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administrivia . . .

2
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-any questions/problems with Processing?



last time . . .
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Processing



what is it?
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!

-programming environment	


!

-visually oriented applications	


!

- targets artists, designers, etc.

Text



why Processing?

7

!

-difficulty to sketch with other languages	

!

-complicated setup	

!

-not easy to learn	

!

- repetitive code



why Processing?

8

!

- Java-based	


!

-similar syntax & portability



graphics
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!

-grid of pixels



graphics
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!

-grid of pixels



shape
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point(x, y);



shape
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line(x1, y1, x2, y2);



shape
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rect(x, y, width, height);



today . . .
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-task abstraction 

-interaction
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-task abstraction 

-interaction



analysis: what, why, and how

-what is shown?

-why is the user looking at it?

-how is it shown?

!

!

- abstract vocabulary avoids domain-specific terms 
- what-why-how analysis framework as scaffold to 
think systematically about design space
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Why?

How?

What?



Encode

Arrange
Express Separate

Order Align

Use

Map

Color

Motion

Size, Angle, Curvature, ...

Hue Saturation Luminance

Shape

Direction, Rate, Frequency, ...

from categorical and ordered 
attributes

Manipulate Facet Reduce

Change

Select

Navigate

Juxtapose

Partition

Superimpose

Filter

Aggregate

Embed

How?

Encode Manipulate Facet Reduce

visual encoding



ta
sk

 a
b

st
ra

ct
io

n



{action, target} pairs 
discover distribution 
compare trends 
locate outliers 
browse topology



{action, target}



{action, target}



discover



present
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A Multi-Level Typology of Abstract Visualization Tasks

Matthew Brehmer and Tamara Munzner, Member, IEEE

Abstract—The considerable previous work characterizing visualization usage has focused on low-level tasks or interactions and high-
level tasks, leaving a gap between them that is not addressed. This gap leads to a lack of distinction between the ends and means
of a task, limiting the potential for rigorous analysis. We contribute a multi-level typology of visualization tasks to address this gap,
distinguishing why and how a visualization task is performed, as well as what the task inputs and outputs are. Our typology allows
complex tasks to be expressed as sequences of interdependent simpler tasks, resulting in concise and flexible descriptions for tasks
of varying complexity and scope. It provides abstract rather than domain-specific descriptions of tasks, so that useful comparisons
can be made between visualization systems targeted at different application domains. This descriptive power supports a level of
analysis required for the generation of new designs, by guiding the translation of domain-specific problems into abstract tasks, and
for the qualitative evaluation of visualization usage. We demonstrate the benefits of our approach in a detailed case study, comparing
task descriptions from our typology to those derived from related work. We also discuss the similarities and differences between our
typology and over two dozen extant classification systems and theoretical frameworks from the literatures of visualization, human-
computer interaction, information retrieval, communications, and cartography.

Index Terms—Typology, visualization models, task and requirements analysis, qualitative evaluation

1 INTRODUCTION

Consider a person who encounters a choropleth map while reading a
blog post in the aftermath of last year’s American presidential election.
This particular map is static and visually encodes two attributes, can-
didate and margin of victory, encoded for each state using a bivariate
colour mapping. This person decides to compare the election results
of Texas to those of California, motivated not by an explicit need to
generate or verify some hypothesis, nor by a need to present the vi-
sualization to an audience, but rather by a casual interest in American
politics and its two most populous states. How might we describe this
person’s task in an abstract rather than domain-specific way?

According to the nested model for visualization design and vali-
dation [43], abstract tasks are domain- and interface-agnostic opera-
tions performed by users. Disappointingly, there is little agreement
as to the appropriate granularity of an abstract task among the many
extant classifications of user behaviour in the visualization, human-
computer interaction, cartography, and information retrieval litera-
ture [2, 3, 5, 10, 11, 12, 13, 14, 15, 19, 23, 29, 31, 37, 39, 42, 50,
51, 56, 57, 59, 61, 64, 66, 72, 73, 75, 78, 82, 83]. One of the more fre-
quently cited of these [2] would classify the above example as being a
series of value retrieval tasks. This low-level characterization does not
describe the user’s context or motivation; nor does take into account
prior experience and background knowledge. For instance, a descrip-
tion of this task might differ if the user was unfamiliar with American
geography: the user must locate and identify these states before com-
paring their values. Conversely, high-level descriptions of exploratory
data analysis and presentation emanating from the sensemaking liter-
ature [3, 11, 31, 51] cannot aptly describe this user’s task.

