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Rods, Cones, and Metamerism

1 . , . , . , . ® Humans are not spectrometers, have
| rods and cones

e Do not get the whole function

: |~ ® Three cones = numbers ~ color
3 /||| Different spectra can be same color
) / .
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Color Blindness
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Color Spaces, Gamuts, and Models

icoosvabiets TS STEY * Color space: the organization of all
: the average human eye: : points can be made by § +erieeee e .
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[Anatomy of a CIE Chromaticity Diagram]
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http://dot-color.com/2012/08/14/color-space-confusion/

What does this mean for visualization?

e \\le need to be aware of colorblindness when encoding via color

e Our brains may misinterpret color (surrounding colors matter!) even if we
aren't colorbling

e Be carefull Don't assume that adding color always works the way you
iINntended

e Use known colormaps when possible
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Colormap

e A colormap specifies a mapping between colors and data values
e Colormap should follow the expressiveness principle

e [ypes of colormaps:
Categorical

F A

Binary y

Diverging .]

-1 0 +1

T
3
2 Sequential
1

[Munzner (ill. Maguire), 2014]
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Categorical Colormap Guidelines

_L \

a ,

e Don't use too many colors (~12)

e Jse other categories or create
groups If you have too many values!

e Nameable colors help

e Be aware of luminance (e.g.
difference between blue and yellow)

e [hink about other marks you might
Wwish 1o use In the visualization
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Ordered Colormaps: Continuous and Segmented

US EPA Regional Oxidant Model -- Midwest US EPA Regional Oxidant Model -- Midwest
Ozone (ppbv): June {6, 1987, 18:00 Ozone (ppbv): June {6, 1987, 18:00

§

[Bergman et al., 1995]
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Continuous vs. Segmented Test Results

* "[Clontrary to the expressiveness principle,

NO cases were found IN which a continuous Lookup Task (Lower)

-
encoding of 2D scalar field data was =
advantageous for task accuracy, and for g =)
some tasks, specific binned encodings S —| O
facilitated accuracy.” f}-l; § b
e "[Slupport for the counterintuitive finding that 3 - ?
decisions with binned encoding were slower % = o
than those made with continuous encoding’ % - O
e \Vord of caution: single image! ;ﬁ >
-)
\O

Con 10 20 30 40
[Padilla et al., 201 7/]

D. Koop, CSCI 627/490, Spring 2026 Northern Illinois University 10



'Get It Right in Black and White" - M. Stone

5 10 15 20 25 30 35 40 45

parula colormap [S. Eddins (Matlab Blog), 2014]
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http://blogs.mathworks.com/steve/2014/10/20/a-new-colormap-for-matlab-part-2-troubles-with-rainbows/

'Get It Right in Black and White" - M. Stone

5 10 15 20 25 30 35 40 45 5 30 35 40 45

parula colormap S. Eddins (Matlab Blog), 2014]
D. Koop, CSCI 627/490, Spring 2026 Northern Illinois University 11


http://blogs.mathworks.com/steve/2014/10/20/a-new-colormap-for-matlab-part-2-troubles-with-rainbows/

Rainbow vs. Two-Hue Colormap

[Bergman et al., 1995]
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Artifacts from Rainbow Colormaps

[Borland & Taylor, 2007]
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Artifacts from Rainbow Colormaps

5
A
A
A
v . ’ ; "
) { : “ i
A . N » 4 !
S TR TRy W W ST ST A TaarT—e Safhh bt 4 i
L
.
B .
¥
H |
>

-

[Borland & Taylor, 2007]
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Rainbow Colormaps

® |SSUES:

- Order is unclear

- Luminance Issues

- Artifacts from discontinuities in luminance
o Attempts to fix:

¢ |soluminant rainbow

e [urbo
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Turbo: Improving Rainbow Colormaps

Jet Viridis Turbo

A, Mikhailov]
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https://ai.googleblog.com/2019/08/turbo-improved-rainbow-colormap-for.html

Assignment 2 Feedback

e You should not have sorted the data
e Not sorting the data does not imply an unordered bar chart!
e Use of Al to write code Is prohibited on assignments
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Assignment 3

e Due today
e Chicago Traffic Crashes Data
e Create same stacked bar chart with

10K sh Type
B PED/CYCLIST .
I“I“I II““II" N o - lableau Public
I AAAAA

NNNNNNN

Chicago Traffic Crashs 2024-2025

g o - Observable Plot
ML b3
L o
- Required for CSCI 627 students
IR LR R RS L8 - Extra credit for CSCI 490 students
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https://faculty.cs.niu.edu/~dakoop/cs627-2026sp/assignment3.html

Courselets

e Educational resources for visualization using notebooks
e Reviewed charts over the last couple of classes, how do we construct them??

e How do we use visualization libraries, Including those in other contexts like
Python?

