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Graphics
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Graphics

A	good	graph		
Provides	the	greatest	number	of	ideas	/	informa:on	
Clarity	:	can	be	understood	immediately	
Relevant	:	answers	one	specific	ques:on	
With	the	least	amount	of	ink		
In	the	smallest	amount	of	space		
And	is	aesthe:c	
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International olympic committee
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Graphics

143

“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	crea:vity	
+	is	properly	integrated	in	it	
	
	
	
	
	

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

Figure	cap:ons	

Should	
Describe	what	is	shown,	e.g.	
“displacement	versus	age	for	a	sample	of	xxx”	
Provide	all	important	experimental	details	
Iden:fy	mul:ple	curves	or	traces	

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

147

Scale bars in Micrographs
Illegible scale bars are a 
common problem

Scale bar clearly indicated
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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
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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 ?
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R.	Benestad	(2015)



Which one is better ?
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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:
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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
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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

157

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	sta:s:cs	(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)



T.	Dudok	de	Wit Scien0fic	wri0ng	-	2026	

Examples
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http://compensationinsider.com/a-good-graph-is-worth-a-thousand-words/
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Examples

Map	of	the	French	Railway	
network		(1934)
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Examples

The	COVID-19	“Fla`en	the	
curve”	plot
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How to turn this into a good graph ?

Counts of citations of various professions in the New York Times

166

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 
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progr mmers 

Statisticis a 
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s 
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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 
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Neutral (2-2.9) 52.2 
Positive (> 3) 23.9 
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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 
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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	beau:ful	or	inspiring	graphics,	see	

h`ps://informa:onisbeau:ful.net	

h`p://www.storytellingwithdata.com	

h`ps://www.edwardtu1e.com/tu1e/	

h`ps://store.xkcd.com/collec:ons/posters	

h`ps://stats.stackexchange.com/ques:ons/423/what-is-your-favorite-data-analysis-
cartoon	
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https://informationisbeautiful.net
http://www.storytellingwithdata.com
https://www.edwardtufte.com/tufte/
https://store.xkcd.com/collections/posters
https://stats.stackexchange.com/questions/423/what-is-your-favorite-data-analysis-cartoon
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!	
Most	plot	have	fonts	that	are	too	small	

Label	axes	

The	legend	is	here	only	to	explain	what	is	on	the	figure,		
Do	NOT	use	the	legend	to	comment	on	it..
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One	last	thing…

Using	smart	graph	tools	is	no	guarantee	that	your	graph	will	be	smarter
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xkcd
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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	descrip:on	of	technique	etc.,	refereed	

“LeRer	to	the	Editor”	or	Rapid	communica0on:	short	research	paper	that	requires	rapid	publica:on	(some:mes	
esteemed	higher	than	regular	papers)	refereed	

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

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

Proceedings	paper:	O1en	preliminary	results.	Short,	some:mes	specula:ve		and	o1en	not	as	important	as	a	
journal	paper	

PhD	thesis:	Combina:on	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	(IF)	

Overall	quality	of	the	journal	

Publica:on	charges	

Quality	of	the	editorial	procedure:	how	many	referees	?	

How	long	does	it	take	to	publish	the	ar:cle	?	

Quality	of	the	proofreading	?
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Impact	factor

Impact	factor		
=	average	of	cita:ons	per	publica:on	of	the	last	2-3	years	
=	proxy	for	the	rela:ve	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	
Combus:on	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)	
Interna:onal	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	
Scien:fic	Reports	:	3.9	
MDPI	Sensors	:	3.8	(predatory)
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Impact	factor	:	caution	!

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

High	impact	factor																			High	quality	journal	
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One	last	thing…
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Non-refereed journals   
or low-IF journals  

usually are not considered for 
promotions or for job applications.
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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	contribu:on?	
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Careful planning (before writing) will 
help you save a lot of time.
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When	to	publish	?

182

 
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 inffiation, 
results may turn out to be 
wrong by lack of hindsight
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When	to	publish	?

The	best	publica:ons	generally	are	those	which	clearly	express		
	
one	single,		
simple,	
novel	idea		
in	an	elegant		
and	per0nent	way.
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When	to	publish	?
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Too many messages will kill your message


