Data Visualization (CSCI 627/490)
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Bivariate Colormaps
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[Munzner (ill. Maguire), 2014]
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Value-Suppressing Uncertainty Palette

[Correll et al., 2018]
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Geographic Data: 3D to 2D: Projection

Central Meridian
(selected by mapmaker)

Great distortion at
high latitudes

Examples of two rhumb
lines (direction true

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

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

Search Tasks

Target known Target unknown
Location . .
° . Lookup °°, Browse
known . .
Location @ | ° @ e
unknown \U L ocate QL xplore

[Munzner (ill. Maguire), 2014]
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Adding Discrete Data to a Map: Quantitative Points
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Adding Continuous Data to a Map: |solines
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7 [USGS via Wikipedial]
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http://commons.wikimedia.org/wiki/File:Topographic_map_example.png

Assignment 4

® [0 be announced soon
e Colormaps, geospatial vis, networks
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Project

e Next Step: Design
- Given dataset (what) and tasks (why), work on the how

- Don't do this the other way around: do not start with "l want to make a
streamgraph”™ and then decide what tasks could work with that

- This includes interactive design
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https://faculty.cs.niu.edu/~dakoop/cs627-2025sp/project.html

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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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

FPop
] 30% - 50%
B 50% - 80%
B S0% - 100 %
Coke

30% - S09%
- S50% - 809%
-80% - 100%
Soda

[ ]30% - 50%
[ ]50% - 20%

[ s0% - 100%
Other

30% - 50%
[ 50% - 80%
I 504 - 100%

B No D ata

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]
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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, Spring 2025 @ Northern Illinois University 22


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

Glyphs: xkcd's Map

2016 ELECTION MAP

EACH FIGURE REPRESENTS 250,000 VOTES

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/

Cartograms

US Presidential Election 2016

Results mapped at county level showing the
candidate with the largest vote share in each area

Overall result: Vote share

Trump of candidate with most votes
62,979,636 votes (46.1%)

306 electoral votes
(received 304 in the Electoral College)

Clinton 0) 50 70 90%
65,844,610 votes (48.2%)

232 electoral votes
(received 227 in the Electoral College)

Other candidates

7.804,213 votes (5.7%)

Trump

Clinton

ZaRa.

xxxxxxx

\\\\\
N A mns

N
..................

Gridded population cartogram:
TN — areasresized according to
A, ' , ». the total number of people living there

- * (Alaska and Hawaii not included)

‘///

Map by Benjamin Hennig

wwwyviewsoftheworld.net [B H e ﬂﬂig]
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http://www.viewsoftheworld.net/?p=5003

Cartograms

1860 Presidential Election ; ° Data geographlc geometry data & tWO
o _ quantitative attributes (one part-of-whole)

(2] Abraham Lincoln Republican 180
e e T *1 o Derived data: new geometry derived from the
part-of-whole attribute

| John Bell Constitutional Union 39
e [asks: trends, comparisons, part-of-whole

- Stephen A. Douglas Northern Democratic 12
® HOow: area marks from derived geometry,
color hue/saturation/luminance

e Scalability: thousands of regions
. e Design choices:
%Z’E”Z‘?E&E?EE&?” - Colormap
- Geometric deformation

.; X $ : { i .
B o _ ] DEL

[New York Times]
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http://www.apple.com

Hexagonal Cartogram

Solid D Likely D Lean D Toss-up Lean R Likely R Solid R Party flip
I I 24 © =onedistric
=95% D =75% D =60% D <60% =60% R =75% R =95% R >50%
both nonincumbent

party

District totals by category

189 17 6 14 21 44 144

-A e 4 ______________________________________

MAIORITY [EiveThirtyEight, 2018]
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https://projects.fivethirtyeight.com/2018-midterm-election-forecast/house/

Non-Contiguous Cartogram

[M. Bostock, 2012]
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http://bl.ocks.org/mbostock/4055908

World Cartograms

=
g
V.