- matplotlib
- pyobsplot
- colormaps In pyobsplot
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Midterm

¢ |n-class, WWednesday, March 4, 12:30-1:45pm
e Only need writing utensil (+eraser)
® Format:

- Multiple Choice

- Free Response

o CSCI 627 students will have an extra double-sided page with more research-
focused questions
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https://faculty.cs.niu.edu/~dakoop/cs627-2025sp/midterm.html

More Guidelines

e Nice set of articles by Lisa Charlotte Rost:

- https://blog.datawrapper.de/colorguide/

- https://blog.datawrapper.de/beautifulcolors/
® Her guidelines on choosing colors:

1. Copy from others
2. Use Tools
3. ...
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https://blog.datawrapper.de/colorguide/
https://blog.datawrapper.de/beautifulcolors/

Don't Dance Around the Color Wheel

NOT IDEAL BETTER
L. C. Rost]
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https://blog.datawrapper.de/beautifulcolors/

Use Warm Colors & Blue

NOT IDEAL BETTER
L. C. Rost]
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https://blog.datawrapper.de/beautifulcolors/

Avoid Too Little Contrast to Background

-

NOT IDEAL BETTER
L. C. Rost]
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https://blog.datawrapper.de/beautifulcolors/

D3's color scales

e https://qithub.com/d3/d3-scale-chromatic

* [n v/, iIncluded in default bundle (N0 separate import)

e D3's built-in color scales

e Derived from ColorBrewer

e Sequential and diverging scales created using interpolation

® Hue can change, but be careful
e Color ramp [M. Bostock]
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https://github.com/d3/d3-scale-chromatic
http://colorbrewer2.org
https://observablehq.com/@mbostock/color-ramp

Bivariate Colormaps

Categorical
. > .
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[Munzner (ill. Maguire), 2014]
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Remember Separable vs. Integral

READING, iie |
AND EARNING MONEY S A5 .

[GOOD)]
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http://magazine.good.is/infographics/america-s-richest-counties-and-best-educated-counties

Remember Separable vs. Integral

READING, e SETS R
AND EARNING MONEY i e

¢

f,

wow-@ Sow-@ NN DR COUNTY. WY

The map atright is a product of overlaying the three sets of data. The
variation in hue and value has been produced from the data shown
above, In general, darker counties represent a more educated, better
paid population while lighter areas represent communities with fewer
graduates and lower incomes.

Budlberaliog btmees 3000 sred G rgury Mbucrh
SSUSCE LN Canman

[GOOD)]
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http://magazine.good.is/infographics/america-s-richest-counties-and-best-educated-counties

What about uncertain data”
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Bivariate Colormap (Uncertainty — Saturation)
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[Correll et al., 2018]
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Value-Suppressing Uncertainty Palette (VSUP)

Same Channels, just binned differently
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[Correll et al., 2018]
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Bivariate Colormap (Uncertainty — Saturation)

[Correll et al., 2018]
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Value-Suppressing Uncertainty Palette

[Correll et al., 2018]
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Evaluation

® [asks:
- |dentification: locate spaha\ reglcns

Wedge Wedge Wedge

Discrete Continuous
Lgdsm" " " e —
o B

VSUP Traditional Bivariate =~ Continous Bivariate Juxtaposed Univariate

B
e

- Prediction: place  "safest locations'

[Correll et al., 2018]
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l|dentification Results

' VSUP (Wedge) - O
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l Traditional (Wedge) - O
)
S
P '
2 Traditional (Square) - O
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e
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S
£
&
B .
— Juxtaposed (Continuous) - O
' Continuous (Wedge) - O
' Continuous (Square) - 0,
| | | | | | | | | |

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Accuracy [Correll et al., 2018]

D. Koop, CSCI 627/490, Spring 2026 Northern Illinois University 33



Prediction Results

Danger
1 0 0.25 0.5 0.75 1
0 0
0
— 0.25 — 0.25 O 4
- - 3
: : O
— 0.5 § - 0.5 § Q 12
O 0 o o =
- 0.75 - 0.75 O 16
(O O o o O O O O
— 1 _ 4
Traditional Bivariate Map VSUP

[Correll et al., 2018]
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Results & Conclusions

® | egend shape has no significant effect
e Some indication that people avoid high uncertainty with VSUPSs
* [radeoff is that people do choose targets with higher danger when using a VSUP

o \/SUPs present uncertainty information simultaneously (superimposed)
iNnstead of juxtaposed

