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4 stages of visualization design

domain situation

data/task abstraction

encoding/interaction idiom

algorithm
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Data Abstractions

« Tables
« Data item (row) with attributes (columns) : row=key, cells = values

* Networks
« Item (node) with attributes (features) and relations (links)
» Trees (hierarchy)
* Node = key, node-node, link = key, cell = value
« Text/Logs
 Grammar
« Bag of words
* Derived values
Image

» 2d location = key, pixel value expresses single attribute or combo of attributes
according to coding (RGB)
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Visualization: Why?

Analyze, Explore, Explain, lllustrate,

Discover Communicate
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Task Abstractions: [Munzner]

why?

T

consume

( present ) d;f;:;’ferﬁfy)( enjoy )

Comors)

]

search

target known target unknown

location known ( lookup )( browse )
location unknown( locate )( explore )

I

query

o Yo o)
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Image models

* Representation
« The visual, aural or haptic (ie sensory) encoding of the data

« This is often termed mapping

* Presentation
« Selection, layout and organisation of encoded data
« May involve multiple representations

 Interaction
« Manipulation to acquire different views of the data
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Representation

 What's a common way of visually representing multivariate data
sets?

« Graphs! (not the vertex-edge ones)

* More accurately, symbolic display
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Types of Symbolic Displays (Kosslyn 89)

 Maps

999999999999999999999999999999

e Charts  Diagrams

INSERT
FINGER
UP To 15T
KNUCKLE

LEAVE SPACE
BETWEEN TIP OF
TONGVE ¢ LowER TEETH
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Types of Symbolic Displays

* Graphs
 at least two scales required

« values associated by a symmetric “paired with” relation
« Examples: scatter-plot, bar-chart, layer-graph
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Types of Symbolic Displays

e Charts

 discrete relations among discrete
entities

o structure relates entities to one
another

 lines and relative position serve as
links
 Examples:
« Family tree
* Flow chart
* Network diagram

S F U IAT 814 | Visual Encoding and Design Idioms 10
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Types of Symbolic Displays

 Maps
 Internal relations determined (in part) by the spatial relations of
what is pictured

« Labels paired with locations

 Examples:
« Map of census data
« Topographic maps
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Map

* Internal relations determined (in

part) by the spatial relations of what
is pictured Ea.

Bay

» Grid: geometric metadata L
« Locations identified by labels
 Nominal metadata

N2
LorTEmis].

« Examples:
« Map of census data

« Topographic maps 9=’ ... wheEa

EWNassen Bay, == Wnll@&d(
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Types of Symbolic Displays

* Diagrams
« Schematic pictures of objects or
entities

« Parts are symbolic (unlike
photographs)
* how-to illustrations
« figures in a manual

From Glietman, Henry. Psychology. W.W.
Norton and Company, Inc. New York, 1995

] Elbow
Shoulder
\ | Trunk

| Hip

Knee

Middle
Index

Neck

Brow
Eyelid & eyeball
Face”

Jaw s
Tongue
Swallowing S

MOTOR HOMUNCULUS
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What is the “real” taxonomy for visual
representations? [Lohse et al.’ 94]

empirical investigation (Only used static, 2D graphics)
* 16 participants
« Half had a graphic design background
» First, looked at 60 images and scored them along 10 scales.
 These were used to compute statistical similarity

« organized the 60 images into categories according to similarity.
* Were asked to name the groups

* Then they grouped these into higher-level groups, repeatedly, until
they were in one large group.

Lohse, G L; Biolsi, K; Walker, N and H H Rueter, A Classification of Visual Representations, CACM, Vol. 37, No.
12, pp 36-49, 1994
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Scales that Participants Used
(and percentage of variance explained)

16.0
11.3
10.6
10.5
10.3
10.1
9.9
9.6
9.5
2.2

emphasizes whole — parts

spatial — nonspatial

static structure — dynamic structure
continuous — discrete

attractive — unattractive
nontemporal — temporal

concrete — abstract

hard to understand — easy
nonnumeric — numeric

conveys a lot of info — conveys little

IAT 814 | Visual Encoding and Design Idioms
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Resulting Categories (Lohse et al. 94)

. Graphs
«  Tables (numerical)
«  Tables (graphical)

Charts (time)

«  Charts (network)

. Diagrams (structure)
. Diagrams (network)

. Maps
«  Cartograms
. lcons

. Photo-realistic images

S F U IAT 814 | Visual Encoding and Design Idioms



Graphs

« Encode quantitative information using position and
magnitude of geometric objects.

