Data Visualization
Let’s begin at the beginning...

"3 Pie | have eaten

" Pie | have not
yet eaten

Jackie Wirz, Alison Hill, & Steven Bedrick
CSE 629, 9/27/16



Our game plan for today:

1. Course logistics & overview

2. What are we really trying to do?
3. Let’s talk about data...

4. Families of visualization

5. Data-Ink Ratios



Course Logistics:

Website:
http://cslu.ohsu.edu/~bedricks/TBD

Homework:
Generally low-key, will occur throughout course.

Final Project:

Begin thinking now about data sets;

We will be having you work on them in groups
later in the course.


http://cslu.ohsu.edu/~bedricks/courses/conj_610
http://cslu.ohsu.edu/~bedricks/courses/conj_610

Course Logistics:

Format:

Tuesdays: lecture
Thursdays: lab.

Textbook (Optional but suggested)

Nathan Yau’s “Visualize This!” and “Data Points”
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What does it mean to visualize data?

There exist many definitions, but
we will start with:

Creating a visual abstraction of
data in order to make more easily
understood.



Why do we need to do this?

No, seriously: why do we need to do this?

Why not just look at data directly?



Sometimes we have too much data for
this to be practical:
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http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CDAQFjAA&url=http%3A%2F%2Fhint.fm%2Fwind%2F&ei=kAWgUviKLcS7igL0tYCoCw&usg=AFQjCNHDgDjzDYtZmvGe7TDwywZyTkdBOQ&sig2=fp1b6gZ8LoA2ZJKO3Qpu0w
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CDAQFjAA&url=http%3A%2F%2Fhint.fm%2Fwind%2F&ei=kAWgUviKLcS7igL0tYCoCw&usg=AFQjCNHDgDjzDYtZmvGe7TDwywZyTkdBOQ&sig2=fp1b6gZ8LoA2ZJKO3Qpu0w

What about when we don’t have so

much data?
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Let’s try another definition/explanation:

Visualization lets us use our human
perceptual capabilities to gain insights
into abstract data sets.



Let’s try another definition/explanation:

Visualization lets us use our human
perceptual capabilities to gain insights

into abstract data sets. /

A good visualization makes us see things
in our data that we couldn’t otherwise see!



Galileo Galilei
1564—1642

https://commons.wikimedia.org/wiki/File:Justus Sustermans - Portrait of Galileo Galilei, 1636.jpg#mediaviewer/File:Justus_Sustermans_-_Portrait_of_Galileo_Galilei,_1636.jpg



https://commons.wikimedia.org/wiki/File:Justus_Sustermans_-_Portrait_of_Galileo_Galilei,_1636.jpg#
https://commons.wikimedia.org/wiki/File:Justus_Sustermans_-_Portrait_of_Galileo_Galilei,_1636.jpg#
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Another way to think about it:

WHEN WE

WE'RE NOT SO MUCH

ON SPECIFIC
DETAILS.

ABS7TRAC7 AN IMAGE
THROQUGH CARTOON/NG.
"MEANING,” AN ARTIST
ELI/MNIINAT/ING DETAILS
AS WE ARE FOCLSING

BY S7R/PPING
DoV AN IMAGE
TO ITS ESSENTIAL

CAN AMPL/FY THAT
MEANING IN A WAY
THAT REALISTIC

ART CANV 7.

Like comics, visualizations let us abstract away

less-relevant details...

Scott McCloud, “Understanding Comics”, Chapter 2




Another way to think about it:

WHEN WE

ON SPECIFIC
DETAILS.

ABS7TRACT7 AN IMAGE
THROQUGH CARTOON/NG.
WE'RE NOT SO MUCH
ELI/MNIINAT/ING DETAILS
AS WE ARE FOCLSING

BY S7R/PPING
DoV AN IMAGE
TO ITS ESSENTIAL

“MEANING,” AN ARTIST
CAN AMFPLIFY THAT
MEANING IN A WAY

THAT REALISTIC

ART CAN 7.

... and allow us to highlight the particular ideas

and information we wish to convey.

Scott McCloud, “Understanding Comics”, Chapter 2




An example:

Taken from Nathan Yau’s “Data Points,” chapter 1
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Taken from Nathan Yau’s “Data Points,” chapter 1
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Taken from Nathan Yau’s “Data Points,” chapter 1



Another way to think about it:

When we make a visualization from our
data, we are telling a story.



Another way to think about it:

There is information buried in our data,
and we are finding the best way to make
it accessible.



Important corollary:

“When we make a visualization from our
data, we are telling a story.”

This means that a successful visualization
has to have something to say or a
question to answer...



Important corollary:

“When we make a visualization from our
data, we are telling a story.”

... which means its creator (you!) needs
to know what that story or question is!