¢ \/SUPs encode value and uncertainty via discrete, quantized bins instead of
continuously

[Correll et al., 2018]
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Geospatial Data
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Geographic Data

e Spatial data (have positions)
e Cartography: the science of drawing maps
- Lots of history and well-established procedures
- May also have non-spatial attributes associated with items

- Thematic cartography: integrate these non-spatial attributes (e.g.
population, life expectancy, etc.)

e (Goals:
- Respect cartographic principles
- Understand data with geographic references with the visualization principles

D. Koop, CSCI 627/490, Spring 2026 Northern Illinois University = 37



Map Projection

[P. Foresman, Wikimedia]
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Flattening the Sphere”?

Central Meridian
(selected by mapmaker)

Great distortion at
high latitudes

Examples of two rhumb

: lines (direction true
RN Dbetween any

l two points)

\T/  Equator touches cylinder
| if cylinder is tangent

Reasonably true shapes

and distances within
15 degrees of Equator

[USGS Map Projections]
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http://www.apple.com

| ambert Conformal Conic Projection

Two standard paraliels
(selected by mapmaker)

Large-scaie map sheets can be joined at
edges if they have the same standard

parallels and scales

[USGS Map Projections]
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http://www.apple.com

Standard Projections

% Cylindrical

[J. P. Snyder, USGS]
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https://pubs.er.usgs.gov/djvu/PP/PP_1395.pdf

Vap Projections

WHAT YOUR FAVORITE

MaP HegECTioN

SAYS ARBOUT YOU
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http://xkcd.com/977/

Projection Classification

Mynahedral
projections

Gore map

Dymaxion map

Goode's
homolosine

Lambert cyl eq area Plate carree

[J. van Wijk, 2008]
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https://www.win.tue.nl/~vanwijk/myriahedral/CAJ103.pdf

Myriahedral Projections

J. van Wijk, 2008]
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https://www.win.tue.nl/~vanwijk/myriahedral/CAJ103.pdf

Cut along parallels or meridians (graticules)

cylindrical : conical

.
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[J. van Wik, 2008]
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https://www.win.tue.nl/~vanwijk/myriahedral/CAJ103.pdf

Subdividing regular polyhedra

tetrahedral octahedral
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[J. van Wik, 2008]
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https://www.win.tue.nl/~vanwijk/myriahedral/CAJ103.pdf

Geographically-aligned

aligned with continents ; N
Y. )
north-up, south-down
continents and oceans 24 \
separated

north-up, south-down,
graticular mesh

[J. van Wik, 2008]
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https://www.win.tue.nl/~vanwijk/myriahedral/CAJ103.pdf

Australla-centric

J. van Wijk, 2008]
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https://www.win.tue.nl/~vanwijk/myriahedral/CAJ103.pdf

Search Tasks

Target known Target unknown
Location . .
° . Lookup o°, Browse
known . .
Location

Locate Explore

unknown

[Munzner (ill. Maguire), 2014]
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Adding Data

e Discrete: a value Is associated with a specific position
- Size
- Color Hue
- Charts

e Continuous: each spatial position has a value (fields)
- Heatmap
- |solines
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Discrete Categorical Attribute: Shape
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Discrete Categorical Attribute: Shape
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Discrete Quantitative Attribute: Color Saturation
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Discrete Quantitative Attribute: Size
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Discrete Quantitative Attributes: Bar Chart

Railway Network Development and Bar Chart of Province Population in Turkey

Bar Chart of Fravinces In Turkey
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Continuous Quantitative Attribute: Color Hue
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http://tampaseo.com/2012/02/websites-heat-mapping-users/

Time as the attribute
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http://www.nytimes.com/interactive/2011/03/11/world/asia/maps-of-earthquake-and-tsunami-damage-in-japan.html
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http://commons.wikimedia.org/wiki/File:Topographic_map_example.png

ISOlines

e Scalar fields:
- value at each location
- sampled on grids
* [solines use derived data from the scalar field
- Interpret field as representing continuous values
- Derived data is geometry: new lines that represent the same attribute value
e Scalability: dozens of levels
e Other encodings”?
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Choropleth (Two Hues)

[M. Ericson, New York Times]
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Choropleth Map

e Data: geographic geometry data & one quantitative attribute per region
e [asks: trends, patterns, comparisons

e How: area marks from given geometry, color hue/saturation/luminance
o Scalability: thousands of regions

e Design choices:
- Colormap
- Region boundaries (level of summarization)
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