@ Dataset Types

- Tables 2> Networks - Fields (Continuous) 2> Geometry (Spatial)
Attributes (columns) Grid of positions
b | |
Items Link PSEHILI,
(rows) T Cell 4 | g Position
Node [] Crll ]
v (item)
Cell containing value Attributes (columns)
=
Value in cell

> Multidimensional Table > Trees

o m

.4— Value in cell

Attribm

Key 2



Margues pour items

Elements geométriqgues basiques

(® Points (® Lines (® Areas
. °, o ® o / /'/\/\ @
oD |D 2D

Marques 3D: Volume (rarement utilisé)



Margues pour liens

(® Containment ®» Connection .




Channels: Expressiveness Types and Effectiveness Ranks

(® Magnitude Channels: Ordered Attributes ® ldentity Channels: Categorical Attributes
A
Position on common scale o ° 5 Spatial region - N .
=
Position on unaligned scale ': ' o—i Color hue HEN
: _ : '\ o ©
Length (1D size) Motion o ® Co
Tilt/angle | S Shape +~ O 0 A
Area (2D size) - = N . g
g
Depth (3D position) e —e %
Color luminance 1
g
Color saturation "
Curvature ) ) D )
Bl B
Volume (3D si . i
olume (3D size) v ¥ N 1




e Nionde A ACTUALITES ECONOMIE VIDEOS OPINIONS CULTURE M LE MAG SERVICES Q € A. NEURAZ

<— moins cher dans vos critéres plus cher —»

500 euros

18 m?

Cergy ®

® Mantes-la-Jolie ® Sarcelles

Enghien-les-Bains @

Meaux @

@ Saint-Denis ® Sevran

Saint-Germain-en-Laye @

r'- ® Torcy
Boulogne “

e Créteil

Versailles @

Massy ®

Gif-sur-Yvette ®

Evry ®
Brétigny-sur-Orge ®

Guignes @
® Melun


https://www.lemonde.fr/les-decodeurs/article/2019/11/15/loyers-a-paris-et-en-ile-de-france-ou-pouvez-vous-habiter-selon-votre-budget_6019321_4355770.html

975 SEASONALS —N"OWFALL

Entire Season Average: 43. 1

+.. Seasonto Date. 76.5"

l

FOR AFTE

/ JANUARY 23 JANUARY 23




Que pensez-vous de ce bar-chart ?

‘ - ’

PEAMS SEASONAL SNOWFALL
Entlrml —

Season to Date 76 5

FQ_R

JANUARY 23 JANJARY 23
P = r‘:fr-?f A ‘: -

Before January 23 After January 23

Utiliser des canaux proportionnels

aux données



POosItion

Variable visuelle la plus puissante
Tous types de données

Problemes:
parfois non disponible
(données spatiales)

encombrement



Exemple: Nuage de points (scatterplot

o
$1,500 \\/\/'5) o
I, JUU )/ e\.\
\\'\
OCCUPATIONS: Show all Roll over . RS
. - Y 5
® Entertainment, education and law dots for o @ WY e o0
. . 7 \V
_ information \\o)‘\/. o > >
® Science, computers and health care ) K52 S
$1,250 & oo
o ® Management, business and financial W @ £
/ N
. . ol
® Production and transportation %
® Service, sales and office o :. o P
o @ a
$1.000 / “
' ® .
Women's
. e}
median weekly
. o ® o
earnings
$500
$250
Men's median weekly earnings
$250 $500 $750 $1,000 $,1250 $1,500 $1,750 $2,000



L ongueur et tallle

Bien pour 1D, OK pour 2D, -
mauvais pour 3D

:
Facile de voir si 1 est plus grand I

position
s @

Aligner les barres pour utiliser la




Taille en 2D: buble-plot

Four Ways to Slice Obama’s 2013 Budget Proposal

Explore every nook and cranny of President Obama's federal budget proposal.

All Spending Types of Spending ‘ Changes I Department Totals

-~ ... Largest Increases

How $3.7 Trillion Is Spent

Mr. Obama's budget proposal includes $3.7
trillion in spending in 2013, and forecasts a
$901 billion deficit.

