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A framework for Data 
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Nested model for visualization 
analysis



Goal: Real world to visualization
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Analysis framework: Four levels, three questions
• domain situation

– who are the target users? How do we collect our data?

4

domain

[A Nested Model of Visualization Design and Validation. Munzner.  IEEE TVCG 15(6):921-928, 2009 (Proc. InfoVis 2009). ]



Analysis framework: Four levels, three questions
• domain situation

– who are the target users? How do we collect our data?
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[A Nested Model of Visualization Design and Validation. Munzner.  IEEE TVCG 15(6):921-928, 2009 (Proc. InfoVis 2009). ]
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Data: patients Audience: medical professionals



Analysis framework: Four levels, three questions
• domain situation

– who are the target users? How do we collect our data?

• abstraction

– translate from specifics of domain to vocabulary of vis
• what is shown? data abstraction
• why is the user looking at it? task abstraction
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Analysis framework: Four levels, three questions
• domain situation

– who are the target users? How do we collect our data?

• abstraction

– translate from specifics of domain to vocabulary of vis
• what is shown? data abstraction
• why is the user looking at it? task abstraction
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Task: Determine if these 
variables are related

Dataset: TableDomain: Medicine



Analysis framework: Four levels, three questions
• domain situation

– who are the target users? How do we collect our data?

• abstraction

– translate from specifics of domain to vocabulary of vis
• what is shown? data abstraction
• why is the user looking at it? task abstraction

• idiom

– how is it shown?
• visual encoding idiom: how to draw
• interaction idiom: how to manipulate
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Analysis framework: Four levels, three questions
• domain situation

– who are the target users? How do we collect our data?

• abstraction

– translate from specifics of domain to vocabulary of vis
• what is shown? data abstraction
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• idiom

– how is it shown?
• visual encoding idiom: how to draw
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• algorithm

– efficient implementation
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Analysis framework: Four levels, three questions
• domain situation

– who are the target users? How do we collect our data?

• abstraction

– translate from specifics of domain to vocabulary of vis
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• visual encoding idiom: how to draw
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As a process
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Map Domain-Language Task 
to Abstract Task

Identify/Create Suitable Idiom/Technique

Map Domain-Language  
Data Description to  
Data Abstraction

Identify/Create Suitable Algorithm



As a process, May require iteration!
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Data Abstraction

Characterize Domain Situation

Map Domain-Language Task 
to Abstract Task

Identify/Create Suitable Idiom/Technique
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Data Abstraction
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Why do we need abstraction?
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Medicine

Weather

Politics

• Many different domains
• Want a consistent set of visualization tools
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Targets of abstraction
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Dataset (structure abstraction)



Recap: Tabular & Tidy Data



Tabular data
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Tabular data
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Tabular data
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Tabular data
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Tabular data
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Wickham’s tidy data principles
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•Each variable forms a column.

•Each observation forms a row.

•Each type of observational unit forms a table (DataFrame)

•Each value has its own cell.




Other data types

• links
– express relationship between two items
– eg friendship on facebook, interaction between proteins

• positions
– spatial data: location in 2D or 3D
– pixels in photo, voxels in MRI scan, latitude/longitude

• grids
– sampling strategy for continuous data

25



Dataset types

• multidimensional tables
–indexing based on multiple keys

•eg genes, patients
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Dataset types

• network/graph
–nodes (vertices) connected by links (edges)
–tree is special case: no cycles

•often have roots and are directed
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Dataset types
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Spatial fields
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domain
– eg temperature, pressure, wind velocity

• measured or simulated



Spatial fields

• attribute values associated w/ cells
• cell contains value from continuous 

domain
– eg temperature, pressure, wind velocity

• measured or simulated
• major concerns

– sampling: 
where attributes are measured

– interpolation: 
how to model attributes elsewhere

– grid types
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Spatial fields
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scalar

vector

tensor

• attribute values associated w/ cells
• cell contains value from continuous 

domain
– eg temperature, pressure, wind velocity

• measured or simulated
• major concerns

– sampling: 
where attributes are measured

– interpolation: 
how to model attributes elsewhere

– grid types

• major divisions
– attributes per cell:  

scalar (1), vector (2), tensor (many) 



Dataset types

32

Tables

Attributes (columns)

Items 
(rows)

Cell containing value

Networks

Link

Node 
(item)

Trees

Fields (Continuous)

Attributes (columns)

Value in cell

Cell

Multidimensional Table

Value in cell

Grid of positions

Geometry (Spatial)

Position

Dataset Types SpatialTables

Attributes (columns)

Items 
(rows)

Cell containing value

Networks

Link

Node 
(item)

Trees

Fields (Continuous)

Attributes (columns)

Value in cell

Cell

Multidimensional Table

Value in cell

Grid of positions

Geometry (Spatial)

Position

Dataset Types

Tables

Attributes (columns)

Items 
(rows)

Cell containing value

Networks

Link

Node 
(item)

Trees

Fields (Continuous)

Attributes (columns)

Value in cell

Cell

Multidimensional Table

Value in cell

Grid of positions

Geometry (Spatial)

Position

Dataset Types
Tables

Attributes (columns)

Items 
(rows)

Cell containing value

Networks

Link

Node 
(item)

Trees

Fields (Continuous)

Attributes (columns)

