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Human Perception &
Visual Properties

* Preattentive Processing

= Accuracy of Interpretation of Visual
Properties

* |[lusions and the Relation to Graphical
Integrity

All Preattentive Processing figures from Healey 97
http://www.csc.ncsu.edu/faculty/healey/PP/PP.html
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User’'s Expectations from the
physical world

= Well-Defined Surfaces
Objects have mostly smooth surfaces

= Temporal Persistence Marti Hearst, 2003
Objects don’t randomly appear/vanish

= Light travels in Straight Lines
reflects off surfaces in certain ways

= Law of Gravity
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Preattentive Processing

» A limited set of visual properties are
processed preattentively
 (without need for focusing attention).

* This is important for design of
visualizations

« what can be perceived immediately
« what properties are good discriminators
« what can mislead viewers

Hearst, 2003
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Example: Color Selection

Viewer can rapidly and accurately determine
whether the target (red circle) 1s present or absent.
Difference detected 1n color.

Hearst, 2003
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Example: Shape Selection

Viewer can rapidly and accurately determine
whether the target (red circle) is present or absent.
Difference detected in form (curvature)

Hearst, 2003
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Pre-attentive Processing

» < 200 - 250ms qualifies as pre-attentive
e eye movements take at least 200ms

 yet certain processing can be done very
quickly, implying low-level processing In
parallel
= |f a decision takes a fixed amount of time
regardless of the number of distractors, it
IS considered to be preattentive.

Hearst, 2003
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Example: Conjunction of
Features

Viewer cannot rapidly and accurately determine

whether the target (red circle) 1s present or absent when
target has two or more features, each of which are

present in the distractors. Viewer must search sequentially.

All Preattentive Processing fiqures from Healey 97
http://www.csc.ncsu.edu/faculty/healey/PP/PP.html
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Preattentive Visual Properties
(Healey 97)

length

width

size
curvature
number
terminators
intersection
closure
colour (hue)

intensity

flicker

direction of motion
binocular lustre
stereoscopic depth
3-D depth cues
lighting direction

Triesman & Gormican [1988]

Julesz [1985]

Triesman & Gelade [1980]

Triesman & Gormican [1988]

Julesz [1985]; Trick & Pylyshyn [1994]
Julesz & Bergen [1983]

Julesz & Bergen [1983]

Enns [1986]; Triesman & Souther [1985]

Nagy & Sanchez [1990, 1992]; D'Zmura [1991]
Kawai et al. [1995]; Bauer et al. [1996]

Beck et al. [1983]; Triesman & Gormican [1988]

Julesz [1971]

Nakayama & Silverman [1986]; Driver & McLeod [1992]
Wolfe & Franzel [1988]

Nakayama & Silverman [1986]

Enns [1990]

Enns [1990] Hearst. 2003
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ry Position
More
Accurate

Accuracy
Ranking of
Quantitative
Perceptual
Tasks
Estimated; only
pairwise

Length

comparisons
have been
validated
(Mackinlay 88
from Cleveland
& McGill)

Less
Accurate

Hearst, 2003
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Preattentive Processing (Pop Out)

= Time required to find
target independent of
overall number

= Form: = Motion:
 line orientation, length,  flicker, direction of motion
width

= Spatial Position:

» stereoscopic depth,
convex/concave shape,

spatial orientation, added
marks, numerosity (4)

= Colour: shadows

hue, intensity

08/06/06
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Examples (pop-out)
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Examples (pop-out)

width length marked

Hiding features
due to placement




Examples (pop-out)
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Examples (pop-out)
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Visual lllusions

= People don’t perceive length, area, angle,
brightness they way they “should”.

= Some illusions have been reclassified as
systematic perceptual errors

e e.g., brightness contrasts (grey square on white
background vs. on black background)

o partly due to increase in our understanding of the
relevant parts of the visual system

= Nevertheless, the visual system does some
really unexpected things.