Circles are sized according to the

proposed spending.
..... $100 billion
TN $10 billion
aldlar $1 billion

Color shows amount of cut or
increase from 2012.

IS S e e
-25% 5% 0 +5% +25%

Largest Cuts



http://www.nytimes.com/interactive/2012/02/13/us/politics/2013-budget-proposal-graphic.html

| uminosité/saturation

OK pour données guantitatives
guand longueur et taille utilisées m
pas beaucoup de variations
reconnaissables



Exemple: echelle de saturation divergente

President Map @ sure = e
BigBoard Map Electoral Explorer Obama: Victory Speech  McCain: Concession Speech  Exit Polls

36 5 ~ Obama 0 1 7 McCain
Electoral Votes Electoral Votes
Projected Winner undecided

Popular vote: 66,862,039 270 needed to win Popular vote: 58,319,442

| State winners

| County bubbles
| County leaders
| Voting shifts

1510 5§ 0 5 1015%
Democrat Republican




Couleur

Bien pour variables qualitatives
/-10 classes max

Pas bon pour variables
guantitatives

Attention, beaucoup de
problemes possibles




Estimated fraction of precipitation
lost to evapotranspiration 1971-2000

" ]0.0-009 I 05-050 B 10-1.09 -

P o.1-019 |l 06-069 [ 1.1-1.19
B o2-020 N o.7-070 [ 12-1.29




Forme

Trés bien pour reconnaitre & <8 <a
de nombreuses classes

Pas de groupage

Pas d'ordre



L es canaux ne sont pas eégaux

Steven'’s Psychophysical Power Law: S= [N
|
@ N
™ =
~x _g
5 - s /5 S
A S N\
Re 5 N
s [o O
c 4 - @ V
e ]
: D
n Q-
- - eo
g 3 M \\\0-6]\
go 0%
)
2 2 - essS KOB\
S S Bght”
S
V.
/
O | | | | |

Physical Intensity



Combien de fois plus long 7




Combien de fois plus long 7

2X




Combien de fois plus long 7




Combien de fois plus long 7

4X



Combien de fois plus
inclingé 7

/

A B



Combien de fois plus
inclingé 7



Combien de fois plus
grand 7 (aire)

A B




Combien de fois plus
grand 7 (aire)

A B

5x



Combien de tois plus
grand ? (aire)

A B



Combien de tois plus
grand ? (aire)

. 3X

A B




Combien de fois plus
sombre

A B



Combien de fois plus
sombre



Erreurs communes



\VVoyez-vous les différences 7

A B C
5 : 5 1 > 1
2 4
4 2
4 ¢
3 3 3



EFt maintenant 7

2 3 4 5

1

2 3 4 5

1

2 3 4 5

1



Networks/Hosting Investor 1% _PR 1% Cleantech 1%

Other 2%
Enterprise 2%

No Category 3%

Video 3%

Advertising 3%

“l hate pie charts.
| mean, really hate them.”

www.storytellingwithdata.com/201 1/07/death-to-pie-charts.html

Share of coverage
on TechCrunch

Cole Nussbaumer



Redesign

TechCrunch Coverage: 2005 - 2011

/
TechCrunch Coverage: 2005 - 2011 Dareny Dol

A slightly better pie? General Consumer Web
Network/Hosting, 1% . Investor, 1% PR, 1% Cleantech, 1% Social Networks
News, 2%M\\ L e
Enterprise, 2% Other, 2% ——= Mobile
Softward
No Category, 3% — :
Entertainment
Video, 3% —
§hs Hardware
Advertising, 3% General Consumer
Web, 23% E-Commerce
Advertising
E-Commerce, 5% Video )
Hardware, 6% Social Networks, 12% No Category 3
Enterprise
Other
News
Entertainment, 6% Search, 10% :
Softward, M U‘S|C
8% Network/Hosting
Mobile, 9% Investor
PR

Cleantech



e seul pie chart valable

. Ciel

Face ensolelllée
de la pyramide

Face cachee
de la pyramide




Most important issues

A~ | 43 - Mo mact : b - ' - - s B iaTs I )
Nat Qo Y [‘1|| S LHNE 1050 ImMportan :i,'.‘!-::!"r d INeV A4 LC ay!

