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Data & Image Models



3

Name 

That 

Chart



4

https://www.nytimes.com/2023/02/03/business/economy/jobs-report-january-2023.html


5[The Economist, April 2018]

https://www.economist.com/graphic-detail/2018/04/04/segregation-in-america
https://www.economist.com/graphic-detail/2018/04/04/segregation-in-america
https://www.economist.com/graphic-detail/2018/04/04/segregation-in-america
https://www.economist.com/graphic-detail/2018/04/04/segregation-in-america
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https://fivethirtyeight.com/features/matt-damon-the-martian-sexy-smart/
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https://seaborn.pydata.org/generated/seaborn.jointplot.html
https://seaborn.pydata.org/generated/seaborn.jointplot.html
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https://archive.nytimes.com/www.nytimes.com/imagepages/2010/05/02/business/02metrics.html
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Data VisualizationVisualData
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VisualData
Mapping or Visual Encoding
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Attribute Types
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Attribute Types

Nominal

=, ≠


Ordinal

=, ≠, <, >


Quantitative 

(Interval)

=, ≠, <, >, –


Quantitative 

(Ratio)


=, ≠, <, >, –, % 

Labels or categories.

E.g., Fruits: apples, bananas, cantaloupes, ...


Ordered.

E.g., Quality of meat: Grade A, AA, AAA


Interval (zero can be arbitrarily located).

E.g., Dates: Jan 19, 2018; Location: (Lat 42.36, -71.09)

Only differences can be calculated (e.g., distances or spans).


Ratio (fixed zero).

E.g., Physical measurement: length, mass, temperature

Counts and amounts. Can measure ratios or proportions.
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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

Tamara Munzner, Visualization Analysis and Design  (2014).
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Name 

That 

Chart

Visual Encoding
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Mark: bar


X-Axis: month (O)

Y-Axis: jobs (Q-Ratio)

https://www.nytimes.com/2023/02/03/business/economy/jobs-report-january-2023.html


25[The Economist, April 2018]

Mark: line


X-Axis: year (Q-Interval)

Y-Axis: segregation index 
(Q-Ratio)

https://www.economist.com/graphic-detail/2018/04/04/segregation-in-america
https://www.economist.com/graphic-detail/2018/04/04/segregation-in-america
https://www.economist.com/graphic-detail/2018/04/04/segregation-in-america
https://www.economist.com/graphic-detail/2018/04/04/segregation-in-america
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Mark: circle


X-Axis: dreaminess (Q-Ratio)

Y-Axis: smartness (Q-Ratio)


Color: ?? (annotation purposes only)

https://fivethirtyeight.com/features/matt-damon-the-martian-sexy-smart/
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Mark: circle


X-Axis: year (Ordinal)

Y-Axis: category (Nominal)

Color: category (Nominal)

Size: deaths (Q-Ratio)
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Mark: circle


X-Axis: miles (Q-Ratio)

Y-Axis: price (Q-Ratio)

+
Mark: text


X-Axis: miles (Q-Ratio)

Y-Axis: price (Q-Ratio)

Label: year (Nominal)

+
Mark: line


X-Axis: miles (Q-Ratio)

Y-Axis: price (Q-Ratio)

Order: year (Ordinal)

https://archive.nytimes.com/www.nytimes.com/imagepages/2010/05/02/business/02metrics.html
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Interactive workbook

https://observablehq.com/
@mitvis/intro-vega-lite

https://observablehq.com/@mitvis/intro-vega-lite
https://observablehq.com/@mitvis/intro-vega-lite
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“The first sign that a visualization is good is that it shows you 
a problem in your data. Every successful visualization that I've 
been involved with has had this stage where you realize, "Oh 
my God, this data is not what I thought it would be!" So already, 
you've discovered something.”


– Martin Wattenberg 

Co-lead of Google's People + AI Initiative


ACM Queue, Mar 2010
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Exploratory Visual Analysis
Process


1. Construct graphics to address questions.

2. Inspect "answer" and ask new questions.

3. Iterate... Tam

ara M
unzner, Visualization 

Analysis and Design  (2014).
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Exploratory Visual Analysis
Process


1. Construct graphics to address questions.

2. Inspect "answer" and ask new questions.

3. Iterate... Tam

ara M
unzner, Visualization 

Analysis and Design  (2014).



