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Focus on Tables
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Keys and values

- key
—independent attribute
— used as unique index to look up items
—simple tables: | key

— multidimensional tables: multiple keys

*value

— dependent attribute, value of cell

- Tables
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Keys and values

- key
—independent attribute
— used as unique index to look up items
—simple tables: | key

— multidimensional tables: multiple keys

*value

— dependent attribute, value of cell

- classify arrangements by keys used
-0, 1,2,..

= ( Keys = 1 Key 2> 2 Keys

List Matrix
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ldiom: scatterplot ® Express Values o

* express values (magnitudes) — . e

— quantitative attributes

* no keys, only values

15000 -

10000 -

price

5000 -

[A layered grammar of graphics. Wickham. Journ. Computational and Graphical Statistics 19:1 (2010), 3-28.]



|ldiom: scatterplot
P (® Express Values o
* express values (magnitudes) — ’ ¢
— quantitative attributes @

* no keys, only values

—data
-2 quant attribs

15000 -

10000 -

— mark: points

price

'_Channeh 5000 -

*horiz + vert position

[A layered grammar of graphics. Wickham. Journ. Computational and Graphical Statistics 19:1 (2010), 3-28.]



|ldiom: scatterplot
P (® Express Values o
* express values (magnitudes) — » ¢
— quantitative attributes ‘ @

* no keys, only values

—data
-2 quant attribs

15000 -

— mark: points 8
— Channels 5000 -

*horiz + vert position

— tasks

find trends, outliers, distribution, correlation, clusters

— scalability
*hundreds of items

[A layered grammar of graphics. Wickham. Journ. Computational and Graphical Statistics 19:1 (2010), 3-28.]



Scatterplots: Encoding more channels

- additional channels viable since using point marks
— color

—size (| quant attribute, used to control 2D area)

note radius would mislead, take square root since area grows quadratically

— shape
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https://www.d3-graph-gallery.com/graph/bubble basic.html https://observablehg.com/@d3/scatterplot-with-shapes



https://observablehq.com/@d3/scatterplot-with-shapes
https://www.d3-graph-gallery.com/graph/bubble_basic.html

Scatterplot tasks



Scatterplot tasks

* correlation
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https://www.mathsisfun.com/data/scatter-xy-plots.html


https://www.mathsisfun.com/data/scatter-xy-plots.html

Scatterplot tasks

* correlation

Perfect High Low Low High Perfect
Positive Positive Positive No Negative Negative Negative

Correlation Correlation Correlation Correlation Correlation Correlation Correlation
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https://www.mathsisfun.com/data/scatter-xy-plots.html
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https://www.cs.ubc.ca/labs/imager/tr/2014/DRVisTasks/



https://www.mathsisfun.com/data/scatter-xy-plots.html
https://www.cs.ubc.ca/labs/imager/tr/2014/DRVisTasks/

Some keys

2> 2 Keys 3
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¥ > 1Key
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Some keys: Categorical regions

> Separate > Order > Align
"uH = n
m 1 L
_.. R amml




Regions: Separate, order, align

> Separate > Order > Align
"o H = nl
= a1 L
_.. R amml

* regions: contiguous bounded areas distinct from each other

— separate into spatial regions: one mark per region (for now)

* use categorical or ordered attribute to separate into regions

—no conflict with expressiveness principle for categorical attributes

* use ordered attribute to order and align regions
> 1 Key > 2 Keys

List Matrix

il




Separated

* best case

and aligned and ordered

Premier League team supported (all ..

Manchester United
Manchester City
Arsenal
Sunderland
Liverpool

Chelsea

Newcastle United
Everton

Stoke City
Tottenham Hotspur
West Ham United
Aston Villa

West Bromwich Albion
Fulham

Hull City

Crystal Palace
Cardiff City
Southampton

Swansea City

Norwich City .
0

60
Total Arrests ¥

90

100

110



Separated and aligned but not ordered

e imitation: hard to know rank. what's 4th? what's 7th?




Separated but not alighed or ordered

- limitation: hard to make comparisons with size (vs aligned position)




ldiom: bar chart

100 100
Re! Ie!
= 75 = 75
* one key, one value = £
. S 50 S 50
ata % 25 = 25
. . >
* | categ attrib, | quant attrib < L < )
| ¢ ¢ &
— Mmark: ines
K &
— channels Animal Type Animal Type

*length to express quant value

-spatial regions: one per mark
— separated horizontally, aligned vertically
— ordered by quant attrib
» by label (alphabetical), by length attrib (data-driven)

— task

*compare, lookup values

— scalability

*dozens to hundreds of levels for key attrib [bars], hundreds for values



|ldiom: stacked bar chart

* one more key

— data
*2 categ attrib, | quant attrib
— mark: vertical stack of line marks i
*glyph: composite object, internal structure from multiple marks
— channels
*length and color hue
-spatial regions: one per glyph
— aligned: full glyph, lowest bar component 5
— unaligned: other bar components s e = vt
— task https://www.d3-graph-gallery.com/graph/k
°part-to-whole relationship ot stacked basicWide.html

