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Tabular Data Visualization
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arrange is the focus of all four design
choices for tabular data




(® Magnitude Channels: Ordered Attributes ® ldentity Channels: Categorical Attributes
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Techniques and Tasks

* Magnitude

* Part to whole

* Distribution

* Deviation

* Change over Time
* Ranking

* Correlation
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Bar Chart Variants
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Comparison of bar chart types
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Category 1 @ ltem 3 - ' : : ;
Category 2 @ Itzz 5
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Category 4 @ et
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Pie Chart Stacked bar chart
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Small

Grouped 30 Multiples
Bar 154
Chart /

ltem 3 ltem 4 ltem 5

ltem 1 Iltem 2

Streit & Gehlenborg, PoV, Nature Methods, 2014



Rank
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3D Pitfall: Occlusion & Perspective

Which one is the tallest bar?
What is the pattern in the data?

[Gehlenborg and Wong, Nature Methods, 2012]



3D Pitfall: Occlusion & Perspective

Which one is the tallest bar?
What is the pattern in the data? 0

[Gehlenborg and Wong, Nature Methods, 2012]



IsoType Visualization

Population and Live Stock
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http://steveharoz.com/research/isotype/

heatmap

* uses heatmap representation

* matrix layout using keys
* encode values with color

* often augmented with clustering

w50 o ool



heatmap

* uses heatmap representation

* matrix layout using keys
e encode values with color

* often augmented with clustering




heatmap

* uses heatmap representation

* matrix layout using keys
* encode values with color

* often augmented with clustering

* here, used on genomic data

Eisen 1998
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Good Color Mapping

(“Red-Green Blindness”)
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Color is relative!




Part of WWhole




Stacked Bar Chart

* Keys: Class, Survival Class

is spatial Survival is color : m—Dd
a0
* Left: absolute values 00|
* Right: proportional values :400
300
200

2

0.0
Ist Class 2nd Class 3rd Class Ist Class 2nd Class 3rd Class




Pie and Donut Charts

Edit

Pie Donut

A common way of showing part-to-whole data - but be aware that it's difficult to accurately compare Similar to a pie chart - but the centre can be a good way of making space to include more information
the size of the segments. about the data (eg. total)




pie charts: take care with accuracy
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TreeMap

Treemap
Use for hierarchical part-to-whole relationships; can be difficult to read when there are many small segments
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Storage

Appliances Furnishings
Bookcases




Part of Whole for Time Series

(o)
100 100 % stacked area chart
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Distribution




Aggregating Large Data Vectors

* Instead of showing all data points, show a data’s distribution

* Pro: compact representation

* Con: Works only if data is “well behaved” for the type of distribution
visualization.



Histogram
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Box Plots

* aka Box-and-Whisker Plot

e Bad for non-normal distributed
data

* Especially bad for bi- or multi-
modal distributions

L 1QR
| |
Q1 Q3
Q1 — 1.5 x IQR Q3 + 1.5 x IQR

| |

% Median 2 '
~40 —éoé ~20 —ioé 0o glb 20 536 4o
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Zb 36 4b



One Boxplot, Four Distributions

Normal

Bimodal ‘
e | 1 1 o P—

Peaked
I SR SR N S I T 1T T 1T I

Skewed
L L I | | T |

Box plot

1 1 1 | 1 1 1 1 |

0 2 - b 8 10 12 14 16 18 20

Figure 1: Histograms and box plot: four samples each of size 100

http://stat.mq.edu.au/wp-content/uploads/2014/05/Can_the_Box_Plot_be_Improved.pdf


http://stat.mq.edu.au/wp-content/uploads/2014/05/Can_the_Box_Plot_be_Improved.pdf

Violin Plot

* = Box Plot + Probability Density Function

15 2



http://web.stanford.edu/~mwaskom/software/seaborn/tutorial/plotting_distributions.html
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One of these things is not like the other...

