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Reading

• Munzner, “Visualization Analysis and Design”:

Chapter 3 (Why? – Task Abstraction)

see also https://www.youtube.com/watch?v=pHljd-cgICY

• Shneiderman, “The Eyes Have It: A Task by Data Type Taxonomy for 

Information Visualizations,” IEEE Symposium 

on Visual Languages, 1996

• Brehmer+Munzer, “A Multi-Level Typology of Abstract Visualization Tasks,” 

InfoVis 2013. (link)

Tableau Dataset: 20w_data_happiness_development: 

https://vda.univie.ac.at/Teaching/Vis/21s/data/20w_data_happiness_development.csv

Cushman Photography Collection:

https://vda.univie.ac.at/Teaching/Vis/21s/data/20w_data_happiness_development.csv
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https://www.youtube.com/watch?v=pHljd-cgICY
http://doi.ieeecomputersociety.org/10.1109/VL.1996.545307
http://www.cs.ubc.ca/labs/imager/tr/2013/MultiLevelTaskTypology/brehmer_infovis13.pdf
https://vda.univie.ac.at/Teaching/Vis/21s/data/20w_data_happiness_development.csv
https://vda.univie.ac.at/Teaching/Vis/21s/data/20w_data_happiness_development.csv
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Today: Tasks 

o The three-part Framework

o Task Taxonomies (Why?)

o VIS Design (How?) – Preview

o Tableau Examples

Last lectures:

Data/sets Types & Semantics

o Data Types

o Dataset Types

o Attribute + Dataset Semantics

Visual Encoding Principles

Follow-up lectures: 

o Specific VIS techniques
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Recap:  A Three-part analysis framework
to analyze any exsiting visualization

(Munzner, 2014, p. 17 ff.)

What?

Why?

How?

What data is shown?

Why is the user looking at it?
Which tasks are pursued?

How is it shown?

unknown vis

ask yourself
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domain situation data(set) vis user task

What? Why?How?
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Data/set Types + Semantics & Tasks

6

What?

Why?

How?

• What — Data abstraction

• Why + How — Task abstraction

o Shneiderman’s Mantra

o Empirical Study: Amar+Eagan+Stasko

o Typology: Brehmer + Munzner

• Why
• consume / produce

• search

• query

• How (=Preview)
• encode

• manipulate

• introduce

• facets

• reduce

Specific VIS techniques / idioms
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Munzner’s Analysis Framework : Four levels, three questions

• domain situation

– who are the target users?

• 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

• algorithm

– efficient computation

algorithm

idiom

abstraction

domain

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

algorithm

idiom

abstraction

domain

A Multi-Level Typology of Abstract Visualization Tasks
Brehmer & Munzner.  IEEE TVCG 19(12):2376-2385, 2013

 More on the whole framework in Lecture No. 13 (“Design Studies”)

i) design

ii) validation



Q: Why should we be interested in users‘ „tasks“? 
If we were – how do we get a grip on them?

The world is full of work to be done. → VIS aims to 
„help people carry out some work more effectively“→

Thus good VIS development starts with analyzing 
and abstracting „tasks“ as specific work practices 
and related challenges of people in real world domains.

Def: “Visualization systems provide visual representations of data-
sets intended to help people carry out some task more effectively”

(Munzner)
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domain data(set) vis user task

What? Why?How?

Mizbee VIS
(A visualization proto-

type by Meyer et al.)

Example No.1: 
Meyer et al. (2009). MizBee: A Multiscale Synteny Browser.

BiologistsSyntenic data
(How to localize genetic 

loci on chromosomes)

Genetics
(Study of genetic 

information)

?



[Meyer et al., MizBee:  A Multiscale Synteny Browser, 2009]

Task Abstraction – Meyer et al. 



© Munzner / Möller / Sedlmair / Kralj / Windhager

domain data(set) vis user task

What? Why?How?

PolyCube VIS
(A visualization proto-

type by Salisu et al.)

Example No.2: 
Windhager et al. (2019). PolyCube Collection Visualization

„Casual Users“Collection data
(How to localize genetic 

loci on chromosomes)

Cultural history
(Study of cultural

collection)

?