« Examples: scatter plots, bar charts.
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Tables

* An arrangement of words, numbers, signs, or
combinations of them to exhibit a set of facts or

relationships in a compact fashion.

« Less abstract symbolic notation than graphs.

« Graphical tables and numerical tables

_srulil

Critical Valuves

of ¢

e Pttt 4 101 I
St it I LY T
R HHHTTHL

SLLLiIrrrerrrrsee e ]
R T H TR He

“3::’:::';;::::5'::;0. arrunl?

THTHE

T 874
21. t-table

| \Tsual"Enc

33133 4TI I
HIT HHHHTRBIHE

Q‘h-..n LIl

T A T I LTI
peekd RS EEEL B RRRRE 2aR)6

pugp- e
i

3i
Q_i

ing

uesszz‘s!miiii

T

es

colusun::::::::::::z.. P 13

n Idi

oms

i

? auto repatr raonrds

juify

i

——A

l![lllﬂﬂ

18



Time Charts

* Display temporal data.
« Gantt chart, time schedule.

Dlmﬂv;u
O NN NS50555055
- R R A

55. Olympics schedule

14. Gantt chart
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Network Charts

« Show the relationships among components

« Symbols indicate the presence or absence of
components.
« Correspondences are shown by lines, arrows,
proximity, similarity, or containment.
* Flow charts, org charts, pert charts, decision trees.

|
IAT 81# | Visual Encoding and Design [dioms
18. data model
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Structure Diagrams

A static description of a physical object.

« Spatial layout expresses true coordinate dimensions
of the object.

 Cross-sections

s AL R v ———

o
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Process Diagrams

« Describe interrelationships and processes associated
with physical objects.

« Spatial layout expresses dynamic, continuous, or
temporal relationships among the objects.
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Maps

« Symbolic representations of physical geography.
« Marine charts, topo maps, projections of world maps.

 Differ from cartograms in that cartograms super-impose
guantitative data over a base map.

23




Cartograms

« Spatial maps that show quantitative data.

« Show more quantitative information than structure
diagrams.
* Chloropleths, dot maps, flow maps.

22. USA murder rates

IAT 814 | Visual Encoding and Design Idioms
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lcons

* Impart a single interpretation or meaning for a picture; a
unique label for a visual representation.
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Put into Multiple Categories

* No real agreement on these.
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Where should these go?




THE BIG QUESTION

 How do you decide what kind of chart is best for what
kind of data”?

* |Image models and visual language
Data - Visual feature

« Semiology [Bertin] : an image is perceived as a set of
signs and “retinal variables”

IAT 814 | Visual Encoding and Design Idioms
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Bertin’ s Graphical Vocabulary

 Position Xxxx x 3 ’ g
DGR
 Marks *‘
Points
Lines %
Areas D 5 '
- Grayscale ||
* Retinal variables . . * Orientation — / | N\
Color ‘ ‘ °
. . \
Size ‘%‘\*““ @ Q §

« Texture
Shape Ekow
IAT 814 | Visual Encoding and Design Idioms 29




Visual encoding variables

. POSition (X 2) Variables of a Visual Ir;];g::s . .
. XY. . s R
*+ Size gl | -
L
* Value 1
« Texture = |5
° Variables to Separate
COIOr Texture E ||i|;|;l|=i§‘! I'i’i!]"llli!
° Onentatlon i=i !Il... i .:l...m‘..'
Colour I l I
« Shape =
Orientation I ' ~ g
Shape I A:
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Visual encoding variables

° POSItIOn Variables of a Visual Ir;];g::s
¢ Length égimensions x
A of A Chart * L
° rea Z —
Size I | '
* Volume —
Value "y
« Value 1Y [0
Te t re Variables to Separate lamges
° XU
« Color o i i i
Colour
* Orientation 0 ! L
° Shape Orientation I '~ g
« Transparency shape 1 4e
 Blur/Focus .......
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Marks and channels [Munzner]

« Marks are geometric primitives (items , tabular data)

@ Points @ Lines @ Areas
o "o’ A @
* Or links
(® Containment ® Connection

AN

SFU
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Marks and channels

e Channels control @ Position ® Color
the appearance » Horizontal = Vertical  » Both
of Marks — 1 /77
@ Shape @ Tilt
3 Size
* Length » Area » Volume
: o0 vww
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Channel types [Munzner]

|dentity Magnitude

 What and where (single) +« How much (more)?