M. Newman, 2009]
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http://bl.ocks.org/mbostock/4055908

World Population
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[M. Newman, 2009]
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http://bl.ocks.org/mbostock/4055908

World Energy Consumption
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M. Newman, 2009]
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http://bl.ocks.org/mbostock/4055908

House Races: Map?

House Race Ratings by the Cook Political Report

Most competitive

Likely Dem. Likely Rep.

183 solid Democratic seats ﬁh dﬁ 145 solid Republican seats
193 current Democratic seats 7 vacancies 235current Republican seats

218 seats needed
lwaSh’ -
L Wis.

for House majority
Nev. Neb.
Utah 2 ”'r‘
Colo.
Calif. d

"
Kan. Mo.

Me.

Minn.

=~y

' Ariz.
" N.M. Iw £ S.C.

Calif.

[New York Times, 2018]
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https://www.nytimes.com/interactive/2018/us/elections/house-race-ratings.html

House Races: Cartogram?

Solid D Likely D Lean D Toss-up Lean R Likely R Solid R Party flip
. DN e
=95% D =75% D 260% D <60% =60% R =75% R =95% R >50%

both nonincumbent

District totals by category

189 17 6 14 21 44 144

-A e 4 ______________________________________

MAIORITY [EiveThirtyEight, 2018]
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https://projects.fivethirtyeight.com/2018-midterm-election-forecast/house/

House Races: Non-Contiguous "Cartogram®

'e} L0 s g

Loty A ks

ikt
.

O "0
[FiveThirtyEight, 2020]
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https://projects.fivethirtyeight.com/2020-election-forecast/house/

Maps Aren't Always Best: Close House Races

o AZ-O2 Open(McSally) e CA-10 Denham e AR-02 Hill

o CA-49 Open(lssa) e CA-25 Knight e CA-50 Hunter
e CO-06 Coffman o CA-39 Open(Royce) o FL-15 Open(Ross)
e [A-O1 Blum e CA-45 Walters e FL-16 Buchanan
e KS-03 Yoder ® CA-48 Rohrabacher ® GA-0O6 Handel
o MI-11 Open(Trott) ® FL-26 Curbelo e GA-O/7 Woodall
e MN-02 Lewis o FL-2/ Open(Ros-Lehtinen) e [L-13 Davis

e MN-03 Paulsen e |[L-O6 Roskam e |L-14  Hultgren
o NV-03 Open(Rosen) o [L-12 Bost e MO-02 Wagner
o NJ-11 Open (Frelinghuysen) e |[A-O3 Young e MT-AL Gianforte
o PA-O7 Vacant (formerly Dent) o KS-02 Open (Jenkins) e NE-O2 Bacon

® VA-10 Comstock e KY-O6 Barr e NY-24 Katko

[New York Times, 2018]
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https://www.nytimes.com/interactive/2018/us/elections/house-race-ratings.html

Maps Aren't Always Best: Obama Targets

+40

Obama
+20
percentage
points

+10

Margin
of victory
in 2008

+20
percentage
points
McCain

If President Obama were
to win all of the states
above this line, he would
need an additional 17
electoral votes from

D. Koop, CSCI 627/490, Spring 2025

Percentage with bachelor’s degrees or higher

o Md. Mass.
states below it in order to Del. ‘
win in 2012. ® ®

‘ Conn.
Mich.
® Me.
y | Q.
N.M @ Vs
@ Nev. - Pa. Minn.
v
. o e — ®
Ohio lowa N.H.
Ind. 18 . 6 Fla. 4 ‘ Colo.
11 votes ‘ 29 NC Va. 9
= o — 3
Mo. o
Ga. Mont.
S.C. Ariz. ‘
' ‘0 SD. @ ND.
W.Va. Miss.
O Neb.  Kan.
Ky.
.y L . Tenn. Tex. @ ®
Ark. '
Py »
w
@ - @ Alaska
Idaho
® Circles are sized according to the
g
Okl @ utan number of electoral votes in 2012.
"~ Wyo.
. o
20% 25% 30% 35%

