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Focus on Tables
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Link Grid of positions
Node
I 1 A (item) cell & -
Cell containing value 3 Position
3 e . Attributes (columns)
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Keys and values > Tables
. key Attributes (columns)
—independent attribute owd)

—used as unique index to look up items

Cell containing value
—simple tables: | key

—multidimensional tables: multiple keys > Multidimensional Table
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Keys and values > Tables
. key Attributes (columns)
—independent attribute towd)

—used as unique index to look up items

Cell containing value
—simple tables: | key
—multidimensional tables: multiple keys > Multidimensional Table
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* classify arrangements by keys used e
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> 0 Keys > 1Key > 2 Keys
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Idiom: scatterplot Idiom: scatterplot Idiom: scatterplot Scatterplots: Encoding more channels
p (3 Express Values p (® Express Values ° P (® Express Values P 8
* express values (magnitudes) * express values (magnitudes) . * express values (magnitudes) A * additional channels viable since using point marks
-— -— — >
—quantitative attributes —quantitative attributes ° —quantitative attributes —color

* no keys, only values

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

no keys, only values
—data

* 2 quant attribs
—mark: points
—channels

* horiz + vert position

[A layered grammar of graphics. Wickham. Journ. Computational and Graphical Statistics 19:1 (2010), 3-28] 6

no keys, only values

—data N
) o0 .3 £ 1
* 2 quant attribs ‘-;.
. i -,"..
—mark: points g 100 r» 7 g,
2 2 g
—channels 5000- Hs
* horiz + vert position
—tasks amt T
« 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]

—size (| quant attribute, used to control 2D area)
* note radius would mislead, take square root since area grows quadratically

—shape
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Scatterplot tasks

Scatterplot tasks

* correlation

Perfect High Low High Perfect
Positive Positive Positive No Negative Negative
Correlation Correlation Correlation  Correlation Correlation Correlati

f ' s ' R '
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Scatterplot tasks

* correlation

Perfect High Low High Perfect
Positive Positive Positive No Negative Negative
Correlation Correlation Correlatio Correlation relation Correlati

' ' R N R N
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* clusters/groups, and clusters vs classes
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Some keys

> 0 Keys

() Express Values §

Some keys: Categorical regions

> Separate 2 Order
[ . [ |
... | -I...‘

2> Align

—

Regions: Separate, order, align

> Separate 2 Order > Align

* 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

== ‘.

Separated and aligned and ordered

* best case

Separated and aligned but not ordered

* limitation: hard to know rank. what's 4th? what's 7th?




