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° I

It may concern.
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SIMPLICITY

Everything should be
made as simple as
possible, but not simpler.

Albert Einstein
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FIVE PRINCIPLES OF DATA PRESENTATION

e 7ell the tfruth
cGet to the point

Everything should be
oFick the f(ﬂA/' fool  made as simple as

possible, but not

'H{ﬂAZ(ﬂAf' wAOHF 5 simpler.
/'M/Dm’ fant
’Kéép it M

appropriate

Nancy Duarte in Slideology
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WORLD NATURAL GAS PRICES
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NAPHTHA VS ETHANE CRACKING COMPARISON

fuel oil

toluene
benzene

pygas

CH, /H,

—butadiene

C5
~—propylene

other C4

" EOERE

butadiene .. ethylene

propylene

9% . ~1% Io/lb C2=

same amount of ethylene
ethylene

~3% Ib/lb C2=
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DATA RICH SLIDE
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LOTS OF INFORMATION — THROWAWAY WORLD

Regional waste generation, tonnes m 12016 M 2030 forecast M 2050 forecast

North 29
_America  Middle East &
NG north Africa
-

Sy

’

East Asia &
the Pacific

369

aaq 290 - 60
i ‘ South Asia
Latin America & Sub -Saharan
the Caribbean Africa
Waste generation per | |/ || | | . _
person, 2016, kg 0 150 300 450 600 750  No data The Economist; 2 Oct 2018

Source: World Bank
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FARM TO TABLE

Greenhouse gas emissions from protein-rich foods (per 100 grams)

Beef

Pork ——
Poultry s
Cheese ——

Peas «
ol = 10th percentile Mean 90th percentile

| | | | | | | | I |

0 10 20 30 40 50 60 70 80 90 100 110
Kilograms of CO, equivalent

graphic by C. Chang in Milius, Susan; "Can science build a better burger?", Science News, September 20, 2018 downloaded from sciencenews.org/article/can-science-build-better-burger on 2 November 2018.
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EDWARD TUFTE’S FIVE PRINCIPLES OF DATA PRESENTATION

Fick the r /'jA% fool
1. Above all else show the data T2/l Fhe +rutt

Maximize the data-ink ratio

Get +o %Ae___ g_a//#

N

principles

3. Erase non-data ink

Highljght whad:

4. Erase redundantdata Y
/5 /Mlﬂor’fﬂ/]* —

5. Revise and Edit.
RKeep it 0ppropriote
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BAD GRAPHS — LOOKING DOWN ON THE REST OF THE WORLD
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BETTER — BUT NOT GOOD ENOUGH

(Average male height in m)
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BETTER GRAPH
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MAKING THE POINT

saulddi|iyd

eipu]
pue|bu3
epeue)

A

spueayioN

<
I\

| | | 1 |
| W 9 N Q a9 9 %
— — — — — o = o

w ul ybiay sjew sbelany

T
™~
o

1
o

MJPhKD



GAMES WITH 2 AXES

$12,000 275 —
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1
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http://www.shankerinstitute.org/blog/we-cant-graph-our-way-out-research-education-spending
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MORE HONEST AXES
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AXIS GAMES - GUN DEATHS IN FLORIDA

Number of murders committed using firearms
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400 :
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GUN DEATHS IN FLORIDA

1000 - 2005

Florida enacted its
- ‘Stand Your Ground' law
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Source: Florida Dept of Law Enforcement
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AXIS GAMES — HIDDEN LOG AXIS

The Clean Energy Revolution — and the Disruption of

the Energy Industry

S7¢/kwh  wind Power Cost — US Interior (Unsubsidized)

32
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FSEFFFSFFT IS ST
rameznaam.com/ video “The Clean Energy Revolution — and the Disruption of the Energy Industry”,

youtu.be/fwSkQa1tNmE
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CLEAN ENERGY
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PROBLEMS WITH LOG AXES

Human perception is linear.

Log axes are great for
detailed understanding,
not for instantaneous
recognition.

