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VisualData
Mapping or Visual Encoding

Expressiveness

A set of facts is expressible in a visual 
language if the sentences (i.e. the 
visualizations) in the language 
express all the facts in the set of data, 
and only the facts in the data.

[Mackinlay 1986]

Data models give 
us a way of talking 
about this.

Image models give 
us a way of talking 
about this.

Effectiveness

A visualization is more effective than 
another if the information it conveys 
is more readily perceived than the 
information in the other visualization
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The Semiology of Graphics (1967)
Study of signs and how cultures use them.

Anything that stands for something other than itself.

Images are perceived as a set of signs.


Sender encodes information in signs.


Through visual perception, the receiver 
decodes the signs for information:


1. What are the elements in question?


2. What are the relationships 
between them?

Jacques Bertin (1918 – 2010)

French cartographer
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Images are perceived as a set of signs.


Sender encodes information in signs.


Through visual perception, the receiver 
decodes the signs for information:


1. What are the elements in question?


2. What are the relationships 
between them?

x
x

x

A
B

C

What do these signs signify?


1. A, B, C are distinguishable.


2. B is between A and C.


3. BC is twice as long as AB. } "Resemblance, order, and proportional 
are the three signfields in graphics." 


–Bertin
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Marks
Basic graphical 
elements that 
represent data 
items.

Visual 
Variables

Also called 
visual channels.


Used to encode 
data values as 
characteristics 
of marks. 

* From 1967, so Bertin  
only accounted for 
visualizations that were 
printable, white paper.

Area Bar Point

Line Arc

Text
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Magnitude Channels: Ordered Attributes Identity Channels: Categorical Attributes

Spatial region

Color hue

Motion

Shape

Position on common scale

Position on unaligned scale

Length (1D size)

Tilt/angle

Area (2D size)

Depth (3D position)

Color luminance

Color saturation

Curvature

Volume (3D size)

Channels: Expressiveness Types and E!ectiveness Ranks

: O or Q attributes : N attributes 

Tamara Munzner, Visualization Analysis and Design  (2014).
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Visual Encoding: 1 Nominal, 1 Quantitative

Mark: Bar

dnominal → x

dquantitative → y
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Visual Encoding: 1 Nominal, 1 Quantitative

Mark: Bar

dnominal → x

dquantitative → y

Mark: Point

dnominal → x

dquantitative → y
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Visual Encoding: 1 Nominal, 1 Quantitative

Mark: Bar

dnominal → x

dquantitative → y

Mark: Point

dnominal → x

dquantitative → y

Mark: Bar

dnominal → y

dquantitative → x

Mark: Point

dnominal → y

dquantitative → x
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Visual Encoding

Mark: Point

dquantitative → x

dquantitative → y
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Visual Encoding

Mark: Point

dquantitative → x

dquantitative → y

Mark: Point

dquantitative → x

dquantitative → y

dquantitative → color
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Visual Encoding

Mark: Point

dquantitative → x

dquantitative → y

Mark: Point

dquantitative → x

dquantitative → y

dnominal → color

Mark: Point

dquantitative → x

dquantitative → y

dquantitative → color
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Visual Encoding

Mark: Bar

dquantitative → x

dnominal → y

dnominal → color

Mark: Point

dquantitative → x

dquantitative → y

dnominal → color

Mark: Point

dquantitative → x

dquantitative → y

dquantitative → color



Mark: Bar

dquantitative → x

dnominal → y

dnominal → color
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Visual Encoding

Mark: Line

dtemporal → x

dquantitative → y

dnominal → color

Mark: Point

dquantitative → x

dquantitative → y

dnominal → color
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Visual Encoding

Mark: Point

dtemporal → x

dnominal → y

dnominal → color

dquantitative → size
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Magnitude Channels: Ordered Attributes Identity Channels: Categorical Attributes

Spatial region

Color hue

Motion

Shape

Position on common scale

Position on unaligned scale

Length (1D size)

Tilt/angle

Area (2D size)

Depth (3D position)

Color luminance

Color saturation

Curvature

Volume (3D size)

Channels: Expressiveness Types and E!ectiveness Ranks

: O or Q attributes : N attributes 

Tamara Munzner, Visualization Analysis and Design  (2014).
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Magnitude Channels: Ordered Attributes Identity Channels: Categorical Attributes

