LL,
O
'S
=
N
as
L]
>
Z
)
L]
L
=

' SYDNEY

@ -
":«é?r

ot
> F=|=F
2.3




| | ‘\‘ | “ | | f = “ o
| “ L | \‘ A “ ) / e ‘\
| \ ‘ | | a \
1 | | e I [ | | N/
/ | ) [ 1 A | i .
/| | L [ |
| | ! [ |
! | | A
4 | L . \ :
S - /A - T. \ ‘\ \‘ N L <
N = y R
N, \ v \ \ \ | A / 4 =V LW
N y \ / | N 4 -y \
/ A o~ ‘V \ . )
4 \ | - \ y \ YA —
e g o \ . |
a N R T
>\ Y . X g ‘
'\ | \ P \ 1
TN

| \‘“ \\\ |

ESSENTIALS OF DATA VISUALIZATION

THINKING ABOUT DRAWING DATA + COMMUNICATING SCIENCE



COLOR

how to characterize and use it



Color is one of the most exciting ways in which you can completely screw
over your visualization. What can start off as a great diagram can be
absolutely ruined by a lack of color judgment.

That being said, once you've selected an encoding and shapes, as we’ve
already talked about, color is a terrific way to add layers of information.
Color forms a distinct visual channel and we’ve already seen it act as a
powerful force of grouping. This grouping can come not just from shapes
of the same color, but shapes of a similar color.

This should make you ask— how can we characterize color similarity?
Can we quantify it? Can we say that one pair of colors is more similar than
another pair?

Luckily yes. And much of how color can be used effectively is based on
this quantitative and perceptual characterization of it.

This is a very exciting prospect, since other senses don’t have this
mathematical model. Can | say that one pair of smells is twice as different
as another pair? Nope.
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n Increased incidence E Fewer deaths Decline of lung cancer
An aging population Cancer deaths have been Drop in lung cancer deaths in
contributes to rising dropping since 1991, males is the primary reason
incidence of cancer. especially in males. why death rates are down.
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Since the 1964 first Surgeon General's report, Smoking is a major risk factor for many

smoking rates have been dropping. By 2010, types of cancer and significant contributor

the rate among males was down to 20%, from to cancer-related deaths. It remains

50% at its peak. Among youths, rates have the single largest preventable cause of

been on an even steeper decline since 1997. disease and premature death in the US.
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Nat Methods (2013) 10:687-687 source: American Cancer Society Cancer Statistics 2012; Monitoring the Future (University of Michigan).
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Color is a kind of visual alarm. It really makes you pay attention.

But we don’t always need an alarm—nor do we need color.
Sometimes just a little visual reminder or notice is all that is needed.
This can be achieved by tone—so, just greys.

Let’s see how we can keep the attention of the eye and communicate
categories and emphasis without color.
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Experience + HDAC Inhibition

J Neurosci (2015) 35:11729-11742.
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28.10% neuromuscular disease
22.96% neurological signs

19.03% neuronal cell death

12.39% apoptosis of neurons

8,76% migration of neurons

3.63% developmentof hippocampus

1.81% demyelinating peripheral neuropathy
1.51% cell movement of cortical neurons
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0.60% stress response of neurons
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14.19% neurological signs
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Multiple models yield Regularization function favors Sum of SSE and regularization

same minimum SSE smaller parameter values function has unigue minimum
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Points of Significance: Regularization. Nat Methods (2016) vol 13
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The moral here is that often color isn’t even necessary. And even worse,
often it gets in the way of legibility and clarity.

When using color, ask yourself—do | need it? Try to work around it using
grey tones from Brewer palettes. If you succeed, you're in a perfect place
to use spot color, sparingly, for emphasis.

Color does make things “exciting” to the eye. But then what’s your goal?
To excite the eye or inform the brain? Often if you just do the first one, the
brain checks out because it gets satiated early. When was the last time a
movie with a lot of great special effects also had a great plot?

Always be very critical of any kind of graphics that use a color ramp. If
your doctor is looking at your brain scan and it's using a rainbow color
map, get another doctor.

Above all, become familiar with alternative—and more useful—ways in
which color is characterized. Read up on LCH and Lab color spaces—use
that “L” coordinate in the Photoshop color picker!
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EXERCISE 1

One of the most useful properties of a color is its
perceived brightness. This is the “L” component in the Lab
color space. It can be accessed in the Photoshop color
picker.

The Lab color space is perceptually uniform. This means
that if two colors only vary in L, and have a difference of
AL=5 and another pair has AL=15, then the second pair
will be perceived roughly as three times different.

In picking the grey and orange for the bar plot, I've used a
grey that has the same L value as the orange. This avoids
unwanted luminance contrast.

For the three colors below, find their luminance. Then, find
a grey that has the same luminance. Draw a bar plot that
uses these pairs—are they equally effective?
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EXERCISE 2

Copy Number Key (2=het)
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EXERCISE 3

Pick better colors for each of the elements in
this figure.

What is important here? Is there a part of the
genomic segment shown that can be
considered as “background”?

What do the blue arrows represent? Why are
they blue? Are they necessary?

Why is HA thatched? Does it relate in any way
to the color of CB1™? Can you think of a way to
avoid using textures but rather similar colors to
maintain their relationship?

J Neurosci (2014) 34:5152-5163.

Targeting vector
Afl 11

421 QPLDNSMGDSDCLHKHANN Wt

b

421 QPLDNAMGDADCLHKHANN Mutant

Genomic integration after removal of neo’

Generation of S426A/S430A knock-in mice. Mice
expressing a desensitization-resistant form of CB1R were
produced using a targeting vector designed to mutate
two putative GRK phosphorylation sites, serines 426 and
430, to nonphosphorylatable alanines. Additionally, the
targeting vector introduced an N-terminal HA tag into
CB1R and contained a NeoR gene flanked by FLP
recombinase sites (blue triangles).
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EXERCISE 4

Play around a bit with the LCH color picker
http://davidjohnstone.net/pages/Ich-lab-colour-gradient-picker

Make a 9-swatch ramp from pure RGB red to white to pure RGB
blue (use “show all” color selection mode). What's the difference
between Lab and RGB interpolations?

Now switch to “Lch” color selection mode. Try to replicate the
black-white-red color ramps. What kind of situations might call
for such a ramp?

Can you think of cases where red would be more (or less) useful
than green?

http://davidjohnstone.net/pages/Ich-lab-colour-gradient-picker

Page background colour: white
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EXERCISE 5

Download and install Color Oracle (colororacle.org).

Simulate how the figure shown here appears for
someone who is red-green color blind?

If color blindness affects about 8% of men, how
many men do you need in your audience for at
least a 50% chance that at least one person in the
audience is color blind?

Visit Color Brewer (colorbrewer.org).

Look at the diverging palettes. Which are color
blind safe? Use Color Oracle to see what these
would look like to someone with red-green color
blindness.

http://www.gitools.org/img/pancanceri2/pancancer-drivers-gitoolsweb.screenshot.png
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EXERCISE 6

Select better colors for this image from the Brewer palettes.

Which palette type is appropriate?

J Neurosci (2014) 34:15009-15021.
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EXERCISE 7

The luminance effect changes the way a
color (or tone) is perceived based on its
background or neighbouring elements.

A dark background will make tones appear
lighter. A light background will make them
appear darker.

Convince yourself that the three squares
highlighted with the white arrows have the

same color (RGB approximately 100, 100, 40).

Which do you perceive to be the brightest.
The darkest?

Plant Gen (2011) 4:191-203.
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