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But no book focused on visualizing science...
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Jen Christiansen

e Senior graphics editor e started her career in 1996
at Scientific American and has worked

e ‘“gcience communicator of - for Scientific American
the visual variety” - for National Geographic

* www.jenchristiansen.com - as a freelancer
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Chapter 2: What are science graphics?

e.g., for posters, graphical abstracts, overviews of studies and datasets

10



A continuum of science graphics

2: What are science graphics, p. 13

Figurative : s Abstract

Information Graphics
Representative lllustrated Data
illustrations explanatory diagrams visualizations

s
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A continuum of science graphics

2: What are science graphics, p. 13

%% Information Graphics

Figurative «——— = - Abstract

Data
visualizations

Representative
illustrations

llustrated
explanatory diagrams

= Ahstract

Alsoreferred to as “graphics” in this book

12



A continuum of science graphics

2. What are science graphics, p. 13

representative Data

A Illustrated S I:..-:-:-I'in R—
HUSLra thomns e:-:planator'-,rdiagrams VISUS N ZaLions
Figurative <—- - > Abstract
Also referred to as "graphics” in this book |
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Redesign improves perception

3: Science communication fundamentals, p. 23

e original graphical abstract: after redesign:

Light

Silicon
Nanowires

Platinum
Nanoparticles __

14



Redesign improves perception

3: Science communication fundamentals, p. 23

e original graphical abstract: after redesign:

Light

5 44 - . ':' Y g
- f i ll 4 % "
- - [ R POV Silicon ------- ‘
1 il H | [\ Nanowires
. LIGHT g +

. T\ 7 Hz f i ki ! ! e\ 2
= ‘ [ - - - - [ - Cb
s Initial Perceptions of Scientific Papers, Based on Graphical Abstracts \"\_’ ) B ( ;
: # Original @ Redesigned ot Mean score Evb——\ ’
I have asense of what this paper will be about. * e
The title and the figure make sense together. * ®
The llbewritten clearl e
paper will be written clearly. L 2 ® orror of the
The paper seemsinteresting. ———— # @ mean
Theauthorsseemintelligent. — & @ (range of
; uncertainty)
Thescience in the paper seems rigorous. * @
| | I | I | |
o0 1 2 3 4 5 B
Strongly Disagree « » Strongly Agree
ReaderResponse

results from 50 survey participants on 10 redesigned graphical abstracts 15



Disclaimer

 These are best practices and recommendations, but there is no ground-truth.

* A good choice depends on

- discipline-specific conventions,

cultural background,

personal preferences,



Chapter 6: Making sense of visual complexity

Alcohol Intake
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Chapter 6: Making sense of visual complexity

* A step back to the elements used for complex visual designs.
- relationships
- symbols

- alrows

* Also check Sekhar’s presentation on data visualization from July 2020.
https://sdsc.atlassian.net/wiki/spaces/ACADEMIA/pages/572358657/2020-07-02+-+Sekhar+-+Data+Visualization

18
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Relationships

6. Making sense of visual complexity, p. 62

Visual Gestalt principles: “the whole is more than the sum of its parts”

Perceptual Grouping refers to effects that cause people to perceive elements within an image as
belonging with each other. These associations can result in perceived pairings, patterns, or dominant
shape and pathinterpretations.

Proximity « Equally
spaced dots are generally
perceived as a uniform
block. When spacing is
irregular, we perceive the
dotsthat are closertoeach
other as belonging to the
same sub-unit.

Similarity (of color,

of size, of orientation)

+ All else being equal, we
perceive objects that share
acommon visual attribute
(color, size, or orientation
forexample) as belonging
to the same group.

Symmetry « All else being
equal, we tend to perceive
lines that are symmetrical
asaunit.

Parallelism « All else
being equal, we tend to per-
ceive lines that are parallel
asaunit.

/

<
<>
g

Continuity » Wetend to
favortracking smooth and
continuous lines, rather
than following a path that
includes abrupt angles.

Common region « We
tendto perceive elements
that lie within the same
bounded area as aunit.

Closure « We tend to
complete closed shapes,
seeingthisarc asa full
circle behind a triangle.

S

Element connected-
ness « We tend to perceive
elements that are connect-
ed as aunit.

19



Symbols

6: Making sense of visual complexity, p. 64 planar dimensions

Position I 'BR 0 ‘ :
e Jacques Bertin’s visual variables inaplane (x)
, : . _ Positi
- for static, two-dimensional representations i am;’ﬁ;'g/‘;

- from “Sémiologie Graphique”, 1967

Size

- 2 planar dimensions: positions

- well-supported by research: size, color, orientation Texture

Hue

* Semiotics: the study of signs and symboils,
and how they impart meanings Value

Orientation

well-supported by research

Shape



AIroOws

6. Making sense of visual complexity, p. 66

* Arrows are powerful symbols to show

a change in state or position: A->B
causality: C-D

movement: @ =

rotation: (X
relative values: more 1‘, and leSS 3

expanded views: |
v1evx@d @

discipline-specific uses

21



AIrows

6: Making sense of visual complexity, p. 66

* Arrows are powerful symbols to show
- achange in state or position: A->B
- causality: C=-D

- movement: @ =

- rotation: (‘ zvoid this... C....and try thisinstead.
ornea , ornea
- relative values: more T, and less 4 \// V

Retina Retina

- expanded views: | \
v1ev@6®

T ‘g Avoid this ...
- discipline-specific uses @A@

....and try this instead.

@ 22




AIrows

6: Making sense of visual complexity, p. 66

* Bang Wong

Lorem

fpsum\ : Eos

Dolor sit Culpa qui magna
amet —> officia > aliqua

A TN

Sed Consectetur Labore et
do adipisicing dolore
elit ipsam
Occaecat
f Enim ad ¢ Eiusmod
et AP i B

c050751n d e

Eﬁ%@ﬁ il

p‘t TT T Sl CompA
80% CompB e
Consectetur
adipisicin,
Lorem (- elit 9‘\
fpsum
) Culpa Eos
A Dolor sit ___ qu’? —» [magna
amet officia aliqua
Sed J *
do Labore et
dolore
fpsam
Occaecat  enim ag Eusmod o/
cupi minim tempor
errordatat

Jacques Bertin:

Aseries of discrete, straight lines
capped with arrows implies separate
and discrete paths... center feel off ...

° o \
v \.\‘ / T

When representing a convergence,
arrows that don’t follow an axis into the

..whereas a curved through-line capped
with arrows suggests continuity.

W,

..whereas arrows that are aligned to a
center point, and define a circle around
that point, are more convincing.

R
e

Bang Wong, Arrows, Nature methods, Vol. 8 No. 9, 2011 https://www.nature.com/articles/nmeth.1676

23
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Chapter 7: Organization and Emphasis
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Chapter 7: Organization and Emphasis

 How to organize a graphic and guide the reader’s attention
- composition
- grids and alignments
— negative space
— visual hierarchy

- flow of information

* Demonstration: Composition makeover



Composition

7: Organization and Emphasis, p. 70

* Consider whether audience reads from left to right or from right to left.