Spatial region

Color hue

Motion

Shape

Position on common scale

Position on unaligned scale

Length (1D size)

Tilt/angle

Area (2D size)

Depth (3D position)

Color luminance

Color saturation

Curvature

Volume (3D size)

Channels: Expressiveness Types and E!ectiveness Ranks

: O or Q attributes 

A B C

A
B

C



18

Magnitude Channels: Ordered Attributes Identity Channels: Categorical Attributes

Spatial region

Color hue

Motion

Shape

Position on common scale

Position on unaligned scale

Length (1D size)

Tilt/angle

Area (2D size)

Depth (3D position)

Color luminance

Color saturation

Curvature

Volume (3D size)

Channels: Expressiveness Types and E!ectiveness Ranks

: O or Q attributes 
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Gene Expression Time-Series  [Meyer et al. ’10]
Color Encoding Position Encoding
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Artery Visualization  [Borkin et al ’11]
Rainbow Palette Diverging Palette

2D

3D

92%62%

71%39%
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Magnitude Channels: Ordered Attributes Identity Channels: Categorical Attributes

Spatial region

Color hue

Motion

Shape

Position on common scale

Position on unaligned scale

Length (1D size)

Tilt/angle

Area (2D size)

Depth (3D position)

Color luminance

Color saturation

Curvature

Volume (3D size)

Channels: Expressiveness Types and E!ectiveness Ranks

: O or Q attributes : N attributes 

Tamara Munzner, Visualization Analysis and Design  (2014).
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Using space (in)effectively

(De-)Obfuscating data

(Mis)leading the witness 
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Using space (in)effectively

(De-)Obfuscating data

(Mis)leading the witness 
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🧑💻💁

🙋
👩💻 💁

🙋

💁

👨💻

🙋

Why might this visualization 
be inexpressive?

Post in the chat

Raise your hand
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Zero Baseline?

Compare proportions 


(Q-Ratio)

Compare relative positions 

(Q-Interval)
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Zero Baseline?

Truncate the y-axis:
• If the zero value doesn't make much sense.

• To emphasize Q-interval (vs. Q-ratio) comparisons.

• If it is the norm (e.g., stock charts). 

[David Yanofsky. Quartz, 2015]

https://qz.com/418083/its-ok-not-to-start-your-y-axis-at-zero/
https://qz.com/418083/its-ok-not-to-start-your-y-axis-at-zero/
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Average world life expectancy at birth (years)

60

70

50
1960 1970 1980 1990 2000 2010 2016

Too wide and short

60

70

50
1960 2016

75
50

1960 1970 1980 1990 2000 2010 2016

Too narrow
and tall

Average world life expectancy at birth (years)
75

50

25

0 1960 1970 1980 1990 2000 2010 2016
(Source: World Bank Data)

[Alberto Cairo. How Charts Lie, 2019]

Too wide and short

60

70

50
1960 2016

75
50

1960 1970 1980 1990 2000 2010 2016

Too narrow
and tall

Too narrow and tall

Too wide and short
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75

60

70

50

1960 1970 1980 1990 2000 2010 2016

Average world life expectancy at birth (years)

Aspect Ratio Approximate the proportion of the 
chart to match the depicted trend.

35% increase ≈ 1/3rd

35% increase ≈ 3:1 aspect ratio

[Alberto Cairo. How Charts Lie, 2019]
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[Cleveland & McGill, 1987]

Aspect Ratio Approximate the proportion of the 
chart to match the depicted trend.



30
[Cleveland & McGill, 1987]

Aspect Ratio (1) Approximate proportion of the 
chart to match the depicted trend.

(2) Bank to 45°: aspect ratios with 
45° avg. line segment orientation.
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[Heer & Agrawala, 2006]

Aspect Ratio (1) Approximate proportion of the 
chart to match the depicted trend.

Aspect ratio = 7.87

Aspect ratio = 1.17

(2) Bank to 45°: aspect ratios with 
45° avg. line segment orientation.
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[Heer & Agrawala, 2006]

Aspect Ratio (1) Approximate proportion of the 
chart to match the depicted trend.

