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Today

» Why visualization?

» Core programming concepts reflected in visualization
» Transformation
» Abstraction: Data and Task
» Encodings

* Demo: Drawing charts with Python libraries



Data visualization:
What is it and why do we do it?




More and more data...

. Annual Size of the Global Datasphere 175 ZB

Zetabytes
N A O ©® O N B O
O O O 0O O © o O

O

2010 20T1 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Source: Data Age 2025, sponsored by Seagate with data from IDC Global DataSphere, Nov 2018

https://www.seagate.com/files/www-content/our-story/trends/files/idc-seagate-dataage-whitepaper.pdf \ %



https://www.seagate.com/files/www-content/our-story/trends/files/idc-seagate-dataage-whitepaper.pdf
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Genomes

Benome Browser Tools Mirrors Downloads About Us

My Data View Help

UCSC Genome Browser on Human (GRCh38/hg38)
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Gene Expression in 54 tissues from CTEx RNA-seq of 17382 samples, 548 donors (V8, Aug 2019)
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H3K27Ac Mark (Often Found Near Regulatory Elements) on 7 cell lines from ENCODE
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Valerie Altounian, Filling the Gaps:
https://www.altounianillustration.com/portfolio/filling-the-gaps
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What s
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Ways to define visualization

“...transformation of the symbolic to the geometric.”
—McCormick et al. 1987

“A visualization Is a picture that helps someone to do something.”
— Michael Gleicher 2019

“Computer-based visualization systems provide visual
representations of datasets designed to help people carry out

tasks more effectively.”
— lamara Munzner 2014
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https://lindseypoulter.com/wdvp/
https://www.informationisbeautifulawards.com/showcase/6559-how-do-we-compare
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https://artsandculture.google.com/asset/khipu-inca-culture/wAGc66qUY07CkQ
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How many times does V occur In this string?

MTHIVLWYADCEQGHKILKMTWY
NARDCAIREQGHLVKMFPSTWYA
RNGFPSVCEILQGKMFPSNDRC
EQDIFPSGHLMFHKMVPSTWYA
CEQTWRN



How many times does V occur in this string?

MTHIVLWYADCEQGHKILKMTWY
NARDCAIREQGHLVKMFPSTWYA
RNGFPSVCEILQGKMFPSNDRC
EQDIFPSGHLMFHKMVPSTWYA
CEQTWRN




How many items
have a Y value
between

6.00 and 8.007

Munzner, T. (2014). Visualization analysis and design. AK Peters Visualization Series, CRC Press, Visualization Series. Chp 1

Values from from set 1 of Anscombe’s Quartet

X Y
10.0 8.04
8.0 6.95
13.0 7.58
9.0 8.8]
11.0 8.33
140 9.96
6.0 7.24
40 4.26
120 10.84
/.0 482
5.0 5.68

15


https://en.wikipedia.org/wiki/Anscombe's_quartet

How many items
have a Y value
between

6.00 and 8.007?

X Y
10.0 8.04
8.0 6.95
13.0 7.58
9.0 8.81
11.0 8.33
14.0 9.96
6.0 7.24
40 4.26
120 10.84
/.0 482
5.0 5.68

4

Replace cognition
with perception

6

8

10 12 14 16 18

Munzner, T. (2014). Visualization analysis and design. AK Peters Visualization Series, CRC Press, Visualization Series. Chp 1

Values from from set 1 of Anscombe’s Quartet

16


https://en.wikipedia.org/wiki/Anscombe's_quartet

Summaries can lose information. Details matter!

0 .."'.;;‘.‘-' X Mean: 54.26

- i Y Mean: 47.83

, LY et ¥ b = 10 7

s of et e Y SD : 26.93

. il RO foce ¢ 0 o8
SEL s

0 20 40 60 80 100

Matejka, J., & Fitzmaurice, G. (2017). Same stats, different graphs: generating datasets with varied appearance and identical statistics
through simulated annealing. In Proceedings of the 2017 CHI conference gn human factors in computing systems (pp. 1290-1294).