40



41



42

Missing 

Values
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Berkeley	 |||||||||||||||||||||||||||||||

Cornell	 ||||

Harvard	 |||||||||

Harvard University	 |||||||

Stanford	 ||||||||||||||||||||

Stanford University	 ||||||||||

UC Berkeley	 |||||||||||||||||||||

UC Davis	 ||||||||||

University of California at Berkeley	 |||||||||||||||

University of California, Berkeley	 ||||||||||||||||||

University of California, Davis	 |||
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Exploratory Visual Analysis
Process


1. Construct graphics to address questions.

2. Inspect "answer" and ask new questions.

3. Iterate...


Lessons


✓ Check data quality and your assumptions.


✓ Start with univariate summaries, then 
consider relationships between variables.

Tam
ara M

unzner, Visualization 
Analysis and Design  (2014).
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Analysis Example: 

Antibiotic Effectiveness
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Analysis Example: Antibiotic Effectiveness

Collected prior to 1951


Genus of Bacteria 	 String (N)


Species of Bacteria 	 String (N)


Antibiotic Applied 	 String (N)


Gram-Staining? 	 Pos / Neg (N)


Min. Inhibitory Con. (g) 	 Number (Q)
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Analysis Example: Antibiotic Effectiveness

Collected prior to 1951


Genus of Bacteria 	 String (N)


Species of Bacteria 	 String (N)


Antibiotic Applied 	 String (N)


Gram-Staining? 	 Pos / Neg (N)


Min. Inhibitory Con. (g) 	 Number (Q)
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What questions might we ask?

Collected prior to 1951


Genus of Bacteria 	 String (N)


Species of Bacteria 	 String (N)


Antibiotic Applied 	 String (N)


Gram-Staining? 	 Pos / Neg (N)


Min. Inhibitory Con. (g) 	 Number (Q)
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How do the drugs compare?

Original graphic by Will Burtin, 1951.

Encodings

Radius: 1 / log(MIC)


Bar Color: Antibiotic


Background Color: 

Gram Staining
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How do the drugs compare?

Mike Bostock, Stanford CS448b (Winter 2009).X-Axis: Antibiotic | log(MIC)

Y-Axis: Gram-Staining | Species

Color: Most Effective?
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How do the drugs compare?

Bow
en Li, Stanford CS448b (Fall 2009).
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Which antibiotic should one use?
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Do the bacteria group by 
antibiotic resistance?

W
ai

ne
r &

 Ly
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n.
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, 2
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9 

Not a streptococcus! 
(realized ~30 yrs later)

Really a streptococcus! 
(realized ~20 yrs later)
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Do the bacteria group by resistance? 
Do different drugs correlate?

W
ai
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r &

 Ly
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n.
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Exploratory Visual Analysis
Process

1. Construct graphics to address questions.

2. Inspect "answer" and ask new questions.

3. Iterate...


Lessons

✓ Check data quality and your assumptions.


✓ Start with univariate summaries, then 
consider relationships between variables.


✓ Avoid premature fixation: balance data 
variation and design variation.

Tam
ara M

unzner, Visualization 
Analysis and Design  (2014).
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Exploratory Visual Analysis



PART THREE


Visualizing Uncertainty



PART THREE


Visualizing Uncertainty

The possibility of many/other outcomes. 
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Sources & Types of Uncertainty

[Pang, Wittenbrink, Lodha. Approaches to Uncertainty Visualization.]

The possibility of many/other outcomes. 
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Sources & Types of Uncertainty

[Pang, Wittenbrink, Lodha. Approaches to Uncertainty Visualization.]

The possibility of many/other outcomes. 

Measurement Uncertainty

How and how much should 
we sample the data?
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Sources & Types of Uncertainty

[Pang, Wittenbrink, Lodha. Approaches to Uncertainty Visualization.]

The possibility of many/other outcomes. 

Measurement Uncertainty

How and how much should 
we sample the data?

