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Visualization is the art of turning
scientific data into imagery.

To facilitate learning, record scientific discovery, and stimulate
imagination.
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Scientists can be
artists.



cannot
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What is wrong here?
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SENSAte  MeetSensate Scienceoc! Sersate Product Buzz  Sale  Irwest

Buy now pay later - now available in the USA and UK

Meet the most important
nerve you didn’'t know
you had

Do you ever foel knots in your stomach when stressed? That's the
vagus nerve in action. This crankal nerve allows the main organs of
the body 10 communicate, and is often called the gut-train
superhighway. The vagus nerve is responsible for the way your body
rOaCts 10 S1ress, 50 toning this important rerve can play an
important role in IMproving your digestion heart hoalth and
beoothing rate.

The vagus nevve regulates sympathetic and parasympathetic
responses. The sympathetic nervous systom deives the ight or
Mght” response in strossha sicuations, hie the parasympathets
NErvous System manages our “rest and digest” state. [read maore)

“Think of the vagus nerve as the brake pedal that helps the body
anxd mind slow donn in order 10 counter the harmfud effects of »
chvonic and unmanaged stress response - Stephen Porges, Kinsey
Institute

'
.
s
.
’
.
»
»
"
2]
"
"
"
"
"
"
"
»
n
u
n
"
"

»

£l

b
»
»
"
o
o
"
"
»
o
“
"
-
o
2
o
“
“
-
a
"
-
<
o
-
R




ﬂ

What is wrong here?




cannot
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Science Storytelling

e Science
harratives

e What makes a
good story?

https://www.americanscientist.org/article/the-tensions-of-scientific-storytelling

11
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The smallest effective difference.

- Edward R. Tufte

Author of Visual Explanations

§



ﬂ

Effective Science Storytelling

What makes a good story?
*  Know your purpose, know your audience
* What are objective are you trying to achieve?
* What does the audience need to know?

Purpose Audience

15




Science Storytelling

“Pretty” Editorial Informational  “Didactic”

Christiansen J. Visualizing Science: lllustration and Beyond. Scientific American Blog Network. https://blogs.scientificamerican.com/sa-visual/visualizing-science-
illustration-and-beyond/. Published 2018. Accessed September 9, 2022.



Example

Enhancer P

Transcription
factors

Target gene

RNA polymerase



Science Storytelling

Christiansen J. Visualizing Science: lllustration and Beyond. Scientific American Blog Network. https://blogs.scientificamerican.com/sa-visual/visualizing-science-
illustration-and-beyond/. Published 2018. Accessed September 9, 2022.



Enhancer

Mediators @@Qﬂ

Activators

}Ti??\ SN |‘1 AN
& : ~

Target gene

Transcription
factors

RNA polymerase

ALY Promoter

Lee, J., 2022. Infographic: Enhancer Activity Across the Tree of Life. [online] The Scientist Magazine. Available at: <https://www.the
scientist.com/infographics/infographic-enhancer-activity-across-the-tree-of-life-69347> [Accessed 29 September 2022].



Example

Transcription factor Amphimedon queenslandica 1

binding sites

"t
SOUAY

Sponge

Islet Enhancer

Transcription factor

H = . binding sites

Zebrafish

H = EE
QG

Mouse

SN

Human

700 500 300 100
Millions of years ago 700 500 300 100

Millions of years ago

[ N E——

Lee, J., 2022. Infographic: Enhancer Activity Across the Tree of Life. [online] The Scientist Magazine. Available at: <https://www.the 2021 RBody Socanlile
scientist.com/infographics/infographic-enhancer-activity-across-the-tree-of-life-69347> [Accessed 29 September 2022].






Editorial Informational

I— data visualizations —|
& .

figurative abstract

Science-centric content —

Christiansen J. Visualizing Science: lllustration and Beyond. Scientific American Blog Network. https://blogs.scientificamerican.com/sa-visual/visualizing-science-
illustration-and-beyond/. Published 2018. Accessed September 9, 2022.
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Principles of Design

How to create emphasis?




Most important

More impartant

Design is information hierarchy

mportant

Less important
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Principles of Design

Why Create Emphasis?

Helps readers determine the important information and understand faster

26




Emphasis

“Easy 3”

Color

27



Emphasis

“Easy 3”
Size
Color
Position

28
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Principles of Design

Methods to Create Emphasis
*  Where does the viewer focus and why?

lllustrations by April Neander, Art Direction & Graphics by SW Infographics

Faux visual heat map // lllustrations by April Neander, Art Direction & Graphics by SW Infographics

-
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High Contrast

Mikko Keranen I. ICEYE’s SAR Dataset Overview: Agricultural Areas in Kansas, U.S. Iceye.com. https://www.iceye.com/blog/iceye-sar-dataset-overview-agricultural-
areas-in-kansas-and-california-us. Published 2022. Accessed September 13, 2022.



High Contrast

Layer |
““““““““ DON’T
Layer II/III ‘
* Don’t use high contrast colors/areas
_______________________ when it is not the focus
LayerV ’* M0T =@
Layer Vi

® o7nAChR
® a4B2nAChR

® a4B2a5 nAChR

Bloem, B., Poorthuis, R.B., & Mansvelder, H.D. (2014). Cholinergic modulation of the medial prefrontal cortex: the role of nicotinic receptors in attention and
regulation of neuronal activity. Frontiers in Neural Circuits, 8.