« Shape, colour, stipple/ « Size (length, area,

texture, motion

height); luminance and
saturation; tilt; speed;
position (relative)

IAT 814 | Visual Encoding and Design Idioms
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Key visual encoding tasks

1. Selection/Discrimination:
* |s A different from B?

2. Association:
« Are A and B similar (related in some way)?

3. Order
e |ISA>B?

4. Quantification: value
« How much is A?

S F U IAT 814 | Visual Encoding and Design Idioms
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Key visual encoding tasks

5. Quantification: a number can be deduced from
differences

« How much bigger is A than B?

6. Capacity (length) [Carpendale]
« The number of distinctions possible using the variable
 How many different things can we represent with this variable?

IAT 814 | Visual Encoding and Design Idioms
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Size
Interpretation of Value
Bertin’s guidance
regarding the
suitability of Texture
various encoding
methods to coour
support common
tasks

Orientation

h
AT 814 | Visual Encoding and Destrelfioms

Association Selection

The marks can The marks are

be perceived as perceived as
SIMILAR DIFFERENT,
forming families

Order Quantity

The marks are The marks are
perceived as perceived as
ORDERED PROPORTIONAL
to each other




Interpretations of Graphical Vocabulary

Discrimination vs Ordering SemantiCS(Senay & Ingatious 97, Kosslyn,

others)

Density (Greyscale)
Darker -> More

Size / Length / Area
Larger -> More
Q0o
Position
Leftmost -> first,
Topmost -> first

Hue
no intrinsic meaning;
good for highlighting
Slope / Shape
* no intrinsic meaning;

L]
df trast —/

« good for contras
’ X

| N\
o



Visual variables: selectivity

Selectivity: Different values are easily seen as
different

“Is A different from B?”

Worst case: visual properties of all objects need to be
looked at one by one

IAT 814 | Visual Encoding and Design Idioms
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Visual variables: Associativity

« Associativity: Similar values can easily be grouped
together

“Is A similar to B?”

Full selectivity / No selectivity /

associativity associativity

Positioning > {size, brightness} > {color, orientation (for points)} > texture > shape

SFU IAT 814 | Visual Encoding and Design Idioms 40



Visual variables: Order

Order: Different values are perceived as ordered

“Is A more/greater/bigger than B?”

« Size and brightness are ordered

» Orientation, shape, texture are not ordered
* Hue is “not really” ordered

« Some visual culture of progression

Avoidance (stay aweﬁ :) Escape (run away)
<—.

Noxious
heat

Innocuous
temperature

IAT 814 | Visual Encoding and Design Idioms
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Visual variables: quantity

Quantity: A number can be deduced from differences

 “How much is the difference between A and B?”

« Position is quantitative, size is somewhat quantitative
 The other variables are not quantitative

IAT 814 | Visual Encoding and Design Idioms
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Visual variables: capacity

Length: The number of distinctions possible using the
variable

« “How many different things can we represent with this variable?”

« Shape, Texture: infinite, but ...

« Brightness, hue: 7 (Association) — 10 (Distinction)
« Size: 5 (Association) -20 (Distinction)

* QOrientation: 4

IAT 814 | Visual Encoding and Design Idioms 43




Cleveland's (1984) Graphical Feature Interpretation Hierarchy
Best

Position along a common scale

Position along nonaligned scales

Length _

Angle/ slope ;

Area

Worst

Based on graphic (Figure 2) in Presentation Graphics (white paper)
by Leland Wilkinson, SPSS, Inc and Northwestern Uiv,
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Position
More Py
Accurate

Length

Less

Accurate m Density
O

Judging
Magnitudes

— Large Gap
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Quantitative Ordinal Categorical

-

Figure 3.45 Mackinlay’s guidance for the encoding of quantitative, ordinal and categorical data
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Few’ s Table:

Attribute Quantitative | Qualitative

Line length ®

2-D position o

Orientation

Line width

Size

Shape

Curvature

Added marks

Enclosure

Hue

Intensity
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Choosing Visual Encodings

Principle of Consistency

« The properties of the image should match the
properties of the data

Principle of Importance Ordering

« Encode the most important information in the most
important way

IAT 814 | Visual Encoding and Design Idioms
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Using visual variables: Tufte 1

« “Sameness of a visual element implies sameness of what the
visual element represents” (Tufte, 2006)

