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Warm-up discussion

 What is the goal of data visualization?

 But first: Introductions!
 Going around: Introduce yourself with your name, year and major

e Optionally: |Is there something you are particularly excited to learn about In
this class?



Course Logistics (website)



Why is effective
visualization important?



January 26, 1986



Challenger Mission

Crew of 7: Dick Scobee, Michael Smith, Ellison
Onizuka, Judith Resnik, Ronald McNair,
Gregory Jarvis, and Chirsta McAuliffe.




A cold launch day




Engineering concerns

From Tufte, Edward. Visual Explanations: Images and Quantities,
‘Evidence and Narrative. Cheshire, CT: Graphics P, 1997.
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Last minute debate

CoNCLUSIONS

o T EMPERATURE OF O-RING IS NOoT oOonNLY PARAMETER
COMNTROLLING BuLow -By

SRM IS5 WITH BlLow-BY HAD AN 0O-RING TemP AT 51°F
SEM 2. wmd Blow-aY Bxd Ao O~ g, Temp AT ITF
FouR DEVELOPMENT MoTOoRS WITH No BlLoew-BY
WERE TESTED AT 0-RiNG TEMP oF 47° To 52 °F

DEVELOPMENT MOTARS HAD PuTrTY PACKING WHICH
RESULTEPD IN BETTER FPER FoORMANCLE

o AT ABouT SO°F BLOW-BY cCcoull BE
EXPERIENCED IN CASE JdommTs

o TEMP FoR SRM 25 oN 1=28-848 L AUNCH WILL

BE 29°F gam
38 °F 2. FPm

(o] HAVE No DATA T'HAT WoulkD INDICATE SRM 225 1S
DIFFERENT T"HAN SRM IS OTHER “THAN T EmMP

RECOMMENPATIONS ¢

® 0-RING TEMP MusT BE = 53 °F AT LAUNCH

DEVELOPMENT MoOoTORS AT 47° To S2°F wWiITH
PuTTY PaAackinGgG HAD Neo BLow-BY

SRM 15 (THE BEST SIMULATION ) WoRKED AT 53 °F
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A predlctable failure
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Plume indicating an O-ring failure at launch




Tragedy




What went wrong?



Tufte’s take

“...there was a clear proximate cause: an
inability to assess the link between cool
temperature and O-ring damage on earlier
flights...”

“...rocket engineers and managers needed a
quick, smart analysis of evidence about the
threat of cold to the O-rings, as well as an
effective presentation of evidence in order to
convince NASA offcials not to launch”

e Edward Tufte, Visual Explanations




Morton Thiokol Charts

HISTORY OF O-RING DAMAGE ON SRM FIELD JOINTS

VISUAL EXPLANATIONS - EDWARD TUFTE
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Brow By Hisrrey HISTORY OF O-RING TEMPIPERATURES
SEM -15 Woesr Gow- g ( Pesnses - £)
o 2 Case Towrs (909) (//o‘j!;g MOTOR meT me O -R /NG WoinD
O MUCH WIORSE Visvwicy 7ima) Swmr-22 orm - £ e? 36 47 1o mew
DOm - 2 76 4< s2 10 mew
SEm A3 Friow - &y om-13 72.5 40 48 Jo m Py
© Acpse vomrs (.?o-{o‘) st 7% 48 s/ . Mew
SemM-|§ 52 69 $3 10 mPpw
Slm-/?,z /57, /64, 18 334 244 S_RmM-22 77 -8 e poagp—
O NoZo, m Leow-&y SRM-2ZS ss 26 29 1o mrr
27 25 o



Tufte’s version

O-ring damage
index, each launch
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Why create visualizations?



