Visualisierungstechniken

Statistische Grafiken | ein assoziativer Spaziergang nach Edward R. Tufte

"Visualization gives you answers to questions you didn't know you had.”



Principles of

“Graphical excellence is the well-designed presentation of interesting data — a matter of SU bSta nce,

of Statisticsand ordesign-

“Graphical excellence consists of Complex |deaS communicated with clarity, precision and

efficiency.”

“Graphical excellence is that which gives to the viewer the greatest number of ideas
in the shortest time with the least ink in the smallest place.”

“Graphical excellence is nearly always MU |t|Va rlate.”

“Graphical excellence requires telling the truth about the data.”
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Austritte nach Didzesen, 2019 Linz
~ Veranderung zu 2018, in Prozent

- unter +10 %
~ +10,0 % bis +19,9 %
I mehr als +60 %
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WORKING INTO RETIREMENT

Percentage of employees who expect to keep earning money in retirement

Italy Australia United States Netherlands
59% 59% 59% 32%
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Umsatz in Mio. Euro

Wieder mehr Lehrlinge
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Occupations of Women about 1930
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Los Angeles Times, July 22, 1979; based
on work of Gregory J. McRae, Cali-
fornia Institute of Technology.
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VON KATJA BERLIN

Woflr Frauen sich

h - Was wir denken, wenn wir uns moderne Kunst anschauen
rechtfertigen missen

. Toll. Die aggressive Farbgestaltung
im Kontrast zu dem vergang-
lichen Material bringt den
gesellschaftskritischen Ansatz
des Kiinstlers zum Ausdruck.

I Nur Kinder
B Nur Karriere
B Kinder und Karriere

~ Keine Kinder und
keine Karriere

© | Toll. Das kann ich auch.
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Jane said, “Here is a ball.
See this blue ball, Sally.
Do you want this ball?”

Sally said, “I want my ball.
My ball is yellow.
It is a big, pretty ball.”



Carte c.%;qumﬁue. e pectis smacensioes an loommas 3¢ X' Uewie. Frampuise oas la. Compagne. 3. < Russie. 1812 1813,
Deorsiepac . M,L*(}‘-&Auua.cw s W S . 1869,

b g 1 )".—»'-i—b Wﬁbl—'-u h,;-al-d-iu&u. den -&-ﬁu.”&-d&_‘——u, &mvh'b&bnw

MOSCOU
Mo G A b.rob Boer qui ontions vn. Nunstics L wore cruc. n*ﬂ-._&n—n-’-—nb m.ukua’.‘”&, ‘\
m’l:--;zm l'bim,zgur,&cﬁmat,&Chﬁ%dﬂ“-u&d@-u’“whﬂ% 2
‘!m—-s'.wno.l-llhuukf‘-h,lhh"drsbqv b Liowie. Kt e 20 Masicbal MT--\-.—.&MI-,M ¥
meas

\_
| T ! , I | B w— P (o 2 P |
{ ‘ . v 3 23 ) ot "
‘l\ t | 1 5 | / |
/ | | me Y| \
TABLEAU CMP@UE&#WQQ&*M&WJM *m
| ! I J P 142" ?‘h"r
omﬂ-ﬁ | o gae e e = YWY - . . -
. ‘ LT L . 2 e = o e e
e -n'sfﬂj_u‘__— - - S— = S =l — Inape
g g Rggan, § T 1% Bars 3 9 & Povs [y ——

This map drawn by Charles Joseph Minard portrays the losses suffered by Napoleon’s army in the Russian campaign of 1812. Beginning at the left on the Polish-Russian
border near the Niemen, the thick band shows the size of the army (422,000 men) as it invaded Russia. The width of the band indicates the size of the army at each
position. In September, the army reached Moscow with 100,000 men. The path of Napoleon's retreat from Moscow in the bitterly cold winter is depicted by the dark
lower band, which is tied to temperature and time scales. The remains of the Grande Armée struggled out of Russia with 10,000 men. Minard's graphic tells a rich,
coherent story with its multivariate data, far more enlightening than just a single number bouncing along over time =« variables are plotted: the size of the army. its
location on a two-dimensional surface, direction of the army's movement, and temperature on various dates during the retreat from Moscow. It may well be the best
statistcal grapiie ever drawn. Napoleon's March poster $14 postpaid; EnglishvFrench version $18 postpaid.
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https://www.gapminder.org/

lllusionen entstehen nicht im Auge,
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Hans Rosling
Professor
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Alle anzei

