Fundamental Graphs

From data to (basic) visual representatinons
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Summary

* (previous) Data abstraction => graph design
* (now) Fundamental graphs and variations

* (next) Data transformation/pre-processing



Data abstraction

How can | visualize this data?

DATA

2?7

* VISUALIZATION




Data table
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City Zip Code State Region  Customer Segment  Product Category  Product Sub-Category Froduct Name Product Container  Product Base Margin
Bowie 20715 Maryland East Home Office Office Supplies Storage & Organization Safco Industrial Wire Shelving Large Box

Mekeesport 15131 Pennsylvania East Small Business Office Supplies Storage & Organization Perma STOR-ALLI Hanging File Box, 13 1/8"W x 12 1/4"Dx 101/2"H Small Box 0.68
Prior Lake 55372 Minnesota Central Consumer Office Supplies Binders and Binder Accessories  Awvery Trapezoid Ring Binder, 3" Capacity, Black, 1040 sheets Small Box 0.36
Mapa 94559 California West Corporate Furniture Chairs & Chairmats Hon 4070 Series Pagodal Armless Upholstered Stacking Chairs Jumbo Drum 0.56
Mapa 94559 California West Corporate Furniture Chairs & Chairmats Hon Yalutaskl Swivel Chairs Jumbo Drum 0.649
Mapa 94559 California West Corporate Office Supplies Storage & Organization Dwal Level, Single-vidth Filing Carts Small Box 0.54
Mantebello 90640 Califamia W'est Consumer Office Supplies Faper Elack Frint Carbonless Snap-Oft® Rapid Letter, § 1,/2" = 7" Wi'rap Bag 0.4
tontebello 90640 California West Consumer Office Supplies Paper “White GlueTop Scratch Pads Wrap Bag 0.349
Lake Oswego 97035 Oregon West Home Office Office Supplies Pens & Ant Supplies Dixon Prang®'Watercolor Pencils, 10-Color Set with Brush ‘Wap Bag 0.44
Baton Rouge 70802 Louisiana South Corporate Technology Computer Peripherals Fellowes Mobile Mumeric Keypad. Graphite Small Box 0.66
Baton Rouge 70802 Louisiana South Corporate Technology Office Machines Fokycom VYiavideol Desktop Yideo Communications Unit Large Box 0.37
Baton Rouge 70802 Louisiana South Corporate Office Supplies Paper Staples Wirehound Steno Books, 6" x 9", 12/Pack ‘Wap Bag 0.36
Draper 84020 Ltah West Home Office Furniture Office Furnishings 3648 HARDFLOOR CHAIRMAT tedium Box 0.78
Lawton 4041 Litah W'est Corporate Technaology Office Machines Fanasanic FKx-F2130 Dat Matrix Frinter Jumbo Drum 059
kearney 685847 Mebraska Central  Corporate Office Supplies Paper Herox 4200 Series MultiUse Premium Copy Paper (20Lk. and 84 Bright) Small Box 0.4
kearney 685847 Mebraska Central  Corporate Technology Telephones and Communication T18 Small Box 0.57
Phenix City 36864 Alabama South Home Office Office Supplies Binders and Binder Accessories  Awery Heaw-Duty EZD 1 Binder With Locking Rings Srmall Box 0.37
Phenix City 36869 Alabama South Home Office Furniture Tables Bush Advantage Collection® Round Conference Table Jumbo Box 0.64
Fharr 78577 Texas Central  Corporate Office Supplies Binders and Binder Accessories  Cardinal Poly Pocket Divider Pockets for Ring Binders Small Box 0.4
Fharr 78577 Texas Central  Corporate Office Supplies Paper "while you Were Out" Message Boaok, One Form per Page ‘Wap Bag 0.35
Bryan 77803 Texas Central Home Office Furniture Chairs & Chairmats Office Star - Frofessional Matrix Back Chair with 2-t0-1 Synchro Tilt and Mes Jumbo Drum 061
Deer Park 11729 Mew York East Home Office Office Supplies Paper Fediform YWirebound "Phone Memo" Message Book, 11 x 5-3/4 Wrap Bag 0.36
Fort Dodge 50507 lowa Central  Consumer Technology Cormputer Peripherals temorex 4.7GE DWD+RW, 3/Pack Small Pack 0.4
Fort Dodge 50501 lowa Central Consumer Technology Telephones and Communication =286 Srmall Box 0.59
Ormond Beach 32174 Florida South Corporate Office Supplies Storage & Organization Perma STOR-ALLI Hanging File Box, 13 1/8"W x 12 1/4"Dx 101/2"H Small Box 0.68
MHarman 73071 Oklahoma Central  Small Business Furniture Office Furnishings Electrix Halogen Magnifier Lamp Large Box 0.54
MHarman 73071 Oklahoma Central  Small Business Furniture Office Furnishings Luxo Professional Fluorescent Magnifier Larnp with Clamp-Mount Base Large Box 0.54
Morman 73071 Oklahoma Central Small Business Technaology Office Machines Fanasanic FKx-F1150 Dat Matrix Frinter Jumbo Drum 0.56
Dubugue 52007 lowa Central  Corporate Furniture Chairs & Chairmats Haon Deluxe Fabric Upholstered Stacking Chairs. Rounded Back Jurmbo Drurmn 0.55
tount Prospect G005E llinois Central  Home Office Technology Office Machines Canon 5750 Color Inkjet Printer Jumbo Drum 0.38
Bedford 76021 Texas Central Consumer Furniture Chairs & Chairmats tetal Folding Chairs. Beige. 4/Carton Jumbo Drum 0.58
Bedford 7B021 Texas Central  Consumer Furniture Chairs & Chairmats Hon 4700 Series Mobuisl Mid-Back Task Chairs with Adjustable Arms Jumbo Drum 0.64
Bedford 7B021 Texas Central  Consumer Furniture Office Furnishings Telescoping Adjustable Floor Lamp Large Box 0.6
Bedford 7B021 Texas Central  Consumer Furniture Tables lceberg Officeorks 42" Round Tables Jumbo Box 0.7
Bedford 7B02T Texas Central Consumer Technaology Telephones and Communication 232 Small Box 0,55
konroe 71203 Louisiana South Home Office Office Supplies Paper IEM Multi-Purpose Copy Paper, 8 1/2x 11", Case Small Box 0.4
Foyal Palm Beach 33411 Florida South Consumer Office Supplies Binders and Binder Accessories  GBCVeloBinder Strips Small Box 0.35
Royal Palm Beach 33411 Florida South Consumer Furniture Office Furnishings G.E. LongerLite Indoor Recessed Floodlight Bulbs Srall Pack 0.37
Hiltrn Head laland 7 PHA1R Snnth Carnlina Srnth Mhnainmear Fuirnitinra Thairs & Chairmats Blrvirmey Swiveal Fahrie Taczk Chair Jnrmbia v n7 4

