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- Edward R. Tufte, The Visual Display of Quantitative
Information (1983)

* Claus O. Wilke, Fundamentals of Data Visualization (2019)
Available as online resource @
https://clauswilke.com/dataviz/

Resources

- Kieran Healy, Data Visualization — A Practical Introduction
(2019)

- Sarah Schwartz, “Powerful Publishable Plots” presentation,
October 2018 at Utah State University,
www.cehs.usu.edu/research/statstudio



https://clauswilke.com/dataviz/
http://www.cehs.usu.edu/research/statstudio

Graphics reveal data,

communicate complex The BEST graph is one which:

ideas and dependencies [JEEACRSRUIAIA
with cIarity, pI‘ECiSiOﬂ and the greatest number of IDEAS

efficiency in the shortest T
with the least IN

In the smallest S

-Edward R. Tufte
“The Visual Display of Quantitative
Information”
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Issues of bad graphic design

What makes * Aesthetic
figures bad? -Substantive

*Perceptual

Source: Data Visualization, a Practical Introduction by Kieran Healy
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% 80- What problem do you see
gg 50- with this presentation?
£8 40- Does the design of the plot
S 20- introduce clear, intentional
: = bias?
Substantive o
- \%%Q \q@ '9‘19 \q@ \q@ \q@ (196° q,@?
ISSUES Year NASA and other
bad data or w ... climategroups

convert the data to
“temperature
anomaly” (i.e.,
deviation from a

| reference
Ve s m o e e me @ temperature) to
AR avoid problems with

the scale and bias

1.0

misleading
presentation

0.5

0.0

Temperature Anomaly (C)

Source: climate.nasa.gov

Data source: NASA's Goddard Institute for Space Studies (GISS), Global Land-ocean Temperature Index, converted to Fahrenheit.



Perception

Issues

Graduating students (%)

Graduates in STEM disciplines
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Think of the vastly different messages these two plots send.

Is one right or wrong?

Data Source: Utah State University, Office of Assessment, Analysis, and Accreditation



Remove
o |mprove

(the data-ink ratio)

Darkhorse Analytics darkhorseana lytics



A very brief review of
graphics
fundamentals




I—Inklng data position

values to
shape

graphical
aesthetics color

Image credit: https://clauswilke.com/dataviz/
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High quality figure that links
data in 5 scales using these
three aesthetics

« X axis: displacement

* Y axis: fuel efficiency

» symbol color: power
* symbol size: weight

* symbol shape: cylinders

fuel efficiency (mpg)

35+

30~

N
(9]
1

N
(@]
1

—_
(9]
1

10 A

power (hp) weight (1000 Ibs) cylinders

300 ° 2 ¢ 4
® 3 A 6
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100 @
.
L 2
¢ ¢
¢ A A
Aa N o ©
— Ps
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» |
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displacement (cu.in.)

Image credit: https://clauswilke.com/dataviz/



Qualitative color scales to distinguish

Okabe Ito
Color as a tool Colorewer Dark2
ggplot2 hue

Sequential color scales to represent values

ColorBrewer Blues CARTO Earth
Heat ColorBrewer PiYG

Viridis Blue-Red

Image credit: https://clauswilke.com/dataviz/



Visualizing
amounts

relationships
between numeric
and categorical
variable

Bars

Grouped Bars

Bars

Grouped Bars

Dots

Stacked Bars

Heatmap

Stacked Bars

Image credit: https://clauswilke.com/dataviz/



XY plots

data sets with two

or more
continuous
variables

Scatterplot

Bubble Chart

Paired Scatterplot

Density Contours

1 1 1 1 1

Image credit: https://clauswilke.com/dataviz/

Slopegraph

Correlogram
1




Distributions

distribution of
values within data

sets

Histogram

Strip Charts

E ||- -
1 il

Density Plot

Stacked Histograms

Boxplots Violins

— L 3“0

Overlapping Densities Ridgeline Plot

| % f“L

Image credit: https://clauswilke.com/dataviz/



. eoutlier maximum data value

maximum within upper fence
e ° :.
Anatomy of a s
bOXplOt & o3 ;f...: third quartile
VI Ol 1N p | Ot . 5": .;.: ‘: median maximum point density
.o .o:‘ . . ‘
., 2= first quartile
J minimum minimum data value