How mRNA COVID-19 .E a. 19-d58 Chalil s 1y
Vaccines Work -4, o] ot kat g—f‘
Jhall (6 35 (g 99300

0 gl
. ST

b o

1o A g
ol T e e el
L (I N I U Vi P




Composition
7. Organization and Emphasis, p. 70

* Provide a clear path to follow. * Reinforce a cyclical process with a

The Shrinking Plasticity of Stem Cells

cyclical composition

: - TRANSMISSION
oth replicate thems and d ntiate TO HUMAN
growth and LIVER "
- Sporozoite
lop. r . Y Mucleus Hypnozoite
J -
: —
Sporozoites ——4 4=
[}
Shortly after sperm and egg v B
e ¥ ]
meet, rapidly proliferating stem cells Uocyats (g &
3
il )
in the embryo have the potential il 5 é:. % S eri
to become any cell type in the body:. ‘ .1 4 1) Kispetocy e
= = m
E] E
. EELR i S «n @ Schizont
E s CELLS ) iplo —‘ L a . B
. Zygote i
During fetal development, ,q L% § m
2 1%
stem cells continue to proliferate o +
: 3 Merozoites
rapidly. These fetal stem cells are Micro- ¢ %
= - gametes . \
individually more constrained i
than ESCs but still quite versatile. e :
gametes B,
Erythrocyte
Pockets of stem cells TRANSMISSION
TO MOSQUITO =
remain into adulthood, proliferating > Gametocytes E
Ring =
/
slowly and only differentiating into / _{5‘1
’ 4
e specidlized ce /
the specialized cell types found i Trophozolts
in their fissue of origin. /
_/'/ Schizont



Composition
7. Organization and Emphasis, p. 70

*  When comparing and contrasting, e “small multiples”: “The audience learns how to

show the different vignettes in the read one element, then can efficiently apply that
knowledge to the other elements.”
Same manner.

Mapping changes in temperature: every year from 1850 to 2020

F with permission.
The MOSE Froject calls for 78 underwater gates at three inlets to rise during heavy rains and tidal surges an expected five times a year. I
0 Before high tide @ During high tide
Water-il it tor

€3 ST T S G T
53 S0 Ty oo 9B BB Fo s H s Fe
P e D D B S Wb S &
S deie R 63 i S GBS Ba T
04 4 e NS R o) ) i




A churning, burning star

Scientists are trying to understand what drives the sun’s 11-year cycle so they can Whipped into sha pe

L] L]
predict solar maximum. During this period of heightened magnetic activity, sunspots Dynamo models—3D simulations of the sun—cannot
are more common, as are the dangerous solar storms, or coronal mass ejections, make sunspots, but they indicate how motions inside
that hurl charged particles at Earth. Differential rotation in the sun's convective zone the sun transform the shape of its magnetic field

is thought to be responsible for winding up and strengthening magnetic fields. over an 11-year solar cycle

7. Organization and Emphasis, p. 75

minimum,
Jupiter  Earth 5 . the sun's
agnetic

Meridional i
L ¥ N R field is

Drawn to scale poloidal, like

* Agrid helps to structure information. ’

Motions in
the sun
wind up the
fields until
they become

toroidal. Convective

z0ne

Toroidal
field
Kinks in the
fields emerge
as sunspots,
firstat
midlatitudes.

At solar Sunspot
maximum, b

the sunspots

are more

common

and closer to

the equator.

Turbulent
motions tear
apart sunspots.
The meridional
flow nudges
remnants to
Hot rising the poles.

Telltale spots magnetic
Sunspots are dark because they fields

are cooler than the surrounding

hot gas. These intensely Sunspot
magnetic knots burst through
the surface, unleashing energy
for days or weeks before fading.

#=— Meridional
flow

e NB check the use of arrows.

Pulse of the sun The remnants

Since accurate sunspot counts began in the mid-1700s, the sun has been through 24 cycles, cancel the

each lasting about 11 years. Forecasts suggest the 25th cycle will be moderately weak. original poloidal
field and build

| Modern maximum upanew one.

250
Cycle1 Cycle 24

- N
& o
3 oS

7 The sun returns
to solar
minimum, but
the polarity of
its poloidal field
is reversed

Sunspot number
<]
3

o
3

1850 1900




Grids and Alignments T

Scientists are trying to understand what drives the sun's 11-year cycle so thew can

Whipped mto shape
aredict solar maximum. During this period of he:ghtened magnetic activity, sunspots
are more comman, as are the dangerous soiu'shrms or coronal mass ejectinng, J .
“hat hurl charged partcles at Earth, Differenti 43 3 SR e A
s thought to be responsible for winding up an-i+trengthe
7: Organization and Emphasis, p. 75

over an 11-year solar cycle.
[ J

A grid helps to structure information.

3 modules, organized in 3 columns (pink)

labels are aligned (blue)
to reinforce an overall sense of clarity.

NB check the use of arrows.

For days of weeks before fading.

Suise of tie sun
Since accurate sunspot counts began in the mid-170(s, the sun has been through 24 cycles.
& sting

6 The remnants
n 3 cancel the
ach lasting about 11 years. Forecasts suggest the 25:h cycle will be moderately weak.

original poloidal |-
field and build
Modern maximum upa new one.

Cycle1 { p

]M In
I
\lm ri}H)L“l

1800 1850

\
1r1|||

& s ?{:tsunrtt\rna ) ;
lI| \" ’Lﬂ ! solar y
I| bl

1900




Negative

Negatlve Space _ (deli:gigzhere
7: Organization and Emphasis, p. 80 withayellow
dotted box)

* =the empty zones around elements




Visual hierarchy

7: Organization and Emphasis, p. 82

* Typically expressed through variation in
- position,
- scale,

- and color.

33



Visual hierarchy
7. Organization and Emphasis, p. 82

Position

- top part spanning the content below
like an umbrella is read first

Limitations on Working Memory SN TM P TINEIL S

Frontal eye fields
The working memory we use for attention and

cognitive tasks depends on the synchronized activity
of three brain regions. If the number of objects we’re
paying attention to exceeds five, the prefrontal area
Prefrontal
that models experiences cannot keep up. cortex \

Working Memory That Works Overloaded Working Memory

For five or For more than
fewer items five items

Brain regions

exchange signals
about modeled ¥ »
experiences (M) T al Signals from

© O
that area
are disrupted.
Working memory
fails because
the brain waves
are out of sync

The modeling

capacity is @

overwhelmed 4 8

¥
[

e‘
o,
o)

X

and sensory
information (S).

Brain waves in
the three areas
stay synchronized.

VVVVW\
VVVVW\
VVVVW\

Scale

thicker lines are more relevant
than thinner lines

~— BASELINES USEDIN THE

APRIL 2017 OBSERVATIONS

OTHER EVENT HORIZON
TELESCOPE BASELINES

JCMT
JANESCLEMAIWELLTELESCOPE
SHELEOSH

TUEWTON 00T

SMT
SUBMILLIMETER TELESCOPE
SINGLE DSH

M. GRAHAM, ARIZONA
ELEVATION 10500 FEET

LMT
LARGE MILUIMETER TELESCOPE
SINGLE DISH
SIERRANEGRA NEXICO
ELEVATION 15100 FEET

APEX
ATRCAMAPATHFINDER EXPERIMENT
s
TACAMA DESERT, CHLE
HEATOV s TonFeET

ALMA
RGE MILLIMETER ARRAY
SETANATERTERONETER
- WG] ATACAMA DESERT, CHLE
s’ ELEVATION 16400 FEET

SINGLE DISH
SOUTH POLE STATION, ANTARCTICA
ELEVATION 3300 FEET

\»Q SPT
Su i SOUTHPOLE TELESCOPE

PDBI IRAM
PLATEAUDE BURE INTERFEROMETER 30METERTELESCOPE.
SATEINA WTERFEROHETER SINGLEDISH
HAUTESALPES, PICO VELETA, SPAIN
AN re ELEVATION 3400 EET

S




Visual hierarchy
7: Organization and Emphasis, p. 82

Color

lighter and darker version of the same color

a blue glow to enforce selection

Location: 11,22
Model: XRAXX
Scenario: Yyyyy
Parameter: Zzzzz
Version: Raaaa
Reproduced: Y/N

