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Main issues In Visualization

At 4 " ' X
Actual Spend vs. Budgeted Spend and Budget/Actual Gap g | Gap vs. g Spend Flers
Actual Spend v Varing uning
o Marking ~ 10000000 & Macking ~ Department
. 7| France
2 Marter by arkar by 8
s (RowMNumber) + + + 5 ) (Row Number) v + = 1
Colos by o Cobe by
Depatment v + v ) = DS TS : :m"::
9 peratons
) @ Finance $000600 @ Finance ) R8D
Qs ¢ ® R V) Sakes
X en R - e
Marketing 4000000 . 4 1B Marketing Regios
@ Opeatiors » /AR 3 e © Opeatons ) ENCen
@ RsD 4 o : ° @ RS0 V) ESCen
» © Sales 3 b ] 3 ® Sales ] MidAY
8 Shase by Shape by 7 uin
L i (None) ~ z
Al values ® Atvaioes Details-on.Demand 1 X
Sce by Size by Department Region
(None} ~ (None) = Opesatons. W Ay
Fneace L
Fnasce NN Cen
Operstons. WS5Cen
st onom
800000
100000

500000C 10000000 15000000

Beatriz Sousa Santos, University of Aveiro, 2023



Interesting questions:

Why have a human in the decision-making loop?
Why have a computer in the loop?

Why use an external representation?

Why depend on vision?

Why show the data in detail?

Why use interactivity?

What is the design space of visualization idioms?
Why focus on tasks?

Why are most designs ineffective?

What resource limitations matter?

How can better be measured?  (Munzner, 2014, chap. 1)



Why and how to represent data visually?

 The human visual system is a most powerful pattern seeker

“seeing is understanding...”

« We easily see patterns displayed in certain ways

but not in others ...

(Ware 2019)



An exercise in preattentive processing: how many “3°7?

(Nussbaumer Knaflic, 2015)
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C. Nussbaumer Knaflic, Storytelling with Data ,Talks at Google, 2015
https://www.youtube.com/watch?v=8EMW7104rSI



https://www.youtube.com/watch?v=8EMW7io4rSI

Why show the data in detail?
and not only aggregated parameters

Visualization helps in situations where seeing the dataset structure in detail is
better than seeing only a brief summary of it (loosing information). (vunzner, 2014)

Ascombe quartet: data sets with same
simple statistical properties (Tufte, 1983)

Anscombe’s Quartet: Raw Data

I 11 III v
x ¥ x ¥ x v x ¥
10.0 8.04 | 10.0 9.14 | 10.0 746 | 8.0 6.58 12 12 4
8.0 695 | 8.0 814 | 80 677 &0 5.76 10 & 104
13.0 7.58 | 13.0 874 | 130 1274 | 80 7.71 . o 8 5l o
9.0 881 | 9.0 877 | 90 711 | &0 8.84
11.0 833 | 110 9.26 | 11.0 781 | 80 8.47 . %7
14.0 9.96 | 14.0 810 | 140 884 | 80 7.04 i ad
6.0 7.24 | 6.0 613 | 60 608 | 80 5.05 S S
4.0 426 | 4.0 310 | 40 539 | 190 1250 " 1'2 wowen " 2'2 wowon
120 1084 | 120 913 | 120 815 | 80  5.56 ’ :
7.0 482 | 7.0 72 | 70 642 | 80 7.91
5.0 568 | 5.0 474 | 50 573 | 80 6.89 ; 2l
mean 9.0 75 9.0 75 9.0 5 9.0 75
Var. 1000 3.75 | 10.0 3.75 | 1000 3.75 | 100 3.75 " A
corT. 0.816 0.816 0.816 0.816 @ g z 8
] 8
4 4
'I-L"' |-£ -d 1-5 1‘9 I-L'I '-2 14 'I.E I.H-
p wal



Information Visualization Reference Model

This course focus on Information Visualization

Raw
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Human interaction

Visualization can be described as the mapping of data to visual form

supporting human interaction for visual sense making

(Card et al., 1999)

Visualization is a Human in the loop process! -> which calls for specific

methods o
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The process of creating a Visualization




How can we produce a Visualization?

 There are many possible Visualization solutions, but how to select
the more adequate to a specific case?

Design

Implementation

 To obtain efficacy it is fundamental:

— acorrect definition of goal and user tasks Evaluation
— apply adequate methods and evaluate

In several iterations until the goals are ~satisfied ...