Hearst, 2003
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lllusions of Linear Extent

= Mueller-Lyon (off by 25-30%)

- = <

= Horizontal-Vertical

Hearst, 2003
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References

= Marti Hearst
e http://bailando.sims.berkeley.edu/infovis.html

e http://bailando.sims.berkeley.edu/talks/chiQ3-
tutorial.ppt

= Margret-Anne Storey
e http://www.csr.uvic.ca/~mstorey/

o http://www.cs.uvic.ca/~mstorey/teaching/infovis/cour
se notes/introduction.pdf

= Ben Shneiderman

e http://www.cs.ubc.ca/~tmm/courses/cpsc533c-03-
spr/readings/shneiderman96eyes.pdf
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Basic Types of Symbollc Dlsplays
(Kosslyn 89)

= Maps —

= Diagrams

From Hearst, 2003
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Basic Types of Data

= Nominal (qualitative)
* (no inherent order)
e City names, types of diseases, ...

* Ordinal (qualitative)
 (ordered, but not at measurable intervals)
e first, second, third, ...
 cold, warm, hot
= Nominal/Interval (quantitative)
e list of integers or reals Hearst, 2003
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Interpretations of Visual Properties

Some properties can be discriminated more
accurately but don’t have intrinsic meaning

(Senay & Ingatious 97, Kosslyn, others)
* Density (Greyscale)
Darker -> More
Size / Length / Area
Larger -> More

Position
Leftmost -> first, Topmost -> first

e Hue
?7?? no intrinsic meaning
Slope

?7?7? no intrinsic meaning Hearst, 2003

08/06/06
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Accuracy Ranking of Quantitative Perceptual Tasks
static features

Quantitative Ordinal Nominal
POSItION s—— Position — wee————Position
Length « Density Color Hue
Angle , Color Saturation Texture
Slope » ™, Color Hue Connection
Area 3 X Texture o~ Containment
Volume « Connection ™ Density
~ Density Containment Color Saturation
3 Color Saturation Length Shape
S Color Hue Angle Length
o “Texture] Slope Angle
< Connection. Arca Slope
Containment: Volume Area
| Shape Shape: . Volume
Fig. 15. Ranking of perceptual tasks. The tasks shown in the gray boxes are not relevant to these

types of data.

Mackinlay 88
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Concepts & Principles
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Continuity

= Experience tells that visual elements are
more likely to be continuous

* Implied connection
= connections are used to show relations

N NN
Y

U
7 ~
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Symmetry

= Symmetrical
to emphasize
relationship

Altersaufizaw der Bevdlkerung in Deutschland (in %)
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Figure, Background

Transparency, Overlap

= What is foreground and what
IS background?

= Transparency IS perceived
only when good continuity and
color correspondence exists.

= visual interference In
overlapping
textures
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Tufte —
Principles of Graphical Excellence

» Graphical excellence

* the well-designed presentation of interesting
data — a matter of substance, of statistics, and
of design

e consists of complex ideas communicated with
clarity, precision and efficiency

e is that which gives to the viewer the greatest
number of ideas in the shortest time with the
least ink in the smallest space

e requires telling the truth about the data.
Hearst, 2003
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Tufte Principle

Maximize the data-ink ratio
(Avoid “chart junk”)

data ink
total ink used in graphic

Data-Ink ratio =

Hearst, 2003
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Tufte’s Graphical Integrity

= Some lapses intentional, some not

size of effect in graph
size of effect in data

Lie Factor =

= Misleading uses of area

» Misleading uses of perspective
* |_eaving out Iimportant context
» L ack of taste and aesthetics

Hearst, 2003
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Lie factor

. size of effect shown i oraph
he factor == Sl

size of effect i data

where

|zecond walue - first walue|
first value

& lie factor that 12 etther much higher or much lower than one 15 bad,
& hagh le factor exaggerates differences between values. & low lie
factor obscwres differences between values.

size of effect =

& comtmon example of a lagh lie factor occurs when both dimensions
of a two-dinensional Agure are made propottional to the same data,
2o that the size of the figure 15 proportional to the square of the data;
for instance,

Year Books coreulated

2001 1oy [E)

2002, [L1)

