(5-5630 / (5-6650

Uisualization for Data Science
Data

Alexander Lex ACCORDING TO THIS POLLING
. DATR, AFTER KIRK AND PICARD
alex@sci.utah.edu THE MOST POPULER STFR TREX

CHARACTER ARE DATA.

THEU

UNIVERSITY

OF UTAH ANNOY GRAMMAR PEDANTS ON ALL SIDES
BY MAKING ‘DATA’ SINGULAR £XCEPT
WHEN REFERRING T THE. ANDROID

[xkcd]



mailto:alex@sci.utah.edu

Next Week

Tuesday: JavaScript and D3
Intro

Wednesday: HW2 Lab

Thursday: Visualization
Alphabet

Mandatory Reading: Crowdsourcing graphical perception:
using mechanical turk to assess visualization design. Jeff
Heer, Mike Bostock

CHI 2010: Visualization

April 10-15, 2010, Atlanta, GA, USA

Crowdsourcing Graphical Perception: Using Mechanical
Turk to Assess Visualization Design

Jeffrey Heer and Michael Bostock
Computer Science Department
Stanford University
{jheer, mbostock } @cs.stanford.edu

ABSTRACT

Understanding perception 1s critical to effective visualiza-
tion design. With its low cost and scalability, crowdsourcing
presents an attractive option for evaluating the large design
space of visualizations; however, it first requires validation.
In this paper, we assess the viability of Amazon’s Mechanical
Turk as a platform for graphical perception experiments. We
replicate previous studies of spatial encoding and luminance
contrast and compare our results. We also conduct new ex-
periments on rectangular area perception (as in treemaps or
cartograms) and on chart size and gridline spacing. Our re-
sults demonstrate that crowdsourced perception experiments
are viable and contribute new insights for visualization de-
sign. Lastly, we report cost and performance data from our
experiments and distill recommendations for the design of
crowdsourced studies.

ACM Classification: HS5.2 [Information interfaces and pre-
sentation]: User Interfaces—Evaluation/Methodology

General Terms: Experimentation, Human Factors.

Keywords: Information visualization, graphical perception,

user study, evaluation, Mechanical Turk, crowdsourcing.

INTRODUCTION

“Crowdsourcing” is a relatively new phenomenon in which
web workers complete one or more small tasks, often for
micro-payments on the order of $0.01 to $0.10 per task.

for ecological validity. Crowdsourced experiments may also
substantially reduce both the cost and time to result.

Unfortunately, crowdsourcing introduces new concerns to be
addressed before it is credible. Some concerns, such as eco-
logical validity, subject motivation and expertise, apply to
any study and have been previously investigated [13, 14, 23];
others, such as display configuration and viewing environ-
ment, are specific to visual perception. Crowdsourced per-
ception experiments lack control over many experimental
conditions, including display type and size, lighting, and
subjects’ viewing distance and angle. This loss of control
inevitably limits the scope of experiments that reliably can
be run. However, there likely remains a substantial subclass
of perception experiments for which crowdsourcing can pro-
vide reliable empirical data to inform visualization design.

In this work, we investigate if crowdsourced experiments in-
sensitive to environmental context are an adequate tool for
graphical perception research. We assess the feasibility of
using Amazon’s Mechanical Turk to evaluate visualizations
and then use these methods to gain new insights into visual-
1zation design. We make three primary contributions:

e We replicate prior laboratory studies on spatial data en-
codings and luminance contrast using crowdsourcing tech-
niques. Our new results match previous work, are con-
sistent with theoretical predictions [21], and suggest that
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Data lypes

structural or mathematical interpretation of data
Iltem, Link, Attribute, Position, Grid
Different from data types in programming?!



ltems & Attributes

ltem: individual entity, discrete
e.g., Patient, Car, Stock, City

ltem: Person  Attributes

ID m Shirt Size || Favorite Fruit

‘independent variable” T amy || 8] 5  [[Apple |
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Attribute: measured, observed, = M Durian
4 L Elderberry
logged property 5 L Peach
6 S Lychee
e.g., Patient: height, blood pressure - M Ozange
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9 Ida M Pear
10 |Amy M Orange

