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3 Information Visualization

3.2 Basics of Human Perception

3.3 Principles and Terminology

3.4 Standard Techniques for Visualization
Literature:

« Marti Hearst
— http://bailando.sims.berkeley.edu/infovis.html
— http://bailando.sims.berkeley.edu/talks/chiO3-tutorial.ppt

« Margret-Anne Storey
— http://www.csr.uvic.ca/~mstorey/
— http://www.cs.uvic.ca/~mstorey/teaching/infovis/course_notes/introduction.pdf

« Ben Shneiderman

— http://www.cs.ubc.ca/~tmm/courses/cpsc533c-03-spr/readings/
shneiderman96eyes.pdf
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“Graphical excellence is that
which gives to the viewer the
greatest number of ideas in the
shortest time with the least /nk in
the smallest space.”

-- Edward R. Tufte
(1942-)
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Representation

- What is a good visual Representation?
— Capture and present the essential
— Deliberately hide irrelevant parts
— Appropriate for the recipient and his/her abilities
— Understandable and interpretable by the recipient
— Appropriate for the task

 “Solving a problem simply means representing it so as to make the
solution transparent” (Simon, 1981)

» Allow people to look at the presentation and draw the “right”
conclusions!
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Representations

Physikalischer Speicher (KB) . Figures / numbers
Insgesamt 014544

Verflgbar 177396

Systemcache 204792 » Numbers in bar graph

CPU-Auslastung

* Plot with history
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How to Read Representations

* Read the plain facts
Compare representations (visual calculations)

|dentify patterns
Make interpretations

Can be enhanced by active diagrams
— Allow interactive manipulation
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External Aids for Thinking

The power of the unaided mind is highly overrated. Without external
aids, memory, thought, and reasoning are all constrained. But
human intelligence is highly flexible and adaptive, superb at
inventing procedures and objects that overcome its own limits. The
real powers come from devising external aids that enhance
cognitive abilities. How have we increased memory, thought, and
reasoning? By the inventions of external aids: It is things that make
us smart. (Norman, 1993)

- External cognition

— Internal and external representation and processing weave together in
thought

- External cognitive aids can enhance cognition

* An important class of external cognitive aids that make us smart are
graphical inventions
— Charts for navigation

— Diagrams
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Use of Visual Representations

* Pictures and diagrams are used to communicate existing ideas and
thoughts

 Graphical representations can help in developing and formulating
ideas and thoughts

 Using visual representations “to think”
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Information — to Visualize

« What is “Information”?

— Entities, concepts, things, items that may not have a direct physical
correspondence

— Information is often abstract

» Large sets of data and information
— Great amount of data

— Information is generated in many processes

- To visualize: to form a mental image or vision of ...

» To visualize: to imagine or remember as if actually seeing.
(American Heritage dictionary, Concise Oxford dictionary)
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What is Information Visualization?

« The use of computer-supported, interactive visual representations of
data to amplify cognition.
(Card, Mackinlay, Shneiderman ’98)

» “Transformation of the symbolic into the geometric™
(McCormick et al., 1987)

- “... augmenting ... natural intelligence in the best possible way, ...
finding the artificial memory that best supports our natural means of
perception.”

(Bertin, 1983)

» “The depiction of information using spatial or graphical
representations, to facilitate comparison, pattern recognition, change
detection, and other cognitive skills that make use of the visual
system.”

(Hearst, 2003, CHI-Tutorial)

» “The purpose of visualization is insight, not pictures”
(Hearst)
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Definition by Shneiderman

- Compact graphical presentation and
— user interface for
— manipulating large numbers of items (102 - 106),
— possibly extracted from far larger datasets.

- Enables users to make
— discoveries,
— decisions, or
— explanations
- about
— patterns (trend, cluster, gap, outlier...),

— groups of items, or
— Individual items.

Ludwig-Maximilians-Universitat Miinchen A. Butz / R. Atterer
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Tasks Supported by Information Visualization

Search
— Finding a specific information in a data set

Browse

— survey, inspect, look for interesting information

Analysis

— Comparison-Difference, find outliers and extremes, spot patterns

Many more...

— Categorize, Associate

— Locate, Rank

— ldentify, Reveal

— Monitor, Maintain awareness
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Examples ...

