STAT 1291: Data Science

Lecture 4 - Data Visualization: Composing/dissecting Data Graphics

Sungkyu Jung

Where are we?

o What is Data Science?
e How do we learn Data Science?
e Data visualization: What is a good graphic?

o Composing/Dissecting Data Graphics

A taxonomy for data graphics
o Nathan Yau (http://flowingdata.com/) provides a systematic way of thinking about how data graphics
convey specific pieces of information, and how they could be improved.

e A complementary grammar of graphics is implemented by Hadley Wickham in the ggplot2 graphics
package in R

Data graphics can be understood in terms of four basic elements:

. visual cues

. coordinate system
. scale

. context
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http://flowingdata.com/

Working parts

Several pieces work fogether to
make a graph. Sometimes these are
explicitly shown in the visualization
and other fimes they form a visual in
the background. They all depend on
the data.

Title of this Graph
A description of the data or something worth
highlighting to set the stage.
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Visual Cues

Wisualization invalves
encoding data with
shapes, colors, and
sizes. Which cues you
choose depends on
your data and your
goals,

Coordinate System

You map data
differently with a
scatterplot than you
do with a pie chart,
It"s x- and
y-coordinates in oneg
and angles with the
other; it's cartesian
WETSUS Dolar.

Scale

Increments that
make sense can
increase recdakility,
as well as shift focus.

Context

If your oudience is
unfarmilior with the
data, it's your job to
clarify what volues
represent and
expldin how people
should read your
visualization.



1. Visual Cues

Visual cues

When you visudlize data, you encode values to shapes, sizes, and colors.

Position
Where in space the data s

Direction

slope of a vector in spoce

Volume
How much 3-D space

» s

FIGURE 3-3 Wisuwal cues

Length Angle
How long the shapes are Rotation bebween vectors

Shapes Area
Symbols s categories How much 2-D space

Color hue
Usually refered to as color

Color saturation
Intensity of a color hue




Visual Cues
1. Position (numerical) where in relation to other things?

Upward trend Downward trend Clustering Qutlier

2. Length (numerical) how big (in one dimension)?

Axis starfing at 34 percent Axis starfing at 0 percent

i

0%
Mow  Jan. 1, 2013 Mo Jan. 1, 20013

3. Angle (numerical) how wide? parallel to something else?



Pies Donuts

The visual cue is the relative Arc length s the visual cuse
degrees in the circle. because the center is cut out.
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4. Direction (numerical) at what slope? In a time series, going up or down?

1940 1970 1980 1990 2000

Source! The World Bank

5. Shape (categorical) belonging to which group?
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6. Area (numerical) how big (in two dimensions)?
7. Volume (numerical) how big (in three dimensions)?
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8. Shade and color (color saturation and color hue) to what extent? how severely? Beware of red/green
color blindness
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Note: Colors can represent both quantitative and categorical variables, using the following
e Sequential The ordering of the data has only one direction.
e Diverging The ordering of the data has two directions.

¢ Qualitative There is no ordering of the data
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Which visual cues are more effective?

Posilion Length Direction Area Volume Saturation Hue
susm R ] — O EEE =R
] — o "N .‘

4 More accurate Less accurate #

FIGURE 3-12 Wiswal cues ranked by Cleveland and MaGill

Which visual cues are more effective? (2)
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2. Coordinate systems

How are the data points organized? While any number of coordinate systems are possible, three are most
common:



Coordinate systems

There are a varety of them, from cylindrical to spherical,
but these three will cover most of your bases.

Cartesian Polar
If wvou've ever made a graph, the x- Fie charts use this systerm.
and y-coordinate system will lock Coordinaies are ploced based
familiar to you, an radius rand angle 6.
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Geographic

Latitude and longi-
tude are used to
identify locations in
the warld. Because
the planet is round,
thera are mulliple
projections to display
geographic data in
two dimensions. This
arg 15 the Winkel
tripel.