Make informed descisions

The challenger disaster shows the importance of this

VISUAL EXPLANATIONS - EDWARD TUFTE

MISTORY OF O-RING DAMAGE ON SRM FIELD JOINTS
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Spectrum of visualization goals

Explore Explain Exhibit
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Spectrum of visualization goals

Explore Explain Exhibit
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Anscombe's quartet

Exploration - Understand data

Dataset| Datasetll Datasetlll DatasetIV |
X y X Yoy y X y ‘
10.0 804 100 9.14 100 7.46 80 658
80 695 80 814 80 677 80 576
13.0  7.58 13.0 874 13.0 1274 80 @ 7.71
90 881 90 877 9.0  7.11 80 884
11.0| 833 | 11.0|9.26|11.0| 7.81 | 80 | 847
140 9.96 14.0 8.10 14.0 884 80 | 7.04
60 724 6.0 6.13 60 6.08 80 525
40 | 426 4.0 310 40 539 19.0| 12,50
12.0 | 10.84 | 12.0 |9.13 | 12.0 | 8.15 | 8.0 | 5.56
70 | 482 | 7.0 |7.26| 7.0 | 6.42 | 8.0 | 7.91
50 | 5.68 | 5.0 |4.74| 5.0 | 573 | 8.0 | 6.89

What are the differences between these 4 datasets?




Exploration - Understand data

Anscombe's quartet

Dataset| Datasetll Datasetlll Dataset |V

X y X y X y X y
10.0 | 8.04 10.0/9.14 100 7.46 | 8.0  6.58
80 | 695 8.0 814 80 6.77 8.0 b5.76
13.0 758 13.0/8.74 13.0 12.74 | 8.0 @ 7.71
90 881 90 877 90  7.11 8.0  8.84
11.0 833 11.0 926 11.0| 781 | 8.0  8.47
140 996 14.0 / 8.10 14.0 8.84 80 7.04
60 | 724 6.0 6.13 6.0 6.08 8.0  5.25
40 426 40 3.10 4.0 539 19.0 12.50
12.0 1 10.84  12.0/ 9.13 120 8.15 | 8.0  5.56
70 | 482 | 70 |[726| 70 | 6.42 | 8.0 | 7.91
50 | 568 | 5.0 474 50 b5.73 | 80  6.89

We could try using some basic tools from statistics to answer this
question. e.g. means, variances, corrleations, regression coefficients, etc.



Exploration - Understand data

Property - Value - Accuracy
Mean of x 9 exact
Sample variance of x: 3)2( 11 exact
Mean of y 7.50 to 2 decimal places
Sample variance of y: sf, 4.125 +0.003
Correlation between x and y 0.816 to 3 decimal places
Linear regression line y=3.00 + 0.500x  to 2 and 3 decimal places, respectively
Coefficient of determination of the linear regression: R* | 0.67 to 2 decimal places

They’re the same for every dataset?!?!

e Can we conclude that the datasets are all the same?



Exploration - Anscombe’s quartet
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Visualization shows there’s much more going on!
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Spectrum of visualization goals

Explore Explain Exhibit
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Explain

Top 10 Freshwater Consumers (million cubic meters per year) Use
Household

Industry

INDIA (1144,605)
Agriculture

Cereals

U.S. (821,354)

BRAZIL (355374)

RUSSIA (270490)

INDONESIA (232,239)
PAKISTAN (199429) : y Other

(milk, eggs,
MEXICO (197425)

fruits, oils,
JAPAN (174.779) - nuts, sugar,

rubber,
NIGERIA (157336)

and more)

Largest Net Importers and

Exporters of Virtual Water cE 5
(in crop, animal and industrial products) £ | ¢ [BUSIRAEIA
-
=
a a ARGENTINA
iy WS
120,000 million m*/yr 80,000 40,000 0 0 40,000 80,000
Graphics by Jen Christiansen

Source: “The Water Footprint of Humanity,” by Arjen Y. Hoekstra and Mesfin M. Mekonnen, in Proceedings of the National Academy of Sciences USA. Published online February 13, 2012



Validation

Even if we think we know what’s
going on, we should visualize to
check our understanding!

e 1980: Jackman shows the effect
of earlier work is dominated by
an outlier

@——South Africo

o))

INCOME INEQUALITY *
D ()]

N W

0 | | | | |
0 20 40 60 80 100%
TURNOUT
Key. bivoriote slope including South Africo (N=18)

— e e Divariote slope excluding South Africo (N=17)

*Income inequolity is defined os the rotio of income received by
the weolthiest populotion quintile to thot received by the poorest
40 percent of the populotion.