B O Lever & Wired —
@ iPad & Wired
2001 @ iPad & Wireless ;
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Criterion
level

Number of responses

1 1 ] ] 1 L T T 1
12 3. 4:5.-6._7 8 910
Sessions (days)

 Be consistent

9]

iPad / feeder

iPad

Number of days to reach criterion

iPad / feeder

Hernandez-Gonzalez S et al. Cognition-Related Neural Oscillation Pattern, Generated in the Prelimbic Cortex, Can Control Operant Learning in Rats. Journal of Neuroscience 14 June 2017, 37 (24)
5923-5935; DOI: 10.1523/JNEUROSCI.3651-16.2017



Overstylize

DON’'T

* Don’t use patterns. All print and digital
work can show a wide tonal range.

Mithilesh K. Functional dissection of astrocyte-secreted proteins: Implications in brain health and diseases,Progress in Neurobiology,Volume 162,2018,Pages 37-
69,ISSN 0301-0082,https://doi.org/10.1016/j.pneurobio.2017.12.003.



Homeostasis

v, APOE, CP, HEPH, FTL, FTH,
. 41 SOD, VEGF, FGF, PDGF, BMP

- o ®

Axon guidance/
growth
NTN1, EFN, SEMA, NRP, !
NRG Neuron

ECM modulation/
cell adhesion

MMP, TIMP, PLAT,

CTFG/CCN2, TSP, TNC

Astrocyte

Endothelial

MMP, NTN1

Neuronal |
stem cell

?1

Neurogenesis

EFN, EPH, HBEGF,
VEGF, FGF, WNT7,
NTN1

%
» Neuron
Neurovascular unit/ '..' /
cell ¢ BBB regulation
e EGF, PDGF, FGF, VEGF g € Synaptogenesis
L n Cytokines, TGFB1, TNC, - Neuron ~"* TSP, NTN1, NRG1, PCDH,

.;.Neuroblast ] fSF
ey

Ependymal
o, cell Q’Q’
Subventricular

zone

WNT, TGFB1, TNFA,

Functions of astrocyte secretory proteins

Overstylize

DON’'T

 Don’t add drop shadows, outer glows, if
not needed

Mithilesh K. Functional dissection of astrocyte-secreted proteins: Implications in brain health and diseases,Progress in Neurobiology,Volume 162,2018,Pages 37-
69,ISSN 0301-0082,https://doi.org/10.1016/j.pneurobio.2017.12.003.



Overstylize

DON’'T

 Don’t add drop shadows, outer glows, if
not needed

j >~

-~ + +
(GFAP* S1008*)
2l
s \
O O A
‘ _— O =
Radial cell Nonradim cell Neuroblast

(GFAP* sOx2*) (soxz2*) (DCX* Ki67*)

=%
’Astrg Olig drocyte

& N

—_—
-—
Astrocytic '
stem cell Tran .

(GFAPI’ amplifying cell O
: \_iniry 3 (Mash1*) )
I Ve
I
v O Neuroblast
(bCcx*) Immature olfactory

interneuron
D133*

pendymal cell

CcD24
Ependymal cell

Duan X, Kang E, Liu CY, Ming GL, Song H. Development of neural stem cell in the adult brain. Current Opinion in Neurobiology. 2008 Feb;18(1):108-115. DOI:
10.1016/j.conb.2008.04.001. PMID: 18514504; PMCID: PMC2464621.



Mismatch styles

DON’'T

A. Healthy Brain p ¥ B. AD Brain

Microglia
2

Astrocytes
(W

Astrocytes
o7’ -’ ,{(;:\38: |
 Don’t mix styles
~ Y
frrs OnoeHondase  NEXBp ¢ |f you start vector, stay vector!
IAF” ¢ > 0 INOS AP-1
( X ] ..t.
!0..'.. ,':.a
(IL‘IB,%_%@T‘ng?alpha) ng (luB.fl:.g.ongfalpha)

ﬁ Amyloid-beta /

C 1) Toll-like receptors v
“3, RAGE receptors y ~
g P2XY receptors
«;\\ - C3A receptors

Singh, D. Astrocytic and microglial cells as the modulators of neuroinflammation in Alzheimer’s disease. J Neuroinflammation 19, 206 (2022).
https://doi.org/10.1186/s12974-022-02565-0



L-THEANINE
targets glutamate |NMDA P’%Z{,’;zﬁ”C
receptors |AMPA

triggers dopamine
and serotonin release

. :_,’j: > '\.
stimulates \ \

GABA&Gly =, °» . ®
¥y '\._.;1 e 9 ° o o
release [° ., o ° o o
g
astrocyte ,l
»:_:‘\*%."’ "‘1
R
V."'".)_‘,‘ P 4

postsynaptic
neuron

https://www.zrtlab.com/blog/archive/I-theanine-green-tea-neurotransmitter-anxiety/

Gradients

Gradients are ok if done correctly!