Value in cell

Cell

Multidimensional Table

Value in cell

Grid of positions

Geometry (Spatial)

Position

Dataset TypesTables

Attributes (columns)

Items 
(rows)

Cell containing value

Networks

Link

Node 
(item)

Trees

Fields (Continuous)

Attributes (columns)

Value in cell

Cell

Multidimensional Table

Value in cell

Grid of positions

Geometry (Spatial)

Position

Dataset Types

Data and Dataset Types

Tables Networks & 
Trees

Fields Geometry Clusters, 
Sets, Lists

Items

Attributes

Items (nodes)

Links

Attributes

Grids

Positions

Attributes

Items

Positions

Items



Geometry

• shape of items
• explicit spatial positions / regions

– points, lines, curves, surfaces, volumes

• boundary between computer graphics 
and visualization
– graphics: geometry taken as given
– vis: geometry is result of a design decision
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Type abstraction





What is an appropriate level of type abstraction?

36

– Semantics (conceptual model)
– e.g. Temperature

– Too domain specific!
– Concrete type (data model)

– e.g. Float
– Too implementation specific!

– Data type abstraction 
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of a cyclic 
variable?
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What is an appropriate level of type abstraction?
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– Semantics (conceptual model)
– e.g. Temperature

– Too domain specific!
– Concrete type (data model)

– e.g. Float
– Too implementation specific!

– Data type abstraction
– Multiple possible abstractions

– Quantitative: Temp. in deg. C
– Categorical: {fever, normal}
– Ordinal: {normal, low fever, high 

fever} 



Task Abstraction

Characterize Domain Situation

Map Domain-Language Task 
to Abstract Task

Identify/Create Suitable Idiom/Technique

Map Domain-Language  
Data Description to  
Data Abstraction

Identify/Create Suitable Algorithm



Task abstraction: Actions and targets

• very high-level pattern

44

• {action, target} pairs
–discover distribution

–compare trends

–locate outliers

–browse topology



Task abstraction: Actions and targets

• very high-level pattern

• actions
– analyze

• high-level choices

– search
• find a known/unknown item

– query
• find out about characteristics of item

45

• {action, target} pairs
–discover distribution

–compare trends

–locate outliers

–browse topology



Task abstraction: Actions and targets

• very high-level pattern

• actions
– analyze

• high-level choices

– search
• find a known/unknown item

– query
• find out about characteristics of item

• targets
– what is being acted on

46

• {action, target} pairs
–discover distribution

–compare trends

–locate outliers

–browse topology
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Actions: Analyze

• consume
–discover vs present

• classic split
• aka explore vs explain

–enjoy
• newcomer
• aka casual, social 

• produce
–annotate, record
–derive

• crucial design choice
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Search

Query
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Produce
Annotate Record Derive

Identify Compare Summarise

tag

Target known Target unknown

Location 
known

Location 
unknown

Lookup

Locate

Browse

Explore

Actions
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Actions: Search
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Actions: Search

• what does user know?
– target, location
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Annotate Record Derive

Identify Compare Summarize

tag

Target known Target unknown

Location 
known

Location 
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Actions: Search

• what does user know?
– target, location

• lookup
– ex: word in dictionary

• alphabetical order
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Actions: Search

• what does user know?
– target, location

• lookup
– ex: word in dictionary

• alphabetical order

• locate
– ex: keys in your house
– ex: node in network

Analyze

Search

Query

Consume
Present EnjoyDiscover

Produce
Annotate Record Derive

Identify Compare Summarize

tag

Target known Target unknown
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https://bl.ocks.org/heybignick/3faf257bbbbc7743bb72310d03b86ee8

https://bl.ocks.org/heybignick/3faf257bbbbc7743bb72310d03b86ee8
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Actions: Search
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Actions: Search

• what does user know?
– target, location

• lookup
– ex: word in dictionary

• alphabetical order

• locate
– ex: keys in your house
– ex: node in network

• browse
– ex: books in bookstore

• explore
– ex: find cool neighborhood in 
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Actions: Query

• how much of the data 
matters?
– one: identify
– some: compare
– all: summarize
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Actions

• independent choices for 
each of these three levels
– analyze, search, query
– mix and match 

Trends

Actions

Analyze

Search

Query

Why?

All Data

Outliers Features

Attributes

One Many
Distribution Dependency Correlation Similarity

Network Data

Spatial Data
Shape

Topology

Paths

Extremes

Consume
Present EnjoyDiscover

Produce
Annotate Record Derive

Identify Compare Summarize

tag

Target known Target unknown

Location 
known
Location 
unknown

Lookup

Locate

Browse

Explore

Targets

Why?

How?

What?



Task abstraction: Targets 
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Abstraction

• these {action, target} pairs are good starting point for vocabulary
– but sometimes you'll need more precision!

• rule of thumb
– systematically remove all domain jargon

• interplay: task and data abstraction
– need to use data abstraction within task abstraction

• to specify your targets!
• but task abstraction can lead you to transform the data 

– iterate back and forth
• first pass data, first pass task, second pass data, ... 
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The visualization 
language

Characterize Domain Situation

Map Domain-Language Task 
to Abstract Task

Identify/Create Suitable Idiom/Technique

Map Domain-Language  
Data Description to  
Data Abstraction

Identify/Create Suitable Algorithm
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