Data(set) Types and Semantics



Schedule

Today: Data(set) Types and Semantics
o Semantics vs. Types
o Data(set) & Attribute Types
o Attribute + Dataset Semantics
®

Derived Data

Week Date Tuesday Friday
Introduction (TM,FW) g
1 Feb 28/Mar 03 No lecture [Munzner Ch. 1]
Rosling at TED 2006; Krulwich at RadioLab
2 Mar 07/10 Design Principles (AC) par D3 Tutorial (BJ) zp browser
3 Mar 14/17 Data(set) Types and Semantics (LK) ot e EEam
Task Typology
Mar 19 Due: A1 (23:55)
Visual Encoding Principles (LK) oot
4 Mar 21/24 Ll s Tableau Tutorial
Learning perceptual kernels for vis design
Livi What Art can tell us about the brain (Vis 2008 keynote);
5 Mar 28/31 Arrange Tables + Spatial Data (SR) ot Arrange Tables + Spatial Data (SR) ot
[Munzner Ch. 7+8) [Munzner Ch. 7+8)
Apr 02 Due: A2 (23:55)
Apr 04/07 Easter Easter
Apr11/14 Easter Easter
6 Apr 18/21 Rhetorics (LK) D3 Tutorial (B))
Facet into Multiple Views (AC) ot
7 Apr 25/28 [Munzner Ch. 12) Q&A - D3 Tutorial
Improvise
Apr 30 Due: A3 (23:55)
Tasks (FW) p
8 May 02/05 [Munzner Ch. 2+3] Q&A Design Assignment
Task Typology
Design Studies (FW) cdr
9 May 09/12 [Munzner Ch. 4) VIS in Digital Humanities | (FW) por
(MizBee) An example of a design stud:
May 14 Due: A4 (23:55)
Arrange Networks / Trees (CK) pat VIS in Digital Humanities Il (FW) pat
10 May 16/19 [Munzner Ch. 9+10] [Collection Visualization Survey]
Example: GraphDiaries by Bach et al. Survey
11 May 23/26 Arrange Networks / Trees (CK) pat o (e
[Munzner Ch. 9+10)
May 30/ Jun 02 No Lecture No Lecture
Reduce Items & Attributes (TM) par
12 Jun 06/09 [Munzner Ch. 13] No Lecture
DimStiller
13 Jun 13/16 Manipulate View, Embed: Focus+Context (TS) pat TextVis for DH (AC, FW) aut
[Munzner Ch. 11+14]
Jun 18 Due: A5 (23:55)
14 Jun 20/23 TextVis (TM) par Final
15 Jun 27/30 AS Presentations AS Presentations




Reading

e Munzner, “Visualization Analysis and Design”:
Chapter 2 (What: Data Abstraction)

e Shneiderman,
IEEE Symposium

on Visual Languages, 1996

e Heer+Shneiderman, “Interactive Dynamics for Visual
Analysis,” Communications of the ACM 2012.

e Amaretal., “
InfoVis 2005.

e Brehmer+Munzer, “A Multi-Level Typology of Abstract
Visualization Tasks,” InfoVis 2013.


http://doi.ieeecomputersociety.org/10.1109/VL.1996.545307
http://doi.ieeecomputersociety.org/10.1109/VL.1996.545307
http://dx.doi.org/10.1109/INFVIS.2005.1532136
http://dx.doi.org/10.1109/INFVIS.2005.1532136

Tableau Requirements

e |nstall Tableau Desktop on your computer

(

e Or use Tableau Public

( )

e Download the data (on ,world happiness®)

o happiness_development:

o happiness_2017.csv:

(a simpler version to start with)


http://www.tableau.com/academic/students
https://public.tableau.com/
http://vda.univie.ac.at/Teaching/Vis/21s/data/20w_data_happiness_development.csv
http://vda.univie.ac.at/Teaching/Vis/19w/data/happiness_2017.csv

Three-part analysis framework
to analyze any existing visualization

What? What data is shown?