A ,_J¢ Normal Nonprofessional

A DON'T

Ca K 4
voce |
survival- ,-‘
genes /  Don’t use non-scientific/non-

promoting /
N professional icons

B
Ethanol
( @@ @.
NMDA—R .P GABA(A Apoptosis

g% ~OyC lf/'f
vbhCC ]' @ Casp3‘ »

BAX"  cell death
promoting /
factors

Lotfullina, Nailya and Roustem Khazipov. “Ethanol and the Developing Brain: Inhibition of Neuronal Activity and Neuroapoptosis.” The Neuroscientist 24 (2018): 130 -
141.



NCI-H1299

Lipid peroxidation

+imp
Lysosome burst

Cathepsing release

Necroptosis

Citronellol Induces Necroptosis o

C f Human Lung Cancer Cells via TNF-a Pathway and Reactive Oxygen Species Accumulation
In Vivo July 2019, 33 (4) 1193-1201; DOI: https://doi.org/10.21873/invivo.11590

Burst
DON’T

* Avoid the burst!

Srivastava, Praveen & Pandey, A.K.. (2015). Role of immunostimulants in immune responses of fish and shellfish. Biochem. Cell. Arch.. 15. 47-73.






Color definitions

SATURATION VALUE

k41 SciViz for Research Scientists October 27, 2022




ARliet TirEs Color can be
QUALITATIVE QUANTITATIVE . .
qualitative or

® quantitative

Saturation

Yo Qualitative means that the different categories

Quantitative data can be arranged numerically

Color tiles Color Romp

Romera Calvo I. Pillars of Color Use in Scientific Data Communication. Presentation presented at the Association of Medical lllustrators 2019 Annual Meeting: 2019.



Quantitative

Darker = Higher Value
= Monochromatic image: darker (low value) attracts
more attention than lighter (high value) hue

= The darker color in quantitative data will be “more
important”

43 SciViz for Research Scientists October 27, 2022




Quantitative =

Acute Chronic Acute Chronic
Naiveda d27 d8 d27 Naived8 d27 d8 d27

= Hi Cer7
Darker = Higher Value a Loft
= Monochromatic image: darker (low value) attracts Gzmb
more attention than lighter (high value) hue b Ifng
= The darker color in quantitative data will be “more c g‘?
important”

Pded1
Hacvr2
Batf

Hif1a
Eomes

4
Peak intensity Avg. gene expression
C— E— |
(relative) (relative)

44 SciViz for Research Scientists October 27, 2022




Control APP/Ap APP/Ap + tau

Qualitative

.

Cortex
Cortex
Cortex

Select Hues in similar values

= Categories with similar importance
should have same intensity and value

L L

Normal neuronal activity Neuronal hyperactivity Neuronal hypoactivity
Neuron 2. Microglia Ap suppression AP suppression
@ Normal % Resting or suppression of or tau pathology
© Hyperactive ¥ Activated endogenous tau reduction

O Hypoactive

& Ap plaque § Tau tangle Rescue No rescue

Busche, M.A., Hyman, B.T. Synergy between amyloid-B and tau in Alzheimer’s disease. Nat Neurosci 23, 1183-1193 (2020). https://doi.org/10.1038/s41593-020-0687-6

45 SciViz for Research Scientists October 27, 2022



Oversaturation

Highly saturated bright colors.

Your eyes do no know where to rest.

percent identifying as white

0% 25% 50% 75% 100%



@

RGB

Oversaturation

CMYK Monitors tend to show off their high saturation abilities.




300° Avoid Pure Color

270°
At perfect angles on color wheel, 0°, 90°, 180°, etc.

These are not “natural” colors that exist in nature.

https://blog.datawrapper.de/beautifulcolors/
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Search “data visualization color palette”
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Color Symbolism .

C—

_\K

Inherent symbolism C-MYC

= Choose hues that make sense Tumor cell - SIRPa

to the story.

Tumor-associated
macrophage

Fcy
/ receptor

o

Mantovani A, Longo D. Macrophage Checkpoint Blockade in Cancer — Back to the Future. New England Journal of Medicine. 2018;379(18):1777-1779. doi:10.1056/nejme 1811699



Accessibility

MERVL ) Solo LTR

MERVL
(2502) / (1032) (2502)
emens QA Frmerted A
(47) (659)
Color-blindness
MERVL-Gag MERVL-Gag Oct4 MERVL-Gag / Oct4
O
= Men 8%, Women 0.5% @ ?
w
o
a (V]
= Red/Green most common color 2 >
- . E 0
deficiency (deuteranopia) s §
O Q
+ +
T
g
x x
g g

51 SciViz for Research Scientists October 27, 2022




Accessibility

Red/Green Color Deficiency Test
Color-blindness

Red/Green Conflict Red/Green No Conflict

= Red/Green most common color
deficiency (deuteranopia)

https://www.simplifiedsciencepublishing.com/resources/best-color-palettes-for-scientific-figures-and-data-visualizations

52 SciViz for Research Scientists October 27, 2022



Accessibility

Color-blindness

= Men 8%, Women 0.5%

= Red/Green most common color
deficiency (deuteranopia)

https://www.color-blindness.com/coblis-color-blindness-simulator/

53 SciViz for Research Scientists October 27, 2022

Drag and drop or paste your file in the area below or: | Choose File | Prefrontal m...lescence.jpg

Trichromatic view: Anomalous Trichromacy: Dichromatic view: Monochromatic view:

@® Normal O Red-Weak/Protanomaly O Red-Blind/Protanopia O Monochromacy/Achromatopsia
() Green-Weak/Deuteranomaly ) Green-Blind/Deuteranopia ) Blue Cone Monochromacy
O Blue-Weak/Tritanomaly O Blue-Blind/Tritanopia

Use lens to compare with normal view: @No Lens O Normal Lens O Inverse Lens
Reset View

A B

B
S 10 dpi 20 dpi 40 dpi
- E 047 « 0.4+ 0.4
& = — ek
q 8 9 e
= € 0.3 034 ©Op
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S 0
2 0.2- & O3
© O
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Rainbows

Avoid Rainbows

=  Non-intuitive

= Hard to decipher

ason B. Why scientists need to be better at data visualization. Knowable Magazine. 2019. do0i:10.1146/knowable-110919-1



Rainbows

Infrared

. - Gamma Ultraviolet
Avoid Rainbows rays Radar |FM| TV [Shortwavel AM

rays X-rays rays

=  Non-intuitive

1x1014  1x10-12 1x10:8 1x102  1x102  1x104

= Hard to decipher Wavelength (in meters)

Visible light

6 x10°7
Wavelength (in meters)

5x107




Rainbows

Avoid Rainbows

=  Non-intuitive

= Hard to decipher

Tufte. Visual Explanations. Cheshire, Conn.: Graphics press; 1997.



Rainbows

Avoid Rainbows

=  Non-intuitive

= Hard to decipher

5 ’. ’ : v
I o® Po b
~YAMATO ,
9/ BASIN 2=\ ¢ (5

Tufte. Visual Explanations. Cheshire, Conn.: Graphics press; 1997.



Rainbow alternatives

viridis

lasma

maima
a) NanoSIMS Overlay b) Fluid Flow Overlay

inferno

cividis




Rainbow

HappyUH

%
8 FearUH
:
PDB Residue Interactions | AR

PDB Component Library Collaboration, Presented by Mandar Deshpande, https://vizbi.org/Posters/2021/vD13



Chart Rules




10

Scatter

10

JAN FEB MAR APR MAY JUN UL AUG SEP OCT NOV DEC

Histogram

61

JAN FEB MAR APR MAY JUN JUL AUC SEP OCT NOV DEC

Size & Saturation

e o O s ® + o O
JUN

JUL AUC SEP OCT NOV  DEC

JAN  FEB MAR APR MAY

SciViz for Research Scientists

FEB MAR APR MAY JUN JUL AUC SEP OCT NOV DEC

Area

JAN  FEB MAR APR MAY JUN JUL AUC SEP OCT NOV DEC

Saturation

® ® o 0 O ® & ® 0 O

JAN FEB MAR APR MAY JUN JUL AUC SEP OCT NOV DEC

Size, Saturation, & Position
s © © @~ g
FEB MAR APR MAY JUN JUL AUC SEP ocCT NOV DEC
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Visual Storytelling

M Ost eﬁe Ctive Position on a scale :

V4 N\ Length (1D size)

Direction \ - i \ /
Angle | l / / / / W s
Area (2D size) -« n B B B . . . .
Volume (3D size) - v " Wy Yy ‘ . ‘ ‘

il LSES1RTR2S

Color saturation

| east effective

Mason B. Why scientists need to be better at data visualization. Knowable Magazine. 2019. do0i:10.1146/knowable-110919-1

] R 62




Visual Storytelling

Most effective

Line Graph Bar Graph
600 '/.\
400 - e /o\./.
200 -/

Mason B. Why scientists need to be better at data visualization. Knowable Magazine. 2019. do0i:10.1146/knowable-110919-1

] R 63




Bar graphs

When to avoid bar or line
graphs for datasets

= Distorted data

= Reader must infer instead of
examine

https://doi.org/10.1371/journal.pbio.1002128

30 1

20 A

10

Symmetric

Qutlier

Bimodal

Unequal n

64 SciViz for Research Scientists October 27, 2022

Test

Weissgerber TL, Milic NM, Winham SJ, Garovic VD (2015) Beyond Bar and Line Graphs:

p value

Time for a New Data Presentation Paradigm. PLoS Biol 13(4): €1002128.



Bar graphs

a Bar graph (mean t SE) b Bar graph with points

@
Zone of Invisibility
When to avoid bar or line -

raphs for datasets o3
s Range of t e =
= Distorted data Observed 2 X
)
= Reader must infer instead of Values @

examine

.:+.

Zone of
Irrelevance

o ¢ ll

Weissgerber T, Savic M, Winham S, Stanisavljevic D, Garovic V, Milic N. Data visualization, bar naked: A free tool for creating interactive graphics. Journal of Biological
Chemistry. 2017;292(50):20592-20598. doi:10.1074/jbc.ra117.000147

65 SciViz for Research Scientists October 27, 2022
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Visual Storytelling

Pie or donut chart

0.25 1
0.20 1
0.15 1

0.10 -

0.05 1

N4 0.00 -

L ess effective

Mason B. Why scientists need to be better at data visualization. Knowable Magazine. 2019. do0i:10.1146/knowable-110919-1

] R 66
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Visual Storytelling

3D charts

40
35-
30-
25+
20 -
195

10-

Calcium phosphorus 0 e P
agnesium

I
Manganese

1
Iron

L ess effective

Mason B. Why scientists need to be better at data visualization. Knowable Magazine. 2019. do0i:10.1146/knowable-110919-1