1. Characteristics of visual variables determine their use

* e.g. Ordered values have to be represented by ordered visual
variables
2. Be consistent concerning relations of similarity, proportion and
configuration

3. Adhere to conventional uses of visual variables
e.g. in cartography use blue color for water

4. Scales should be made up of visually equidistant values of a
variable

IAT 814 | Visual Encoding and Design Idioms
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Using visual variables : Tufte 2

5. The full range of a visual variable should be used
* e.g. when using shades of gray, use from white to black

6. The number of visual variables of a visualization should
correspond to the dimensionality of the represented information

7. When combining two visual variables, if people should be able to
analyze the two attributes independently, then separable
variables should be used
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Integral vs separable: recap
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. -
?05"\:\00\ size e:widiy red
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Why does not define how completely!

Baby Name > [0 © 8ot 0oy O ‘ BabyName> [l ] @

[25] 1] [25] 1]
12000 \
Latanya
Rank in 1960s: 693
1880s  1890s  1900s  1910s  1920s  1930s  1940s  1950s  1960s  1970s  1980s  1990s  2000s 2012 1880s  1890s  1900s  1910s  1920s  1930s  1940s  1950s  1960s  1970s  1980s  1990s  2000s 2012

the decision about why is separable from how the idiom is designed:
discovery can be supported through a wide variety of idiom design choices.
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A Framework for Analysis (Munzner)

abstract data and views abstract tasks

what? 4< why? >

N £

Design IDIOM
( how? )

methods

domain problem characterization e
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Designing Vis Idioms (Munzner)

B I s

introduce encode facet reduce

( — )Cspace(anmge)) C Dartition ) ( filter )

(_express )
(Lamome )| === (erange )| |(_navigae )
(m)ccwof"se)) ( setect )(e"‘be")
C | emage ( coordinate )

IAT 814 | Visual Encoding and Design Idioms



— : -
L (_space (arrange) >
Review: (Munzner) C oo
t Marks - Oyr@ -
Lines &% (78 C oolor D
Areas C sze.angie, . O
« Channels
Position hue What is this?
Size §aturat|on How Much/many of something
Shape lightness is there?
orientation texture ...

Credit: T. Munzner, 2014
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Fundamental principles

Expressiveness:

« the visual encoding should express all of, and only, the
information in the dataset attributes

Effectiveness:

« the importance of the attribute should match the
salience of the channel :Use the strongest accurate
channels for the most important interpretation tasks
accuracy,discriminability, separability, popout

* Channel visual precedence
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Channels: Expressiveness and Effectiveness

Channels: Expressiveness Types and Effectiveness Ranks

(3 Magnitude Channels: Ordered Attributes

Position on common scale '—._’, R | %
Position on|unaligned scale ’_"’I o—i T
Length (1D size) -
Tilt/angle |/
Area (2D size) - n 0 . g
g

Depth (3D position) e ——e g
Color luminance ] | E_
Color saturation OB R 5
Curvature | ) ) D :

E ]
Volume (3D size) c v Wiy 8_ g

@ Identity Channels: Categorical Attributes

Spatial region . = -
Color hue EER
. e o
Motion ® . ® G
Shape + O N A

S F U IAT 814 | Visual Encoding and Design Idioms
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Spatial Channels

Space Values

Regions

— order

— Align

— Separate

— EXxpress

- DHE B

2D

Given Use

Geographic
Fields

scalar - - - -

Spatial Layouts

— Parallel | | | |

— Rectilinear ‘
— Radialﬂé>

—  Spacefilling Id-
A

S F U IAT 814 | Visual Encoding and Design Idioms
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Categorical
What/where

Planar position ‘

Hue 0 H H
Shape | * [ )

Stipple/texture  m—

Relational/Same category

Grouping
Containment (2D)
Connection ¢———¢

Similarity (other channels) @ O
Proximity (position)

Ordered/Quantitiative
How Much

Position common scale | |

Position unaligned scale

V V

Length = ==
Tilt/angle |//__
Area & @
Curvature 1 )
Lightness !

Saturation N

Texture
density

&
> 5
o
n o
HH
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Categorical Ordered/Quantitiative

here ¢ How Much
‘ Planar position |__, | Position common scale |

Hue 0 B N " Position unaligned scale

Shape HX o Length = == oo

Stipple/texture m—  ssssm: Tilt/angle |//__ V V/ -
Area s @

Relational/Same category Curvature | ) ) 5

Grouping Lightness !

