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[Munzner]

Tables

Attributes (columns)
>

ltems
(rows)

v

Cell containing value

= Multidimensional Table

Key 2

v .4—— Value in cell

Attribm

Tabular data

19 columns, 500+ rows

23.03 MB, Comma-Separated, UTF-8

album_id | album_comments | album_date created

1

100

1000

10000

10001

10002

10003

0

0

album_date_released @ album_engineer @ album_favorites | album_handle

11/26/2008 1/05/2009 4 AWOL_-_A_Way_Of_Life
01:44:45 AM

11/26/2008 1/09/2009 0 On_Opaque_Things

01:55:44 AM

12/04/2008 10/26/2008 0 DMBQ_Live_at_2008_Record_
09:28:49 AM

9/05/2011 04:42:57 0 Live_at CKUT_on_Montreal_|!
PM

9/06/2011 12:02:58 | 1/01/2006 0 Grounds_Dream_Cosmic_Love
AM

9/06/2011 12:53:01 0 Trust Now

AM

9/06/2011 05:46:22 | 9/06/2011 1 Or_Up_We_Fall

AM



Arranging tables overview

Arrange Tables

(® Express Values

I : >

(® Separate, Order, Align Regions
> Separate > Order > Align

e .an=® L_l_l_l_l

2 1Key > 2 Keys > 3Keys = Many Keys

List Matrix Volume Recursive Subdivision

= %

(® Axis Orientation

2> Rectilinear > Parallel 2> Radial
| 111 e

— —
e l\

Channels: Expressiveness Types and Effectiveness Ranks
@ Layout Density (® Magnitude Channels: Ordered Attributes ® Identity Channels: Categorical Attributes
7 [.).e.r:f(.e“ > Space-Filling Position on common scale o ° ; Spatial region - n .
ssssssss Position on unaligned scale o

[Munzner]



Table viz scalability

Normal tables can be visualized “as i1s”
~ 50 attributes ~ 1000 records
High-dim tables need analytical methods

~ 1000 attributes >> 10’000 records

19 columns, 500+ rows

23.03 MB, Comma-Separated, UTF-8

album_id  album_comments | album_date_created @ album_date_released | album_engineer @ album_favorites = album_handle

1

100

1000

10000

10001

10002

10003

0

0

11/26/2008
01:44:45 AM

11/26/2008
01:55:44 AM

12/04/2008
09:28:49 AM

9/05/2011 04:42:57
PM

9/06/2011 12:02:58
AM

9/06/2011 12:53:01
AM

9/06/2011 05:46:22
AM

1/05/2009

1/09/2009

10/26/2008

1/01/2006

9/06/2011

4

0

AWOL_-_A_Way_Of_Life

On_Opaque_Things

DMBQ_Live_at_2008_Record.

Live_at CKUT on_Montreal ¢

Grounds_Dream_Cosmic_Love

Trust Now

Or_Up_We_Fall

Table homogeneity?



Scatterplots

(® Express Values

— .
. 15000 -
Show values directly
8 10000 -
No keys &
5000 =
Derived attributes can be e S PR RRE
more expressive 1| é é 4'1 D% 10" 0% 1Y 10™= 10™* 10°°

[Wickham 10]



Showing trends

Helps showing trends at a
quick glance

Most often use a linear
regression

REXTHOR, THE DOG-BEARER

4 6 8 10 12 14 16 18

T DONT TRUST LINEAR REGRESSIONS WHEN ITS HARDER
10 GUESS THE DIRECTION OF THE CORRELATION FROM THE
SCATTER PLOT THAN TO FIND NELJ CONSTELLATIONS ON IT.

[xked]

4 6 8 10 12 14 16 18 4 6 8 10 12 14 16 18
X3 X4

Anscombe's quartet


https://imgs.xkcd.com/comics/linear_regression.png

Bubble plots

2000

[Robertson et al. 08]



Simple bar, line, dot charts

100 100
= 75 = 75
. . < -~
(® Separate, Order, Align Regions 2 50 2 50
->S<.epar-ate. ->Order. > Align % 25 I % 25
O _— ‘ > <
m BE = R < 0 - - 0
X
2 1 Key Cb
List @0
EEEEE B
Animal Type Animal Type
20 20
: : § 15 § 15
Encode a single key attribute = =
S 10 210
= =
— 5 - D
S (gv)
W, O
0 0
X K L QA D OO O AN X K O A O O O A
QO 7 " O O " NV AN Q" 7 L O O " NV A
LU S S O SO S S S
Year Year

[Munzner]
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http://animals.sandiegozoo.org/animals/capybara

Stacked bar charts

0 30 60 90
a ltem 3 b - - : .
Category 1 @ tem 1 I
Category 2 @ tem 2
Category 3 @ tem 3
(® Separate, Order, Align Regions gategory 4@ tem g
t tem
> Separate 2 Order > Align ategory 5 O
-y - ‘ C o 15 3 0 15 3 0 15 3 0 15 30 0 15 30
m N [] «HH u ' 4 i ! L ) L 1 ] I 1 p " . :
g tem 1
tem 2