— scalability: asymmetric
-for stacked key attrib, 10-12 levels [segments]
-for main key attrib, dozens to hundreds of levels [bars]


https://www.d3-graph-gallery.com/graph/barplot_stacked_basicWide.html
https://www.d3-graph-gallery.com/graph/barplot_stacked_basicWide.html

ldiom: streamgraph

- generalized stacked graph

— emphasizing horizontal continuity

*vs vertical items

— data

categ key attrib (movies)
ordered key attrib (time)

quant value attrib (counts)

— derived data

- geometry: layers, where height encodes

counts

* | quant attrib (layer ordering)

[Stacked Graphs Geometry & Aesthetics. Byron and Wattenberg. IEEE Trans. Visualization and
Computer Graphics (Proc. InfoVis 2008) 14(6): 1245—1252, (2008).]



ldiom: streamgraph

- generalized stacked graph

— emphasizing horizontal continuity

* vs vertical items
[Stacked Graphs Geometry & Aesthetics. Byron and Wattenberg. IEEE Trans.Visualization and

— data Computer Graphics (Proc. InfoVis 2008) 14(6): 1245—1252, (2008).]

* | categ key attrib (movies) Treasure: o

* | ordered key attrib (time)

* | quant value attrib (counts)

— derived data

- geometry: layers, where height encodes
counts

* | quant attrib (layer ordering)

— scalability

https://flowingdata.com/2008/02/25/ebb-and-flow-of-box-office-receipts-over-past-20-years/
* hundreds of time keys

* dozens to hundreds of movies keys

— more than stacked bars: most layers don’t
extend across whole chart


https://flowingdata.com/2008/02/25/ebb-and-flow-of-box-office-receipts-over-past-20-years/

ldiom: dot / line chart

* one key, one value
— data
* 2 quant attribs

— mark: points
AND line connection marks between them
— channels
- aligned lengths to express quant value

- separated and ordered by key attrib into horizontal
regions

- N
v O

Cat Weight (Ibs)
o

o WU

ht (Ibs)
>

210

Avg Wei
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X O o A B OO O A

Q N N O N N N AN

O S S S S S S
Year



ldiom: dot / line chart

- N
v O

* one key, one value

— data
* 2 quant attribs

Cat Weight (Ibs)
o

— mark: points
AND line connection marks between them

Year
— channels
: 2
- aligned lengths to express quant value A 0
O
- separated and ordered by key attrib into horizontal = 15
regions 210
=
— task > 5
: <
* find trend 0
0 Q
— connection marks emphasize ordering of items along key S QQ% QQ(O QQ/\ QQ% QQO) ) Q\\
: . : : : . 20 A S S S A Y
axis by explicitly showing relationship between one item and
the next Year
— scalability

* hundreds of key levels, hundreds of value levels



Choosing bar vs line charts

* depends on type of key
attrib
—bar charts if categorical

—line charts if ordered

*do not use line charts for
categorical key attribs

—violates expressiveness
principle
» implication of trend so strong
that it overrides semantics!

— “The more male a person is, the
taller he/she is”

Height (inches)

Height (inches)
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after [Bars and Lines:A Study of Graphic
Communication. Zacks and Tversky. Memory and
Cognition 27:6 (1999), 1073—1079.]



Chart axes: avoid cropping y axis

* include 0 at bottom left or slope misleads

AR LT

Now

Jan 1, 201)

;n\

If Bush Tax Cuts Expire

Now Jan 1, 2013

[Truncating the Y-Axis: Threat or Menace?
Correll, Bertini, & Franconeri, CHI 2020.]



Chart axes: avoid cropping y axis

* include 0 at bottom left or slope misleads

— some exceptions (arbitrary 0, small change matters)

If Bush Tax Cuts Expire

kPR
Now Jan 1, 2013 Now Jan 1, 2013
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[Truncating the Y-Axis: Threat or Menace?
Correll, Bertini, & Franconeri, CHI 2020.]
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(a) Statistical process charts rely on comparison
to an expected value, and so deviations from that
value, not from zero, are important

(b) Index charts compare to an indexed value
rather than zero.

. Oy M Y

e

(c) Stock charts must show small differences in
stock value, as these can translate to enormous
monetary gains or losses.
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~
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M
(d) Climate Anomaly charts rely on both highlight-
ing deviation from a non-zero expected value but

also emphasize the potentially disastrous impact
of even minute changes in climate.



ldiom: Indexed line charts

* data: 2 quant attribs

— | key + | value

- derived data: new quant value attrib

— index

— plot instead of original value

- task: show change over time

— principle: normalized, not absolute

- scalability

—same as standard line chart

bublic.tableau.com/profile/ben.jones#!/vizhome/CAStateRevenues/Revenues

Revenues

. - Hover over State Seal
California State Revenues pakobe

Fiscal Years Ending: 19051-2012

How does California make money and how have the sources changed over time? A look at the past 60 years of California

state revenues shows very clearly both the dotcom bubble and the sub-prime mortgage crisis as dips in personal income tax
of over $11B from the previous year.