Separated but not aligned or ordered

Idiom: bar chart

Idiom: stacked bar chart

Idiom: streamgraph

100 100
T . . . . o 3 3 .
* limitation: hard to make comparisons with size (vs aligned position) * one key, one value 7 S * one more key * generalized stacked graph
S 50 S 50 - . -
—data 2 % 2 2 —data . — emphasizing horizontal continuity
> o . ) . N~
e categ attrib, | quant attrib < 0 | < 0 | * 2 categ attrib, | quant attrib vs vertical items [Stacked Graphs Geometry & Aesthetics. Byron and Wattenberg. IEEE Trans.Visualization and
—mark: lines @7’@ & goq} & @c@‘ \P& —mark: vertical stack of line marks —data Computer Graphics (Proc. InfoVis 2008) 14(6): 1245-1252,(2008).]
Q S " .
—channels ¢ S W & « glyph: composite object, internal structure from multiple marks * | categ key attrib (movies)
Animal Type Animal Type —channels * | ordered key attrib (time)
* length to express quant value I h and color h * | quant value attrib (counts)
* spatial regions: one per mark engF an 'co or hue —derived data
—separated horizontally, aligned vertically * spatial regions: one per glyph . " here heigh d
ordered by quant attrib —aligned: full glyph, lowest bar component — poors _— - geometry: layers, where height encodes
- . counts
. N . —unaligned: other bar components
» by label (alphabetical), by length attrib (data-driven https://www.d3-graph-gallery.com/graph. . . .
k Y ( P ) 4 ¢ ( ) —task barplot_stacked basicWide.html ! quant attrib (|ayer orderlng)
—tas
« compare, lookup values * part-to-whole relationship
labilit ' —scalability: asymmetric
—scalabil
4 4 hundreds of levels for k b b hundreds f | « for stacked key attrib, 10-12 levels [segments]
7 ozens to hundreds of levels for key attrib [bars], hundreds for values e * for main key attrib, dozens to hundreds of levels [bars] 0 2
Idiom: streamgraph - Idiom: dot / line chart Idiom: dot / line chart Choosing bar vs line charts . “
— —-# @ 2 a3 20 7 50 5 50 /
. - 8 8 2 £
« generalized stacked graph " — * one key, one value = ’Z * one key, one value = ’Z * depends on type of key E E
. . - 51 51 . £ £
— emphasizing horizontal continuity V —data g —data 2 attrib g g
" Vs vertical items [Stacked Graphs Geometry & Aesthetics. Byron and Wattenberg. IEEE Trans.Visualization and "2 quant ateribs J 0 "2 quant ateribs J 0 —bar charts if categorical 0 Female Male 0 Female Male
—data Computer Graphics (Proc. InfoVis 2008) 14(6): 1245-1252, (2008).] —mark: points ’90“ "90(7 '»@b @é w@% Aye“ '»Q\Q N —mark: points w@v w@(’) Ay@b @@ WQ& ASQQ q,b\u S —line charts if ordered 0 60
* | categ key attrib (movies) AND line connection marks between them y v AND line connection marks between them y v s 0 o
ear ear . fi g
+ | ordered key attrib (time) —channels " —channels " * do not use line charts for g g
* | quant value attrib (counts) « aligned lengths to express quant value 3 15 « aligned lengths to express quant value 3 1s Categorical ke)' attribs §“ » f;’ 2
o = = T T
— derived data * separated and ordered by key attrib into £ * separated and ordered by key attrib into £ 0 —violates expressiveness " - - "
. N Bl . . o= -year-olds -year-olds 10-year-olds  12-year-olds
* geometry: layers, where height encodes horizontal regions 2 horizontal regions 2 principle 4 4 4 4
counts g 5 —task g 5 implicati f trend " after [Bars and Lines:A Study of Graphic Communication.
« implication of trend so stron ition 27+
« | quant attrib (layer ordering) 0 « find trend ] pli¢ > trong Zacks and Tversky. Memory and Cognition 27:6 (1999),
ili &P S E O FEE S LS that it overrides semantics! 1073-1079.]
— scalability L e e L — connection marks emphasize ordering of items along L A AL —“The more male a person is, the
Sl sl ) Year key axis by explicitly showing relationship between Year !

* hundreds of time keys

* dozens to hundreds of movies keys

— more than stacked bars: most layers don’t
extend across whole chart 21

2

one item and the next
—scalability

* hundreds of key levels, hundreds of value levels

taller he/she is”

Chart axes: label them!

* best practice to label
—few exceptions: individual small multiple views could share axis label

T THINK WE SHOLLD MAYRE YOURE RIGHT.
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Chart axes: avoid cropping y axis

* include 0 at bottom left or slope misleads

Now 1,290 Now

[Truncating the Y-Axis:Threat or Menace?
Correll, Bertini, & Franconeri, CHI 2020.]
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2%

Chart axes: avoid cropping y axis

* include 0 at bottom left or slope misleads
— some exceptions (arbitrary 0, small change matters)

2

s 1z

1 Bush Tax Cuts Expire

Now

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

(a) Statistical process charts rely on comparison
0 an expected value, and so deviations from that
vallu, not from zero, are important

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

(©) Stock charts must show small differences in
stock value, as these can trznsls
monstary garns or losses.

imate Anomaly charts rely on beth highiight-
ing ceviatior: from a non-zero expectzd value but
also emphas ze the potentialy disastrous impact
of even mintte changes in clmate.