2 2 Keys 2 3 Keys =2 Many Keys
Matrix Volume Recursive Subdivision tem 3

n tem 4
. tem 5
d -

151

ltem 1 ltem 2 ltem 3 ltem 4 ltem 5

[Streit & Gehlenborg]


https://www.nature.com/nmeth/journal/v11/n2/pdf/nmeth.2807.pdf

Trump
Bachmann
Cruz
Gingrich
Palin
Santorum

Walker

Ryan
McCain
Rubio
Romney
Rand Paul
Christie
Biden
Kasich
Sanders
J Bush

H Clinton

Obama

Who Lies More: A Comparison

PolitiFact, an independent fact-checking website, has graded
more than 50 statements since 2007 from each of these
candidates. Here is how they rank.

# Pants On Fire: m False: © Mostly False: » Half True: m Mostly True: = True:

0%

2006  30% 40% S0%  60%

70%  80%  90%

B
IR
s e
BT 0 EEE—
L
L
0
.
1
B

10%

100%6

Who Lies More — Diverging Stacked Bar

BPantsonFre MFalse MWMosly False ®HalfTrue ®BMoslyTrue BTrue

Trump
Bachman
Cruz
Gngrich
Palin
Santorum
Walker
Perry
Ryan
McCain
Rubio
Romney
Rand Paul
Chrigie
Bden
Kasich
Sanders

J Bush
HClnton
Obama

-80% -60% -40%

-20%

0%

20%

40%  60% = 80%


http://mannmetrics.com/who-lies-more/
https://peltiertech.com/diverging-stacked-bar-charts/

Stacked area chart

Color the area below the line that connects the values from
the dataset

Display the development of quantitative values over an interval
200

Ordering is paramount
150

100

50

April May June July August September



100% stacked area chart
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https://research.google.com/bigpicture/music/#

Streamgraph

Lee Byron

Link to original paper


http://benfry.com/fall06/lee/
http://leebyron.com/streamgraph/stackedgraphs_byron_wattenberg.pdf

5 AvcoriTHMS ForR Stackep GrarH Design

There are four main ingredients that determine a generalized
stacked graph. The shape of the overall silhouette is the first ingredi-
ent; this shape is critical since it determines the overall slopes and
curvature of the individual layers. The second important parameter is
the ordering of the layers, which may be chosen to conform to differ-
ent aesthetic criteria. As with any visualization, labels are important
as well—but the organic forms of a Streamgraph mean that labels

colors to distinguish layers.) In this layout the size of the sum of the
series is easy to read, potentially at the expense of the legibility of the
individual layers as mentioned in design issue (D).

A simple alternative layout was suggested by Havre et al in
the ThemeRiver system. They used a layout symmetric around the
x-axis. Mathematically, this can be expressed as:

go+ gn=20

or, from the definition of g |

290+ )_fi=0

i=1
which yields the ThemeRiver (fig 6) solution for g,

:—-Zf

a—l

This is a simple enough definition, but there is another way to look
at this formula which suggests some generalizations. What is special
about the symmetric layout? Aside from a certain aesthetic quality,
this layout has the effect of minimizing some important quantities.
In particular, at each point, the silhouette is as close as possible to
the x-axis, and in addition the slopes of the top and bottom of the sil-
houette are in a sense as small as possible (in the sense of total sums
of squares). This directly addresses design issue (C) by making the
overall graph much less “spiky™ thus greatly reducing the horizontal
space needed to satisfy Cleveland’s principal. To see this, recall the
following fact about averages. For any set of real numbers {a,,...,
a_}, the value of x that minimizes

2": (z + a;)?

i=1

1 &
b = =—— Z ;

From this fact it follows that the value of g, that gives the sym-
metric ThemeRiver layout minimizes the sum of squares of the top
and bottom of the silhouette of the graph (at each point in [0,1]):

silhouette(go) = gi + ¢

I S
=1

A s a2,

is

since
2 v’ 1S
gO + gn

lowing hgures, we use a synthetic data set with randomly assigned

Jfig 5 - A traditional stacked graph with a basehne g, =0

bottom, as in the case i=0, we take the sum to be empty and equal
1o zero.)
We might also be interested in minimizing the sum of squares of

the slopes at each value of x:
n i
> (90 + > f)

Z g
i=0 j=1

wiggle(go)
1=
By the same logic, the deviation quantity is minimized when

1 n

90 HHZZL ‘nu,._z,‘"‘””f'

=0 3=1

Moreover, differentiating this yields:

Ly

i1=0 j=1

/
0 = n+1
which minimizes the wiggle measure as well. In other words, this
choice of g, has the effect of simultaneously minimizing both dis-
tance from the x-axis and variation in slope. Moreover, the formula
1s extremely efficient to calculate. As fig 7 shows, it creates a more
“even” layout compared to the ThemeRiver graph. This minimiza-
tion directly addresses design issue (A) by attempting to reduce the
effect of middle “wiggles” on the surrounding layers.

