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Visualization Big Picture

Mapping

u input
u data semantics
a use domsin knowledge
 output
u visual encoding
Visual graphical perceptuaeinal
= chanelsatsbutes dimension vaibles
= use human perception
u processing

= algoithms
= handle computational constraints

Bertin: Semiology of Graphics
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Design Space = Visual Metaphors
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& categorical (nominal)
= 3ppes, oranges, bananas

More Data Types: Stevens

= subdivide quantitative further:

& interval: O location arbitrary
u time: seconds, minutes

u ratio: 0 fixed
= physical measurements: Kelvin temp

155 Steers,On th thery f sl of e, Scinc 103(2684)67780, 1945

Channel Ranking Varies by Data Type

= spatial position best for all types
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& data variables

 marks
= point, lne, area, surface, volume
* seomae
= retinal properti
v —

et o v spesane of g
primitives
. sepavab\e channels of information lowing from retina to

= closest thing to central dogma we've got

Combinatorics of Encodings

& challenge
= i th best ncoding from exponenial rumber of
posibilties (n + 1)*
' Principle of Consistency
= propertiesof the image should match properties of data
' Principle of Importance Orderin
encode most important information in mast effective way.

[Hanrahan, graphic tanford e couses cs#48b-04-winterloctures encoding]

Mackinlay's Criteria

 Expressiveness
= Set of facts expressble in visual language if sentencs
(aulzation) inanguage ecress ol focts m e, and
only facts in data.

= consider the falure cases.

[Hanrahan, raphic tanfrd.edu/courses/ cst4Bb-O-vinterlctures encoding]

Cannot Express the Facts

B AL N relation cannot be expressed in a single
horizontal dot plot because multiple tuples are mapped to
the same position

[Hanvaan, raphic stanfod e courses sidBb-O-vinterlectures encoding]




Expresses Facts Not in the Data

= length interpreted as quantitative value
= thus length says something untrue about nomina data

Mackinlay's Crite

 Expressiveness
= st of facts expressible in visual language if sentences
(visualzations) in anguage express 3l fact in data, and
Facts in data
& Effectiveness
= 3 visualization s more effective than another
visualization i nformation conveyed by one wisualzation
adily perceived than information in othe

= subject of the next lecture

Design: Designer vs. Automatic vs. User

= designer: studies last time
& automatic: slect visualization automatically given data
= Mackinlay, APT
= imied st of encodings:
= st e
= Roth
o i e spackof s sl encoding
' nowhere near goa,esp. with rlatonsgraph data
' human-guided: allow user to change encodings
= Polaris: user drag and drop exporation

Polaris

' infovis spreacsheet
& table cell
= not just numbers: graphical clements.
g of retinal variables and marks
& table algebra & interactive interface
= formal language
 influenced by Wilkinson's Grammar of Graphics
= Grammar of Graphics, Springer-Verlag 1999
' commercialized as Tableau Software
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Fields Create Tables and Graphs

= Ordinal fieds: interpret field as sequence that parttions.
table into rows and columns:

= Quarter = (Qur1).(Qu2).(Qur3) (@) <>

= Quantitative fields: treat field as single element sequence
and encode as axes:
= Profit = (Proft) <>

Beyond Data Alone

= bigger picture than just visual encoding decisions.
= Shneiderman's data-+task taxonomy

1D, 2D, 3, tempora, D, tress, networks
= toxt and cocaments (Harrahan)
u tasks

2 e, oo, e e on denand

u elte history.
= ot sonenorengh

t do you need to do?
= manira: overview firt, zo0m and filer, details on
demand

[Shniderman, The Eyes Have I A Task by Data Type Tasonomy for
Infoemation Visualzations. Proc. 1996 EEE Visua Langusges]

Tasks, Amar/Eagan/Stasko Taxonomy

= low-level tasks
' etrieve value, filer, compute derived value,
find extremum, sor, determine range,
= characterize distribution, find anomaies
= clster, correlate
= standardized set for better comparison betueen papers
= botiomup grouingwihaffniy dagramming
= abstraction from domain task down 10 low-lvel task
A in Stasko. LowLevel Components of Araytc
ey - mtomation Vstion Proc. o 03

Control Room Example

i lcsion s te et poes s she e tine peiod?
(exreme . dimens

A fault occured t th beginning of this recording, and rsulted
emporary poves e, Which locaton  fecied the et (sareme
dimension)

Whic location has the most number of power surges? (extreme count)

Data Models vs. Conceptual Models

& data model: mathematical abstraction
st with operations
u e, integersor floats with .

= conceptual model: mental construction
= includes semantics, support data
= e, navigating through city using landmarks

[Hanrahan, graphic tanfod e courses
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Models Example

& data model
17,254,286
= (floats)

Models Example

& data model

& conceptual model
temperature

Models Example

& data model

& conceptual model
perature
' depending on task, transform to data type,
u making toast
= burnad ve. nat bured (N)
 dasii shove
warm, cold
[ A T——
 continuous to 4 sig fgures (Q)




Time

= 2D4T s
' same or diferent? depends on POV
= input side vs. utput side
= input: time as just one kind of abstact input dimension
u different
= input: semanics (time steps of dynamiclly changing
dit)
= output: visual encoding channel of temporal change very
diferent than spatial position change
& processing might be different
= e, interpolate differenly across timesteps than across
spatial positon

Nested Model

' separating design into levels
= not just the visual encoding level!

= rsadag depndencis s ol bove e
inputs to leve
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Nested Levels

' characterizing problen
v ndesanding domsin concpts,curent ko
o o e corctr that v woud b
= MatrisExplorer case study exampl

= somracing o oprations on dots
' Amar/Stasko tasks: abstract operation example
= MizBee: 3bstracton on data example

' designing encoding and interaction
= Bertin, Mackinay/ Card: encoding

= later in term: interaction design

u creating effcient algorithms.
= classic CS problem: create algorithm given clear
specification

Threats To Validity: What Can Go Wrong?

= wirong problem

they don't do that
& wrong abstraction

you're shoving them the wrong thing
= wrong encoding interaction

way you show it doesn't work
= wrong algorithm
' your code s too siow
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Upstream and D

' humans in the loop for outer three levels
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' domain: social network analysis

& validation
' cary: participatory design to generate requirements.
= later. qualitative observations of tool use by target users

= techniques
 interactivly map attibutes to visual variables
usr can change isual encoding on the fy (ke Polris)

Requirements

1 use multiple representations
= handle muliple connected components

& provide overviews

' display general dataset info

= use attributes to create multple views

' display basic and derived attributes.

= minimize parameter tuning

' allow manual finetuning of automatic layout

' provide visible reminders of filtered-out data

= support mlfiple clusterings, including manual

= support outler discovery

= find where consensus between differnt clusterings
= aggregate, but provide full detail on demand

Techniques: Dual Views

' show both matrix and node link representations.
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MatrixExplorer Views

= overviews: matrix, node-link, connected components
= details: matrix, nodelink
a controls
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Automatic Clustering/Reordering

= automati clustering as good starting point
= then manually refine
e
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Comparing Clusters

= relayout, check if clusters conserved

= enode custrs it difrnt isal vl
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elements beween clusters
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discussions on conceptual models




