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Forschungsfeld: Datenwissenschaft

1.182.362 83,10 45.288 937.293 464.045 49,51

216.255 83,33 7.735 172.468 89.858 52,10

174.615 85,41 8.140 140.990 79.440 56,34

181.461 82,58 8.133 141.717 75.214 53,07

178.573 82,50 7.444 139.885 67.025 47,91

148.757 82,25 5.143 117.212 50.457 43,05

158.736 78,41 4.631 119.835 54.891 45,81

123.965 80,21 3.896 95.540 42.258 44,23

18.098 77,29 709 13.279 6.132 46,18

37.826 78,20 1.212 28.369 10.281 36,24

8.921 82,88 522 6.872 3.597 52,34

28.560 75,25 765 20.727 7.385 35,63

83.254 82,16 3.699 64.705 33.456 51,71

1.436 86,28 94 1.145 675 58,95

17.430 78,59 650 13.049 5.306 40,66

2.481 85,85 199 1.931 1.215 62,92
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Exploratory Data Analysis using Multimodal Representations: Joint Sonification and Visualization

Idee: Kombination von Visualisierung und Sonifikation
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Forschungsfragen
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• Wie lassen sich audiovisuelle Artefakte zur explorativen Datenanalyse systematisch entwerfen? 

• Wie lässt sich der Design Space solcher audiovisueller Darstellungen formal beschreiben? 

• Gibt es Datenstrukturen, die sich besser für eine der beiden Methoden eignen als für die andere? 

• Wie beeinflusst die inter-modale Abhängigkeit der beiden Sinne unsere Wahrnehmung der Daten?



Was wir von der Visualisierung lernen können
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A Nested Model for Visualization Design and Validation

Tamara Munzner, Member, IEEE

Abstract—We present a nested model for the visualization design and validation with four layers: characterize the task and data in

the vocabulary of the problem domain, abstract into operations and data types, design visual encoding and interaction techniques,

and create algorithms to execute techniques efficiently. The output from a level above is input to the level below, bringing attention to

the design challenge that an upstream error inevitably cascades to all downstream levels. This model provides prescriptive guidance

for determining appropriate evaluation approaches by identifying threats to validity unique to each level. We also provide three

recommendations motivated by this model: authors should distinguish between these levels when claiming contributions at more than

one of them, authors should explicitly state upstream assumptions at levels above the focus of a paper, and visualization venues

should accept more papers on domain characterization.

Index Terms—Models, frameworks, design, evaluation.

!

1 INTRODUCTION

Many visualization models have been proposed to guide the creation
and analysis of visualization systems [8, 7, 10], but they have not been
tightly coupled to the question of how to evaluate these systems. Simi-
larly, there has been significant previous work on evaluating visualiza-
tion [9, 33, 42]. However, most of it is structured as an enumeration
of methods with focus on how to carry them out, without prescriptive
advice for when to choose between them.

The impetus for this work was dissatisfaction with a flat list of eval-
uation methodologies in a recent paper on the process of writing vi-
sualization papers [29]. Although that previous work provides some
guidance for when to use which methods, it does not provide a full
framework to guide the decision or analysis process.

In this paper, we present a model that splits visualization design into
levels, with distinct evaluation methodologies suggested at each level
based on the threats to validity that occur at that level. The four levels
are: characterize the tasks and data in the vocabulary of the problem
domain, abstract into operations and data types, design visual encod-
ing and interaction techniques, and create algorithms to execute these
techniques efficiently. We conjecture that many past visualization de-
signers did carry out these steps, albeit implicitly or subconsciously,
and not necessarily in that order. Our goal in making these steps more
explicit is to provide a model that can be used either to analyze exisit-
ing systems or papers, or to guide the design process itself.

The main contribution of this model is to give guidance on what
evaluation methodology is appropriate to validate each of these differ-
ent kinds of design choices. We break threats to validity down into four
categories. In brief, where they is the users and you is the designer:

• wrong problem: they don’t do that;
• wrong abstraction: you’re showing them the wrong thing;
• wrong encoding/interaction: the way you show it doesn’t work;
• wrong algorithm: your code is too slow.
The secondary contribution of this paper is a set of three recommen-

dations motivated by this model. We suggest that authors distinguish
between these levels when there is a contribution at more than one
level, and explicitly stating upstream assumptions at levels above the
focus of a paper. We also encourage visualization venues to accept
more papers on domain characterization.

We present the base nested model in the next section, followed by
the threats and validation approaches for the four levels. We give con-
crete examples of analysis according to our model for several previous
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systems, and compare our model to previous ones. We provide recom-
mendations motivated by this model, and conclude with a discussion
of limitations and future work.

2 NESTED MODEL

Figure 1 shows the nested four-level model for visualization design
and evaluation. The top level is to characterize the problems and data
of a particular domain, the next level is to map those into abstract op-
erations and data types, the third level is to design the visual encoding
and interaction to support those operations, and the innermost fourth
level is to create an algorithm to carry out that design automatically
and efficiently. The three inner levels are all instances of design prob-
lems, although it is a different problem at each level.

