Representations and
information visualization

Characteristics of good representations
Information visualization

guidelines
visual information-seeking mantra

techniques
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Representation

Representations

e formal system or mapping by which information can be specified (D. Marr)
e a sign system in that it stands for something other than its self.

for example:

decimal: 34,

binary: 100010,

roman: XXXIV
different representations reveal different aspects of the
information

decimal: counting & information about powers of 10,

binary: counting & information about powers of 2,

roman: counting

presentation

how the representation is placed or organized on the screen

34, % 34
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Representations

Good representations

- allow people to find relevant information
e information may be present but hard to fi

representations

- allow people to compute desired conclusi
e computations may be difficult or “for free” depending on

Solving a problem simply means representing it so
as to make the solution transparent

(Simon, 1981)
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Which is the best flight?

length

stop-overs
switches...

depart arrive

AC 117  Vancouver - Calgary  7:00 9:00
Cdn 321  Vancouver - Calgary 9:00 12:00
Cdn 355 Calgary- Montreal 13:30 19:30
AC 123  Calgary - Toronto 12:30 16:30
AC 123  Toronto - Montreal 16:45 17:30
*time zone: +1 van-cal, +2 cal-tor, mtl
v 9 1 13 15 17

ancouver

AC 117 \ in 321

Calgary 4 | 1

Toronto

Montreal

AC 1p

x? 355

10 14

20
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When do I take my drugs?

Inderal - 1 tablet 3 times a day
Lanoxin - 1 tablet every a.m.
Carafate - 1 tablet before meals and at bedtime
Zantac - 1 tablet every 12 hours (twice a day)
Quinag - 1 tablet 4 times a day
Couma - 1tablet a day
Breakfast Lunch Dinner Bedtime Breakfast Lunch Dinner Bedtime
Lanoxin O Lanoxin
Inderal O o o 0 Indéral Indéral Indferal Indferal
- Quinag Quinag  Quinag Quinag
Qumag 0 0 0 0 Carafate Carafate  Carafate  Carafate
Carafate O (6] (6] (6] Zantac Zantac
Zantac (0] (0] Couma
Couma (0]
| Adapted from Donald Norman aul Greennerd
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Which representation is best?

|
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File System: Readsizecond

What is precise
value?

| windows 95 Svstem Monitor

depends heavily on task

alols] ke |

Kernel: Processor Usage (%)
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File System: Readsizecond
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How does the performance
now compared to its peak?

R System Monitor =] [E3 I
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ernel Processar Usage (%)
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File System: Reads/second
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How does performance
change over time?

aul

Which folder has the most documents?
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|21 @Figurssitont] File Felder 717
- . Sy Geated S aturday, February 22, 1937 10:27-34 &AM
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Fie Edt Wiew Help 1
= Basecamp ] —
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@Document... @FiguresiNo o
|64 object(s) LEET
| Windows 95 File Viewer aul Greenberd
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Where am I?

#5Hover - Level 1 M=l &3

nnnnnnn
L UUUUUUY

Detailed navigation
plus precision

GAME PAUSED
Press F3 to Continue

General navigation plus orientation
e

Where am I?

28 MagniFind - D:\Jazz\@Courses\CPSC_481\PRESENT =
File Edit View Hyperbolic Tree Help

[ESPresent = [ %l 2] [ el | | &

I inxight-}{‘
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(1 evaluation_intio.images

1 evaluation_qualtative.images
(" evaluation_gquantitative
(T graphical_design.images
(T hei_map.images

1 hewristics.images

"1 histary.images

(" introduction_481.images
" involving_user.images

1 madsls.images

(1 Mo longer used

1 pspchology.images

(" psychopathology.images
"1 representations.images

) creativity. ppt
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=] evaluation_qualtative. ppt
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=] Iabetask-centered-1.ppt

& Isb-task-centersd-2. ppt -
. 4 »
Inxigni ks [17.5E [ v
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What do I have to do?
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Information Visualization
Graphics should reveal the data
- show the data
- not get in the way of the message
- avoid distortion
- present many numbers in a small space
- make large data sets coherent
- encourage comparison between data
- supply both a broad overview and fine detail
- serve a clear purpose
E. Tufte
Visual Display of Quantitative Information
many examples on the following slides are taken from Tufte’s books L Greenberd
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Anscombe’s Quartet

L

1w
x ¥ ] r X ¥ x r
K0 804 100 914 0 T4 BO  BoR
30 B85 A0 ;14 RO ETT Bo s
130 73 130 AM 130 127 50 77
30 REL 80 BT a0 T BL  EAs
10 8% 14 e 10 7TH R BT
140 25 140 B0 140 EM 0 To4
&0 724 &0 513 B0 608 A0 575
A 426 &l 30 40 539 190 120
120 1084 120 993 200 815 RO 580
0 AEX YO0 TR TG 642 k0 Tat
4.0 568 A0 4 50 &N 41 AN
N: 11.0
mean X’s : 9.0
mean Y’s : 75
standard error of slope estimate: 0.1
sum of squares: 110.0
regression sum of squares: 27.5
residual sum of squares of Y: 13.8
correlation coefficient: 0.8
r squared: 0.7
regression line: Y=3+0.5X