« |.e.using a human-centered approach

10



Framework for analyzing Visualization use

» |tis a “wicked problem”

https://www.interaction-design.org/literature/article/wicked-problems-5-steps-to-help-you-
tackle-wicked-problems-by-combining-systems-thinking-with-aqgile-methodoloqgy

Vlsuallzat!on usage can be WHAT?
analyzed in terms of:
- Why the user needs it

- How to design the visualization
Visualization Analysis & Design

- What data is shown

(Munzner, 2014)

11


https://www.interaction-design.org/literature/article/wicked-problems-5-steps-to-help-you-tackle-wicked-problems-by-combining-systems-thinking-with-agile-methodology

Framework for analyzing Visualization use

What ? What data the user sees
Why? Why the user intends to use a Vis tool (task)

How? How the visual encoding and interaction idioms are constructed

(Munzner, 2014)
Simple Vis tools may be analyzed as an instance;

Complex tools may require analysis in terms of a sequence of instances

12



The problem of Visualization design

Selected :
solution : Bad ! = X
. D D x
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space O
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(Munzner, 2014)
* Only a very small number of possibilities are reasonable ...
most are ineffective

Consider multiple alternatives that seem interesting and then
select the best!

(based on evaluation ...)
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Creating Visualizations

* Good design and evaluation is the key to success in producing a Visualization

* Visualization S/W can provide many visual templates;

* In spite of variation, all S/W packages follow the same generation process

Interactions and ransformations

(Mazza, 2009)
14



Interactons and ransformations

» Creating a visualization can be modeled as a process including several stages:
_ _ (Mazza, 2009)
- preprocessing and transformation
- visual mapping not forgetting evaluation in several iterations!

- creation of views

Note: this is similar to the visualization reference model

15
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Interactions and transformations

1. Preprocessing (Data transformation):

« Abstract data (which don’t have a specific connection with physical space)
are rarely in a suitable format for automatic treatment and visualization

* Raw data (data supplied by the world around us, a.k.a. data sets) have to be
given an organized logical structure to be processed by the Visualization S/W

This is a fundamental step; it is assumed to be addressed in another course!

16



2. Visual mapping:

* Itis necessary to decide:

Jamtland
- which visual structures to use to represent the data

- their location in the display

» Some types of abstract data can be easily
mapped to a spatial location

http://www.Visualcomplexity.com

* Examples:
. data with a topological or geographical structure

Cancer Mortality Rates by County (Age-adjusted 1970 US Population)
g \?\_!.ung, Trachea, Bronchus, and Pleura: White Males, 1970-94
N

/¥
o

« Many types of data don’t have an easy
correspondence with the dimensions of the
physical space around us

.“““»?.»_


http://www.visualcomplexity.com/

Three structures must be defined in the visual mapping:
- Spatial substrate
- graphical elements
- graphical properties
« Spatial substrate - dimensions in physical space where the visual representation
IS created (can be defined in terms of axes and type of data)

« Graphical elements - anything visible appearing in the space
points, lines, surfaces, volumes

» Graphical properties — properties of the graphical elements to which the human retina

IS very sensitive - retinal variables:
Size, orientation, color, texture, and shape

18



- Spatial substrate axes (x,V, ...)
type of data (quantitative, ordinal, categorical)

- Graphical elements

- Graphical properties

points
lines
surfaces
volumes

retinal variables:
size,
orientation
color (depends on physiology and culture)
texture
shape

19



Size
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Bertin’s guidance regarding the suitability
of various visual encoding methods to

support common tasks
(Spence, 2007)

Note that only size is adequate to
represent quantity accurately
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Position

Length

Angle
Slope

Area

Volume

Colour
Density

V'\/

//

(7

@

Most accurate

Least accurate

The relative difficulty of assessing quantitative value as a function
of encoding method, as established by Cleveland and McGill

(Spence, 2007)



3. Creation of views:

* Views are the final result of the generation process

* Producing them corresponds to the computer graphics phase:

 Often the quantity of data to represent is too large for the available space

» To overcome this problem there are presentation
and interaction techniques as:

« ZOOMming
* Panning
« Scrolling
* Focus + context

« Magic lenses L'/

https://www.interaction-design.org/literature/book/the-encyclopedia-
of-human-computer-interaction-2nd-ed/bifocal-display

22



https://www.interaction-design.org/literature/book/the-encyclopedia-of-human-computer-interaction-2nd-ed/bifocal-display

The process of visualization
Let us increase the known solution space organizing the methods!

perception and
interpretation

: (Spence, 2007)

Interaction with data governed by high-order cognitive processes involves:
- Representation

- Presentation

- Interaction 23
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Data Characteristics
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Data may have a lot of different forms and there are many techniques and
systems to visualize them