Vhy:? Why is the task being performed?

unknown vis

How? How is the visualization constructed?

ask yourself



Three-part analysis framework
to analyze any existing visualization

B L) 2O

world data(set) Vis user task

Munzner, Visualization Analysis and Design, 2014, p. 17 ff.

© Moller / Pfister / Sedlmair / Munzner; slides based on Kralj / Windhager / Koesten



Semantics vs.
Types

Semantics vs. Types



Semantics vs. Type

e Semantics: real-world meaning of data

e Type: abstract classification with implications on
o mathematical operations

o data structure (how to store)

e Given semantics — type will follow



Semantics vs. Type

Munzner, Visualization
Analysis and Design,
2014, p. 17 ff.

semantics of data — tc real-world meaning

R, | @ 5\/@ OOQ

world data(sets) Vis user task

l

different types = i< structural S mathematical interpretation

© Moller / Pfister / SedImair / Munzner; slides based on Kralj / Windhager / Koesten 10
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Data (attribute) Types
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Data Types

e |tems
Individual entity

e Attributes
Property that is measured, observed

e Links
Express relationship between items

e Positions
Spatial data location (2D, 3D)

e Grids

Sampling strategy for continuous data

13



Data (Attribute) Types

(]
Ordered (® Ordering Direction
o Quantitative 2 Sequential
10 inches, 23 cm, etc. e —
2 Diverging
o ——
o Ordinal 2 Cyclic

Small, medium, large o " O

e Categorical (Nominal, Qualitative)
Apples, Oranges, Bananas,... + ®© H A



32 7/16/07 2-High Medium Box 0.65 7/18/07
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| A | B | C | S ‘ T U

Order ID Order Date Order Priority Product Container Product Base Margin Ship Date

| 32 7/16/07 2-High Medium Box 0.65 7/18/07
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A B C [ S i U
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
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 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 5/3/08
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



Order ID_Order Date

A

Order Priority

WML Wiapiiive I

<.
6
&
32
32

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

32

35
36
65
66
69
69
70
70
96
97
129
130
130
130
132
132
134
135
166
193
194

7/16/07 2-High

-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

Product Container Product Base Margin Ship Date |
Large Box 0.8 10/21/06
Small Pack 0.55 2/22/08
Small Pack 0.79 7/17/07
Jumbo Box 0.72 7/17/07
vedium BoxRe€cOrd / ltem ¢ 7/18/07
Medium Box 0.65 7/18/07
Wrap Bag s

Small Box 0.58 10/25/07
Small Box 0.55 11/3/07
Small Pack 0.49 3/19/07
Wrap Bag 0.56 1/20/05
Small Pack 0.44 6/6/05
Wrap Bag 0.6 6/6/05
Small Box 0.59 12/23/06
Wrap Bag 0.82 12/23/06
Small Box 0.55 4/19/05
Small Box 0.38 1/30/06
Small Box 0.37 11/28/08
Small Box 0.37 5/9/08
Medium Box 0.38 5/10/08
Small Box 0.6 5/11/08
Medium Box 0.6 6/12/06
Jumbo Box 0.69 6/14/06
Large Box 0.82 5/3/08
Small Pack 0.64 10/23/07
Small Box 0.55 9/14/07
Medium Box 0.57 8/10/06
Wrap Bag 0.42

4/7/08
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A B C I S T U

‘Order ID Order Date Order Priority IProduct 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 Dimensigh;g 7/17/07

32 7/16/07 2-High Jumbo Box . 0. 7/17/07

| 32 7/16/07 2-High Medium Box Attribute.s 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 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 5/3/08