2003 200 [ ‘:L" ]J‘

where the lie factor 15 about 2.4

http://instruct.uwo.ca/fim-lis/504/504gra.htm
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An example of a low lie factor can be seen in the "Cones” custom
chart format in Microsoft Excel

44

73 24 &0

2000 2001 2002 2003

The heights of the (truncated) cones are propottional to the data, but

their areas on the screen and thew apparent volumes make the larger
data wvalues seetn relatrvely stall

Charting on a logarithimic scale can also produce a low lie factor,

http://instruct.uwo.ca/fim-lis/504/504gra.htm

08/06/06 LMU Minchen ... Mensch-Maschine-Interaktion 2 ... SoSe06 ... Schmidt/Butz 32


http://instruct.uwo.ca/fim-lis/504/504gra.htm

How to Exaggerate with Graphs
from Tufte '83

THE SHRINKING FAMILY DOCTOR

In California

Percentage of Doctars Devotad Solely to Family Practice

Laov Angeler Thmes, August 5, 1979, p. 3

1: 2. 287 rann 1o POPULATION
S e Marti Hearst
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How to Exaggerate Wlth Graphs
from Tufte '83

Washington Past, October 25, 10748, p. 1.

Error:
Shrinking
along both
dimensions

Marti Hearst
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Visualization Reference Model
Human Interaction

Data Visual Form <Txf

] task
Raw Data Visual Views
Data Tables Structures
Visual View

Data
Mappings Transformations

Transformations

Human Interaction
Raw Data: idicsyncratic formats
Data Tables: relations (cases by variables) + metadata
Visual Structures: spatial substrates + marks + graphical properties
Views: graphical parameters {position, scaling, clipping, ...}

= Raw Data = Data Table = Visual Structure - Views
filtering probes, viewpoints, distortions

= Data Table - Visual Structure

pick mappings (Storey, 2004)
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Standard Visualization
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Common Graph Types
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Hearst, 2003
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When to use which type?

» Line graph

e X-axis requires quantitative variable

« Variables have contiguous values

« familiar/conventional ordering among ordinals
= Bar graph

e comparison of relative point values
= Scatter plot

 convey overall impression of relationship between two
variables

= Pie Chart?

 Emphasizing differences in proportion among a few
numbers
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Information Visualization
Mantra

Overview, zoom & filter, details-on-demanc
Overview, zoom & filter, details-on-demanc
Overview, zoom & filter, details-on-demanc
Overview, zoom & filter, details-on-demanc
Overview, zoom & filter, details-on-demanc
Overview, zoom & filter, details-on-demanc

Shneiderman, 2003
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Information Visualization Tasks

= Qverview (Gain an overview of the entire collection
= oOom Zoom in on items of interest
= Filter Filter out uninteresting items

= Detalls-on-demand  Select an item or group and
get details when needed

= Relate View relationships among items

= History Keep a history of actions to support
undo, replay, and progressive refinement

= EXxtract Allow extraction of sub-collections and

of the query parameters

Shneiderman, 2003
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Information Visualization:
Design Guidelines

Direct manipulation strategies
* Visual presentation of query components
 Visual presentation of results

« Rapid, incremental and reversible actions
 Selection by pointing (not typing)
* Immediate and continuous feedback

* Reduces errors
* Encourages exploration

Shneiderman, 2003
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Basic Visualization Techniques

* Finding appropriate visualization for data
structures

= Example: trees / graphs
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Alternative Tree Visualization

—

Organization {100
Chart

Tree Ring
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Alternative Tree Visualization

Icicle Plot Tree Map

|l (B (k| =
h
(1
=
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Comparing Visualizations

= o 1 -
20120 2

i

G K
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1 5
2 =
& 5 =
] T
= s
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Typical Tasks for viewing Trees

= Determine the type of
tree, e.g.
e Binary
 N-ary
« Balanced
« Unbalanced

* Find relations, e.qg.
o Deepest common ancestor
= Size of the tree, e.q.