35



Flow of Information

7. Organization and Emphasis, p. 87

e Combining the hierarchival elements

- position

an “umbrella” title and introduction

cloud spanning the width

- scale

large cloud vs 3 small objects

- color

bold orange line of airplane
yellow numbering enforces order

3 black objects vs grey cloud

y
y

>

Most of the action \
b

BASICS

How to Make it Rain

Clouds produce rain when tiny droplets of supercooled water collide with dust particles of precisely the r_‘yf
that fall toward the ground and melt along the way. The most widely practiced rainmaking method invq'

,/ occursin the cloud. It's the
largest object on the page, pro-

viding acompositional anchor. But,

critically, it's lightin value. The light

cles of silver iodide, “seeds” around which ice particles can form—but new, highly suspect rainmaking s{

SUPERCOOLED CLOUD

&

\
2 Silveriodide provides nuclei
for ice to form around

gray doesn'tshout too loudly for
attention. Instead, three small black
objects pop out as key elements
(ground generator, antiaircraft gun,
and plane) due to the strong
contrast of the black
against white.

y
/ Thereader's N\

y
eyeisled intothe \
framewith a bold orange |
line, thenis swept upward, |
guided by arrows. Yellow
dots withnumbers rein-  /
force the order of y

\

A events. V. /
1 Typically aircraft release silver
iodide from wing-mounted
flares into an updraft, although RAIN
Antiaircraft gun some programs launch silver
Silver jodide loaded with fodide from ground generators,
ground shells containing guns or rockets

generator

silver iodide

SILVER IODIDE

@ - o

S

y - -
y Linework
/' directsattention
" to the right, following “"
airflow, theplane’s |
trajectory,and  /

£
y

rainfal. -

\

Image Credit: John Grimwade, as published in “Summon the Rain,” by Dan Baum, Scientific American (June 2014).

Reproduced with permission. © 2014 Scientific American, a Division of Nature America, Inc. All rights reserved.
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Composition Makeover
7: Organization and Emphasis, p. 88

Hypothetical example: cat treat disease

BEFORE

Figure 1. Pathogenesis of classical cat treat disease and paradoxical cat treat disease. (A) Classical: Protein one,
whichis produced by the gut upon the ingestion of a treat, forms complexes with protein two. These complexes
trigger alpha cells to produce large amounts of protein three. Protein three stimulates beta cells, which releases
proteins four and five. Protein four triggers gamma cells to start massingin the gut’s lining. Gamma cells then
release protein six, pushing gut lining cells into a hypergrowth state, resulting in a grumpy cat. This condition
can be confirmed by testing for levels of proteins three, four, and six. (B) Paradoxical: The introduction of drug
Asuccessfullyblocked classical cat treat disease in most cats, byinhibiting the production of protein four.
However, some cats were still grumpy. In1to 3 percent of cats, paradoxical cat treat disease may arise due to an
increase in production of protein five, a side effect of drug A. The full pathway of paradoxical cat treat disease is

not yet understood, but can be confirmed by testing for levels of proteins three and five.

A @ Protein1 () Protein 4

1.0
A Proteinz [l Protein 5 @ Trigger
. X £ .5 Beta cell 82 +
@D Protein3 0 Protein 6 =] DrugA @
0 \ AA ®
@

=0

aol.x

* Betacell Complex
Trigger
Alpha cell

A @
YCompIex

oo > l l
\ @ ca & [~ |
@® [T ¢. 10
” 2
Inflammation Unknown mediator |5 °
! 0
3 5

Stomach lining

(0

|
|
|
|
1
|
|
1
|
|
| Protein4 @
I isblocked @
1
1
|
1
|
|
|
|
1
1
|
1
|
I

e




Composition Makeover

7: Organization and Emphasis, p. 88

* Hypothetical example: cat treat disease

* Comparison of two scenarios (A and B)

- A seems more important than B

BEFORE

Figure 1. Pathogenesis of classical cat treat disease and paradoxical cat treat disease. (A) Classical: Protein one,
whichis produced by the gut upon the ingestion of a treat, forms complexes with protein two. These complexes
trigger alpha cells to produce large amounts of protein three. Protein three stimulates beta cells, which releases
proteins four and five. Protein four triggers gamma cells to start massingin the gut’s lining. Gamma cells then
release protein six, pushing gut lining cells into a hypergrowth state, resulting in a grumpy cat. This condition
can be confirmed by testing for levels of proteins three, four, and six. (B) Paradoxical: The introduction of drug
Asuccessfullyblocked classical cat treat disease in most cats, byinhibiting the production of protein four.
However, some cats were still grumpy. In1to 3 percent of cats, paradoxical cat treat disease may arise due to an
increase in production of protein five, a side effect of drug A. The full pathway of paradoxical cat treat disease is
not yet understood, but can be confirmed by testing for levels of proteins three and five.

A @ Protein1 () Protein 4 10 B ~
A Proteinz [l Protein 5 @ Trigger
. X £ .5 Beta cell 82 +
@D Protein3 0 Protein 6 =] DrugA

O
AA ..

Y
= é'/

|
|
|
1
1
1
1
1
Beta cell 1
: |
Trlgger. | Protein4 @
A @ I isblocked @
@ : Alphacell
1
1
i l .
|
1
1
1
1
1
1
I

YCompIex
@ole -
@ ® =B mE
\ @ Gamma cell

@ : [T ¢. 10

” : 8.

Unknown mediator ’

¢ 0

3 5

Inflammation '

Units

Stomach lining




Composition Makeover
7: Organization and Emphasis, p. 88

Hypothetical example: cat treat disease

Comparison of two scenarios (A and B)

- A seems more important than B

6 proteins and 3 cell types

BEFORE

Figure 1. Pathogenesis of classical cat treat disease and paradoxical cat treat disease. (A) Classical: Protein one,
whichis produced by the gut upon the ingestion of a treat, forms complexes with protein two. These complexes
trigger alpha cells to produce large amounts of protein three. Protein three stimulates beta cells, which releases
proteins four and five. Protein four triggers gamma cells to start massingin the gut’s lining. Gamma cells then
release protein six, pushing gut lining cells into a hypergrowth state, resulting in a grumpy cat. This condition
can be confirmed by testing for levels of proteins three, four, and six. (B) Paradoxical: The introduction of drug
Asuccessfullyblocked classical cat treat disease in most cats, byinhibiting the production of protein four.
However, some cats were still grumpy. In1to 3 percent of cats, paradoxical cat treat disease may arise due to an
increase in production of protein five, a side effect of drug A. The full pathway of paradoxical cat treat disease is
not yet understood, but can be confirmed by testing for levels of proteins three and five.

Units

A @ Protein1 () Protein 4 1.0
/A protein2 [l Proteins

. ‘= 5
@D Protein3 0 Protein 6

0

8 =0
Trigger +

O
AA ..