] R 67




Let data speak for itself

Most innovative carmakers for communications
systems (index score*)

. . 29.1 281 316 198 201 239 133
Avoid Unnecessary Information or \ A0 Auh A0 SRS S8, BE ¢

Stylization

= Distracting

= Can cause misinterpretation W Vo

V' Mercedes
v BMW
V Toyora
VY oM
V Ford
WV Hyundai

N |
Most innovative carmakers for driver assistance l l l l l

systems (index score*) 69.7 654 380 31.0 27.1 262 219




Clean up a dirty graph

DO LESS

MAKE IT READABLE
REMOVE UNNECESSARY ELEMENTS
THOUGHTFUL ALIGNMENT
SIMPLIFY/REDUCE DISTRACTIONS

MINIMIZE AXIS LABEL CONTRAST
FOCUS THE EYE ON WHAT MATTERS

INTENTIONAL AND SPARE USE OF COLOR
STRATEGIC LABELING/ANNOTATIONS
INLINE LABELING

Visualizing Science Back to Basics - Bill Shander https://www.youtube.com/watch?v=b2W2dDgKiTlI



1. Remove unnecessary data Clean up a dirty graph

7.5% 1,700,000

7.0%

6.5% %
g . 1,500,000
o 6.0% . =
= mEEEERED O —
= 55% . 3
[7,] - L s
S 5.0% 43-384 5 1,300,000 @
= s e —
o 45% : £ 47,955 149223 o
- D '\ » 40733 4;‘-&)0/’5 — T 3.8% 2
C 40% 0% ? | Ay
= 34,876 % 3% e || 33% //'\ | [40:605 1100,000 &
o 3.5% 3.1% Ml---- N DI T = -anﬂ%--lzgmon AAS |G ronEnasupEonnuneyunS 3
o 1 e o 2.8% ' s
O o s s 141193 | |44,604 \&\ b 2.7% Q
« 3.6% 2 ’/.\\ﬁ/ 3.4% 3.5% \\H_\\ 30,093| |30,024| |30,424 2
Qm) 2.5% I N g A ) lllllllllIlIllIllll5"550Il:mrn'l$\q.2!%llllqm.l wr o, 900,000 =
3 20% 26.592| 28806 31,105 2.8% | (35188 141,083 \Q: o' o o
S > A% 2.5% | [32,950| | 2.5% 2.6% 2.5% . . b
¥ 15% ' 2.7% 27148 | | 27,126 | |27,665

9% | | 1.9% | | 19% | 700000
1.0% ; : :
0.5% 112 mil| |113 mil| |1.16 mil| |1.21 mil| |1.23 mil| [1.20 mil| |1.28 mil| |1.32 mil| [1.36 mil| [1.63 mil| [1.47 mil| [1.46 mil| [1.49 mil
’ users users users users users users users users users users users users users
0.0% 500,000
Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr
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Visualizing Science Back to Basics - Bill Shander https://www.youtube.com/watch?v=b2W2dDgKiTlI



2. Remove unnecessary elements Clean up a dirty graph

7.5% 1,700,000

7.0%
a—
6.0% "‘,
5.5% .‘. "‘,
5.0% “. "o 1,300,000
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1,500,000

T T 1,100,000

|8 A
35% \ | !Ji-‘l:'.—l{lllﬂlvw — — -8 LA R R R R R SENOBHEBEEREART NS ON NN LR N
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15%
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0.5%

0.0% 500,000
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% of users receiving errors (line)
\
74
# of distinct user logins (bar)

700,000

E—3 Total Distinct User Logins —e— Total User Error Rate =« unsTotal Error Baseline k
mann5% HTML Reduction Goal —8— Total HTMLS5 User Error Rate

Visualizing Science Back to Basics - Bill Shander https://www.youtube.com/watch?v=b2W2dDgKiTlI



3. Simplify current data Clean up a dirty graph

# of distinct logins

% of users
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0% 500,000
Oct Nov Dec Jan Feb Mar Apr

Apr May Jun Jul Aug Sep
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3 Total Distinct User Logins
—8— Total HTMLS User Error Rate

mnsnx5% HTML Reduction Goal

Visualizing Science Back to Basics - Bill Shander https://www.youtube.com/watch?v=b2W2dDgKiTlI



3. Simplify current data Clean up a dirty graph

# of distinct logins

masmEennp
©

FY18 FY19

Total Distinct User Logins —eo— Total User Error Rate == wwsotal Error Baseline k
manms5% HTML Reduction Goal —8— Total HTMLS User Error Rate

Visualizing Science Back to Basics - Bill Shander https://www.youtube.com/watch?v=b2W2dDgKiTlI



4. Reduce distractions Clean up a dirty graph

FY18 FY19

= » wu 2 TOtal Error Baseline

—a— Total User Error Rate
—8— Total HTMLS5 User Error Rate

musss5% HTML Reduction Goal

Visualizing Science Back to Basics - Bill Shander https://www.youtube.com/watch?v=b2W2dDgKiTlI



4. Reduce distractions Clean up a dirty graph

.........