“dependent variable”



Other Data Types

Links

Express relationship between two items

Friendship on Facebook, Interaction between proteins

Positions

Spatial data -> location in 2D or 3D
Pixels in photo, Voxels in MRI scan, latitude/longitude

Grids

Sampling strategy for continuous data
How many Voxels in MRI scan, positions of weather stations in the US
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Attributes
Keys Values

Tables

ID Name Age Shirt Size Favorite Fruit

Flat Table
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one |tem per roOw Ernest Peach
. . Fanny Lychee
each column is attribute George Orange
Hector Loguat
unique (implicit) key Ida Pear
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no duplicates

Multidimensional Table

iIndexing based on multiple keys
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How we group items
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Graphs/Networks

A graph onsists of a set of vertices
(nodes) and a set of edges (links)
connecting these vertices.

Diagrammatic Example




Trees Graphs
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A tree is a graph with no cycles 5o
Trees often also have roots and e \f
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Special Graphs

A bipartite graph has vertices
that can be partitioned into two
iIndependent sets

An articulation point is a Vertex,
which if deleted from the graph
would break up a connected
graph into multiple graphs,or an
unconnected graph

Articulation Point (red)




Visualizing Graphs

Node-Link Diagram

More in Lecture on Graphs & Trees
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Matrix

Marguerite
Fameuil
Blacheville
Favourite
Perpetue
Dahlia

Zephine
Brevet
Chenildieu
Cocht—(zraille
Mme.deR
Isabeau
Gervais
Labarre
Bamatabois

Valjean
Simplice

Scaﬂfflaire

Woman1

Who imported Coffee, not roasted in 20127
EERE Sl e $32.68 USD
Germany France United States
14% 7%
Belgium Netherlands
Switzerland
BN B R N | United

Kingdom

EE-EE .. o - Saudi Arabia 245
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Treemap (Implicit Tree Visualization


http://atlas.cid.harvard.edu/explore/tree_map/import/show/all/0901/2012/
http://bl.ocks.org/mbostock/4062045
http://bost.ocks.org/mike/miserables/

Fields

Attribute values associated with cells

Cell contains data from continuous domain
Temperature, pressure, wind velocity * R Lo

Measured or simulated " < |

Sampling & Interpolation P s
Signal processing & stats e

Weather Stations in the US. Source: NASA


http://earthobservatory.nasa.gov/Features/GISSTemperature//giss_temperature3.php

Field Example: Air Quality

‘! |Puerto Rico

Generated: 2017-08-31 16:44:412



https://airnow.gov/index.cfm?action=airnow.mapcenter&mapcenter=1

Fields: Grid Types
Uniform Grid

Geometry & topology can be computed
Rectilinear Grid

Nonuniform sampling
[Wikipedia]

Structured Grid
allows curvilinear grids

Unstructured Grid
full flexibility, store position and connection




Visualizing Fields

[Bruckner 2007]

ewpYork

-
-

Los Angeles
\

San Diego

®
Sa AntonioOUSton

More in Maps, CS 5635 / 6635 - Visualization for Scientific Data


http://hint.fm/wind/

Side Note: Academic Subfields

Information Vis  Visual Analytics Scientific Vis

“Abstract Data” InfoVis + Stats + “‘Spatial
Tables, Graphs, Machine learning Data” (Fields)
Maps Applied Work Not free to choose
Freg to choose Systems spatial layout
spatial I.ayout Funding buzzword ~ F'nd best way to
Perception depict reality

Research
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InfoVis: White Background

Facilities
Research

Seminaxs

Selettdens
Tntmeeiad,

Nease Sndds

SciVis: Black Background




Geometry

Shape of items

Explicit spatial positions
Points, lines, curves, surfaces, regions, volumes

Not a core Vis topic




Design Critique

CodeSwarm



CodeSwarm

https://goo.gl/0DVhMT
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https://goo.gl/0DVhMT

code_swarm: A Design Study in Organic Software Visualization

by Michael Ogawa and Kwan-Liu Ma
University of California, Davis



Httribute Types



Attribute Types

Which classes of values & measurements are there?