* 19 charts are random samples from a gaussian

* 1 chart has 20% of samples with identical value




Detecting Data Flaws i semm—

...L .
* Tricky with aggregate visualization Ak. AA
Outlie

* Bin size / kernel type / bandwidth /
visualization choice all affect different n————.> ..

situations I,Hu l.‘ I_.__
{ade. L.LLL

Original Distribution Gap Outllers Spl!e -L L L




Deviation




Comparison to Reference Point
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Envelopes
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Accessories
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Phones
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Binders
Machines
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Bookcases
Tables
Appliances
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Diverging Bar Chart

Surplus/deficit filled line

The shaded area of these charts allows a balance to be shown; either against a baseline or between two serie
80Kk
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I'H y ."II ey

Jui 2018

50

Surplus/deficit filled area
Same as before.
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Change over Time




Line Chart

Simple
Familiar
Accurate
Fairly Scalable
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don’t use line charts for categorical attributes!

ok: “Men are taller than wome bad: “The more male a person
(on average) s, the taller he/she is”
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don’t use line charts for categorical attributes!

ok: “Men are taller than wome bad: “The more male a person
(on average) s, the taller he/she is”
60 60
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0 0
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60 60
~ 50 - 50 /
(V) QD
S 40 S 40
=
= 30 = 30
¥ ol
o 20 o 20
) QU
0 0
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ok: “Iwelve year olds are talle
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than ten year olds’ | J ge’




Talbot 2011

Aspect ratio




Aspect Ratio [Cleveland 1994]
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Counter-Point: Talbot 2012

Height Angle

e people use two different strategies to

estimate slope—angle and height
50

* slope angle accuracy NOT minimized at
45° (closer to 60°)

Residuals (percentage points)

10°  45° 80° 10° 45° 80°
Mid-angle (6 )



Tick Placement

* Ticks help in user interpretation of data, but too much may hinder

* Automatic optimization of label formatting, font size, and orientation
* placement based on simplicity, coverage, granularity, and legibility

80

63

601 © 601~ ©
N X \\
60- | 541 X \
3. oo > 1°* Ral ® >
40 ,:.\\,, o © \\ 45- \\\ 0 | \f‘j:\ |
- e s | o NS
20 ' T 36 w ——— : ' .
5 10 15 10 8 9 10 11 12 13 14 15 8 10 12 14
(a) Heckbert (b) R's pretty (c) Wilkinson (d) Extended

Talbot 2010



Stacked Area Chart




100% Stacked Area Chart

(o)
100 100 % stacked area chart
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Stacked Area vs. Line Graphs

Market Share

100

75

25

0
Q1Y1 Q2y1 Qa1 Q4y1 Q1y2 Q2y2 QiY1 Q2Y1 Q3v1 Q4v1 Q1y2 Q2Y2

leancrew.com & Practically Efficient



Can you spot the trends?
Overall vs Individual Components
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Sparklines

e Small line charts can be
embedded in text or part of
a table

Mauricio Pochettino has lead Spurs on their best
run in 24

years of the Premier League

Alibaba stock is at 5 yr
high 93.89 ui sl 152.11 as of July 2017

The FTSE100 Brexit
bounce 5562 ..~ 7501 continues one year on
from the vote last summer

https://www.bram.us/2017/09/12/spark-a-typeface-for-creating-
sparklines-in-text-without-code/

Symbol | Bid | Ask | Last |Change|T Chart Volume | High | Low |Value Change|| Value | Gain

DELL | 893/4 8913M¢ 893/4 +11/4 4 10310100 901/8  881/2 +1.41% 250 17,950 +273.72% 13,147
CPQ 43716 4839M6 487ME - 1316 25,628,700 511/4 114 -165% -81 4,844 +6079% 1,83
SDTI 261/4 26318 2638 +1i2 @ ; 504,600 273/8 | 255/8 +1.93% 250 13188 +133.159 7,53
COMS | 461/2  469ME 46916 -25732 [ NUNENgees 3,191,100 47 15M¢ 453/4 -165% -102 6,053 +29.79% 1,389
LU 111 5/8 111 1116111 916 +1 916 5104600 112518 110 +142% 78 5578+2276% 1,034
YHOO |3681M6 368142 368172 +17 1/4 P 3,787,800 381 316 280 +491% 431 9213 -0.41% -38
A0L  [1621316163 163 +8 10,008,500 164 158112 |+516% 280 5705 +73.06% 2,408
CMGI | 9738 97172 97172 +575 JP. 1,323,800 981/2 93 +6.41% 705 11,700 +186.765 7,620
SPLN | 3313M6 3315M¢ 3313M6+ 716 § 300,200 343/4 3358 +1.31% 88 6,763 +9460% 3,288
BEAS | 13122 1358 1358 -7H6 [ 389200 141/4 1318 -311% -44 1363 -917% 138
GNET [102 103 316 101 516 +61/53 307,600 108 a7 +6.43% 613 10,131 +130.265 5,73
RMAK | 67 67 1/4 67 +2314 SN, 1,233,900 69 64 15ME+428% 275 6,700 +79.87% 2975
MSFT [1731/8 1731/4 173516 +13i4 § ; 13,284,500 174 7M6 170 +102% 175 17331 +54.74% 6131
INTC  |1333/4 133131€13313M6-3118 § 8,094,300 137 1/2 [1333/8 |-2.28% -625 26,763 +65.20% 10,563
TOTAL @ 205302 80,993 +1.63% 2,293 143,280 +79.41% 63,377