SCENCE TiP: LOG SCALES ARE FOR QUITTERS WHO CANT
FIND ENOUGH PAPER TOMAKE THEIR POINT AROPESLY

Permanent link to this comic: https://xkcd.com/1162/
Image URL (for hotlinking/embedding): https://imgs.xkcd.com/comics/log_scale.png
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Ibs./ Person/ Year

MEAT CONSUMPTION
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By Source (Ib/person/yr)

Global Meat Consumption
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Market value of major U.S. banks, monthly

DEC. 23,2020

Financial JPMorgan Chase
END OF 2004 crsis $381B
Citigroup
$250.0B

1 . \ Bank of America
Bank of America | A | $260B
$190B 1 LR
: ‘ I Citigroup
JPMorgan Chase H Y $127B
$139B 5 AR | Wells Fargo
Wells Fargo ; $125B
$105B Ve f. o e N Morgan Stanley
Morgan Stanley ' = a ol . " $123B
$61B Goldman Sachs

) (e el 011 |

Goldman Sachs I
$50B 005 2010 2015 2020

Source: FactSet

source: WSJ, 26 Dec 2020
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Market Value of Major U.S. Banks - 2000 - 2020
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Market Value of Major U.S. Banks, Monthly
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% COVID Deaths
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While the total number of COVID deaths has fallen, the burden of
mortality is shifting even more to people older than age 64.
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https:/fwww.scientificamerican.com/article/who-is-dying-from-covid-now-and-why/



While the total number of COVID deaths has fallen, the burden of

mortality is shifting even more to people older than age 64.

100%

¢c0c/LI0L
¢c0c/Li6
¢c0c/LI8
ccoc/LiL
¢c0c/L/9
¢coc/LIS
ccoc/Ly

ccoc/Lie
ccoc/iie

ccoc/LL
Lcoc/Lich
Lcoc/LiLL
120Z/1/01
1202/1/16
1202/1/8
120c/LIL
1202/L19
1202/L19
L20c/LIv

L2oc/Lie
Lcoc/Lic
L20c/LIL
0coc/iicL
0coc/L/LL
0coc/LioL
0c0c/L/6
0c0c/L/8
0c0c/L/L
0c0c/L/9
i 0C0¢/L/S

10%
0%

X
o
N

60%
50%
40%
30%

X
o
N~

syiesd dINOD %

90%
80%

MJPLD



While the total number of COVID deaths has fallen, the burden of

mortality is shifting even more to people older than age 64.
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CHART JUNK

Median student debt of households headed by people 55-64
and owing student loans (all figures in 2016 dollars).

2013 2016
$17.700 $18,000

2007
$8,200

1992
$12,300

1998
$10,700

2001 2004
$10,800 $n.400

llustration by Nicolas Rapp. Source: Federal Reserve Boand
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REMOVE THE JUNK

Median Household Student Debt ($)
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REMOVE THE JUNK
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HOw MANY TIMES BIGGER?

aligned with
axis is easiest to
accurately quantify.

|
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HOw MANY TIMES BIGGER?
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HOw MANY TIMES BIGGER?
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HOw MANY TIMES BIGGER?

3x
4x

5%

area is hard to judge
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HOw MANY TIMES BIGGER?
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HOw MANY TIMES BIGGER?
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HOw MANY TIMES BIGGER?
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PERCEPTION

In each pair, the size B .

differs by 1.5X




AREA CONFUSION
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HUMAN PERCEPTION

WLl = 7% -
b el O =

position position  length angle area color intensity  color hue
(aligned)  (unaligned)

more

e human perception e

Cleveland, W.S. and McGill, R., 1984. Graphical perception: Theory, experimentation, and application to the development of graphical methods. Journal of the American statistical association, 79(387), pp.531-554.
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PIE CHARTS

. doesn’t look like Pacman

looks like Pacman
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U.S. NUT PRODUCTION

® almonds

= almonds
H peanuts ® peanuts
= cashews H cashews
u walnuts ® walnuts
| pistachio m pistachio
® pecan H pecan
= macademia = macademia
= hazelnut

= hazelnut
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U.S. NUT PRODUCTION

macademia hazelnut
—_M
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almonds

walnuts
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peanuts
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U.S. NUT PRODUCTION

macademia__ hazelnut
N
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walnuts
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peanuts

MJPhKD



U.S. NUT PRODUCTION

macademia\ [ hazelnut




PIE CHARTS

When should you use a pie chart?
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2020 2022

Travel

Travel-related tech companies were hit hard by layoffs in 2020 because of lockdowns and pandemic
travel restrictions. In 2022, travel was among the areas that had the least job losses.

https:/iwww. wsj.com/articles/tech-layoffs-are-happening-faster-than-at-any-time-during-the-pandemic-11672705089
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Lakshmy Priya Ajayakumar

Tech company layoffs

2020 2022
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Alexis Lower

Technology Company Layoffs for 2020 and 2022
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d TH Travel-related tech companies were hit hard by layoffs in 2020 because of lockdowns and pandemic

J Y travel restrictions. In 2022, travel was among the areas that had the least job losses.
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Travel-related tech companies were hit hard by layoffs in 2020
because of lockdowns and pandemic travel restrictions. In 2022,
travel was among the areas that had the least job losses.
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Travel-related tech companies were hit hard by layoffs in 2020
because of lockdowns and pandemic travel restrictions. In 2022,
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Travel-related tech companies
were hit hard by layoffs in 2020
because of lockdowns and
pandemic travel restrictions. In
2022, travel was among the areas
that had the least job losses.

