use RGBD camera information from an
external Kinect sensor. Indeed, Monte Carlo localization es-
timates the 6D torso pose of the robot, which is then used
for closed-loop navigation control. Experiments with NAO
robot show that, by cooperating with the environmental sen-
sors, the overall precision of humanoid robot navigation is
dramatically improved.

1. INTRODUCTION
In the last decades a lot of robotic platforms have been

developed, most of which include mobility, some sort of au-
tonomous navigation and manipulation capabilities. Fur-
thermore, a wide market segment comes from entertainment,
where robots are used as toy companions for children, and
life companions for the elderly, such as humanoid robots and
the pet robots. Thus, it is reasonable to predict that service
robots will be naturally integrated into our society [16].

One of the high priority tasks for these robots in human
environments is the retrieval of everyday objects which are
usually found on floors, tables, shelves... It is an impor-
tant task also for assistive robots which help people with

Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercial advantage and that copies
bear this notice and the full citation on the first page. To copy otherwise, to
republish, to post on servers or to redistribute to lists, requires prior specific
permission and/or a fee.
Copyright 200X ACM X-XXXXX-XX-X/XX/XX ...$10.00.

physical disabilities to retrieve dropped objects [9, 11]. But
robust and precise robot/object localization is a prerequi-
site for such task, and remains a challenging issue because
of inaccurate foot step odometry and noisy onboard sensor
observations especially during walking [7].

Since our humanoid is targeted to human-friendly indoor
environments, a smart home endowed with networked sen-
sors would provide additional useful information to monitor
both humans and robots. In smart environments, compo-
nents are working together by exchanging information via
the local network [18]. Various sensors could be used to
control and monitor the entire living space: several are em-
bedded in the robotic system (force sensors, inertial center,
(omni) cameras, odometers ...) and others are attached to
the robot’s environment (laser sensors, external cameras ...).

One of the relatively new and powerful low-cost sensors
is the Kinect which provides color and range images, suit-
able for human motion detection and tracking. It was used
in many applications: Dingli et al. [3] have created an
Ambient-Assisted Living application which monitors a per-
son’s position, labels objects around a room and raises alerts
in case of falls. Stone and Skubic [20] have investigated this
sensor for in-home fall risk assessment. Ni et al. [12] use
color-depth fusion schemes for feature representation in hu-
man action recognition.

In this paper, we present a localization and navigation
method for a humanoid robot in an indoor environment. The
Kinect sensor is used to monitor and track the 6D pose of
the robot. Localization and navigation to a detected object
is achieved precisely to pick it up from the floor. The rest of
the paper is organized as follows: related works on humanoid
localization is discussed in the second section; then section
3 presents the architecture of the system; localization and
control of the humanoid robot are described in section ??

and experimental results of object retrieval with NAO robot
are presented in section 4; finally, section 5 draws some con-
clusions and outlines future work extensions.

2. RELATED WORK
Accurate localization, which is considered to be mainly

solved for wheeled robots, is still a challenging problem for
humanoid robots [7]. When dealing with biped robots, many
problems arise such as foot slippage, stability problems dur-
ing walking, and limited payload capabilities, preventing
precise localization in their environment. In addition, hu-

submitted 
article
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Abstract—A growing number of research studies deal with
object manipulation in everyday environments, to perform service
tasks such as retrieving and delivering objects at home, or
improving the lives of the elderly or disabled. However, to apply
such a task, we need a precise localization of the humanoid
robot in its environment which is a challenging issue due to
rough odometry estimation, noisy onboard sensing, and the
swaying motion caused by walking. To overcome these limitations,
we advocate the use of external sensors for localization and
navigation in a smart home environment.

As opposed to a stand-alone self contained robot, our hu-
manoid benefits from the information coming from other sensing
devices in the environment. In order to achieve robust localization
while walking, and retrieving an object from the floor, we use
RGBD camera information from an external Kinect sensor.
Indeed, Monte Carlo localization estimates the 6D torso pose of
the robot, which is then used for closed-loop navigation control.
Experiments with NAO robot show that, by cooperating with the
environmental sensors, the overall precision of humanoid robot
navigation is dramatically improved.

I. INTRODUCTION

In the last decades a lot of robotic platforms have been
developed, most of which include mobility, some sort of
autonomous navigation and manipulation capabilities. Fur-
thermore, a wide market segment comes from entertainment,
where robots are used as toy companions for children, and life
companions for the elderly, such as humanoid robots and the
pet robots. Thus, it is reasonable to predict that service robots
will be naturally integrated into our society [1].

One of the high priority tasks for these robots in human
environments is the retrieval of everyday objects which are
usually found on floors, tables, shelves... It is an important
task also for assistive robots which help people with physical
disabilities to retrieve dropped objects [2], [3]. But robust
and precise robot/object localization is a prerequisite for such
task, and remains a challenging issue because of inaccurate
foot step odometry and noisy onboard sensor observations
especially during walking [4].

Since our humanoid is targeted to human-friendly indoor
environments, a smart home endowed with networked sensors
would provide additional useful information to monitor both
humans and robots. In smart environments, components are
working together by exchanging information via the local

network [5]. Various sensors could be used to control and
monitor the entire living space: several are embedded in the
robotic system (force sensors, inertial center, (omni) cameras,
odometers ...) and others are attached to the robot’s environ-
ment (laser sensors, external cameras ...).