By Peter Zelchenko




Horizon Graphs

= Al £

v

l A line chart is divided into layered bands.

v

Negative values are mirrored. / \ Negative values are offset

[Heer, Sizing the Horizon, 2009]
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http://square.github.io/cubism/

Horizon Chart Explanation

A Horizon Chart is a specialized type of chart for time series data. It is especially useful for showing data with large amplitudes in a short vertical space. The idea was
introduced by Saito et al. in Two-Tone Pseudo Coloring: Compact Visualization for One-Dimensional Data. Panopticon commercialized and coined the term Horizon Chart.

Like any novel visualization, one downside is the cost for your audience to learn and understand that chart. Therefore, | have built this interactive visualization to help make
it easier to understand how Horizon Charts work.

Select Function y =sin(x) v Horizon Chart Explanation Chart

Mirror Negative Values

@D |nclude Bin Lines

0.8 +

Mod Height 0.25
O

N\
\

0.4

Container Width 400 [
o

Baseline O

-0.2

Press and hold to stack! ]

-0.4 -

Row Height 40
&

Match Row Height

-0.6

-0.8

http://www.horizon-chart-explanation.devinlange.com/


http://www.horizon-chart-explanation.devinlange.com/

Clipped Graphs
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[Lin 2019]



Clipped Graphs

: Lineage Tree Layout » View Person Details Table Attributes » Rank By » Sort by Tree Show/Hide tree m Map Attribute » Supplement View Option « & admin i o
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onnected Scatterplot

METRICS 7,000 mi.

HANNAH FAIRFIELD

Driving Shifts Into Reverse

» Two Variables + Time Only one per Chart!

 Labels important

Connected scatterplot

A good way of showing changing data for two variables whenever there is a relatively clear pattern of progression.
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CONOMISTS have long studied the
relationship between driving habits
and gasoline prices. Low gas prices
can bring periods of profligate driving,
and a quick jump in prices can cause
many vehicles to languish in garages.
Until recently, Americans have driven
more each year than the previous one,
with a few brief exceptions. In 1956,
Americans of driving age drove about
4,000 miles a year, on average. Fifty years
later, that figure had climbed above 10,000.
But the latest recession has caused
some big changes. High unemployment
meant that fewer people were driving to
work, and a slump in consumer spending

$2.50

1956
Annual
average

$2.00

t

Price of
a gallon
of gasoline

Annual average for
regular grade,
adjusted for inflation

Miles driven per capita each year ==

1956-72
Cheap gas, longer commutes

Cheap gas,
longer commutes

meant that less freight needed to be
moved around the country. As gas prices
soared in 2005, the number of miles driven
— including commercial and personal —
began to fall, and continued to drop after
2008 even as gasoline became cheaper.
“People were surprised by the very
rapid rise in gas prices, and they changed
their driving behavior,” said Kenneth A.

Energy crisis

suspicion is that it is temporary. As soon

as unemployment gets back to

pre-recession levels, we will see 1979
Americans doing a lot more driving

again.”