These levels are nested; the output from an upstream level above
is input to the downstream level below, as indicated by the arrows
in Figure 1. The challenge of this nesting is that an upstream error
inevitably cascades to all downstream levels. If a poor choice was
made in the abstraction stage, then even perfect visual encoding and
algorithm design will not create a visualization system that solves the
intended problem.

2.1 Vocabulary
The word task is deeply overloaded in the visualization literature [1].
It has been used at multiple levels of abstraction and granularity:

• high-level domain: cure disease, provide a good user experience
during web search;

• lower-level domain: investigate microarray data showing gene
expression levels and the network of gene interactions [6], ana-
lyze web session logs to develop hypotheses about user satisfac-
tion [24];

• high-level abstract: expose uncertainty, determine domain pa-
rameters, confirm hypotheses [2];

• low-level abstract: compare, query, correlate, sort, find anoma-
lies [1, 40].

In this paper we use the word problem to denote a task described in
domain terms, and operation to denote an abstract task. We use task
when discussing aspects that crosscut these levels.

2.2 Domain Problem and Data Characterization
At this first level, a visualization designer must learn about the tasks
and data of target users in some particular target domain, such as mi-
crobiology or high-energy physics or e-commerce. Each domain usu-
ally has its own vocabulary for describing its data and problems, and
there is usually some existing workflow of how the data is used to
solve their problems. Some of the challenges inherent in bridging the
gaps between designers and users are discussed by van Wijk [48].

A central tenet of human-centered design is that the problems of
the target audience need to be clearly understood by the designer of

Design Study Methodology:
Reflections from the Trenches and the Stacks

Michael Sedlmair, Member, IEEE, Miriah Meyer, Member, IEEE, and Tamara Munzner, Member, IEEE

Abstract—Design studies are an increasingly popular form of problem-driven visualization research, yet there is little guidance avail-
able about how to do them effectively. In this paper we reflect on our combined experience of conducting twenty-one design studies,
as well as reading and reviewing many more, and on an extensive literature review of other field work methods and methodologies.
Based on this foundation we provide definitions, propose a methodological framework, and provide practical guidance for conducting
design studies. We define a design study as a project in which visualization researchers analyze a specific real-world problem faced
by domain experts, design a visualization system that supports solving this problem, validate the design, and reflect about lessons
learned in order to refine visualization design guidelines. We characterize two axes—a task clarity axis from fuzzy to crisp and an
information location axis from the domain expert’s head to the computer—and use these axes to reason about design study contribu-
tions, their suitability, and uniqueness from other approaches. The proposed methodological framework consists of 9 stages: learn,
winnow, cast, discover, design, implement, deploy, reflect, and write. For each stage we provide practical guidance and outline poten-
tial pitfalls. We also conducted an extensive literature survey of related methodological approaches that involve a significant amount
of qualitative field work, and compare design study methodology to that of ethnography, grounded theory, and action research.

Index Terms—Design study, methodology, visualization, framework.

1 INTRODUCTION

Over the last decade design studies have become an increasingly pop-
ular approach for conducting problem-driven visualization research.
Design study papers are explicitly welcomed at several visualization
venues as a way to explore the choices made when applying visualiza-
tion techniques to a particular application area [55], and many exem-
plary design studies now exist [17, 34, 35, 56, 94]. A careful reading
of these papers reveals multiple steps in the process of conducting a
design study, including analyzing the problem, abstracting data and
tasks, designing and implementing a visualization solution, evaluating
the solution with real users, and writing up the findings.

And yet there is a lack of specific guidance in the visualization liter-
ature that describes holistic methodological approaches for conducting
design studies—currently only three paragraphs exist [49, 55]. The
relevant literature instead focuses on methods for designing [1, 42, 66,
79, 82, 90, 91] and evaluating [13, 33, 39, 50, 68, 69, 76, 80, 85, 86, 95]
visualization tools. We distinguish between methods and methodology
with the analogy of cooking; methods are like ingredients, whereas
methodology is like a recipe. More formally, we use Crotty’s defini-
tions that methods are “techniques or procedures” and a methodology
is the “strategy, plan of action, process, or design lying behind the
choice and use of particular methods” [18].

From our personal experience we know that the process of con-
ducting a design study is hard to do well and contains many potential
pitfalls. We make this statement after reflecting on our own design
studies, in total 21 between the 3 authors, and our experiences of re-
viewing many more design study papers. We consider at least 3 of our
own design study attempts to be failures [51, 54, 72]; the other 18
were more successful [4, 5, 10, 40, 43, 44, 45, 46, 52, 53, 67, 70, 71,
73, 74, 75, 77, 78].