Image credit: https://clauswilke.com/dataviz/



Pie Chart Bars Bars Stacked Bars

Multiple Pie Charts Grouped Bars Stacked Bars Mosaic Plot

parts of a whole | | |
11 W

Proportions

QUG

Image credit: https://clauswilke.com/dataviz/



Graphics magic to
iImprove data
transparency

Tips & tricks




The principle of
proportional
ink

The sizes of shaded
areas in a visualization
need to be proportional
to the data values they
represent.

median income (USD)

a $60,000

median income (US

$70,000

$60,000

$50,000

$40,000

$20,000

Honolulu

Honolulu

Maui Kalawao
county

Maui Kalawao
county

Kauai

Kauai

Hawaii

Hawaii

bad

+ We judge differences

in these data by the
areas of the bars.

The top plot suggests
a much greater
relative difference in
median income
between Honolulu
and Hawaii than there
s in reality

Bar plots like this
should be anchored
at zero.

Image credit: https://clauswilke.com/dataviz/



bad
Canada . Canada °
Costa Rica [ Costa Rica °
Puerto Rico I Puerto Rico °
Chile e Chile °
Cuba . Cuba °
United States [ United States °
Uruguay [y Uruguay
Mexico . Mexico
Panama [ Panama °
Argentina [ Argentina L
Ecuador [, Ecuador ®
. Venezuela [ Venezuela °
Nicaragua [ Nicaragua .
ernative 10 Colombia | Colombia .
Jamaica I Jamaica ®
Brazil I Brazil °
t h e ba r C h a rt Dominican Republic I Dominican Republic ®
El Salvador I El Salvador °
Paraguay I Paraguay °
. Peru I Peru L
O r S h OWI n Guatemala [ Guatemala °
Honduras [ Honduras °
Trinidad and Tobago [ Trinidad and Tobago °
Bolivia I Bolivia °
amoun tS Haiti [ Hait
0 20 40 60 80 60 65 70 75 80
life expectancy (years) life expectancy (years)

- Bar charts should be anchored at ZERO. Challenge when

differences are small in magnitude

- Consider a dot plot as alternative
- Can appropriately adjust axis to fit data range

Image credit: https://clauswilke.com/dataviz/



4« What is the intent of the error bars
7 + + + * here?
& 501 + * * Error bars are typically used to
§ visualize uncertainty of an estimate,
g 251 * not variability in a population
Visualizing
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
month

many
distributions

~N
(%]

w
o

: $$$$$%$¢$$ OQOQO
T

251

mean temperature (°F)
N
(9]

mean temperature (°F)

QOOGO U

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
month month

o
o
1

Box plots or violin plots show the variability in the

population. Note that the distributions are not symmetric!
Image credit: https://clauswilke.com/dataviz/



When the dataset is too sparse to justify visualization of a violin plot
(or box plot), show the raw data as individual points instead (or in
addition)
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Image credit: https://clauswilke.com/dataviz/

month
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month



The notorious

"dynamite
plot”

- low data-to-ink ratio
- hide raw data
- assume symmetric SD, SEM, Cl

- disguise the data distribution

Response (units)

Response (units)

25—

20 -

15—

30

20 4

10 -

Treatment

A B C D
Treatment
A
o
O
)
@ AAA
® ® o
EEE
)
| | |
A B C



Transforming a bad “"dynamite” plot

600 500 -
_ 480-
2 400 AdjustY- 7
5 ] axis range? 5 460-
3
5 S 440
g 20 m)
(]
e “ 420
0- 400-
A B C D A B C D

Treatment Treatment



Transforming a bad “"dynamite” plot

600 — 500 —
480
—_ ) =
S break? 3
my -
o
o
2 200 % 420 i
& &
400 L
3007
A B C D

A B C D

Treatment Treatment



Transforming a bad “"dynamite” plot

600 —

Response (units)

Response (units)
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Show
values
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Treatment

Show
distribution
as violin plot
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Treatment
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Summarize
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Use the right

kind of plot
for your data

Response (units)

Response (units)

100 —

80 -

60 —

40 4

20 -

100

80 4

60 -

40 4

20 -

|
SO
O & & &

Q

Treatment

|
0

I I I I I
100 200 300 400 500
Drug A (mg)

- Data are plotted here as

categorical. Are they really?

* These data appear to be

continuous:
- 0, 20, 100, 500 mg

- Plotting continuous data on

categorical axis misrepresents the
data

- Distance between continuous

values may not be even, although
often plotted as such

- Always plot continuous data on a

continuous scale!