Idiom: 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

Revenues | =

California State Revenues
‘Fiscal Years Ending: 1051201

Crexeaty:een Joses
‘SCatsRericed
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Idiom: Gantt charts

antt Chart: Sample Client
Task7
]

Task6

* one key, two (related) values
—data
* | categ attrib, 2 quant attribs

Tasks

|
Tesk 3 [

Task4

Task2 n

Tasi [
Jan2016

Total Duration: 505 days
Total Resources: 3

Jul2016  Oct2016

—mark: line

Apr2016

* length: duration

https://www.r-bloggers.com/gantt-charts-i

<

—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] »

Idiom: Slopegraphs

* two values
—data
* 2 quant value attribs
* (I 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

20122013 - 2013014 e

(played 15) [

S Ci. 17

Wast B i, 15

Wast Hon Ui,

2 Keys

> 0 Keys

(3 Express Values
-—

Idiom: heatmap

* 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)

> 2 Keys
Matrix

—task
* find clusters, outliers
—scalability
* M items, 100s of categ levels, ~10 quant attrib levels n




Heatmap reordering

Correlation Matrix: Variables in Alphabetical Order Correlation: Variables in Clustered Order
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Idiom: cluster heatmap

it

in addition
—derived data
* 2 cluster hierarchies

WU H_LEI

—dendrogram
* parent-child relationships in tree with connection line marks

%

* 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
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(® Axis Orientation
™ Rectinear
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> Parallel

T

Idioms: 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

AN P

L " 4

Idiom: radar plot

radial line chart

Toterem st . = Cree

—point marks, radial layout
—connecting line marks

avoid unless data is cyclic

[, szl

Kol drind 1 [——

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

X

o
T

== i
How each state voted

2

A
A

redesign for

original
difficult to interpret

Idioms: pie chart, coxcomb chart .

* pie chart
- interlocking area marks with angle channel: 2D area varies

« separated & ordered radially, uniform height
—accuracy: area less accurate than rectilinear aligned line length

- task: part-to-whole judgements

* coxcomb chart

— line marks with length channel: 1D length varies
* separated & ordered radially, uniform width