A data classification is important to:
- predict what visualization technigues are adequate
- make easier the communication about the data

- allow a more systematic approach to Visualization

26



name rank gender year

Jacob 1 boy 2010

Isabella |1 girl 2010 | |tem/object
Data Abstraction S -

Sophia 2 girl 2010

Michael 3 boy 2010

- Four basic dataset types: ~ Atribute/variable

@ “q © ®
nfoVis Tables o 2. @ ©
nfoVis Q e o @600 O

— Networks S Q@ g %o & b
. : Q@ C
_ — Fields (continuous) |
SCIVIS ® Porto

— Geometry (spatial)

® Aviero Viscu

* Five basic datatypes

® Coimbra
— ltems Categorical
— Attributes< Ordinal
: Ordered —
— Links — L
_ Positions Quantitative
— Grids

(Munzner, 2014)
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« Data representation level:

- Qualitative (or categorical)

- Quantitative (or numeric)

Data nature:

- Continuous
- Discrete

« Measuring scale:

- Nominal
- Ordinal
- Interval
- Ratio

4.1 27 3.14
|02
=] 16

Numerical data

ke

Categorical data

-—(

Monday Wednesday

Tuesday  Thursday

Ordinal déta

(Spence, 2007)
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« Examples of measuring scales and types of data:

— nominal --> car brands, gender, animal species...
— ordinal --> week days, preferences, levels measured in a Likert-type scale
— Interval --> date, 1Q, temperatures in °C

— Ratio --> temperatures in °K, weight, height

« The ratio scale represents the highest level of representation, has a absolute,
non-arbitrary zero (unlike the interval scale)

« This is a general classification and might be used to select the statistical
methods to use with the data

29



Model, structure and format of the data
to Visualize

« Consider a data set with three columns:
latitude longitude d

« Which is the most adequate way to visualize these data?

« Ifdis depth, the selected visualization technique may involve interpolation
(ex: contours)

- If data represent location and the number victims of traffic accidents, interpolation
and contours do not make sense

Know the data structure is not enough
It is necessary to know the phenomenon behind the data!

30



Example: beyond the structure
of the data to Visualize

« Consider a data set with three columns:

latitude longitude d

« Which is the most adequate way to visualize these data?

« If d is depth or altitude?

the selected visualization
technique may involve
interpolation

(e.g. isocontours,
iIsosurfaces, 3D surface)

31



Example: beyond the structure
of the data to Visualize

« Consider a data set with three columns:

latitude longitude d

* Which is the most adequate way to visualize these data?

« If d is depth or altitude?

the selected visualization
techniqgue may involve
interpolation

(e.g. isocontours,
iIsosurfaces, 3D surface)




 What if the data represent location and the number
of “deer crash” accidents?

io deer crashes by county in 2013
o drivers - and deer — suffered 20,200 crashes In 2013. The most crashes
—= urred In Stark County, which had 568, followed by Richland County,

_ |51, Lorain County, 486, Hamiiton County, 474, and Clermont, 466.

http://cloudnsci.filwiki/index.php?n [& = \\
=Applications.Heatmaps4Finland | /

» Interpolation and contours don’'t make sense!
Know the data structure is not enough Deercrashesin2013 -

It is necessary to know the phenomenon behind the data

33


http://cloudnsci.fi/wiki/index.php?n=Applications.Heatmaps4Finland

Developing a Visual data exploration
application
a very brief introduction

Develop a
concept design Create a
specification mock-up
and/or

prototype

Conduct
testing

34



Phases of the development cycle
of a visual data exploration application

after understanding the users and their questions to elicit requirements:

Develop a
concept design Create a
specification mock-up

di
ANEEer Conduct

testing

prototype

Refine
Launch and

and complete
evaluate

(Kirk, 2019)
35



« There are several methods that can be used to help requirement
elicitation of an interactive application, e.g.

— User models (such as Personas)
Typical in user-centered

— Scenarios \
design approaches

— Task analysis (UCD)

— Requirements /

— Low fidelity prototype

— To apply in the Visualization mini-project 36



Personas

Personas are fictional characters based on user research to help
understand:

- users’ needs,
- experiences,
- behaviors

- goals.