100 —

80—

60 —

40 _

Response (units)

20 4

0
Diettype LF LF LF LF HF HF HF HF
Supplement -5 10 20 - S5 10 20

.Stu(;jétd(e':_slzlgl_r'\F;naln factors 2x4 design — grouped plot! / two continuous scales — XY plot!
 supplement (none, 5, 10, 20)— (0, 5, 10, 20) . .. a continuous scale
Reduce the non-data-ink

Notice how much cleaner this plot looks, which
allows for the differences in trends to be apparent.

The supplement appears more effective in subjects
consuming a low-fat diet



Design pitfalls to
avold




bad

o
30%
E
oo .
S — .
DO 20%
c N . .
¥ s
28 °
g @ o
Q o
L4 g_o 0 hd
g N 10% o ® ® p ( J
I CO 18 OO ° 2° Qe @
° * e® o
[ ]
0% ® °®
I I I‘ Or 10° 3x10° 107 3x107
population size in 2000
L4 state
I r re eV n t @ Alabama @® Kentucky North Dakota
a @ Alaska @® Louisiana Ohio
@ Arizona ® Maine Oklahoma
® ® @ Arkansas ® Maryland @ Oregon
I I I O I I l IO I @ California @ Massachusetts @) Pennsylvania
@ Colorado @ Michigan @ Rhode Island
@ Connecticut @ Minnesota @ South Carolina
@ Delaware ® Mississippi @ South Dakota
@ District of Columbia @ Missouri Tennessee
@ Florida @ Montana Texas
@® Georgia @ Nebraska Utah
® Hawaii @ Nevada Vermont
@ Idaho @ New Hampshire Virginia
@ lllinois @ New Jersey Washington
@ Indiana @ New Mexico West Virginia
® lowa @ New York Wisconsin
@® Kansas @ North Carolina Wyoming

Can you compare the location of
Colorado vs. Connecticut on this plot?

Image credit: https://clauswilke.com/dataviz/

population growth, 2000 to 2010

30%

20%

10%

0%

e
o

Vermont

[}
Nevada
/Utah /Arlzona
o
© Texas .
® ./ region
® o ® West
i ) / © South
® New Mexico @ o Florida ® Midwest
° @ () ©  Northeast
Oregon/. ) California\
@
.\Montana e o .. Tennessee
o0
) @,
© o °® Pennsylvania
o
© N Wisconsin ¢ Q
°© ) i ° e
o / Mlchlga\n \
“Rhodelsland  Louisiana ° New York
10° 3x10° 107 3x107

population size in 2000

Solution: Group colors by region,
highlight key points of interest



Nevada I Nevada
Arizona E— Arizona
Utah [ — Utah I
Idaho —— Idaho
Texas I— Texas I
North Carolina S —— North Carolina
Georgia I— Georgia I
Florida I Florida I
Colorado Colorado I
South Carolina  I— South Carolina I
Delaware I —— Delaware
Wyoming EE— Wyoming
Washington - Washington I .
Alaska  I— Alaska region
New Mexico I New Mexico I
Virginia  I— Virginia E West
C})-iawaii ] Hawaii I [ South
regon  — Oregon i
Tennessee Tennesgsee — | . Midwest
California I California [ Northeast
Montana I Montana
Arkansas N Arkansas N
Maryland I Maryland
Oklahoma I Oklahoma N
South Dakota N South Dakota [N
Minnesota I Minnesota |G
Alabama [N Alabama
Kentucky I Kentucky IR
Missouri I Missouri  INREEGEG—_——
Nebraska I Nebraska [INEEG—_————
Indiﬁna ] Indiana NG
New Hampshire I New Hampshire
O Or Or t e ansas Kansas I
Wisconsin IR Wisconsin I
District of Columbia NI District of Columbia N
Connecticut [INEG_— Connecticut
North Dakota | North Dakota | INEEE_—_—
Sa e O CO Or New Jersey [N New Jersey
Mississippi IR Mississippi IR
Maine [N Maine
lowa lowa [N
Pennsylvania I Pennsylvania
lllinois N lllinois NN
Massachusetts I Massachusetts
Vermont N Vermont
West Virginia [N West Virginia [
New York [ New York
Ohio N Ohio N
Louisiana B8 Louisiana [l
Rhode Island I Rhode Island
Michigan [ | Michigan | |
0% 10% 20% 30% 0% 10% 20% 30%
population growth, 2000 to 2010 population growth, 2000 to 2010

Solution: Grouping color by region
reveals that the Western and Southern
What function does this rainbow states e>.<per|enced more rapid

color scheme play? population growth than Northeast
and Midwest

What is the message of this plot?