ltems x Atributes: items in rows, attributes in columns
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How

* Two steps:

Step 1: Decide What to visualize

Step 2: Decide hOW to visualize it
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* Two steps:

Step 1: Decide What to visualize

— selecting and transforming the data

Step 2: Decide hOW to visualize it



How

* Two steps:

Step 1: Decide What to visualize

— selecting and transforming the data

Step 2: Decide hOW to visualize it

— choosing (selecting from existing) or designing (a novel) an appropriate
representation



Fundamental graphs

Attribute
types

Graph
type
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Why these?

 Widely adopted, effective, useful
* Solve very large percentage of visualization problems

* Training ground for more sophisticated graphs



Fundamental graphs

* Graphs suitable for showing combinations of two, maybe three
attributes.



number of people

Bar chart: visualize how a quantity distributes across a
set of categories

Bar chart
What kind of pet do you own?

From data to Viz | Find the graphic you need (data-to-viz.com)

Barplot — from Data to Viz (data-to-viz.com)
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Line chart: visualize how a quantity changes in relation
to another quantity (typically time)

Popularity of American names in the previous 30 years

From data to Viz | Find the graphic

: you need (data-to-viz.com)
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Scatter plot: visualize how a quantity relates with
another quantity

Ground living area partially explains sale price of apartments

From data to Viz | Find the graphic
you need (data-to-viz.com)

Scatter plot — from Data to Viz (data-
to-viz.com)

1000 2000 3000 4000 5000

Ground living area
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Matrix chart: visualize how a quantity distributes across

Formatting Matrix Charts |

ibi™ WebFOCUS®
KnowledgeBase
(informationbuilders.com)

two categories

Sale Year
Product Category 2014 2015 2016 2017 2018 2019

Computers
Media Player
Stereo Systems
Televisions

Video Production

Qe

ntity Sold

451.2K
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Matrix chart: visualize how a category distributes across
two categories
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Symbol map: visualize how a quantity distributes across
two spatial coordinates

Figure 1. Map of Cities Generating Different Quantities (2001
Values) of MSW; Cities Visited by the Author during Research