In the process of conducting these design studies we grappled with
many recurring questions: What are the steps you should perform, and
in what order? Which methods work, and which do not? What are the
potential research contributions of a design study? When is the use
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of visualization a good idea at all? How should we go about collab-
orating with experts from other domains? What are pitfalls to avoid?
How and when should we write a design study paper? These questions
motivated and guided our methodological work and we present a set
of answers in this paper.

We conducted an extensive literature review in the fields of human
computer interaction (HCI) [7, 8, 9, 12, 16, 19, 20, 21, 22, 25, 26,
27, 28, 29, 30, 31, 38, 47, 57, 63, 64, 65, 83] and social science [6,
14, 18, 24, 32, 62, 81, 87, 93] in hopes of finding methodologies that
we could apply directly to design study research. Instead, we found
an intellectual territory full of quagmires where the very issues we
ourselves struggled with were active subjects of nuanced debate. We
did not find any off-the-shelf answers that we consider suitable for
wholesale assimilation; after careful gleaning we have synthesized a
framing of how the concerns of visualization design studies both align
with and differ from several other qualitative approaches.

This paper is the result of a careful analysis of both our experi-
ences in the “trenches” while doing our own work, and our foray into
the library “stacks” to investigate the ideas of others. We provide, for
the first time, a discussion about design study methodology, includ-
ing a clear definition of design studies as well as practical guidance
for conducting them effectively. We articulate two axes, task clarity
and information location, to reason about what contributions design
studies can make, when they are an appropriate research device, and
how they are unique from other approaches. For practical guidance we
propose a process for conducting design studies, called the nine-stage
framework, consisting of the following stages: learn, winnow, cast,
discover, design, implement, deploy, reflect, and write. At each stage
we identify pitfalls that can endanger the success of a design study, as
well as strategies and methods to help avoid them. Finally, we contrast
design study methodology to related research methodologies used in
other fields, in particular those used or discussed in HCI, and elaborate
on similarities and differences. In summary, the main contributions of
this paper are:

• definitions for design study methodology, including articulation
of the task clarity and information location axes;

• a nine-stage framework for practical guidance in conducting de-
sign studies and collaborating with domain experts;

• 32 identified pitfalls occurring throughout the framework;
• a comparison of design study methodology to that of ethnogra-

phy, grounded theory and action research.
We anticipate that a wide range of readers will find this paper use-

ful, including people new to visualization research, researchers expe-
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Screenshot von „A Visual Bibliography of Tree Visualization 2.0“ von Hans-Jörg Schulz

Visualisierung ist mehr als ein Balkendiagramm
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[1] J. Bertin, Semiology of Graphics: Diagrams Networks Maps. Madison: University of Wisconsin Press, 1983. 
[2] S. K. Card, J. D. Mackinlay, and B. Shneiderman, Readings in Information Visualization: Using Vision to Think. San Francisco, 
CA: Morgan Kaufmann, Jan. 1999.

Theoretische Konstrukte aus der Visualisierungstheorie
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Domäne Substrat Mark Typen

Übersetzung in die Sonifikation
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Visualisierung

Übersetzung in die Sonifikation

/2011



Domäne Substrat Mark Typen

Visualisierung

Sonifikation
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Domäne Substrat Mark Typen

Visualisierung Raum

Sonifikation

Übersetzung in die Sonifikation
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Domäne Substrat Mark Typen

Visualisierung Raum

0D: Punkt

1D: Linie

2D: Fläche

3D: Volumen

Sonifikation

Übersetzung in die Sonifikation
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Domäne Substrat Mark Typen

Visualisierung Raum

0D: Punkt

1D: Linie

2D: Fläche

3D: Volumen

Sonifikation Zeit

Übersetzung in die Sonifikation
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Domäne Substrat Mark Typen

Visualisierung Raum

0D: Punkt

1D: Linie

2D: Fläche

3D: Volumen

Sonifikation Zeit 0D: Ein Klang, dessen zeitliche Entwicklung die Daten nicht direkt repräsentiert

1D: Ein Klang, dessen zeitliche Entwicklung die Daten direkt repräsentiert

Übersetzung in die Sonifikation
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Zeit als Substrat

1D auditives Mark

0D auditives Mark

0D auditives Mark

Übersetzung in die Sonifikation
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Domäne Substrat Mark Typen

Visualisierung Raum

0D: Punkt

1D: Linie

2D: Fläche

3D: Volumen

Sonifikation Zeit 0D: Ein Klang, dessen zeitliche Entwicklung die Daten nicht direkt repräsentiert

1D: Ein Klang, dessen zeitliche Entwicklung die Daten direkt repräsentiert

Ziel: Eine gemeinsame Sprache für Visualisierung & Sonifikation

Übersetzung in die Sonifikation
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Das kommende Jahr

• Theorie: Literaturrecherche und zu ökologisch validen audiovisuellen Designs (für explorative Analyse) 

• Design Studie mit echten Daten: Entwicklung eines audiovisuellen Systems zur explorativen Datenanalyse
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