1951 2012 Source of Revenue
AR ‘ Created by: Ben Jones
Q D (All) ¥ @DataRemixed
$40,000M
E
=
< $20,000M

SOM

$10,000M

SoM

Change from Previous Year

($10,000M)

1950 1960 1970 1980 1990 2000 2010
FY Ending

Data Source: hitp:/Awww.lac.ca.gov/lacapp/LAOMenus/lac_menu_economics.aspx
Download the Data: http://www.lac.ca.gov/sections/econ_fiscalHistorical_Revenues.xlsx


https://public.tableau.com/profile/ben.jones#!/vizhome/CAStateRevenues/Revenues

Ilem: Ga.l'l.tt ChaItS antt Chart: Sample Client

Task 7 _
- one key, two (related) values Task —
Task 5 -
- data Task 4 -
- | categ attrib, 2 quant attribs resk 3 [
. Task2 . Total Duration: 505 days
— mal"kZ Ilne Task1- Total Resources: 3

Jan 2016 Apr 2016 Jul 2016 Oct 2016

*length: duration
https://www.r-bloggers.com/gantt-charts-in-r-using-plotly/

— channels

*horiz position: start time
(+end from duration)

— task

*emphasize temporal overlaps & start/end dependencies
between items

— scalability
*dozens of key levels [bars]

*hundreds of value levels [durations]


https://graphics.stanford.edu/papers/rivet_argus/

ldiom: Slopegraphs

* two values
— data

*2 quant value attribs

* (| derived attrib: change magnitude)
—mark: point + line

*line connecting mark between pts
— channels

-2 vertical pos: express attrib value

* (linewidth/size, color)

— task

-emphasize changes in rank/value

— scalability
*hundreds of value levels

dozens of items

Barclay's Premier League Tables: Comparing 2012/2013 Starts to 2013/2014 Starts

Select
2012/20 |—3 Points v 2013/2014 . Better
(plyed 1) Clubs to include: (played 15) W worse
Manchester United, 36 (All) ¥

Arsenal. 35

Manchester City, 33

Liverpool. 30

Southampton, 23

' ——
. Manchester City, 29
( Everton, 28
. Tottenham Hotspur, 27

West Bromwich Albion, 26 — ' Newcastle United, 26
e

Everton, 23 “
West Ham United, 22 ~ —
—— \\ Manchester United, 22
Arsenal. 21 \
- ’- Aston Villa. 19
5 A\

~— =
Fulham. 17 " - Stoke City. |17
, West Bromwich Albion, 15
Newcastle United, |14

Sunderland. 13 West Ham United, |13
Southampton. 12

Liverpool. 19

Sunderland. 8

https://public.tableau.com/profile/ben.jones#!/vizhome/Slopegraphs/Slopegraphs



https://public.tableau.com/profile/ben.jones#!/vizhome/Slopegraphs/Slopegraphs

2 Keys

2> 0 Keys

(® Express Values

® : >

¥ > 2 Keys

Matrix




|ldiom: heatmap
> 2 Keys

A A e
NAAATYIY
IVIiULU] f A

* two keys, one value
—data

-2 categ attribs (gene, experimental condition)

* | quant attrib (expression levels)

— marks: point

-separate and align in 2D matrix

—indexed by 2 categorical attributes

— channels
*color by quant attrib

— (ordered diverging colormap)
— task

find clusters, outliers

— scalability

* M items, 100s of categ levels, ~10 quant attrib levels



Table heatmap

Reorderable table + Heatmap
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Heatmap reordering

Correlation Matrix: Variables in Alphabetical Order

Cylinders
EngineSize -
Horsepower

Invoice -

Length - {

MPG_City

MPG_Highway -

MSRP

Weight -

Wheelbase -

Length

Wheelhase -

Weight

EngineSize -

Cylinders -

Horsepower
MSRP -

Invoice
MPG_Highway -

MPG_City -

https://blogs.sas.com/content/iml/2018/05/02/reorder-variables-correlation-heat-map.html

Correlation: Variables in Clustered Order



https://blogs.sas.com/content/iml/2018/05/02/reorder-variables-correlation-heat-map.html

ldiom: cluster heatmap

* in addition

TREREER

TRER
- 099
- NN N

— derived data

om
© 9o
© RN

2 cluster hierarchies

—dendrogram

-parent-child relationships in tree with connection line marks

R R N U R
WOOO0OO0OOOLOO0000O0 OR 200 ©©
OCRNRNRNRNNNENRNRNRNRN RN NE2RNN©©

222222
888888888888

*leaves aligned so interior branch heights easy to compare

—heatmap
*marks (re-)ordered by cluster hierarchy traversal

- task: assess quality of clusters found by automatic methods



Table *+ Heatmap

The table order Is essential

®  Michael Behrisch, Benjamin Bach, Nathalie Henry Riche, Tobias Schreck, Jean-Daniel Fekete. Matrix Reordering

Methods for Table and Network Visualization. Computer Graphics Forum, Wiley, 2016, 35, pp.24.

