Lniversitat
wien

Design Principles

Data Visualization SS23 Lecturer: Asil Cetin-Aufricht, MSc

D N P

Slides: © Méller / Pfister / Koesten / Cetin-Aufricht
i A |

" . = & & &
P .t"’ ¥ \‘\ -\'(‘. . &S WY &


https://unsplash.com/@markusspiske?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/s/photos/data-visualization?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText

WHY do we create visualizations?
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Visualization

To convey information through visual

representations
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Design Excellence

“Well-designed presentations of interesting data are a matter of
substance, of statistics, and of design.”

E. Tufte




Edward Tufte
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Tufte, VDQI, 2nd edition, 2001 Tufte, Envisioning Information, 1990
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Outline of Today

* Graphical Integrity
o Visual Encoding
o Lie Factor
o Distortions
* Design Principles
o Avoid Chartjunk
o Maximize Data-Ink Ratio
o Data Density
o Tufte’s Design Principles
o Design Pyramid
* Design Elements
° C.R.A.P.
o Layering and Seperation
o Tufte’s Graphical Excellence

o Analysis Questions

° Further Reading Surface area of US countieg and ftheir as§ociated voting .popula‘.LTion
from the 2016 U.S. presidential election. Source: Karim Douieb.
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https://observablehq.com/@karimdouieb/try-to-impeach-this-challenge-accepted

Graphical Integrity



Visual Encoding

® Points ® Lines (® Areas

= the way in which data is
mapped into visual structures °*© ~° ° AN,

(® Position (> Color

2 Horizontal = Vertical 2 Both

Building blocks: — o il ///

° Ma rks (3 Shape @ Tilt

A ¥ / | |/

* Channels

2 Length 2> Area 2 Volume

e — nDDD ....

Munzner, Visualization Analysis and Design, 2014, p. 96
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Lie factor

Photo by Jametlene Reskp on Unsplash
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Lie Factor: Missing Scales

OPERATING EXPLORATION &
REVENUES DEVELOPMENT
EXPENDITURES
ol 552145 31,228,007

$397,747 | |

$351,341

fandiics $329.421

Tufte, VDQI
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Lie Factor: Missing Scales

OPERATING EXPLORATION &
REVENUES DEVELOPMENT
EXPENDITURES
$1,382,599 $1,226,007

$6.814 503

$351,341
$351,341

E!(sll 014) II

: =:z giiroie IR HB4

. Tufte, VDQI
Baseline? -$4,200,000



Lie Factor

If Bush
tax cuts
expire

Top tax rate:

35% '

Now Jan. 2013

Alberto Cairo, HOW CHARTS LIE
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Lie Factor

If B“Sh 39.6% = 40%

tax cuts
expire - 3%
Top tax rate:
= 36%
35%
= 34%

Now Jan. 2013

Alberto Cairo, HOW CHARTS LIE

Page 13



Lie Factor

If Bush 39.6%

35%

tax cuts
expire
Top tax rate:

0%
Now Jan. 2013

Alberto Cairo, HOW CHARTS LIE
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Lie Factor

5/ - Fuel Economy Standards for Autos
/ e Set by Congress and supplemented by the T
vy A P, Department. In miles per galion, SEER R -

B

- .

o

Tufte, VDQI
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Lie Factor

* (Size of effect in graphic)/ (size of effect in data)

This line, representing 18 miles per
gallon in 1978, is 0.6 inches long.

' 20
IB?UL/ \\ - Fuel Economy Standards for Autos
| / g Set by Congress and supplemented by the Transportation
vy A . 24 Department. In miles per gallon,

wuf. : Ly 26

This line, representing 27.5 miles per
gallon in 1085, is 5.3 inches long.

Tufte, VDQI




Lie Factor

Size of effect

Size of effect 5.3 _ 006/27.5 _ 18 — 14.8

0.6 18

This line, representing 18 miles per

gallon in 1978, is 0.6 inches long,

o ~19 20
o/ = ., Fuel Economy Standards for Autos

y : Set by Congress and supplemented by the Transportation
'az/ L 24 Department. In miles per gallon,

A . 26

This line, representing 27.5 miles per
gallon in 1985, is 5.3 inches long.
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Tufte, VDQI



REQUIRED FUEL ECONOMY STANDARDS:
NEW CARS BUILT FROM 1978 TO 1985
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for all cars on
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Tufte, VDQI
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Lie Factor
THE SHRINKING FAMILY DOCTOR