To record information
(Show the data)
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Seismograph, Indiana University



https://earth.indiana.edu/research/research-labs-and-centers/seismograph.html

To record information
(Show the data)
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Cutaneous Muscular Osseous Vascular

Image from Dr. Savvas Nicolaou



https://www.auntminnie.com/index.aspx?sec=ser&sub=def&pag=dis&ItemID=126659

To augment human abilities, not replace
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To ask questions

a) b)
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https://www.nature.com/articles/s41467-021-21380-4

To confirm hypotheses

Snow’s 1854
cholera map
Wikimedia

CF Celn. Lt Tadepx PV L2z

PCALL 30 INCHES TO A MALE,



https://en.wikipedia.org/wiki/File:Snow-cholera-map-1.jpg

To explain differences

e Rashomon Effect

* Different representations
tell different stories

 Visualization can help us
identify and understand
reasons for these
differences

Breiman, L. (2001). Statistical modeling: The two cultures (with comments and a rejoinder by the author). Statistical science, 16(3), 199-231.



To communicate information...

Before redesign:

* High-quality visualizations are
perceived as “more interesting,

clearly written, and more
scientifically rigorous” [1]

* Highly-cited papers tend to have

more diagrams per page [2]

Silicon
Nanowires

Platinum
Nanoparticles

Image Credit: Jen Christiansen, Building Science Graphics (CRC Press 2023), p28

[1] K. Cheng et al., “Proving the Value of Visual Design in Scientific Communication,” Information Design Journal, Vol. 23, 2017.
[2] P. Lee, J. D. West, and B. Howe, “Viziometrics: Analyzing Visual Information in the Scientific Literature,” IEEE Transactions on Big Data Vol. 4, 2018.



To communicate information...
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...and connect
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Making a
visualization Is easy.

Making a good
visualization iI1s hard.



SATURDAY’'S RESULT

anJula GGilard win
the next reageral election?
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Do you like the plan to remove
a car lane of the Princes Bridge
for sole use by cyclists?

YES 1900 956 434
O 1900 956 435

st 38.5¢ including GST. You
 have your say at
un.com.au or racebook.com/




SATURDAY’'S RESULT
anJula Gillard win
(he next regeral election?
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If Bush
tax cuts
expire

Top tax rate:

35%

Jan. 2013



If Bush 306% - 40%
tax cuts
expire

Top tax rate:

35%

= 34%

Now Jan. 2013




45 ways to communicate 75 and 37
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Programming concepts
IN visualization




Data Transformation




Data Transformation




Data are key to the visualization pipeline

— Domain

Task

Raw data

Data

Metadata, semantics, conventions

Questions, goals, assumptions

Processed data
l.e., cleaned data

! Analysis

https://infovis-wiki.net/wiki/Visualization_Pipeline

> Filtering

Focus data
l.e., data for vis

>

Mapping

Encoded data
e.d., point, line

_>

Drawing/
Rendering

Image data
.e., pixels
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Abstraction helps us think about data

 Common vocabulary for talking about
visualization

* Allows for general discussion about
specific problems

» Transfer iIdeas between domains




Data Abstraction

What type of data are you using?



Data type: Item

* |ndividual, discrete entity
e e.9., Dog 4# or Coffee shop =
 Represented as...

e Rows In data table

e Nodes Iin network

A

Order ID Order Date

Order Priority

C

5

Product Container Product Base Margin Ship Date

T

U

rOw

32
32
32
35
35
36
65
66
69
69
70
70
96
97
129
130
130
130
132
132
134
135
166
193
194

node

N/14/0

J 10/U

7/16/07
7/16/07
7/16/07
10/723/07
10/23/07
11/3/07
3718/07
1720/035
5/4/05
6/4/05
12/718/06
12718/06
47177035
1/729/06
11/19/08
5/8/08
5/8/08
5/8/08
6/711/06
6711/06
3/1/08
10721/07
9712/07
8/8/06

4/5/08

4-Not Specified
4-Not Specified

1-Urgent
1-Urgent
S-Low

4-Not Specified
4-Not Specified

S-Low
S-Low
Z-High
3-Medium
S-Low
2-High
2-High
2-High
3-Medium
3-Medium

4-Not Specified
4-Not Specifed

2-High
1-Urgent
3-Medium

2/721/08 4-Not Specified

Small Pack
all ¥ac
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

2/22/08

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




Data type: Attribute

(variables, dimensions)

* Specific, measurable/observable property
» e.g., Dog breed, weight, fur color, etc. % < ¥

* e.9., Coffee shop rating, whether offer baked goods, etc.



Attributes can be...

e Quantitative/continuous ~— — —

» Categorical

» Ordered (ordinal) o ‘I"
* Unordered (nominal) == @ B A

s, (- |



Attributes can be...

For item “dog”, what
attributes might fall under
each of these attribute types?

e Quantitative/continuous

» Categorical

. Ordered (ordinal
rdered (ordinal) * Breed = Nominal (unordered cat.)