Hans Gosta Rosling war Professor fur Internationale Gesundheit am Karolinska Institutet und
Direktor der Gapminder-Stiftung in Stockholm. Er hielt weltweit Vortrége, mitunter einige TED Talks,
in denen er die Verwendung von Statistiken zur Analyse... Wikipedia

Geboren: 27. Juli 1948, Uppsala, Schweden
Verstorben: 7. Februar 2017, Uppsala, Schweden
Ehepartnerin: Agneta Rosling (verh. 1972-2017)

Kinder: Ola Rosling, Magnus Rosling und Anna Rosling Larsson
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https://www.gapminder.org/tools/#$chart-type=bubbles&url=v1

LEBEN AUF DEN VIER EINKOMMENSSTUFEN

STUFE 1 STUFE 2 STUFE 3 STUFE 4

TRINKWASSER

TRANSPORT

https://www.gapminder.org/dollar-street?

ESSEN KOCHEN

SCHLAFEN

N —
1 ST
STUFE e UFE 2 8% STUFE 3 328 STUFE 4
o Weltbevslkerung in Milliarden Menschen Quellen: Gapmind
Pro-Kopf-Einkommen pro Tag, umgerechnet in US-Dollar ¢ Sspmiadeshl vnd ellan Strect



https://www.gapminder.org/dollar-street




1659, Gerhard Mercator ,ad usum navigantium®“

GREENLAND
——eim

RUSSIA

UNITED STATLS
OF AMERICA




ourworldindata.or [ -region-with-projections?time=1850..2100



https://ourworldindata.org/grapher/world-population-by-region-with-projections?time=1850..2100

We believe that a key reason why we fail to achieve the
progress we are capable of is that we do not make
enough use of this existing research and data: the
important knowledge is often stored in inaccessible
databases, locked away behind paywalls and buried under
jargon in academic papers.

The goal of our work is to make the knowledge on the big
problems accessible and understandable. As we say on
our homepage,

Our World in Data’s mission is to publish
the “research and data to make progress
against the world’s largest problems”.

Max Roser, Founder of ,,Our World in Data“


https://ourworldindata.org/

Life expectancy vs. health expenditure, 1970 to 2015

Health financing is reported as the annual per capita health expenditure and is adjusted for inflation and price level
differences between countries (measured in 2010 international dollars).

[ X:LINEAR | X:LOG # Select countries [0 Average annual change
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$1,000 %2000 $3,000 $4,000 $5000 %$6,000 §7,000 $8,000
Health expenditure (2010 int-3$)

Source: Data compiled from multiple sources by World Banlkg; Health Expenditure and Financing - OECDstat (2017)
CurworldIinData.org/the-link-between-life-expectancy-and-health-spending-us-focus = CC BY
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https://ourworldindata.org/grapher/life-expectancy-vs-health-expenditure?time=earliest..latest

Breast cancer in women 240 years of age

Rate

350  per
100,000

incidence

300 rate of disease diagnosis,
“you have cancer”
per 100,000
250

mass J mammography

ning begins
200
=
Cancer diagnosis is
150

an unreliable measure of
true cancer occurrence.

metastatic incidence

1975 1985 1995 2005 2015



1000 women

0 have breast 99 do not have
cancer breast cancer

/\

¥ 99 = 891
have breast cancer has breast cancer do not have do not have
and test positive and tests negative breast cancer breast cancer

and test positive and test negative
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have breast cancer has breast cancer
and test positive and tests negative
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breast cancer breast cancer

and test and test negative
I positive I T TR R RIS OO OIIN

Of108 positive tests, | - EEEHER R FITRFRRTRIPRIIERIEITTIONNS

9 (8%) have breast

cancer

Figure 2: Icon display describing the outcomes of a mammography test.
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Ware ein Roggenhalm so groB wie der Moskauer Fernsehturm,
(533 m), so , musste™ er nur 1,065 m dick sein.