In California
Percentage of Doctors Devoled Solely to Family Practice
1964 1975 1990
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8,023 Doctors

Tufte, VDQI
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Lie Factor

http://www.theoildrum.com/node/4645
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http://www.theoildrum.com/node/4645

EU imports of crude oil
by partners 2019 (%)
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Shares based on thousand tonnes

Imports from not specified countries excluded
Source : Eurostat

EU imports of natural gas

by partners 2019 (%)
41.1 29.9
| 16.2
7i6 5.2
From:
https://twitter.com/h
aschkat/status/14997 @ &
W 5
54859175854088

O

Shares based on million cubic metres

Imports from not specified countries excluded
Source : Eurostat



EU imports of solid fuel
by partners 2019 (%)

Shares based on thousand tonnes
Imports from not specified countries excluded
Source : Eurostat

From: https://twitter.com/haschkat/status/1499754859175854088
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Design Distortions

OPEC Oil Prices: After 18

Due to Rise Again
Dollars per barrel

'73 '74 '75 '76 '77 '718

Months of Stability, Prices Are

0ct.1,2691%

1979
Apriito | Julyto | Octto

June Sept. Dec.

The New York Times/Dec. 19, 1978

Tufte, VDQI
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Design Distortions

UNDER PRESIDENT OBAMA,

MORE STUDENTS ARE EARNING THEIR HIGH
SCHOOL DIPLOMAS THAN EVER BEFORE

HIGH SCHOOL GRADUATION RATE
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2007-08 2008-09 2013-14

Alberto Cairo, HOW CHARTS LIE, 2019
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Scale Distortions

500
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475

450

1998

1999

2000

2001

2002

Based on slide from Stasko
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Scale Distortions

500 ™ .

250

Show entire scale

1998 1999 2000 2001 2002

27
Based on slide from Stasko



Scale Distortions

500

250

Show in context

1960

1970

1980

1990

2000

Based on slide from Stasko
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“‘the latest data shows total consumer credit “have to compare credit to something like

collapsing at an accelerating rate” disposable income.” (Rolfe Winkler, reuters blog
(businessinsider.com)
Clusterstock ./ Chartof the Day CHART 1: STEEPEST CONSUMER DELEVERAGING IN OVER 50 YEARS
United States: Consumer Credit Outstanding
Total Consumer Credit (Annual Rate Change) YEGI-OWEr-yEar PAICENt Change
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Source: Haver Ao, Ghuchin SneY

“Per capita is better than total” “on-going credit contraction— it's astonishing”
(chartingtheeconomy.com) (ritholtz.com — The Big Picture)
U.8. Consumer Credit Per Caplta (3) Gearoveryoar amosnce vostimay Y
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Junk Charts


http://junkcharts.typepad.com/junk_charts/2009/10/a-tale-of-four-charts.html
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Business Insider




CHART 1: STEEPEST CONSUMER DELEVERAGING IN OVER 50 YEARS

United States: Consumer Credit Outstanding
(year-over-year percent change)

ﬁ

20 =

16—

=

Shaded region represent periods of U.S. recession Rolfe Winkler
Source: Haver Analytics, Gluskin Sheff


http://blogs.reuters.com/rolfe-winkler/2009/08/10/rosenberg-welcome-to-the-era-of-consumer-frugality/

U.S. Consumer Credit Per Household ($)

B Revolving B Non-Revolving

$25,000

$20,000

$15,000

$10,000

$5,000

chartingtheeconomy.com




United States: Consumer Credit Outstanding
(year-over-year difference, US$ bins)

225+

75

The Big Picture



http://www.ritholtz.com/blog/2009/10/ongoing-credit-contraction/

Average annual global temperature in degrees Fahrenheit

100 —

Civilization: at line

75 —
56.8
50 —
25 —
0= | | | |
1880 1900
0°F=-17.8°C
100 °F=37.8°C

2000 2012

Average annual global temperature in degrees Fahrenheit

1880 1900 1920 1940 1960 1980 2000 2012

Alberto Cairo, HOW CHARTS LIE, 2019
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Summary: Graphical Integrity

* The representation of numbers, as physically measured on the surface of the
graph itself, should be directly proportional to the numerical quantities

represented.

* Clear, detailed and thorough labelling should be used to defeat graphical
distortion and ambiguity. Write out explanations of the data on the graph
itself. Label important events in the data.

* Show data variation, not design variation

* In time-series displays of money, deflated and standardized units of monetary
measurement are nearly always better than nominal units.