« How many levels
« How many leaves

= Details about leaves, e.g.
o Largest leaf

= Different representation
may be better for a given
task, e.g.
« Tofind outif atreeis
balanced or how many

levels exist, the Icicle Plot
IS good

More detalls see:

Barlow et al. “A Comparison
of 2-D Visualizations of
Hierarchies” INFOVIS'01

http://www.sims.berkeley.edu/cour
ses/is247/s02/readings/barlow.pdf
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Arc Diagrams

Visualization method

* For representing complex patterns of repetition in
string data.

« Arc diagrams scale efficiently for strings that contain
many instances of the same subsequence.

 Idea of visualizing only a subset of all possible pairs
of matching substrings.
 highlight just the
subseguences
essential to
understanding
the string’s
structure

Z8THB39147a735648274639137
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Arc Diagrams - Basics

abcd111110000011111abed

123456 Tabede1234567Fgh1 J 1234567
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Arc Diagram — Level of Detall

Applied to

= Music
1111'1@691:1';#9913Wh:'$m : \[/)VNeﬁ pages

= Byte code

111110001101171001001011110081101110001010
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Arc Diagram applied to Music

L THER

LIREE

L 1REE

L TN

L HNR

 10E1

L.
L THR

L INER

[ IR

L 1REE
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Arc Diagram applied to Music
“far Elise”

= More details

Martin Wattenberg. Arc Diagrams: Visualizing Structure in Strings
IBM Watson Research Center, Technical report 2002-11

http://domino.research.ibm.com/cambridge/research.nsf/0/e2a83c4986332d4785256ca7006ch621?0OpenDocument
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Thread Arcs

= Thread Arcs combine the
chronology of messages
with the branching tree
structure of a conversational
thread

= Benefits
e Chronology.
e Relationships
o Stability:
 Compactness:
 Attribute Highlighting:

e Scale:
* Interpretation/Sense

= http://www.research.ibm.com/remail/threadarcs.html
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Thread Arcs for Emaills

= Visualization time ordering —> @ 0o ® ® @ @
« linear layout of message nodes 1 1
connected by relationship arcs. first message last message

» each circular node represents a
message in the thread.

« chronology of the thread is

encoded by the position <— "reply to" arcs
e The width of a Thread Arc is a

linear function of the size of the
thread

e compact visualization if

height is constrain A AN A An AD) AN ATH AT

B AN A B R Ry Ry Rip

The relationship between messages are clearer when
arcs are draw above and below nodes (B).
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Pseudo code for drawing
a thread arc

To make a Thread Arc

sort all messages chronologically
find the generation depth of each message

for each message
if the message is the root message then
place the node at the starting position
don't draw an arc
else
place the message to the right of the last message
if the message generation depth is odd then
draw an arc above the line to the message's parent
else
draw an arc below the line to the message's parent
next message
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Possible Thread Arcs that can be
built with 2 to 5 messages.

A\ R, &, A

R Ry Ry Rip

AL\ Ry By S

N Ry A b

fort gy AP aup

N APy LY sy

n 2 3

O Iy

$ ¢ 9 2@ D

t 1 2 6 24
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Stability of Thread Arcs

n 1 2 3 4 5 6

f o Ay af AGY
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Chronological Information in the
Thread Arcs
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Example Email Client using Thread Arcs

34
LT
10:32
Ll
2156
3 M)
A:08
155
L
w23
5115
Sdd)
545
6116
6120
il
B34
(L]
Gidd
5: 59

Vikw  Halp

Wiho

Andrew Bognar
Charlie Baane
Chil=chung Hu
Fredrick Mathe
Gabredla Cam,

Joseph Cordes
Kaith Chaany

Lucy Csbarne
Marc Shulman
Margarat Downa
Mathan Lawar
Pauil Sha e
Regina Hendrcks
Simon Robertson
Steven Rossant
Tanya Haya
Margaret Downie
Nathan Lawer
Rich Steipe
Nathan Lawer
lennifer Combs
Regina Hendridks
Marc Shulman
len nifer Com b
Jennifer Combs