Containment (2D) Saturation [}

b
0 =u
Connection ¢——¢ Texture E H

Similarity (other channels) ® . @  density
Proximity (position)
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Revisiting some examples

What are these showing with respect to data TYPE ?

What channels are they using and are they effective ?

) il
IAT 814 | :) F U and Design Idioms B
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Fox News to the (lie) — what is this??

oooooooooo
----------
..........
---------
........
........
.........
........
.........
........
.........
..........
.........
........

DUS b8

Truth, Lies and Flaws | IAT 355
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The real story

If Bush tax cuts expire...

Top tax rate

40% 39.6%
35.0%

30%

10%

0%

Now Jan. 1, 2013

S F U Truth, Lies and Flaws | IAT 355
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Lies, Damn Lies, and Bad Graphs

Federal Spending as a Share of the Economy

24.00%
23.00%
22.00%
21.00%
20.00%
19.00% -

17.00% - 1 T

Average During the Clinton Average During the Bush Average Under the Democrat
Presidency Presidency Budget Blueprint 2009-2020

http://www.tnr.com/blog/jonathan-cohn/77893/lying-graphs-republican-style
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More honest

— Honest graph
100

Percent of GDP

http://www.tnr.com/blog/jonathan-cohn/77893/lying-graphs-republican-style
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Better

28%

26%

24%

22%

20%

18%

16%

14%

12%

10%

Clinton Bush Obama

L L I D

AR @m@w@'ﬁpm@q&"’ & &

http://www.tnr.com/blog/jonathan-cohn/77893/lying-graphs-republican-style
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AU
3000 -
2000 4
1000 -

0 -
-1000 +

2000 (EURm) 2001 (EURm) 2002 (EURm)

Chart 8: Imagivafive nef profifs for Nokia 2000-2002, with x-axis af
-1000

4000
3000 |
2000 |
1000 |
0
11000

2000 (EURm) 2001 (EURm) 2002 (EURm)
Chart 7: Imaginafive nef profifs for Nokia 2000-2002
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Perspective as well as value scales

1600
1500
1400
1300
1200
1100
1000
900
800
700
600
500
400
300
200
100

Dag7 1998

1999 2000 2001

Charf 19: Nef profifs for Sonera 1997 - 2001 (EURm), nice 3d effect

1600
1500
1400
1300
1200
1100
1000
900
800
700
600
500
400
300
200
100

f¥a7 1998

1999 2000 2001

Chart 20: Nef profifs for Sonera 1997 - 2001 (EURm), another perspective info
same 3d effect

S F U Truth, Lies and Flaws | IAT 355
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Ot 1, 2691%

OPEC Qil Prices: After 18
Months of Stability, Prices Are
Due to Rise Again

Dotlars per barral

New York Times, December 19, 1978,
p. D=7,

1979

dan.fo Aol My Ot
Math Jone Sext. e

The New Yook Times s Cec. 15, 1994
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Changing Scale

Design vartation corrupts this display:

OPEC Oil Prices: After 18 OL1,2001%
Months of Stability, Prices Are Aol
Due to Rise Again o

Dotlars per barrel

$12—

3 33 .b-
o8 N
A v iy
z L Y
‘73 T4 ‘7S ‘18 ‘1Y 18 ~<J.;§' ‘.. 1979

N | dmte | oAt | Ay
- Math Jone Sect,

Cet. 1o
Ove

The New Yook Times s Cee. 15, 1994

0.5?

13

New York Times, December 19, 1978,
p. D=7,



Changing Sy

o Incomes of Doctors
cale Vs. Other Professionals
(MEDIAN NET INCOMES)
SOURCE: Cauncil on Wage and Price Stabibity
a2 799
OFFICED-BASED
NONSALARIED PHYSICIANS YRy
308234
24,950
2505
16,107
13,3
8,744
§3.262 .;. ,.., OR

1939 1947 1951 1953 1963 1945 1967 1970 1972 1973 1974 1973 1976

Figure 13. Changing scale in mid-axis to make exponential growth
tinear (€ The Washington Post).



...with linear time scale

Physicians’ income has grown exponeniially since 1939
Whereas othet professionals? iocuindé has gone up linerely
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And more
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Umm, what's wrong here”?