13% J70
496 . 89%
14% 9% 2% 9% 119%

6% 6% 6% =3 o

119% 9% CF
4%

15%




B Crime/Violence
.~ Race relations

2007

2010 20Mm

R. Cunliffe, Stats Chat



2007

Mais le choix de I'encodage était-il approprié initialement 7

30%
. Line graph

25%

20%

15%
Crime/Violence

10% -

Race relations

O%”"W'WYW?!!

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 201 - Cunifte, Stats Chat



Graphical Integrity

..’0..0..0.0‘.0N

L B ittt

Flowing Data



Scale Distortions

If Bush tax cuts expire...

Top tax rate

40% 39.6%

Now Jan. 1, 2013



What's wrong?

How 2012 STACKS UP

THE VWARMEST YEARS ON RECORD
CONTIGUOUS U.S.

543 54.32

54.14
53. 8I 5393 l ‘
'9 I999 |934

2006 1998

20I2

Source: NOAA's National Climatic Data Center - State of the Climate National Overview




Global Warming?

ldWPRLD AVERAGE TEMPERATURE 1997-2012

N
14.50°C

. fy &

Iy !
ff '.\w, AN <
§y \ < N\ o \
¥y 3 - N ' 4 A
( |Y ‘ lc".' )
4] { Py / y
o "‘(. \ " .,S :‘\_‘\. 4 .,' Yy
]4.40 ( '|". Hl /"l' }.\ ..:.J A
: ) Iu |
| \1" 3 h f Y
| i A i W,
4 .l }.l' ‘\\' ". | “‘
\ & A/ )
" y v %
f\ 4 r
o [ M
14.30°C
.,_-..-')‘

14.20°C;

| 59: 6C 99 2000 01 02 03 04 05 06 07 08 09 10 1 2012

The Daily Mail, UK



Global Warming?

Temperature Anomaly -- Annual Mean (°C)

0.9

0.8 /\

0.7

0.6 ¥
0.5 ‘/

0.4

03

0.2

0.1

T T T T T T T T T T T T T T T T T T T L T T T T 1

O N D H N D DD O DD D
D OSSO S &
ML NG LR N P B S SRR RN

0 T T 1 T T T L T T T T T T T L] L T T T L} L
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o

Mother Jones



Global Warming - Frame the Data

Temperature Anomaly -- Annual Mean (°C)

0.8

0.6

04

0.2

I I e e e e e e e e e e e D e D D B

Mother Jones



Tufte’s Integrity Principles

Show data variation, not design variation

Clear, detailed, and thorough labeling and appropriate
scales

Size of the graphic effect should be directly proportional
to the numerical quantities (“lie factor”)



Maximize Data-Ink Ratio




Maximize Data-lnk Ratio

700
525
350

175

Females

B 0-%$24,999 I $25,000+ 0-$24,999 M $25,000+



Avoid Chartjunk

Extraneous visual elements that distract from the
message

15%

10%

5%

Jan Feb Mar Apr May Jun Jul Aug Sep




Avoid Chartjunk

1 5°/o 77
10% [~ |
5% | I =

Jan Feb Mar Apr May Jun Jul Aug Sep

ongoing, Tim Brey



Avoid Chartjunk

15% [— |
10% [~ |
5% | I -

Jan Feb Mar Apr May Jun Jul Aug Sep

ongoing, Tim Brey



Avoid Chartjunk

15% [~

10% [~
5% |- I

Jan Feb Mar Apr May Jun Jul Aug Sep

ongoing, Tim Brey



Avoid Chartjunk

i

1[0y, e

0% —

Jan Feb Mar Apr May Jun Jul Aug Sep

ongoing, Tim Brey



Avoid Chartjunk

15%

10%

5%

Jan Feb Mar Apr May Jun Jul Aug Sep

ongoing, Tim Brey



Which is better?