Beta cell

A @
YCompIex

@ e -
\ @ < Gamma cell
@ @
("
Inflammation

@
/O\
\_H

mm

* Betacell O - Complex
Trigger O Protein 4 @
A @ @ is blocked @
Alphacell

[T ¢. 10
Unknown mediator | - 5
¢ OM
3 5

Units

Stomach lining

-

090 0%

|-




BEFORE

Composition Makeover

7. Organization and Emphasis, p. 88

Figure 1. Pathogenesis of classical cat treat disease and paradoxical cat treat disease. (A) Classical: Protein one,
whichis produced by the gut upon the ingestion of a treat, forms complexes with protein two. These complexes
trigger alpha cells to produce large amounts of protein three. Protein three stimulates beta cells, which releases
proteins four and five. Protein four triggers gamma cells to start massingin the gut’s lining. Gamma cells then
release protein six, pushing gut lining cells into a hypergrowth state, resulting in a grumpy cat. This condition
can be confirmed by testing for levels of proteins three, four, and six. (B) Paradoxical: The introduction of drug

Asuccessfullyblocked classical cat treat disease in most cats, byinhibiting the production of protein four.
However, some cats were still grumpy. In1to 3 percent of cats, paradoxical cat treat disease may arise due to an

. Protein1 Q Protein 4
A Protein2 [l Protein5
@D Protein3 0 Protein 6

Units

1.0

5

|

* Hypothetical example: cat treat disease

« Comparison of two scenarios (A and B) A
- A seems more important than B

e 6 proteins and 3 cell types

Cat treat triggers a multi-stage reaction

Ry

Beta cell
Trigger
A @
AT @ ®
YCompIex
@ @
@ @
b 4

0

3 4 6

Gamma cell

O
4
\

o
e

Inflammation m' /-]

Stomach lining

-

increase in production of protein five, a side effect of drug A. The full pathway of paradoxical cat treat disease is
not yet understood, but can be confirmed by testing for levels of proteins three and five.

Trigger +

Y @
Complex
2\ ele
5y

Alpha cell

3 5
/«J\JTM

Beta cell

Protein 4
is blocked

I¢.

Unknown mediator




BEFORE

L] L]

‘ O m O S I t I O n M a ke Ove r Figure 1. Pathogenesis of classical cat treat disease and paradoxical cat treat disease. (A) Classical: Protein one,
whichis produced by the gut upon the ingestion of a treat, forms complexes with protein two. These complexes
trigger alpha cells to produce large amounts of protein three. Protein three stimulates beta cells, which releases
proteins four and five. Protein four triggers gamma cells to start massingin the gut’s lining. Gamma cells then
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can be confirmed by testing for levels of proteins three, four, and six. (B) Paradoxical: The introduction of drug
Asuccessfullyblocked classical cat treat disease in most cats, byinhibiting the production of protein four.
However, some cats were still grumpy. In1to 3 percent of cats, paradoxical cat treat disease may arise due to an
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Composition Makeover
7. Organization and Emphasis, p. 88

BEFORE

Figure 1. Pathogenesis of classical cat treat disease and paradoxical cat treat disease. (A) Classical: Protein one,
whichis produced by the gut upon the ingestion of a treat, forms complexes with protein two. These complexes
trigger alpha cells to produce large amounts of protein three. Protein three stimulates beta cells, which releases
proteins four and five. Protein four triggers gamma cells to start massingin the gut’s lining. Gamma cells then
release protein six, pushing gut lining cells into a hypergrowth state, resulting in a grumpy cat. This condition
can be confirmed by testing for levels of proteins three, four, and six. (B) Paradoxical: The introduction of drug
Asuccessfullyblocked classical cat treat disease in most cats, byinhibiting the production of protein four.
However, some cats were still grumpy. In1to 3 percent of cats, paradoxical cat treat disease may arise due to an
increase in production of protein five, a side effect of drug A. The full pathway of paradoxical cat treat disease is

* Hypothetical example: cat treat disease

« Comparison of two scenarios (A and B) A
- A seems more important than B
e 6 proteins and 3 cell types

e Cat treat triggers a multi-stage reaction.

e Scenario B: Drug A blocks protein 4 and
therefore the production of gamma cells
and the inflammation?

* Something has been measured, probably
the proteins?

not yet understood, but can be confirmed by testing for levels of proteins three and five.
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Composition Makeover

7. Organization and Emphasis, p. 88

* Two equally important scenarios can be
easily compared (linear process).

- with different proteins and cell types
- triggered multi-stage reaction

— drug A prevents inflammation

. (£)Taciitaung aneasy and
AFTER directcomparison .

Figure 1. Pathogenesis of classical cat treat disease and paradoxical cat treat dise: between each /gne,
whichis produced by the gut upon the ingestion of a treat, forms complexeswith pro L scenario. exes
trigger alphacells to produce large amounts of protein three. Protein three stimulates béteae-...,wnich releases
proteins four and five. Protein four triggers gamma cells to start massing in the gut’s lining. Gamma cells then
release protein six, pushing gut lining cells into a hypergrowth state, resultingin a grumpy cat. This condition
can be confirmed by testing for levels of proteins three, four, and six. (B) Paradoxical: The introduction of drug
Asuccessfully blocked classical cat treat disease in most cats, by inhibiting the production of protein four.
However, some cats were still grumpy. In1to 3 percent of cats, paradoxical cat treat disease may arise due to an
increasein production of protein five, a side effect of drug A. The full pathway of paradoxical cat treat diseaseis
not yet understood, but can be confirmed by testing forlevels of proteins three and five.
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can be confirmed by testing for levels of proteins three, four, and six. (B) Paradoxical: The introduction of drug
Asuccessfully blocked classical cat treat disease in most cats, by inhibiting the production of protein four.
However, some cats were still grumpy. In1to 3 percent of cats, paradoxical cat treat disease may arise due to an
increasein production of protein five, a side effect of drug A. The full pathway of paradoxical cat treat diseaseis
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easily compared (linear process).

Trigger Protein 2 Protein4 ‘I::-];to:i:t of
- with different proteins and cell types T etocel _.--"“"’4)00\\ _ o
. . . o @ " - 4 0 0510
- triggered multi-stage reaction TT?G;: - ms el
) Activation Production Protein3 Protein5 )
- drug A prevents inflammation proteint - (dashed)  (doted) T—— A
rotein5 [l
* Legend replaced with labels. sTach.Tg roteint )
* Arrows with different meanings. B -
\ A ,\'& Protein 4is blocfled "
EgHE 0 05 10
(>mEm .l =Y
¥ rotein 3 @ ——+
Unknown mediator
i\/mw rotein4 ) [~
SAVATRAY T T YT T rotein5 [l




Composition Makeover

7. Organization and Emphasis, p. 88

Two equally important scenarios can be

easily compared (linear process).

- with different proteins and cell types

- triggered multi-stage reaction

— drug A prevents inflammation
Legend replaced with labels.
Arrows with different meanings.

Amount of protein is measured.

. (Z)Tacnitaunganeasyand
AFTER directcomparison ‘

Figure 1. Pathogenesis of classical cat treat disease and paradoxicalcat treat dises,  Petweeneach g

which s produced by the gut upon theingestion of a treat, forms complexeswith prow. SCenario. _glexes
trigger alphacells to produce large amounts of protein three. Protein three stimulates béteae-...,wnich releases
proteins four and five. Protein four triggers gamma cells to start massing in the gut’s lining. Gamma cells then
release protein six, pushing gut lining cells into a hypergrowth state, resultingin a grumpy cat. This condition
can be confirmed by testing for levels of proteins three, four, and six. (B) Paradoxical: The introduction of drug
Asuccessfully blocked classical cat treat disease in most cats, by inhibiting the production of protein four.
However, some cats were still grumpy. In1to 3 percent of cats, paradoxical cat treat disease may arise due to an
increasein production of protein five, a side effect of drug A. The full pathway of paradoxical cat treat diseaseis
not yet understood, but can be confirmed by testing forlevels of proteins three and five.
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Chapter 8: Color
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Chapter 8: Color

e Introduction / terminology
e Approaching color critically
e Strategies for using color

*  Demonstration: Color makeover
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Chapter 8: Color

8: Color, p. 97

* Color perception:

- trichromacy theory

The
human retina
has a relatively small
number of S-cones, so
morebroadlyspeaking,

blue zene Opponent-process theory addresses how cones and
rods interact with other neurons in the retina (specifically

- opponent-process theory

* red/green, blue/yellow, black/white

e Karen Schloss: color is subject to

- perceptual issues

* e.g., color vision deficiency
- aesthetic issues

- semantics (meaning)

e “Color vision allows humans to more
easily distinguish things from one
another, remember those objects, and
communicate with others about them.”
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Color

Primary colors
- of light: red, green, blue (corresponding to the three cone types in human retina)

- of pigment/paint: cyan, magenta, yellow

Blue Green

Complementary colors (neutralize each other when mixed in equal measure)

Cyan

- complements made of light: make white light

- complements mde of pigment/paint: make a neutral color

Additive color models: how do colors of light mix together -~ RGB

- computer screens, TVs, emitted from LEDs or other light sources (emitted light)

Subtractive color models: how do colors of pigment mix (after light has hit a surface) - CMYK

- paint, objects, ... Yellow Magenta

49
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The Munsell system
8: Color, p. 99

* Hue: color category, e.g., blue, red, ...

e Value: lightness or darkness
- tints: ligher, more luminous, brighter

- shades: darker, less luminous

e Chroma: saturation

— desatured (dull) to saturated (intense)

e Value and chroma can be difficult to dinguish.

