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Visualizing Data

Joonhwan Lee
human-computer interaction + design lab.
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Data Visualization

N VEEE

+ Correlation
+ Pattern
+ Compare

+ Connection
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Line Graph
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Pattern

Explore flu trends - United States

We've found that certain search terms are good indicators of flu activity. Google Flu Trends uses
aggregated Google search data to estimate flu activity. Learn more »

National @® 2009-2010 ® Past vears v
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11 Ways to Visualize Changes Over Time

by Nathan Yau
+ Line Graph

the LINE

+ CHEE9| time series dataZs E&s 4 Q2.

+ otLte| O=i=0f 042 72| series € J2{A H|wsh 4= Q2.

+ data point= square, circle S22 HEd.

http://flowingdata.com/2010/01/07/11-ways-to-visualize-changes-over-time-a-quide/
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11 Ways to Visualize Changes Over Time

by Nathan Yau

+ Line Graph

Comparing Roger Clemens to Hall of Fame Pitchers

From age 40 to 43, Roger Clemens' earned run average improved to the best
of his career. The light gray lines represent the 16 most recent pitchers elected
to the Baseball Hall of Fame.

Steve Carlton had an ERA
of 16.76 at the age of 44.

— r Roger Clemens, at age 43, had an
s s ERA of 1.87 at the end of the 2005
-’\ season with the Houston Astros. It
; was the lowest ERA of his career.

15 Earned run average (ERA)

10

— Nolan Ryan, at age 34, earned the

lowest ERA of his career of 1.69
5
0
| | | I | |
20 Years old 25 30 35 40 45

Sources Baseball Databank, picture by mx5tx FlowingData
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http://flowingdata.com/2008/02/11/comparing-roger-clemens-to-hall-of-fame-pitchers/ 3
roger-clemens-compared-to-hall-of-fame-pitchers/ e



http://flowingdata.com/2008/02/11/comparing-roger-clemens-to-hall-of-fame-pitchers/roger-clemens-compared-to-hall-of-fame-pitchers/
http://flowingdata.com/2008/02/11/comparing-roger-clemens-to-hall-of-fame-pitchers/roger-clemens-compared-to-hall-of-fame-pitchers/
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11 Ways to Visualize Changes Over Time

by Nathan Yau

+ Scatter Plots

the SCATTER

+ Line graphe| 4<% O[O 2ZQIET} st 7HHCE SHE|=
S, 20| S W Mef5HX| T, scatter plot2 =I5 +
ZotEl C|OfEof| Xt

http://flowingdata.com/2010/01/07/11-ways-to-visualize-changes-over-time-a-quide/
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11 Ways to Visualize Changes Over Time

by Nathan Yau

+ Scatter Plots
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http://www.ec.gc.ca/natchem/default.asp?lang=En&n=A566D8F8-1
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11 Ways to Visualize Changes Over Time

by Nathan Yau

+ Scatter Plots

CIS mooring 8th Deployment- Oxygen concentration (ymol/l)
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http://www.noc.soton.ac.uk/animate/data/cis/cis8 oxygen scatter.png
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http://www.noc.soton.ac.uk/animate/data/cis/cis8_oxygen_scatter.png

~3
)
_|_

o
Qo
=

11 Ways to Visualize Changes Over Time

by Nathan Yau

+ Bar Charts

the BAR

+ A|Ztof| 2 HetolA| fL=5E= Cl0|HZIES AkEe W Mgt

st Z3 9 (discrete vs. continuous)

+ OO[EHERIET} ASZHA0N LESH 2XE0 AS M AFS.

http://flowingdata.com/2010/01/07/11-ways-to-visualize-changes-over-time-a-quide/
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11 Ways to Visualize Changes Over Time

+ Bar Charts

by Nathan Yau

Winners from Nathan’s Hot Dog Eating Contest

It's that time of year again. Since 1616, the annual eating competition has grown
substantially attracting competitors from around the world.

70 Hot dogs and buns (HDBs) W NEW WORLD RECORD

60

50

's

Through 2001-2005, Takeru Kobayashi wins by no less
than 12 HDBs. In 2006, he only wins by 1.75. After win-

ning 6 years in a row and setting the world record 4 times, 2| |
Kobayashi places second in 2007. '

Frank Dellarosa eats 21 and a half HDBs over 12
minutes, breaking the previous record of 19 and a half.

For the first time since 1999, an American
reclaims the title when Joey Chestnut
consumes 66 HDBs, a new world record.
Chestnut repeats in 2008.

30
Walter Paul sets a new
20 world record with 17 HDBs. u
- I

10 James Mullen wins the inaugural

contest, scarfing 13 HDBs. Length

of contest is unavailable.