Mitt Romney campaign infographic

“We can't afford another four years of the kind of deficits we've seen during the last
eight. We can't afford to mortgage our children's future on another mountain of
debt. That's why I'm not going to stand here and simply tell you what I'm going to
spend; I'm going to tell you how I'm going to save when I'm president.”

Sen. Barack Obama, Remarks, Grand Rapids, MI, 10/2/08

Promise:

“WE CAN'T AFFORD TO
MORTGAGE OUR
CHILDREN'S FUTURE ON
ANOTHER MOUNTAIN
OF DEBT.”

REMARKS IN GRAND
RAPIDS, MI,10/2/08

ap:

Result:
OBAMA HAS ADDED

$5.2 TRILLION ' $5.2 TRILLION—AND

(AN INCREASE OF

$16,000 PER
AMERICAN.)

COUNTING —TO
THE NATIONAL DEBT.

DEPARTMENT OF THE
TREASURY, 7/5/12
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Fox news again: best pie chart ever
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http://flowingdata.com/2009/11/26/fox-news-makes-the-best-pie-chart-ever/
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What about this?

‘78 19
804 .20 Fuel Economy Standards for Autos
8'[L __ \Q Set by Congress and supplemented by the Transpartation
ey 4 st 24 Department, In miles per gallon

/ _
VA 26

27
\ 271/2

New Yori Timre Anonet 6 1098 0 ey

E.R. Tufte, “The Visual Display of Quantitative Information”, 2nd edition

Truth, Lies and Flaws | IAT 355



Lie factor

This line, representing 18 nules per

gallon in 1978, 15 0.6 inches long,

?3;'9 18
.L'/&QQ Fuel Economy Standards for Autos

80
y i
8'[L \Q Set by Congress and supplemented by the Transpartation

e L. . st 24 Department, In miles per gallon

N

27
\ 271/2

his line, representing 27.5 miles per

gallon in 1985, 15 5.3 inches long.

Lie Factor=14.8

New Yori Timre Anonet 6 1098 0 ey

E.R. Tufte, “The Visual Display of Quantitative Information”, 2nd edition
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Lie Factor

size of effect shown in graphic _

Lie Factor =
size of effect in data
(5.3-0.6)
B 0.6 B 7.833 ~
- (27.5-18.0) 0528 14.8
18

Tufte requirement: 0.95<Lie Factor<1.05

(E.R. Tufte, “The Visual Display of Quantitative Information”, 2nd edition)
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Tufte’ s Principles of Graphical Excellence

* Give the viewer
« the greatest number of ideas

* in the shortest time
« with the least ink in the smallest space.

 Tell the truth about the data!

E.R. Tufte, “The Visual Display of Quantitative Information”, 2nd edition
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Two Principles

e The representation of numbers, as physically measured on
the surface of the graphics, should be directly
proportional to the numerical quantities represented

e (lear, detailed and thorough labeling should be used to
defeat distortion

SFU



Size Encoding

__ THE SHRINKING FAMILY DOCTOR

In California

Percentage of Doctors Devoted Solely to Family Practice

Los Angeles Times, August 5, 1979, p. 3.
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THE SHRINKING FAMILY DOCTOR

—_— In California

Percentage of Doctors Devoted Solely to Family Practice

Los Angeles Times, August 5, 1979, p. 3.

1: 2.247 RATD 10 POPLLATION
B.023 Doctors




Size Encoding: height or area?




Height or Area

* Height = value

Width = value
Area = value? Problem:
Using 2 dimensions to
represent 1 dimension.
or

* Area = value
height*width = value
height = width = value 9-°




Height = value

r-m-r-a-ja-\-u .---q-@.

1997 1998 1999 2000 2001

Chart 15: Soneras resulf drawn with moneybags as bars
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With radius=value

1506

1997 1998 19939 2000
Chart 16: Moneybags that grow in both direcfions
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Area = value

o 6 O

1997 1993 1999
Chart 17: True 2-dimensional moneybags

2000

..\....@....
.

2001
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Design and Data Variation

e Show data variation, not design variation

OPEC Oil Prices: After 18 A
Months of Stability, Prices Are sy 1. ;-294%
_ _ Due to Rise Again o1, 3805% iy
* 1973-1978: one vertical inch Dollars per barre! e~ s
Jan. 1, 5% ”
equals to $8.00. In 1979, e
One vertical inch equals $3-4
. $12—

* 1973-1978: one horzontal inch 10— !
equals 3.7 years, while 1979 - | Quarterly
equals 0.57 year | |vearty

a[.f

0

'73 °74 '75 '76 ‘77 '18 1979
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Example

e Lie factor: 9.5
e The price of oil is

inflated so needs to be
repaired.