381,75 4808 ,80
356,060
300,060

258,080

280,080
156,608
160,080

53,60 28,00

612 ss16H-LOK ¢ Splits BPC

VYolunen{rot-grun) = Steigende Kurse ==Fallende Kurse

375M
955M
235M

(c) 2002 Innovative Software Intervall: 1 Tag 24.05.02 14:43
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Visualization Success Story

[1lustration of John

Snow’s W onr )
deduction that a cholera e
epidemic R
was caused by a bad water . T
pump, circa 1854. T et

I \® *°
Horizontal lines indicate ;'t ; X

location of deaths.

From Visual Explanations by Edward Tufte,
Graphics Press, 1997

Source: Hearst
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History of O-Ring Damage in Field Joints (Cont)
Challenger Example ananefanef ek 1 8A &F
3 3 elBRLE :
o-Ring [ |1 11101 1171 1 ® B alxie
(T:::;pbﬂﬁ--w-~>—-»—<-—>— mile = |
bt e e I-H-l ot e et — ] e — -
SR H|NgR|NyN|ngn nyety
=l=y=l=i=t=lal=y ==yl =)=
SRM 11 22 33 44 66 66 7 1010 1111 1212
No. AB AB AB AB AB AB A A AB AB
A @q ADADRAAAA A ATAWAYAWAYA
o w | | INl ] (el] | k= ol | | kol
™~ ™~ O ™~ 0 ﬂ r~
. o.Ringv—i —{ ol Bl e el bl by e — s Blamm —
(Source: Storey) s || 11] !________.H__ L
- —{ | o b P A == -
l IININRNINERINENINEN N NIN ﬁ L
O-ning damage
mdex, cach launch
2 12
- 8
Sh 18
s &
/ | wa 3 .nun b
. 36"-29" range of forecated temperntures
(as of January 27, 1986) for the hunch o
3 of space shuttde Challenger on January 28
Y e — 0!003 ee o3 oo o o
as’ o’ 35 w0’ 4 s0° 5s 60 65" 70° 75 L 85
Temperature (*F) of field joints at time of launch
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BUSINESS - :

Abdussattar Shaikh
O 5 Ussattar oha Mohamed

3 ’ , . .
Faisy) Al Sz Majed Moged Khalid Almihdhar Abdi

& 3 1
Rayed Mohammed Abdullah.~Hani Hanjour 5 Nawaf Alhazmi Ahmed

Salem Alhazmi Alnami

=]
Habib Zacarias Moussao% Ahitred Alghani v

Lotfi Raissi Ahmed Saeed Alghamdi
lbrahim A.
0 Ahmed Khalil IbrahimSamir Al-Ani/ Al Haznawi
Hamza Alghamdi

]
O Nabil al-Marabh

Ziad Samir
=]

Said Bahaji  Jarrah m?gamed Abdulaziz Alomari Raed Hijazi

[]
Ramzi Omar i Marwan Al-Shehhi Satam M. A. Al Sugami

Lakafiyartssabar Wil M. Mohand Alshehri

! i Fayez Rashid Ahmed
5']334(“ Al Hassan Al Qadi Banihammad

Mamduh Mahmud Salim Mamoun Darkazanli Saiid Waleed M. Alshehri

B American Airlines Flight 77 (Pentagon) M United Airlines Flight 93 (Pennsylvania) Strong link
American Airlines Flight 1 (T WTC) [ Other associates of hijackers Less strong but still substantial link
United Airlines Flight 175 2 WTC) Trained pilots on hijacked planes More tenuous link
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vizster

visualizing online social networks
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PLet's Ble

The —{Jark—
Africa and Pac&ﬁc Ro%st

Decaﬁ’eihated

Arabia ‘

Reserve Coffee

PLet's Ble

The Americés

http://www.peets.com/selector coffee/
coffee selector.asp

See also: www.smartmoney.com

Ludwig-Maximilians-Universitat Miinchen A. Butz / R. Atterer

Decaf Mocca-Java

Complex and full-bodied. A blend of

Java and Ethiopian Mocca.