Categorical (nominal)
Compare equality
Fruit, Gender, Movie Genres, File Types

Ordered
rdinal
Ordina | =>» Categorical = Ordered
Great/Less than defined + ‘ . A > Ordinal S Quantitative
Shirt size, Rankings, Car classes —
Quantitative » W ' . .

Arithmetic possible
Length, Weight, Count, Temperature



There are equal differences between
successive points on the scale but the
position of zero is arbitrary.

Question to ask: does zero mean none?

Dates: Jan 19; Location: (Lat, Long)

Cannot compare directly. Temp in Celsius &
Farenheit

Only differences (i.e., intervals) can be compared

Quantitative Data Type: Interval

| | F '
BOILING POINT N

220

100 j===100°C -- 212°F == 511

OF WATER

60

10 | FREEZING POINT | 50

40

0 |mem 0°C - 32°F w3
OF WATER

CELSIUS FAHRENHEIT



Quantitative Data Types: Ratio

The relative magnitudes of scores and the differences

between them matter. The position of zero

IS fixed

Zero: there is nothing of the measured entity observed

Measurements: Length, Mass, Age, Weight
Can measure ratios & proportions
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Data lypes

Nominal (categories, labels)
Operations: =, #

Ordinal (ordered)
Operations: =, #, >, <

Interval (location of zero arbitrary)
Operations: =, #, >, <, +, — (distance)

Ratio (zero fixed)

Operations: =, #, >, <, +, —, %, + (proportions)

On the theory of scales and measurements [S. Stevens, 46]



What type of variable (Nominal, Ordinal, Interval, or Ratio)
are the following:

1. 50 meter race times
. College major
. Amazon rating for a product

|Q Score
Product Name

A 0N



Sequential & Diverging Data

Sequential:
homogeneous from min to max
# people in countries
Diverging:
two or multiple sequences that meet

Elevation dataset: above sea level
& below sea level

Temperature of water: below or above
freezing / bolling



http://www.research.ibm.com/people/l/lloydt/color/color.HTM
http://www.research.ibm.com/people/l/lloydt/color/color.HTM

Other Structure = \

Cyclic data

time (hours, week, month, year)

Aggregation Respiratory disease cases.
Left: 25 day pattern

might be patterns on multiple levels Right: 28 day pattern
[Tominski 2008]

® Sessions
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1 Order ID Order Date Order Priority Product Container Product Base Margin Ship Date
<R 3 10/14/06 5-Low Large Box 0.8 10/21/06
30 6 2/21/08 4-Not Specified Small Pack 0.55 2/22/08
4 32 7/16/07 2-High Small Pack 0.79 7/17/07
5 32 7/16/07 2-High Jumbo Box 0.72 7/17/07
6 32 7/16/07 2-High Medium Box 0.6 7/18/07
B 32 7/16/07 2-High Medium Box 0.65 7/18/07
8 i 07 4-Not Specifiec Wrap Bag 0/24/C
9 35 10/23/07 4-Not Specified Small Box 10/25/07
10 36 11/3/07 1-Urgent Small Box | /EI t/ 11/3/07
11 65 3/18/07 1-Urgent Small Pack tem/Elemen 3/19/07
12 66 1/20/05 5-Low Wrap Bag 1/20/05
13| 69 6/4/05 4-Not Specified Small Pack (Independent) ¢/¢0:
14 69 6/4/05 4-Not Specified Wrap Bag 7 6/6/05
15 70 12/18/06 5-Low Small Box Varlable 12/23/06
16 70 12/18/06 5-Low Wrap Bag 12/23/06
g 96 4/17/05 2-High Small Box Ve 4/19/05
18 97 1/29/06 3-Medium Small Box 0.38 1/30/06
229 129 11/19/08 5-Low Small Box 0.37 11/28/08
20 130 5/8/08 2-High Small Box 0.37 5/9/08
21 130 5/8/08 2-High Medium Box 0.38 5/10/08
22 130 5/8/08 2-High Small Box 0.6 5/11/08
23 132 6/11/06 3-Medium Medium Box 0.6 6/12/06
24 132 6/11/06 3-Medium Jumbo Box 0.69 6/14/06
25 134 5/1/08 4-Not Specified Large Box 0.82 5/3/08
26 135 10/21/07 4-Not Specified Small Pack 0.64 10/23/07
27 166 9/12/07 2-High Small Box 0.55 9/14/07
28 193 8/8/06 1-Urgent Medium Box 0.57 8/10/06
29 0.42 4/7/08