E. Tufte “Visual Display of Quantitative Information” p 25,

- ————

Graphics Reveal the Data

Do I deserve a tax break?

s0000.-
A [ c
| T [Market value ("§$1000) Improvement 75,000. ’
|2 | 1400 31,120 Cs "
ER 147.0 23980 70,000. /
| 4| 151.0 38,120 / .
|5 | 1520 34360 £ 65,000, ~
6 | 18650 40710 g . 7
KA 1700 21520 £ 60,000. 1 La / .
8 1720 42,00 8
|9 | 1780 41,070 E 55,000. o ! /
|10 1800 34210 r
|11 1800 44090 50,000, | . /
|12 1820 55980 / "
13 1850 45,170
S== : 45,000. A n
|14 1850 4620 / .
18 1984 50200 40,000, > L .
7 L] 140.0 160.0 180.0 200.0 220.0 240.0 260.0 280.0 300.0
18 1970 48,460 A
19 WI0 4070 Selling price
| 20| 205.0 55,500
|21] 2130 42780
|22 2210 53770
|23 2250 58960
|24 2450 48910
|25 | 2480 E2E0
E3 780 58580
|27 | 3025 72200
|28 ] B0 67,320
Example by Saul Greenberg . b
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1864 Exports of French Wine

ANERIQUL

NoRD

AMERIQUE
an

sUD

E. Tufte "Visual Display of Quantitative Information” p 25,

Deaths by
Cholera

Dr John Snow
1854

E. Tufte “Visual Display of Quantitative Information”
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by Charles Minard

Napolean's march to Moscow

CARTE FIGURATIVE des pertes successives en hommes de 'Armie Francaise dans la campagne de Russie 1812-1813.
| Dresaée par W Minard, Inspecteur Géndral des Ponts et Chaussées en retrajee.

TABLEAU GRAPHIQUE de fa tampérd

ture en degres du thermometre de Réauhur au dessous de tire

T Plun 0 7:“’
e | ~ 15
= _ﬁ-h""___,;_?‘li?-l"!" B EEIE . 4
=24ty 3 x4 307 1a & X0
E. Tufte “Visual Display of Quantitative Information” ghre = Novenrber B = Ooneber
Chart Junk: A common error
Information display is not just pretty graphics
- graphical re-design by amateurs on computers gives us
“fontitis,” “chart-junk,” etc.
Dear Sir;
This is a really exciting opportunity! Take
advantage of it !

Beyond Simple Screen Design: Representations
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Chart Junk: cotton production in Brazil, 1927
TECIDOS DEA[GODAO

fCOTCNNAD 5] { COTTON TEXTILES )

IPRODUCCAD  roucTon

FABRICAS DE TECIDOS
[FASRIQUES caTISSUS)

E. Tufte Visual Display of Quantitative Information

Chart Junk: Removing deception and simplification

@ Ford

6 @ Maintenance cost / year mGm
OPontiac

65 OToyota

64

63

62

61

60

59

58

Ford [} Pontiac Toyota

70 @ Maintenance cost/year| 70

s 65 — =] cost / year
pos 60 1 —

55 55 —

50 50 —

45 45 —

P 40 —

5 35 —

20 30 —

2 25 —

20 20 —

15 15 —

10 10 —

5 s —

0 0

Ford GM Pontiac Toyota Ford GM Pontiac  Toyota
aul Greenberd
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Data density

New York Weather History

- 181 numbers/sq inch

NEW YORK CITY" SWE.\'ATHEH FOR 1930
| e

askiial TEMPERATURE
"

LaNE | NINCATE S|
HORMAL LW

pI— T e [ |
e ———m— [ ——
: - - . = _ i ﬁ,:n; f,“l‘"ﬁilf

oy

- L
i =" ,—‘5’qu if\'“‘" “‘1‘1 o .r,!fwt"ﬁ_,m.'
) |

E. Tufte “Visual Display of Quantitative Information”
aul

Small multiples

Learn once
- invite comparisons

i 11‘ Wi ““\\\\\‘I'\‘.\( ll\‘\l'.]ll\qll'.

REACTIVE
‘WDRDCRHBON’S

-——w
||||‘|'|||'I,‘||I.|1 llll:l

T |:|| i 1N

E. Tufte Visual Display of Quantitative Information -0l Greenberd
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Small multiples: showing time and change

Small multiples: showing time and change

Beyond Simple Screen Design: Representations
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Visual information-seeking mantra

zoom and filter, then details on demand
zoom and filter, then details on demand
zoom and filter, then details on demand
zoom and filter, then details on demand
zoom and filter, then details on demand
zoom and filter, then details on demand
zoom and filter, then details on demand
zoom and filter, then details on demand
zoom and filter, then details on demand
zoom and filter, then details on demand

Overview first,
Overview first,
Overview first,
Overview first,
Overview first,
Overview first,
Overview first,
Overview first,
Overview first,
Overview first,