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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A B C [ S T U
‘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
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 Park 0.44 6/6/05
69 6/4/05 4-Not Speci' 1 — : : 0.6 6/6/05
70 12/18/06 5-Low 1 O‘uanhtahve 0.59 12/23/06
70 12/18/06 5-Low ) = Ordina| 0.82 12/23/06
96 4/17/05 2-High ] 0.55 4/19/05
97 1/29/06 3-Medum 3 = Nominal 0.38 1/30/06
129 11/19/08 5-Low 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 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 5/3/08
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 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
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 Cmall Parlk 0.44 6/6/05
69 6/4/05 4-Not Speci 1 — y : 0.6 6/6/05
70 12/18/06 5-Low 1 O‘uanhtahve 0.59 12/23/06
70 12/18/06 5-Low 2 = Ordinal 0.82 12/23/06
96 4/17/05 2-High ] 0.55 4/19/05
97 1/29/06 3-Medium 3 = Nominal 0.38 1/30/06
129 11/19/08 5-Low 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 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 5/3/08
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 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
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 Cmall Parlk 0.44 6/6/05
69 6/4/05 4-Not Speci 1 — i i 0.6 6/6/05
70 12/18/06 5-Low 1 Quantltatlve 0.59 12/23/06
70 12/18/06 5-Low 2 = Ordinal 0.82 12/23/06
96 4/17/05 2-High ] 0.55 4/19/05
97 1/29/06 3-Medium 3 = Nominal 0.38 1/30/06
129 11/19/08 5-Low 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 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 5/3/08
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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Example Dataset: ,World Happiness”

Description : Composed from multiple sources ( )

e The World Happiness Report is a landmark survey of the state of global
happiness, covering 155 countries in 2017. [...] The scores are based on
answers to a life evaluation question asked in the poll, where respondents
rate the quality of their current lives on a scale from 1 to 10. ( )

e The CIA World Factbook contains almanac-style information about the
countries of the world, such as population, GDP, family income, internet
access, cell phone subscriptions, etc. (link)


http://vda.univie.ac.at/Teaching/Vis/21s/data/20w_data_Dataset_Description.pdf
https://www.kaggle.com/unsdsn/world-happiness/version/2
https://www.cia.gov/library/publications/the-world-factbook/index.html
http://hdr.undp.org/en/content/humandevelopment-index-hdi
http://hdr.undp.org/en/%20content/inequality-adjusted-human-development-index-ihdi

Tableau Example

File Data Server Help

Connect

happiness_2017.csv

Data source order

- happiness_2017

Show aliases

Extract

Show hidden fields | 155

rows

o Sort fields
Excel

]
T&Xt FIIE Country

Norway
Access Denmark

Iceland

Statistical File iltdw
Netherlands
Other Files —
New Zealand
Sweden
Australia
Israel
Costa Rica
Austria
Tableau Server

United States

Ireland

Microsoft SQL Server

#

Rank

Score

12

13

14

15

7.53700

7.52200

7.50400

7.43400

7.46900

7.37700

7.31600

7.31400

7.28400

7.28400

7.21300

7.07900

7.00600

6.99300

6.97700

#

Whisker.high
7.55444
7.58173
7.62203
7.56177
7.52754
7.42743
7.38440
7.37951
7.34403
7.35665
7.27985
7.16811
7.07067
7.07486

7.04335

#

Whisker.low

7.47956

7.46227

7.38597

7.42623

7.41046

7.32657

7.24760

7.24843

7.22390

7.21135

7.14615

6.98989

6.94133

6.91134

6.91065

#

Economy..GDP.pe...
161646
148238
1.48063
156438
144357
150394
147920
140571
143433
148441
137538
110971
148710
154626

153571

#

Family
153352
155112
161057
151691
1.54025
142894
148135
154820
147816
151004
137629
141640
145994
141992

155823

#

Health..Life.Exp



happiness_2017.csv

v

Open...
Rename
Remove

/ Field names are in first row .
Generate field names automatically

Text File Properties...

uu

‘ happiness_2017.csv

happiness_2017.csv

Text qualifier
Character set

Locale

Field separator

Comma
UTF-8

English (United States)