Spectrum of visualization goals

Explore Explain Exhibit
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W. E. B. DuBois

PROPORTION OF FREEMEN AND SLAVES AMONG AMERICAN NEGROES .

PROPORTION DES NEGRES LIBRES ET DES ESCLAVES EN AMfHIllUE )

DONE BY ATLANTA UNIVERSITY .

1790 _

- -
4 2

IB20 1830 1840 IB60 870
..“'- “ ' X 1;.1 " : :‘1 ’
FREE ,1*-&%% ” i
%w. o W

{ L AR,
i ') 3 O '
b 4
T 0%
|

1810
S o R IR

SLAVES
ESCLAVES

i Y Lope
TR 7 o EREECAANEN 13000 1101,

Sociologist and civil rights activist W. E. B. Du
Bois made many influential visualizations.



Nigel Holmes

1977 1978 1979 | MONSTROUS COSTS
Lol IR WO G LR Lo oottt e AR AR

Total House and Senate
campaign expenditures,
in millions

|

THEPINCH
ON PAYCHECKS

Per capita disposable
income in 1972 dollars,
at annual rates

TIME Chart by Nigei Hoimes

Graphic designer Nigel Holmes is known for
playful and informative visualizations.



Mona Chalabi

BEZOS LAND
(420,000 acres)

SRR NN CEeeRERes
S008I CEeeRERReR
SR8 NN CEeeRERRes
S29000 RN R CRcReeeeRE
SR80 AR NN CEeeRReReR
SE80000 AR CRcReeeeRE
SR80 RN CEeeRERReE
S80I CEReREeRE
S8R R RN CECeeREeRs
SE900 00 RN R CEeeRERes

Central Park
(843 acres)

The Pentagon
(1,100 acres)

Walt Disne3 World
Resort

Land in the US,

P s 1 QUT OF EVERY 100 CIVILIANS 1 OUT OF EVERY 10 JOURNALISTS
| IN GAZA HAVE BEEN KILLED IN GAZA HAVE BEEN KILLED
SINCE QCTOBER # SINCE QCTOBER 7

Contemporary data journalist Mona Chalabi
uses visualization to create impactful stories
and inspire activism.




Two big themes for this course

*foundations

—building visualizations is fundamentally about tradeoffs.
foundations help us understand these tradeoffs and make
informed decisions

eprinciples: why should | design it in this way vs that way?
*techniques: what kinds of designs are possible?

* tooling mechanics / programming

—how to build a visualization programmatically
—D3, JavaScript, CSS, HTML



Foundations: Respect the math in the data

* semantics matter!

* not everything you can do with data makes sense

WHAT ACTUALLY

BORROWERS DO DEVOID OF GETTING PAYDAY LOANS

‘? ; CUT BACK ON DAILY EXPENDITURES

DELAY PAYING
SOME BILLS

SELL PERSONAL
POSSESSIONS

RELY ON FRIENDS OR FAMILY

https://imgur.com/gNefvUG/ https://viz.wtf/post/107440754050/how-payday-loans-add-up
33



https://viz.wtf/post/107440754050/how-payday-loans-add-up
https://imgur.com/gNefvUG/

Foundations:Which subway map is better?
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Tooling landscape https://www.cs.ubc.ca/~tmm/courses/547-22/tools/

Level of Abstraction

from scratch Composable Building Blocks ready-to-use

Source: A metaphorical representation of Levels of Abstraction by Krist Wongsuphasawat.