Before you start, ask yourself:

What are you trying to say about
your data?

What question are you trying to
ask your data?



Once you know the answer to those
questions, everything else follows naturally.



The first commandment of analysis:

Thou shalt know thy data.



There are many ways to think about
different types of data...

I’'m partial to Colin Ware’s taxonomy:

Entities. ..

... exist in Relationships with one
another ...

... Which can have Attributes ...

... which can be comprised of multiple
Dimensions.




Another dimension to consider: what
scale(s) is your data built around?

Stevens’ Taxonomy:
Nominal: apples and oranges
Ordinal: always, sometimes, never
Interval: 2011, 2012, 2013
Ratio: 35cm, 45cm, 65¢cm

Different visualization techniques work
with different kinds of data!


http://en.wikipedia.org/wiki/Stanley_Smith_Stevens
http://en.wikipedia.org/wiki/Stanley_Smith_Stevens
http://www.sciencemag.org/cgi/rapidpdf/103/2684/677
http://www.sciencemag.org/cgi/rapidpdf/103/2684/677

Different kinds of questions make use of
different dimensions of data...



Another example:



Table 233. Educational Attainment by State: 1990 to 2009

[In percent. 1990 and 2000 as of April. 2009 represents annual averages for calendar year. For persons 25 years old and over.
Based on the 1990 and 2000 Census of Population and the 2009 American Community Survey, which includes the household
population and the population living in institutions, college dormitories, and other group quarters. See text, Section 1 and Appendix
Ill. For margin of error data, see source]

1980 2000 2009
High High High

State school Bachelor's Advanced school Bachelor's Advanced school Bachelor's Advanced
graduate degree  degree| graduate  degree degree | graduate degree  degree
or more or more or more or more or more or more| or more or more  Or more
United States . ..... 75.2 20.3 7.2 80.4 24.4 8.9 85.3 27.9 10.3
Alabama ............ 66.9 16.7 b5 75.3 19.0 6.9 82.1 22.0 7.7
Alaska ,........c000 86.6 23.0 8.0 88.3 24.7 B.6 91.4 26.6 8.0
EEPONIR o s e 8.7 20.3 7.0 81.0 23.5 8.4 84.2 25.6 9.3
AMKANSAS . .. i 66.3 13.3 4.5 75.3 16.7 T 82.4 18.9 6.1
Califonla........... s 76.2 23.4 8.1 76.8 26.6 9.5 80.6 299 10.7
Colorado .......... .. 84.4 27.0 9.0 86.9 32.7 11.1 89.3 35.9 12.7
Connecticut .. ....... : 79.2 27.2 11.0 84.0 31.4 13.3 88.6 35.6 15.5
Delaware............ 77.5 21.4 7.7 B2.6 25.0 9.4 87.4 28.7 11.4
District of Columbia. . .. 73.1 33.3 17.2 77.8 39.1 21.0 87.1 48.5 28.0
Florida . .......00004 4 74.4 18.3 5.3 799 223 8.1 85.3 25.3 9.0
Georgia............ I 70.8 19.3 6.4 78.6 24.3 8.3 83.9 27.5 9.9
FIEWEL oo caiminss 80.1 22.9 7.1 84.6 26.2 8.4 90.4 29.6 9.9
7 1] | o S ———— 79.7 17.7 5.3 84.7 21.7 6.8 88.4 23.9 7.5
I o sn s s . 76.2 21.0 7.5 81.4 26.1 9.5 86.4 30.6 11.7
Uy o Ty R — . 75.6 15.6 6.4 82.1 19.4 1.2 86.6 22.5 8.1
lowa............... ) 80.1 16.9 5.2 B86.1 21.2 6.5 90.5 25.1 7.4
Kansas. ............ ) 81.3 211 7.0 B6.0 258 8.7 89.7 295 10.2
KeMuUCKY «ooovveesnss 64.6 13.6 5.5 741 17.1 6.9 81.7 21.0 8.5
Louisiana. ........... 68.3 16.1 5.6 74.8 18.7 6.5 82.2 21.4 6.9
Maine.............. ! 78.8 18.8 6.1 85.4 22.9 7.9 90.2 26.9 9.6
Maryland ........... I 78.4 26.5 10.9 83.8 31.4 13.4 88.2 35.7 16.0
Massachusetts. . . .. .. I 80.0 27.2 10.6 84 .8 33.2 13.7 89.0 38.2 16.4
Minhigan e e | 76.8 17.4 6.4 83.4 21.8 8.1 87.9 24 6 9.4
Minnesota . .......... 82.4 21.8 6.3 87.9 27.4 8.3 91.5 31.5 10.3
Mississippi.......... I 64.3 14.7 5.1 72.9 16.9 5.8 80.4 19.6 7.1
Missouri............ ; 73.9 17.8 6.1 81.3 21.6 7.6 86.8 25.2 9.5
Montana. ........... |l 80 198 57| 872 244 72| 908 274 83

Taken from Nathan Yau’s “Data Points,” chapter 3



How do states compare to each other?