Sulsject

RECEIWED: GD

Lets get the papar done bafare March

Management Report: Highlights Due 27

Researchers: Quick exercise in reviewing

Just rememberad - hawva 1o drop my car at machamic
mall Desian Sper

Riz: Theead vigualzation

MRC has gone bonanzas.. Aok now to take advantag

Fe: Hardware changes a turnoff

s2a you at the UCM meeting

Local company Integrating with emai

Tanya working from home

shil apert after Hhe rnssting <sam s>

Re: Just meet on thursday

Feminder from Managers meeting tomoarrow

Agenda and action items to follow (eom)

Server - minar change

Armazon,com Oelvers Danoe & D) Music

Ri: Hardware changes a turnolf

in & kalk Dy Techtonic

Fe: Researchers: QUick exercse in reviesing Juns

Interasting talk by Bemard Kemr

Current Sarver 1.0

Fe: I'm for Tue July 10th - after 10am - not 1-2pm

you inberasted in & talk by Techtanic (local company)

RE: are you Interested in a talk by Informia

9:008 1 Wednesday, April 17, 2003

Re: Design of threads viz
Fram Tanys Keye Te Margarse Doe  Ced Rieh

Guys:
Thanks for all the dicession around the new design I think that the changes
you made will greatly improve the user experience.

Wie sHll naad to talk aboast bew we plan e install the ooding development on aach of

G Participants
+ Contributers:

e Janusry 2 = Apiil 20, 2003

da  Thread View

] r] - [&T]

& Tanya Keye
& (argaret Coe
O hathian Lawer
Rich Steipe
= recipients:
Jennifer Combs
Marc Shulmam

Tanya Kaye Desigr of threads
Margaret Doe  +looking good
Tanya Kaye +Guye: Thanks
Nathan Lawer  +can you changs
Faul Staipe Great Re: Deslgn
Nathan Lawer +Tanya I think
Tanya Keye +0k with me. —I
Rich Seeipe Let's rmake tha
pthan Lawer Ok Ra: Lat's mal-c;l
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Distribution of distinctive Thread
Arcs of 2to 5 messages

n 2 3 4
a |la | & @@@;m
100% | 71 37
" @@@%@
S 9 1 3 2 2
&y | AL Ry, Ay Ain
% 15 4 2 2 8
g ay | A @@@ﬁ@
E 29 10
: s @f@f@w
4
an @ afn agy
24 r@ (I 20%

More details: http://www.research.ibm.com/remail/publications.html
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Technigues

= Focus & Context

= /oom & Pan

08/06/06 LMU Minchen

... Mensch-Maschine-Interaktion 2 ...

So0Se06 ... Schmidt/Butz

61



Background

» Useful Field of View (UFQOV)

e expands searchlight metaphor

 size of region from which we can rapidly take
Information

e maintains constant number of targets

= Tunnel Vision and Stress
« UFOV narrows as cognitive load/stress goes up

* Role of Motion in Attracting Attention
 UFQV larger for movement detection
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Depth of Field

= Guiding user attention
oy blurring less relevant
parts of an image

= Keeping the context

= Semantic Depth of field
= blurring objects based
on their relevance
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Semantic Depth of Field - Example

Datei Bearbeiten Format  Ansicht 7

The psychology Division has been targeted for resourced ”
expansion at Morthumbria Uniwversity. we are seeking to
appoint up to three Lecturers/Senior Lecturers in Psychology
(replacement fadditional posts), starting sSeptember 2004, we
are 1nukin? for amhitious, enthusiastic psychologists who
wizh to help build upon the considerable success of the
Division of Psychology and teach in a lively, friendly
department. The Division has a ?ruwing international
reputation for research, particularly 1n the areas of human
cognitive neurosciences and cognition & communication.
AE?WicatiDns are welcome from new and experienced academics
aple to make a genuine contribution to our

developing portfolio of research in these or other areas.
Expertise in teaching language would be particularly welcome
for one of the posts.

