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We have to be careful when mapping
data to the visual world

Scales



Scales

Be aware of traps in visualizing data, when creating or reading.
Especially with scales.

UNEMPLOYMENT RATE

UNDER PRESIDENT OBAMA

o 2% g

9,0 0.0% o % 8% g0 a6

' .
) !

\.: 8.9:: 8‘83: \

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV

2011
SOURCE: BUREAU OF LABOR STATISTICS

2,292.50




Scales

Be aware of traps in visualizing data, when creating or reading.

Especially with scales.
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Unemployment Rate (%)

Scales
But even this is not good in theory.

By truncating the y axis, we are still magnifying the effect.
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Scales

But even this is not good in theory.

By truncating the y axis, we are still magnifying the effect.
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But having zero for the y axis makes it difficult to see change too.



Scales

So, maybe we should think about other ways of showing change.

If our task is about finding where there are intra-month changes,
then simply plotting the differences can be more informative.
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In the right chart we can now see that the employment rate under
Obama went down more than it went up, and that in November the

drop was greatest..
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Before stepping in to more complex multi-
dimensional visualisations, let's look at an example...

Video Game Data Set From Kaggle

https://www.kaggle.com/gregorut/videogamesales/version/2#



What are you visualising?

e.g. 16,000 rows of video game sales data (from Kaggle)
STATIC DATA | 2D Table | 11 features

Rank Name Platform Year Genre Publisher NA_Sales EU_Sales JP_Sales Other_Sales Global_Sales
0 1 Wii Sports Wii 2006.0 Sports Nintendo 41.49 29.02 3.77 8.46 82.74
1 2 Super Mario Bros. NES 1985.0 Platform Nintendo 29.08 3.58 6.81 0.77 40.24
2 3 Mario Kart Wii Wii 2008.0 Racing Nintendo 15.85 12.88 3.79 3.31 35.82
3 4 Wii Sports Resort Wii 2009.0 Sports Nintendo 15.75 11.01 3.28 2.96 33.00
4 5 Pokemon Red/Pokemon Blue GB 1996.0 Role-Playing Nintendo 11.27 8.89 10.22 1.00 31.37
5 6 Tetris GB 1989.0 Puzzle Nintendo 23.20 2.26 422 0.58 30.26
6 7 New Super Mario Bros. DS 2006.0 Platform Nintendo 11.38 9.23 6.50 2.90 30.01
7 8 Wii Play Wii 2006.0 Misc Nintendo 14.03 9.20 2.93 2.85 29.02
8 9 New Super Mario Bros. Wii Wii 2009.0 Platform Nintendo 14.59 7.06 4.70 2.26 28.62
9 10 Duck Hunt NES 1984.0 Shooter Nintendo 26.93 0.63 0.28 0.47 28.31
10 11 Nintendogs DS 2005.0 Simulation Nintendo 9.07 11.00 1.93 2.75 24.76
11 12 Mario Kart DS DS 2005.0 Racing Nintendo 9.81 7.57 4.13 1.92 23.42
192 12 Dalraman riald /IDAlzaman Qilvuar ~R 1000 N DAala_Dlavinea Nintandn a nn g19 7N n71 221N
! ot ! Pttt 1
Ordinal Ordinal Quantitative
Sequential
Nominal Categorical
Categorical Categorical
Categorical



Why are we visualising?

Rank Name Platform Year Genre Publisher NA_Sales EU_Sales JP_Sales Other_Sales Global_Sales
0 1 Wii Sports Wii 2006.0 Sports Nintendo 41.49 29.02 3.77 8.46 82.74
1 2 Super Mario Bros. NES 1985.0 Platform Nintendo 29.08 3.58 6.81 0.77 40.24
2 3 Mario Kart Wii Wii 2008.0 Racing Nintendo 15.85 12.88 3.79 331 35.82

We can break this task down in to

Present Actions Targets

.~ (® Query (® All Data

}q ﬁn. > Compare 2 Trends
Al < ‘\/

L

We're presenting data, to enable comparisons of trends.



How can you encode information optimally?