Windhager et al. (2020), Many Views Are Not Enough: Designing for Synoptic Insights 

in Cultural Collections. https://doi.org/10.1109/MCG.2020.2985368

Task Abstraction

https://doi.org/10.1109/MCG.2020.2985368


Task Taxonomies



world data(set) vis user task

• Q: What are the most important types of tasks or activities users frequently (want 
to) pursue in complex information spaces and for various data? 

• Can we describe, cluster and abstract these information activities, so that we 
arrive at a more general understanding of tasks (i.e. task taxonomies or 
typologies), and use it to guide our own VIS developments?



A: Dozens of task taxonomies and typologies has already been developed. Let‘s 
have a look at important concepts from a couple of them, including

• Shneiderman, B. (1996). “The Eyes Have It: A Task by Data Type Taxonomy for 
Information Visualizations,” IEEE Symposium 
on Visual Languages.

• Amar, R., Eagan, J., & Stasko, J. (2005). “Low-level components of analytic 
activity in information visualization,” InfoVis. 

• Brehmer, M. & Munzner, T. (2013). A Multi-Level Typology of Abstract 
Visualization Tasks, InfoVis. 

• Munzner, T. (2014). Visualization Analysis and Design. Chapter 3
(Why? – Task Abstraction) 

→ see also the video lecture: https://www.youtube.com/watch?v=pHljd-cgICY

http://doi.ieeecomputersociety.org/10.1109/VL.1996.545307
http://dx.doi.org/10.1109/INFVIS.2005.1532136
http://www.cs.ubc.ca/labs/imager/tr/2013/MultiLevelTaskTypology/brehmer_infovis13.pdf
https://www.youtube.com/watch?v=pHljd-cgICY


Shneiderman’s 

Task by Data Type Taxonomy

[Shneiderman, 1996, link]

https://www.mat.ucsb.edu/~g.legrady/academic/courses/11w259/schneiderman.pdfhttps:/www.cc.gatech.edu/~stasko/papers/infovis05.pdf
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Shneiderman‘s Basic Tasks

17

• Overview: Gain an overview of the entire collection

• Zoom: Zoom in on items of interest

• Filter: filter out uninteresting items

• Details-on-demand: Select an item or group and 

get details when needed

• Relate: View relationships among items

• History: Keep a history of actions to support undo, 

replay, and progressive refinement

• Extract: Allow extraction of sub-collections and of 

the query parameters
[Shneiderman, 1996]
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Shneiderman’s 

Visual Information Seeking Mantra

Overview first,

zoom and filter, then 

details-on-demand

18

[Shneiderman, 1996]



e.g.: https://galaxy.opensyllabus.org

https://galaxy.opensyllabus.org/


Empirical Study: 

Amar, Eagan & Stasko

[Amar, Eagan & Stasko, 2005, link]

https://www.cc.gatech.edu/~stasko/papers/infovis05.pdf


• Q: What are the most important types of analytical tasks or users frequently 
(want to) pursue when using visualizations and visual analytics tools? 

• Amar, Eagan & Stasko conducted an empirical study with students, who were 
given five different datasets - and documented their analytic activities.

• They recorded about 200 different analytical activities, and clustered them with an 
affinity diagram into 10 distinct types of tasks.
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Task Abstraction (Amar, Eagan & Stasko, 2005)

22
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[Amar, Eagan, & Stasko, 2005]

23

1. Filter: Find data that satisfies conditions

2. Find Extremum: Find data with extreme values

3. Sort: Rank data according to some metric

4. Determine Range: Find span of data values

5. Find Anomalies: Find unexpected / extreme values
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[Amar, Eagan, & Stasko, 2005]

24

1. Filter: Find data that satisfies conditions

2. Find Extremum: Find data with extreme values

3. Sort: Rank data according to some metric

4. Determine Range: Find span of data values

5. Find Anomalies: Find unexpected / extreme values
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[Amar, Eagan, & Stasko, 2005]

