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Data to knowledge
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Data to knowledge

3

data 
management

data integration

machine learning
statistics

data curation
data cleaningdata structures
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data knowledge
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Data to knowledge
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data knowledge
Transform data into visual marks



Fabio Miranda | CS424: Visualization & Visual Analytics

“Data visualization is the graphical representation of information and 
data. By using visual elements like charts, graphs, and maps, data 
visualization tools provide an accessible way to see and understand 
trends, outliers, and patterns in data.”

Tableau

What is data visualization?

5



Fabio Miranda | CS424: Visualization & Visual Analytics

Data visualization
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Data visualization
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Data visualization
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Example:
Noise complaints during pandemic
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Example:
Noise complaints during pandemic
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• Our brains are wired in a visual way.
• Help analysts avoid problems.
• Better communicate findings.
• “Visualization gives you answer to questions you didn’t know you had.”

Ben Schneiderman

Why visualization?
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Importance of visualization
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A B C D

x y x y x y x y

10.0 8.04 10.0 9.14 10.0 7.46 8.0 6.58 

8.0 6.95 8.0 8.14 8.0 6.77 8.0 5.76 

13.0 7.58 13.0 8.74 13.0 12.74 8.0 7.71 

9.0 8.81 9.0 8.77 9.0 7.11 8.0 8.84 

11.0 8.33 11.0 9.26 11.0 7.81 8.0 8.47 

14.0 9.96 14.0 8.10 14.0 8.84 8.0 7.04 

6.0 7.24 6.0 6.13 6.0 6.08 8.0 5.25 

4.0 4.26 4.0 3.10 4.0 5.39 19.0 12.50 

12.0 10.84 12.0 9.13 12.0 8.15 8.0 5.56 

7.0 4.82 7.0 7.26 7.0 6.42 8.0 7.91 

5.0 5.68 5.0 4.74 5.0 5.73 8.0 6.89 

Property A B C D

Mean of x 9 9 9 9

Mean of y 7.5 7.5 7.5 7.5

Std of x 3.32 3.32 3.32 3.32

Std of y 2.03 2.03 2.03 2.03
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Importance of visualization
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• Creating a data visualization is easy; creating a good visualization is hard.
• Visualization design space is huge, it’s important to make good choices in 

each stage.

Visualization design

14

Task

Source data

Data

Data tables Visual 
abstractions Views

Visual form

Data
transformations

Visual 
mappings

View 
transformations

[Heer, 2006]
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Develop principles and 
techniques to build effective 
visualizations.

Visualization design
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[Munzner, 2015]
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• High-level framework for analyzing vis use:
• What data user sees?
• Why the user intends to use a vis tool?
• How  the user intends to use a vis tool?

Visualization design

16

[Munzner, 2015]

What?

Why?

How?
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• Data
• Visual marks
• Visual channels
• Interaction

Principles of visualization

17

What?

Why?

How?



Fabio Miranda | CS424: Visualization & Visual Analytics

Dataset types
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Ite
m

s 
(ro

w
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Cell (value)

Attributes (columns)

Link (edge)

Item (node)

Grid

• Table: items and attributes
• Networks & trees: items (nodes), links, 

attributes
• Fields: grids, positions, attributes.
• Clusters, sets, lists: items.

Position
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• Items: individual, discrete entity – 
record, data point, etc.

• Attributes: item property that can be 
measured, observed, logged.

• Links: relationship between entities.
• Position: spatial location.
• Grids: strategy for sampling continuous 

data.

Data types
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• Categorical: attributes draw from a discrete set, but there may exist 
hierarchical structure.
• Fruits, vegetables, furniture type, car type, …

• Ordered: attributes with a natural ordering.
• Ordinal: well-defined ordering, but we cannot do mathematical operations.

• T-Shirt size (large, medium, small), ranks.
• Quantitative: measurement of magnitude that supports comparison / 

mathematical operations.
• Height, temperature, density, …

Attribute types

20
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• Ordered: different ordering directions.
• Sequential: homogeneous range from minimum to maximum value.

• Diverging: can be deconstructed into two sequences pointing in opposite 
directions that meet at a common zero point.

• Cyclic: values wrap around back to starting point.

Attribute types

21
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• Represent items and links.
• Geometric primitives, can be classified according to their spatial 

dimensions: 0D (points), 1D (lines), 2D (areas), etc.

Visual marks

22

[Munzner, 2014]
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• Encode properties of a mark.
• Control appearance based on 

data attributes.

Visual channels

23

[Munzner, 2014]
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• We can associate tabular data with visual marks and channels as 
follows:

Visual marks & channels

24

Car Horsepower Year Color
Car 1 60 2013 Silver
Car 2 86 2015 Green
Car 3 55 1999 Red
Car 4 50 1990 Blue

Attributes Channels

Items

Marks
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• Channel types: 
• Identify channels: what something is and where it is (circle, triangle, cross, etc.)

• What? Where?
• Magnitude channels: how much something there is (length, luminance, etc.)

• How much?