Rank Name Platform Year Genre Publisher NA_Sales EU_Sales JP_Sales Other_Sales Global_Sales
0 1 Wii Sports Wii 2006.0 Sports Nintendo 41.49 29.02 3.77 8.46 82.74
1 2 Super Mario Bros. NES 1985.0 Platform Nintendo 29.08 3.58 6.81 0.77 40.24
2 3 Mario Kart Wii Wii 2008.0 Racing Nintendo 15.85 12.88 3.79 331 35.82
140 | None,Genre

— (Global_Sales, Action)
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This is super hard to decode! So NOT a good visual encoding.

1. Too many colours (not all distinguishable).

2. Too many crossing lines (making it hard to see continuity)

3. Although less cognitively demanding than reading the whole spreadsheet, it’s still
pretty demanding to match the line to the series.



How can you encode information optimally?

Rank Name Platform Year Genre Publisher NA_Sales EU_Sales JP_Sales Other_Sales Global_Sales
0 1 Wii Sports Wii 2006.0 Sports Nintendo 41.49 29.02 3.77 8.46 82.74
1 2 Super Mario Bros. NES 1985.0 Platform Nintendo 29.08 3.58 6.81 0.77 40.24
2 3 Mario Kart Wii Wii 2008.0 Racing Nintendo 15.85 12.88 3.79 331 35.82
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But can you see problems here?
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How can you encode information optimally?

Rank Name Platform Year Genre Publisher NA_Sales EU_Sales JP_Sales Other_Sales Global_Sales
0 1 Wii Sports Wii 2006.0 Sports Nintendo 41.49 29.02 3.77 8.46 82.74
1 2 Super Mario Bros. NES 1985.0 Platform Nintendo 29.08 3.58 6.81 0.77 40.24
2 3 Mario Kart Wii Wii 2008.0 Racing Nintendo 15.85 12.88 3.79 331 35.82

L A~ Much better
M/_/\\__\“ Separating the series in to small

S A multiples is generally good practice if

) M | you have many series to compare.

o- N /\v\/\/\/\/\/\—\ .
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L

S p— | ' | —— ' ' Colour offers us nothing here.
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How can you encode information optimally?

100

100

100

100 A

100

100 A

100

100 A

100

100

100
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Rank Name Platform Year Genre
Wii Sports Wii 2006.0 Sports
Super Mario Bros. NES 1985.0 Platform
Mario Kart Wii Wii 2008.0 Racing

BN (Global_Sales, Action)
1 e e : ;
BN (Global_Sales, Adventure)
. . ——n . .“-* - .
BN (Global_Sales, Fighting)
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Publisher NA_Sales EU_Sales JP_Sales Other_Sales Global_Sales
Nintendo 41.49 29.02 3.77 8.46 82.74
Nintendo 29.08 3.58 6.81 0.77 40.24
Nintendo 15.85 12.88 3.79 331 35.82

Easy to compare now between all plots.

But can we do better?



How can you encode information optimally?

Rank Name Platform Year Genre Publisher NA_Sales EU_Sales JP_Sales Other_Sales Global_Sales
0 1 Wii Sports Wii 2006.0 Sports Nintendo 41.49 29.02 3.77 8.46 82.74
1 2 Super Mario Bros. NES 1985.0 Platform Nintendo 29.08 3.58 6.81 0.77 40.24
2 3 Mario Kart Wii Wii 2008.0 Racing Nintendo 15.85 12.88 3.79 331 35.82
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Why are we visualising?

Rank Name Platform Year Genre Publisher NA_Sales EU_Sales JP_Sales Other_Sales Global_Sales
0 1 Wii Sports Wii 2006.0 Sports Nintendo 41.49 29.02 3.77 8.46 82.74
1 2 Super Mario Bros. NES 1985.0 Platform Nintendo 29.08 3.58 6.81 0.77 40.24
2 3 Mario Kart Wii Wii 2008.0 Racing Nintendo 15.85 12.88 3.79 331 35.82

We can break this task down in to

Present Actions Targets

o~ (® Query

}q mll > Compare = Distribution
Al N -I|I|I|-

L

We're presenting data, to enable comparisons of distributions.