A CLOSER LOOK
Color Jargon, Translated

What's the difference between hue and value? How about chroma and satura-
tion? Lots of termsrelated to color are a bit slippery, and often interchanged,
sometimes incorrectly. And different color spaces (see page 157) come with

differentconventions and language traditions. The Munsell System (developed
by Albert H. Munsell, culminatingin a color atlas published in 1915") provides a
handyway to break things down. Here’s a modernrendering of part of his tree

Hue refers tothe general model, annotated with definitions. Many wedges are removed in this view, so you

color category. Forexam- can see how the variables play out for a few spokes.
ple, all of these mightbe
classified as blue: White

And these as red:

. . . . . . i Green-yellow

Yellow-red

=il

=

Red-purple Green

Blue-green

Purple
Value indicates the light-

T ness or darkness of a color.
Chroma refersto the . Tints are lighter, more lumi-
strength or weakness of a nous and brighter versions
color. It ranges from Purple-blue . (atthetop of the Munsell
desaturated ordull (ring . tree); shades are darker,
center) tosaturated or . less luminousversions (at
intense (ring edge). Black the bottom).



Approaching color critically
8: Color, p. 99

* Let’s talk about the rainbow palette

- the same distance does not necessarily correspond to the same change in hue

H_

— it does not pass the grayscale test
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Approaching color critically
8: Color, p. 99

A phenomenon called simultaneous contrast

- rayscale gradient:
R -

- the background/surrounding color influences the perception of a color (Bang Wong):

a b E
= - [
*

Figure 1 | Perception of color can vary. (a,b) The same color can look different
(a), and different colors can appear to be nearly the same by changing the
background color (b)®. () The rectangles in the heat map indicated by the
asterisks (") are the same color but appear to be different.

Bang Wong, Color coding, Nature methods, Vol. 7 No. 8, 2010 https://www.nature.com/articles/nmeth0810-573
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https://www.nature.com/articles/nmeth0810-573

Approaching color critically
8: Color, p. 99

* Choose your colors wisely

reyscele test

double-encode information

* symbols: encode with color and shape or size

e continuous area: directly define in shape
and don’t use a separate key (legend) Color picker

— check for color deficiencies
https://www.color-blindness.com/coblis-color-blindness-simulator/ Lightness

- Bang Wong: color picker

Saturation

123456
~nnn
Grayscale equivalent &
NN | -cgk.
&° °

Bang Wong, Color coding, Nature methods, Vol. 7 No. 8, 2010 https://www.nature.com/articles/nmeth0810-573



https://www.color-blindness.com/coblis-color-blindness-simulator/
https://www.nature.com/articles/nmeth0810-573

Color palettes (thanks for your suggestions!)

* anintro to the viridis color palette
https://cran.r-project.org/web/packages/viridis/vignettes/intro-to-viridis.html

* the github page of the cividis color palette
https://github.com/marcosci/cividis

* color palettes in oceanography (cmocean) https://matplotlib.org/cmocean/

*  collection of perceptually accurate colormaps (colorcet) https://colorcet.holoviz.org/
* qualitative colors: https://personal.sron.nl/~pault/#sec:qualitative

* colorbrewer: https://colorbrewer2.org/

*  matplotlib wrapper for making beautiful, publication-quality graphics (proplot)
https://proplot.readthedocs.io/en/latest/index.html

* Arts at CERN: https://arts.cern/
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Strategies for Using Color
8: Color, p. 99

e as atool for problem solving during the planning stages

* to help a reader track and compartmentalize elements
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Strategies for Using Color

8: Color, p. 99

* to help folks more quickly and intuitively
grasp new concepts

S e parate Quantum realm
Realms

Quantum mechanics produces some
bizarre effects in the microscopic
world, but we do not see these phe-
nomena in our macroscopic, “classical”
reality. Why is that? Scientists have
never understood why and how the
universe crosses over between these
realms, but several theories, as depict-
ed here, offer possible explanations.

Classical realm

Quantum vs. Classical

According to quantum mechanics, particles do
not exist in definite states—here or there, having
this energy or that—but rather take on all possi-
ble states and positions. The theory describes
particles with equations called wave functions,
which are combinations, or “superpositions,” Quantum realm
of multiple waves. The amplitude of each peak
in a wave function denotes the probability of

a particle being found in any specific circum-
stances—for instance, at point A or B, as shown.

Classical realm

Strangely, when scientists make a measure-

ment of a particle, this act appears to reduce
all the quantum possibilities to one, ing
chosen at random. The experiment will find

the particle at point A, for example, and the

particle enters the classical realm, ceasing to
be ina superposition.

Quantum realm
Classical realm

Collapse at
Measurement

One theory for how the universe
crosses over from quantum to
classical is that the act of mea-
surement intervenes. Particles
can finger in quantum super-
positions (dotted yellow lines)
as long as no one looks too
closely, but once humans make
ameasurement, the particle

is forced to “choose” a specific
state (solid red lines). How this
happens, and why human
measurement should take on
such a significance in physics,
remains mystifying.

Decoherence

Another theory posits that

a particle’s environment is to
blame for moving it from the
quantum world to the classical.
As long as a particle is undis-
turbed by any outside influence,
so the thinking goes, it can
remain in superposition.

But when the wave functions
of other particles or objects
nearby meet with its own,
they interfere, causing the
particle’s many quantum
possibilities to collapse inta
asingle classical reality.

Another passibility is that the
collapse of the wave function
toasingle possibility is a
random event, not caused

by human or environmental
interference. The chances of any
one particle collapsing at any
given time are extremely small,
but in macroscopic objects
containing multitudes of atoms,
the collapse of at least one s
inevitable, which then causes
the entire structure to collapse.




Strategies for Using Color
8: Color, p. 99

e Suggestions from Color Works by Eddie Opara and John Cantwell:
“Understand that various cultures and consumers symbolize colors differently.”

- “There is no correct or incorrect way to perceive color;

it's an individual, highly personal matter.” COIor
- “Keep a record of colors that you have used and like to use.” work

- “Always look at other examples of how color is used Best Practices E
by the likes of painters, fashion designers, and interior designers.” forGrapie Desigpess

An Essential Guide to
Understanding and Applying
Color Design Principles

. . . . . Eddie Opara John Cantwell
Eddia Opara, John Cantwell, Color Works — Best Practices from Graphic Designers, Rockport Publishers, 2013 l -




Color Makeover
8: Color, p. 110

Many colors

Which part is important?