194

4/5/08 3-Medium

Wrap Bag
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Order ID Order Date

Order Priority
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3

6
32
32
32
e
35
35
36
65
66
69
69
70
70
96
97
129
130
130
130
132
132
134
13
166
193
194

10/14/06 5-Low
2/21/08 4-Not Specified
7/16/07 2-High
7/16/07 2-High
7/16/07 2-High
7/16/07 2-High

10/23/07 4-Not Specified

10/23/07 4-Not Specified
11/3/07 1-Urgent
3/18/07 1-Urgent
1/20/05 5-Low

6/4/05 4-Not Specified
6/4/05 4-Not Specified

12/18/06 5-Low

12/18/06 5-Low
4/17/05 2-High
1/29/06 3-Medium

11/19/08 5-Low

5/8/08 2-High

5/8/08 2-High

5/8/08 2-High
6/11/06 3-Medium
6/11/06 3-Medium

5/1/08 4-Not Specified

10/21/07 4-Not Specified
9/12/07 2-High

8/8/06 1-Urgent
4/5/08 3-Medium

Large Box
Small Pack
Small Pack

Jumbo Box

Medium Box
Medium Box
Wrap Bag
Small Box
Small Box
Small Pack
Wrap Bag
Small Pack
Wrap Bag
Small Box
Wrap Bag
Small Box
Small Box
Small Box
Small Box
Medium Box
Small Box
Medium Box
Jumbo Box
Large Box
Small Pack
Small Box

1§ U

ontainer Product Base Margin Ship Date
0.8 10/21/06
o 2/22/08
Attribute/ 7/17/07
: . 7/17/07
Dlmen5|on/ 7/18/07
7/18/07
(Dependent) 024707
- 10/25/07
Variable/ Al
3/19/07
Featu r?.,- 1/20/05
0.44 6/6/05
0.6 6/6/05
0.59 12/23/06
0.82 12/23/06
0.55 4/19/05
0.38 1/30/06
0.37 11/28/08
0.37 5/9/08
0.38 5/10/08
0.6 5/11/08
0.6 6/12/06
0.69 6/14/06
0.82 5/3/08
0.64 10/23/07
0.55 9/14/07
0.57 8/10/06