14



Naively, we would start by plotting the time distribution for each Genre,
and overlay them on top of one another.
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Naively, we would start by plotting the time distribution for each Genre,

and overlay them on top of one another.
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Too many overlapping areas. It's a mess.
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Box Plots
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Box Plots Violin Plots Boxenplots

https://vita.had.co.nz/papers/letter-value-plot.pdf
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Genre = Sports Genre = Platform Genre = Racing

. | | Facet Plots
o150 - ' ‘ Small multiples
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| | this does provide a good
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So far, we've only seen how to represent a
low number of dimensions

What happens when we have a high number of
dimensions?

18



Multidimensional Visualization
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Multidimensional Visualization
Scatter Plot Matrices

Name Height Weight Chol
John 1.76 63 4.5
Mike 1.79 70 415
Jim 1.61 60 6.7
Francois 1.84 90 5.03

20



Multidimensional Visualization
Scatter Plot Matrices
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Multidimensional Visualization
Scatter Plot Matrices
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Multidimensional Visualization
Scatter Plot Matrices
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Multidimensional Visualization
Scatter Plot Matrices
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Multidimensional Visualization
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Visual Exploration of Large Structured Datasets. Wills. Proc. New Techniques and Trends in
Statistics (NTTS), pp. 237-246. I0S Press, 1995.



Multidimensional Visualization
Dashboard Visualizations
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Multidimensional Visualization
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Multidimensional Visualization

Dashboard Visualizations
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Multidimensional Visualization

Dashboard Visualizations
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Multidimensional Visualization
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Multidimensional Visualization
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My Tutorial on Creating Dashboard Visualizations
https://thor-project.github.io/dashboard-tutorial/
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Multidimensional Visualization
Parallel Coordinate Plots

Positive Correlation

varl

Negative (inverse) Correlation

varl
varl
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varl
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Multidimensional Visualization
Parallel Coordinate Plots
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Multidimensional Visualization

Parallel Coordinate Plots

Lets take an example where we have many variables to display...

Each user is represented by a circle

2 Dimensions

usera @

uploads
O

® user z @

downloads

3 Dimensions
Size indicates number of logins per day

user a -

uploads
®

¢ user z -

downloads
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Multidimensional Visualization
Parallel Coordinate Plots

4 Dimensions 5 Dimensions
Color indicates users department Transparency indicates consistency in logins

user a - user a e
wn . wn
b 3
ke’ ® ke’
Q Q.
> ‘ ¢ > ¢

[
o [
‘ user z - user z
downloads downloads

As we get to higher levels of dimensions, we’ll have problems. Our choice of visual encoding will affect the visual
availability of each dimension to the user.
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Multidimensional Visualization
Parallel Coordinate Plots

— ~——— Notso easy to spot
‘ .

|
|
|

uploads
O
uploads

downloads downloads

Parallel coordinates are a visualization technique employed when a large number of dimensions need to be displayed

(often without a temporal element) and where each of those dimensions can be equally important in the decision
making process.

In the scatter plots here, it’s easy to see correlation between downloads and
uploads, but with the other dimensions that’s difficult.
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Multidimensional Visualization
Parallel Coordinate Plots

Positive Correlation Negative (inverse) Correlation No Correlation

varl
varl
varl

varl

var2
varl
var2
varl
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Multidimensional Visualization
Parallel Coordinate Plots

2 Dimensions

Uploads
Downloads
A A
4gb — —
Tgb
\O’bb% ’Z)b%
$0
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10gb

Ogb
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2 Dimensions
Uploads 1 User
Downloads

4gb — — 109b

Tgb Ogb
oY )
° \Ofbb
o$0 OR
Q
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2 Variables

Uploads 11 Users
Downloads
A
4gb | /
1gb
5 5
P &
dgs ON
Q

10gb

Ogb
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2 Dimensions

Uploads 11 Users
Downloads
A A
4gb 10gb
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3 Dimensions
Uploads
Downloads
Logins per day

11 Users

Ogb 4
1gb Ogb 0
S
© 5 Q
\@O Nl @\b
QP <
QO
S
Ne
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4 Dimensions

Uploads 11 Users
Downloads

Logins per day

Std. deviation in logins per day

4gb — Ogb 4 2
— % ,
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9 N) Q RPN
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N 6 S
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5 Dimensions

Uploads 11 Users We use color for department since it's categorical information.