BEFORE

Figure 1. Pathogenesis of classical cat treat disease and paradoxical cat treat disease. (A) Classical: Protein one,
whichis produced bythe gut upon the ingestion of a treat, forms complexes with protein two. These complexes
trigger alpha cells to produce large amounts of protein three. Protein three stimulates beta cells, which releases
proteins four and five. Protein four triggers gamma cells to start massing in the gut's lining. Gamma cells then
release protein six, pushing gut lining cells into a hypergrowth state, resulting in a grumpy cat. This condition
can be confirmed by testing for levels of proteins three, four, and six. (B) Paradoxical: The introduction of drug
Asuccessfully blocked classical cat treat disease in most cats, by inhibiting the production of protein four.
However, some cats were still grumpy. In1to 3 percent of cats, paradoxical cat treat disease may arise due to an

increase in production of protein five, a side effect of drug A. The full pathway of paradoxical cat treat
not yet understood, but can be confirmed by testing for levels of proteins three and five.
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‘ O I O r M a ke Ove r Figure 1. Pathogenesis of classical cat treat disease and paradoxical cat treat disease. .. __afOne,
whichis produced by the gut upon the ingestion of a treat, forms complexes with protein two: resccomplexes
trigger alpha cells to produce large amounts of protein three. Protein three stimulates beta cells, which releases
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Asuccessfully blocked classical cat treat disease in most cats, by inhibiting the production of protein four.
However, some cats were still grumpy. In1to 3 percent of cats, paradoxical cat treat disease may arise due to an
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Chapter 9: Typography

* Legibility and Readability
e Hierarchy

* Demonstration: Typography makeover
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Chapter 9: Typography

« Butterick’s practical typography: “the visual component of the written word.”
- typeface
- size
- placement
- alignment

- spacing

- color

https://practicaltypography.com/
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Legibility and Readability

9: Typography, p. 114

* Legibility: how easy it is to distinguish one letter after another

- font, size, color, contrast

More legible = Less tegible * More legible —>ressigbie * More legible —

* Readability: how easy it is to distinguish words, sentences, and paragraphs

- serif vs sans-serif, line spacing, justify columns (Blocksatz), rebreaking
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Legibility and Readability

9: Typography, p. 114

* Readability: how easy it is to distinguish words, sentences, and paragraphs

- serif vs sans-serif

- line spacing

It's commonly held that serif type—like the typeface used in this
paragraph—is more legible than sans-serif type—like the typeface I'm
using in cyan for footnotes and captions in this book. But as summarized
by Charles Bigelow, evidence does not strongly support this claim.”

Although, as noted above, there’s not a large body of research that sup-
ports banning serif fonts from these cases, by any means.

Choosing a font is just the first step. There are more decisions to be
made. Line space (also known as “leading”), for example. If too much ver-
tical space is between lines, words that are meant to hang together start
to feel disassociated. Like the top portion of this paragraph. Eachline is

perceived as its own unit, and flow between lines is interrupted. But if
there’s too little space, or leading, between lines, things feel crowded
and uncomfortable. And readability goes down. As in the last three
lines of this paragraph.
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Legibility and Readability

9: Typography, p. 114

Readability: how easy it is to distinguish words, sentences, and paragraphs

— justify columns (Blocksatz)

It’s certainly an option to justify your text columns, like I'm doing
with this paragraph. When you justify a text block, space is added be-
tween words so that lines extend to the left and right edges of the full
column. It’s not inherently bad, by any means. But as the columns be-
come narrower, you increase the odds of creating odd gaps and rivers of
white space that flow down, through the column. This is especially true
if you're not hyphenating text. In general, it's usually safer to default to
left justified text.

Here’s an example of that same paragraph, set in narrower columns.
Do you see the awkward long blank spots between some words? That
negative space is a distraction, negatively impacting readability.

It’s certainly an
option to justify your
text columns, like
I'm doing with this
paragraph. When
you justify a text
block, space is added
between words so that
lines extend to the

left and right edges
of the full column.
Its mnot inherently
bad, by any means.
But_as_the _columns

become narrower,

O TEISe T e Oas™

of creating odd gaps
and rivers of white

space that flow down,
through the column.
This is especially
true if youre not
hyphenating text. In
general, it’s usually
safer to default to a
left aligned text.
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Legibility and Readability

9: Typography, p. 114

* Readability: how easy it is to distinguish words, sentences, and paragraphs

rebreaking

If left alone (as in the cyan

version of this paragraph),

theright side of this left
aligned text column
creates a shape that
draws attention. It's likely
that your eye is tracing
theright side, tryingto
enclose theshapeasa *
full unit. It's not quite in
balance. In the magenta

version of this paragraph
(to the right), I've gone in |
and added soft-returns to
force line-breaks. This is
pretty picky, but in some

cases it can make areal /
difference.

Ifleft alone (asin the cyan
version of this paragraph),
the right side of this

left aligned text column
creates ashape that
draws attention. It's likely
thatyoureyeistracing
the right side, trying

to enclose the shapeas *.

afullunit. It's not quitein *
balance. Inthe magenta
version of this paragraph

(to theright), I've gone

in and added soft-returns
to force line-breaks. This

is pretty picky, butin ¢
some cases it can make
areal difference. "

Note that rebreaking
this columnalsoresultedin a
/ lastline made up of morethanone
/' word.That'sa good thing! Single words \\
hanging outat the bottom ofa paragraph |

(and shortlines atthe top ofa page) ‘
shouldbe avoided, when possible. /

|\ Theymake things feel unstable, and /

unresolved. Without a solid base,the /
blue column on the left looks
like it may topple over.

-




Overline
Brunel Text
(Bold)
Size: 7pt

Head
(ortitle)
Brurel Deck
(Medium)
Size:18 pt

Hierarchy
9: Typography, p. 120

Introduction
Apres (Thin)
Size:8 pt
Leading: 9.6

HOW IT WORKS

Solar Nanowires Mimic Nature
Plants hamess the sun's energy to convert carbon dicxide and water  molecules, creating Fydrogen fuel. Nathan Lewis's group at the Cali-
intoglucose—chemical fuel that can be used or stored (left), Research-  fomia Institute of Technology is designing a small leaf with amays of
ers ame devising artificial leaves that use sunlight w split water  silicon nanowines that could produce hydrogen (right).

* Typography can be used for hierarchy

Subhead
Brurel Deck
(Bold)
Size:9pt

Captionor
annotation
Apres Condensed

Natural Leal Artificial Leaf

typeface

Energy in. Sclar photors are

« serif for title and introduction f e i
amays, semicanductor mnov-i:.mg 't Size:8 pt

Leading: 9.6

* sans-serif for details

. Oxidation. Absorbed phoion
< knocks electrons from )
o Eheny
i H water milicubes in the chiaaplest
or amay, which splis the makecules
intshydrogenions (H') and cxygan.

13\ je
L3 @@

-  size

bold, italic, condensed, etc.

S
combine with lertrons and corbon

line spacing, leading 09/ o i bt
L

through a membrane and

combine with electrons to farm

hydrogen molecules.

Fuel out. Both processes create 3 & a Semiconductor
\ nanawine:

storable, transportable: fuek ghucose
in plants: byckogenin amays.

Image Credit: Cherie Sinnen, as published in “Reinventing the Leaf: Artificial Photosyn-
thesis to Create Clean Fuel,” by Antonio Regalado, Scientific American (October 2010).
Reproduced with permission from the artist.

Label
Apres Condensed
(Regular)
Size: 775 pt
Leading: 93




Typography Makeover

9: Typography, p. 124

* ADbig block of text at the top,
which is difficult to read.

* The same font for everything.