Image credit: https://clauswilke.com/dataviz/



Use monotonic
color scales

Certain colors stand
out in the traditional
rainbow scale, which
emphasizes the
wrong data

Image credit: https://clauswilke.com/dataviz/

viridis

maima -

lot default
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rainbow

bad
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original

.. .. A scheme with red

and green is difficult
for some colorblind to
visualize

original

This pink/green scheme

DeS|g N Wlth (R color brewer) works
V|Sua”y for all types of color

blindness

. . . . . . .

Recommended color palette for all color-vision deficiencies
(https://jfly.uni-koeln.de/color/). Hexadecimal codes are shown

iImpaired In
mind

Image credit: https://clauswilke.com/dataviz/


https://jfly.uni-koeln.de/color/

died survived

151

Multi-panel

N Status: alive vs. dead
p|OtS - - < Cabin class: 1st 2nd or 3rd
— F— Gender: female vs. male
Small multiples are a w
o

powerful tool to
visualize very |arge 0 female male female male
amounts of data at

once This data set depicting the fate of
the passengers of the Titanic works
nicely as a multi-panel plot,
created using “faceting” in R.

Image credit: https://clauswilke.com/dataviz/



Multi-panel plots should be consistent in scaling for easy and accurate interpretation

Business

22.5%
20.0%
17.5%
15.0%

1970 1980 1990 2000 2010

Health professions and

wv
g related programs
o
$10.0%
S 750
c 7.5%
o
S 5.0%
[}
&
a 1970 1980 1990 2000 2010
Biological and
biomedical sciences
5.5%
5.0%
4.5%
4.0%

5%

o
1970 1980 1990 2000 2010

Social sciences and
history

18.0%
16.0%
14.0%
12.0%
10.0%

1970 1980 1990 2000 2010

Psychology

6.0%
5.5%
5.0%
4.5%

5.5%
5.0%
4.5%
4.0%

1970 1980 1990 2000 2010
year

Image credit: https://clauswilke.com/dataviz/

bad

Education
20.0%
15.0%
10.0%
5.0%
1970 1980 1990 2000 2010

Engineering

1970 1980 1990 2000 2010

Communication,
journalism, and related
5.0%

4.0%
3.0%
2.0%

1970 1980 1990 2000 2010

Business

Social sciences and
history

20% /\/"\ 20%
15% 15% \/\/\
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5% 5%
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With mixed .
multi-panel " = ORARLR
plots, be O N
consistent in Lo e 4 e m
some : |
aesthetic ‘ I |
attributes R : E '

L I L i.

basketball field rowing  swimming tennis track

Image credit: https://clauswilke.com/dataviz/



Including/excluding data

Do not arbitrarily delete data
points without scientific
justification

Don’t “massage” line fits or
change parameters post-hoc to
best fit your data

Variable B

40-
35- ®
.0
(]
30
(@)
Q @)
25 ¢
5 o
(@)
20
15 L] L] 1
0.0 0.5 1.0 1.5
Variable A
1251
E__*
~ 100 *
* ¥
S * % *
'8 754
=
a
N 50
w
? 25+
o ® E2
H PFOS
01 % 10:2 FtOH °
421110 -9 8 7 6 -5 -4 -3 -2 -1 0

Inhibitor concentration (Log M)

Consider how the four points
colored blue influence the
regression fit.

Are these outliers? Do they have

an outsized impact on the
apparent trend?

125+
*_*

* %

-
o
o

754

50

254
® E2
H PFOS

01 % 10:2 FtOH 1

421110 -9 -8 -7 -6 -5 -4 -3 2 -1 0
Inhibitor concentration (Log M)

[3H]-E2 Bound (%

A switch from 4-parameter to 3-parameter curve allows for fit of 3/ data
set, but is this post-hoc change in analysis appropriate or meaningful?



Presenting
multiple
figures

Jointly presented
data should be on
the same scale
(most of the time)

The center panel uses a different scale for the same type of data as in
the left panel. Clearly, an comparison between "Water” and "GT" is
intended. But the different scales obfuscate the comparison.