WebGL D3 R/ggplot Tableau Excel
python/Altair

35


https://www.cs.ubc.ca/~tmm/courses/547-22/tools/
https://medium.com/nightingale/navigating-the-wide-world-of-web-based-data-visualization-libraries-798ea9f536e7

Our tools: D3 and Altair

@ CHARTING LIBRARIES HIGHLY
® APPS FLEXIBLE
AN
PROCE$SING
LYRA
TABLEAU G BOKEH
GGVI MATPLOTLIB
FODEBOX
PLOTLY
POLESTAR VEGA-LITE R SEABORN
EASY ¢ 5 HARD
TO LEARN EASYCHART Jc NVD3 TO LEARN
RAW HIGHCHARTS
EXCED HIGHCHARTS CLOUD
D4
QUADRIGRAM C3
GOOGLE SHEETS
ILLUSTRATOR
WV
NOT
FLEXIBLE

VEGA
ILLUSTRATOR
SIMPLE,

CONVENIENT VEGA-LITE
cHARTsS EASYCHART
PLOTLY

HIGHCHARTS
NVD3 HIGHCHARTS CLOUD

C3 D4

QUADRIGRAM

CHARTS AS PART
OF STORYTELLING

CHARTS
FOR ANALYSIS
YOU SHOULD
PUBLISH
GGVIS
TABLEAU
BOKEH
KN Lyra D3
NODEBOX
PROCESSING
RAW
INNVOVATIVE
POLESTAR OUTSIDE-OF-THE-BOX
SEABORN [ CHARTS
GGPLOT2
MATPLOTLIB

GOOGLE SHEETS

CHARTS
EXCEL FOR ANALYSIS

https://source.opennews.org/articles/what-i-learned-recreating-one-chart-using-24-tools/ ”



https://source.opennews.org/articles/what-i-learned-recreating-one-chart-using-24-tools/

Tooling: Why D3?

* why choose web stack?

—ubiquitous
—easy to talk to a server
—fast

* why D3 in specific?
—state of the art

— Interactive

—flexible & powerful:
beyond chart libraries

L0001 KaGndc popdaton By age
Interaction
D3% low-level approach allows for performant incremental updates during
interaction. And D3 supports popular interaction methods including d ing,
rushing, and zooming.
- . . — - -
; - 2
- e y ."";
y ) - T . -
Vsl Sraggng ndex Charl SeuUenCEs surturt B wbe scallerpiol

https://observablehq.com/@d3/gallery M [T
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https://observablehq.com/@d3/gallery

D3:interactive & flexible

* Interactivity -

Index chart by D3
A e
; '*"ff; > Jt : »,13 e
Index chart
* flexibility:
beyond basic chart types
: .-q @)@ .-o\.'..o..l.:'"o e 8 8 8 @
‘¥ ..‘. : IR AN e et o
gl n 1""h F‘ | gl hmad
L qn L 1r : A AV Al
ng; A A=
-luilgno o-.l' l::- T g [
g u g Evolution of values used with
) - the highway key in
The |mpact of vaccines OpenStreetMap (2007-2018)

Streamgraph transitions

Set Partitions

Sequences sunburst

Creating an area-based map from a set of
points
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https://observablehq.com/@d3/index-chart/2?intent=fork
https://observablehq.com/@kerryrodden/sequences-sunburst
https://observablehq.com/@d3/streamgraph-transitions?intent=fork
https://observablehq.com/@d3/the-impact-of-vaccines?intent=fork
https://observablehq.com/@mthh/evolution-of-values-used-highway-key-in-osm
https://observablehq.com/d/afe3421c1c7f2a8f?collection=@observablehq/featured-creators
https://observablehq.com/@jwolondon/creating-an-area-based-map-from-a-set-of-points?collection=@observablehq/featured-creators

Thinking about data



Warmup exercise

What information is shown in this plot?

lifeExpectancy

The Wealth and Health of Nations
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Information shown

e Countries! (names)
e Populations

* |ncomes

e Life expectencies

e Regions



Data source: Gapminder

Gapminder is a Swedish non-profit
organization focused on global
development

e Founded by Hans Rosling “Gapminder
identifies systematic misconceptions
about important global trends and
proportions and uses reliable data to
develop easy to understand teaching
materials to rid people of their
misconceptions.”




Dataset

A collection of values that capture various aspects of the world
Typically for a specific domain
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What is data?