0
1916 1972 1980 1990 2007

‘Data between 1916 and 1972 were unavailable, Source: Wikipedia and Nathan's Famous FlowingData

http://flowingdata.com/2009/07/03/whos-going-to-win-nathans-hot-dog-eating-

contest/hot-dogs-2/
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11 Ways to Visualize Changes Over Time

by Nathan Yau

+ Stacked Bar

the STACKED BAR

+ Bar Chart?} st 20| ArEstLt FH| 212|702 7H !
1, thes| FHE| 22| E M2 H[WSh= 20| OfL|2t &S efEl
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http://flowingdata.com/2010/01/07/11-ways-to-visualize-changes-over-time-a-quide/
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11 Ways to Visualize Changes Over Time

by Nathan Yau

+ Stacked Bar

FERDENTAGE OF AL LOSNS
90 DAYS OR MORE PAST DUE

@ IN FORECLOSURE*
5 a3
4 . - -
ol NN BN BN BN I l i =5 =5 B 5 5 B 8 |

'04 '05 ‘06 07 '08

Data: Mortgage Bankers Assn. *Inventory at the end of the quarter

http://images.businessweek.com/ss/08/12/1211 numbers/2.htm
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11 Ways to Visualize Changes Over Time

by Nathan Yau

+ Stacked Area
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http://flowingdata.com/2009/12/02/past-15-years-of-consumer-spending/
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11 Ways to Visualize Changes Over Time

+ Stacked Area

100%
Apparel

Cash Contributions
Entertainment 90%
80%

Food
70%
Healthcare
60%
50%
40%
Miscellaneou
30%
Personal Insurance
20%
Transportation 10%
1984 19686 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008

http://projects.flowingdata.com/america/spending/

by Nathan Yau

Interactive Demo

17


http://projects.flowingdata.com/america/spending/
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11 Ways to Visualize Changes Over Time

by Nathan Yau

+ Bubble

the BUBBLE

+ Scatter plot2} FAFSHK|2E scatter plot2 C|O|E{ZQIEE Tt
=o| M= HosH=0| H|5l bubble= #2| 37|7} I31|0|E1°|
Oftet g2 EHSICE — AZHof| L2} ¥istst= FIHQ| 4f
(bubblel| x, y #IX|, 27]) & HO{E = AUS.

+ Hans Rosling2| TED Talk (Gapminder)

http://flowingdata.com/2010/01/07/11-ways-to-visualize-changes-over-time-a-quide/
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11 Ways to Visualize Changes Over Time

by Nathan Yau

+ Bubble
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http://projects.flowingdata.com/america/spending/



http://projects.flowingdata.com/america/spending/

11 Ways to Visualize Changes Over Time

by Nathan Yau

+ Color Scale

the COLOR SCALE
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11 Ways to Visualize Changes Over Time

by Nathan Yau

+ Color Scale

;@-.r :;e;.;‘: 4_}4 1

2001

_”_H {ﬂ H"E" W
S

P LR T

9/11 CHANGED EVERYTHING

http://flowingdata.com/2009/09/10/3-in-depth-views-of-flight-delays-and-
cancellations/
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11 Ways to Visualize Changes Over Time

by Nathan Yau
+ Timeline

the TIMELINE

+ Ot AtZ0| 1| ROH=XIE E0iF

rir
o
s
|E

+ Hl0[E{e] 0| BT, RpAIEH LIRS Thols
_|

L L=

=
HE sliMst=0 ==0] &

http://flowingdata.com/2010/01/07/11-ways-to-visualize-changes-over-time-a-quide/
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11 Ways to Visualize Changes Over Time

by Nathan Yau

+ Timeline

10 Largest Data Breaches Since 2000

As more information goes digital, it becomes more important to protect against hackers.

Data Processors
International
SMILLION AFFECTED
March 6, 2003

o
2003

Source: Aftrition Data Loss

2004

America Online

Citigroup U.S. Department of
30 MILLION Veteran Affairs
June 6, 2005 26.5 MILLION
May 22, 2006
2005 2006

Visa, MasterCard, and

Dai Nippon Printing TD Ameritrade
Company 6.3 MILLION
8.6 MILLION September 14, 2007

March 12, 2007

[ ]
2007
.

TJX Companies Inc. Fidelity National

2008

HM Revenue and

Archive and Database 30 MILLION American Express 94 MILLION Information Services Customs
June 24, 2004 40 MILLION January 17, 2007 8.5 MILLION 25 MILLION

FlowingData June 19, 2005 July 3, 2007 November 20, 2007
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o http://flowingdata.com/2008/03/14/10-largest-data-breaches-since-2000-millions- 03

affected/10-largest-data-breaches-since-2000/
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+ Everything

the EVERYTHING
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http://flowingdata.com/2010/01/07/11-ways-to-visualize-changes-over-time-a-quide/



http://flowingdata.com/2010/01/07/11-ways-to-visualize-changes-over-time-a-guide/