 Unordered inal
nordered (nominal) * Breed sizes = Ordinal (ordered cat.)

* Weight = Quantitative



Attributes can be...

 Sequential >

* Diverging < >

* Cyclic
C




Attributes can be...

 Temporal attribute: anything related to time

 Time can be complicated - hierarchical,
multiscale

https://cfmm.uwo.ca/research/cardiac.html



Other data types

Link

ltem

Link

ltem

Position

NG
Gruppen AS
Joker
Mahlenpris
Oppveksttun
Skole

Pedarsen Cafeen

Cornerbaren

Eddie KalleKiav

Elin Tvedt,
Bergen

&

Corrnjerteateret

Baker Brun

Handelshayskolen

Bl - Campus
Bergen

Mattilsynet
Bergen og Omland

DNV AS Avd
Bergen

Grid (of positions)

Cell




Data — Datasets

How are data types combined into a larger structure?

Where do the data “live”? What “space” do they live in?

VAD Chp 2, Munzner 2014



Tables

¢ Cel IS i n d exed by ite m S a n d attri b Utes Ord:r ID Order Dgte Order Priori(t:y Product Csonta.iner Prodt;ct B:se Ma;rgin Ship Dat‘:a

3 10/14/06 S5-Low Large Box 0.8 10/21/06
6 2/721/08 4-Not Specifed Small Pack 0.55 2/22/08
" 32 7/16/07 2-High Small Pack 0.79 7/17/07
o ROWS p— |te| ns 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 10/723/07 4-Not Specified Wrap Bag 0.52 10/24/07
® I — -t-t b -t 35 10723/07 4-Not Specified Small Box 0.58 10/25/07
Columns = attributes 36 11/3/07 1-Urgent small Box 055 117307
65 3718/07 1-Urgent Small Pack 0.49 3/19/07
66 1/20/05 S5-Low Wrap Bag 0.56 1/20/05
a e i e a ri e 69 6/4/05 4-Not Specified Small Pack 0.44 6/6/05
o V I — ( 't m 't't b 't ) 69 6/4/05 4-Not Specified Wrap Bag 0.6 6/6/05
u ) u 70 12/18/06 S-Low Small Box 0.59 12/23/06
70 12/18/06 S5-Low Wrap Bag 0.82 12/23/06
96 4/17/05 2-High small Box 0.55 4/19/05
. . . 97 1/729/06 3-Medium Small Box 0.38 1/30/06
° FI 't It _d I 129 11/19/08 S-Low Small Box 0.37 11/28/08
dal Oor muiti-aimensiona 130 §/8/08 2 Hgh Smel Box 037 $/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 0.8¢2 5/3/08
\
Attributes (columns) &) 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
ltems Key 2 194 4/5/08 3-Medium Wrap Bag 0.42 4/7/08
(rows)
\ 4 v .4-— Value in cell Pl

Cell containing value

Attribm




Tables - Examples

Bar chart Pie chart Line chart

1.0
categow A /\ /\
o1 0.8~ '
e2

@3
®a 0.6

®5

< m 0O 0o w w @ T ~ X
a X

https://altair-viz.github.io/gallery/simple_bar_chart.html
https://altair-viz.github.io/gallery/pie_chart.html
https://altair-viz.github.io/gallery/simple_line_chart.html
https://altair-viz.github.io/gallery/simple_heatmap.html



Dataset availability

o Static (offline): entire dataset is available all at once
e e.g., Hawks and Penguin
 Dynamic stream (online): data update

« Add new/delete old

 Update existing item values



JTask Abstraction

Why are we looking at the data?




Typical visualization tasks

 Explore

a)

la453-wt

 Find the unknown or unexpected

 Form hypotheses

 Analyze

T Cets TL Tnhers BV a PALE 3G INCHES TO A MILE,

o Confirm/reject hypotheses

 Drill-down for details

Present '“:" X Mean: 54.26
. . g N Y Mean: 47.83
 Convey information Bt pasetl e nin8 X SD : 16.76
S R Y 5D 26.03

e Share results o B fore. | 0 0p

» Share a story/create empathy LR



Tasks are a combo of

actions + targets @)27

Action: 4+  Target:
Goal What part(s) of data is

your goal focusing on?

« Discover distribution °* Browse outliers

» Compare trends  Explore topology



Encodings

How do you show the data,
based on the data type and tasks?




How to choose the “right”
visual encodings?