DIAMONDS WERE AGIRL'S BEST FRIEND DIAMONDS WERE A GIRL'S BEST FRIEND
Average price of a one-carat D-flawless .y, Average price of a one-carat D-fNlawless
=1 560,000
$60,000
=1 550,000
$50,000
=1 540,000
' $40,000
: ‘l =1 530,000
1 S— ‘ .
' =1 520,000

1979 1980 1981 1982

| |} | )
978 1999 1880 i1  1s&2

[Bateman et al. 2010]



Which is better?

MONSTROUS COSTS

Total House and Senate
campaign expenditures,
in millions

MONSTROUS COSTS
Total House and Senate campaign expenditures, in millions

+5300

T 250

+ 150

1972 74 ‘76 ‘78 ‘80 ‘82 est.

[Bateman et al. 201 O] https://eagereyes.org/criticism/chart-junk-considered-useful-after-all



10000

8000 | :
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2004 2005 2006 2007

matplotlib gallery
5.000.000
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4.000.000
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2500.000
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|

SEfs5s .
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Excel Charts Blog



Choisir le type de
grapn



Comparaisons



Bar Chart

DANGERS

INDEXED BY THE NUMBER OF GOOGLE RESULTS FOR

“DIED IN A ACCIDENT™
,IEC‘TEE,Q? GOOGLE RESULTS
SKYDVING | P i e e ] 710
nevaror | e e e P TR 575
NG | e ) Y96
KAEBORRDING | e amse s |73
CAPING | (N /5
GARDENING | [ (00
ICE SKATING | [ 94
KNITTNG | ] 7

BLOGGING




Direction

Graduation rates up in most cities

Graduation rate for principal school district of the largest cities

2005 RATE
Philadeiphia 62 1%
Tucson 71.6
Kansas City, Mo. 533
El Paso 606
Portland, Ore. 68.8
New York 50.5
Dallas 508
Columbus 44.7
Mesa 768
Austin 589
Atlama 435
Fort Worth 565
Miami 559
Houston 529
Chicago 51.0
Oakland 505
Virginia Beach 685
Balimore 415
Denver 586
Detrof 375
SanAntonio 473
Phoenix 580
Oklahoma City 47.0
Indianapolis 305
Milwaukee 41.0
Sacramento 621
Washington, D.C. 576
Colorado Springs 68.8
Honoluk 67 4
Nashville 452
Jacksonville 508

1995-2005 CHANGE .
09 2oy, The average high

school graduation rate

of major cities was 54.7
percent in 2005, Of the 62
percent that improved
since 1995, Philadelphia
had the highest increase.
The rate in Las Vegas
decreased the most

1995-2005 2005

CHANGE RATE
63.4% Louisville
68.9 Seattle
512 Memphis
519 Fresno
58.6 Boston
453 Minneapolis
733 San Jose
485 Tulsa
60.5 Charlotte
63.7 SanDiego
444 Los Angeles
64.0 Long Beach
344 Cleveland
571 San Francisco
490 Albuquerque
60.3 Arlington, TX
496 Omaha
545 Wichita
445 Las Vegas

SOURCE: EPE Research Center

AP



S3I0K

520K

S10K

SOK

attention a la baseline

January

April

July

October

534K

32K

S3I0K

January

April

July October

https://eagereyes.org/basics/ba




LIine Chart

bottom-left spines
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matplotlib gallery



Bars vs. Lines

& & 8

Lines imply connections & o 2

sampling from continuous - vso

data. T L

Do not use for categorical o v

data. Qz g: _—
£ 20- §20.