* The number of information carrying (variable) dimensions depicted should not
exceed the number of dimensions in the data

* Graphics must not quote data out of context
Tufte, VDQI

Page 35



R T
B T 0

i




Avoid Chartjunk

Chartjunk: Extraneous visual elements that distract from the message

15%

10%

5%

Jan

Feb Mar

Apr

May Jun

Jul  Aug Sep

Tim Brey: http://www.tbray.org/ongoing/data-ink/di1



Avoid Chartjunk

Chartjunk: Extraneous visual elements that distract from the message

15% =

10% [~

5% =

Jan Feb Mar Apr May Jul  Aug Sep

Tim Brey: http://www.tbray.org/ongoing/data-ink/di1



Avoid Chartjunk

Chartjunk: Extraneous visual elements that distract from the message
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Tim Brey: http://www.tbray.org/ongoing/data-ink/di1



Avoid Chartjunk

Chartjunk: Extraneous visual elements that distract from the message
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Tim Brey: http://www.tbray.org/ongoing/data-ink/di1



Avoid Chartjunk

Chartjunk: Extraneous visual elements that distract from the message
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Tim Brey: http://www.tbray.org/ongoing/data-ink/di1



Avoid Chartjunk

Chartjunk: Extraneous visual elements that distract from the message

15%

10%

5%

Jan Feb Mar Apr May Jun Jul Aug Sep

Tim Brey: http://www.tbray.org/ongoing/data-ink/di1
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Bangladesh Brazil China India  Indonesia Japan Migeria Pakistan Russia United

World Population in 2008

PTS Blog: https://peltiertech.com/bad-bar-chart-practices-or-send-in-the-clowns/
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Bangladesh Brazil China India Indonesia  Japan Migeria  Pakistan Russia United
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PTS Blog: https://peltiertech.com/bad-bar-chart-practices-or-send-in-the-clowns/
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A better version...

China

India

United States
Indonesia
Brazil
Pakistan
Bangladesh
MNigeria
Russia

Japan

SOI;IM 1OUIUM 1500 M
World Population in 2008

PTS Blog



Chartjunk

Any ink on your chart that does not convey data is considered junk (Tufte).
Is chart junk always bad?

How about:

Chart junk is any element of a chart that does not contribute to clarifying
the intended message.

Stephen Few for more context:

http://www.perceptualedge.com/articles/visual _business_intelligence/sometimes_we_must_raise_our
_voices.pdf
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Is chartjunk always bad?

* Memorability
* Engagement

* Support cognitive processes through repetition?

07/03/2023 To edit footer please use "Header & Footer" in ribbon "Insert > Text" Page 47



Maximize Data-Ink Ratio

* Data-ink = the ink used to show data
* Data-ink ratio = data-ink / total ink used

/\ -~

525
350

175

0

Females

| m 0-$24,999 m $25,000+ 0-$24,999 m $25,000+
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Maximize Data-Ink Ratio

* Data-ink = the ink used to show data
* Data-ink ratio = data-ink / total ink used

875

700

525

350

175

Males Females

|  m0-$24,999  m$25,000+ @0-$24,999  m$25,000+ |




Before

Number of bikes sold (2002-2007) | Over 5,000 bikes sold in 2007

G. Reynolds, Presentation Zen




Before After

Nearly 100 new members in 07
98

| for both men and women

Smoking rates for 2002

China ‘ 4%

G. Reynolds, Presentation Zen



Senators and State support for health care
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] 1 | 1 1
BDernocraﬁcSenatots1 L

Carper (D-DE) — o =
Nelson (D-FL) — X0
Pryor(D-AR) =] D
Wamer (D-VA) X o

Bayh(D-IN) 4 X0

Conrad (D-ND) — o X

Snowe (R-ME) — X o
Lendnsu D-LA) 4 e
Ligberman (I-CT) — X =

Nelson (D-NE) —|* o

Bennett (R-UT) 1~ o
Colins (R-ME) — S o

Alexander (R-TN) 1 o X

Grassley (R-14) — =} *
Isskson R-GA) —y oo L
LeMieux (R-FL) = - O
Vomovich(ROH) —y- S SR ¥ S
2 Republican Senators - n
I ] ] | T
-10% -5% 0% 5% 10%

0: 2000 avg. is 67%
X 2004 avg. Is 73%

':’ﬁ

P I

w}mw}rmmvaﬂoﬁa‘ '