$13.95 per Ib.
(Click now for more options)

D ik
eLalel Arabia

—{Jark—
Rolast

The Rmericgs
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IMpProViz (snydal & Hearst, cHI 2005]

ALL BLUES

Written by Miles Davis; Recorded April 6, 1959 (Take 1), on the Columbia release "Kind of Blue"
Improvisations by Miles Davis (trumpet), Julian "Cannonball" Adderley (alto sax) and John Coltrane (tenor sax)

MELODIC LANDSCAPES

Each soloist played four choruses of
G7 Gm7 G7 D7#9 Eb7#9 D7#9 G7 thetune, imtingtwo minutes.

Each row showsthetune's 12 bar
structure to reveal patterns of phrasing
across chonuses Solos can be viewed
asfour separate rows or as one row in

ol which multiple choruses are overdad.
p—A—— e —
Chorus 1 ., 4 - W The solos have been transposad to
, “_\ N .\ concert key to to facilitate companison
A \f — 2 \
L4 L4 HARMONIC PALETTES

The clusters of note heads below

represent each solost's harmonic
_\A_ palette, his tendency to play particular
—‘ 7 nates over particular chords The mone
rnoteheads, the more time that note

. r LY ‘\ '\‘ was Lsed.

¥ Empty noteheads repressnt
fundamental notes of the given chord
that were not voiced by the soloist.

Chorus 2

[

Aggregations [at bottom right)
N represent the total distribution of
nates played by a soloist.

Chorus 3

{

i
f \ v ‘ U —— Inthe composited harmonic palkette
M s % - [bottom rowd all three soloists' notes
hawe been distilled.

—_—— Y ABOUT

b Aralysis & Visualization by Jon Srydal
Chorus 4 " = \' based on transcription by Rob DuBoff,
Y Iﬁ — Mark Vinci, Mark Dawis and Josh Danis

D7#9 Eb789 D7#9 G7 Aggregations

L
i = Unfilled noteheads show be
[] B tonesofchord (1st,3rd,5th ||
aes & B 7th] that were not played
Notehead Notehead:
2 beats 10 beats

i

Each filled notehead shows
how long the note was played
in beats and s=conds Notes
with black dots are not the
main tones of the chord.
Note:time scalevarnies.

-

#
|
£

Miles Davis

b0

L

>3:ng<:

(+]

v
iy
sen g

[a]
(=]

¢ 2

!::::Q
130!

o

Notehead Notehead:
5 beats 23 beats
2 == 11 s=cx
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http://guir.berkeley.edu/pubs/chi2005/improviz.pdf
http://guir.berkeley.edu/pubs/chi2005/improviz.pdf

IMpProViz (snydal & Hearst, cHI 2005]

ALL BLUES

Written by Miles Davis; Recorded April 6, 1959 (Take 1), on the Columbia release "Kind of Blue"
Improvisations by Miles Davis (trumpet), Julian "Cannonball" Adderley (alto sax) and John Coltrane (tenor sax)

MELODIC LANDSCAPES

Each soloist played four chonuses of

G7 G7 D7#9 Eb789 D789 G7 the tune, bsting two minutes.

Gm7
Each row showsthetune's 12 bar

= / structure to reveal patterns of phrasing

L \‘ \. across chonuses Solos can be viewed

/-- h -— ﬁ ﬂ = dect asfour separate rows or as one row in

1 ! " !A‘ which multiple choruses are overdad.

The solos have been transposed to

concert key to to facilitate companson

Chorus 1

/\' HARMONIC PALETTES

=y e AR / W\ e

1’4 o, =5 palette, his tendency to play particular
‘ M 1 ‘{ 1 \ ‘vj nates over ;rt':ular chords The more
A

Chorus 2

j \\j rnoteheads the more time that note
I was Lsed.

==
Empty noteheads repressnt
= fundamental notes of the given chord
‘\' A that were not voiced by the soloist.
_\‘ Hr\ M Aggregations [at bottom right)

= N Y f v || represent the total distribution of
‘r nates played by a soloist.

W | Inthe composited harmonic palkette
[(bottom rowd all three soloists’ notes

) 1 A
Chorus 3 | TA
L J
hewve been distilled.

A L/\,\_\ L S A \1 ~ /\_'\_ —— ABOUT

N Aralysis & Visualization by Jon Srydal
Chorus 4 ‘ w‘ L™ 4 W \ J based on transcription by Rob DuBoff,
Mark Vinc, Mark Davis and Josh Dawvis.