MJPLD

160,000

140,000

120,000

100,000 —

80,000+

60,000

40,000

20,000+

2020

2022

https://layoffs.fyi/



SANFORD AND SELNICK

ERTJuE

Estimated fraction of precipitation a5 e
lost to evapotranspiration 1971-2000 \| ~
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I 0.2-020 I o.7-0.79 [ 12-1:29 .
B 03-039 [ | 08-089

B o4-049 [ 09-099

FIGURE 13. Estimated Mean Annual Ratio of Actual Evapotranspiration (ET) to Precipitation (P) for the Conterminous U.S. for the Period
1971-2000. Estimates are based on the regression equation in Table 1 that includes land cover. Calculations of ET/P were made first at the
800-m resolution of the PRISM climate data. The mean values for the counties (shown) were then calculated by averaging the 800-m values
within each county. Areas with fractions >1 are agricultural counties that either import surface water or mine deep groundwater.

Sanford, W.E. and Selnick, D.L., 2013. Estimation of Evapotranspiration Across the Conterminous United States Using a Regression With
Climate and Land-Cover Data. JAWRA Journal of the American Water Resources Association, 49(1), pp.217-230.
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ABRUPT CHANGE IN LUMINANCE
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HOW POPULAR IS YOUR BIRTHDAY?

Two decades of American birthdays, averaged by month and day.

U.S. Average Daily Births: 1994-2014

=gk 11k =12k

26 27

Notes: The conception date, purely for illustration, is 266 days prior to birth. It represents a hypothetical “moment of conception™ based on the normal gestation period for humans, 280 days,

minus the average time for ovulation, two weeks.

.5. National Center for Health Statistics (1994-2003); U.S. Social Security Administration (2004-2014) — via FiveThirthyEight

iai

Credit: Matt Stiles/The Daily Viz
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HOW POPULAR IS YOUR BIRTHDAY?

Two decades of American b I'rr."i.'.*.l_'.u., averaged by month and day.

U.5, Average Daily Births: 1994-2014
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HOW POPULAR IS YOUR BIRTHDAY?

Two decades of American birthdays, averaged by month and day.

U.5. Average Daily Births: 1994-2014
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Notes: The conception date, purely for illustration, is 266 days prior to birth. it represents a hypothetio

mament of conception” based on the mormal gestation period for hummans, 280 days,
minus the average time for ovulotion, two weeks.
Data: U.5. National Center for Heolth Statistics (1994-2003); 1.5, Sociel Security Administrotion (2004-2014) — wia FiveThirthyEight

Credit: Matt Stiles/ The Darly Viz
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Nolan Green

Average U.S. Birthdays per Day

14000
12000
10000

8000

6000

U.S. Daily Births

4000

2000

1-Jan 1-Feb 1-Mar 1-Apr 1-May 1-Jun 1-Jul 1-Aug 1-Sep 1-Oct 1-Nov 1-Dec
= Day of the Year




Approximate Conception Date
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SCRAP METAL

In general, metals with a higher end-of-life recycling
rate — the percentage of scrap that is functionally
recycled — have lower loss rates.

[] End-of-life recycling rate (%)
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Relationship Between Loss and Recycling Rate of Transition

Thomas Tzupek
Metals
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Data from Charpentier Poncelet A, Helbig C, Loubet P, Beylot A, Muller S, Villeneuve J, Laratte B, Thorenz A, Tuma A, Sonnemann G. "Losses and
lifetimes of metals in the economy." Nature Sustainability. 19 May 2022 :1-10.



Scrap Metal -- Annual Recycling Rate vs. Loss Rate
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Graph redone by Justin Malme
Data from Poncelet, et al. Nat. Sustain 2022, 5, 717-726.
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Loss Rate
(per yr per kg extracted)
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In general, metals with a higher end-of-life recycling rate have lower loss rates.