The Arab
oil embargo

5,000 mi. 6,000 mi. 7,000 mi.
1973-74 1978-81
The Arab oil embargo Energy crisis
“
SHANGE IN M \ CHANGE IN MILES CHANGE IN
F:T\\N\utolfjv‘&; DRIVEN PER YEAR GAS PRICES
-210 || -156 +106¢
o

Americans spent more time in their In 1973, many Arab oil-producing Gas prices jumped as the Iranian

cars as highways networks countries declared an oil embargo revolution and the Iran-Iraq war
expanded and more workers against the United States because caused arift in the global oil
commuted from new, far-flung of its support of Israel in the supply. United States energy
suburbs. The number of commuters Middle East. The supply disruption policy turned to conservation, and
rose as more women joined the caused oil prices to rise sharply, Congress imposed the first

work force. and gas consumption declined. fuel-efficiency standards for cars.

Sources: Energy Information Federal

Brookings Insttution

8,000 mi. 9,000 mi. 10,000
The swing backward
The average number of $3.00
miles that Americans :
drive annually begins to 200
fall, so the chart appears
to turn around.
2006
feb. 2010
$2.50
2008
$2.00
$1.50
8,000 mi. 9,000 mi.

1908

1986-98 2005-10
Record low prices The swing backward

CHA
DRIVEN
+2,057

CHANGE IN MILES

e
N | DRIVEN PER YEAR
CES \ -427 N
-39¢

Gasoline remained cheap for more The growth in driving faltered as
than a decade, and the average gas prices started to climb. But
number of miles Americans drove much of the sharp reduction in
annually jumped by more than driving was caused by the long
2,000. Economists observed that recession and its high unemploy-
consumers hecame less sensitive ment rate. A small but growing
to small gas-price changes as number of thrifty and carbon-
household incomes rose. conscious commuters switched to

bicycles and public transportation.

THE NEW YORK TIMES.

http://www.thefunctionalart.com/2012/09/in-praise-of-connected-scatter-plots.html



Heat Map and Calendar Heat Map

The heat maps below show number of cases per 100,000 people.

Measles
Vaccine introduced
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Note: CDC data from 2003-2012 comes from its Summary of Notifiable Diseases, which
publishes yearly rather than weekly and counts confirmed cases as opposed to provisional

ones.

https://www.informationisbeautifulawards.com/showcase/660-vaccines-and-infectious-diseases



Monitoring the U.S. Outbreak
Confirmed cases by state, ranked by latest full-day count

Daily confirmed cases per 100,000 residents
C | [
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Note: Trend indicates whether a state had an increase or decrease in total number of cases in the past
seven days compared with previous seven days. Last updated March 3, at 1:56 p.m.
Sources: Johns Hopkins Center for Systems Science and Engineering; the Lancet; Associated Press; U.S.
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Sometimes you can Show Too Much Data

Polio cases in the United States Vaccine introduced

& S &

# cases per 100,000 people

o

1930 1935 1940 1945 1950 1955 1960 1965

Data source: Project TYCHO (tycho_pitt edu) | Author: Randy Olson (randalolson.com / @randal_oclson)

http://www.randalolson.com/2016/03/04/revisiting-the-vaccine-visualizations/


http://www.randalolson.com/2016/03/04/revisiting-the-vaccine-visualizations/

A history of the European Union

W f | ‘ C h How the European Economic Comunity's territory grew and throughout the years, up until Brexit
aterta art -

* Great way to show <-
evolution of part of
whole over time /
events (non-linear
time)

Outermost Regions
(territories outside the European continent)

Areain 1 mil. km?
|

HOW TO READ:
territory added D (

territory On 19 March,
lost the UK will
core European territory [JJ |} cease to be a
member of the EU

Enlargements: Q ) EU27
1973 1981 1986 & 1995 2004 2007 2013 8’ after
N N Brexit
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Rankings
are Popular
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Fox Theatre
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with... more »

Map | Visitor photod

Atlanta Botanical Garden
T As featured in Atlants off the besten psth

Ranked #2 of 177 attraq,
@@@@E) 697 reviews

“Sweet Garden™ 0V02/2012
“One of the coolest things in Atlanta™
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Ranking

Ordered bar Edi " . . . .
Standard bar charts display the ranks of values much more easily when sorted into order M ag n It u d e VI S u a I I Z at I O n + S O rt I n g
West
East
Central
South
D;( 1 OIOK ZDIOK 30¥)K 4OIOK 5{;0k WIOK 7DIOK 8CJOK
B Charts for Ranki [
Bump Edi
Effective for showing changing rankings across multiple dates. For large datasets, consider grouping lines using colour.
14 - - - China
2
3 India