Downloads
Logins per day
Std. deviation in logins per day

Department
4gb — Ogb 4 2
. — =~ 0
1gb Ogb 0 -2
5 .
P % » <
&O \O/b kb{b '\O(\ ”Zﬁ
O$ \BQ QQJ A O
J & S @
9 T
P \OO)
oS
(,)’&

We can keep adding more parallel lines, and comfortably have
around 20 dimensions for many users displayed at once.
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Parallel Coordinate Plots

Parallel coordinates provide an efficient way to visualize many variables, along with
their associated clusters, anomalies, value distributions and correlations.

Clustering Correlation Outlier Detection Distribution
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Multidimensional Visualization

. static item aggregation
. task: find distribution
. data: table
. derived data
- 4 quantitative attributes
. median: central line

ower and upper quartile:
DOXES

ower upper fences:
whiskers

- outliers beyond fence cutoffs
explicitly shown

3 o}

mm

40
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Multidimensional Visualization

Glyphs

Simple Glyph
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Multidimensional Visualization
Glyphs | Example

When evaluating the impact of a publication, we generally
look at the citation count.

This can be useful, but it doesn’t tell us how impactful that
publication was within its area.

Can we provide a way to summarise the impact of a
publication in an intuitive way?
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Multidimensional Visualization

We wished to create a design that could be repurposed for a
number of scenarios:

1) in a detailed view;
2) asaglyph; and
3) in asummary graph for an author or research field.

43



Multidimensional Visualization
Glyphs | Example

2001

Citations p
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Multidimensional Visualization
Glyphs | Example
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Multidimensional Visualization
Glyphs | Example
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Multidimensional Visualization

Glyphs | Example

Citations p

2001

Citations p

aal s B0 0 =
& ¥ S
Year
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Multidimensional Visualization
Glyphs | Example
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Multidimensional Visualization
Glyphs | Example

Low impact » High impact
N1 N2 N3 N4 N5
. AV >4 1‘ w
References References References References References

Higher Impact

Citations Citations Citations Citations Citations

None Lower Impact Higher Impact

Higher Impact

Lower Impact Lower Impact
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Multidimensional Visualization
Glyphs | Example

Low impact » High impact

N ‘y >« <y

|

‘1 R
Wi

E. Maguire, J. Martin Montull, and G. Louppe, Visualization of Publication Impact,
In Proceedings of EuroVis 2016, Short Paper (2016)

http://inspirehep.github.io/impact-graphs/

47



Multidimensional Visualization

A Simple Example | Student Test Results
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Multidimensional Visualization
A Simple Example | Student Test Results

Table Parallel Coordinates
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Multidimensional Visualization

A Simple Example | Student Test Results
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Arrange Spatially
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What about topological data?

Representing trees and graphs...
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Graphs/Networks

In this case, It's a semantic mapping to the underlying biological

pathways.
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Graphs/Networks

In this case, It's a semantic mapping to the underlying biological
pathways.
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Cerebral:Visualizing Multiple Experimental Conditions on a Graph with Biological Context. Barsky, Munzner,
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http://www.cs.ubc.ca/labs/imager/tr/2008/cerebral/
http://www.cs.ubc.ca/~barskya
http://www.cs.ubc.ca/~tmm
http://www.cmdr.ubc.ca/~jennifer/
http://rkincaid.net/

Graphs/Networks
Force Directed Graphs

Lyndon Rive

Marc Tarpenning

Solar City Martin Et

http://jsfiddle.net/7a7b5dwp/

The most used of all graphical
layouts on the web.

But beware. As we saw earlier,
Gestalt laws tell us that items that
are close together are seen as
more similar than those that are
not.