MICHIGAN CORONAVIRUS CASES
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MICHIGAN CORONAVIRUS CASES
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MICHIGAN CORONAVIRUS CASES
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Operating Temperature

Range (-30 to 50C)
140%

Production Price

Specific Power-W/kg

Useable Specific Energy-Wh/kg
175

$100

Calendar Life -yr

30

12,000
Cycle Life@70% DOD

Battery A Battery B

MJPhKD

o Power Density - W/L

254
Useable Energy Density - Wh/L



graphs used to gain understanding
are unlikely to be good for explaining
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WHICH Is BETTER FOR THE ENVIRONMENT?

A MEAT-EATER IN A PRIUS

A VEGAN IN A HUMMER

MJPhKD



VEGAN/MEAT-EATER DRIVING COMPARISON
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Scarborough, Peter, et al. "Dietary
greenhouse gas emissions of meat-eaters,
fish-eaters, vegetarians and vegans in the
UK." Climatic Change 125.2 (2014): 179-
192.



VEGAN/MEAT-EATER DRIVING COMPARISON
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graphs used to gain
understanding are unlikely
to be good for presentation
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PREPARE PLOTS FOR YOUR AUDIENCE

» Know your audience and craft the
presentation for them
 focus onjyour key message(s)

MJPhKD



Tools
Ta tics

<f|ence




memorable is better thaYrgettabe (pics

memorable)
make graphics mind ready
 info density right for material and audience

MJPhKD



» don’t let tools get in the way

MJPhKD



FAVORITE REFERENCES — DISPLAY OF INFORMATION

THE WALL STREET JOURNAL.

Guide to Information Graphics

DONA M, WONG

OREILLY

Fundamentals
X of Data
W oo Visualization

EDWARD R. TUFTE & Primer on Making Informatire
and Compefling Figures

Envisioning Information

W™ e w

TN VISUAL EXPLANATIONS
. »
6 .

Cloias O, Wilkn
SECOND EDITION ’,‘i” _}@f@ _
S v LT
The Visual Display . 0 "\-‘
of Quantitative Information ¥ £
FOWARD R TUFTH _—J
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FAVORITE DATA VISUALIZATION WEBSITES - SAMPLES

howmuch = W visualizations v 8} Remodeling <
Undsrstanding Money
. )
Helping you make all the right money moves
= \—N,\
D KD & 2
= | = |
isuglization Remodeling Loar wurance
g

How COVID-19 Consumer
spending is Impacting

Junk Charts Weloome Twitker Pebout

junkchansiypepadf:

JUNEBHARTS . <

Recycling chartjunk as junk art

f
ECDI’{gt;]‘ll'St Topics v Current edition More v
Graphic detail
Tt b ) ) Daily Chart
s S Domestic violence has increased
= i — during coronavirus lockdowns
— In American cities, reports rose after
shutdowns while other crimes fell
How Oil Prices Went Subzero: T Daily chart
Explalnlng the COVID-19 Oil SESTTT sess to . Americans take an ever more
. e — necative view nf China

wsualcapltallst com economist.com/graphic-detail/
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FAVORITE DATA VISUALIZATION WEBSITES - TOOLS

*

T
Flourish Features Examples Pricing  Signup Google Charts
[ | @
- | ST w—
SankeyMATIC - =
A Sankey diagram builder for everyone g I'= !
Hame ¥ Products > Charts > Guidea rirdrardy
. A Sankey diagram depics flows of any kind, whise ihi width of each Bow piclued &
Chart Ga"ery Serid fesdtiack b ¥ o i How SankeyMATIC works
Sankey diagrams are very good at showing particular kends of complax mformation . Enter vour data
Our gallery provides a variety of charts designed to address your data visualization needs. These = Wheete mondy came iom & wint fo (hudgets. confributions) | sowece (Amount] Targst e
1 » Flows of energy from source 10 destnaton |Lomm [T} Dalee B )
charts are based on pure HTML5/SVG technology {adopting VML for old IE versions), so no plugins « Flows of goods from place to place |ipsum 55 Dotar —
are required. All of them are interactive, and many are pannable and zoomable. Adding these charts = _and potartially marry more Gy I =

1o your page can be done in a few simple sleps. Sankiy diagrams can be aiMcull to produce without specialized i
SankeyMATIC aims to change that. 2. Customize the diagram’

Bea UUfU l, easy, powerfUl Some add d charts can be found on the Additicnal Charts page. There are no tooks o nstall Thera s no code fo wide, You do not favs o sign up for m
data visualization & storytelling R ————— = -

Geo Chart Scatter Chart Column Chart o)

flourish.studio deyeloper§.google.com/chart/ sankeymatic.com
interactive/docs/gallery
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