(2) Bank to 45°: original data or 
fitted trend lines.

Aspect ratio = 7.87

Aspect ratio = 1.17
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Scaling Axes: Outliers & Skew Options:
1. Clip them out.
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Scaling Axes: Outliers & Skew Options:
1. Clip them out.
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Scaling Axes: Outliers & Skew Options:
1. Clip them out.

2. Scale Breaks

3. Log Scales

[Cleveland 85]

Violates 
expressiveness 

principle: this 
trend does not 

exist in the data.

[Cleveland 85]

Prevents direct visual 
comparison of values: 

(cognitive – not perceptual – work)
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Scaling Axes: Outliers & Skew Options:
1. Clip them out.

2. Scale Breaks

3. Log Scales

[Cleveland 85]

Prevents direct visual 
comparison of values: 

(cognitive – not perceptual – work)

[Cleveland 85]

Enables direct 
visual comparison 
of values within 
and across orders of 
magnitude
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Scaling Axes: Outliers & Skew Options:
1. Clip them out.

2. Scale Breaks

3. Log Scales
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Scaling Axes: Outliers & Skew Options:
1. Clip them out.

2. Scale Breaks

3. Log Scales

Direct visual comparison 
of values within and across 
orders of magnitude – no 
clipping required!
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Scaling Axes: Linear vs. Log

Linear Scale

Absolute change

10 visual units (pixels) = 10 additional data units

Log Scale

Percentage change

10 visual units = multiplication of 10 data units

log(u) + log(v) = log(u*v)

d(100, 200) = d(300, 600)
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Scaling Axes: Linear vs. Log

Log Scale

Percentage change

10 visual units = multiplication of 10 data units

log(u) + log(v) = log(u*v)

d(100, 200) = d(300, 600)


Constraints

Positive, non-zero values

Audience familiarity?
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Using space (in)effectively

(De-)Obfuscating data

(Mis)leading the witness 
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Using space (in)effectively

(De-)Obfuscating data

(Mis)leading the witness 
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[MacEachren ’95, Figure 2.11, p. 38]
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Small Multiples

[MacEachren ’95, Figure 2.11, p. 38]
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Trellis Plots

Subdivide space to enable 
comparison across 
multiple plots.


Typically nominal or 
ordinal variables are used 
as dimensions for 
subdivision.

[Becker, Cleveland, and Shyu. 1996]
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Data-Ink Ratio

= 	               Data ink

    	 Total ink use in graphic


=	 Proportion of  a graphic's ink devoted to 	 	 	
	 non-redundant display of data.


=	 1.0 – proportion of graphic that can be erased.
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Data-Ink Ratio When is the data-ink ratio helpful?

Does it have limitations?

Might it ever be harmful?

Is there benefit in using ink for non-data?
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Chart Junk

[Bateman et al., CHI 2010]
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Chart Junk

[Bateman et al., CHI 2010]
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Chart Junk

[Bateman et al., CHI 2010]
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Chart Junk

[Bateman et al., CHI 2010]
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Chart Junk

[Bateman et al., CHI 2010]
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Using space (in)effectively

(De-)Obfuscating data

(Mis)leading the witness 
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Using space (in)effectively

(De-)Obfuscating data

(Mis)leading the witness 
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Dual Axes Charts
German and 
world GDP were 
equal in 2011??

Lisa Charlotte Rost. DataWrapper, May 2018.
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https://www.tylervigen.com/spurious-correlations
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https://www.tylervigen.com/spurious-correlations
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[Alberto Cairo. How Charts Lie, 2019]
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[Alberto Cairo. How Charts Lie, 2019]
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Simpson's Paradox

https://economix.blogs.nytimes.com/2013/05/01/can-every-group-be-worse-than-average-yes/
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Titles & Labels
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http://social.cs.uiuc.edu/papers/Kong-CHI18.pdf


69

Titles & Labels
[K

on
g 

et
 al

. A
CM

 C
H

I 2
01

8]

http://social.cs.uiuc.edu/papers/Kong-CHI18.pdf
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Titles & Labels

[Kong et al. ACM CHI 2018]

http://social.cs.uiuc.edu/papers/Kong-CHI18.pdf
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Titles & Labels

[Kong et al. ACM CHI 2018]
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