25

1. Filter: Find data that satisfies conditions

2. Find Extremum: Find data with extreme values

3. Sort: Rank data according to some metric

4. Determine Range: Find span of data values

5. Find Anomalies: Find unexpected / extreme values
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[Amar, Eagan, & Stasko, 2005]

1. Filter: Find data that satisfies conditions

2. Find Extremum: Find data with extreme values

3. Sort: Rank data according to some metric

4. Determine Range: Find span of data values

5. Find Anomalies: Find unexpected / extreme values
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[Amar, Eagan, & Stasko, 2005]
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1. Filter: Find data that satisfies conditions

2. Find Extremum: Find data with extreme values

3. Sort: Rank data according to some metric

4. Determine Range: Find span of data values

5. Find Anomalies: Find unexpected / extreme values
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[Amar, Eagan, & Stasko, 2005]

28

1. Filter: Find data that satisfies conditions

2. Find Extremum: Find data with extreme values

3. Sort: Rank data according to some metric

4. Determine Range: Find span of data values

5. Find Anomalies: Find unexpected / extreme values



Typology: Why?

Brehmer & Munzner

[Brehmer+Munzner, 2013, link ]

Why?

http://www.cs.ubc.ca/labs/imager/tr/2013/MultiLevelTaskTypology/brehmer_infovis13.pdf
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→ Task Abstraction!

Munzner provides a hierarchy of

• high-level tasks: consume / produce 

• mid-level tasks: search

• low-level tasks: query

30

Why?

high-level

mid-level         tasks

low-level

vis user tasks



[Brehmer+Munzner, 2013, link]

http://www.cs.ubc.ca/labs/imager/tr/2013/MultiLevelTaskTypology/brehmer_infovis13.pdf
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Consume vs. Produce (High-level)

32© Munzner / Möller / Sedlmair / Kralj / Windhager

high-level

mid-level  tasks

low-level

vis user

High-level tasks

consuming data with a VIS

• presenting data with a VIS 

• discovering data with a VIS

• enjoying data with a VIS

producing something with a VIS

• creating annotations on a VIS 

• creating recordings of a VIS

• deriving new data from a VIS

tasks
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Consume vs. Produce (High-level)

• Consume (most common)
• present

– not just static (e.g. interactive graphics in newspapers / NY 
Times)

• discover
– generation / verification of hypothesis

• enjoy
– “casual” vis

– e.g. Name Voyager (http://www.babynamewizard.com/voyager)

• Produce
• help the user produce something based on a VIS,

e.g. annotations, recordings, derivates 

33

http://www.babynamewizard.com/voyager
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Search (Mid-level)

34

(Brehmer+Munzner, 2013)

high-level

mid-level        tasks

low-level

vis user

searching & exploring a VIS 

for elements of interest
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Query (Low-level)

35

(Brehmer+Munzner, 2013)

high-level

mid-level        tasks

low-level

vis user

• identifying single targets

• comparing two or multiple targets

• summarizing a whole set of targets

tasks



Typology: How? (Preview)

Brehmer & Munzner

[Brehmer+Munzner, 2013]

How?



world data(set) vis user task

1) What? 2) Why?3) How?

[After learning about what and why, we] “now turn our consideration to the how part of our
typology, which contains methods, defined as families of related visual encoding and
interaction techniques. […] We distinguish between three classes of methods: those for
encoding data, those for manipulating existing elements in a visualization, and those for
introducing new elements into a visualization.” (Brehmer & Munzner, 2013)
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How can interactive visualizations be designed to support 

people to carry out their tasks? Munzner suggests three 

classes of methods to so:

• methods to encode data into a VIS

• methods to manipulate existing elements of a VIS

• methods to introduce new elements into a VIS

39
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Encode

visually encoding information through marks and channels (e.g. color, 

shapes, size, position etc.) – to create any known or new kind of VIS

→ see last lecture for „general encoding principles“ and the following lectures for 

specific encoding techniques (e.g. arrangments of tables, spatial data, 

networks, or tree visualizations)

40

http://visualizationuniverse.com/charts/https://datavizproject.com/https://datavizcatalogue.com/index.html

http://visualizationuniverse.com/charts/
https://datavizproject.com/
https://datavizcatalogue.com/index.html
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Manipulate

• select

• navigate

• (re-)arrange

• change

• filter

• aggregate

41

The following methods affect existing elements of a visualization, 
modifying them to some extent. (Brehmer & Munzner, 2013)

→ see specific lecture on “Reduce – Items and attributes”
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Introduce

• annotate
o with text label etc. (classification)

o acts as a new attribute 

• import
o new data items to be loaded

• derive

o derive new data attributes

• record
o screenshots, bookmarks, parameter settings, logs, etc.

o graphical / use history

o analytical provenance!