Unfortunately, completely
unrelated nodes can be perceived
as being more similar due to the
layout algorithm in force directed
graphes.
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Graphs/Networks

Hive Plots

Lyndon Rive

Marc Tarpenning

Solar City Martin Et

Ope Zip2

http://jsfiddle.net/7a7b5dwp/

54



Graphs/Networks

Hive Plots

Lyndon Rive

Marc Tarpenning

Martin Et '

Solar City

Ope Zip2

http://jsfiddle.net/7a7b5dwp/

Person

http://jsfiddle.net/eamonnmag/vso70gnr/
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Graphs/Networks

Matrix Representations

Valjean
Marius
Enjolras
Courfeyrac
Combeferre
Cosette
Bossuet
Thenardier
Gavroche
Fantine

Feuilly
Mme.Thenardier

. yriel
Gillenormand

Favourite
Tholomyes
Blacheville
Dahlia
Gueulemer
Fameuil
Zephine
Listolier
llle.Gillenormand
Claguesous
Prouvaire
Eponine
Mme.Magloire
Mile.Baptistine
abeuf
Grantaire
Fauchelevent
Champmathieu
Judge
Brujon
Montparnasse
Bamatabois
Brevet
Chenildieu
Cochepaille
Simplice
Mme.HucheIoug
Child:

Child1
Woman2
Anzelma

Lt.Gillenormand
Toussaint
Motherinnocent
Perpetue
Woman1
MotherPlutarch
Mme.Burgon
Marguerite
Pontmercy
Gribier

Magnon

ount
BaronessT
Mme.Pontmercy
Champtercier
Isabeau
Labarre
OldMan
Scaufflaire
Napoleon
Cravatte
Gervais
Geborand
Boulatruelle
Jondrette
Mile.Vaubois
CountessdeLo
Mme.deR

[}
85 8o
.
528882888
S3=tcLTace
SE2358293
H =
SSUo00d-G
|| | Bl |
HEN
H N
H B
H N
H B
HEN
||
|
H N
[ ]
| |
| |
[ | | [ ]
| |
[ |
| | [ |
[ |
||
| ]
[ ]
[ |
| |
|
|
[ |
[ |
||
[ ]
[ |
| ]
[ ]
[
]

B Fantine
M Javert

Jol

BaKoreI

FeuiII%_
B Mme.Thenardier

2
© Q0 B
E 295 E_
= = > =0
_S,_ S5Eogl3co
05050 5=32CcF
EL03508E2EGE
S0Pl WO E oD
S00L OO0 WNI
|
|
| |
|| |
HEEE EEN

g o
=) =]
E 02 =2 2 o
c® % o< [2K7] o 2
c3 =2 > gy 3= £
500 TE 0B3f £8 33F,9
Fo32S85596, 38,8287
O E N3 5ESSETEES5 YT
s O3 y O =C > -
SR SESRSSg o650 08EERT
SoEOSS=6L636580006560
[ | [ | | Ham [ [ [ ][]
H N
||
|
H N |
| | |
| |

>
= o
e c© 3 [9)
g 8 g: EE w%
e fo S 2 35
NG OEE 2288 g g - ©54,8%x
CECEESTEASGG. €& 258 50cB0R 0522280
SES 3T 03Es O L BB SESF S SEOSET
D= B4 = £L o
E30 28 e b5EoRcsEaiisslssaziact
2<H0R30 235500630030 2300z2000a3303
- -
[ ]
|
[ |
|
[ |

https://bost.ocks.org/mike/miserables/

95
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THINKING

DESIGN

Coln Ware
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Ihustrations ty Ramonn Maguure

Visualization Analysis and Design.
Munzner. A K Peters Visualization Series, CRC Press, Visualization Series, 2014.

56



Further Links

Tutorials
D3 http://antarctic-design.co.uk/biovis-workshop15/
Dashboards https://thor-project.github.io/dashboard-tutorial/

Visualization Sites

Set Visualization - http://www.cvast.tuwien.ac.at/SetViz

Time Series Visualization - http://survey.timeviz.net/

http://flowingdata.com/

Data Vis Catalogue

Python Data Vis Tools
Pandas Data Vis Matplotlib Seaborne Altair



http://www.cvast.tuwien.ac.at/SetViz
http://www.visual-literacy.org/periodic_table/periodic_table.html#
http://www.datavizcatalogue.com/
http://pandas.pydata.org/pandas-docs/stable/visualization.html
http://seaborn.pydata.org/
http://matplotlib.org/
https://altair-viz.github.io/index.html
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