1) Moskauer Fernsehturm (537/35)
2) Californian Redwood (112/9)

3) Riesenbambus (37/0,3)

4) Roggen (1,5/0,003)
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data-ink

Data-ink ratio
total ink used to print the graphic

proportion of a graphic’s ink devoted to the
non-redundant display of data-information

1.0 — proportion of a graphic that can be erased
without loss of data-information.

~Nollkommenheit entsteht offensichtlich nicht dann, wenn man nichts mehr hinzuzuftigen hat,
sondern wenn man nichts mehr wegnehmen kann."

Antoine de Saint-Exupéry



New York City, Central Park (KNYC)
Lat: 40.78°N Lon: 73.97°W Elev: 154ft

Humidity 34%
Wind Speed Calm
Barometer 2999 in (1014.7 mb)
Dewpoint 16°F (-9°C)
Visibility 10.00 mi
Last update 27 Feb 12:51 pm EST

Extended Forecast for
New York NY

OGﬁ*mmmm&mmm

Winter Weather Advisory

Tuesday
Night

A

L)
L.
Mostly Cloudy Snow then Wintry Mix Decreasing
Snow/Sleet then Rain Clouds
Likely

High: 42 °F Low: 34 °F High: 38 °F Low: 31 °F

Wednesday

Mostly Sunny

High: 47 °F


https://forecast.weather.gov/MapClick.php?lat=40.714540000000056&lon=-74.00711999999999#.Y_z7jB-ZNPY

data density of a graphic =

No. 1450. STEEL ProDUCTS—NET SHIPMENTS, BY MARKET CLASSES:
[In i housands of shori tons. Comprises carbon, alloy, and stalnless steel."* N e.c.”

number of entries in data matrix

area of data graphic

1960 To 1978

' means not elsew here elassifed |

MAREET CLAS3 1960 1965 1970
Tolal & ceeccccincnncmmnnmane=| T1, 149 | 92,666 | 30,708
Steel for gonverting and pro¢essing.| 2,928 3,93‘2 3,443
Independent fOrgers, Mo oaao.. 341 1,250 1,MK
Industrial fasteners 3. .. .. -| 1071 1,234 1,05
Steel sarviee canters, distributors. . 11,125 | 14,813 | 16, 028
Construction, inel, maintenance___| 9 684 | 11 B3R B, 03
Contractors” pmduﬂs _____________ 3, 60z r-,i}lr's 4,440
Auvtomotive. . ceee i ceeeicceeae————| 14 610 | 20,123 | 14,475
Rail transportation. ... ...._._____| 2,525 | 3,808 | 3,088

Frelght cars, m&wuif?r CArS,

locomotives, A . 2. B78 2,003
Rails and all nt]:e' 2 230 1,003
Smphnﬂ:ll'lg and marine equip_.u 622 | 1,081 8556
Alreralt and neroSpace ——— T “ 58
Oll and gas Industries. .. ... 1,758 | 1,938 3,00
Mining, quarrying, and lombering. 288 392 497

Agricultural, inel. machinery...... 1,003 | 1,483 1,12
Machinery, industrial equip., Lutlh 3,958 | 5,873 | 5,169
Electrical eguipment. 2,07 2,085 | 2,004
Appliances, utensils, and cuﬂﬁw 1,7 2,170 | 2,180
Other domestic commercial equip.| 1,958 | 2,179 1,778
Containers, packaging, shipping...| 6,429 | 7,331 | 7.776
Cana and closures. ... _.... 4,976 | 5,867 | 6,230
Ordnance and other military. ... - 165 280 1,222
Exports (reportiog companiesonly)| 2,883 | 2,078 b, 046