Water GT GT
8 51 8
% 6- :‘5 47 :_,‘E 6
2 5 3- 5
2 4 -3t - -3
c c c
o O 2- ]
o o Q
3 2- 3 3 24
14 X 14 (14
0' c T G T
Control Treatment Control Treatment Control Treatment

The right panel corrects this problem. Now you can see more easily
that the response was overall a bit lower for both control and treatment
in the GT group compared to the Water group. The dashed red line
added helps you visualize the impact of the selected scale.



Water GT

il |

Control Treatment

©
1
©

(=2}
1
(=2}
1

Graph style
should reflect
experiment
design

Response (units)
N

Response (units)
H

N
1

N
1

o

o

Control Treatment

Data groupings "1 O weter mm o
should infer what _ ¢ a
type of analysis i o
was performed. 2] (7] »
1 .
0

Control Treatment



A poorly

formatted
graph

Dependent

i
TH]
I
I

SE S S SESSSESE

Independent




Scale is more appropriate;

subdivide Y-axis into big Use solid fills and big
units; don't use minor ticks patterns to distinguish
(unless log scale) bars

Use large font for axis
titles, two sizes smaller 1000~
for axis labels; be

consistent in font sizes

_|

»

o

o
1

Use the same thickness for
axes, bar outlines and
error bars - thick enough

Dependent variable
(measurement) on the Y-

Dependent (u
H

axis 200- L to be seen but not overly
thick
Order your categories so that 0 T
they are easily interpreted, tell N B - D E
: i Independent (units .
the story; use white for control or P ( ) Independent variable (treatments) on
reference group which should be the Xeaxis

placed at the left-most position

Keep the figure looking clean and easily readable




Poorly / o

formatted line ——
graph /)




Follow previous

recommendations for - 0.154
font sizes, axes thickness, )
etc. Also use the same =
thickness for symbol 3 0.10-
outline. o
7y
5
o 0.054
7))
Q
1
0.00-

If the first data point falls /
on top of the Y-axis, then

offset the axes for clarity.

Keep the field behind the data clear of
any grid lines (unless needed to show
reference measurement, such as for
normalized data)

Use big symbols, easy to
\ see when graph is
reduced for publication.
Use shading to help
distinguish symbols.

-O- GroupA
1T GroupB

16 20 24

Time (hours) Include a legend to

identify symbols



Avoid the 3D
temptation

Do not use 3D unless
absolutely necessary.

Many other ways to
show 3 levels of data
without using a
rotated 3D graph

800

600

400

200

1st class

I female passengers

B male passengers

2nd class

3rd class

clauswilke.com

www.originlab.com



- Do not assume that anyone knows what is in a picture
- Use arrows, markers to identify features

- Specify magnification or Include a scale bar and define in the
legend

- Specify meanings of colors in figure or in legend
- Include key explanations in figure legend or footnote

Pictures as

figures

Kanno et al 2013 Intl J Mol Sci



HDM mucus hyper-
4 production

Use diagrams
to convey
complex

Ideasl bUt Th2© Th17© Th1©
keep them '4' 1 \}'5 |L-17N ‘A:Ny

Sim pIe' @ Eosinophil Neutrophil

Eosinophilic inflammation Neutrophilic inflammation

You can also use animation to build up complex diagrams

Image credit: Gubernatorova, et al (2018) Front Immunol



What is an
iInfographic?

A visual image used to
represent information or

data

Designed to be
accessible for
non-experts

Keep it simple for an

oral presentation

Risks from Smoking

Smoking can damage every part of the body

Cancers

Head or Neck ¢

Lung

Leukemia

Stomach

Kidney
Pancreas

Colon

Bladder

Cervix e

Chronic Diseases
Stroke

—*® Blindness

Gum infection

Aortic rupture

Heart disease
Pneumonia

Hardening of the arteries

Chronic lung disease
& asthma

Reduced fertility

Hip fracture

public domain

THE CHEMISTRY OF THE COLOURS OF AUTUMN LEAVES

OIOIOIO

CHLOROPHYLL CAROTENOIDS & FLAVONOIDS CAROTENOIDS
] = g S : oH
: =~ N ey T o 3 on

,,,,,

© COMPOUND INTEREST 2014 - WWW.COMPOUNDCHEM.COM | T
S oRrs ke

rrrrrrr

Leaf designed by Peter Silk from the Noun Project

CCBY-NC-ND 4.0

Snake Oil?