An appropriate choice for a coordinate system is critical in representing one’s data accurately, since, for
example, displaying spatial data like airline routes on a flat Cartesian plane can lead to gross distortions of
reality

3. Scale

Scales translate values into visual cues. The choice of scale is often crucial. The central question is how does
distance in the data graphic translate into meaningful differences in quantity? Each coordinate axis can have
its own scale, for which we have three different choices:

1. Numeric A numeric quantity is most commonly set on a linear, logarithmic, or percentage scale.

2. Categorical A categorical variable may have no ordering (e.g., Democrat, Republican, or Independent),
or it may be ordinal (e.g., never, former, or current smoker).



3. Time Time is a numeric quantity that has some special properties. First, because of the calendar,
it can be demarcated by a series of different units (e.g., year, month, day, etc.). Second, it can be

considered periodically as a wrap-around scale.

Linear
Wolues are evenly spaced
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Use data transformation (mutation) to choose the most effective scale

Varying scales

Cheice of scale can shiff focus and prasent a different message. The below maps represent how a

single dataset can easily change based on this choice.

Quartiles Linear

Scale incremented evenly
over range

Bredks decided by splitting
into four equally-sized groups

Numeric category

Creote category based on o
rmetnic in data

7 with at least Bochelor's in 2009

I Greater thom 30,6% 0% -25%
B 26.6% - 30.6% G ———
B 242%=255% 5% 5%

Legs than 24.2%

Difference

A linear scale, but based on
percent change between
Yedars

Categorical

Groups based on metadata,
such as region

Marthest

o

Wast Mid-fmam

P change from 1790 to 2007

4. Context

The purpose of data graphics is to help the viewer make meaningful comparisons. Context can be added to

data graphics in the form of

e titles or subtitles
e axis labels
« reference points or lines
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Categorical difference

Simple split bosed on increase
or decrease (Good news: all
increase in this example)

Change fram 1990 to 200
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For multivariate data

Challenging to condense multivariate information into a two-dimensional image. Use

e Small multiples Also known as facets
o Layers
e Animation

12



Position

High school
or more,
in 2009
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(We will revisit facets and layers while learning A Layered Grammar of Graphics, implemented in ggplot2)
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Putting it all together

Visval cues

Poslflen Lengih Angle

Coordinate ;"
systems

Geographic o : . @

Exercises

For each of data graphics, answer the following:

1. Which variables are used, and what are the types of variables?

. Which visual cue is used?
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Direction

'

2
3. On which coordinate system, and on which scale?
4

. How context is provided?
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Exercise 1.
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Father's height in inches

1. Two quantitative variables (Son’s height and father’s height) are used

2. using the visual cue of position,

3. in the Cartesian plane with linear scales

4. Context is provided by the axis lables (to show the positive association).

Exercise 2.
The bar graph displays the average score on the math portion of the 1994-1995 SAT (with possible scores

ranging from 200 to 800) among states for whom at least two-thirds of the students took the SAT.
Average SAT math score, 1994-1995

Connecticut Delaware ine Massachusetts New Hampshire MNew Jersey New York Pennsylvania  Rhode Island

Average SAT score
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Exercise 3.

A time series shows the progression of the world record times in the 100-meter freestyle swimming event for
men and women. The time series plot displays the times as a function of the year in which the new record
was set.

World Record time in 100 m Freestyle
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Exercise 4.

A choropleth map showing the population of Massachusetts by the 2010 Census tracts
2010 Massachusetts Census Tracts by Population

Population Count
(0,2347]
(2347,2954]
(2954,3450]
(3450,3883]
(3883,4309]
(4309,4811]
(4811,5267]
(5267,5919]
(5919,6713]
(6713,12079)
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Quantiles (equal frequency)

Homework

1. Read the excerpt of “The Visual Display of Quantitative Information” by Edward Tufte
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2. Dissecting data graphics. Textbook exercises.

3. Find a data graphic in the wild, and criticize it. For this you will need to utilize the best of both worlds
(of Tufte’s and Yau’s).

Find the detailed instruction on the course webpage.
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