(10.1111/cgf.12935). (hal-01326759)

« Nathan van Beusekom, Wouter Meulemans, Bettina Speckmann, Simultaneous Matrix Orderings for Graph
Collections, IEEE Transactions on Visualization and Computer Graphics, to appear, 2022

« Leland Wilkinson & Michael Friendly (2009) The History of the Cluster Heat Map, The American Statistician,

63:2, 179-184, DOI: 10.1198/tas.2009.0033 ﬁJ—H ‘ A
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https://dx.doi.org/10.1111/cgf.12935
https://hal.inria.fr/hal-01326759
https://doi.org/10.1198/tas.2009.0033

Visualization Analysis & Design

Tables (Ch 7) II

Tamara Munzner
Department of Computer Science
University of British Columbia

@tamaramunzner




(® Axis Orientation
1 > Rectilinear § > Parallel

111




ldioms: radial bar chart, star plot

- star plot

— line mark, radial axes meet at central point

* radial bar chart
— line mark, radial axes meet at central ring

— channels: length, angle/orientation

* bar chart

— rectilinear axes, aligned vertically

* accuracy

—length not aligned with radial layouts
-less accurately perceived than rectilinear aligned

[Vismon: Facilitating Risk Assessment and Decision Making In Fisheries Management. Booshehrian, Moller,
Peterman, and Munzner. Technical Report TR 201 1-04, Simon Fraser University, School of Computing
Science, 201 1.]




ldiom: radar plot

- radial line chart
— point marks, radial layout

— connecting line marks

» avoid unless data is cyclic

West Bromwich Albion

Tottenham Hotspur

Swansea City |

West Ham United

Sunderland

Stoke City

Southampton

Norwich City

Newcastle United

Arsenal

20— Aston Villa
60-- Cardiff City
_S50——
Chelsea
40—
Crystal Palace
Everton
" Fulham
Hull City
Liverpool

Manchester United

Manchester City



“Radar graphs:Avoid them (99.9% of the time)”

Ossinaisda
biissola eleitoral

Disputa de 2010 fol parecida com a de 2006

orio Cako, " Carkn £ Croz Gacta,
[hsee Barselia Jonkor. Moo Vergodtl o Rica 6o Mendoca

O PRIMEIRO TURNO C3 ¢l0iC30 presidencial de 2010 fol
muito pareciao com o da disputa de 2006, A petista Dima
Rousset! teve apenas L7 ponto percentual @ menos que

© Indice obUCO pelo presidente Luks quatro ands Atrds A
CONCENtr 8530 MaOr O seus volos também fol no Nordeste.
Dessa vez porém. 3 disputa fol um powco menos polarizada
0% vOI0s QUE PCOVOCITAM SAQUNTO TLINO Kfam CVISC0sS
entre 0 tucano José Serra ¢ a verde Marina Siiva.
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ldioms: pie chart, coxcomb chart

clarity
11

* pie chart _ e
000@ ! VS2
— interlocking area marks with angle channel: 2D area varies W
. VVS2
- separated & ordered radially, uniform height 20000 =IVFVS1
30000
— accuracy: area less accurate than rectilinear aligned line length
I= 11 clarity
— task: part-to-whole judgements 10000 i
6000 ~\V/S1 be o 512
4000 - SI1
» coxcomb chart 2000 - & .
. . ° ' VS1
— line marks with length channel: 1D length varies s o ws2
- separated & ordered radially, uniform width — larity VSt VS2 =:/FVS1
11
— direct analog to radial bar charts o si2
8000 - Sl
» data S 6000- vs2

4000 -

— | categ key attrib, | quant value attrib 2000 -

O_

. I S T L
11 SI2 SI1VS2VSVVSEVS1IF

clarity

[A layered grammar of graphics. Wickham. Journ.

Computational and Graphical Statistics 19:1 (2010),
A_79 17



Coxcomb / nightingale rose / polar area chart

*invented by Florence Nightingale:
Diagram of the Causes of Mortality in the Army

in the East
" DIAGRAM er rur CAUSES or MORTALITY ;
APRIL 1855 To MARCH 1856. IN THE ARMY IN THE EAST. APRIL 1854 ro MARCH 1855,

T
Ju %,
e 0,
h
_ v <
@ A < ¥
g .
g
£
< ‘,_‘-‘_

-
-

~ e

9, s
<501

Yonye wyaaws?® b

The Areas of the blue; red. & black wedges are tack measured. from
the cendre as the commeon- vertea
The blue wedges measured from the cenire of the curele represent area
for area the dealles lrome Frevenidie o Milrgable Zymolie diseases, the
red wedges measured from the cendre the deaths lrom. wounds, & the
black wedges measured from the cendre e deaths from all dther causes

The Mack line acrass the red triangle u Nov” 1854 marks the beundary
o the deaths Trome all other causes durig the montl

Irv Oclober 1854, & April 1855, the black area comwides wnlly the red.
wodanuary & February /850 the blie concrdes with the black:

The enlere areas may be compared by following the blue. thered & the
black lines enclosing then




Coxcomb: perception " ;

*encode: | D length
VVST SI2

//sm

* decode/perceive: 2D area

VVS2
* nonuniform line/sector width
as length increases VS VS2 N | N
— SO area variation is nonlinear W/t nonuniform width as length increases uniform width as length increases
line mark length!
P

* bar chart safer: uniform width, I

so area is linear with line mark
length

radial & rectilinear bars: uniform width as length increases

— both radial & rectilinear cases



Pie charts: perception

*some empirical evidence that people
respond to arc length

— decode/perceive: not angles

Absolute Error relative to Pie (Precision)

— maybe also areas!...