Carper DELAWARE
~  Warner VIRGINIA

Conrad NORTH DAKOTA
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Bayh INDIANA
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_ Nelson NEBRASKA
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(Independent)
Snowe MAINE

OPPOSES IN PRACTICE
Collins MAINE
Bennett UTAH
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32 Republicans who fully oppose the bill

X « percentage of state voters who supported increcsed

federcl spending on health care in the 2004 Annenberg survey;
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Andrew Gelman, Nov. 2009

Junk Charts


http://junkcharts.typepad.com/junk_charts/2009/11/worthy-of-the-times.html

Data Density

number of entries in data array
area of data graphic

T T T | T
ek

data density =

-
! | S ‘;_ \_ 4l
THERMAL CONDUCTIVITY OF
COPPER )

THERMAL CONDUCTIVITY, W em™ K™
“ w s ee e .

Ho et al., “Thermal Conductivity of the Elements: A Comprehensive Review” J. Phys. Chem. 1974
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Data Density: Use Decomposition
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Data Density: Show Context

100 combat

deaths per month

Iraq

M. Ericson, NY Times



2,000 combat
deaths per month

“|||u._..u o

Vietnam Iraq

M. Ericson, NY Times



- 20,000 combat

deaths per month

J“Jh | ,‘......i.uuhh...h.....__*_,._ R

World War Il Vietnam Iraq

M. Ericson, NY Times



A NATION AT WAR: A Historical View

In Perspective: WORLD WAR It
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Fertility rate in European countries, 1990-2016
Compared to the replacement rate: 2.1 children per woman
Note: not all these countries belong to the European Union

European
s Union Albania Austria Belgium Bulgaria
2] remeememmeemeanee R

“\-—‘/\

~——— —~————— \F/\.—

0.0
1990 2016
Czech Rep. Denmark Estonia Finland France

Hungary Iceland Ireland Italy Latvia

""""""""" A N~

Macedonia Malta Montenegro Netherlands Norway

Romania Slovakia Slovenia Spain Sweden

Croatia

Germany

Lithuania

Poland

Switzerland

Cyprus

Luxembourg

Portugal

U. Kingdom

Alberto Cairo, HOW CHARTS LIE
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Google Finance

Q  INDEXDJX:.DJI X
MARKETS US  Europe Asia Currencies Crypto
v DAX -0.093% N FTSE100 +0.16% v CAC 40 -0.32% v IBEX 35 -0.016% ¢ STOXX 50 -0.21%
15,236.66 -14.20 7,089.25 +11.21 6,579.02 -21.17 8,961.40 -1.40 4,089.77 -8.57
.DJI - INDEX <
. + Follow Share
Dow Jones Industrial Average
34 754 94 14.99% +4,531.05 YTD
) . Index
8 Oct, 08:39:55 UTC-4 - INDEXDJX - Disclaimer
1D 5D 1™ 6M YTD 1Y 5Y MAX PREVIOUS CLOSE 34,416.99
25% DAY RANGE 34,509.72 - 34,975.19
20% YEAR RANGE 26,143.77 - 35,631.19
15%
10% About ~
5% The Dow Jones Industrial Average, Dow Jones, or
simply the Dow, is a price-weighted measurement
0% stock market index of 30 prominent companies listed
N on stock exchanges in the United States. Although
the DJIA is one of the oldest and the most commonly
-5% 1 1 1 1

Mar 2021 May 2021 Jul 2021 Sept 2021

followed equity indices, many professionals consider
the Dow to be an inadequate representation of the

overall U.S. stock market compared to broader

| Dow Jones Industri... 34,754.94 +4,531.05 M14.99%

market indices such as the S&P 500 or Russell 3000
Index. The DJIA includes only 30 large companies

and is a price-weighted index, unlike later stock

Nasdaq Composite 14,654.02 +1,955.57 M5.40% X

indices which use market capitalization. Furthermore,

the DJIA does not use a weighted arithmetic mean.
The value of the index is the sum of the stock prices

| KOSPI 2,956.30 +11.85 20.40% X

of the companies included in the index, divided by a

factor which is currently approximately 0.152. The
factor is changed whenever a constituent company

+ Add comparison Clear all

undergoes a stock split so that the value of the index

is unaffected by the stock split. First calculated on

https://www.google.com/finance/quote/.DJI:INDEXDJX?window=YTD&comparison=INDEXNASDAQ%3A.IXIC%2CKRX%3AKOSPI (Retrieved 8.10.21)
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Tufte’s Design Principles