Scientific evidence for popular health supplements

Showing tangile health benefits when taken orally by an adult with a healthy diet il S, L.

A

@ fish Qil

PROMISING

WORTH IT LINE

folic acid” green tea

m Vitamin D

WORTH IT LINE

chrondroitin o
ey goji

(SLIGHT) AVOMUN | genn | gt

ce,mdcndehonﬂaxseed

e
QspaAralc ocxl
QCQi  chostoseny
copper

=N

Pbeta ourcpeon inkgo

ccroteneam, e DO 0

oon

10colrniencls
lycopene o S
. T
iron 2 m\ : .Q taurine Ubiqunat
lipoic acid b vitamin E
phenylcine trypsin
lignans = vanagum
methionine
S Wsilical
y N i i
o \ ~vitamin A
| noni 4 &R
foganese,  magnesim - & i

David McCandiess & Andy Perkins // 1.0 // Jan 2010
InformationisBeautiful.net & Andyperkins.org

o PubMed, Cochrana.oeg
Onty P, rasiond sbeobo-conteliod il vovd

InformationlsBeautiful.net



When to use infographic style?

Excellent for oral presentations, poster

. MICRONUTRIENTS
presentations } A } A\ & optimized
micronutrients

Coordinating complex ideas presented in 5% e 19% 19%  —_ Sub-optimal
' ' ' i trient
introduction or conclusion micronutrients

MACRONUTRIENTS
Protein

Excellent for public presentation M o

: SR B carbohydrat
Infographics excel at distilling complex arbohydrates

data into a simple visual format Totl  Westem  Westem  AINS3G

Western macro- micro-
diet nutrients nutrients

Not generally appropriate as main figures Ca7BL/6) mice fed
. . . diets for 16 wk
in journal articles, but could be very X o 0. 0.

effective as graphical abstract S G el A0S N T (e




Graphical
abstracts

avoid lots of text,
complicated plots

focus on “take-home”

message

make sure readable a
published size

- Scribendi — Top 10 tips for designing graphical abstracts
(https://tinyurl.com/4z2dk6kp)

- BioRender — Top 5 design Tips for winning graphical abstract
YouTube video
https://www.youtube.com/watch?v=35x2nPMzWbE

crystalline

sullca dust
*’

omega-3-rich
dietary supplement

Functional foods 7 %el® ojoeleee

silica pamcles in the lung
.

.
........

Immune cells respond b'y prolonged excess
production of inflammatory molecules

Prg%uctlon of auio-*reactlviﬁaantlbodles
Y iy Y I
Wy ' Yo N

Autoimmune disease

Graphical abstracts created using.bioRender.com


https://tinyurl.com/4z2dk6kp
https://www.youtube.com/watch?v=35x2nPMzWbE

- Excel is just awful for making science graphs

- Especially bad for multi-panel figures

» Thinks too much for you

- Try out other software that specializes in scientific
data presentation
- SigmaPlot http://www.sigmaplot.com/

Softwa re - Haven't worked with this one in years
- Advanced graphics with somewhat steep learning curve

options

- GraphPad Prism http://www.graphpad.com/
- Easy to use interface
- Integrates statistics with graphing

- Drawback — pricey for individuals (~$100/yr); bulk

licensing available * Graph pad

Software

- 30-day trial available


http://www.sigmaplot.com/
http://www.graphpad.com/

A few words
about R plots

ggplot2

35-
30-
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(e
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30-
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15-
10-

Relationship

o factor(gear)
°
— ® e 3
...~ ..
° s .. e 4
¢ QO. - ° e 5

factor(cyl)

density

cou nt

Distribution
0.12-

0.09-

0.03-

0'00-1 1 1 1 1 1

10 15 20 25 30 35
mpg
Composition

) ..I

factor (cyl)

factor(gear)

- Highly versatile, free software for data visualization
and analysis

Steep learning curve

suitable for presentations, publications

Default settings do need some tweaking to make



Graphics reveal data,

communicate complex The BEST graph is one which:

ideas and dependencies [JEEACRSRUIAIAWE
with cIarity, pI‘ECiSiOﬂ and the greatest number of IDEAS

efficiency in the shortest T
with the least IN

In the smallest S

-Edward R. Tufte
“The Visual Display of Quantitative
Information”

ME
K

PACE.”