* donut charts no worse than pie charts

| Data Encodings in Pie and Donut Charts. Skau and Kosara. Proc. EuroVis 2016.]

sereyes.org/blog/201 6/an-illustrated-tour-of-the-pie-chart-study-results

e e



https://eagereyes.org/blog/2016/an-illustrated-tour-of-the-pie-chart-study-results
https://github.com/dwskau/arcs-angles-area

Pie charts: best practices

* not so bad for two (or few) levels, for part-to-whole task

https://eagereyes.org/pie-charts


https://eagereyes.org/pie-charts

Pie charts: best practices

* not so bad for two (or few) levels, for part-to-whole task

* dubious for several levels if details matter

o I

| I I

i
2

—
(6)] o
| |
— | ——
o NN

https://eagereyes.org/pie-charts


https://eagereyes.org/pie-charts

Pie charts: best practices

* not so bad for two (or few) levels, for part-to-whole task

* dubious for several levels if details matter

California, 37,000,000

- terrible for many levels

Oklahoma, 3,600,000

Oregon, 3,800,000

Puerto Rico, 4,000,000 § Texas, 24,000,000
Kentucky, 4,300,000 M

Louisiana, 4,300,000 fi fi“

A B C South Carolina, 4,400,000
Alabama, 4,600,000

Colorado, 4,900,000

New York, 19,000,000

Minnesota, 5,200,000

Wisconsin, §,600,000

Maryland, 5,700,000
Florida, 18,000,000

Missouri, 5,900,000
Tennessee, 6,200,000 ‘g
Indiana, 6,400,000 llinois, 13,000,000

Massachusetts, 6,500,000

Arizona, 6,400,000 Pennsylvania, 12,000,000

Washington, 6,500,000
Virginia, 7,800,000— !
New Jersey, 8,700,000

North Carolina, 9,500,000

Ohio, 12,000,000

f l— " Michigan, 10,000,000
Georgia, 9,600,000

20 =

15

10

o I

| I I

i
2

(6)]

|
— | ——
o NN

https://eagereyes.org/pie-charts


https://eagereyes.org/pie-charts

ldioms: normalized stacked bar chaxt

* task

o o o o O
§ 38438
EEEEEEN

eeeeeeeeee

— part-to-whole judgements

* normalized stacked bar chart |||||
- stacked bar chart, normalized to full vert height |1 L,A!I!!Il!!!l!!!!!!!!!!!Mggasmmm

—single stacked bar equivalent to full pie
-high information density: requires narrow rectangle -

* pie chart i
—information density: requires large circle sk

A
o

http://bl.ocks.org/mbostock/3886208

http://bl.ocks.org/mbostock/3887235



http://bl.ocks.org/mbostock/3886208
http://bl.ocks.org/mbostock/3887235
http://bl.ocks.org/mbostock/3886394

ldiom: glyphmaps
J /\/\/\\/

* rectilinear good for
linear vs nonlinear trends /\\//\/\/\/\A/\//\/\A//\N\J
SHIOGIGIONS
- radial good for cyclic patterns
— evaluating periodicity Q Q C@ d\g dg C\g

[Glyph-maps for Visually Exploring Temporal Patterns in Climate Data and Models.
Wickham, Hofmann, Wickham, and Cook. Environmetrics 23:5 (2012), 382-393.]

(® Axis Orientation
. > Rectilinear j

2> Parallel

11




@ AxisOrientation
> Rectilinear > Parallel : 2 Radial

A

', - -
» :

x T

| ™




ldiom: SPLOIVI

* scatterplot matrix
(SPLOM)

— rectilinear axes,
point mark

—all possible pairs of axes

— scalability
onhe dozen attribs

dozens to hundreds of
items

Data SPLOM

(3 Axis Orientation

2 Rectilinear 2 Parallel 2 Radial

xI/
L. 1 %y

- g " Wilkinson et al., 2005



ldioms: parallel coordinates

» scatterplot limitation

— visual representation with orthogonal axes

— can show only two attributes with spatial
position channel

Math

Physics

Dance

Drama

after [Visualization Course Figures. McGuffin, 2014.

Scatterplot Matrix

Math

Math

85
90
65
50
40

Drama

Dance Drama

—>
A e A ®
—»
A ® A [ 4
—
4, A .
>
Physics Dance
Table
Physics
95 70
80 60
50 90
40 95
60 80

65
50
90
80
90

http://www.michaelmcguffin.com/courses/vis/]



http://www.michaelmcguffin.com/courses/vis/

ldioms: parallel coordinates

- scatterplot limitation
— visual representation with orthogonal axes

Scatterplot Matrix

-l

>
Drama

Dance Drama

. . . Physics . o
— can show only two attributes with spatial IO N S
position channel A 4 4
. . . Dance
- alternative: line up axes in parallel to show SR SR .
many attributes with position ? 1 1
Drama
— item encoded with a line with n segments > > >
. . Math Physics Dance
—n is the number of attributes shown
- parallel coordinates Table
— parallel axes, jagged line for item Math  Physics
— rectilinear axes, item as point 85 95 70
- axis ordering is major challenge 90 80 60
— scalability * >0 70
. 50 40 95
*dozens of attribs 40 60 80

* hundreds of items

after [Visualization Course Figures. McGuffin, 2014.