* Above all else show the data
* Maximize data-ink ratio

* Erase non-data ink

* Erase redundant data ink

* Revise and edit

71



Design Pyramid

Aesthetics affective

/ Usability \ efficient
/ Functionality \ effective




Subjective Dimensions

* Aesthetics

o Attractive things are perceived as more useful than unattractive ones
* Style

o Communicates brand, process, who the designer is
* Playfulness

o Encourages experimentation and exploration
* Vividness

o Can make a visualization more memorable

Pat Hanrahan, Nov 2007
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Design Elements



CRAP



Contrast
Repetition
Alignment

Proximity



Peter’'s cake metaphor ties in nicely with Galls Law

A complex system that works is invariably found to have evolved from a simple

system that worked. The inverse proposition also appears to be true: A complex
system designed from scratch never works and cannot be made to work. You have to

start over, beginning with a working simple system.




Alignment

Before After
Engineering S Manufacturing R R R NS S SRS R g
Finance =0 Sales R EEEE RS EaS

Engineering B
Order Management S5
Finance [

Information Systems B

Human Resources |

Human Resources

Marketing =8

0 50 100 150 200 250 0 50 100 150 200 250
Number of Employees Number of Employees

S. Few, Show me the numbers
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Repetition

Revisiting

the way we
see the world.
W || «

Element of surprise

Integration
of text & image
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The Pandemic’s Hidden Toll:
Half a Million Deaths

By Jin Wu, Allison McCann, Josh Katz, Elian Peltier and Karan Deep Singh Updated Feb. 9, 2021

24,000 -
weekly
deaths

19,000
weekly
deaths

5,000 -
weekly
de:

Expected
deaths in 2020
Jan. Dec. Jan Dec. Jan. De Jan, Dec. Jan. Dec. Jan. Dec. Jan. Dec.
us. UK. Italy Spain France Netherlands Belgium
64,000
monthly
deaths -

weekly

deaths
Jan. Dec. Jan Dec. Jan. Dec. Jan. Dec. Jan. Dec. Jan. Dec. Jan. Dec.
Sweden Switzerland Poland Austria Portugal Czech Republic Hungary

. weekly

15,000 - 500 o
death -
weekly weekly - weekly = 500
deaths deaths deaths ~ weekly
deaths
Jan Dec. Jan Dec. Jan. Dec. Jan Dec. Jan. Dec. Jan. Dec. Jan. Dec.
Germany Norway Denmark Finland Ireland Moscow, Russia Israel
29,000
33,000 monthly
28,000 - weekly - 17,000 - 20,000 - deaths -
weekly ths monthly monthly
deaths deaths deaths

Jan. Dec. Jan Dec. Jan Dec. Jan Dec. Jan Dec. Jan. Dec. Jan Dec
Mexico Brazil Bolivia Chile Colombia Ecuador Peru
132,000 28,000 47,000
- 000 monthly weekly monthly
Ny Pl U 13000 - N\ g e oS
burials monthly o
deaths
weekly -
deaths
Jan. Dec. Jan Dec. Jan. Dec. Jan. Dec. Jan. Dec.  Jan. Dec. Jan. Dec.
South Africa Istanbul, Turkey Jakarta, Indonesia Japan South Korea Mumbali, India Thailand

Note: Bolivia's Civil Registry recorded almost no deaths in April due to the closure of government offices
during a lockdown. Officials said least some of the deaths that occurred in April could have been registered in
later months.

NYT, retrieved October 2021: https://www.nytimes.com/interactive/2020/04/21/world/coronavirus-missing-deaths.html
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Small Multiples

Tufte, VDQI
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Proximity

USD
100,000

80,000 -
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20,000 -

Q1 2003 Planned vs. Actual Sales by Region

North

East

South

Wesl

S. Few, Show me the numbers
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Layering and Separation
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http://junkcharts.typepad.com/

Layering and Separation

Train No. 3701 3301 3801 3542 3765
New York 12:10 1:30 3:45 7:30 4:33
Newark, N. J. 1:43 10:30 5:21 8:50 11:45
North Elizabethy .... | ... | o | e 6:45
Elizabeth 3:33 205 | ] 7:05
Peekskill 5:34 6:40 | ........ 7:20 8:50
Ediison, N. J. | 4:45 5:20 4:40 2:10 11:05
Princeton,N.J. 130 | ..... | ... 3:30 7:30

Tufte, VDQI




Layering and Separation

New York 12:10 1:30 3:45 7:30 4:33
Newark, N. J. 1:43 10:30 5:21 8:50 11:45

Peekskill 5:34 6:40 ... 7:20 8:50

Train No. 3701 3301 3801 3542 3765

Tufte, VDQI
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Negative Space
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Tufte, El (Vol. 2) p. 62
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Negative Space
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Tufte’s Graphical Excellence

* Interesting data

o Complex ideas, multivariate data

* Clear, precise, concise presentation

o Data-ink ratio

* Accurate communication

o Lie factor
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Graphical displays should...