INYTimes]
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http://www.nytimes.com/interactive/2011/09/30/us/politics/keys-to-victory.html

Networks
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Networks

e \\WVhy not graphs”?
- Bar graph
- Graphing functions in mathematics
e Network: nodes and edges connecting the nodes

e Formally, G = (V,E) is a set of nodes V and a set of edges E where each edge
connects two nodes.

e Nodes == Items, edges connect items
e Both nodes and edges may have attributes
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Arrange Networks and lrees

(® Node-Link Diagrams

Connection Marks

« NETWORKS f§ « TREES

(® Adjacency Matrix _
Derived Table u - u =
in

® Enclosure
Containment Marks HEEBEE BEEE BB

[Munzner (ill. Maguire), 2014]
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Molecule Graph
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Molecule Graph

e Nodes may have attributes
(e.g. element)
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Molecule Graph

e Nodes may have attributes
(e.g. element)

e dges may have attributes
(e.g. number of bonds)
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Web Sites as Graphs (amazon.com)
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Social Networks

facebook e
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Networks as Data

Nodes
ID | Atom | Electrons | Protons
Ol N / /
1 C 6 6
21 S 10 16
3| C 6 6
41 N [ /
Edges
ID1 {ID2| Bonds
O | I
1 | 2
1| 3 2
3| 4 1
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Node-Link Diagrams

e Data: nodes and edges

e [ask: understand connectivity, paths,
structure (topology)

® Encoding: nodes as point marks,
connections as line marks

e Scalability: hundreds

e .. .but high density of links can be
oroblematic!

® |[ssue with the encoding?
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Arc Diagram

|D. Eppstein, 2013]
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Network Layout

® Need to use spatial position when designing network visualizations
e Otherwise, nodes can occlude each other, links hard to distinguish
e How?"

- With bar charts, we could order using an attribute...

- With networks, we want to be able to see connectivity and topology (not In
the data usually)

e Possible metrics:
- Edge crossings
- Node overlaps
- |otal area
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-orce-Directed Layout

. glcj)des push away from each other but
ges are springs that pull them together

o \/\eak ' n
Drodur;eesg'.ﬁ”ondetermm|sm, algorithm may
fference results each time It runs K
~‘\ @
. ® '/‘-’:’% \\
o g o
® ®
@) o
O o
) . ®
’ . Yo
1.

M. Bostock, 2017]

,


https://observablehq.com/@d3/force-directed-graph

Constraint-Based Optimization (ColLa)

e Higher quality layout

e \ore stable In interactive =
applications (no "jitter") N

o Allows user specified constraints o
such as alignments and grouping ot | o

®
e Can avoid overlapping nodes . AN TS
<o

e Provides flow layout for directed * e
graphs . A Ty =5 .
e \May be less scalable to very large . o ‘*
graphns .

e Can route edges around nodes
[T. Dwyer et al. (WebCola); M. Bostock (Example), 2018]
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https://marvl.infotech.monash.edu/webcola/
https://observablehq.com/@mbostock/hello-cola

stdp

[Hu, 2005]
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“Hairball”

[Hu, 2014]
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Hierarchical Edge Bunadling

[Holten, 2000]
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Hierarchical Edge Bunadling

[Holten, 2000]
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Hierarchical Edge Bunadling

® Hlexible and generic method
e Reduces visual clutter when dealing with large numbers of adjacency edges
e Provides an intuitive and continuous way to control the strength of bundling.

- Low bundling strength mainly provides low-level, node-to-node connectivity
iINnformation

- High bundling strength provides high-level information as well by implicit
visualization of adjacency edges between parent nodes that are the result of
explicit adjacency edges between their respective child nodes

[Holten, 2000]
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Bundling S

] A}
e ||

[Holten, 2000]
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