At least... High school graduate Bachelor's degree Advanced degree
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Taken from Nathan Yau’s “Data Points,” chapter 3
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Taken from Nathan Yau’s “Data Points,” chapter 3



How have states changed over time?

2000 to 2009
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Taken from Nathan Yau’s “Data Points,” chapter 3



How have states changed over time?

High school High schooil
or more, or more,
in 2009 in 2009
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Taken from Nathan Yau’s “Data Points,” chapter 3



Fach of the preceding visualizations
answered different questions...

... and used different components of the
underlying data.

Neither one, on its own, told the
entire story!



Our game plan for today:

1. Course logistics & overview

2. What are we really trying to do?
3. Let’s talk about data...

4. Families of visualization

5. Data-Ink Ratios



There are 4.5 major families of
information visualization:

1. Graphs
2. Charts

3. Maps

4. Diagrams
5.

“Infographics”



Graphs typically display quantitative
information, and include >2 scales/axes.
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Descriptions based on slides by Marti Hearst



http://www.flickr.com/photos/75905404@N00/7126146307
http://www.flickr.com/photos/75905404@N00/7126146307

Charts display discrete relationships
among discrete entities.

Flowcharts, family trees, (mis-named) network
diagrams, etc.

|
NO YES

ttp://xkcd.com/851/

HAMMERTIME ] | COLLARORATE

http://xkcd.com/210/

Descriptions based on slides by Marti Hearst http://users.humboldt.edu/rpaselk/C438.510/C438Notes/C438nLec25 slide.htm



http://www.flickr.com/photos/75905404@N00/7126146307
http://www.flickr.com/photos/75905404@N00/7126146307
http://xkcd.com/210/
http://xkcd.com/210/
http://xkcd.com/851/
http://xkcd.com/851/

Maps display spatial information, possibly
with labels and other information.
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http://www.flickr.com/photos/75905404@N00/7126146307
http://www.flickr.com/photos/75905404@N00/7126146307

Maps display spatial information, possibly
with labels and other information.

2008 United States Election Results ~ Wosama© v

by County ="‘:"°""""

g

...........

A chloropleth map displays categorical data...

http://upload.wikimedia.org/wikipedia/commons/4/4b/2008 General Election Results by County.PNG



http://upload.wikimedia.org/wikipedia/commons/4/4b/2008_General_Election_Results_by_County.PNG
http://upload.wikimedia.org/wikipedia/commons/4/4b/2008_General_Election_Results_by_County.PNG

Maps display spatial information, possibly
with labels and other information.

Contour maps show continuous data.

http://en.wikipedia.org/wiki/Contour_line#mediaviewer/File:IGRF 2000 magnetic declination.gif

http://en.wikipedia.org/wiki/Contour_line#mediaviewer/File:Cntr-map-1.jpg



http://upload.wikimedia.org/wikipedia/commons/4/4b/2008_General_Election_Results_by_County.PNG
http://upload.wikimedia.org/wikipedia/commons/4/4b/2008_General_Election_Results_by_County.PNG
http://upload.wikimedia.org/wikipedia/commons/4/4b/2008_General_Election_Results_by_County.PNG
http://upload.wikimedia.org/wikipedia/commons/4/4b/2008_General_Election_Results_by_County.PNG

Diagrams are schematic pictures whose
parts are symbolic (i.e., not photographic).
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http://web.lemoyne.edu/~hevern/psy340_13F/lectures/psy340.04.3.research.meth.html
http://web.lemoyne.edu/~hevern/psy340_13F/lectures/psy340.04.3.research.meth.html

“Infographics” are a sort of hybrid of all of
the above.
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http://dailyinfographic.com/happy-thanksgiving-infographic/ooo
http://dailyinfographic.com/wp-content/uploads/2013/11/top-10-states-highest-computer-job-salaries.jpg



http://dailyinfographic.com/happy-thanksgiving-infographic/ooo
http://dailyinfographic.com/happy-thanksgiving-infographic/ooo
http://dailyinfographic.com/happy-thanksgiving-infographic/ooo
http://dailyinfographic.com/happy-thanksgiving-infographic/ooo

“Infographics” are a sort of hybrid of all of
the above.