Shneiderman, Designing the User Interface 3 Ed. 1997 p523
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Overview & detail for comparisons

using small multiples and data density
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E. Tu%te Visual Display of Quantitative Information
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2% Inxight Table Lens - [Zacks(724581 txt]

name |Seles  [wiargin OWE Gthto..
AMERICA ONLINE '2203 I
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E 3
= 3
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Bl
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a
800-JR CIGAR (252 ) \
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o = 3
; 3 | E §
E C - - |
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Table Lens

Housing Market for Santa Clara County, CA - March 2000

EXINEE S Vel
Bk Price. S Foot | Stobus. Bt Addess
s
15 3830 S Peeieyy (4| 6755 STERH
152 Fowapoo F=] 3 2 BAYD..
153 [y 3 Soke Prriog | 15 1701 ANGEL..

Spotlight Cobumn I Il il
Inxight Table Lens

Infinite Zoom

Pad++: A Zoomable Graphical Sketchpad for
Exploring Alternate Interface Physics. Bederson et al
Journal of Visual Languages and Computing 7, 1996
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Fisheye Menus

Bederson, B.B. (May 2000) University of Maryland
www.cs.umd.edu/hcil/fisheyemenu/

e
et Shegpirg

©pnia T

Fashicn Mall

Fraefgen

Free Mamhant Business
Free Shop

Furniture

Garden

Gateway 2000
Georgia Tech
Google Search
Gury Met

HiFi

—ommo o

M Hotlobs
N Hot Office
P |GG Online Communication
s Info Space
Internet Movie Database
U javc shopping
Land's End

Lonaly Planet
Lycos

Massachusatis Institute of Techno gy
MoAes Anll-uirus

Maretn Shepping
Miret prig 157

-

Fisheye
Text
groupware

Greenberg, Graphics Interface

Consider the differences in relaxed WySIWIS be
face to face, and ﬂ"om,h qroupware. In aface t
:re in the equlualent arelaxed WYSIWIS situs

discusses how It can be used to support
AWArENEss, SECtion 4 applies these ideas to
g_roupwarg design, and includes a prototype

sheye text viewer as a case study. The paper
closes by evaluating the strengths and weaknes
of the fisheye text viewer to support gr
awareness,

2. Works pace Awareness| K

‘when people work together, they main
awareness of others that helps them c

awareness (Gutwin and Greenberq, 1935a,b; Gut
stark and Greenberg, 1995), is part of the "glue”
that allows groups to be more effective than

This brings us to workspace awareness, differel
Figure 2 because of the integral part played in t
workspace, We can define workspace awarenes
minute knowledge a person requires about anot

I Link Views Line: 157

| File  Conferences Collaboration  Help
Conferences Farticipants
Fisheyetiew ||\ /can A
Andy
Saul Greenbery
£ £
You Rre: |Saul Greenberg
\ Their Font Size: 10 — |
Visible Lines:
Carl's
i focus

Saul’s focus
(local user)

Andy’s
focus
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Knights of
caiauus

knights of
Columbus

File Collaboration Help

Main view \
in foreground ~ °
'@
Overview \

. —
in background T

Saul
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Perspective Wall
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Mackinlay / Robertson / Card: Proc ACM CHI'91
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Robertson, Mackinlay ACM UIST 1993 Saul

reenberd
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Robertson / Czerwinski / Larson / Robbins / Thiel / van Dantzich
Data Mountain: Using Spatial Memory for Document Management
Proc ACM UIST'98

Data Mountain

Books

Televicen mabes grest eating

L e n wha— e @ e
L R e e et T
by e eyl el b gty

R e L s

Task Gallery

www.research.microsoft.com/ui/TaskGallery/
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Cone Trees

Card_Cone Trees: Animated 3D Visualizations of Hierarchical Information. Proc ACM CHI'91

Hyperbolic ﬁ!,:
Lens :

P. A Allaire, President, President 401 -- 777

Xerox Parc - Inxight
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Hyperbolic
Le

Acolytes
LAt Al Snow

R

pr
b

Xerox Parc - Inxigh!

What you now know

Good representations

- captures essential elements of the event / world & mutes the
irrelevant

- appropriate for the person, their task, and their interpretation

Information visualization
- Tufte’s principles
- overview first, zoom and filter, then details on demand
- many techniques now available

Beyond Simple Screen Design: Representations 23



Goals:

Methods:

Products:

Interface Design and Usability Engineering

Refined
designs

Articulate:

*who users are
their key tasks

centered
design

User and
task
descriptions

/

Brainstorm
designs

¥

everyday
things

Psychology of

User involvement

R,
Repr

J& metaph:

low fid

etho

prototyping

ors

elity
ds

Throw-away
paper
prototypes

Graphical

screen

design Usability
Interface | [testing
guidelines|

Style
guides

Heuristic
evaluation

high fidelity
prototyping
methods

Testable
prototypes

Completed
designs

Field
testing

Alphal/beta
systems or
complete
specification

Beyond Simple Screen Design: Representations

24