Make the design task at hand less complex

Guide the ideation processes, and help to achieve the goal of
creating a good user experience for the target user group

https://www.interaction-design.org/literature/article/personas-why-and-

how-you-should-use-them

37


https://www.interaction-design.org/literature/article/personas-why-and-how-you-should-use-them

Scenarios

« Stories and contexts about how the user groups use a future
product/service

« Note the goals and questions to be achieved and sometimes define the
possibilities of how the user(s) can achieve them on the application

 Scenarios are critical for
- designing scenario
- UX testing

Note: Different from User stories @
( eegsz=>1lg'

and Use cases)

Story as test

https://www.usability.gov/how-to-and-tools/methods/scenarios.html

. . . . . . 38
https://www.interaction-design.org/literature/topics/user-scenarios



https://www.usability.gov/how-to-and-tools/methods/scenarios.html
https://www.interaction-design.org/literature/topics/user-scenarios
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Effective visualization

Implies saying the truth about the data

The Visual | ):\E‘i 1y

of Quanutative Informatior

Tufte presents a lot of commented examples in his book:

Tufte, E., The Visual Display of Quantitative Information, Graphics Press, 1983

There are methods to
evaluate visualizations
that should be used along
the process of creating a
visualization

https://infovis-wiki.net/wiki/Lie Factor

40


https://infovis-wiki.net/wiki/Lie_Factor

this example has several problems:

Lie Factor = 14.8

Legends have a constant size in one side and variable in the other

This line, representing 18 miles per
gallon in 1978, is 0.6 inches long.

1978 18
. '591&:{& - \ Fuel Economy Standards for Autos

7
814 : IS Set by Congress and supplemented by the Transportation
‘. : i 24 Department. In miles per gallon.

\ 27

27>

This line, representing 27.5 miles per

gallon in 1983, is 5.3 inches long.

In roads, future usually lies in front, not behind

41



» Perception varies with

- context

(Tufte, 1983)

42



« How do we know that the visual image represents the underlying numbers?

« One way to try to answer these questions is to conduct experiments on the
visual perception of graphics

I think I see that area B
is 3.14 times bigger than

area A. Is that correct?

(Tufte, 1983)

43



Another example:

New York State s107 $108
Total Budget Expenditures and 331
Aid to Localities i billions of dollars
Fiscal 1966-1976

$85

$78

$7.4

$6.7

$6.2

$4.6

$4.0

Total Budget —

Total Aidto — |
Localities* o

*Varying from a low
of 56.7 percent of
the total in 1970-71
to a high of 60.7 l
percentin 1972-73 1966- 67- - - -

‘67 '68 ‘69 ‘70 n 72 73 ‘74 75 ‘76 77

46



These three parallelipeds have been placed in na optical plane
in front of the other eight, creating the image that the newer
budgets tower over the older ones

s107 $108
$9.7

Horizontal arrows provide emphasis, $8.5

Encorage the impression that recent s74 $7.8

years have shot up from a small stable base 67

$6.2
$5.5
$4.6
$4.0
Total Budget —

Total Aidto —|—
Localities* :

*Varying from a low
of 56.7 percent of
the total in 1970-71
to a high of 60.7 ' — —
percentin 1972-73 1366- '67- '68- '69- '70- - "72-

, 73 74 75 76
67 68 69 0T 1 74 75 76 ol
T T

Arrows pointing straight up emphasize
recent growth



Leaving behind the distortion we have a calmer view:
/

el
-

il

Two statistical lapses also bias the chart: e cpia

budget expenditures,
in constant dollars

- Population increased10% W = e S ——
° o/ \‘ * 5%
$380 - P —— YOO I
- there was substantial inflation $360 -
$340 -
$320 -
Final result —_— $ /
$300 -

I 1 I I I 1 I I I

1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977
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Decorations without lies:

N
. \

REQUIRED FUEL ECONOMY STANDARDS:
NEW CARS BUILT FROM 1978 TO 19835

BUUIRED FLEL BOONOMY STANDASIN

2:7.5 y / ‘ AW FARS BLET P e YO 1y
o—
24
22 i
20/./
18 19/. L
o 19.1 mpg, expected

average for all cars
on road, 1985

13.7 mpg, average

for all cars on

road, 1978

1978 1979 1980 1981 1982 1983 1984 1985
L 1 1 1 1 1 1 I}




Effective visualization: more poor examples analyzed

X WD Secvey Power - Cherting

Chart Title

LY

L —

North South Ga
America America

Europe Africa Asi Australia Antarctica

http://www.perceptualedge.com/examples.php

SHISIE O ey bt

There are methods to
evaluate visualizations
that should be used along
the process of creating a
visualization

50
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Explore other books available at the playlist:
https://learning.oreilly.com/playlists//4bfec5e-4346-48fi-82b4-65 /fda6922bg,



https://learning.oreilly.com/playlists/74bfec5e-4346-48ff-82b4-657fda6922b6