11 Ways to Visualize Changes Over Time

by Nathan Yau

+ Everything

Roll over the dots below for details on each batter Rivera faced
95 96 97 08 99 00 01 0203 04 05 '06'07 09 "0
7th
inn.
8th o e o o o
o
Sth Q- @00 o o
o
] o
10th
11th
12th . )
Each dot represents one of 535 batters Rivera has faced in the postseason
409 2113 7 85 e2 O 14
13th ouTS WALKS / ERRORS HITS HOME RUNS
RECORDED HIT BY PITCH RUNS SCORED
14th
15th
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http://www.nytimes.com/interactive/2009/11/05/sports/baseball/20091105-rivera.html? o5

=0 St
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11 Ways to Visualize Changes Over Time

by Nathan Yau

+ Animation

the ANIMATION

+ AlZte| E20f I H0|E{2| HEIE oflL|Ho|MO =

I:I
ol

http://flowingdata.com/2010/01/07/11-ways-to-visualize-changes-over-time-a-quide/
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11 Ways to Visualize Changes Over Time

by Nathan Yau

+ Animation

One Race, Every
Medalist Ever

Usain Bolt's 9.63 set an Olympic record in the 100.
So how far ahead of every Olympic medalist is he?

By KEVIN QUEALY and GRAHAM ROBERTS

http://www.nytimes.com/interactive/2012/08/05/sports/olympics/the-100-meter-dash-

one-race-every-medalist-ever.ntml|? r=0
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http://www.nytimes.com/interactive/2012/08/05/sports/olympics/the-100-meter-dash-one-race-every-medalist-ever.html?_r=0
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Connection

+ OFFZ 27| (Jacob Moreno)?t 1934 network
graph?| = XAl
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Connection: Social Network A|2t§}

-
-

Oj= "X 22712 24 UERR AZT ALx9| A|A=t (Lazer et al. 2009)
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Connection: Social Network A|2ts}

+ Vertices (nodes) connected by Edges (links)

A B |C
A SR S| S |
B(1]0]|0
cCc| 1,/0]0

adjacency matrix



-
&,
¥

Q.
QO
=

A B |C
A SR S| S |
B(1]0]|0
cCc| 1,/0]0

adjacency matrix

Connection: Social Network A|2t§}

+ Vertices (nodes) connected by Edges (links)

A: B, C
B: A

C:A

adjacency list



Connection: Social Network A|2t§}

+ Vertices (nodes) connected by Edges (links)

AlB|C A: B, C
A|lO0O | 1]
B: A
B|1|0]0
cl|1]/0|o0 C: A
adjacency matrix adjacency list

ADY

B C
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Connection: Social Network A|2ts}

+ Graph= cycle2 7H& = ULt

+ cycle2 closed walk = simple path £ X|Z!

O ©
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Connection: Social Network A|2ts}

+ Graph?| edge= directed = undirected

directed undirected
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Connection: Social Network A|Zts}

+ degree of vertex
+ node(vertex)0l| AZE edgel| Xt

+ in-degree & out-degree (directed graph)
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Connection: Social Network A|Zts}

+ Weighted Graph

+ 2219 edge= 4= 7HEICH (nominal, ordinal, quantitative)
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Connection: Social Network A|Zts}

+ Weighted Graph

+ 2219 edge= 4= 7HEICH (nominal, ordinal, quantitative)
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Visualizing Data with Python

+ matplotlib (https://matplotlib.org/examples/)

+ Seaborn (http://seaborn.pydata.org/examples/

index.html)

+ ggplot (http://ggplot.yhathg.com/)

+ ggplot (https://plotnine.readthedocs.io/en/stable/)

+ bokeh* (http://bokeh.pydata.org/en/latest/docs/
gallery.html)

+ plot.ly* (https://plot.ly/)

* Interactive visualization


https://matplotlib.org/examples/
http://seaborn.pydata.org/examples/index.html
http://seaborn.pydata.org/examples/index.html
http://seaborn.pydata.org/examples/index.html
http://ggplot.yhathq.com/
https://plotnine.readthedocs.io/en/stable/
http://bokeh.pydata.org/en/latest/docs/gallery.html
http://bokeh.pydata.org/en/latest/docs/gallery.html
http://bokeh.pydata.org/en/latest/docs/gallery.html
https://plot.ly/
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Visualizing Data with Python

+ Some resources:

+ https://python-graph-gallery.com/

+ https://blog.modeanalytics.com/python-data-

visualization-libraries/

+ https://codeburst.io/overview-of-python-data-

visualization-tools-e32e1f716d10



https://python-graph-gallery.com/
https://blog.modeanalytics.com/python-data-visualization-libraries/
https://blog.modeanalytics.com/python-data-visualization-libraries/
https://codeburst.io/overview-of-python-data-visualization-tools-e32e1f716d10
https://codeburst.io/overview-of-python-data-visualization-tools-e32e1f716d10

Questions?
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