Zacks 1999



Baseline Problem (again)

True Baseline Clipped Baseline Plotting Change

canw
Jévnh | ‘/—\

$34K
S:‘}‘\
S20K
$32K

S10K

CFJF}‘/

IV

SOK

January April July October January April July Octobi February April June August October

https://eagereyes.org/basics/baselines



inear vs. Logarithmic Scale

May 1990: == AAPL 1.4732

Linear Scale

M |
| | ﬂ,' 80
I’v
| f
| Y 60
| |
N
rl
Ial
f 40
|,\‘.
J
M‘ ,’b ’//\}
/ vl 20
1
\/
e
s
= shootlnc. e @~ e T e . —
1980 1985 1990 1995 2000 2005 2010

May 1990: == AAPL 1.4732

Log Scale >
W/ 20

AN
fl " |f cv\'J I\‘/\A A
A Ma M e TEVAN N, W
\ i v W " M !
u\vlﬂ‘]'l'

'\ W

1990 1995 2000 2005 2010

Apple Stock Price

1980 1985

SCOENCE TiP: LOG SCALES ARE FOR QUITTERS WHO CANT
FIND ENOUGH PAPER TOMAKE THEIR POINT AROPEsLY.

http://xkcd.com/1162/

http://finance.yahoo.com/echarts?s=AAPL



Aspect Ratios

Rule of Thumb:
Banking to 45°

(average line
slope: 45°)

31K

February April June August October February June October

February March April May June July August September October

eagereyes.org



Correlations

TASTY

@ o
POMEGRANATES N “*
O BLUEBERRIES
s &
) O
PEACHES
®
APPLES
. &
o NS SEEDLESS
PLES GRAPES
GREEN
APPLES
I
d
LEMONS
e
- ToraToES

] BANANAS
UNTASTY




age fare
22.0 7.25
38.0 71.2833 S t t I t
26.0 7.925 Ca e rP O S
35.0 | 53.1
35.0 8.05

8.4583
54.0 51.8625
205123075
27.0 11.1333 pearsonr = 0.096; p = 0.01
14.0 30.0708
40 16.7
58.0 26.55
20.0 8.05
39.0 31.275 & 40
14.0 7.8542
55.0 16.0 20
20 29.125

13.0 o
31.0 18.0

7.005 -100 0 100 2oofaresoo 400 500 600
35.0 26.0

34.0 13.0
15.0 8.0292

&0




age
22.0
38.0
26.0
35.0
35.0

54.0
2.0

27.0
14.0
4.0

58.0
20.0
39.0
14.0
55.0
2.0

31.0

35.0

34.0
15.0

fare
7.25
71.2833
7.925
53.1
8.05
8.4583
51.8625
21.075
11.1333
30.0708
16.7
26.55
8.05
31.275
7.8542
16.0
29.125
13.0
18.0
Tretds
26.0
13.0
8.0292

class
Third
First
Third
First
Third
Third
First
Third
Third
Second
Third
First
Third
Third
Third
Second
Third
Second
Third
Third
Second
Second
Third

Trivariate Data

+ 30

A T 25

T 20

class . o

Do NOT use 3D scatterplots!



age fare class

220 7.25 Third
N — | riva riate Data
26.0 7.925 Third
35.0 53.1 First
35.0 8.05 Third
8.4583  Third 80 .
54.0 51.8625 First A
20 21.075  Third 8y o .
H EC' £.* — a E 2
27.0 11.1333  Third :.,';..
14.0 30.0708 Second é.\s .
o e ° d
40 167 Third L 40 e ofs ExS
v oS ..' ° o furst
58.0 26.55 First 3, . . “Second
20.0 8.05 Third S, " +  Third
H 20 » P ;
30.0 31275  Third 13 .
14.0 7.8542  Third ’
55.0 16.0 Second 0 "
20 29.125  Third
13.0 SRS 100 0 100 200 300 400 500 60O
fare
31.0 18.0 Third
7.005 Third ] . .
50 260 | Secorg Map the third dimension to some other
340 130  Second visual attribute

15.0 8.0292 Third



Overplotting

L |
15000 | 15000 |
3 10000 | 2 10000 |
£ =
5000 | 5000 |
| o
0 - 0 1 2 3 4 5

Carat

alpha = 1/100



Compositions



Pie vs. Bar Charts

65% of the market is controlled by companiesBand C

CO"’P?")‘ F Company Percentages of Total Market Share

Coinpaciy.£ 0% 5% 10% 15% 20% 25% 30% 35% 40%
| Company A Coveary & T T T T
Cormpary C e
Copary O ]

Company A [ NN
Company E -

Company F l

Company D



Stacked Bar Chart

B Died
| I Survived

Number
s £ 8 8 3 ¢

Fraction

.

