Data Visualization (CSCI 627/490)

Geospatial Data
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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:

Binary y Categorical
n TFA
3
Diverging .:. 2 Sequential
-1 0 +1 1

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

_L \

noei 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)

graz) e Think about other marks you might
) wish to use in the visualization
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Continuous Colormap for Ordered Data

US EPA Regional Oxidant Model -- Midwest
Ozone (ppbv): June 26, 1987, 18:00

[Bergman et al., 1995]
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Segmented Colormap for Ordered Data

US EPA Regional Oxidant Model -- Midwest
Ozone (ppbv): June 26, 1987, 18:00
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[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 i = o
than those made with continuous encoding” = 0
e \Vord of caution: single image! ;ﬁ >
-)
\O

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

—[Bergman et al., 1995]
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Two-Hue Colormap
[ et Engine Noise Simtation

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 |
>

AW awi

[Borland & Taylor, 2007]
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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

Midterm

e [hursday, October 13
e Covers material through this week

e Format:
- In Person, Pen(-cil) & Paper
- Multiple Choice
- Free Response (often multi-part)

- CS 627 students will have extra questions related to the research papers
discussed
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https://faculty.cs.niu.edu/~dakoop/cs627-2022fa/midterm.html

Project

e [Wo Possibllities:
- Create an interactive visualization
- Work on a research project
e Dataset Choices
- NFL Data
- Colorado River Data
- Prescription Drug Cost Data
- Others?
e \Nork on Proposal
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https://faculty.cs.niu.edu/~dakoop/cs627-2022fa/project.html

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
. > .
Binary y y § - Categorical
n n Q TFA
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Diverging 3 S
c
y S 2 S
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n o 1 Q
-1 0 +1 S TFA
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: : S :
Diverging .:. Qé. Sequential
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[Munzner (ill. Maguire), 2014]
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Remember Separable vs. Integral

READING, i |
AND EARNING MONEY : :

. tAGLL CoRNTY. D
ne®-@

[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)

Monday Departure Delay (minutes)
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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
Logend Sty ' ' ' ' ' ' B —
e ﬁ ﬁ E‘ E ﬁ E ﬁ

VSUP Traditional Bivariate =~ Continous Bivariate Juxtaposed Univariate

B
e

- Prediction: place  "safest locations'

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

v VSUP (Wedge) - O
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Prediction Results

Danger
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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]

D. Koop, CSCI 627/490, Fall 2022 Northern Illinois University =~ 27




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
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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]

Northern Illinois University 31

D. Koop, CSCI 627/490, Fall 2022


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

A2\
(Gans)
N

Regular Cylindrical Regular Conic

% Cylindrical

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

Vap Projections

WHAT YOUR FAVORITE
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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
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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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Route Maps
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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 Fravincaes In Turkey
430000
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http://mis4gis.com/hgistr.org/

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

ed a]

= S e N AN L ST C 2 1USGS vie WK

D. Koop, CSCI 627/490, Fall 2022 Northern Illinois University 52


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]

D. Koop, CSCI 627/490, Fall 2022 Northern Illinois University 54



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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Choropleth (Two Hues)

q%\
reA

[M. Ericson, New York Times]
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Problem?

2008 Popular Vote

Obama
McCain

68 million

59 million

[M. Ericson, New York Times]
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Problem?

2008 Popular Vote

Obama
McCain

68 million

59 million

Amount of red and blue shown on map

Obama
McCain

850,000 mi°
2 150.000 mi°

[M. Ericson, New York Times]
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Adding Saturation

B Clinton +50-100 [ +15-50 [1+2.1-15  +0-2.1 Trump +0-2.1 [ +2.1-15 [ +15-50 [ +50-100

[Washington Post, 2018]
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https://www.washingtonpost.com/news/politics/wp/2018/07/30/presenting-the-least-misleading-map-of-the-2016-election/

Area Marks and Color Hue & Saturation

(UENERIC NAMES FOR SOFT DRINKS

BY COUNTY &=

Most Popular
Term Used

Map by Matthew T. Campbell
Spatial Graphics and Analysis Lab
Department of Cartographyand Geography
East Central Univerisity (Oklahoma)
Map Template courtesy of www . mymaps.com

Map based upon

120 464 Respondants Respondants through

March 1, 2003

[popvssoda.com]|
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http://www.popvssoda.com/countystats/total-county.html

Aggregation: 2016 Election by Precinct

B Clinton +50-100 J+15-50 [+2.1-15  +0-2.1 Trump +0-2.1 [0 +2.1-15 [l +15-50 [ +50-100

[Interactive Version, NYTimes] N [R. Rohla and Washington Post, 2018]
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https://www.washingtonpost.com/news/politics/wp/2018/07/30/presenting-the-least-misleading-map-of-the-2016-election/
https://www.nytimes.com/interactive/2018/upshot/election-2016-voting-precinct-maps.html

Aggregation: 2016 Election by State

B Clinton +50-100 B +15-50 | +2.1-15 +0-2.1 Trump +0-2.1 | +2.1-15 [ +15-50 [ +50-100

&
o

[Washington Post, 2018]
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https://www.washingtonpost.com/news/politics/wp/2018/07/30/presenting-the-least-misleading-map-of-the-2016-election/

Aggregation: 2016 Election by Country

B Clinton +50-100 [ +15-50 +2.1-15 +0-2.1 Trump +0-2.1 +2.1-15 B +15-50 | +50-100

[Washington Post, 2018]

D. Koop, CSCI 627/490, Fall 2022 Northern Illinois University =~ 62


https://www.washingtonpost.com/news/politics/wp/2018/07/30/presenting-the-least-misleading-map-of-the-2016-election/

Maps: What trends do you see”

Number of Votes Cast

[Desaturated by D. Koop, M. Ericson, New York Times]
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Don't Just Create Population Maps!

C

SURBSCRIBERS TO
MAFTHA STEWART LVING

& THE BUSINESS IMPLICATIONS ARE CLEPR.

y

CONSUIMERS OF
FURRY PORNOGRAPHY

PET PEEVE #208:

GEOGRAPHRIC PROFLE MAPS WHICH PRE
BAS\CALLY JUST FPOPULATION MAPS [xked]
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https://xkcd.com/1138/

Size Encoding

[M. Ericson, New York Times]
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Dasymetric Dot Density

(K. Field]

D. Koop, CSCI 627/490, Fall 2022 @ Northern Illinois University 66


http://carto.maps.arcgis.com/apps/webappviewer/index.html?id=8732c91ba7a14d818cd26b776250d2c3

Glyphs: xkcd's Map

2016 ELECTION MAP

EACH FIGURE REPRESENTS 250,000 \OTES

fTRUMP  ZCUNTON 7OTHER

VOTES ARE DISTRIBUTED BY STATE AS ACCURATELY AS
POSSIBLE. WHILE. KEEPING NATIONAL TOTALS CORRECT.

LOCATION WITHIN EACH STATE 1S APPROXIMATE.

[xked]
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https://xkcd.com/1939/