65
50
90
80
90

http://www.michaelmcguffin.com/courses/vis/]

Parallel Coordinates

Math

>

100+

804
704
60

304
204
10+

0-

90-/

/7
7
50 /
- 7’
\‘m)_‘” 7 f
><_ )

|

404

Physics
A

Dance
A

Drama
A



http://www.michaelmcguffin.com/courses/vis/

Task: Correlation

* scatterplot matrix

— positive correlation
* diagonal low-to-high
— negative correlation
» diagonal high-to-low

— uncorrelated: spread out

- parallel coordinates

— positive correlation

- parallel line segments
— negative correlation
- all segments cross at halfway point

— uncorrelated

* scattered crossings

Perfect High Low
Positive Positive Positive No
Correlation Correlation Correlation Correlation
Il [ N
I &
- : - - l - -

Low High Perfect
Negative Negative Negative
Correlation Correlation Correlation
| | |
:-.}.‘:

-0.5 -0.9 -1

https://www.mathsisfun.com/data/scatter-xy-plots.html
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Figure 3. Parallel Coordinate Plot of Six-Dimensional Data lllustrating
Correlations of p = 1,.8,.2,0, —.2, —.8,and — 1.

[Hyperdimensional Data Analysis Using Parallel
Coordinates. Wegman. Journ. American Statistical
Association 85:411 (1990), 664—675.]


https://www.mathsisfun.com/data/scatter-xy-plots.html

Parallel coordinates, limitations

- visible patterns only between neighboring axis pairs

* how to pick axis order?
— usual solution: reorderable axes, interactive exploration

— same weakness as many other techniques

*downside of interaction: human-powered search

— some algorithms proposed, none fully solve

cylinders displacement weight horsepower acceleration (0-60 mph) mileage year
3 456 59 In 5141 Ibs 231 hp 26 sec 48 mpg 83

3 682gin 1613 bs 46 hp 8 sec 9 mpg 70



Orientation limitations @ Axis Orientation

2> Rectilinear

- rectilinear: scalability wrt #axes ‘

-2 axes best, 3 problematic, 4+ impossible



Orientation limitations @ Axis Orientation

2> Rectilinear 2> Parallel

- rectilinear: scalability wrt #axes L T

-2 axes best, 3 problematic, 4+ impossible

- parallel: unfamiliarity, training time



Orientation limitations @ Axis Orientation

2> Rectilinear

- rectilinear: scalability wrt #axes ‘

-2 axes best, 3 problematic, 4+ impossible
- parallel: unfamiliarity, training time

* radial: perceptual limits

— polar coordinate asymmetry
angles lower precision than length

*nonuniform sector width/size depending on radial distance

—frequently problematic

but sometimes can be deliberately exploited!

— for 2 attribs of very unequal importance

[Uncovering Strengths and Weaknesses of Radial Visualizations - an Empirical
Approach. Diehl, Beck and Burch. IEEE TVCG (Proc. InfoVis) 16(6):935--942, 2010.]

2> Parallel

11

-2 Radial
Xt
‘/l\‘




Layout density

® Layout Density

Space-Filling

e 4

2> Dense



Revisiting Bertin Matrices:
New Interactions for Crafting Tabular Visualizations
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EUROPE EURO;E EUROPE

S Q
- |
e g
o BE|d =
= L wo Qg
! S£23232z82/182523|3
) 2 CLZ|ladazm a:%f_:a“BH
hellrltzeDenFinFraCerGre ta NorPoIPorRus[SpaSweUni % g‘
t ol
Household in2681 6924625 2828720424231 4153193152228262 269 § s e HOUSEHOLD INCOME - SALARY
$ 4 4 $ WX > < i~ =
\ 4 = cia — > |
Worf\enssuf194n9219119m9419119519419119n9719119319219; (29 g < % § = é . % % fé % - % @ = IMPORTANT IN A JOB: GOOD PAY
Againstcohal2¥2 4 188 R0B0M612B9N17TRI 166 [19 g 5 E é E g %": é % § § ié ?) % %l CONFIDENCE IN THE HEALTH CARE SYSTEM ° CONFIDENCE
Belief in Godl61 36 63 6952 63 93 P1 56 06 86 [17 [16 46 F5 HOUSEHOLD INCOME (@) @ .i“. .. o] 00® CONFIDENCE IN GOVERNMENT IN
Confidence B2 1 55 42[34 29 p2 8 51 3 30 60 5 54 19 WOMEN'S SUFFRAGE DATE (@[ @@ [« @ /© @@ e (e @ e @ o 0 CONFIDENGE IN THE JUSTICE SYSTEM
Confidence 50034 72 B3[73 58 [70 [75 57 B3 75 [73 57 41 B9 AGAINST COHABITATION WITHOUT MARRIAGE | @ . *|®]0 o . e .. d bt d CONEIDENGEIN.THE ARMED, FORLES THE STATE
{ I ! ! BELIEFINGOD @ © @@ @ 1D ‘ CONFIDENCE IN THE CHURCH
Confidence 3620 63 U7 41 40 52 7 44 B5 67 67 31 39 B6 . CONFIDENCE IN GOVERNMENT‘. ® . ® BELIEF IN GOD RELIGIOSITY
Confidence 91 142 75 [73(78 34 B9 54 [74 W4 58 51 79 75 BO CONFIDENCE IN THE ARMED FORCES @| @ D AGAINST ABORTION
CONFIDENCE IN THE CHURCH @ | ® AGAINST COHABITATION WITHOUT MARRIAGE AND VALUES
Contdence FOPS BT [3FOFS FOPO 8 MM #2 69 F1| ™ CONFIDENGE IN THE HEALTH CARE SYSTEM (] @ NOT AS A NEIGHBOUR: HOMOSEXUALS
Important in 60 85 54 58 (58 73 94 [76 |56 93 88 93 [77 62 [15 CONFIDENCE IN THE JUSTICE SYSTEM |@| @ ATTEND CHURCH AT LEAST ONCE A WEEK e 0900
Against abo 56 51 28 10 [44 60 65 [72 |42 [75 61 |63 |57 25 57 IMPORTANT IN A JOB: GOOD PAY @ @@ A i i
11 { T T AGAINST ABORTION @ @ ¢ © © 0 0@ © -
N 725 N2/5 16B0R16 5221615 7 0 —_— —
i . NOT AS A NEIGHBOUR: HOMOSEXUALS | » (@« (@ |« [0 |@ @]+ . o| WOMEN S SUFRRABE DARE .
Attendchurc15N3 5 [7 1T N219858 p4258 219 (17 ATTEND CHURCH AT LEASTONCEAWEEK @ |@ |« | 0|0 @ @ o . @ ecl0 PY __—_ — — | —