Medium Box
Wrap Bag

0.42

4/7/08
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Order ID_Order Date  Order Priority  Product Container Product Base Margin Ship Date
J/14/06 5-Low arge Box : ¥ Jt
6 2/21/08 4-Not Specified Small Pack - 5 2/22/08
32 7/16/07 2-High Small Pack Semantlcs ) 7/17/07
32 7/16/07 2-High Jumbo Box 0.72 7/17/07
32 7/16/07 2-High Medium Box 0.6 7/18/07
32 7/16/07 2-High Medium Box 0.65 7/18/07
35 10/23/07 4-Not Specified Wrap Bag 0.52 10/24/07
35 10/23/07 4-Not Specified Small Box 0.58 10/25/07
36 11/3/07 1-Urgent Small Box 0.55 11/3/07
65 3/18/07 1-Urgent Small Pack 0.49 3/19/07
66 1/20/05 5-Low Wrap Bag 0.56 1/20/05
69 6/4/05 4-Not Specified Small Pack 0.44 6/6/05
69 6/4/05 4-Not Specified Wrap Bag 0.6 6/6/05
70 12/18/06 5-Low Small Box 0.59 12/23/06
70 12/18/06 5-Low Wrap Bag 0.82 12/23/06
96 4/17/05 2-High Small Box 0.55 4/19/05
97 1/29/06 3-Medium Small Box 0.38 1/30/06
129 11/19/08 5-Low Small Box 0.37 11/28/08
130 5/8/08 2-High Small Box 0.37 5/9/08
130 5/8/08 2-High Medium Box 0.38 5/10/08
130 5/8/08 2-High Small Box 0.6 5/11/08
| - 6/11/06 3-Medium Medium Box 0.6 6/12/06
132 6/11/06 3-Medium Jumbo Box 0.69 6/14/06
134 5/1/08 4-Not Specified Large Box 0.82 S5/3/08
135 10/21/07 4-Not Specified Small Pack 0.64 10/23/07
166 9/12/07 2-High Small Box 0.55 9/14/07
193 8/8/06 1-Urgent Medium Box 0.57 8/10/06
194 4/5/08 3-Medium Wrap Bag 0.42 4/7/08
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Order ID Order Date

‘Order Priority

Product Container Product Base Margin Ship Date

3

6
32
32
32
e
35
35
36
65
66
69
69
70
70
96
97
129
130
130
130
132
132
134
13
166
193
194

10/14/06 5-Low
2/21/08 4-Not Specified
7/16/07 2-High
7/16/07 2-High
7/16/07 2-High
7/16/07 2-High

10/23/07 4-Not Specified

10/23/07 4-Not Specified
11/3/07 1-Urgent
3/18/07 1-Urgent
1/20/05 5-Low

6/4/05 4-Not Specified
6/4/05 4-Not Specified

12/18/06 5-Low

12/18/06 5-Low
4/17/05 2-High
1/29/06 3-Medium

11/19/08 5-Low

5/8/08 2-High

5/8/08 2-High

5/8/08 2-High
6/11/06 3-Medium
6/11/06 3-Medium

5/1/08 4-Not Specified

10/21/07 4-Not Specified
9/12/07 2-High

8/8/06 1-Urgent
4/5/08 3-Medium

Large Box
Small Pack
Small Pack
Jumbo Box
Medium Box
Medium Box
Wrap Bag
Small Box
Small Box
Small Pack
Wrap Bag
Small Pack
Wrap Bag
Small Box
Wrap Bag
Small Box
Small Box
Small Box
Small Box
Medium Box
Small Box
Medium Box
Jumbo Box
Large Box
Small Pack
Small Box
Medium Box
Wrap Bag

0.8
0.55
0.79
0.72

Keys!? -

0.58
0.55
0.49
0.56
0.44

0.6
0.59
0.82
0.55
0.38
BT
0.37
0.38

0.6

0.6
0.69
0.82
0.64
e
0.57
0.42

10/21/06
2/22/08
7/17/07
7/17/07
7/18/07
7/18/07

10/24/07

10/25/07
11/3/07
3/19/07
1/20/05

6/6/05
6/6/05

12/23/06

12/23/06
4/19/05
1/30/06

11/28/08

5/9/08
5/10/08
5/11/08
6/12/06
6/14/06

5/3/08

10/23/07
9/14/07
8/10/06

4/7/08
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Order ID Order Date Order Priority Product Container Product Base Margin Ship Date