Tableau Example

i= Sortfields Data source order v
Abc # # # v #
happiness_2017.csv happiness_2017.csv happiness_2017.csv
country happiness_rank happiness_score
Number (whole) =
Norway 1 7.53700 Date & Time 2
Denmark 2 7.52200 Date 2
Iceland 3 7.50400 Sung 7
Boolean
Switzerland 4 7.45400 1
. Default
Finland s 7.46500 S
Geographic Role
Netherlands 6 7.37700 =—rouoTse——rmros 4
Canada 7 7.31600 1.47920 148135
New Zealand 8 7.31400 1.40571 1.54820
Sweden 9 7.28400 1.45433 1.47816
Australia 10 7.28400 148441 1.51004
Israel 11 7.21300 1.37538 1.376239
CostaRica 12 7.07900 1.10971 1.41640
Austria 13 7.00600 1.48710 1.45994
United States 14 6.55300 1.54626 1.41992
Ireland 15 6.97700 153571 1.55823

© Moller / Pfister / SedImair / Munzner; slides based on Kralj / Windhager / Koesten
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Dataset Types
Attribute Types
Data Types

Dataset Types
Dataset Availability

Dataset types



Dataset types

,A dataset is any collection of information that is the

target of analysis.”

Basic types:
Tables Networks & Fields
Trees
ltems ltems (nodes) Grids
Attributes Links Positions
Attributes Attributes

(+ e.g. Text + Log Files, ...)

Munzner, Visualization Analysis
and Design, 2014, p. 24

Geometry  Clusters,

Sets, Lists
ltems ltems
Positions



Tables

attributes

e

cell containing value

v

items

e Each data item in a new row

e Each column contains an attribute



Tableau Example

»» Let’s build our first visualization!

Har
i tableau



 Dimensions - Categorical

Measures - Quantitative

oY

iiii
i
4

Tables

© @ H# H H #H H H H HHHHEHHEHHEHFHH

T

biggest_official_language
country
map_reference

Measure Names

cellular_subscriptions
corruption
dystopia_residual
economy
familiy_income_gini_coeff
family

freedom
GDP_per_capita($)
generosity
happiness_rank
happiness_score

health

inflation_rate(%)
internet_access_populati...
military_expenditures(%)
population
surplus_deficit_GDP(%)
happiness_2017.csv (Cou...
Latitude (generated)
Longitude (generated)

Measure Values



A < =l G G- iy -l [ - 8D g - .

Data Analytics ¢ Pages lii Columns
e happiness_2017 = (s I I
Dimensions E O v
abc  Biggest Official Language Sheet 1
I @ Countryl
Abc  Map Reference Country
Afghanistan Abc
Abc  Measure Names Marks Albania Abc
Measures Automatic v Sgeria Abe
Angola Abc
# Cellular Subscriptions . IS Argentina Abc
#  Corruption Color  Size = Text Armenia Abc
4 Dystopia Residual Australia Abc
# Economy i ~ Austria Abc
# Familiy Income Gini Coeff Detail | | Tooltip Azerbaijan Abc
4 Family Bahrain Abc
# Freedom Bangladesh Abc
4 GDP per capita($) Belarus Abc



A < o & G G
Data Analytics s
& happiness_2017

Dimensions E Lo v
Abc  Biggest Official Language

@ Country

Abc  Map Reference

Abc  Measure Names

Measures

4# Cellular Subscriptions
Corruption
Dystopia Residual
Economy

Family

Freedom

GDP per capita($)
Generosity

I# Happiness Score I

++
4+
+#
#  Familiy Income Gini Coeff
++
4+
+#
4

Filters

Marks

poll Automatic

o &

Color Label

[
000

Tooltip

i Columns

ooo

5

Rows

& 4 -0 -1 &  stendd v Hil-TI og

I SUM(Happiness Score) I

Country

afghanistan [
Albania |
Algeria [
Angola N
Argentina |
armenia [
Australia [
austria [
Azerbaijan [
sahrain [
Bangladesh |
Belarus |
Belgium |
Belize |
senin [