BEFORE

Figure 1. Pathogenesis of classical cat treat disease and paradoxical cat treat disease. (A) Classical: Protein one,
which is produced bythe gut uponthe ingestion of a treat, forms complexes with protein two. These complexes
trigger alpha cells to produce large amounts of protein three. Protein three stimulates beta cells, which releases
proteins fourand five. Protein four triggers gamma cells to start massing in the gut’s lining. Gamma cells then
release protein six, pushing gut lining cellsinto a hypergrowth state, resultingin a grumpy cat. This condition
can be confirmed by testingforlevels of proteins three, four, and six. (B) Paradoxical: Theintroduction of drug
Asuccessfully blocked classical cat treat disease in most cats, byinhibitingthe production of protein four.
However, some cats were still grumpy. In1to 3 percent of cats, paradoxical cat treat disease mayarise dueto an
increasein production of protein five, aside effect of drug A. The full pathway of paradoxical cat treat diseaseis
not yet understood, but can be confirmed by testing for levels of proteins three and five.
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Typography Makeover

9: Typography, p. 124

* Improved legibility and readability
- increased line spacing

- two columns

* Established a hierarchy
- figure title

- separate descriptions for the two
parts.

- size and color

AFTER

Figure 1: Pathogenesis of classical cat treat disease and paradoxical cat treat disease

CLASSICAL: Protein one, whichis produced by the gut

upon the ingestion of a treat, forms complexes with pro-
tein two. These complexes trigger alpha cells to produce
large amounts of protein three. Protein three stimulates
beta cells, which releases proteins four and five. Protein

fourtriggers gamma cells tostart massinginthe gut's
lining. Gamma cells thenrelease protein six, pushing gut
lining cellsintoa hypergrowth state, resulting in a grumpy
cat.This condition canbe confirmed by testing for levels of
proteins three, four, and six.
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PARADOXICAL: The introduction of drug A successfully
blocked classical cat treat disease in most cats, by inhib-
iting the production of protein four. However, some cats
were still grumpy. In 1to 3 percent of cats, paradoxical cat

treat disease mayarise dueto an increase in production of
protein five, a side effect of drug A. The full pathway of par-
adoxical cat treat disease is not yet understood, but can be
confirmed bytesting for levels of proteins three and five.
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Makeovers: composition, color, and typography

BEFORE

Figure 1. Pathogenesis of classical cat treat disease and paradoxical cat treat disease. (A) Classical: Protein one,
whichis produced by the gut upon the ingestion of atreat, forms complexes with protein two. These complexes
trigger alpha cells to produce large amounts of protein three. Protein three stimulates beta cells, which releases
proteins four and five. Protein four triggers gamma cells to start massingin the gut’s lining. Gamma cells then
release protein six, pushing gut lining cellsinto a hypergrowth state, resulting in a grumpy cat. This condition
can be confirmed by testing for levels of proteins three, four, and six. (B) Paradoxical: The introduction of drug
Asuccessfully blocked classical cat treat disease in most cats, byinhibiting the production of protein four.
However, some cats were still grumpy. In1to 3 percent of cats, paradoxical cat treat disease may arise dueto an
increase in production of proteinfive, a side effect of drug A. The full pathway of paradoxical cat treat disease is
notyet understood, but can be confirmed by testing for levels of proteins three and five.
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Figure 1: Pathogenesis of classical cat treat disease and paradoxical cat treat disease

CLASSICAL: Protein one, whichis produced by the gut

upon the ingestion of a treat, forms complexes with pro-
tein two. These complexes trigger alpha cells to produce
large amounts of proteinthree. Proteinthree stimulates
beta cells, which releases proteins four and five. Protein

Trigger Protein2

Complex Alphacell

four triggers gamma cells tostart massinginthe gut's
lining. Gamma cells thenrelease protein six, pushing gut
lining cellsintoa hypergrowth state, resulting in a grumpy
cat.This condition canbe confirmed by testing for levels of
proteins three, four, and six.

Protein 4 ‘;m?‘,m o
rotein
D .
’ “‘.\ Gammacell Units
0 0510
O- 2 @)L > I u
Protein 3 @
Proteln 3 Pro(em 5
Protein 4
Inflammed cell
Protein5 [l
Protein 6 O

PARADOXICAL: Theintroduction of drug Asuccessfully
blocked classical cat treat disease in most cats, by inhib-
itingthe production of protein four. However, some cats
were still grumpy. In1to 3 percent of cats, paradoxical cat

treat disease mayarise due to an increase in production of
protein five, a side effect of drug A. The full pathway of par-
adoxical cat treat disease is not yet understood, but can be
confirmed bytesting for levels of proteins three and five.
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And now to Part 2: Uncertainty visualization
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Visualization of Uncertainty and Unknowns

boo k CHAPTER 13 Special Considerations for Science Graphics 183

Communicating Uncertainty and Unknowns Wlley StatsRef:

Uncertainty is a particularly important concept as it relates to major = = -
stories like climate change and global pandemics. Yet I think it’s fair to Stat |5t| cs Refere n ce o n I I n e
say that until relatively recently, visual journalists—including my-
self—defaulted to sweeping the very notion of uncertainty under the
rug when presenting scientific information to the broader public. How
many of us have chosen to ignore error ranges when preparing a chart
for publication?

Academics and research scientists, on the other hand, regularly

: Uncertainty Visualization

. . Y . 2 Error bar.

include uncertainty indicators such as error bars, But as it turns out, iz J

many of those visual techniques might not be terribly effective at z ) ¥ By Lace Padilla I’ Matthew Kay{ and Jessica Huﬂmanz
communicating uncertainty, even within a peer group.” Why does I

it matter? There are consequences. As Barauch Fischhoff and Alex L.
Davis wrote in “Communicating Scientific Uncertainty:” “All science 2010 2015 2020 Keywords: uncertainty visualizations, cognitive theory, review

T SR T 20 T SO S S S S U TP - S S
_

SEPTEMBER 1,2019 | 6 MIN READ

How to Get Better at Embracing Unknowns

blogposts | Uncertainty + Visualization,

= . L i
Explalned How to interpret uncertainty in common forms of data visualization

BY JESSICA HULLMAN

‘E Midwest Uncertainty (MU) Collective - Follow

Published in Multiple Views: Visualization Research Explained - 11 minread - Jun4,2019

) Q1 h ®

Jessica Hullman and Matthew Kay (the MU Collective).




Uncertainty visualization
Padilla et al., 2021

* Uncertainty: “quantified uncertainty that can be visualized,
most commonly a probability distribution” p. 1

72



Uncertainty visualization design space
Padilla et al., 2021

e 2 categories and a hybrid approach

Visual encodings of uncertainty
Graphical annotations of distributicnal properties AT~
s O = @
Intervals and ratios . o IE Ii i LR =
1 _.\'. é
. 8 8 8 @ . I . @
Error bars Box plot T 1‘] ' “ |' . =
T, —
lcon array ol U =
Distributions S/ =y
. Fuzziness Location  Arrangement Size Transparency
Violin plot Gradient plot
Hybnd approach
.s38dts,
Hypathetical outcome plot Quantile dot plot Ensemble plot ¥ aliaeie ;- B

. o T
Contour boxplot Probability density and interval plot




Unncertainty Visualization Theory
Padilla et al., 2021

Table 1.  Summary of uncertainty visualization theory detailed in this article.