12000 clarty

—direct analog to radial bar charts 10000~

* data

wst

* accuracy \ eV vas
’ AR rectilinear : "
—length not aligned with radial layouts d \’ EtReamihensd L RM R e Tl b — | categ key attrib, | quant value attrib
* less accurately perceived than rectilinear aligned
e Mnanar, Tkl ReporeTR 201104 oo Frons Uty Scholof Compotn Scinee 20111 ¥ w | bulbenshefiniondlartcomi2012/1iradorgrophs-aveicthen-999-oftime huml » Compactin and G Sussc 151 (3010),5-281 ©
Coxcomb / nightingale rose / polar area chart Coxcomb: perception . H Pie charts: perception Pie charts: best practices
* invented by Florence Nightingale: * encode: | D length || * some empirical evidence that people . 1 * not so bad for two (or few) levels, for part-to-whole task
. e . VVS1 SI2 H
Diagram of the Causes of Mortality in the Army in the East « decode/perceive: 2D area respond to arc length £
7 DIABRAM o rae €AUSES or MORTALITY A d HY E
ApRL. 18 2 AR 050 N THE ARMY i THE EAST. v a4 st 055 / / —decode/perceive: not angles £
3 A A VVS2 si1 —maybe also areas?... §
* nonuniform line/sector width d Y h h ie ch .
. . ! L
as length increases W, .- = B onut charts no worse than pie charts .
o RPN
B —so0 area variation is nonlinear Wrt nonuniform width as length increases uniform width as length increases ~
- line mark length!
. . L 2
* bar chart safer: uniform width, ‘1
so area is linear with line mark
|en gth radial & rectilinear bars: uniform width as length increases [Arcs, Angles, or Areas: Individual Data Encodings in Pie and Donut Charts.
i o Ny 85 B3 Kok oo Wl ) . Skau and Kosara. Proc. EuroVis 2016.]
i o —both radial & rectilinear cases o https://eagereyes.orglblog/20 | 6/an-illustrated-tour-of-the-pie-chart-study-results o | Dttpsi//eagereyes.org/pie-charts “
Pie charts: best practices Pie charts: best practices Idioms: normalized stacked bar chart Idiom: glyphmaps
* not so bad for two (or few) levels, for part-to-whole task * not so bad for two (or few) levels, for part-to-whole task * task 7]
. . . . . . : * rectilinear good for
* dubious for several levels if details matter * dubious for several levels if details matter —part-to-whole judgements - . 8 . /\\/ /\/\/\/
. - linear vs nonlinear trends AVAVAV
+ terrible for many levels * normalized stacked bar chart ||
—stacked bar chart, normalized to full vert height IIIIII
* * ¢ * —single stacked bar equivalent to full pie Q O Q Q Q O
* high information density: requires narrow rectangle ¢ radial good for C)’C|iC patterns
* pie chart —evaluating periodicity Q Q dg (JS Cr@ <§
—information denSit)’Z requires Iarge circle [Glyph-maps for Visully Exploring Temporal Patterns in Climate Data and Models. Wickham,
w Hofmann,Wickham, and Cook. Environmetrics 23:5 (2012), 382-393.]
sl ml I
o i ® Axis Orientation
5 IIH “ > Rectilinear > Parallel > Radial
e hetpilblocks.orglmbostock/3886208, T T T :—\T/l.
https://eagereyes.org/pie-charts https://eagereyes.org/pie-charts http:l/bl.ocks.orgimbostock/3887235, ‘/l\‘
45 46 47 48

http://bl.ocks.orgimbostock/3886394.