Temporal Rankings
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Table Lens

0 S MR 6-)
) ‘ @ & m Business Objects’
o0 SAP company |

Car Manufacturer | MPG Origin v Cylinders Displacement | Horsepower Weight Acceleration Model_Year

]
-:-

* Interactive table-
based representation

Rao & Card 1994



LineUp

E Customized Combination \ 4 World University Ranking 2012 \
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Video at http://lineup.caleydo.org
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Correlation




What is Correlation

* How do two or more variables behave relative to each other?
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Axis-Based Techniques

Scatterplot Matrix Parallel Coordinates

Table ’ . . . Math  Physics Dance Drama
Math . i K : A A A A

. | : | | 100-

Math  Physics Dance Drama . ><

85 95 70 65 Physics | .. | : . | .. | - 807

90 30 60 50 70-

65 50 90 90 . . ) . 60-

50 40 95 80 Dance | ; I ’ | P | ’ 50~

40 60 80 90 407

-

_—<]
\
\

Physics Dance Drama




Scatterplots




Scatterplots

. .
* Two orthogonal axis "
e [ ] [ ] [ ] [ ]
visualizing one dimension
each. "
[ ]
* (see prior lecture) - ——
% GDP: 5,727
2 Life Expectancy: 61
- Population: 182,201,962
£ 50
o
(]
§ 40 -
s
g
—l 30
20+
10-
% 2 3 4567890 20 30 50 7090 200 400 700 1k 4k 7k 10K 40k  70K100K

7| (PPP$, inflation-adjusted) | Log %



Scatterplot Matrices (SPLOM)

 Matrix of size d*d

* Each row/column is one dimension
* Each cell plots a scatterplot of two

dimensions

o
- L 2
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Scatterplot Matrices

* Limited scalability (~20 e Algorithmic approaches:
dimensions, ~500-1k records) e Clustering & aggregating records
* Brushing is important * Choosing dimensions
* Choosing order

 Often combined with “Focus
Scatterplot” as F+C technique



SPLOM Aggregation - Heat Map

Interactive Binned Scatterplot Matrix Dimensions: |5 v | Bins: [20 v | Data Points: [ 100k ¥
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Datavore: http://vis.stanford.edu/projects/datavore/splom/



SPLOM F+C, Navigation
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Parallel Coordinates




Parallel Coordinates (PC)

» Axes represent attributes
* Lines connecting axes represent items

X4 A

A* *B
T

| | A

X Y

Inselberg 1985



parallel coordinates

cylinders displacement welight horsepower acceleration (0-60 mph) mileage year
9 45689 in 5141 Ibs 231 hp 26 sec 48 mpg 83

A LA
»’,q‘//../..//’ 7 A
T

=

]

Y |
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\

2l

3 68 5q In 1613. bs 46 hp 8 sec 9 mpg 70

Protovis




Parallel Coordinates

* E a C h a X I S re p re S e ntS oooooo y (mpg) cylinders displacement (cc) power (hp) weight (Ib) 0-60 mph (s) year

82

dimension
» Lines connecting axis _ 7 7
represent records /
. 300 - 140 18/ "

* Suitable for
e all tabular data types
* heterogeneous data 2 y %




EXAMPLE

Vi V2 V3 V4 V5

D1 7 3 4 8 1
D2 2 7 6 3 4
D3 9 8 1 4 2



EXAMPLE

9
8
7
6
5
4
3
2
1
0




EXAMPLE




EXAMPLE

o = W) w e ()} o)} ~J o (o]



show correlation

T
o

* positive correlation: straight lines N
s = (L / — et 8
* negative correlation: lines cross at a XIS NN~
single point B e AV SRS vk
et \0\ '; . ‘»f; /, e F
s /,, N ML
A/"‘/* - SSS - — R

Figure 3. Parallel Coordinate Plot of Six-Dimensional Data lllustrating
Correlations of p = 1, .8, .2, 0, —.2, —.8, and —1.