Soft touch 3
OECD area, 1972 = 100 50
s 400
Nominal price of
| imported oil* 350,
300
B Real price of e
imported oil* ______
| /~--~._—-" Ssa. 250
‘\
s 200
Real price of energy 150
% to final users
100
-
Ratio of energy use to gdp
1 1 1 1 1 w

1972 73 74 75 76 77 78

INTHEBARREL...
Price per bbl. of

- light crude, leaving .
- Saudi Arabia '
ondan. 1
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INTHEBARREL...
- Price per bbl. of .
_light crude, leaving
~ Saudi Arabia
on Jan. 1

Time, April 9, 1979, p. 57

Height?
Diameter?
Surface area?
Volume?

73 — 79 data difference = 5.5x
73 — 79 volume difference = 270x



Problem with size encoding

1 2 3 4

Height

Area

Volume




Height & width.encading.

5

Height

Height & Width




Solution: just use height

THE SHRINKING FAMILY DOCTOR

In California

Percentage of Doctors Devoted Solely to Family Practice

_1975
16.0%

1: 4,232
6,212

1: 2,247 RATG TO MOPLLATION

8.023 Doctors

1 247w 1; 3,167 1: 4,232

8,029 Daclors

6.694 6212
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THE SHRINKING FAMILY DOCTOR

In California

Percentage of Doctors Devoted Solely to Family Practice
1975 1890

S
y (=) ’(;3

v A '.'\'t'n‘l i

I

¢, August s,

1979, p. 3




Visual Area and Numerical Measure

e Tricking the reviewer with design variation is to

use areas to show 1D data T —
INTHEBARREL...
Price per bbl. of
THE SHRINKING FAMILY DOCTOR fgitordaladng . .
In California - -
Percentage of Doctors Devoted Solely to Family Practice
1964 ; 1975 1990

16.0%

Lie factor: 2.8

1: 2,247 RATIO TO POPULATION



What's being used here?

Special Events

One-on-One Solicitation %
of Major Donations 88 y

Direct Mail
Face-to-Face Fundraising
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Something more familiar
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Mercator projection

« Most maps use a version of the Mercator projection

« Designed for navigators to represent lines of constant
course as straight segments

* So what's wrong?

S F U Truth, Lies and Flaws | IAT 355



Projections distort

» Greenland takes as much space on the map as Africa,
when in reality Africa's area is 14 times greater and
Greenland's is comparable to Algeria's alone.

« Alaska takes as much area on the map as Brazil, when
Brazil's area is nearly five times that of Alaska.

* Finland appears with a greater north-south extent than
India, although India's is greater.

* Antarctica appears as the biggest continent, although it
is actually the fifth in terms of area.
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More accurate ... but unfamiliar!
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And more
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Government Spending

e Tricks to exaggerate the growth of spending

s107 $108

Fal4

$9.7

This cluster of type emphasizes and
stretches out the low value for 1966
1967, encouraging the impression that
recent years have shot up from a small,
stable base. Horizontal arrows provide
similar emphasis.

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
percentin197273 1966 67- % W M- T7N- 7> B WU B T
75 e B 0k T Ee s e S e Ty
i T T
This squeezed-down block of type Estimated Recommended
contributes to an image of small, Arrows pointing straight up emphasize
S squeezed-down budgets back in the recent growth. Compare with horizontal

good old days. arrows at left.



Real Government Spending

« Tricks to exaggerate the growth of spending

$400

$380

$360

$340

$320

$300

Per capita
budget expenditures,
in constant dollars

1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977




Remember the perceptual issues of colour




Contrast rules

* Rule 1: if you want objects of the same colour to look
the same, make sure the (surrounding) background is

consistent.

* Rule 2: if you want them to be easily see, use a
background colour that contrasts sufficiently.




Be careful about implied meaning

« Certain representations impute meanings

« Cultural
* perceptual
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Verbal-visual conflict: the Stroop effect

Look at the chart and say the COLOUR not the word

YELLOW BLUE ORANGE
RED GREEN
PURPLE YELLOW RED
ORANGE GREEN
BLUE RED PURPLE
GREEN BLUE ORANGE

Left - Right Conflict
Your right brain tries to say the colour but
!_your left brain insists on reading the word.