1 C Data SPLOM
Idiom: SPLOM Idioms: parallel coordinates Scatterplot Maix Idioms: parallel coordinates Scatterplot Maix Parallel Coordinates
@ Axis Orientation ) ] ] : o NUE S DR T o e e fe fe, M P o Oum
e T S S R S * scatterplot matrix | | © s Orentation * scatterplot limitation 2 * scatterplot limitation 2t
b ope . i ; * Rectilinear  Parallel * Radial — Vi : ;. . . . Vi . . . R .
> Rectl I inear > Pa ra”el > Rad |a| (SPLOM) | | |/ s N L i1t i visual representation with orthogonal axes oy [ ) I ) '[ ) ‘[ . visual representation w!th orthc?gonal a'xes oy [ ) I ) '[ ) ‘{ )
¥ ili fe : (S s — can show only two attributes with spatial —can show only two attributes with spatial
T —rectilinear axes, ; i i %, position channel ) .\ .| K X position channel N "y " # .
\ / point mark P s, ance vl el ) el X ance
) ) ; Ij j} L alternative: line up axes in parallel to show
/ \ —all possible pairs of axes | | | I A &% i %f% pama | | S many attributes with position prama | | R
l —scalability | | : | 3 ) Math Physics  Dance  Drama —item encoded with a line with n segments ath Physcs Dance. Drama
* one dozen attribs —n is the number of attributes shown
i | Table . Table
« dozens to hundreds of | « parallel coordinates
items . | Math  Physics Dance Drama —parallel axes,jagged line for item Math  Physics Dance Drama
| 85 95 70 65 N X ) 85 95 70 65
W %0 80 60 50 —rectilinear axes, item as point %0 80 60 50
. Wilkinson et al., 2005 65 50 90 90 « axis ordering is major challenge 65 50 EY EY
50 40 95 80 L 50 40 95 80
40 60 80 90 —scalability 40 60 80 %0
* dozens of attribs
after [Visualization Course Figures. McGuffin, 2014, + hundreds of items after [Visualization Course Figures. McGuffin, 2014,
49 50 1 52
Task: Correlation pr g e Je. g | Parallel coordinates, limitations Orientation limitations @ Axis Orlentation Orientation limitations @ Axis Orientation
, Correlation ~ Correlation  Correlation T Correlation | Correlation ~ Correlation > Rectilinear > Rectilinear > Parallel
* scatterplot matrix ; * visible patterns only between neighboring axis pairs * rectilinear: scalability wrt #axes * rectilinear: scalability wrt #axes 1
— positive correlation T 59 o5 ‘ o " o5 e 2] e how to pick axis order? * 2 axes best, 3 problematic, 4+ impossible * 2 axes best, 3 problematic, 4+ impossible
« diagonal low-to-high N st . . . . . i s :
& "e el ] —usual solution: reorderable axes, interactive exploration * parallel: unfamiliarity, training time
— negative correlation .
! ) : —same weakness as many other techniques
* diagonal high-to-low
. e * downside of interaction: human-powered search
—uncorrelated: spread out
. > —some algorithms proposed, none fully solve
* parallel coordinates
— positive correlation
* parallel line segments ’
—negative correlation .
* all segments cross at halfway point ; .
—uncorrelated Combmomary L a
+ scattered crossings [Hyperdimensional Data Analysis Using Parallel Coordinates.
Wegman. Journ. American Statistical Association 85:41 |
(1990), 664-675.] 53 54 55 56
Orientation limitations @ Axis Orientation Layout density Idiom: Dense software overviews Arrange tables
> Rectilinear > Parallel > Radial )
* rectilinear: scalability wrt #axes 11 Xt * data: text ® Express Values ® Axis Orientation
* 2 axes best, 3 problematic, 4+ impossible <IN —text + | quant attrib per line — > Rectilinear > Parallel > RaTdiaI
* parallel: unfamiliarity, training time ©) Layout Density * derived data: 4 i . I S
] o —one pixel high line = (3 Separate, Order, Align Regions ‘/l\‘
* radial: perceptual limits > 5 - P i I > Separate > Order
. Dense Space-FI”Ing —length according to original R .
—polar coordinate asymmetry ML - guul 3 Layout Density
. o000 H 7 H m u -
« angles lower precision than length L H - * color line by attrib  § = > Dense
* nonuniform sector width/size depending on radial distance H * scalability = > Align
) . ° i - E
—frequently problematic S = Ca H _-- Z 10K+ lines ® Layout Density :
* but sometimes can be deliberately exploited! FTT I\ S i - > Dense
—for 2 attribs of very unequal importance =
> 1Key > 2 Keys
List Matrix
==
[Uncovering Strengths and Weaknesses of Radial Visudlizations - an Empirical Approach.
Diehl, Beck and Burch. IEEETVCG (Proc. InfoVis) 16(6):935-942,2010.] 57 58 v of test to assist fault Jones, Harrold, Stasko. Proc. ICSE 2002, p 467-477.] 59 60

Facet Reduce Encode Manipulate Facet Reduce

Manipulate

® Arrange

%> Map & Change & Juxtapose @ Filter ® Arrange ® Map & Change & Juxtapose ® Filter

> Express > Separate from categorical and ordered o it . > Express > Separate from categorical and ordered e o it .
attributes . A e attributes - E .
—— L — e
== > Color L] > Color

v SHue > Saturation Lluminance @) Select 3 Partiti 3 A t v SHue > Saturation > Luminance @) Select 5 Partiti 3 A t
> Align - i e @ Selec @ Partition 3 Aggregate > Order > Align - u e @ Selec @ Partition 3 Aggregate
.o : . .. o
) ) L_l_l_l_l 2 Size, Angle, Curvature, ... L DD \L. L_I_I_I_l 2 Size, Angle, Curvature, ... L =
2 Use -l e 1)) ® Navigate ® Superimpose ® Embed > Use -l e 1)) ® Navigate 3 Superimpose 3 Embed
+oma o - +omaA P (m
= Motion = Motion
Direction, Rate, Frequency, . Direction, Rate, Frequency, .
) . ° ® .o o
DRdNCY et '
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