One of the relatively new and powerful low-cost sensors
is the Kinect which provides color and range images,
suitable for human motion detection and tracking. It was
used in many applications: Dingli et al. [6] have created
an Ambient-Assisted Living application which monitors a
person’s position, labels objects around a room and raises
alerts in case of falls. Stone and Skubic [7] have investigated
this sensor for in-home fall risk assessment. Ni et al. [8]
use color-depth fusion schemes for feature representation in
human action recognition.

In this paper, we present a localization and navigation
method for a humanoid robot in an indoor environment. The
Kinect sensor is used to monitor and track the 6D pose of
the robot. Localization and navigation to a detected object is
achieved precisely to pick it up from the floor. The rest of
the paper is organized as follows: related works on humanoid
localization is discussed in the second section; then section
III presents the architecture of the system; localization and
control of the humanoid robot are described in section IV
and experimental results of object retrieval with NAO robot
are presented in section V; finally, section VI draws some
conclusions and outlines future work extensions.

II. RELATED WORK

Accurate localization, which is considered to be mainly
solved for wheeled robots, is still a challenging problem for
humanoid robots [4]. When dealing with biped robots, many
problems arise such as foot slippage, stability problems during
walking, and limited payload capabilities, preventing precise
localization in their environment. In addition, humanoids
usually cannot be assumed to move on a plane to which their
sensors are parallel because of their walking motion.

In the last few years, Monte Carlo methods have been
commonly used to perform localization on mobile robots
[9], as well as other methods including grid-based Markov
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ABSTRACT
A growing number of research studies deal with object ma-
nipulation in everyday environments, to perform service tasks
such as retrieving and delivering objects at home, or improv-
ing the lives of the elderly or disabled. However, to apply
such a task, we need a precise localization of the humanoid
robot in its environment which is a challenging issue due
to rough odometry estimation, noisy onboard sensing, and
the swaying motion caused by walking. To overcome these
limitations, we advocate the use of external sensors for lo-
calization and navigation in a smart home environment.

As opposed to a stand-alone self contained robot, our hu-
manoid benefits from the information coming from other
sensing devices in the environment. In order to achieve
robust localization while walking, and retrieving an object
from the floor, we use RGBD camera information from an
external Kinect sensor. Indeed, Monte Carlo localization es-
timates the 6D torso pose of the robot, which is then used
for closed-loop navigation control. Experiments with NAO
robot show that, by cooperating with the environmental sen-
sors, the overall precision of humanoid robot navigation is
dramatically improved.

1. INTRODUCTION
In the last decades a lot of robotic platforms have been

developed, most of which include mobility, some sort of au-
tonomous navigation and manipulation capabilities. Fur-
thermore, a wide market segment comes from entertainment,
where robots are used as toy companions for children, and
life companions for the elderly, such as humanoid robots and
the pet robots. Thus, it is reasonable to predict that service
robots will be naturally integrated into our society [16].

One of the high priority tasks for these robots in human
environments is the retrieval of everyday objects which are
usually found on floors, tables, shelves... It is an impor-
tant task also for assistive robots which help people with
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physical disabilities to retrieve dropped objects [9, 11]. But
robust and precise robot/object localization is a prerequi-
site for such task, and remains a challenging issue because
of inaccurate foot step odometry and noisy onboard sensor
observations especially during walking [7].

Since our humanoid is targeted to human-friendly indoor
environments, a smart home endowed with networked sen-
sors would provide additional useful information to monitor
both humans and robots. In smart environments, compo-
nents are working together by exchanging information via
the local network [18]. Various sensors could be used to
control and monitor the entire living space: several are em-
bedded in the robotic system (force sensors, inertial center,
(omni) cameras, odometers ...) and others are attached to
the robot’s environment (laser sensors, external cameras ...).

One of the relatively new and powerful low-cost sensors
is the Kinect which provides color and range images, suit-
able for human motion detection and tracking. It was used
in many applications: Dingli et al. [3] have created an
Ambient-Assisted Living application which monitors a per-
son’s position, labels objects around a room and raises alerts
in case of falls. Stone and Skubic [20] have investigated this
sensor for in-home fall risk assessment. Ni et al. [12] use
color-depth fusion schemes for feature representation in hu-
man action recognition.

In this paper, we present a localization and navigation
method for a humanoid robot in an indoor environment. The
Kinect sensor is used to monitor and track the 6D pose of
the robot. Localization and navigation to a detected object
is achieved precisely to pick it up from the floor. The rest of
the paper is organized as follows: related works on humanoid
localization is discussed in the second section; then section
3 presents the architecture of the system; localization and
control of the humanoid robot are described in section ??

and experimental results of object retrieval with NAO robot
are presented in section 4; finally, section 5 draws some con-
clusions and outlines future work extensions.

2. RELATED WORK
Accurate localization, which is considered to be mainly

solved for wheeled robots, is still a challenging problem for
humanoid robots [7]. When dealing with biped robots, many
problems arise such as foot slippage, stability problems dur-
ing walking, and limited payload capabilities, preventing
precise localization in their environment. In addition, hu-
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