Individual Values Classes

SN e BN e
Locate - - f

Figure 3.4 Color maps for identifying and locating values and classes.

Jan Feb Mar Apr Ma Jun Jul Aug Sep Oct Nov Dec
Dec 2014 Jan Feb Mar Alr May Jun  Jul  Aug 4 A
2013 Jan Feb Mar Dec 2013 Jan Feb Mar Apr May Jun Jul Aug
]
O

(a) Color coding for identification tasks. (b) Color codlng for location tasks.

2015 Jan Feb Mar Apr May Dec 2015

kL

2014 Jan Feb Mar

g el

p  Oct Nov

Figure 3.5 Applying the color maps from Figure 3.4 to temperature data.
Adapted from bl.ocks.org/mbostock/4063318.

Tominski, T., Schumann, H. (2020). Interactive Visual Data Analysis. AK Peters Visualization Series, CRC Press, Visualization Series. Chp 3.




Preattentive processing

* Very fast: < 200 ms o . | " Lt .
* Contrast between features most -.: ' . ._
Important ¢ e *00 ) 00 || .

* Make object "pop out” . _ |
 Requires attention, despite name e, _": e

Wolfe JM, Utochkin IS. What is a preattentive feature?. Current opinion in psychology. 2019 Oct 1;29:19-26.



Find the red dot

VAD Chp 5



Find the red dot

VAD Chp 5



How many V’s?

MTHIVLWYADCEQGHKILKMTWYN
ARDCAIREQGHLVKMFPSTWYARN
GFPSVCEILQGKMFPSNDRCEQDIFP
SGHLMFHKMVPSTWYACEQTWRN



Preattentive Features

 Form

Line orientation
Line length
Line width

Line collinearity
Size

Curvature

Spatial grouping

* Color

 Hue & Intensity
 Motion

* Flicker

* Direction of motion
o Spatial position

e 2D position

o Stereoscopic depth




Marks

Marks as items/nodes

¢ Graphical (3) Points (®) Lines (3) Interlocking Areas
elements in an L e
image . et R

e Classified
according to

| Marks as links
number of spatial

dimensions ¢ oo AL
containment connection

\\\\\\



Channels

 Channels control
mark appearance

* Are Independent
of the mark
(geometric
primitive)

(@ Position

2 Horizontal

) o

® Shape

® Size
2 Length

2 Vertical 2 Both

S

A ¥ / In

2> Area

= Color

A

@ Tilt

| /o

2 Volume

v v Ny .



Applying marks and channels




Cleveland & McGill 1984

e Foundational article In
Visualization

* Elementary perceptual
tasks that viewer performs
to extract values of real
variables shown on most
charts




(3 Magnitude Channels: Ordered Attributes ® ldentity Channels: Categorical Attributes

s : *— i i -
Position on common scale | : Spatial region 1L

Channel

Ran kings Position on unalignedscale "~ 3+ o Color hue AN
Length (1D size) - Motion T Co
 Expressiveness | | Shape + O N A
Tilt/angle o
* Encoding describes N -
information in the el
dataset thoroughly Depth (3D position) e — e
e Effectiveness Color luminance ;
=
e Encode the most Color saturation u:
important attributes -
with the most e o
=
perceptually effective  volume (3Dsize) v wy

channels

Cleveland & McGill 1984, Heer & Bostock 2010, Munzner 2014



(® Magnitude Channels: Ordered Attributes 3 ldentity Channels: Categorical Attributes

.. | - . .
Position on common scale : Spatial region

Channel
Ran kl ngs Position on unaligned scale '_T" . { | Color hue

Length (1D size) - — Motion
Tilt/angle ‘//_ Shape
Area (2D size) - BB
Depth (3D position) —e | h >

" Color luminance

Color saturation

Curvature ) ) D .
£
Volume (3D size) - v Ny 7

Cleveland & McGill 1984, Heer & Bostock 2010, Munzner 2014



Pastell

Pastel2

Categorical Encoding

Paired

B

Accent

Y-

Dark?2

Setl

Set?2

Set3

tablO

This is a discrete gradient — good tab20

for binned quant data, or ordered \ tab20b
oucoc B I B

https://matplotlib.org/stable/users/explain/colors/colormaps.html#colofms:




Nuclear
Capacity: 1074 mw

Low carbon? Yes

Operator: EDF Erergy +*

<
s fe

Year opened: 1976

¢

Hue to encode

How The UK Transformed Its
Electricity Supply In Just A Decade
by Carbon Brief

Information is Beautiful 2023
Award Short list

link

nominal attribute


https://www.informationisbeautifulawards.com/showcase/3984-how-the-uk-transformed-its-electricity-supply-in-just-a-decade