Visits. Source: Sustainable Solid Waste Management in India: P
Research Summary (swmindia.blogspot.com) '
o [ 2
| . o +° A
Bubble map — from Data to Viz (data-to-viz.com) A v
| g O

. e !'i"'] X Cities Visited
@ 1000 - 9786 TPD

@ 500-1000TPD
150- 500 TPD

100- 150 TPD

18


https://swmindia.blogspot.com/p/research-summary.html
https://swmindia.blogspot.com/p/research-summary.html
https://www.data-to-viz.com/graph/bubblemap.html
https://www.data-to-viz.com/graph/bubblemap.html
https://www.data-to-viz.com/graph/bubblemap.html
https://www.data-to-viz.com/graph/bubblemap.html
https://www.data-to-viz.com/graph/bubblemap.html
https://www.data-to-viz.com/graph/bubblemap.html
https://www.data-to-viz.com/graph/bubblemap.html
https://www.data-to-viz.com/graph/bubblemap.html
https://www.data-to-viz.com/graph/bubblemap.html
https://www.data-to-viz.com/graph/bubblemap.html
https://www.data-to-viz.com/graph/bubblemap.html

()

Number of babies bom

number of people

40000

20000

Bar chart

What kind of pet do you own?

Scatter plot

20 A
10 A
Rabbit Dog Cat Goldfish Hamster
Popularity of American names in the previous 30 years
1880 1920 1960 2000

Line chart

@ Real Data

C = Categorical
O
Q

T = Temporal

Ordinal

Quantitative

~ § = Spatial

ol ~

Enitey
Cargulation Detk
Fetorenoe Dok
Resprae Seotion

g Lats
Perodicsl Section
Gt Study Room
Reading Boem
Laufige Raarm
Study Room

Work Staff Boom
duadRorhum
Meeting Boom
Comguter Lab

Risiroims

Café

Entry

o

LI

@

'. Cirindation ek

Matrix

. 5 £ £
i E T & g £
g3 82fs55¢2
EEEETEE R
: i3 F e :izil
.- @ o @
o » o
" '.l..
- - 1] -]
™ ]
= = & [ ]
™ - e @
L L] [~ ]
- 1]

L
Symbol map

Comgater Lab

Raiirooms

®
@  shoud
- ‘Whoukd be raoe
L]
Je.
.

19



Bar chart Scatter plot Matrix
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Other representations

* |s it possible to create other visual representations that could be
used with those types of data?

* Considering alternative representations of the same information is
Important



Other representations

* |s it possible to create other visual representations that could be
used with those types of data?

* Considering alternative representations of the same information is

Important

— Useful to reason about different graphical encodings (some solutions may fit
best a particular purpose/task) and advantages/disadvantages of alternate

designs
— Useful to develop your skills as a visualization designer



Bar chart alternatives?

e E.g., could use instead...



Bar chart alternatives?

* E.g., could use instead

— Position (y position) of simple dots?

— Area of bubbles’™?

* is area size as effective as bar height/length for comparing quantities?



Bar chart alternatives?

* E.g., could use simple dots instead?

e Dot plots in Python (plotly.com)

e Barplot — from Data to Viz (data-to-viz.com)
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Scatter plot alternatives?



Scatter plot alternatives?

28 September 2014
S I O p e C h a rt ‘ Angels g8—6y $241.1 million
ge Oricles 9666 $208.8
@ Mationals g6-66 $179.5

T TR /e

o Cardinals  go-—72 \ . . $148.2

. ’s, Rlc:,fals 33::3 ) (’ :t»iif.q.

https://fathom.info/embed/ N Y/
wniy Oiants 88-74

Q Mariners 87-75 \ $112 4

salaryper/embed.html b \\’4/(\
\\".lié

1280

i# Yankees 8478 $108.0

. = Blue Ja 83—
= Win/Loss - Average @5 e s ' s .
) #8 Brewers 82-80 /7 $1027 o Proportional

o Proportional sum Braves 79-83 / ‘LI . $90.6
& Mets 7083 , \v v $97.9
f‘ Marlins 7785 / N $50.5
@ Padres 7785 o v 4 $8g.9
@ Rays 7785 // ‘\,\‘ $89.6
@ Reds 76-86 /AR $89.5

i White Sox 7389

e A N
@ Phillies 738 "\ $82.5
‘, Red Sox 71—91 ,/, 820

Astros 70-g2 3778

e

@ Twins 7092 <f 4 5772

(@ Rangers 67-95 $74.5
Rockies b6—gb $45.0

=

A D-backs 64—l 418

«— Major League Baseball —



Scatter plot alternatives?

e Scatter plot — from Data to Viz (data-to-viz.com)
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Line graph alternatives

Could use bars instead?

tikz pgf - double y-axis figure with bars and line

graph - TeX - LaTeX Stack Exchange
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https://tex.stackexchange.com/questions/339161/double-y-axis-figure-with-bars-and-line-graph/339185
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Line graph alternatives

e Line chart — from Data to Viz (data-to-viz.com)

e Area chart

* Simple dots?


https://www.data-to-viz.com/graph/line.html

Matrix chart alternatives?