 Show the data

* Induce the viewer to think about the substance, rather than about
methodology, graphic design, [or] the technology of graphic
productions...

* Avoid distorting what the data have to say

* Present many numbers in a small space

* Make large data sets coherent

* Encourage the eye to compare different pieces of data
* Reveal the data at several levels of detail

* Serve a reasonably clear purpose

* Be closely integrated with the statistical and verbal descriptions

Edward Tufte, The Display of Quantitative Information, page 1
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Analysis Questions

* Who is the intended audience?

* What information does this visualization represent?

* How many data dimensions does it encode?

* List several tasks, comparisons or evaluations it enables

* What principles of excellence best describe why it is good / bad?
* Can you suggest any improvements?

* Why do you like / dislike this visualization?
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Further Reading



Stephen Few

Numbers

DASHBOARD

O RERLY
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Relationship

Nominal Comparison

Time Series

Ranking

Part-to-Whole

Deviation

Distribution
Single

Multiple

Correlation

Few is Applied Tufte

Points

When there is

a need to narrow
the quantitative
scale, and in so
doing, remove
zero from its base

Avoid

When there is

a need to narrow
the quantitative
scale, and in so
doing, remove
zero from its base

Avoid

Avoid

Avoid

Use to mark the
median in a box
plot

Known as a
scatter plot

Value-Encoding Object

Lines

Avoid

Categorical subdivisions
on X axis, quantitative
values on Y axis;
emphasis on overall
pattern

Avoid

Avoid

Especially useful when
combined with time
series

Known as a frequency
polygon; emphasis on
overall pattern

Avoid

Avoid

Points & Lines

Avoid

Categorical subdivisions
on X axis, quantitative
values on Y axis; mutual
emphasis on overall
pattern and individual
values

Avoid

Avoid

Useful when combined
with time series and
when a slight emphasis
on individual values is
desired

Avoid

Avoid

In this case the line is a
trend line, not a line that
connects the points.

S. Few, Show Me the Numbers, p. 87

Bars

Either horizontal or
vertical bars

Categorical subdivisions
on X axis, quantitative
values on Y axis; emphasis
on individual values

Horizontal bars are
preferable, with values
sorted in descending order.

Either horizontal or
vertical bars

Either horizontal or
vertical bars, except when
combined with time series,
which requires vertical
bars

Known as a histogram;
emphasis primarily on
individual values

Use in the form of range
bars in box plots

Either horizontal or vertical
bars; can be structured
either as a correlation bar
graph or a paired bar graph
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Paper
The Science of Visual Data Communication: What Works

Steven L. Franconeri, Lace M. Padilla, Priti Shah, Jeffrey M. Zacks, and
Jessica Hullman5

Abstract

Effectively designed data visualizations allow viewers to use their powerful visual systems to understand patterns in data across science,
education, health, and public policy. But ineffectively designed visualizations can cause confusion, misunderstanding, or even distrust—
especially among viewers with low graphical literacy. We review research- backed guidelines for creating effective and intuitive
visualizations oriented toward communicating data to students, coworkers, and the general public. We describe how the visual system

can quickly extract broad statistics from a display, whereas poorly designed displays can lead to misperceptions and illusions. Extracting

global statistics is fast, but comparing between subsets of values is slow. Effective graphics avoid taxing working memory, guide attention,

and respect familiar conventions. Data visualizations can play a critical role in teaching and communication, provided that designers tailor

those visualizations to their audience.
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Robin Williams
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Design Book=-
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Garr Reynolds

FOREWORD Y GUY KAWASAK)

presentationzen

Simple ideas on Presentation Design and Delivery

Garr Reynolds

presentationzen

DESIGN

Simple Design Principles and Techniques to Enhance Your Presentations
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VOICES THAT MATTER
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Alberto Cairo

2019

From: https://albertocairo.com/
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