Some rough definitions



Variable:

A variable defines some measurement we can make about the world

Nations dataset

e A country’s name, population, income, life expectency, etc.

Colleges dataset

e Acollege’s name, tuition, enrollment, type (public vs. private), etc.



Observation:

An observation is a collection of values corresponding to a single entity

% ' ' o \\ P ;T;\
e\ { &:
e Name: United States e Name: Chile
e Population: 300M e Population: 20M
e Life exp.: 76.3 e Life exp.: 78.9

e [ncome: 47,000 e [ncome: 17,000



Observation:

An observation is a collection of values corresponding to a single entity

e Name: Harvey Mudd e Name: UC Irvine
e Tuition: $68,262 e Tuition: $17,105
e Enrollment: 915 e Enrollment: 29,503

e Type: Private e Type: Public



One way to think of this:

OBSERVATIONS —

——

———— VARIABLES ———

Tuition Enroliment P:Irail\ilzt\;s.
CSOI;T;tge $46.288 2563 private
MOU(;‘:)I'I';‘;'Z”@ $43,886 = 2,189 private

Credit: R. Jordan Crouser, Smith College



Another way to think of this:

class school obs:

def i1nit (tuition, enrollment,

pub or p

riv) :

self.tuition = tuition

self.enrollment = enrollment

self.pub or priv = pub or priv

— OBSERVATIONS

smith = school obs (46288,
umass = school obs(1l6ll5,

Credit: R. Jordan Crouser, Smith College

L—— s3gvinvAa —

_

2563,
28635,

“private”)
“public”)



hink
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Yet another way to t

Information about the artist:
Name, place/date of birth,
date of death (if deceased)

Martin Parr

English, born 1952 ?{

Fashion Magazine: Fashi
Shoot, New York, 1999
Chromogenic print, mounted
to aluminum

David C. and Sarajean Ruttenberg Arts Foundation Purchase
Fund, 2006.190

Information about the piece:
Title, date, medium

n

There is hardly a facet of ¢
culture that has not come un
by Martin Parr, For his Fashion
Parr assembled a glossy publicati
view in the adjacent case) filled
ion work that he had done over t >

combining it with actual advertisements

and writing commissioned specifically for

the project. As sole editor and photogra-

pher, Parr placed a particular emphasis on

the everyday, posing high-fashion models in

decidedly banal situations and photograj ..

ing ordinary people that he stopped ont| Curated descrlptlon and
street. Parr said of the magazine, "Some

shoots resemble documentary, some loc relevant ConteXtual
more like fashion, they can even look like information

art. What is exciting is that it is difficult t

tell the difference. The traditional boundar-
ies of these worlds are slipping away and | d
am enjoying exploring these new fusions.”

Information about the donation:
Name of donor, reference number

RECENT ACQUISITION

American, 1929-2005%

Late Squall, 1984
Oil on canvas

of this:

eil Welliver

the covering of a flat surface with rhythmic shapes as
they are about a direct observation of trees, L‘l s
and streams.

The artist sketched from nature in theMl.Ing?j cape
where he lived and then returned to his studio to proc
large-scale paintings. Late Squall presents :
of Mount Megunticook in winter. It reveals
interest in capturing the fleeting, ephemeral quality
light and a pervasive mood. A

e
Gift of the Enid and Crosby Kemper Foundation, F8.

Kinds of information = variables
Actual text on the placard = observations

In the VERNACULAR = Object labels | Galley Ne. 2

Credit: R. Jordan Crouser, Smith College



Let’s get to code!