The gap between low-level and high-level classification leaves us
unable to abstractly describe user tasks in a useful way [41], even for
the simple static visualization in the above example. This gap widens
when interactive visualization is considered, and the complexity of its
usage is compounded over time. We must move beyond describing a
single task in isolation, to a description that designates when one task
ends and another begins. To close this gap, visualization tasks must be
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describable in an abstract way across multiple levels.
The primary contribution of this paper is a multi-level typology

of abstract visualization tasks that unites the previously disconnected
scopes of low-level and high-level classification systems by propos-
ing multiple levels of linkage between them. Our typology provides
a powerful and flexible way to describe complex tasks as a sequence
of interdependent simpler ones. While this typology is very much in-
formed by previous work, it is also the result of new thinking and has
many points of divergence with previous models. Central to the orga-
nization of our typology are three questions that serve to disambiguate
the means and ends of a task: why the task is performed, how the task is
performed, and what are the task’s inputs and outputs. We have found
that no prior characterization of tasks satisfactorily answers all of these
questions simultaneously at multiple levels of abstraction. Typically,
low-level classification systems provide a sense of how a task is per-
formed, but not why; high-level classification systems are the converse.
One major advantage of our typology over prior work is in providing
linkage between these two questions. Another advantage is the ability
to link sequences of tasks, made possible by the consideration of what
tasks operate on.

Our typology provides a consistent lexicon for description that sup-
ports making precise comparisons of tasks between different visual-
ization tools and across application domains. Succinct and abstract
descriptions of tasks are crucial for analysis of visualization usage.
This analysis is an essential precursor to the effective design and eval-
uation of visualization tools, particularly in the context of problem-
driven design studies [60]. In these studies, visualization practitioners
work with users to identify why and what, subsequently drawing from
their specialized knowledge of visual encoding and interaction tech-
niques to design how that task is to be supported [41]. A need for
task analysis also arises in visualization evaluation [34], particularly
in observational studies of open-ended visualization usage. Our typol-
ogy provides a multi-level code set for qualitatively describing user
behaviour in such studies.

As we expect some readers to be unfamiliar with the context that
motivated this work, we begin with a brief discussion of our current
inability to succinctly describe and analyze visualization tasks. In Sec-
tion 3 of this paper, we introduce our multi-level typology of abstract
visualization tasks. In Section 4, we demonstrate the benefits of our
approach with a detailed case study, in which we describe a sequence
of interdependent tasks. In Section 5, we summarize our typology’s
connections to related work and to its theoretical foundations. In Sec-
tion 6, we discuss the value and usage of this typology, as well as our
plans for its further validation and extension. In Section 7, we offer
our concluding remarks.



 

A Design Space of Visualization Tasks
Hans-Jörg Schulz, Thomas Nocke, Magnus Heitzler, and Heidrun Schumann

Abstract—Knowledge about visualization tasks plays an important role in choosing or building suitable visual representations to
pursue them. Yet, tasks are a multi-faceted concept and it is thus not surprising that the many existing task taxonomies and models
all describe different aspects of tasks, depending on what these task descriptions aim to capture. This results in a clear need to bring
these different aspects together under the common hood of a general design space of visualization tasks, which we propose in this
paper. Our design space consists of five design dimensions that characterize the main aspects of tasks and that have so far been
distributed across different task descriptions. We exemplify its concrete use by applying our design space in the domain of climate
impact research. To this end, we propose interfaces to our design space for different user roles (developers, authors, and end users)
that allow users of different levels of expertise to work with it.