Ahead Of The Fire
By USA today

link
_ Wildfire hazard potential rating
Sequentlal hue B 1-Verylow Water
(primarily) to encode W2-tow [ Unburableland
ordinal attribute e

B 5 - Very high


https://www.informationisbeautifulawards.com/showcase/3794-ahead-of-the-fire

Quantitative Encoding

» Gradients for sequential, diverging, cyclic

Greys . rivc [ R
Purples D o
s o ron -l
Greens — oo [ -
Oranges .
recs S oor [ .
viorer S racy [ .
YIOrRd B twilight_shifted
orfa - rac [ .
inferno
PURd S Ravisu [ .
RaPy B
s e ravion [ s
Gneu . e spectral [ -
PuB - .
- cootwarm [ >
PuBuGr I oo [ =
BuGn .
Yo . S I

https://matplotlib.org/stable/users/explain/colors/colormaps.html#colormaps




re Sk sol\\ LeBron James has

¢ >3 b ool : captured the scoring
(& () - | ‘ - title. We visualized

2007-08 2008-09 2009-10 2010-11 every ShOt.

by USA Today

_____-“'_ ‘\‘*.___. ___,--"_- i‘—"‘--._\ ~.\\\-‘. __/"— \—"“-.__.
g N g NS ) N 7 N -
v’ ~ \ > Y ' d N
/ \ / \ g A I N k

2011-12 2012-13 2013-14 2014-15

Luminance/saturation to encode
numerical (continuous) attribute

71


https://www.informationisbeautifulawards.com/showcase/6293-lebron-james-has-captured-the-scoring-title-we-visualized-every-shot

Enter The Number

Enter The Number

Visualization for Communication | L. Garrison

14.09.2023 [laura.garrison@uib.no]



Accessible Colors

HEX #FFC20A
RZ55 G194 B 10

HEX #2394FQ0 HEX 4E1BEGA
R152 G792 BO R225 G190 E 106

HEX £E662.00
R220 GS7 BC

HEX #0C7BCC
R1Zz G123 B220

HEX #C06CD1
RO G108 B 209

HEX #40BCA6
Re4 G176 B 166

HEX #5D3A35E
R92 GEE B 1Eh

* \Working color
combinations (for
colorblindness)

HEX Z1AFF1A HEX ZFEFEEZ
RZ26 G255 B26 R 254 G254 B398

HEX ZD05AES
RO G950 B18l1

HEX £1A35=F
R2€ G132 BZ255

HEX 4B0192
R75 GO B 146

HEX ZD35FB/
R211 G395 B183

HEX Z0C3220
R220 G50 B32

HEX ZD411539
R212 G1/ B&S

 Color combinations to
avoid, e.g.:
 Red-green
 Purple-blue




Applying visual grammar
to tabular data




Different combinations of marks
and channels lead to many
possibilities...
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Europeans Earn Highest Average Income in 2014
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https://altair-viz.github.io/gallery/index.html

Recall: Tables

e Cells indexed by items and
attributes

* Rows = Items
 Columns = attributes
» Value = (item, attribute)

e Flat or multi-dimensional

Attributes (columns) N
’ \{\6\\

ltems

(rows) Key 2

o .4— Value in cell
Cell containing value Atmbh

Key attribute (unique for each row)

Date Activity Type | Title

Distance Calories Time

Avg HR Max HR Aerobic TE Avg Run Cadence |

2024-02-05 07:48:51 | Running Bergen Running 1.45

2024-02-04 12:18:25 | Running Bergen Running 6.50
Bergen - W03D7-Long Run 14.20
2024-02-02 16:28:39 | Running Bergen Running 4.34
2024-01-30 16:00:56 | Running Bergen - W02D7-Long Run 10.66
2024-01-26 17:36:22 | Running Bergen - W02D4-Threshold Run §4.26
2024-01-24 18:52:55 | Running Bergen - W02D2-Easy Run .85
2024-01-21 17:14:41 | Running Bergen - WO1D7-Long Run 0.89
2024-01-16 15:36:08 | Running Bergen - W01D2-Easy Run T7
2023-12-31 07:08:20 | Running
2023-12-29 08:35:36 | Running