Charles Perin, Pierre Dragicevic, Jean-Daniel Fekete
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J. Czekanowski 1909
5 b&w patterns

Manual reordering
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JACQUES BERTIN

Semiology
of
Graphics

diagrams
networks
maps
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Jacques Bertin

GRAPHICS
AND GRAPHIC
INFORMATION
PROCESSING

www.aviz.fr/bertifier

J. Bertin 19/5

Empirical method

“IManipulation] is fundamental.
It is the internal mobility of the
image that characterize the
modern graphic”



www.aviz.fr/bertifier
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For small n (< 10-50)

A few visualization technigues exist:

. Scatterplot matrix (SPLOM)
. Parallel coordinates
. Matrix/Heatmap

For more:

. projection methods reduce n to 2 (or 3),
trying to maintain distances



MNIST Benchmark

database of

handwritten digits for
training ML systems
28x28 = 784 pixel of
255 greylevels
60,000 training
10,000 testing

N O &



Projections

OVERVIEW | i | [s|[ |

Transform nD data
Into 2D data

. PCA
boiy Pecctind ) method method
S e @ svp svD @ EiG
M DS neighbours 40
[ ]
t_ S N E MDS iter: 450 ISOMAP iter: 450 TSNE iter: 1000
[ ]
. UMAP




PCA

Classical linear dimension reduction

. Very fast now, see e.qg., scikit learn
- stochastic algorithms

. out-of-core with IncrementalPCA

. Provide a stable global structure
- nhot good at preserving local structure

70



Manifold Algorithms use KNN

Full distance matrix impossible for large
HD data

. approximate k-nearest-neighbors

®* M. Aumdller, E. Bernhardsson, A. Faithfull.: ANN-Benchmarks: A Benchmarking Tool for Approximate Nearest
Neighbor Algorithms. Information Systems 2019. DOI: 10.1016/}.is.2019.02.006

. Huge differences, improving every year
. Use PyNNDescent for now
- https://pynndescent.readthedocs.io/en/latest/



https://arxiv.org/abs/1807.05614
https://arxiv.org/abs/1807.05614
https://doi.org/10.1016/j.is.2019.02.006
https://pynndescent.readthedocs.io/en/latest/

MDS

Distances in HD = distances in 2D (metric)
Order in HD = order in 2D (non metric)

. Slow (not scalable)
. Limited for HD due to intrinsic Limits
. Don't use it for HD data

. See http://colah.github.io/posts/2014-10-Visualizing-MNIST/

. John A. Lee, Michel Verleysen, Shift-invariant similarities circumvent distance
concentration in stochastic neighbor embedding and variants, Procedia Computer
Science, Volume 4, 2011, Pages 538-547, ISSN 1877-0509,
https://doi.org/10.1016/j.procs.2011.04.056 .



http://colah.github.io/posts/2014-10-Visualizing-MNIST/
https://doi.org/10.1016/j.procs.2011.04.056

TSNE iter: 1000

t-SNE

Manifold method using KNN

. Popular, many implementations §
. Scale with GPU (1m points 1k dims)

_ https://github.com/CannylL ab/tsne-cuda
. Hyperparameters are important

- https://distill.pub/2016/misread-tsne/

i, o

73


https://github.com/CannyLab/tsne-cuda
https://distill.pub/2016/misread-tsne/

UMAP

Like t-SNE but faster and more flexible

. https://umap-learn. readthedocs lo/en/ latest/
* https://pair-code.github.io/u stamdirg=uma:

. Can fit and transform . |
. Global + local =scale . = %
- learn of 20% I
~ transform 80% |



https://umap-learn.readthedocs.io/en/latest/
https://pair-code.github.io/understanding-umap/

ldiom: Dense software overviews

g 7 Tarantula. Bug Killer
° File
* data—° teXt Continuous vHStatements - Variable Width v | {\7

Test: i

—text + | quant attrib per line

\r‘ 11 -lr|

 derived data:

—one pixel high line

1

1
G SRR

U

1I[

i

—length according to original

* color line by attrib

1|||11 "[l 'III[IllI‘ 'I.‘||I|IH| H‘ | |If|‘l

* scalability (® Layout Density

"I'r"l' H'|r1r'l|' it

TR nlu“v 1 ||| |||‘|l

I N ”;IH

— |OK+ i 2 =
ines _ =
2> Dense

00000000 7 |[Executions: 22 / 300
00000000 it Passed: 29 f 297
XXX XXX X | = Failed: 2 7 3
00000000
00000000
00000000
I E X KR N R R
0206008 ¢

[Visualization of test information to assist fault localization. Jones, Harrold, Stasko. Proc. ICSE 2002, p
467-477.]