Symbol map alternatives?



More than two/three attributes

e What if we want to visualize more than two attributes at the same
time?

* For example, you have three categorical attributes...



More than two/three attributes

e What if we want to visualize more than two attributes at the same
time?

* For example, you have three categorical attributes...

* Two designs possible (bar charts)



Grouped

e Three variables
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Grouped

e Three variables
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Grouped

e Three variables
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Grouped

e Three variables
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Stacked bar charts (4 variables shown)

Stacked/nested bar charts 100% -
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Grouped/stacked bar charts

* Four variables
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Stacked/Grouped

* Advantages and disadvantages of each?



Line charts — multiple variables
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Line charts — multiple variables

i core: (T Y
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e Area charts

Curved Araa Chart in Tableau
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How to Make a Curved line chart in Tableau? - Part 01 | Vizartpandey
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Line charts — multiple variables

Collision Type by Date
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12 Data Visualization Color Palettes for Telling Better Stories with Your Data (heavy.ai)
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https://www.heavy.ai/blog/12-color-palettes-for-telling-better-stories-with-your-data

Line charts — multiple variables

Region progress since 2008

100%
90%

’ RegionE

80% m ——— Region P

____.._____________“ ——— - RegionA

70% — B
60%
50%
40%
30%
20%
10%
0%
2008 2009 2010 2011 2012 2013 2014

https://stephanieevergreen.com/declutter-dataviz-with-small-multiples/



Line charts — faceting (small multiples)
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https://stephanieevergreen.com/declutter-dataviz-with-small-multiples/ 50



Line charts — multiple variables

e Making an Interactive Line Chart in D3.js v.5 (datawanderings.com)
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https://datawanderings.com/2019/11/01/tutorial-making-an-interactive-line-chart-in-d3-js-v-5/

A spaghetti chart of baby names popularity
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Stacked area charts

* https://r-graph-gallery.com/stacked-area-graph.html
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Scatterplots and Faceting

e Scatterplots can show how many attributes?

* 2 (or 3) numerical (line axes) + 1 (or 2) categorical (color/shape of
symbols) + 1 numerical (size/area of symbols)



Scatterplots and Faceting
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Scatterplots and Faceting

Scatterplots can show how many attributes?

2 (or 3) numerical (line axes) + 1 (or 2) categorical (color/shape of
symbols) + 1 numerical (size/area of symbols)

The more visual channels/attributes, the harder is interpretation...
And what if you have many categories/classes?



Scatterplots and Faceting
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https://ggplot2-book.org/facet.html

Maps and faceting
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Detected fires by month - What Satellite Imagery Tells Us About the Amazon Rain Forest Fires - The New York Times (nvtimes.coGrzn)
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Small multiples

* Allow for the display of many variables with less risk of confusing
your audience (avoid overplotting).

* Areader can quickly learn to read an individual chart and apply this
knowledge as they scan the rest of the charts. This shifts the reader’s
effort from understanding how the chart works to what the data
says (a worthy goal in all data presentation).

* Enable comparison across variables and identify potential patterns in
the data.



Small multiples

* Placement of the charts should reflect some logical order, e.g.
dimensional matrix, geography, or time.

* Charts should share the same measures, scales, size, and shape
(changing one of these factors undermines the ability of readers to
re-use their understanding of the chart).

* The simplicity of the chart is critical: users should be able to process
information across many of these charts



Faceting/Small Multiples

 Other examples: Better Know a Visualization: Small Multiples —

Juice Analvtics
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https://www.juiceanalytics.com/writing/better-know-visualization-small-multiples
https://www.juiceanalytics.com/writing/better-know-visualization-small-multiples

Back to the beginning...

* Two steps:

Step 1: Decide What to visualize

Step 2: Decide hOW to visualize it — so far...



Summary

* Data abstraction => graph design
 Fundamental graphs and variations

e Data transformation



Sources/material

T. Munzner, Visualization Analysis & Design

Information Visualization Fundamentals, Enrico Bertini, online course
In Coursera
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