Sheet 1



Pages
Filters
Marks e
nl Automatic v
s &
Color Size Label
ogc l:(\
Detail Tooltip

SUM(Happiness Score)

Country =

jii Columns

= Rows
Happiness_by_country

Country =
Norway |
Denmar . |

ey
ey
New Zealand |
Swedten |
Australi |
1sr-ac ||
Costa Rica |
Aust:i |
United State |
ey
e
ey
Luxembour |
United Kingdorn |
sy
United Arab Emirates | NN
&razil |
Czech Republic. |
Argentina |
Mexico. |
6.5

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 55 6.0
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Tableau Example

lii Columns

map_reference

Rows SUM(population)
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What happens when we set
Population as a Dimension?



‘ SUM(population)

3 Filter...

Show Filter

Format... Map Reference

v Show Header
v Include in Tooltip

I Dimension |
Attribute
v Measure (Sum) 2 Sum
Discrete :«Avec;'?ge
v Continuous Sl
Count
Edit in Shelf Count (Distinct)
Add Table Calculation... Minimum
Quick Table Calculation > Maximum
Percentile >
Remove Std. Dev
| Std. Dev (Pop.)
Variance

Variance (Pop.)
‘ |
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Now tell me:
e Which Continent has the highest total Population?

e Which one has the highest average (per country)?



Rows I

SUM(| lation) I
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= Rows I AVG(population) I
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What happens when we convert
the Population to Discrete?



= Rows e 11 values are

Sheet 1 shown

mar- o (Qne for each

Arctic Asia, Central

Avg. population Africa  Region Asia Europe Americ.. [ Continent
339747 Abc

6484 628,27272727 Abc
13871370
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41720818,1
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66871026,2
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What happens when we convert Population
to Discrete and to a Dimension?



The values are shown at Country level

= Rows Cellular Subscriptions

Sheet 2

Cellular Sub.. Africa ArcticR.. Asia Asia, Eu..

12 Abc

22 Abc

31

35 Abc

40 Abc

42 Abc

45 Abc

46 gy > Lecture on March 28t"+31st —
52 Abc Arrange Tables + Spatial Data
59 Abc

60 Abc



Multi-dimensional tables

v .4— Value in cell
Attribm

Key 2




Networks / Graphs

ltem = node « ? .
Link between items = edge link
o
For example, social network: ® o e
people + friendship ties pe o ®<« node
Both links and nodes
can have attributes

Graphs can be represented by
2 tables

Trees are strictly hierarchical graphs

> Lecture on May 16th/23rd — Arrange Networks/Trees



Spatial data

Grid of positions

Cell #

e Continuous dataset k’
Attributes (columns)
- . . —
e Specified through grids (connectivity) Value incel
were data is sampled:
uniform rectilinear curvilinear/structured irregular
e Geometry .

g} ¢ Position
o



Spatial dimensions

e 1D: refers to a single ‘length’ scale
e 2D: geographical information
e 3D: medical / physics

e Time-varying:

o 1D+time
o 2D+time

o 3D+time



Spatial values: Scalar data

e Mapping f: R"5R, (Xq,...,X,)2>Y
* nindependent variables (keys) xi (1D, 2D, or 3D, +time)
e Valuey is just univariate

e Example:

o 2D(/3D) grey-scale image data
o MRI, CT,




Spatial values: Vector data

e Mapping f: R™SR™, (Xq,..,X.)> (Y,eeYrm)

e \ector at each position represents direction and magnitude
e Usually, m=n

e Exceptions, e.g., due to projection

e Example:

o Weather map (wind direction + speed)

o Flow around airplane wings




Spatial values: Tensor data

* Mapping f: R"S>R™, (X1,....X,) 2 Viria ik

e Tensor of level k
o Tensor of level 1 is a vector

o Tensor of level 2 is a matrix

O

e Example:
o Diffusion-tensor MRI

o Stress-tensor (9 numbers representing forces
acting in 3 orthogonal directions)




