Introduction to Data Visualization

Alark Joshi



What is Data Visualization?

* Visual Representation of Data

* For exploration, discovery, insight, ..
* Interactive component provides more insight as
compared to a static image
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Image credits: Yahoo Finance, IBM


http://finance.yahoo.com/echarts?s=AAPL+Interactive

Types of Data Visualization

* Scientific Visualization -
— Structural Data - Seismic, Medical, ..
 Information Visualization

— No inherent structure - News, stock market, top
grossing movies, facebook connections

* Visual Analytics

— Use visualization to understand and synthesize
large amounts of multimodal data - audio, video,
text, images, networks of people ..



Scientific Visualization
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Information Visualization

ndrew
Rark in 19508 b4

O > (Bu)
A, y — T2,
(LTI T TTT PP
e % !
‘ Lea

]
¥
3

— . S e, g

Total KW - consumgption ECN

f E Julie
Cynthia nAmanda Brya

3 E Doantam
oy seott . & Eddie
- 2
¢ Jazon mJimmy
Fern.
[ Alan e
Alex
s I Q]
. : F atsy
if o H
. Leila
I Irina

Emily
E F Rwan

t )
. Zaephaoria ﬁ b
i | en

:@ Hally z cromiy ﬁ Michael

E Cara
= EgﬁLeah aJohn Five

Nathaniel

Tamara Ashley



Visual Analytics

* Integration of interactive visualization with
analysis techniques to answer a growing range of
questions in science, business, and analysis.

* Making sense of multimodal data -audio clips,
video, photographs, transcripts, ...
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Impact of Visualization

* Huge impact on policy, planning and disaster
avoidance.

* Florence Nightingale’s visualization of casualties
during the Crimean War

www. Florence-Nightingale-Avenging-Angel.coulk/Coreomb.lidm Diagram by Florence Nightingale, corrected by Hugh Small
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Impact of Visualization

e Hurricane Visualization for the common man
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Impact of Visualization

* John Snow’s Cholera Map

* Snow used a spot map to illustrate how cases of
cholera clustered around the pump




Why are we here?

Baby Name Wizard

— http://www.babynamewizard.com/voyager
Origin of Species - Edits
— http://benfry.com/traces/

Netflix Queues
— http://www.nytimes.com/interactive/2010/01/10/nyregion
/20100110-netflix-map.html?ref=nyregion
Unemployment Visualization (NYTimes)

— http://www.nytimes.com/interactive/2009/11/06/business
/economy/unemployment-lines.html



A Short Introduction on Data
Visualization

Guoning Chen
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The “three V", i.¢ the Volume, Variety and Velocity
of the data coming in is what creates the challenge. o CASE STUDY - Healthcare
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expected to flow across
British Telecom's networks

(the equivalent of all of Wikipedia
every 5 seconds)

HOURS

of live sports media
coverage (covering
every single sport each
day of the Games)

will be digitally broadcasted
to more than...

14,000+

TV and broadcast stations

with...
worldwide tuning in to
watch the opening

PEOPLE ceremonies

9209000

8.5B

generated while
testing the IT systems
before the Games
even start
(the equivalent of
8,333 days of work)

(2]

MILLION
monthly active Facebook
users resulting in
an average of

15TB+

of data predicted
to be collected
PEOPLE each day during
- the Games
expected to visit the
official Website
of the 2012 Summer Games

expected to
be posted to
Twitter during
the Summer
Games

EETS
PER SECOND

expected to be
connected to the

DEVICES Internet in 2012

Keystrokes from many of these devices
will add to the amount of big data
generated during the Summer Games.

Companies in all sectors have at least 100 terabytes of stored data in the
United States; many have more than 1 petabyte

Stored data in the
United States, 2009'

Petabytes
Discrete manufacturing® 966
Government 848
Communications and media 716
Process manufacturing® 694
Banking 619
Health care providers® 434
Securities and investment services 429
Professional services 411
Retail 364
Education 269
Insurance 243
Transportation 227
Wholesale 202
Utilities 194
Resource industries 116
Consumer & recreational services 106
Construction 51

1 Storage data by sector derived from IDC.

2 Firm data split into sectors, when needed, using employment

Stored data per firm
(>1,000 employees), 2009
Terabytes

Number of firms with
>1,000 employees?

1.000
647
399
835
321
1,172
111 3.866
1,478
522
843
280
283
376
129
140
708
222

3 The particularly large number of firms in manufacturing and health care provider sectors make the available storage per

company much smaller.

SOURCE: IDC; US Bureau of Labor Statistics; McKinsey Global Institute analysis



What is Visualization?