G7 Gm7 G7 D7#9 Eb789 D7#9 G7 Aggregations

Unfilled noteheads show
tones ofchord (15, 3rd, Sth
B 7th] that were not played

@ I be
Notehead Notehead:
2 beats 10 beats _be
1 ==c. 5 wcs be
- 10,

Each filled notehead shows
how long the note was played
in beats and s=conds Notes
with black dots are not the
main tones of the chord.
Note:time scalevarnies.

L

L
W3c0e &
80 §

< o
Cannonball Adderley gl B ﬁ be |

'

e
o

e
%%n
I

LEepsic
v de

Notehead Notehead:
5 beats 23 beats
2 == 11 s=cx
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IMpProViz (snydal & Hearst, cHI 2005]

ALL BLUES

Written by Miles Davis; Recorded April 6, 1959 (Take 1), on the Columbia release "Kind of Blue"
Improvisations by Miles Davis (trumpet), Julian "Cannonball" Adderley (alto sax) and John Coltrane (tenor sax)

MELODIC LANDSCAPES
Each soloist played four choruses of
G7 Gm7 G7 D7#9 Eb7#9 D7#9 G7 thetune, imtingtwo minutes.

Each row showsthetune's 12 bar
structure to reveal patterns of phrasing

‘m across chonuses Solos can be viewed

asfour separate rows or as one row in

A M \r/ \1 “ which multiple choruses are overdad.
Chorus 1 N\

V= \

The solos have been transposed to
concert key to to facilitate companson

™l

L4 HARMONIC PALETTES

N W,— The clusters of note heads below
- [\ VoY . P TN ¢ f— represent each soloist's kearmonic
L' 4

! palette, his tendency to play particular

nates over particular chords The mone

H roteheads, the more time that note
was Lsed.

Empty noteheads repressnt
fundamental notes of the given chord

ASVAVA" S W AR Al [ ey

Chorus 2 1‘{ 1[
7 7

17 Y £ h! ¥ \ 4 Fi represent the total distribution of
Chorus 3 e hY f F i notes played bya soloist
‘l } 1 Inthe composited harmonic palkette
[(bottom rowd all three soloists’ notes
\ ’ hawve been distilled.

\_ \J\/\ B n : /—M & L ABOUT

Vi L W I W
v v W Anclysis & Visualization by Jon Srydal
Chorus 4 'l"-’ — _‘-‘h “VAJ\\ —\A“ hns:{::n (ra::rl'pl;by H:l: DuBoff,
x ¥ Merk Vinci, Mark Dais and Josh Danis.
V- v
G7 Gm7 G7 D7#9 Eb789 D7#9 G7 Aggregations

Unfilled noteheads show
tones ofchord (15, 3rd, Sth
B 7th] that were not played

D

Notehead Notehead:
2 beats 10 beats
1 s=c. 5 secx
@ L o = o L= % @ o @ @ @ “‘%
L= o9 @ = E I-s# P
o o
John Coltrane g g ? 374’%” ! Bgo b—gb— b I{Ohe s o Each filled natehead shows ”j"‘”
oP = W L4 SeeBEC : =S — o0 how long the note was played [
o g in beats and s=conds Notes

with black dots are not the
main tones of the chord.
Note:time scalevarnies.

Notehead Notehead:
5 beats 23 beats
2 == 11 s=cx
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IMpProViz snydal & Hearst, cHI 2005]

ALL BLUES

Written by Miles Davis; Recorded April 6, 1959 (Take 1), on the Columbia release "Kind of Blue"
Improvisations by Miles Davis (trumpet), Julian "Cannonball" Adderley (alto sax) and John Coltrane (tenor sax)

MELODIC LANDSCAPES

Each soloist played four choruses of
G7 Gm7 G7 D7#9 Eb7#9 D7#9 G7 thetune, imtingtwo minutes.