42

(Brehmer & Munzner, 2013)



Facets (Preview)
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How to use multiple views?

• juxtapose (multiple views, side-by-side)

• superimpose (multiple layers)

• change (layout, encoding → interaction)

• select (demarcation, highlighting)

• coordinate (brushing+linking, linking views)

44
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Partition & Juxtaposition
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[Weaver, 2004]
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Superimposition
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roads

elevation

land cover

political boundaries

composite layer

e.g. multiple GIS layers, projected upon each other
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Linking (coordinate)

47
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How to reduce?

Reduce / increase number of elements shown

o filter

o aggregate

o navigate (e.g. alter viewpoint, 

zooming, detail-on-demand)

o embed in a single view (focus+context)

48



Color and Tasks
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Task: Find high & low anomalies

http://www.jason.oceanobs.com/html/donnees/las/2005-03_uk.html
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Task: Find high & low anomalies

http://www.jason.oceanobs.com/html/donnees/las/2005-03_uk.html
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Task: Understand relative height

http://www.jason.oceanobs.com/html/donnees/las/2005-03_uk.html
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Task: Find height 120

http://www.jason.oceanobs.com/html/donnees/las/2005-03_uk.html



© Munzner / Möller / Sedlmair / Kralj / Windhager

Tableau Examples

Let us explore the impact of tasks & questions on visualizations

54



Cushman Dataset
https://www.dropbox.com/s/2y157rrnx9551s6/cushman_collection_data_a1.csv?dl=0

https://www.dropbox.com/s/2y157rrnx9551s6/cushman_collection_data_a1.csv?dl=0
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Charles Weever Cushman 
(1896-1972)
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Tableau Examples

I. What is the geographic distribution of these 

historical photographs?

II. What is the temporal distribution of the 

photographs?

III. What is the distribution of genres in the collection?

57









Happiness Dataset
https://vda.univie.ac.at/Teaching/Vis/21s/data/20w_data_happiness_development.csv

https://vda.univie.ac.at/Teaching/Vis/21s/data/20w_data_happiness_development.csv


Tableau Dataset: 20w_data_happiness_development: 

https://vda.univie.ac.at/Teaching/Vis/21s/data/20w_data_happiness_development.csv

https://vda.univie.ac.at/Teaching/Vis/21s/data/20w_data_happiness_development.csv
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Tableau Example

• Is there a correlation between Happiness 

Score and Inequality in Education?

• Using the same visualization add the Map 

Reference to see if there are correlations 

within continents.

63
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Tableau Example

64
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• How are the two fields (Happiness Score and 

Inequality in Education) distributed within 

each continent?

• Can you see interesting patterns?

Tableau Example
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Tableau Example

66
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Tableau Example

67
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Tableau Example

68
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Tableau Example

We start with a new set of questions 

focusing on language

69
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Tableau Example

Which language is the most used (in terms of 

people speaking it) official language?

70
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Tableau Example

71
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As we use English in this lecture please tell me 

what are the top three (by looking at the number 

of people) countries speaking english?

72

Tableau Example
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Tableau Example
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Given only the top 10 most spoken languages, 

are there any interesting outliers (countries) 

when looking at the inequality of education 

and inequality of life expectancy?

74

Tableau Example
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Tableau Example

© Munzner/Möller/Sedlmair/Kralj
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Tableau Example

© Munzner/Möller/Sedlmair/Kralj
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Tableau Example
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Using the same fields is there a connection 

between the top third of the military 

expenditures field and the two inequality 

(education and life expectancy) fields?

78

Tableau Example
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Tableau Example