In 1987

— the National Science Foundation (of the U.S.) started “Visualization in
scientific computing” as a new discipline, and a panel of the ACM
coined the term “scientific visualization”

— Scientific visualization, briefly defined: The use of computer graphics
for the analysis and presentation of computed or measured scientific
data.

Oxford Engl. Dict., 1989

— to form a mental vision, image, or picture of (something not visible or
present to the sight, or of an abstraction); to make visible to the mind
or imagination

Visualization transforms data into images that effectively and
accurately represent information about the data.

— Schroeder et al. The Visualization Toolkit, 2" ed. 1998

Tool to enable a User insight into Data



Large scale systems and events

Turning invisible into visible that
people can understand intuitively
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What Does Visualization Do?

 Three types of goals for visualization

— ... to explore

e Nothing is known,
e Vis. used for data exploration

— ... to analyze

 There are hypotheses,
* Vis. used for Verification or Falsification

— ... o present

* “everything” known about the data,

* Vis. used for Communication of Results e
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This is a well rich and inter-disciplinary area that combines
knowledge from various disciplines



A Visualization Pipeline

{ Data acquisition ] Data are generated/collected.

Data enhancement ] Data are processed.

Data are mapped to visual

Visualization mapping primitives, e.g. colors,
geometry, etc.

Rendering (ND->2D) ] Images are generated.

This pipeline represents only the lecturer’s opinion and need not reflect the opinions of NSF or UH!



Data Visual Analytic Pipeline

{ Data acquisition ] Data are generated/collected.

Data are pre-processed.
Data pre-processing

Feature detection
Structure extraction
Statistical analysis
etc.

Data are mapped to visual

Visualization mapping ] primitives, e.g. colors,
geometry, etc.

Rendering (ND->2D) ] Images are generated.

This pipeline represents only the lecturer’s opinion and need not reflect the opinions of NSF or UH!



Evolution of Visualization Research

From direct visualization to derived information
visualization.

From simple data to more complex ones.

From represent the data with fidelity to reveal new
findings.

From scientific visualization to information
visualization, bio-visualization, geographical data
visualization, and beyond.



SCIVIS VS. InfoV|s

Obama's 2011 Budg t Pro pos al: How It's Spent
Rectangles in the chart are sized according to the amount of spending for that eategory. Color shows the change in spending from 2010,
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 Information visualization focuses on:
— high-dimensional (>>4), abstract data (i.e. tree, graphs, hierarchy, ...)
— Data is discrete in the nature
— Examples include financial, marketing, HR, statistical, social media, political,

— Feature are not well-defined, the typical analysis tasks including finding
patterns, clusters, voids, outliers



Use Colors Wisely



What is Wrong with this Color Scale

DEATHS OF WHITE MALES

Age-adjusted mortality per 100,000 population

Top 10% Next Highest 10% Middle Highest 20% Middle 20%
929.7-765.0 764.9-724.8 724.7-678.2 678.1-636.4
Middle Lowest 20% Next Lowest 10% Bottom 10%

636.3-596.0 595.9-564.5 564.4-440.9




Not a bad choice of color scale,
but the Dynamic Range needs some work
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Use the Right Transfer Function Color Scale

to Represent a Range of Scalar Values

 Gray scale
* |ntensity Interpolation

e Saturation interpolation
e Two-color interpolation

! E
|

e Rainbow scale

O

e Heated object interpolation
* Blue-White-Red

Low

an
\(T}
=

Given any 2 colors, make it intuitively obvious which
represents “higher” and which represents “lower”



Do Not Attempt to Fight Pre-Established

Color Meanings



Examples of Pre-Established Color Meanings

Red

Stop

Off
Dangerous
Hot

High stress
Oxygen
Shallow
Money loss

Green

On
Plants
Carbon
Moving
Money

Blue

Cool
Safe
Deep
Nitrogen



Use good contrast as human eye is good

at difference




Color Alone Doesn’t Cut It




Luminance Contrast is Crucial

1 would prefer that
my life depend on

being able to read this
quickly and
accurately!




The Luminance Equation

Y =0.3 XRed+0.59 X Green + 0.11 X Blue

Material from Dr. Mike Bailey, Oregon State Univ.