Dewitt - Base 0.74
Dewitt - Sprint 7.13
2023-12-27 06:46:57 | Running
2023-12-24 09:43:31 | Running
2023-12-22 07:25:44 | Running
2023-12-21 10:34:43 | Running
2023-12-17 10:09:35 | Running
2023-12-10 10:11:34 | Running
2023-12-09 11:07:49 | Running
2023-11-05 08:28:47 | Running
2023-11-01 17:38:58 | Running

Dewitt - Base 5.25
Dewitt - Base 9.29
Dewitt - Base 5.34
Dewitt - Base 4.92
Bergen - Base 7.71
Bergen - Base 7.83
Bergen - Recovery 4.57
Bergen - Base 7.36
Bergen - Recovery .87

70
377

00:11:33
00:48:43

00:34:04
01:31:38
00:25:23
00:30:27
01:30:02
00:30:03
01:06:03
00:46:35
00:34:28
00:59:05
00:34:06
00:30:17
00:49:20
00:49:38
00:31:08
00:46:04
00:26:48

120
157
141
149
144
144
154
131
150
153
152
150
160
152
158
155
165
157
152
141

143
184

1.7
3.9

158 3.9

165
163
177
184
153
161
169
178
184
178
169
180
183
193
173
170
158

3.0
3.3
3.2
3.2
3.0
2.7
41
3.7
3.6
4.8
3.8
3.9
4.4
5.0
3.6
41
3.0

154
162
163
155
158
169
157
153
164
170
161
171
172
171
173
171
173
171
174
168




l
f
|

Position on common scale - |

Tilt/angle ‘ o
Area (2D size) = 0B
Depth (3D position) e | >

Color luminance

Color saturation

Curvature ‘

Volume (3D size)

Motion

Shape




Arranging tabular data

(® Express Values
o— >

(® Separate, Order, Align Regions

2> Separate 2> Order 2> Align
m o . [ m .
] «m N
. R amml



~—— e —

Express values
ENncode with no keys, only values!



Scatterplot

AL ; Data: 2 quantitative values
"l g Mark: circles or points
7 “!f‘-f.‘ K. Encoding Channels:
o » horizontal position (X-axis)
g b - vertical position (Y-axis)
60~E‘,’"
55—'
] Tasks: overview, see distribution,
find correlations, identify outliers
45 I I I I | I I | | 1 1 1 1 |
0 20,000 40,000 60,000 80,000 100,000 120,000 140,000
Income

Data Source: GapMinder

T. Munzner, Visualization Analysis and Design (CRC Press, 2014), Chp 7


https://www.gapminder.org/data/

Separate, Order, and Align
—Ncode with one attribute as key



Bar Chart

Europeans Earn Highest Average Income in 2014
Average Annual Income($)

35,000 Data: 1 categorical attribute, 1 quantitative value
Mark: line (or bar)

Encoding Channels:

* length to express quantity (count)

» spatial region per mark
(horizontal separation, vertical alignment)

* ordering by attribute

30,000 -
25,000 -
20,000 -
15,000 -
10,000 -

Tasks: Compare magnitudes, lookup values

5,000 -

Africa Americas Asia Europe
Region

Data Source: GapMinder

T. Munzner, Visualization Analysis and Design (CRC Press, 2014), Chp 7


https://www.gapminder.org/data/

Line Chart

Norwegian Population Steadily Increased Through 20th Century

Population

Data: 1 ordered attribute, 1 quantitative value

5,000,000 Mark: points connected by lines
£ 500.000.. (lines show relationship between items)
4,000,000 Channels:
9,600,000+  horizontal position (X-axis)
3,000,000 - . "y on .
. » vertical position (Y-axis)
2,000,000 -
1,500,000 -
1,000,000 Task: find trends (relationship from one item
500,000 - to next)
0 | | | [

[ [ | | | |
1800 1820 1840 1860 1880 1900 1920 1940 1960 1980 2000
Year

Data Source: GapMinder

T. Munzner, Visualization Analysis and Design (CRC Press, 2014), Chp 7


https://www.gapminder.org/data/

Should | use a Bar or Line Chart?

Depends on your attribute

 Dbar charts if categorical
attribute 0

 |ine charts if ordered or 60
quantitative attribute

A -
o ;‘

53
5 40
£
'5» 20
v
T 10
0
Female Male Female Male
@
w /
-5 40
]
_‘E
o 20
QU
0
10-year-olds  12-year-olds 10-year-olds  12-year-olds

after [Bars and Lines:A Study of Graphic Communication.
Zacks and Tversky. Memory and Cognition 27:6 (1999),
[073—-1079.]