Collections: Clusters, Sets, Lists

How we group items

e Sets
Unigue items, unordered

e Lists Zo bt la | i de s
Ordered, duplicates possible s

Undted States

H
’
2
g
3
=

e (Clusters
Groups of similar items

YA




Text + Logs

e Text document: ordered set of words
e Document collection
e ,Bag of words”: unordered set of words

e Log files: designed for machine readability

> Lecture on June 20th — TextVis



Dataset Availability

e Standard: static files



Tableau Example

e Let's create a map as example for spatial semantics

e Drag and drop the Country dimension into the center of a
new sheet
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© OpenStreetMap contributors
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Tableau Example

© OpenStreetMap contributors
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e We can use this map now to explore
different aspects of the dataset

e Let usdragthe Family Income
Gini Coeff field onto Color

Marks
%3 Map v
oo &
Color Size Label
080 L

Detail Tooltip

b SUM(Familiy In..

3 Country



Tableau Example

Country: South Africa
Familiy Income Gini Coeff: 62.50

4

© OpenStreetMap contributors
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Attribute & Data

Semantics

Data vs. Conceptual
Model

Spatial vs. Non-Spatial
Key vs. Value
(Non-)Temporal
Continuous vs.
Discrete

Topology vs.
Geometry

Attribute + Dataset
Semantics



Attribute + Dataset Semantics

e Data vs. Concept

e Key vs. Value

o High-dimensional, multi-dimensional, multi-variate
e Spatial vs. Non-spatial
e Temporal vs. Non-temporal
e Continuous vs. Discrete

e Topology vs. Geometry



Data vs. Conceptual Models

data

structuring

data
model

rendering

display

acquisition

influences

e.g. happiness

object of study

preconceptions
& interpretation

conceptual

9,

=

model

selection



Data vs. Conceptual Models

e Data Model: Low-level description of the data
— Set with operations, e.g., floats with +, -, /, *

e Conceptual Model: Mental construction
— Includes semantics, supports reasoning

Physical Type Conceptual
1D floats temperature

3D vector of floats space



Key vs. Value

Key = Index used to look up value attributes
e |n “flat” table:

o Implicit (row)

o Explicit: contained within table as attribute
= There must not be duplicates!
= Keys may be categorical or ordinal (quantitative unsuitable)

e |n multidimensional table:

o Multiple keys required for item lookup
e |n fields:

o Spatial position acts as key

o Characterized in terms of number of keys vs. values:
= multi-variate structure depends on number of values
®= multi-dimensional structure depends on number of keys



High-dimensional vs. multi-dimensional
vs. multi-variate

e Multi-dimensional
Two to tens of dimensions

e High-dimensional:
No constraint, can be thousands of dimensions and
possibly more dimensions than samples

e Multi-variate:
Multiple values per sample



Spatial vs. Non-spatial / Abstract

e |mplications on visual encoding

e Spatial
o Geographic information
o Physical simulation
o Medical data (MRI, CT scan etc.)

o Strong constraints on visual layout

* Non-spatial / abstract
o Network data
o Financial transactions

o Up to the visualization expert to choose a visual layout



Temporal / Time-varying vs.
Non-temporal / Static

e Time has a strong meaning to us as humans
e Special consideration for visual encoding

e Time is multi-scale and has a hierarchy
(... minutes - hours - days - weeks ...)

e Time periods/cycles very important
e Can have either value or key semantics

e Time series dataset
o Special case of table where time is key
o Time-value pairs often at uniform temporal intervals

o Typical tasks: Find trends, correlations and variations at multiple
time scales