3 10/14/06 5-Low Large Box 0.8 10/21/06

6 2/21/08 4-Not Specified Small Pack 0.55 2/22/08
32 7/16/07 2-High Small Pack 0.79 7/17/07
32 7/16/07 2-High Jumbo Box 0.72 7/17/07
5 7 7/16/07 2-High Medium Box 0.6 7/18/07
32 7/16/07 2-High Medium Box 0.65 7/18/07
35 10/23/07 4-Not Specified Wrap Bag 0.52 10/24/07
35 10/23/07 4-Not Specified Small Box 0.58 10/25/07
36 11/3/07 1-Urgent Small Box 0.55 11/3/07
65 3/18/07 1-Urgent Small Pack 0.49 3/19/07
66 1/20/05 5-Low Wrap Bag 0.56 1/20/05
69 6/4/05 4-Not Specified Small Pack 0.44 6/6/05
69 6/4/05 4-Not Specified Wrap Bag 0.6 6/6/05
70 12/18/06 5-Low Small Box 0.59 12/23/06
70 12/18/06 5-Low Wrap Bag 0.82 12/23/06
96 4/17/05 2-High Small Box 0.55 4/19/05
97 1/29/06 3-Medium Small Box 0.38 1/30/06
129 11/19/08 5-Low Small Box 0.37 11/28/08
130 5/8/08 2-High Small Box 0.37 5/9/08
130 5/8/08 2-High Medium Box 0.38 5/10/08
130 5/8/08 2-High Small Box . 5/11/08
132 6/11/06 3-Medium Medium Box AttrlbUte 6/12/06
132 6/11/06 3-Medium Jumbo Box 6/14/06
134 5/1/08 4-Not Specified Large Box T)/Pes7 5/3/08
135 10/21/07 4-Not Specified Small Pack v.u-T 10/23/07
166 9/12/07 2-High Small Box 0.55 9/14/07
193 8/8/06 1-Urgent Medium Box 0.57 8/10/06
194 4/5/08 3-Medium Wrap Bag 0.42 4/7/08
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Order ID Order Date Order Priority Product Container Product Base Ma [gm Ship Date
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3 10/14/06 5-Low Large Box 10/21/06
6 2/21/08 4-Not Specified Small Pack O.SS 2/22/08

32 7/16/07 2-High Small Pack 0.79 7/17/07
32 7/16/07 2-High Jumbo Box 0.72 7/17/07
32 7/16/07 2-High Medium Box 0.6 7/18/07
32 7/16/07 2-High Medium Box 0.65 7/18/07
35 10/23/07 4-Not Specified Wrap Bag 0.52 10/24/07
35 10/23/07 4-Not Specified Small Box 0.58 10/25/07
36 11/3/07 1-Urgent Small Box 0.55 11/3/07
65 3/18/07 1-Urgent Small Pack 0.49 3/19/07
66 1/20/05 5-Low Wrap Bag 0.56 1/20/05
69 6/4/05 4-Not Specified Small Pack 0.44 6/6/05
69 6/4/05 4-Not Specified Wrap Bag 0.6 6/6/05
70 12/18/06 5-Low Small Box 0.59 12/23/06
70 12/18/06 5-Low Wrap Bag 0.82 12/23/06
96 4/17/05 2-High Small Box 0.55 4/19/05
97 1/29/06 3-Medium Small Box 0.38 1/30/06

129 11/19/08 5-Low Small Box 0.37 11/28/08

130 5/8/08 2-High Small Box 0.37 5/9/08

130 5/8/08 2-High Medium Box 0.38 5/10/08

130 5/8/08 2-High Small Box 0.6 5/11/08

132 6/11/06 3-Medium Medium Box )

132 6/11/06 3-Medium Jumbo Box Categg rical

134 5/1/08 4-Not Specified Large Box

135 10/21/07 4-Not Specified Small Pack I

166 9/12/07 2-High Small Box Ord | nal

193 8/8/06 1-Urgent Medium Box - -

194 4/5/08 3-Medium Wrap Bag Quantltatlve
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Data vs. Conceptual Model

Data Model: Low-level description of the data

Set with operations, e.g., floats with +, -, /, *

Conceptual Model: Mental construction

Includes semantics, supports reasoning Data

1D floats

3D vector of
floats

Conceptual

temperature

space



Data vs. Conceptual Model

From data model...
32.5,54.0, -17.3, ... (floats)

using conceptual model...

Temperature

to data type

Continuous to 4 significant digits (Q)
Hot, warm, cold (O)
Burned vs. Not burned (N)



Combinations, Derived Data

Networks can have attributes
Attributes have hierarchies
Data types can be transformed

Real life is complicated...