Model Uncertainty

How does the data fit together?
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Sources & Types of Uncertainty

[Pang, Wittenbrink, Lodha. Approaches to Uncertainty Visualization.]

The possibility of many/other outcomes. 

Measurement Uncertainty

How and how much should 
we sample the data?

Model Uncertainty

How does the data fit together?

Decision/Forecast Uncertainty

How do I assess the risk/error?



64

Visualizing Uncertainty
Measurement uncertainty in Tableau
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Visualizing Uncertainty
Model uncertainty in Tableau
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Visualizing Uncertainty
Forecast uncertainty in Tableau
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Visualizing Uncertainty: Glyphs

0

25

50

75

100

Placebo Treatment

✘ Error bars aren’t consistently used to 
visualize the same measure (standard 
deviation, standard error, IQR, 95% CI).
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Visualizing Uncertainty: Glyphs

0

25

50

75

100 ✘ Error bars aren’t consistently used to 
visualize the same measure (standard 
deviation, standard error, IQR, 95% CI).


✘ Within-the-bar bias: people perceive 
points falling within the bar as more 
likely than those that lie outside.

[Newman & Scholl, 2012]

[Correll & Gleicher, 2014]
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Visualizing Uncertainty: Glyphs

0

25

50

75

100 ✘ Error bars aren’t consistently used to 
visualize the same measure (standard 
deviation, standard error, IQR, 95% CI).


✘ Within-the-bar bias: people perceive 
points falling within the bar as more 
likely than those that lie outside.


✘ Binary bias: people perceive values to 
either be in or out of the margins of error.

[Newman & Scholl, 2012]

[Correll & Gleicher, 2014]

😀
☹
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Visualizing Uncertainty: Visual Variables

[Matejka & Fitzmaurice, 2017]

[Correll & Gleicher, 2014]
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Visualizing Uncertainty: Visual Variables

Data Map Uncertainty Map

[Correll, Moritz, & Heer, 2018]
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Visualizing Uncertainty: Visual Variables

Bivariate Map (Data + Uncertainty) Value-Suppressing Uncertainty Map

[Correll, Moritz, & Heer, 2018]
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Visualizing Uncertainty: Set of “Draws”

[Kay et al., 2016]

https://flowingdata.com/2015/09/23/years-you-have-left-to-live-probably/
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Visualizing Uncertainty: Set of “Draws”

[Kay et al., 2016]

https://flowingdata.com/2015/09/23/years-you-have-left-to-live-probably/
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What is being visualized?


What are the strengths and 
weaknesses of this visualization?
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What is being visualized?


What are the strengths and 
weaknesses of this visualization?
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https://en.wikipedia.org/wiki/Hurricane_Dorian%E2%80%93Alabama_controversy
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https://www.washingtonpost.com/weather/2019/08/28/how-hurricane-cone-uncertainty-can-be-cone-confusion-what-do-about-it/


82[C
ox

 et
 al

., 2
01

3]

https://www.dl.begellhouse.com/download/article/7d41c3a64ba14ca8/IJUQ-3966.pdf
https://www.dl.begellhouse.com/download/article/7d41c3a64ba14ca8/IJUQ-3966.pdf
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Visualizing Uncertainty: Set of “Draws”

[Yau, 2015]

https://flowingdata.com/2015/09/23/years-you-have-left-to-live-probably/
https://flowingdata.com/2015/09/23/years-you-have-left-to-live-probably/
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Visualizing Uncertainty: Set of “Draws”

https://www.nytimes.com/2014/05/02/upshot/how-not-to-be-misled-by-the-jobs-report.html?_r=0
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Visualizing Uncertainty: Set of “Draws”

https://www.nytimes.com/2014/05/02/upshot/how-not-to-be-misled-by-the-jobs-report.html?_r=0
https://www.nytimes.com/2014/05/02/upshot/how-not-to-be-misled-by-the-jobs-report.html?_r=0
https://www.nytimes.com/2014/05/02/upshot/how-not-to-be-misled-by-the-jobs-report.html?_r=0
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PART THREE


Visualizing Uncertainty



Visualization, EVA, & Uncertainty

A Crash Course


Arvind Satyanarayan