The Pandas library

Pandas is the core library we’ll use for representing datasets in code

The central data structure in Pandas is the DataFrame

# A DataFrame object
nations = pd.read_csv('data/nations.csv')
nations.head() # Shows first 5 rows

name region income population lifeExpectancy
0 Angola Sub-Saharan Africa 5055.59 12707546  47.58
1 Benin Sub-Saharan Africa 1457.57 8294941 61.89
2 Botswana Sub-Saharan Africa 12282.28 1638393 55.12
3 BurkinaFaso Sub-SaharanAfrica 1234.42 14761339  53.38
4 Burundi Sub-Saharan Africa 457.07 8691005 50.95

e A2-dimensional “array” of values

e We can view it as a table with
rows and columns



The Pandas library

Each column has a label, as shown.

e Should specify what the values in a column mean

# A DataFrame object
nations = pd.read_csv('data/nations.csv"')
- nations.head() # Shows first 5 rows

name region income population lifeExpectancy
0 Angola Sub-Saharan Africa 5055.59 12707546  47.58
1 Benin Sub-Saharan Africa 1457.57 8294941 61.89
2 Botswana Sub-Saharan Africa 12282.28 1638393 55.12
3 BurkinaFaso Sub-SaharanAfrica 1234.42 14761339  53.38
4 Burundi Sub-Saharan Africa 457.07 8691005 50.95

nations.columns

Index(['name', 'region', 'income',
'population', 'lifeExpectancy'],
dtype="object')

Rows can (sort of) have labels too, we’ll get back
to this!



Series

Each column in Pandas is a 1-dimensional array-like object called a
series

nations|['population'] nations['name']
0 12707546 0 Angola
1 8294941 1 Benin
2 1638393 2 Botswana
3 14761339 3 Burkina Faso
4 8691005 4 Burundi
175 1130120 175 Timor-Leste
176 1401 176 Tokelau
177 118993 177 Tonga
178 86116559 178 Vietnam
179 215053 179 Vanuatu
Name: population, Length: 180, dtype: Name: name, Length: 180, dtype: object

int64



Tidy data

“Happy families are all alike; every unhappy
family is unhappy in its own way.” -- Leo
Tolstoy

“Tidy datasets are all alike, but every messy
dataset is messy in its own way.” —— **Hadley
Wickham



How would you organize this data?

A

B

country year cases population
Afghanistan 1999 745 19987071
Afghanistan 2000 2666 20595360
Brazil 1999 37737 172006362
Brazil 2000 80488 174504898
China 1999 212258 1272915272
China 2000 213766 1280428583
country year rate

Afghanistan 1999 745/19987071
Afghanistan 2000 2666/20595360
Brazil 1999 37737/172006362
Brazil 2000 80488/174504898
China 1999 212258/1272915272
China 2000 213766/1280428583

country year type count

Afghanistan 1999 cases 745

Afghanistan 1999 population 19987071

Afghanistan 2000 cases 2666

Afghanistan 2000 population 20595360

Brazil 1999 cases 37737

Brazil 1999 population 172006362

Brazil 2000 cases 80488

Brazil 2000 population 174504898

China 1999 cases 212258

China 1999 population 1272915272

China 2000 cases 213766
D China 2000 population 1280428583
country 1999 2000 country 1999 2000
Afghanistan 745 2666 Afghanistan 19987071 20595360
Brazil 37737 80488 Brazil 172006362 174504898
China 212258 213766 China 1272915272 1280428583



Wickham'’s tidy data principles

000000
000000
000000
000000

variables observations valu

D

S

eEach variable forms a column.

eEach observation forms a row.

eEach type of observational unit forms a table (DataFrame)
Each value has its own cell.



Why tidy data?
Consistency

e Different practitioners tools have a consistent format for data

e Useful for visualization in particular

Implementation

e Easier and more efficient to implement



Tidy Too long

Multiple variables are stored in one column

country year cases population
Afghanistan 1999 745 19987071 L e T
Afghanistan 1999 cases 745
Afghanistan 2000 2666 20595360 Afghanistan 1999 population 19987071
Brazil 1999 37737 172006362 Aghanistan 2000 cases 2689
Afghanistan 2000 population 20595360
Brazil 2000 80488 174504898 Brazil 1999 cases 37737
China 1999 212258 1272915272 el 1999 population 7200632
Brazil 2000 cases 80488
China 2000 213766 1280428583 Brazil 2000 population 174504898
China 1999 cases 212258
China 1999 population 1272915272
China 2000 cases 213766
China 2000 population 1280428583