Index Terms—Task taxonomy, design space, climate impact research, visualization recommendation

1 INTRODUCTION

As the field of information visualization matures, a phase of consoli-
dation sets in that aims to pull together multiple individual works of
research under a common conceptual hood. This hood can take on
different shapes and forms, one of which is the design space. Such a
design space realizes a descriptive generalization that permits to spec-
ify a concrete instance – be it a layout [8], a visualization [46], or a
combination of visualizations [28] – by making design choices along
a number of independent design dimensions. Even last year’s InfoVis
conference recognized the increasing importance of design spaces by
dedicating an entire session to them.

Yet, information visualization is more than the visual representation
alone. It also takes into account the tasks the user wishes to pursue
with the visual representation. The literature contains a wealth of clas-
sifications, taxonomies, and frameworks that describe these tasks: lists
of verbal task descriptions, mathematical task models, domain-specific
task collections, and procedural task combinations into workflows. All
of these serve the respective purpose well for which they have been de-
veloped. However, the research question of how to consolidate them
under the hood of one common design space is still open, even though
it has been shown on a smaller scale that such a combination into a
common framework can be a useful endeavor [9, 21].

In this paper, we aim to give a first answer to this research ques-
tion by contributing such a design space for visualization tasks. This
contribution is twofold. First, it derives an abstract design space that
brings together the different aspects of the existing task taxonomies
and models. It serves to clarify the somewhat fuzzy notion of visual-
ization tasks and by that it permits judging the suitability and compat-
ibility of individual task taxonomies for a given case at hand. Second,
this abstract design space can also be instantiated in its own right for
its utilization in concrete use cases. The latter is achieved by providing
role-dependent interfaces to the design space that allow developers to
derive application-dependent design subspaces for authors to compose
compound tasks and workflows in them, so that end users can select
them to customize their visualization outcome. We exemplify this by
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a visualization task design space for climate impact research based on
structured interviews with eight domain experts and two visualization
developers. This design space is then utilized to recommend visual-
izations that are suitable to pursue a given task in that field.

The remainder of this paper is organized as follows: The related
work is summarized in Section 2 and from its discussion, we derive
our task design space in Section 3. We then debate its properties, lim-
itations, and applications in Section 4. This also includes examples of
how some of the existing task taxonomies can be expressed as parts
of our design space. After this conceptual part, Section 5 details the
use case example of how to apply the general design space to the ap-
plication domain of climate impact research and how to draw concrete
benefits from it. With this example, we aim to show a feasible way
for the adaptation of the design space that can be transferred to other
application domains as well. We conclude this paper by briefly shar-
ing our personal experience from working with the design space and
pointing out directions for future work in Section 6.

2 RELATED WORK

The concept of tasks exhibits numerous facets that are also reflected in
the existing body of research on that topic. Commonly, visualization
tasks are understood as activities to be carried out interactively on a
visual data representation for a particular reason. The investigation of
visualization tasks has the aim to establish recurring tasks in order
to use the knowledge about them for improving the design and evalu-
ation of visualizations. Existing research for both of these aspects is
briefly summarized in the following.

2.1 Establishing Recurring Visualization Tasks
The literature describes a number of different ways of how to obtain
recurring visualization tasks. The most prevalent methods are to sim-
ply survey a large enough number of visualization-savvy individuals
to list their tasks [4], to conduct a full-fledged task analysis by ob-
serving visualization users [25], or to infer from various existing vi-
sualization systems which tasks they facilitate [2]. Regardless of the
chosen method, the end result is a set of frequent tasks or appropriate
generalizations thereof. The scope of this set depends on the concrete
notion of “visualization task” that is employed. In the literature, one
finds a spectrum ranging from rather strict interpretations that only
permit perceptual tasks [16, 26] to broader interpretations that even
include non-visual analytical tasks [49].

Once collected, there exist various ways to describe visualization
tasks. Most task descriptions are verbal, dedicating a paragraph or
two to each task’s explanation – e.g., [5, 24, 49]. Others are functional
with tasks being either functions [12] or queries about functions [7].
Further ways to describe tasks are in a logical [16] or a faceted man-
ner [10, 40]. The latter breaks down the description into various el-
ementary facets that together specify a concrete task. Most of these
descriptions are in addition also hierarchical, which means that they
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GEOMETRIC vs SEMANTIC ZOOMING
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