1973

111,430

4,714
1,213
1,278
20,383
1, 731
f, 458
3,217

3,228
1,997
1,019

§8 %ﬁgs

[ R T

1974 1575 1976 1977 1978
10%. 472 | 79,957 | B9, 447 :I T | 97,935
4, 486 3,255 | 4,088 | 3 670 4,612
1,339 1,098 952 Qa8 1,192
1,335 675 Wz R48 AT0
20,400 | 12, 700 | 14,815 15,346 | 17,333
11,360 | 8,119 | 7,508 | T.A5% | 9,812
fi, 249 3,927 4,502 | 4 500 3,480
18,928 | 15,214 | 21,351 | 20 400 | 21,253
aar 3,152 3,038 3,238 3,540
2007 | 1704 | 1,428 | 1,709 2,188
1.320 | 1.338 | 1,828 | 1.529| 1,361
1,339 1,413 o549 ] 845
79 [ 59 | %] 60
4,210 | 4,171 | 2,053 3,650 4,140
G4 oG 336 458 508
1,850 | 1,420 1,784 | 1,743 | 1,808
6,440 [ 5,173 5, 180 § , BG6 LT
3,242 | 2,173 2671 2,830 | 12,8l
2,412 1,653 1,850 2,1 2 004
1,041 1,300 | 1,813 | 1,848 | 1,580
8,218 | 6,053 6,014 6,714 6, 506
f, 340 4,850 5,200 5173 4,050
G4 405 218 193 W07
3,061 1,756 1,838 1,076 1,224

L Total ineludes nonelassified shipments, and, beginning 1970, data include estimates for & relatively small
pumber of cornpanles whieh report raw steel production but not shipments.

¥ Ineludes rallways, rapid transit systems, raflroad rafls, trackwaor

7 Bolte, nuts, rivets, and screws.
, and aquipment
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Take another example, which portrays the key events in a couple ot soccer matches

showing completed passes (green lines), shots (blue triangles), and goals (red dots)
as shown in the tollowing image:

SLOVAKIA Al Alld Ad
PARAGUAY & LAI Al A Al :

ITALY A 1A.n:sn A A AAA IS AMk
NEW ZEALAND | 3 A I

Image from "Umbro World Cup Poster” (http: //www.mikemake.com/Umbro-s-World-Cup-Poster),
created by Michael Deal



Redesigning (Tukey’s Box Plot)
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Stem and Leaf Plots
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E. C, Zeeman, “Catastrophe Theory,”
Scientific American, 234 (April 1976), 67;
based on Konrad Z. Lorenz, King
Solomon’s Ring (New York, 1952).
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for good data analysis. But at least a few computer graphics only
evoke the response “Isn’t it remarkable that the computer can be
programmed to draw like that?"" instead of “My, what interesting
data.”
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Current Receipts of Government as a
Percentage of Gross Domestic
Product, 1970 and 1979
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The Visual 1 )ixph}

of Quantitative Information

Principles of

“Graphical excellence is the well-designed presentation of interesting data — a matter of SU bSta nce,

of Statisticsand ordesign-

“Graphical excellence consists of CompleX |deaS communicated with clarity, precision and

efficiency.”

“Graphical excellence is that which gives to the viewer the greatest number of ideas
in the shortest time with the least ink in the smallest place.”

“Graphical excellence is nearly always MU |t|Va nate.”

“Graphical excellence requires telling the truth about the data.”

Edward R. Tufte

EDWARD R. TUFTE

Envisioning Information VISUAL EXPLANATIONS

58
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Graphical elegance is often found in simplicity
of design and complexity of data.

I some labels

some
labels
instead of
some other labels
some
other
labels | —
ro=1 y = L.414 ro= 1,618 r=1.732 r=2

Poster for the exhibition “Mondrian and
Neo-Plasticism in America,” Yale Uni-
versity Art Gallery, October 18 to
December 2, 1979. The original painting
was done in 1941 by Diller; see Nancy
J. Troy, Mondrian and Neo-Plasticism in
America (New Haven, 1979), p. 28.
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Design is choice. The theory of the visual display of quantitative
information consists of principles that generate design options and
that guide choices among options. The principles should not be
applied rigidly or in a peevish spirit; they are not logically or mathe-
matically certain; and it is better to violate any principle than to
place graceless or inelegant marks on paper. Most principles of
design should be greeted with some skepticism, for word authority
can dominate our vision, and we may come to see only through
the lenses of word authority rather than with our own eyes.

What is to be sought in designs for the display of information
is the clear portrayal of complexity. Not the complication of the
simple; rather the task of the designer is to give visual access to
the subtle and the difficult—that is,

the revelation of the complex.
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