Each row showsthetune's 12 bar
structure to reveal patterns of phrasing

= e = e L v S e

which multiple choruses are overdad.

i
{ F
Chorus 1 =N o i The solos have been transposad to
z F i M A A- N 7 Ty e e ——
S \f — 7 —_ 7
'] L4 4— HARMONIC PALETTES

palette, his tendency to play particular
nates over particular chords The more
roteheads, the more time that note
was used.

k —_ The clusters of note heads below
I\ A {_ represent each soloist's harmonic
%

Chorus 2

Empty noteheads repressnt
fundamental notes of the given chord

A RN =

’ Y R Y . 3 P represent the total distribution of
Chorus 3 1' ] . \vl f 7T ! nates played bya solcist.
f \ v 1 \-‘ [‘ 1 IJ l 10\ Inthe composited harmonic palkette
7 M v [(bottom rowd all three soloists’ notes
= — 5 . = /\_ hewe been distilled.
L _ -
LA oy, ey VAR e e o
| — ANV J R b WAL —— W LT NS NASN A [ ] : o
h 4 ‘ a lA \_\L I — = _\ " A!\ F \ Andyss&“sunll.mym by Jon Srydal
Chorus "4 ' 4 o = ¥ YN + based on transcription by Rob DuBoff,
inci, Ma isa os s
‘Jt w ] s 7 Merk Vinci, Mark Danis and Josh Danvi
| — ¥
G7 Gm7 G7 D7#9 Eb7#9 D7#9 G7 Aggregations
=] = 3 (=) =] @
=4 52 i Unfilled noteheads sh be
: . o o i o o%o ® - 5 & a - tonesofchord (12, 3nL5th ||
Miles Davis [=¥=) o =) hoUo b oo - = b oos ve] B 7th] that were not played
oee S0 eer e ° © et 77 i oee i
b
a ‘3. 2 % oﬁo r 7 Q ' a8 @ - =
ball Adderl H g b S Y & (=] , = #0 2 Noteheact Note head: %
Cannonba erle = < »— .4 s =1 % 2 beat 10 beat —H
: oho 8 i - — -3 g : & O L s e <]
[ b
@ @ =) = = = o0 @ = 2 @ @ @ @ ~m
= o0 = = =) = T
5 } @o : oﬁ) %’
John COItrB ne ; § ? £ °§o b “b E%G bg ..g-' Each filled notehead shows m 1
oP = W Sees#C =t Lo o0 how long the note was played {1
b in beats and s=conds Notes
o 5 with black dots are not the
main tones of the chord.
= ﬁ 3 ? &5 & Note: time scalevarnes. . 17
Composite of Davis, -« 4 § LOd0 = : s T - ? Noteheact Notehead: m
Adderley & Coltrane P-3 g E % & g hb.@.n%eJ S T B, e}
.#D O =5 ==
5’8}——5—
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IMpProViz snydal & Hearst, cHI 2005]

ALL BLUES

Written by Miles Davis; Recorded April 6, 1959 (Take 1), on the Columbia release "Kind of Blue"
Improvisations by Miles Davis (trumpet), Julian "Cannonball" Adderley (alto sax) and John Coltrane (tenor sax)

MELODIC LANDSCAPES

Each soloist played four choruses of
G7 Gm7 G7 D7#9 Eb7#9 D7#9 G7 thetune, imtingtwo minutes.

Each row showsthetune's 12 bar
structure to reveal patterns of phrasing
across chonuses Solos can be viewed
asfour separate rows or as one row in
ey which multiple choruses are ovedaid.

= 4 o — ? A fe——
: 2 . Vi o The solos have been transpossd to
Miles Davis ! i O ‘\ ‘ 3 Y concert key to to facilitate comparnson
N— — —_—
3 ¥

HARMONIC PALETTES

/\l_ R w A L ‘:\5%\ el el d )
v B |

(

palette, his tendency to play particular

nates over particular chords The more
roteheads, the more time that note

<-.‘._~
1
-
-

P —ml

-

Cannonball Adderley was used,

Empty noteheads repressnt
fundamental notes of the given chord
that were not voiced by the soloist.

A\ P o P - ¥ A v 2 f- 2tions [at bottom right,
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http://guir.berkeley.edu/pubs/chi2005/improviz.pdf
http://guir.berkeley.edu/pubs/chi2005/improviz.pdf

Knowledge Crystallization

Knowledge crystallization involves getting insight
about data relative to some task

Steps required in a Knowledge Crystallization task: (Storey, 2004)
— Information foraging/browsing (from repositories, people...)

— Search for/build a schema (representation) —need to know what to include/
omit

— |Instantiate schema with data
— Problem solve to trade-off features
— May have to search for a new schema..