Arrange tables

(® Express Values

® : >

(® Separate, Order, Align Regions

> Separate 2> Order
m H
-
m EE .mm™ .’
> Align
2 1 Key > 2 Keys
List Matrix

sl

(® Axis Orientation
2 Rectilinear

L.

(® Layout Density

2 Dense

2> Parallel

111

-2 Radial
i
Y |
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Encode

| How? |

Manipulate Facet Reduce
(® Arrange ".@ Map ® Change (® Juxtapose ® Filter
& > Express > Separate 4  from categorical and ordered ‘ oo - ‘ ‘ ‘ ===== , S3222
attributes o SESSE
I.. [ |
L m = > Color
> Hue > Saturation = Luminance  (3) Select (® Partition ® Aggregate
EEE NEEE  mm |
® .. o S=S550, BEEES
1= > Size, Angle, Curvature, ... L : mEess mERES
> Use I a1 1)) ® Navigate ® Superimpose ® Embed
w 2 Shape <> . EM
+ 0N A . {N™
> Motion i
Direction, Rate, Frequency, ...
) o o
o ® G



Encode
® Arrange ® Map
> Express > Separate from categorical and ordered
. . attributes
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Chart axes

* labelled axis is critical

* avoid cropping y-axis
—include O at bottom left

— or slope misleads

PLANNED PARENTHOOD FEDERATION OF AMERICA:
ABORTIONS UP ~ LIFE-SAVING PROCEDURES DOWN

Services provided by Planned Parenthood
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http://www.thefunctionalart.com/2015/10/if-you-see-bullshit-say-bullshit. html



http://www.thefunctionalart.com/2015/10/if-you-see-bullshit-say-bullshit.html

ldiom: dual-axis line charts

* controversial
—acceptable if commensurate

—beware, very easy to mislead!
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ldiom: connected scatterplots

4
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— line connection marks:
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- scatterplot with line .
connection marks /

— popular in journalism

— horiz + vert axes: value attribs v | SN TEN W .
g ooty e ioss ‘

— alternative to dual-axis charts

flation Rate (%)

‘horiz: time

1 Il L 1 ] |
Unemployment Rate (%)

‘vert: two value attribs

- empirical study

— engaging, but correlation unclear

[The Connected Scatterplot for Presenting Paired Time Series.

124037 Z; Kosara and Franconeri. IEEE TVCG 22(3):2174-86, http.//steveharoz.com/research/connected_scatterplot/



http://steveharoz.com/research/connected_scatterplot/

Choosing line chart aspect ratios
* |: banking to 45 (1980s)

— Cleveland perceptual argument: most accurate angle judgement at 45

Fig 7.1 Sunspot Data: Aspect Ratio 1 Fig 7.2 Annual Report: Aspect Ratio 2
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https://github.com/jennybc/r-graph-catalog/tree/master/figures/fig07-01_sunspot-data-aspect-ratio-| https://github.com/jennybc/r-graph-catalog/tree/master/figures/fig07-02_annual-report-aspect-ratio-2



Choosing line chart aspect ratios

Downloads of the prefuse toolkit
Aspect Ratio = 1.44
2: multi scale banking to 45 (2006)

— frequency domain analysis to find ratios
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http://vis.berkeley.edu/papers/banking
http://vis.berkeley.edu/papers/banking
http://vis.berkeley.edu/papers/banking

Choosing line chart aspect ratios

- 3:arc length based aspect ratio (201 |)

— minimize the arc length of curve
while keeping the area of the plot constant

equal

unequal

— parametrization and scale invariant
—symmetry preserving

—robust & fast to compute

1/x

(
’/

* meta-points from this progression

| |\
—young field; prescriptive advice changes rapidly \ A
— reasonable defaults required deep dive into
PerCePtiOn meets math Banking to 45 Multiscale Banking

ngth-Based Aspect Ratio Selection. Talbot, Gerth, and Hanrahan. Proc InfoVis 201 1]


http://vis.stanford.edu/files/2011-ArclengthBanking-InfoVis.pdf

Breaking conventions

* presentation vs exploration
— engaging/evocative
—inverted y axis
*blood drips down on Poe
‘:TEISO Wor‘ks ];hd;; Xillecn Poe

The Remarkable Career of
150 works
org/wik: 'Edear Allan Poe b: sraphr Ben Jones, 7 October 2015

https://public.tableau.com/profile/ben.jonesz#!/
vizhome/EdgarAllanPoeBoring/EdgarAllenFateBsyipgiblic.tableau.com/profile/ben.jones#!/vizhome/EdgarAllanPoeViz/EdgarAllanPoeViz

[Slide inspired by Ben Jones]


https://public.tableau.com/profile/ben.jones#!/