DIS2004 will take place in kKendall square, SEENIEEEE.
Massachusetts, 1-4 AUQUsT 2004

The theme of DIS2004 15 'aAcross the Spectrum'. we seek to
encompass The diverse and simultanecusly inclusive nature

of the discipline of interaction design. we are

addrezsinﬂ the themes of: inter-disciplinarity, the
relationships between social and work processes, the

hature of fnformation, aesthetics and emotion, as well as
presenting new paradigms of interaction. with this

approach we hope to create an arena for debhate and

A

suche [2]x]
Suchen nach: _Eaml:uril;Ige
Suchrichtung

() Mach oben
[ ] GroR-AKleinzchreibung (&) Mach unten
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Semantic Depth of Field - Example

[ Unbenannt - Editor

Datei Bearbeiten Format  Ansicht
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Magnifying Glass

A g

1 FEensker ¥
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- X

é ~ | [ Design "= Meue Falie _
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] 7 ﬁ A
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SE

D vaid t_'"m - Folienla ¥ X

GEDI‘QIEI Folienlayout iiberne
G Germani' Tertlayouts **
H Ghana
J Gibraltar e—
;Glurbsu Islands .

Greece _—
N Greenland
0 Genass
i —_—

- [=]x]

1-
fu

iavia Aaranhiral

- X

= Magnifying
glass hides
context!

= This IS not
focus+context
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Alternate Geometry

» Euclidean geometry — we use it since primary school...
« 3 angles of a triangle add up to?
» Shortest distance between two points?

= Spherical geometry
» (Geographical view of the world

- What is the shortest way from Moscow to San Francisco?
- Sum of angles of a triangle between Paris, NY, and Cape Town?
http://math.rice.edu/~pcmi/sphere/

. Hyperbollc Geometry / Space

* Theory of Relativity
The “fifth” dimension
Can be projected into 2-D as a pseudosphere

Key: As a point moves away from the center towards the
boundary circle, its distance approaches infinity

http://cs.unm.edu/~joel/NonEuclid/ (Applet)

08/06/06
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Focus + Context

= Basic ldea:
* Show selected regions of interest in greater detail (focus)
* Preserve global view at reduced detail (context)
* NO occlusion - All information is visible simultaneously

= Techniques
* Fisheye views
* Fisheye lens
« Continuously variable zoom
* Nonlinear magnification
* Hyperbolic views
 Distortion viewing
* Rubber sheet views
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Focus + Context

= Often combined with distortion
* E.g. fisheye
« Data not in focus is suppressed and distorted
« Data of interest is larger and clearer

= “Allows dynamic interactive positioning of the local detalil

without severely compromising spatial relationships.”
 Leung & Apperley

= “One challenge in navigating through any large
dataspace Is maintaining a sense of relationship
between what you are looking at and where it is with

respect to the rest of the data.”
» Bederson & Hollan
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Distorted vs. Non-distorted

= Non-distorted
« Display only a selection at a time
» Scrolling
e Paging access
 hierarchical structure
e Structure-specific presentation

= Distorted
» See the following slides
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Basic idea — Perspective Wall

l Project

I @ | I

From http://www.cs.ubc.ca/~tmm/courses/cpsc533c-03-spr/0324.fengdongdu.ppt
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Perspective Wall

= A conceptual descendent of the Bifocal
display.

= Smoothly integrated detailed and
contextual views.

» Side panels are demagnified directly
proportional to their distance from the
viewer.

From http://www.sims.berkeley.edu/courses/is247/s02/lectures/ZoomingFocusContextDistortion.ppt
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The Viewer
(B}

The view is dependent on the length of the wall, the width of
the view port, the angle ®, the size of the central region.

From http://www.cs.ubc.ca/~tmm/courses/cpsc533c-03-spr/0324.fengdongdu.ppt
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Perspective Wall

= Similar to Bifocal, except demagnifies at
Increasing rate, while Bifocal is constant

= VIsualizes linear information such as
timeline

= Adds 3D but wastes real estate on screen
(which Is contrary to prime objectives of
distortion techniques)

From http://www.sims.berkeley.edu/courses/is247/s02/lectures/ZoomingFocusContextDistortion.ppt
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