• Mark types: 
• Item marks
• Link marks: show relationship between items

Channel and mark types

25
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• Visual marks: geometric elements that depict items and links.
What something is and where it is

• Visual channels: control marks’ appearance.
• Magnitude for ordered data.
• Identify for categorial data. 

How much something there is
• Building blocks for visual encoding.

Recap

26
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• Expressiveness: visual encoding should express all of the information 
in the dataset.

• Effectiveness: importance of the attribute should match the salience of 
the channel. Important items are the most salient.

Choice of marks and channels
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Expressiveness types and effectiveness ranks
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[Munzner, 2015]
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Jock Mackinlay, 1986

29
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• Ranking determined by:
1. Accuracy: how well can a viewer decode the information in the 

channel?
2. Discriminability: how easily can differences between attribute 

levels be perceived?
3. Separability: can channels be used independently?
4. Popup: can a channel provide popout in the visualization?
5. Grouping: can a channel show perceptual grouping?

Channel effectiveness

30
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• Cleveland & McGill hierarchy:

Channel effectiveness: accuracy

31
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Channel effectiveness: accuracy
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Channel effectiveness: accuracy
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Channel effectiveness: accuracy
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• Our perception is based on relative judgment, not absolute.

Relative vs absolute judgment

35

Unframed
Unaligned

Framed
Unaligned

Unframed
Aligned

Easier
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Position, length & angle

36
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• Many channels can only support 
a limited number of discriminable 
(distinguishable) levels / bins.
• Line width: up to 3 or 4
• Color hues: up to 5 or 6

Channel effectiveness: discriminability

37
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• Some encodings can be used independently of each other:
• Vertical and horizontal position can be used independently.
• Color (hue) and position can be used independently.

• Some encodings interfere with each other:
• Width and height do not function well independently.
• Two different values in the red and green channels does not work well.

Channel effectiveness: separability

38
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Channel effectiveness: separability

39

[Munzner, 2015]
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• Many channels support visual popout: one or few items stand out from 
others.

Channel effectiveness: popout

40
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• Many channels support visual popout: one or few items stand out from 
others.

Channel effectiveness: popout

41

More difficult with multiple channels
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• Perceptual grouping can be achieved by:
• Identity channel to represent items as groups.
• Using link marks.
• Enclosure.
• Spatial proximity.

Channel effectiveness: grouping

42

[Tierney, 2019]
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Redundant encoding
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Bar charts:
• Marks: lines
• Channels: vertical lengths 

and horizontal positions.
• Each bar is an item, with the 

quantitative attribute mapped 
to y spatial channel and 
categorical attribute mapped 
to x spatial channel.

Visual marks & channels: example 1

44
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Scatterplots:
• Marks: points
• Channels: vertical and 

horizontal positions.
• Each point is an item, with 

the quantitative attributes 
mapped to x and y spatial 
channels.

Visual marks & channels: example 2

45
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Scatterplots:
• Marks: points
• Channels: vertical and 

horizontal positions, color, 
size.

• Each point is an item, with 
the quantitative attributes 
mapped to x and y spatial 
channels, and color and size.

Visual marks & channels: example 3

46
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Visual marks & channels: Cars
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Car HP Price Length Style Maker
Car 1 60 10000 130 Convertible BMW
Car 2 86 12000 100 Hatchback Audi
Car 3 55 11000 120 Wagon Audi
Car 4 50 20000 80 Hatchback Dodge

Marks: points
Channels: vertical and horizontal positions

[Freire, 2019]
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Visual marks & channels: Cars
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Car HP Price Length Style Maker
Car 1 60 10000 130 Convertible BMW
Car 2 86 12000 100 Hatchback Audi
Car 3 55 11000 120 Wagon Audi
Car 4 50 20000 80 Hatchback Dodge

Marks: points
Channels: vertical and horizontal positions

[Freire, 2019]
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Visual marks & channels: Cars
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Car HP Price Length Style Maker
Car 1 60 10000 130 Convertible BMW
Car 2 86 12000 100 Hatchback Audi
Car 3 55 11000 120 Wagon Audi
Car 4 50 20000 80 Hatchback Dodge

Marks: points
Channels: vertical and horizontal positions, 
color

[Freire, 2019]
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Visual marks & channels: Cars
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Car HP Price Length Style Maker
Car 1 60 10000 130 Convertible BMW
Car 2 86 12000 100 Hatchback Audi
Car 3 55 11000 120 Wagon Audi
Car 4 50 20000 80 Hatchback Dodge

Marks: lines
Channels: vertical lengths and horizontal 
positions

[Freire, 2019]
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Visual marks & channels: Cars

51

Car HP Price Length Style Maker
Car 1 60 10000 130 Convertible BMW
Car 2 86 12000 100 Hatchback Audi
Car 3 55 11000 120 Wagon Audi
Car 4 50 20000 80 Hatchback Dodge

Marks: area (simple box)
Channels: vertical and horizontal 
positions, color

[Freire, 2019]
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What visual variables are used?
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What visual variables are used?
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What visual variables are used?
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What visual variables are used?
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• Decide what is the right thing to visualize.
• Transformations to extract it from the original dataset.

Derive
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