— Packag)je the patterns found in some output product (i.e. a concise briefing of
results

* A visualization tool has to support or automate some of these steps,
it is a cognitive aid during our process of schematization

« SO we need data, a task and a schema
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Knowledge Crystallization (2)

—

@jtask oper@

Overview task -
Zoom
Filtef forage author, g:)t;actse
Details-on- for data D decide, po
demand . or act
Browse
Search query '
R‘corder . ‘\ \ Read fact
L‘luster search . — > Read comparison
Class for problem-solve/ Read pattern
Average schema Manipulate
Promote ™ ’ Create
Detect pattern Delet
Abstract instantiate o7, e
schema y
Instantiate
FIGURE 1.15 (Storey, 2004)

Knowledge crystallization.
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Example — Air Fare (1)

Boston, MA, United States (BOS-Logan Intl.) to Victoria, BC (YYJ-Victoria)

Change your search

Departure airport:
BOS (Boston)

Destination airport:
YY) (Wictoria) hd

Departing: (DDMMMNY)
61172001

Maorning

Returning: (O 0MMANYY)
131172001 T

Ewening

Airline:
Al Airlines hd

I Nonstop flights only

Start again m

Expedia Picks Buildl your owintrip 55 Quick sompan e
Top 8 pida Mrlanada Alaka

sShines
-~
"33.‘9

wom CH753

To build your own trip, first pick any departing flight

Sorthy Flowesl pricae  C shotest fights

from C$7563
7:4%5 AN Depan Boston (BEO0S)
Armive Victona [YYJ) 12:35 PM

from C$753

7:45 AM Depart Boston (BOS)
Ana Victona [Y7J) 1235 PN

from C$753

4:00 PM Depart Boston (B0S)
Arwa Yictona (YY) 10:20 PM

from C$763

4:00 PR Depart Boston (BOS)
At Victona (YY) 10:30 P4

from C$768

700 AN Depan Boston (BE03)
Amive Victona (YY) 1235 PN

from C$768

3:20 PM Depart Boston (EO03)
Anta Victona (Y7S) 10:01 P

salect 10 58 pricas

7:45 AM Depart Boston (B035)
Ariva Yictona (YY) 2:40 PW

salect 10 sae pricas
7:45 AM Depart Boston (E0S)
Ariva Victona (YYJ) 305 PN

Tue 6.Nov
Thr 50mn

Tue 6-Nov
Shr S0mn

Tue 6-Nov
9'1( ‘EI:Imr:

Tus -Nov

Qhr =0min

Tue 6§ Nov
Ohr 25mn

Tue G-Nov
Shr 41 mn

Tue G-Nov
Shr 55min

Tue 6-Now
100l Z0mn

C depatuns ime

Carmyal time

Y

C

(%) Choose and continue
Al Canada 763 2357
Correct N Yancouyer VYD

(=) Choese and continue

Al Canada 763 /1613
CorrectinVoncouver VYR

(=) Choose and continue
Air Canada =87 7179 7160731
Correct nrdomes (YL,
vancouvar (YvYR)

(=) Choose and continue
Al Canada 207 /12971635
Cerewct n Morresd (VL)
Yoncouver (YY)

(%) Choose and continue
Al Canada 201 /133 /71573
Correct n Tororto (YY),
Vanoouver (YVR)

(=) Choose and continue
Al Canada =805 £ 3553

correclin Torenlo (vYID)

@ Choose and continue

Air Canada 763 718532
Correct i vancouver (VYR)
(=) Choose and continue

Air Canada 763 /1519
Correct N Yancouver (VYR)

(Storey, 2004)
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Example — Air Fare (2)

Time
A 2:45pm
B 2:00pm .
/ '
e 12:15
1 U
B 11:00am
O 12:45pm $745.00
| 11:45am
Ez;m;am Approx
'Di?t,ancé
Vancouver
Boston Montreal Victoria

(Storey, 2004)
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1885 French Train Schedule by E.J. Marey
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Mapping Problem

 Alot of information does not imply any obvious spatial mapping!

- Basic Question:
How to map non-spatial abstractions into effective
visual representation?