do you see any correlations?
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PC Limitation:
Sca\ability to Many Dimensions

e 00 Nutrient Database Explorer ™
m () e bl.ocks.org/d/3267951/ ¢ Lseacec ) (O]
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PC Limitations:
Correlations only between adjacent axes

e Solution: Interaction

economy (mpg) displacement (cc) power (hp) cylinders weight (Ib) 0-60 mph (s)
¢ B r U S h I n g 45 4? 220-///8” 5,000 | 24]I
* Let user change order o /A _




PC Limitation:
Ambiguity

e Solutions:
* Brushing
e Curves Line
Line A or B?
Line B
ine A or B?
Curye & Curve A
Curve B
Curve B Esa
Curve A

Line A

Line ?
Line ?

Line 1\
Line C

Curve

e A Curve
i Curve

Curve B

A

&

Line ?

—~ Curve C
>< / Curve A
Curve B

N —

Graham and Kennedy 2003



PC Limitation:
Scalability to Many Items

* Solutions:
* Transparenc
* Bundling

* Clustering
* Sampling




HIERARCHICAL PARALLEL COORDINATES

e goal: scale up parallel coordinates to large datasets
* challenge: overplotting/occlusion

''''''

Fua 1999



HPC: ENCODING DERIVED DATA

sepal_Jength sepal_width  petalllength  petal_width

* visual representation: variable-
width opacity bands

* show whole cluster, not just single
item

* min / max: spatial position cluster
density: transparency mean: opagque

4.12 1.88 0,70 =0, 02



HPC: INTERACTING WITH DERIVED DATA

* interactively change level of detail to navigate cluster hierarchy

Fua 1999



Data-Scalable Parallel Coordinates

ncmass4 ncmass5 ds d31 d32 d33 higgs

* Cluster into groups of
homogeneous behavior
and represent positive
and negative
correlations directly

(b) DSPCP using K-means clustering

Neguyen 2017



Parallel Coordinates

* Shows primarily relationships
between adjacent axis

* Limited scalability (~50
dimensions, ~1-5k records)

* Transparency of lines

* Interaction is crucial
* AXis reordering

* Brushing
* Filtering

* Algorithmic support:

noosing dimensions
noosing order

ustering & aggregating records


http://bl.ocks.org/jasondavies/1341281

Star Plot

e Similar to parallel coordinates

* Radiate from a common origin

Star Plot of MER IDD and Automated Designs

—r MER IDD Accuracy

——  Design 1

——  Design 2 Collision

———  Design 3

Design 4

Link

Deflection
Trajectory
Completion

Actuator > il \

Saturation \

Time
(Task Completion)

AMC CONCORD
e 2L

AUDIFOX

'.{-
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BUICK LE SABRE

BUCK SKY LARK

1979 AUTOMOBILE ANALYSIS

AMC PACER AMC SPIRIT AUDI =m
BMW 20| BUKK CENTURY BUKK ELECTRA
S *" *'
BUICK OPEL BUKK REGAL BUKK RIVIERA

CAD.DEVILLE CAD. ELODORADO CAD.SEVILLE

[Coekin1969]



http://www.itl.nist.gov/div898/handbook/eda/section3/starplot.htm
http://start1.jpl.nasa.gov/caseStudies/autoTool.cfm
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Pixel-based Representations




Pixel Based Displays

THe s Ol
* Each cell is a “pixel”, value encoded . j L
in color / value = ;_ = ": = la |

* Ordering critical for interpretation i:_iﬁﬁ.-" - -

* If no ordering inherent, clustering
is used a

* Scalable — 1 px per item Good for
homogeneous data

* same scale & type




HiIVE example: London property

partitioning attributes
house type =
neighborhood =
sale time *

encoding attributes
average price (color) =
number of sales (size) i
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Dense pixel display: VisDB

* represent each data item, or each
attribute in an item as a single pixel

 can fit as many items on the screen as

there are pixels, on the order of ' i Eﬁ b
millions - R
* relies heavily on color coding Tr EriEmmmmEeean

challenge: what’s the layout?




The data...

* large database where each item has multiple
attributes (on the order of 10)

* goal: visualize the relevance of set of items which
satisfy a query

* plot out data items in a spiral pattern, ordered by ‘[H‘ ] G”
relevance




relevance
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