FY18 FY19

Total User Error Rate =uuusTotal Error Baseline k
Total HTMLS User Error Rate munn5% HTML Reduction Goal

Visualizing Science Back to Basics - Bill Shander https://www.youtube.com/watch?v=b2W2dDgKiTlI



5. Strategize attention

% of users
receiving errors
(line )
7%
0%
Apr May Jun Jul Aug Sep Oct
FY18 FY19

Total HTMLS User Error Rate

Visualizing Science Back to Basics - Bill Shander https://www.youtube.com/watch?v=b2W2dDgKiTlI

Clean up a dirty graph

- Beat new FY19
target since February

Dec Jan Feb Mar Apr

==w w59 HTML Reduction Goal



Clean up a dirty graph

1. Remove unnecessary data Do LESS

2. Remove unnecessary MAKE IT READABLE
elements REMOVE UNNECESSARY ELEMENTS

THOUGHTFUL ALIGNMENT
SIMPLIFY/REDUCE DISTRACTIONS
MINIMIZE AXIS LABEL CONTRAST

3. Simplify current data

4. Reduce distractions FOCUS THE EYE ON WHAT MATTERS
INTENTIONAL AND SPARE USE OF COLOR
5. Strategize attention STRATEGIC LABELING/ANNOTATIONS

INLINE LABELING

Visualizing Science Back to Basics - Bill Shander https://www.youtube.com/watch?v=b2W2dDgKiTlI
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Typography

Importance of Typography

. EASY TO READ oS

Pasiztal bone
an%ne

ofemReart e

Flaofigone :
SPRErE Bt
R =
afrenbaided e

\Iasipitddoas
go!/y SCLMZL?Z/?

Shidviemu




Choosing Typeface

Two main types of typeface
Serif and Sans serif

Serif Sans Serif




Good Labeling

« DO choose straight
lines when possible

- ‘ Dendrites
s Dendrites
Initial segment
Dendritic branches 2eon Cell body
Dendrite
Cell body F@_ Cell body
Axon Axon Axon
Axon terminals / % Axon terminals Axon terminals
A. Bipolar neuron B. Unipolar neuron C. Multipolar neuron




Good Labeling

DO make lines look
as if converge at a
hidden vanishing
point

Look like “rays” or
spokes of a wheel

Skull
Lacrimal gland

Excretory duct of
lacrimal gland

Lateral view

. Conjuctiva

Tarsal gland
Eyelid
Eyelashes

Eyelid



Good Labeling

« DO align for a neat
look

« Both ways
acceptable

Apex

Superior lobe
-Clavicle

Pleural sac - - Superior lobe

Parietal pleura -

Visceral pleura - Mediastinum

Middle lobe - Inferior lobe

Inferior lobe -

Base




Good Labeling

« DO Group like labels

lium

Femur
= Pubis
Ischium

Hip bone




Good Labeling

* DO point the leader
line to the MIDDLE of
the word, until you
reach 45 degrees and
then point to the
corner

‘Trapezius

Trapezius

‘Trapezius

Trapezius

60°

45°

150 ‘;/ |




Good Labeling

« DO choose high
contrast labels

« Web contrast ratio
21:1

White text on black Black text on white
background background




Example

T-cytotoxic cell

2 T-helper cell

T-cell active

Gt

T-cell inactive

T-regulatory cell

B-cell

Platelets © 2022 Body Seinlifie




Example Mast Cell Mediators - Anaphylaxis

Lipid Mediators Preformed
Platelet activating factor
leukotriene oS}
prostaglandin 2oy .
Cytokines
IL-4, -5, -6, -}‘ ¥
Band-13  #EER 4
TNF-alpha ¥

Other enzymes =
Beta-glucuronidase P27,




Example

Mast Cell Mediators - Anaphylaxis

Lipid Mediators Prafarmed
Platelet ac
leukotrien Foreground Color Background Color
prostaglar  rurscro0 | | j #246184 | N
okil Lightness < Lightness
e
IL-4, -5, -6, [— —_
-8and -1
TNF-alpha
Contrast Ratio
Other e permalink

Beta-glucur

Fail
Fail

WCAG AA:
WCAG AAA:

The five boxing wizards jump quickly.




Example Mast Cell Mediators - Anaphylaxis

Lipid Mediators Preformed
Platelet activating factor
leukotriene oS}
prostaglandin 2oy .
Cytokines
IL-4, -5, -6, -}‘ ¥
Band-13  #EER 4
TNF-alpha ¥

Other enzymes =
Beta-glucuronidase P27,




91

Anaphalaxis

Inducible mediators

Lipid mediators Hstamine
Platelet activating factor
Leukotriene Proteases
Prostaglandin Tryptase
Cytokines MMP-9
IL-4, -5, -6,-8 and -13 Broteoal
TNF-alpha roteog ycgns
Heparin

Other enzymes
Beta-glucoronidase

SciViz for Research Scientists October 27, 2022




Avoid unnecessary labels

MENIERE'S DISEASE S

Know your audience and
urpose? Méniére’s disease (MD, or endolymphatic hydrops) is an inner  thee Semicircular Ducts Ampulle of Semicircular Ducts
purp - ear condition that arises idiopathically and is normally followed
by repeated cases of symptoms such as vertigo, tinnitus, and
hearing loss, and aural fullness. While risk factors and patho-