=~ Contrast Table

Black White Green Blue Cyan Magenta Orange Yellow

Black 0.00 1.00 : 0.59 0.11 0.70 0.41 0.60 0.89
White 1.00 0.00 : 0.41 0.89 0.30 0.59 0.41 0.11
Red 0.30 0.70 : 0.29 0.19 0.40 0.11 0.30 0.59
Green 0.59 0.41 - 0.00 0.48 0.11 0.18 0.01 0.30
Blue 0.11 0.89 : 0.48 0.00 0.59 0.30 0.49 0.78
Cyan 0.70 0.30 - 0.11 0.59 0.00 0.29 0.11 0.19
Magenta 0.41 0.59 : 0.18 0.30 0.29 0.00 0.19 0.48
Orange 0.60 0.41 : 0.01 049 0.11 0.19 0.00 0.30

Yellow 0.89 0.11 ; 0.30 0.78 0.19 0.48 0.30 0.00

AL* of about 0.40 are highlighted and recommended




Use good contrast

Black Black

Red Red
Yellow Yellow
Green ree Green Green
Blue Blue Blue

AL* of about 0.40 makes good contrast

Material from Dr. Mike Bailey, Oregon State Univ.



Other Rules...

Limit the total number of colors if viewers are to discern information
quickly.

Be aware that our perception of color changes with: 1) surrounding
color; 2) how close two objects are; 3) how long you have been
staring at the color; 4)sudden changes in the color intensity.

Beware of Mach Banding.

Be Aware of Color Vision Deficiencies (CVD)

It is not possible to list all the useful rules. They come with a lot of experience!



Beware of Color Pollution

Just because you have millions of colors to
choose from

doesn't you must use all eee



Some Principles for Plots

Visualizing Data [Cleveland 93] and Elements of Graphing Data
[Cleveland 94] by William S. Cleveland

The information provided here should be considered as guidelines
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Improving the Vision

 Principle 1: Reduced clutter, Make data stand out

— The main focus of a plot should be on the data itself, any
superflous elements of the plot that might obscure or
distract the observer from the data needs to be removed.

330 4 180,
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Which one is better?



Improving the Vision

e Principle 2: Use visually prominent graphical elements to show the data.

— Connecting lines should never obscure points and points should not obscure
each other.

— If multiple samples overlap, a representation should be chosen for the
elements that emphasizes the overlap.

— If multiple data sets are represented in the same plot (superposed data), they
must be visually separable.

— If this is not possible due to the data itself, the data can be separated into
adjacent plots that share an axis
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Improving the Vision

e Principle 3: Use proper scale lines and a data rectangle.

— Two scale lines should be used on each axis (left and right, top and
bottom) to frame to data rectangle completely.

— Add margins for data
— Tick-marks outs and 3-10 for each axis
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Improving the Vision

e Principle 4: Reference lines, labels, notes, and keys.
— Only use them when necessary and don’t let them obscure data.

e 1.6-5.1 MeV Protons
© 5.5-21 MeV Protons
© 5.6-21 MeV/Nuc Alphas

Distance (Saturn Radii)

25 3.0 35 4.0

i — L 1 I i 1
Rings Janus Mimas Enceladus

T 1 T T
1800 1830 1900 1930

Time




Improving the Vision

e Principle 4: Reference lines, labels, notes, and keys.
— Only use them when necessary and don’t let them obscure data.

¢ Grab Samples

® Continuous Monitor
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Improving the Vision

* Principle 5: Superposed data set

— Symbols should be separable and data sets should be
easily visually assembled.
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Improving the Understanding

e Principle 1: Provide explanations and draw conclusions

— A graphical representation is often the means in which a hypothesis is
confirmed or results are communicated.

— Describe everything, draw attention to major features, describe

conclusions

Fig. 2. Tension and the intensity of the 42.9-
nm layer line during I-second letanus at the
sarcomere length of 2.2 um. (a) Tension rec-
ord averaged over the 40 tetanic contractions
required for obtaining the time course of the
layer-line intensity. A sartorius muscle was
dissected from Rana catesbeiana and tela-
nized for 1 second at 2-minute intervals. The
horizontal line represents the period of stimu-
lation. Tension was recorded with an iso-
metric tension transducer (Shinkoh, type
UL). (b) Intensity of the first-order myosin
layer line at 42.9 nm. The x-ray source was a
rotating-anode generator (Rigaku FR) with
a fine focus (1.0 by 0.1 mm) on a copper lar-
get. This was operated at 50 kV with a tube
current of 70 mA; such a high power was
possible with an anode of a large diameter
(30 cm) rotating at a high speed (9000 rev/
min). A bent-crystal monochromator was
used at a source-to-crystal distance of 25
¢m with a viewing angle of 6°. The intensity
of the myosin layer line was measured with
a scintillation counter combined with a mask:
the mask had apertures at the positions of
the off-meridional parts of the first-order

Tension (kg/cm?)