Time Series: Example

Average annual global temperature in degrees Fahrenheit
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Continuous vs. discrete

e Data is almost always discrete —
we need to store it in discrete memory cells

e |t’s really how we think about the data
e (Categorical is always discrete
e (Quantitative is continuous

e Care must be taken when making
discrete measurements continuous



Continuous vs. discrete: Example

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

e Using conceptual model...

o Temperature

e To data type
o Continuous to 4 significant digits (Q)
o Hot, warm, cold (O)
o Burned vs. Not burned (N)



Topology vs. Geometry

e Topology
specifies the structure (connectivity) of the data

e Geometry
specifies the position of the data



Topology vs. Geometry

e |n topology, qualitative questions about geometrical
structures are the main concern

o Does it have any holes in it?
o Isitall connected together?
o Can it be separated into parts?

e Underground maps do not show how far one station is
from the other, but rather how they are connected




Derived Data

Derived Data



Derived Attributes

e The norm, not the exception
e Necessary for some of the tasks
e Simple transformations

e Statistical summaries of (lots of) data

> Lecture on June 6th —

Reduce Items & Attributes
£ex)

’(%) l'\Cx)

oriyinal data ktx) m 4¢x)
devived ch-e\



Tableau Example

An easy way to create your own derived attributes are
Calculated Fields in Tableau



Happiness Sgesa
Health ‘ Create Calculated Field... |

reate FParameter...

Inflation Rate('
Internet Acces

Military Expent  Group by Folder
Population  «/ Group by Data Source Table

surplus deficit
v Sort by Name

Latitude (ceriuuuae by Data Source Order

Longitude (get
Number of Rec Hide All Unused Fields

N EEEEEEEE:

Measure Value ~Ja

Right-Click somewhere in the white space below
the Measures and create a Calculated Field



~

IsRich X

IF > 30000
THEN 1

ELSE 0

END

The calculation is valid. Apply

VUTUT YU

Lets drag that new Measure IsRich
onto Color in the Map Sheet



Tableau Example
iii Columns

Pages
= Rows Latitude (generated)
Filters
Sheet 5

Marks

3™ Map v
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Color Size Label

ogo Q

Detail Tooltip

. CEEE

© 2021 Mapbox © OpenStreetMap
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Tableau Example

Filters Sheet 3
Marks A
N

‘ %% Map v u
-4 &

Color Size Label

0Q

Detail Tooltip

LY SUM(IsRich)

FEER  ountry

© OpenStreetMap contributors
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Summary

Data abstraction helps in

thinking which

visualization to choose /
how tasks can be solved!

e Semantics

vs. Data(set) types

e Attribute Types
e Data Types
e Dataset Types

e Attribute and Dataset

Semantics

Datasets

Attributes

@ Data Types

3 ltems > Attributes > Links > Positions
(3 Data and Dataset Types
Tables Networks & Fields Geometry
Trees
Items Items (nodes) Grids Items
Attributes Links Positions Positions
Attributes Attributes

@ Dataset Types

> Tables 2 Networks

Attributes (columns)

Items Link
(rows)
Node
A (item)

Cell containing value

2 Multidimensional Table > Trees

o /IXI\
Key 2
Value in cell

Attributes

2> Geometry (Spatial)

@% Position

(® Dataset Availability

2 Static 2 Dynamic

[ .
ees’ ®e® Lo —

- Fields (Continuous)

Grid of positions

Cell &

Attributes (columns)
Atributes lcoumns)

Value in cel

> Grids

Clusters,
Sets, Lists

Items

-

(® Attribute Types
- Categorical

+ O N A

= Ordered

= Ordinal
L

2 Quantitative
- —_———_——

(® Ordering Direction

2 Sequential
—_—

2 Diverging

——

2 Cyclic

O



Outlook

What? What data is shown?

(ab

\Why Why is the task being performed?

How? How is the visualization constructed?