1. Anterior

= What is needed? What is physiology of this disease are still being discovered, MD is
2 understood to result from a build up of pressure and inflamat- trema
Supe rfluous tion in the cochlea, semicircular canals, utricle, and saccule. Lo

NORMAL

Endolyphatic Duct

Three Semicircular Canals
1. Anterior 3. Posterior

ndolyphatic Canal

Oval Window
2. Lateral } \ ‘ e B Cochiea

Saccule Cochlear duct
3. Posterior
Round Window
©Suleman

Vestibule




Avoid unnecessary labels

Healthy
Know your audience and Semicrcular canals _ Ampulla == , En}o.ymphat.cm

I 1
Anterior

purpose? N N Saccule

Méniere's Disease
/ Cochlea
Later;_l_ ) 4~ Diseased

= What is needed? What is |
superfluous? e

N/ '\'( ) Swollen semicircular canals . Enlarged,
/) and ampullas fluid filled

endolymphatic sac

s

i) ‘ocC ‘
Posterior——— koot

s " Oval window ‘
Vestibule ‘ WSS =

Méniére's disease is a rare inner ear imbalance disorder U N )
commonly linked to recurrent vertigo attacks. Itis believed . | : —

to be caused by endolymphatic hydrops: a swelling of the TR S N S \k_ =
vestibular system. Due to its psychological impact on v\ e \ T

well being, physicians should offer psychological treatment \ R
to patients if needed in addition to medication, diet change, N ——
and vestibular rehabilitation therapy. Nice




Avoid unnecessary labels

Know your audience and ol 20 e .
nurpose? pekiicllar Méniere's Disease
Endolymphatic duct

= Whatis needed? What is

Diseased
Cochlear duct
superfluous?

Endolymphatic
system (swollen)

Meéniere's disease can cause hearing loss, tinnitus,
pressure in the ear, and spontaneous feelings of vertigo.
A diseased ear has increased endolymph volume. It is
most commonly diagnosed in patients of 30-60 years of age.
Currently, there is no known cause for this disease.




Arrows

What is the most popular arrow head?

Arrow 1

Arrow 2

Arrow 3

Arrow 4

>

“Next”

Arrow 5

Arrow 6

Arrow 7

Arrow 8

95



Arrows

Thin, straight ~——p
Thin, curved, g Thin, straight,

dotted . dotted ~ ~TT 7 >

Thin, curved j
Circle of arrowheads Straight block -
Curved block r '
Open circle with single
Curved, 5 ﬁ Double-headed arrowhead
growing
block

Thin, curved, touching
Thin, branching another object

>

Wright LK, Cardenas JJ, Liang P, Newman DL. Arrows in biology: Lack of clarity and consistency points to confusion for learners. CBE—Life Sciences Education. 2018;17(1). doi:10.1187/cbe.17-
04-0069

] R 96



Directionality of
Arrows

Guide the readers through
steps

= End of an arrow aligned
with the start of a new one

Capsid
q proteins

A

N

= Can you merge any arrows -
are all arrows needed?

Viral

Choose neutral arrows, genome

brightly colored arrows
compete with the salience
of the illustration

Viral genome

erra D. Get your (visual) act together: Optimizing the design of labels and arrows in medical illustrations. Medical Writing. 2020;29(1):22-26.
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Resolution
Screen 72 ppi

10 x 10 20 x 20 50 x 50 100 x 100
72 ppi

https://en.wikipedia.org/wiki/lmage_resolution

] R 99



35%C 35% M, 35% Y, 35%K Round halftone dots, standard angles

Resolution
Print 300 ppi

300 dpi

https://www.bigacrylic.com/what-is-dpi-printing-on-metal-and-
acrylic/

] R 100



Resolution
Where to start?

300 ppi

Dimension: Half or Full page

Resolution: 300 ppi

101




Type of Graphic

d b
e
January
February \\ :
March : /\.\
= N Raster
June N // N N /
July e \
August =z - \ = b
September 5 \ b
October C
November ‘ .
December . /~/
I
0 25 50 75
mean temperature (°F) /
/ Vector

https://clauswilke.com/dataviz/image-file-formats.html#fig:bitmap-zoom



VECTOR  RASTER

Weakened,
bulging
artery wall

.IM Raster




VECTOR  RASTER

Vector
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File Format?

SVG
EPS




File Format?




Vector

Vector art is editable!

= Add fill color
= Change stroke weight

=  Delete labels

S FESESEEEEEEEEEEEEEEEEEEEEEEEETEEEEEERTEEEEEES S @EEE

] I [

ENAEEEEEEEEEEEEDEEEEEETE e T EEEeE s mEEEe

v

=
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Copyright and Fair Use

Copyright "fair use" law states that reproduction of copyright works for certain limited,
educational purposes, does not constitute copyright infringement.