* Approach:
Use interactive technlques and visual representations to augment or
amplify the user’s cognition
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Information Visualization To Amplify Cognition

Different ways in which visualizations could help amplify cognition:

By increasing memory and processing resources available
e Parallel perceptual processing

e Offload work from cognitive to perceptual system

» By reducing the amount of time to search

e High data density

 Greater access speed

- Enhancing the detections of patterns and enabling perceptual
iInference operations

e Abstraction and Aggregation

* Aid perceptual monitoring
e Color or motion coding to create pop out effect

* By encoding information in an Interactive Medium
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3 Information Visualization

3.1 Motivation and Examples

3.3 Principles and Terminology

3.4 Standard Techniques for Visualization
Literature:

Preattentive Processing
http://www4.ncsu.edu/~healey/PP/
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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) 1s present or absent.
Difference detected 1n form (curvature)

Hearst, 2003
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Pre-attentive Processing

« <200 - 250ms qualifies as pre-attentive
—eye movements take at least 200ms

—yet certain processing can be done very quickly, implying low-level
processing in parallel

- If 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 (1)

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 1n the distractors. Viewer must search sequentially.
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Example: Conjunction of Features (2)

Boundary detection (Treisman)
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Preattentive Visual Properties

(Healey 97)

length Triesman & Gormican [1988]

width Julesz [1985]

size Triesman & Gelade [1980]

curvature Triesman & Gormican [1988]

number Julesz [1985]; Trick & Pylyshyn [1994]

terminators Julesz & Bergen [1983]

intersection Julesz & Bergen [1983]

closure Enns [1986]; Triesman & Souther [1985]

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

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

flicker Julesz [1971]

direction of motion Nakayama & Silverman [1986]; Driver & McLeod [1992]

binocular lustre Wolfe & Franzel [1988]

stereoscopic depth Nakayama & Silverman [1986]

3-D depth cues Enns [1990]

lighting direction Enns [1990]

Hearst, 2003
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Text NOT Preattentive

SUBJECT PUNCHED QUICKLY OXIDIZED TCEJBUS DEHCNUP YLKCIUQ DEZIDIXO
CERTAIN QUICKLY PUNCHED METHODS NIATREC YLKCIUQ DEHCNUP SDOHTEM
SCIENCE ENGLISH RECORDS COLUMNS ECNEICS HSILGNE SDROCER SNMULOC
GOVERNS PRECISE EXAMPLE MERCURY SNREVOG ESICERP ELPMAXE YRUCREM
CERTAIN QUICKLY PUNCHED METHODS NIATREC YLKCIUQ DEHCNUP SDOHTEM
GOVERNS PRECISE EXAMPLE MERCURY SNREVOG ESICERP ELPMAXE YRUCREM
SCIENCE ENGLISH RECORDS COLUMNS ECNEICS HSILGNE SDROCER SNMULOC
SUBJECT PUNCHED QUICKLY OXIDIZED TCEJBUS DEHCNUP YLKCIUQ DEZIDIXO
CERTAIN QUICKLY PUNCHED METHODS NIATREC YLKCIUQ DEHCNUP SDOHTEM
SCIENCE ENGLISH RECORDS COLUMNS ECNEICS HSILGNE SDROCER SNMULOC



Pop-Out Effect by Preattentive Processing

* Pop-Out =
Time required to find target
independent of overall number

* Form:  Motion:
— line orientation, length, width — flicker, direction of motion
— spatial orientation, added marks, - Spatial Position:

numerosity (4 -
y (4) — stereoscopic depth, convex/

- Colour: concave shape, shadows
— hue, intensity
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Examples for Pop-Out (1)
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Examples for Pop-Out (2)

width length marked

Hiding features
due to placement
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Examples for Pop-Out (3)

OO0 OO
OO0 0O

Clusters/count
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Examples for Pop-Out (3)

O
o Qo
©0o
angle curve Clusters/count
Hiding features
Hiding features due to placement

due to placement

Ludwig-Maximilians-Universitat Miinchen A. Butz / R. Atterer Mensch-Maschine-Interaktion Il — 7 - 45




Visual lllusions

. PehopII%I don’t perceive length, area, angle, brightness they way they
“S Ou ”.

- Some illusions have been reclassified as systematic perceptual
errors

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

— 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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Position

More
Accurate
Length
Accuracy Ranking of
Quantitative Perceptual
Tasks
stimated; only pairwise
comparisons have been
validated
(Mackinlay 88 from
Cleveland & McGill)
Volume
Less
Accurate Den_s]_t}r

Hearst, 2003
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