Theory

Summary

Visualization techniques

Frequency Framing" (Section 2.1)

Attribute Substitution®1]
Deterministic Construal Error(32]
{Section 2.2)

Visual Boundaries = Cognitive
Categories/?!] (Section 2.3)

Visual Semiotics!'¥! (Section 2.4)

Uncertainty is more intuitively
understood in a frequency framing
{1 out of 10) than in a probabilistic
framing (10%)

If given the opportunity, viewers will
mentally substitute uncertainty
information for data that are easier to
understand

Ranges that are represented by
boundaries lead people to believe that
data inside and outside the boundary
are categorically different

Some encoding techniques naturally
map onto uncertainty

Icon arrayl!?]
Quantile dotplot!']
Hypothetical outcome plots18]

Hypothetical outcome plots'®l

Ensemble display["*
Error bar alternatives[”. 91

Fuzziness, transparency, location,
etc14]
Value-suppressing color pallet!?!
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The cone of uncertainty

“Cone of uncertainty” (/eft) shows where a hurricane may head, according to a group of forecasts. An
alternative is to show the specific path predicted by each forecast (right). Both approaches have pros

and cons in helping people judge the risk they may face, but the one on the right makes it clearer that

the path is difficult to predict.

. Sunday

Possible storm
. » center position

aturday

Most likely storm
center path

Projected storm center
position: 1 A.m. Friday Measured storm center
position: 4 Am. Thursday

AR

1 aA.m. Sunday

Ms AL

1 aAmM. Saturday

Projected storm
size: 1 a.m. Friday

Possible storm
center paths Measured storm center

position: 4 A.m. Thursday

Jessica Hullmann, 2019, https://www.scientificamerican.com/article/how-to-get-better-at-embracing-unknowns/
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The issue of error bars and confidence envelopes

e (data as categorical / upper and lower limits

0 20 40 60 80

Error bar: 95% confidence interval Mean _ : . .
oA | /_ ® Widely recognized as a representation of uncertainty.
® Offers a simple format for expressing the possibility of different values.

2P ® The choice of interval can be customized for different types of questions about the same data set.

Group G - @ For example, when one is making inferences about the range of values in a population, intervals
based on standard deviation are helpful; for inferences about the range of values of a statistic like a
Weight mean, intervals based on standard error are appropriate.
1

30 40 50 60 m

® Ambiguity in what is shown: intervals may represent standard deviation, standard error or
something else. Each has a unique interpretation.

Error range: 95% confidence envelope

® Readers can make “deterministic construal errors"—interpreting the ends of the error bar as the
high and low values in observed measurements rather than estimates denoting uncertainty.

® Error bars can lead to “within-the-bar bias,” common in bar charts. Readers may see the bar values
to the right of the dots as more probable than the bar values to the left.

. Bt s s, ® Easy to ignore the uncertainty regions in favor of the central tendency, which may lead to incorrect

decisions.

130- Regression line
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Alternatives for error bars

Jessica Hullmann, 2019, https://www.scientificamerican.com/article/how-to-get-better-at-embracing-unknowns/

It is recommended to display more representative information

scatterplot, violin plot, gradient plot, ensemble plot, quantile dot plot, HOP

Graphical annotations of distributional properties

Intervals and ratios Py

L bk
Error bars Box plot
Icon array
Distributions
————
Violin plot Gradient plot
T
o -g .
I iiiii N
Hypothetical outcome plot Quantile dot plot Ensemble plot

Combine several approaches helps to overcome issues of the approaches.

Group A

Group B

Group C

[T <Y N ———

Group B

Group C

-20 0 20 40 60 80 100
L 1 | | | L )
[

20 0 20 40 60 80 100
L L L L L y

__l__

.

Mean

50% confidence interval

95% confidence interval

-

® Avoids common biases such as those raised by intervals.

® Readers may not recognize that density reflects probability.

® Estimates can be biased to the darkest or highest points.

® Can be difficult to infer specific probability values.

® Often well aligned with intuition: dark shading or hard boundaries are certain; light shading or fuzzy
boundaries are uncertain.

® Readers often equate the part of the visualization that is easiest to read (darkest, widest) with the
data values themselves and misinterpret the parts that are harder to read (lightest, most narrow) as
the uncertainty.
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Chapter 13: Special Considerations for Sci. Gr.

* Honoring complexity
* Providing context
e Combating misinformation

« Communicating Uncertainty and Unknowns

78



Communicating Uncertainty and Unknows

13: Special Considerations for Science Graphics, p. 183
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Communicating Uncertainty and Unknows

13: Special Considerations for Science Graphics, p. 183

e Six categories of uncertainties
- measurement and scale
- location
- relationships and connections
- processes
- past and future

- decision making



Communicating Uncertainty and Unknows

13: Special Considerations for Science Graphics, p. 183

e Measurement and scale e Location

- Ahigher level of precision corresponds - Rough assignment
to a lower level of uncertainty.

- Fuzzyness of color
- Uncertainty can be masked or

introduced by modifying the scale or
the resolution.

11
11 (12
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Communicating Uncertainty and Unknows

13: Special Considerations for Science Graphics, p. 183

* Relationships and connections

- Solid symbols and darker colors
suggest greater certainty than broken
ones or lighter colors.

Fairly Certain

----------------------- Tenative

---------------------- ®---r---------q-- Uncertaln

Process

Mark unknown parts of the process
with a question mark.

Collapse Collapse
|

Primordial Star Stellar-mass Supermassive
cloud hole hole

One explanation is that a big stellar-mass hole in a star cluster might
quickly grow to 10,000 solar masses by swallowing other holes. This
middleweight seed could then grow supermassive by eating gas.

Star cluster Middleweight seed hole

Q.
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Communicating Uncertainty and Unknows

13: Special Considerations for Science Graphics, p. 183

* Past and future * Decision making
- Show competing hypotheses side-by- - Show different scenarios.
side. The present is consistent for all
scenarios.
SIXTH ASSESSMENT REPORT ipcC
Wm'hngml TMWSWNBM mummmu ll :Ilumnhml w b
Possible Models of the Expanding Universe [
Coasting Univers Accelerating Universe Future emissions cause future additional warming
£y ’ S e C
e e 4 + 5 Very high CO, emissions
R ERORE Rt = .5 4 /4 High CO, emissions
= = ey \ = 7 3 —/'/-// CO, emissions
nt b / —-—\ L'\ L\ [ |\ 2 ’,% :-—__’f ow GO, emissions
‘-A v ﬁ" 1 /’ﬁ'/_ ; CO, emissions
E - = 0.,_\.’_,___,//\//
! :
1950 2000 2050 2100
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The last slide

* There is no one-size-fits-all approach for any graphic.
* Pause and think about it carefully...

e ... and show it others to see whether it works.

* If you could not remember everything,
you'll find the “Building Science Graphics” pdf on Confluence.
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References for Part 1

* Jen Christiansen. Building Science Graphics — An illustrated guide to communicating
science through diagrams and visualizations. CRC Press, 2023

 Bang Wong. Arrows. Nature methods, 2011

https://www.nature.com/articles/nmeth.1676

 Bang Wong. Color coding. Nature methods, 2010

https://www.nature.com/articles/nmeth0810-573

* Eddia Opara, John Cantwell. Color Works — Best Practices from Graphic Designers.
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* Ariell Eckstut, Joann Eckstut. What is color?. Abrams, 2020

85


https://www.nature.com/articles/nmeth.1676
https://www.nature.com/articles/nmeth0810-573

References for Part 2: Uncertainty visualization

* Book chapter 13: Special considerations for science graphics

* Padilla, Lace, Matthew Kay, and Jessica Hullman. Uncertainty visualization. Wiley

StatsRef: Statistics Reference Online (John Wiley and Sons, Ltd, 2021)
https://onlinelibrary.wiley.com/doi/epdf/10.1002/9781118445112.stat08296

* Blogpost: Uncertainty + Visualization, Explained
https://medium.com/multiple-views-visualization-research-explained/uncertainty-visualization-explained-67e7a73f031b

* Blogpost: Jessica Hullmann: How to get better at embracing unknowns
https://www.scientificamerican.com/article/how-to-get-better-at-embracing-unknowns/
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