Google

Copy + Paste




Copyright Infringement

Example

THE GREAT ()

* Upto $150,000 per willful infringement

 lllustrator 33 illustrations, registers in 2
“groups” FLORA
» Offender $300,000 F LO R m
» Defendant $3.6 Million BLESSED THISTLE WATERCRESS BURDOCK ROOT  TURKISH RHUBARB
ESSENCE i s o
Q 1\ ?
SLIPPERY ELM sneep SORREL RED CLOVER KELP

© Amy Sullivan Amy Sullivan vs Flora
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Copyright and Fair Use

B
J A
1y
i
W o
SO

“~ Free scientific images

gle

(=

Google Search I'm Feeling Lucky




Creative Commons

Most Artists Want Attribution

= Required to give credit

. https://creativecommons .org/licenses

HSE)

BY NC ND

MOST OPEN

cco

®
PO

®6

BY ND

Ol

BY NC

OO

BY NC SA

Molcle

BY NC ND

LEAST OPEN



Creative Commons

Example - Attribution

= Required to give credit
e Title:
e Author:
e Source:
e License:

o
D teery B3 W

WIKIMEDIA
COMMONS

Man page
Wecome
Communey pors
Vilage g
My farier

W B NIRRT AR T I LT L I LS R TR M. Sy »

ol O Cooge O Coogevugn B Secomg A Amaencen B Amaies Sbacrd

& Netioget n T Co

Fie  Dwcwsson

File:Derived Neuron schema with no labels.svg

From Wasrada Commons. Da Dee mada regostony

% Use B e

2, Cowniced ) Use s Ne

Crad o vk

Sare of #vs PG sreview of e SW0 B 430 « 24
1308 pon

Ongeal Ne (SVO Ne, nomnally 400 x 215 poosls, fle se: 13 KBy
B Open in Media Viewer O

File ntormation Srructured dats
Captions
Enghsn ASD & 00400 SEGANAION (F WO Ths S 1egreserts

Vew Tt Mawey

LT T R
- B Ones
i Craste ot Lag

réormaton

S povwin. Omar reschions: 220 » 1T poests | S40 « D44 pists | £ 004 » 550 paets | 1




Creative Commons

Example - Attribution

= Required to give credit

e Title: Derived Neuron schema with no labels

 Author: Dhpl1080 adaptation by Actam

e Source: https://commons.wikimedia.org/wiki/File:Neuron.svg
e License: Creative Commons Attribution-Share Alike 3.0

"Derived Neuron schema with no labels" by Dhp1080 with adaptation by Actam from
Wikimedia Commons is licensed under CC BY-SA 3.0.

://commons.wikimedia.org/wiki/File:Derived_Neuron_schema_with_no_labels.svg



Creative Commons o

CCo

®
PO

®6

BY ND

Ol]e)

BY NC SA

| 960

BY NC ND
https://creativecommons .org/licenses
. LEAST OPEN

What License is Most Open?




Creative Commons o

®
0
PUBLIC PO
O
O
OIS

u BY NC ND
https://creativecommons.org/licenses
. LEAST OPEN

Public Domain = Safe Choice

= Freedom to use and modify without permission or restriction

DOMAIN




> openclipart

https://openclipart.org/

@ publicdomainvectors.org

https://publicdomainvectors.org/

pIxabay

https://pixabay.com/



You created something!

Window Help

@ Chrome File Edit View History Bopkmarks People

@ [ eiectronic Copyright Office (¢ X +

< C & htps:/eco.copyright.gov/eService_enu/start swe?SWECmd=GotoView&FWEBHWND=&
Now what?

= £ sh Amazon
¥ Apps @ Spotty £3 UC &4 Yanoomail ¥ GoogleMaps B3 Shopping

| Gopyrig&:dt States Copyright Office
. DO you own |t or doeS your |ab’) Electronic Copyright Office (eCO)

United States Copyright Office
Library of Congress

= https://eco.copyright.gov

Welcome to the |
| You may now use
= $35 per image o

" Preregister your

Login

“ubmit electronijc

E: The eCo SJ

~ Yrowsers suc
‘ ' Optimal pe

fyou are 4 New user, click,



https:///
https://eco.copyright.gov/

Open Access OPENaACCEss

Similar to Creative Commons FREE IMMEDIATE RESEARCH
ARTICLES

= Share and redistribute

= Attribution

\ / /
st OPEN ACCESS
/ BN

\ RE-USE
ONLINE AVAILABILITY RIGHTS




Ly —
Freeware bioRender

Vector graphics - Biorender
* Science-based vector images
* Drag-and-drop into layout




Ly —
Freeware bioRender

Vector graphics - Biorender

~~Ba K5 em-

e Aede Cavvae Tk




Freeware

bioRender

*  Free for educational use

«  $35/month for publishing rights and
remove watermark

* $99/month for lab

All BioRender-made figures must be cited with

Created with BioRender
Thanks for using BioRender!

https://biorender.com/pricing/?type=academic

.. GRAPH

Free for educational use

$12/month for publishing rights and
remove watermark

$65/month for lab

“We suggest to cite the platform in the figure
legend and/or acknowledgments section.”

https://mindthegraph.com/app/pricing



J
Asgrocted

When in Doubt... R

—

Hire a Professional

=  We all have our own set of
skills...




Image Use Summary

You created it! You found free art/freeware

= Free to use as you wish! = Make sure you have permission,

= Apply your Creative Commons ublic Domain = unrestricted

terms = Paid membership for freeware
sites

124 SciViz for Research Scientists October 27, 2022

You hire a science illustrator

Understand the different
between licensing and copyright
buyout.

Know your journal/university
requirements.



Thank you!

Carolina Hrejsa, MS, CMI

carol@hrejsa.com