0.0
Ist Class 2nd Class 3rd Class Ist Class 2nd Class 3rd Class

2




acked Area vs. Line Graphs

Market Share

100

75

25

0
QY1 Q2v1 Qav1 Q4v1 Q1y2 Qzy2 Q1Y1 Q2Y1 Q3Y1 Q4Y1 Q1y2 Q2Y2

leancrew.com &
Practically Efficient



Distributions



H iStog ra m # passengers

#bins hard to predict
make interactive!

rule of thumb: #bins = sqrt(n) S T

# passengers

! 80 %0 ag e

20 Bins



Density Plots

035
030
025
020

015

0.00 | |11 R | AR N I 11010 -

-5 -4 -3 -2 -1 0 1 2 3 4

http://web.stanford.edu/~mwaskom/software/seaborn/tutorial/plotting_distributions.html



Heat Maps

binning of scatterplots

Points

10}

15

Heatmap

—10}

-10 -5 0 5 10

2D Density Plots

"

107

] O()



Box Plots

aka Box-and-Whisker Plot

. IQR
|
Q1 Q3
Q1 - 1.5 x IQR Q3 + 1.5 x IQR
; !
Median
~40 —éo —éo —Jl.oé Oro lo 210 310 40
~2.6980 —0.67450 0.67450 2.6980

24.65% = 50%  24.65% :

—é'lo —éo —éo —io Olo 1'0 2'0 3'o 410

Wikipedia



Comparison

Uniform
Normal
Poisson
Exponential

Uniform
Normal

Poisson

Exponential |

1.0

0.5 -

Exponential
A=1

Poisson
u=2

Uniform
Min=5.5

Normal Max = 6.5

o=1u=5

1 ¢ \ :

Streit & Gehlenborg, PoV, Nature Methods, 2014

8



Violin Plot

= Box Plot + Probability Density Function

15 2
N 15

10
10

5
5
0 0
-5

-5
-10

-10 e
-15
-15 -20
d @2 df @2

http://web.stanford.edu/~mwaskom/software/seaborn/tutorial/



Highdimensional Data



Parallel Coordinates (PC)

|||||||||||||

Axes represent attributes
Lines connecting axes represent items



Parallel Coordinates

Each axis represents
dimension

Lines connecting axis
represent records

Suitable for

all tabular data types

heterogeneous data

0-60 mph (s)




Star Plot

[Coekin1969]

Similar to parallel coordinates oo MRS
4
. . - @,; :1:3@.'-}_-;- S ::'.-.:-
Radiate from a common origin o - - .
AMC CONCORD AMC PACER AMC SPIRIT AUDI mm
Star Plot of MER IDD and Automated Designs
- hl:/)‘ss[?glr? E) Accuracy ALDIFOX BMW xz0l BUCKCENTURY  BUKK ELECTRA
: gzz:g: g Collision .%{
Design 4 / ~ TN T S T el
Link BUICK LE SABRE BUICK OPEL BUKCK REGAL BUKK AIVIERA
Deflection - P w i
Trajectory ' ' H L
Completion BUKCK SKY LARK CAD.DEVILLE CAD. ELDORADO CAD.SEVILLE
Actuator B . L
Saturation

Time

(Task Gompleton) http://bl.ocks.org/kevinschaul/raw 989

Mass



Scatterplot Matrices (SPLOM)

. o sepal leng o' *:'la °: ° o ”o:,..‘
Matrix of size d*d / 3
3 b, 2 1 .O‘..

Each row/column is one 2 st
dimension C B RINET A 3

i
Each cell plots a scatterplot of - i
two dimensions e = .
&
"



Pixel Based Displays

g O
Each cell is a “pixel”, value - i' =
encoded in color / value Sy B
Meaning derived from ordering L T m
If no ordering inherent, a b |

clustering is used
Scalable — 1 px per item
Good for homogeneous data

same scale & type




Bad Color Mapping
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Deuteranope Vision
“Red-Green Blindness”
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