Too compact

Multiple values are stored in one cell

country year rate

Afghanistan 1999 745/19987071
Afghanistan 2000 2666/20595360
Brazil 1999 37737/172006362
Brazil 2000 80488/174504898
China 1999 212258/1272915272
China 2000 213766/1280428583

Too wide

Variables are stored in both rows and columns. (Wide form data)

A single observational unit is stored in multiple tables

country 1999 2000
Afghanistan 745 2666
Brazil 37737 80488
China 212258 213766

country 1999 2000
Afghanistan 19987071 20595360
Brazil 172006362 174504898
China 1272915272 1280428583



Always the right choice?

No! In some cases untidy data can be preferred!

e Often for performance/memory reasons

e We’ll cover this when we get to spatial data



Space of data types

Tamara Munzer

Datasets

@ Data Types
> |[tems = Attributes = Links

@ Data and Dataset Types

Tables Networks & Fields
Trees
ltems Items (nodes) Grids
Attributes Links Positions
Attributes Attributes

@ Dataset Types

= Tables > Networks

Attributes (columns)
>

I[tems
(rows) T

Cell containing value

= Multidimensional Table > Trees

2 /I?G\
Key 2

.4— Value in cell

Attribm

2> Geometry (Spatial)

é? Position

Link

Node
(item)

= Positions > Grids

Geometry  Clusters,
Sets, Lists

ltems ltems

Positions

> Fields (Continuous)

Grid of positions

Attributes (columns)

—

Value in cell

v

Attributes
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= Ordered

= Ordinal
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= Quantitative

- |

@ Ordering Direction
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Variable types

A defining characteristic of a variable is its type

nations|['population'].dtype
dtype('int64')

e This should be familar to computer scientists!

The type of a variable determines what kinds of values it can take and
how we should interpret them



Variable types

e Nominal Nominal variables

An unordered set of non-numeric values,

= Categorical representing labels or categories

= Arbitrary Categorical - Finite
e Ordinal Possible values are finite and known
e Quantitative e Colors:{red, green, blue}
e Regions: {South Asia, Europe & Central Asia,
= |nterval )
= Ratio Arbitrary - Infinite

Possible values are unbounded

e Addresses: {“12 Main St. Boston MA’, “45
Wall St. New York NY’, ...}

e Names: {“John Smith’, “Jane Doe’, ...}

2R/



Variable types

e Nominal Ordinal variables

An ordered set of (usually) non-numeric

= Categorical values, representing levels

. Arbitrary e Grades: {A B, C, D, F}
e Ordinal e Ratings: {G, PG, PG-13, R}
e Quantitative

= |nterval

= Ratio



Variable types

e Nominal
= Categorical
= Arbitrary

e Ordinal

e Quantitative
= |nterval

= Ratio

Quantitative variables

Numeric data that we can perform
mathematical operations on

Interval

Location of 0 is arbitrary, only
differences/intervals can be compared

e Date-Times: Jan, 19, 2006
Ratio

0 is well-defined and meaningful. Can
compare values as ratios

e Height: {5°3’,6°’1’,5°9’,...}
e Population: 23M, 350k, 1.4B, ...



Operations by type
Nominal (Labels or categories)

e Concretetypes: str,bool, category

e Operations: =, #
Ordinal (Ordered, non-numeric)

e Concretetypes: str, int,category

e Operations: =, #, <, >
Interval (Arbitrary 0)

e Concretetypes: f loat, int,datetime
e Operations: =, %, <,>, -

Ratio (Well-defined 0)

e Concrete types: f loat, int, timedelta

e Operations: =, %,<,>, -,/



Data vs conceptual model, example

 data model: floats
—32.52,54.06,-14.35, ...

* conceptual mode]

—temperature

* multiple possible data abstractions

— continuous to 2 significant figures: quantitative

* task: forecasting the weather

—hot, warm, cold: ordinal
* task: deciding if bath water is ready

—above freezing, below freezing: categorical

* task: decide if | should leave the house today
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