>' —~— ‘\"“'\"‘.“\'ml(“ l \

NA e W ad ANy A - | 3

- W ——- e ol ¥

L‘{ \:J'V ¥ AAAN o

i| DLABOUR| ) DEMOCRATS| [PARTIES

PARTIES| (REPUBLICANC [CONS:§

,"':Ill'l>T:" GALITARIAN JOEALISM  EQUALITY !IIIIY Pl“llll!l
Y @ Ta & o rT 3 | LIBERAL CONSERVATIVE 1]
PROGRESSIVE TRADITIONAL
J U L igly

FOCUS: . GOAL:
individual economic freedom

W)J wy, business & Industry < TAX AND SPEND ECONOMY: de-reguiated economy, busin
=y >

| I
JNCGULTURE [N 71 S0OC]
wes  “The world can be impeoved, Bring in the new.™ (UTOPIANISM) “Protect the good things about the world.™ (PRESER)

= INCLUSIVE MULTICULTURAL EVOLVING EXCLUSIVE ESTABLISHED NATIONAL

= Z| ADULT [§ —] 2| ADULT |S
(‘ ‘J\ —9 - ——4-—-./—--—-\
\ | vote ~
[ e 1 N ( LL._J — ,ﬂ - \' . . RUR L
= T~ A AT A
-~ Jk‘vd mda [ . O ) 1 pelkee ~
' . potesol | .f--' O O Y |

David McCandle g { uraer a DEO’U[‘IRJl print w intograpfic
InformationlsBea .net / ltsBeenReal.co.uk A2 size, offset-litho on 300 gsm art paper The Vlsuol Mnscelloneum

Translation: “it's gorgeous.” Find out more

From the ne



“Infographics” are a sort of hybrid of all of
the above.
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IF YOU'RE A CELL AND YOU GOT NO ATP, YOU GOT NO GA TINGUING RiB0

e 0 PR T T |F YOU'RE A CELL AND YOU GOT NO ATP, YOU GOT NO GA

cor 10 oo wrw a7 THAT SEXY BREAKDANCING ENZYME 1

SYNTHASE YOU SAY?

we ruex i voro et ASS ADENOSINE DIPHOSPHATE, WHICH | ___ ___

ME GET A WORD IN RL

eust out some  USEFUL TO THE CELL AS HOMEOPATHY, AND TURNS

KNOWLEDGE FUCK SAKES

wow asour some  THAT FUCKER INTO ATP... HOW YOU ASK?

FUCKING MANNERS SHIT

IT FUCKING HEADBUTTS ANOTHER PHOSPHATE RIGHT ONTO THAT
BITCH WHEN IT TWISTS AROUND. JUST STOP AND THINK HOW
HARDCORE THIS LITTLE SHIT IS FUCK ITS LIKE PUNCHING A PIG SO
HARD YOU GET SHOWERED IN BACON.

ATP SYNTHASE: A SEXY
LITTLE BACON FACTORY




Our game plan for today:

1. Course logistics & overview

2. What are we really trying to do?
3. Let’s talk about data...

4. Families of visualization

5. Data-Ink Ratios
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In VDQ)I, Tufte lays out five
characteristics of “Graphical Excellence”:

1. “... the well-designed presentation of
interesting data- a matter of substance,
statistics, and design.”

2. Complex ideas communicated with clarity,
precision, and efficiency.

3. That which gives the viewer the greatest
number of ideas in the shortest time with the
least ink in the smallest space.

4. Nearly always multivariate.
5. Requires telling the truth about the data.

E. Tufte, The Visual Display of Quantitative Information, p. 51



That's just, like..your opinion, man
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Maximizing the data-to-ink ratio:

data ink
total ink

d-i ratio =

The d-i ratio captures the proportion of
the image spent on non-redundant display
of information.



The intuitive explanation:

Everything on the page has to go through
the visual processing system...

... SO we want as much of that processing
time as possible being spent on thinking
about the data-

- not trying to sort out which part of the
graph is the data and which is the frame.



Adding unnecessary content makes it harder to
interpret our data.

1939-40 1943.44 1947.48 1951-52 1955-56 1959-60 1963-64 196768 1971-72 197576

E. Tufte, The Visual Display of Quantitative Information
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Reproduced from Tufte, The Visual Display of Quantitative Information, using a graphic modified from an original by Roger Hayward, published in Pauling’s General Chemistry (1947). Oy.
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Reproduced from Tufte, The Visual Display of Quantitative Information, using a graphic modified from an original by Roger Hayward, published in Pauling’s General Chemistry (1947). Oy.
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Reproduced from Tufte, The Visual Display of Quantitative Information, using a graphic modified from an original by Roger Hayward, published in Pauling’s General Chemistry (1947). Oy.
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Reproduced from Tufte, The Visual Display of Quantitative Information, using a graphic modified from an original by Roger Hayward, published in Pauling’s General Chemistry (1947). Oy.



That’s it for today...

Your homework for next time:

Find two examples of a visualization:
One “good”, one “bad”...

... within the context of your field!

Also: Install LaTeX as prep for Thursday’s lab!