Counts relative to rest (%)

’'—a

~

L 1 1 1 ] J
b

100 ~,*

b -]

%0 |-

5
L L 1 L | J
° | 2 3 ] s

Time (sec)

layer line. The meridional reflection at 14.3 nm is known to be slightly displaced dunng con-
traction. suggesting a minute change in the myosin periodicity (/, 3). It is, therefore, possible
that the 42.9-nm layer line is also slightly displaced. However, the possible displacement (14 um
at the position of the mask) would be insignificant compared with the width of each aperture
(0.8 mm). The intensity measured at the resting state was 1400 count/sec. The intensities during
and after tetanus were expressed as percentages of the resting intensity and plotted against time
after the first stimulus of each set of stimuli. Each point represents the intensity averaged over
a 100-msec period. The first three points represent the measurements made before stimulation



Improving the Understanding

e Principle 2: Use all available space.
— Fill the data rectangle, only use zero if you need it

GOV PAY ROLLS STABLE! GOVT. PAY ROLLS UP!
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Improving the Understanding

e Principle 3: Align juxtaposed plots
— Make sure scales match and graphs are aligned
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Improving the Understanding

e Principle 4: Use log scales when appropriate
— Used to show percentage change, multiplicative factors and skewness
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Improving the Understanding

* Principle 5: Bank to 45°
— Optimize the aspect ratio of the plot

CO2 Concentrations at Mauna Loa
Annual Fit
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Summary of Principles

* Improve vision

1. Reduced clutter, Make data stand out
Use visually prominent graphical elements
Use proper scale lines and a data rectangle
Reference lines, labels, notes, and keys
Superposed data set

e W

e |Improve understanding
1. Provide explanations and draw conclusions
Use all available space
Align juxtaposed plots
Use log scales when appropriate
Bank to 45°

e W
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VISUALIZING YOUR DATA
EFFECTIVELY



ABOUT ME

Senior Analytics Consultant, DataBrains

Former SSEF, ISEF, STS Finalist
Science Fair Judge (regional, SSEF, ISEF)

Data Visualization is my day-to-day job

kunger@databrains.com

@WizardOfViz



AGENDA

Overview — four questions
Choosing the right chart/graph
Other visualizations

Visual Best Practice

Tableau — Visualization software




FOUR QUESTIONS

1. What data is important to show?
2. What do | want to emphasize in the data?

3. What options do | have for displaying this data?

4. Which option is most effective in communicating the data?



Chart Suggestions—A Thought-Starter
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| WHAT DO YOU WANT TO SHOW WITH YOUR DATA?




TIME SERIES

VALUES DISPLAY HOW SOMETHING CHANGED OVER TIME

@
® Strip Plot (multiple)
©
l & Only when also featuring

distributions
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Bar Graph (vertical) Line Graph Dot Plot (vertical)

To feature individual To feature overall trends When you do not have
values and support their and patterns and support a value for every *
comparisons. Quantitative their comparisons interval of time
scale must begin at zero.

Box Plot (vertical)



| RANKING

VALUES ARE ORDERED BY SIZE (DESCENDING OR ASCENDING)

Bar Graphs Dot Plots

Quantitative scale must begin at zero



| PART-TO-WHOLE

VALUES REPRESENT PARTS (RATIOS) OF A WHOLE

Bar Graphs
Quantitative scale must begin at zero



WHAT ABOUT PIE CHARTS?

Commonly used to show parts of a whole

However...
» Hard to judge relative size of pie slices — better at differentiating length
» Take up a lot of space to present little information

> Require labels and good color contrast to even be usable (often difficult)

Best use is when one overwhelmingly larger value
than the rest — no need to focus on actual values




| DEVIATION

DIFFERENCE BETWEEN TWO SETS OF VALUES
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Bar Graphs Line Graph
Quantitative scale must being at zero Only when also featuring time
series or single distribution



DISTRIBUTION

COUNT OF VALUES PER INTERVAL ALONG QUANTITATIVE SCALE
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When you want to see
Bar Graphs you
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| Strip Plot (multiple)

L . each value
Quantitative Scale, must begin at zero When comparing
multiple distributions
—l-— AND you want to
* * * see each value
Line Graph

Box Plots

To feature overaill When Comparing Multiple Distributions

shape of distribution



CORRELATION

COMPARISON OF TWO PAIRED SETS OF VALUES TO DETERMINE IF THERE IS
A RELATIONSHIP BETWEEN THEM

Scatter Plot



Hlslel P48 most important data
@J{-11 8 graphs for legibility

@] ¢sl-[1FA-08 graph /table

VISUAL BEST

PRACTICES

Avoid overloading graphs

Limit # of colors and shapes

Inform through important text




DATA ANALYSIS VS DATA VISUALIZATION

Traditionally enter data into spreadsheet (Excel)
Satisfactory, but strengths are in data analysis— not visualization

Time consuming to create graph variations

Alternative: Use data visualization software

t
4+ +tableau

https: / /www.tableau.com /academic/teaching



https://www.tableau.com/academic/teaching
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