Nonetheless, the layout can be improved further. In particular,
it is potentially problematic that very thin layers receive the same
treatment as very thick ones. After all, the thick layers are visually
more important. Thus we might want instead to optimize the follow-
ing quantity, which represents an average of the squares of slopes
between the midpoints of each layer. weighted by layer thickness:

weighted_wiggle( gu) =
n 1 . n i—1
5(9: +9i)) =D (g + —f k Zf
=1 i=1
By the properties of weighted averages, this is minimized at each
point in [0,1] when
| n i—1

Zf,,.. lZ/)f

which can be integrated numerically to yield a solution for g,. Indeed,
it tums out to be equivalent to the algorithm used in the Streamgraph
method, as portrayed in Lns(emng Hnslory and Box Office Revenue

————f. WEPFA.29. a2

!
90

- ) el 2, | : ] ? 1]

- -


http://leebyron.com/streamgraph/stackedgraphs_byron_wattenberg.pdf

Filter:
<None>

1. Harvard University
2. Yale University

3. Massachuselts Institute of Technology (MIT) United States

5. University of Chicago

6. University of California, Berkeley (UCB)
7. California Institute of Technology (Caltech)  United States

8. Stanford University
9. Columbia University
10. University of Pennsylvania
11. Comell University
12. University of Michigan
13. Johns Hopkins University
14. New York University (NYU)
15. Duke University
16. University of Wisconsin-Madison

17. University of California, Los Angeles (UCLA) United States

18. Northwestern University

19. University of lllinois at Urbana-Champaign

20. Brown University

21. Purdue University

22. University of Texas at Austin
23, Boston University

24. Georgia Institute of Technology

25. University of North Carolina, Chapel Hill

26. Ohio State University
27. University of Pittsburgh
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http://data.caleydo.org/papers/2013_infovis_lineup.pdf

Demos Evaluation Window
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https://www.youtube.com/watch?time_continue=34&v=iFqCBI4T8ks

Pixel-based display (dense

)

Each pixel encodes a value as a color ,

Pros sl
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Multiple Horizon Charts
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v
l A line chart is divided into layered bands.
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http://square.github.io/cubism/demo/
http://vis.berkeley.edu/papers/horizon/

Spatial axis orientation

(® Axis Orientation
2 Rectilinear 2 Parallel 2> Radial

I
I



Scatterplot matrix (SPLOM)

Shows all possible pairwise
combinations of attributes

Original attributes are used as rows
and columns.
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https://bl.ocks.org/mbostock/raw/4063663/

Interactive Binned Scatterplot Matrix Dimensions: 5 & Bins: 20 [¢ Data Points: 100k
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http://vis.stanford.edu/projects/datavore/splom/

SPLOM

To be effective SPLOM needs to:
have not too many dimensions ~ 20 dim
have brushing capabillities
use a F+C technique
If the dataset is too complex:
Use clustering and aggregation

Choose interesting dimension and order (via exploratory analysis)



Parallel Coordinates (PC)

Each axe represents an attribute

Values are connected if them belong X a4 A 4
to the same record A
: |
Works with heterogeneous data B |
Y
Correlations only between adjacent X

dXES

[Lex]
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Parallel Coordinates

cylinders displacement weight horsepower acceleration (0-60 mph) mileage year
9 456 sq in 5141 Ibs 231 hp 26 sec 48 mpg 83
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http://mbostock.github.io/protovis/ex/cars.html
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PC scalability

Line Line A— Line ?
Line A or B? Line Line ?
Line B /
To scale PC we can use: A or B? Line C Line ?
Transparency Curve A
CWVN Curvex — L—~ Curve C
Curve B A Curve Curve A
Bundlin — BN /
g o k C Curve B Curve -~ Curve B
urve A Curve B
Clustering - _ | +
Sampling
4
. _ . N
Interaction: brusing,
reorder axis |

Filtering

Displacement (3) Horsepower (2) Weight (3) Cylinders (5)


http://www.csc.kth.se/~weinkauf/gallery/images/palmas14a/CarsInteractions_AxisSelection.jpg
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https://bl.ocks.org/jasondavies/1341281

Star plot

Similar to parallel coordinates

Radial layout from the center
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http://bl.ocks.org/kevinschaul/raw/8833989/

Flexible Linked Axes (FLINA
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ClauRaies EENRCIR S e Claessen & van Wijk 2011


http://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=6064997

Visualization Assembly Line

) Displacement

2000 4000 200

Web-based implentation of FLINA
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http://vis.pku.edu.cn/mddv/val/
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https://www.youtube.com/watch?v=bm59Y8QYbAQ
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