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NSF Panel 1987
“Visualization is a method of 
computing. It transforms the 
symbolic into the geometric, 
enabling researchers to 
observe their simulations and 
computations. Visualization 
offers a method for seeing 
the unseen. ... It studies those 
mechanisms in humans and 
computers which allow them 
in concert to perceive, use 
and communicate visual 
information.”

6

McCormick, DeFanti, Brown:
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Card, MacKinlay, 
Shneiderman 1999

“[Information / Scientific] 
Visualization ... the use 
of computer-supported, 
interactive, visual 
representations of 
[abstract/scientific] data 
to amplify cognition.”

8
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Ware 2004

“Information 
visualization ... is the use 
of interactive visual 
representations of 
abstract data to amplify 
cognition”

9
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Tory & Möller 2004
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2006/07

TVCG 
InfoVis Conf

2009/12

2009 - CFP essentially the same, 
        distinction on data type 

2012 - name SciVis / InfoVis
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Thesis 1

The academic definitions of FooVis and 
BarVis do not accurately reflect their use 
inside or outside of our community.

12
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Superquadric Glyphs for Symmetric Second-Order Tensors

Thomas Schultz and Gordon L. Kindlmann

Abstract—Symmetric second-order tensor fields play a central role in scientific and biomedical studies as well as in image analysis
and feature-extraction methods. The utility of displaying tensor field samples has driven the development of visualization techniques
that encode the tensor shape and orientation into the geometry of a tensor glyph. With some exceptions, these methods work only
for positive-definite tensors (i.e. having positive eigenvalues, such as diffusion tensors). We expand the scope of tensor glyphs to all
symmetric second-order tensors in two and three dimensions, gracefully and unambiguously depicting any combination of positive
and negative eigenvalues. We generalize a previous method of superquadric glyphs for positive-definite tensors by drawing upon a
larger portion of the superquadric shape space, supplemented with a coloring that indicates the tensor’s quadratic form. We show
that encoding arbitrary eigenvalue sign combinations requires design choices that differ fundamentally from those in previous work
on traceless tensors (arising in the study of liquid crystals). Our method starts with a design of 2-D tensor glyphs guided by principles
of symmetry and continuity, and creates 3-D glyphs that include the 2-D glyphs in their axis-aligned cross-sections. A key ingredient
of our method is a novel way of mapping from the shape space of three-dimensional symmetric second-order tensors to the unit
square. We apply our new glyphs to stress tensors from mechanics, geometry tensors and Hessians from image analysis, and
rate-of-deformation tensors in computational fluid dynamics.

Index Terms—Tensor Glyphs, Stress Tensors, Rate-of-Deformation Tensors, Geometry Tensors, Glyph Design.

1 INTRODUCTION

In tensor visualization, glyphs are the method of choice to locally dis-
play the full tensor information at a discrete set of points, by encod-
ing all its degrees of freedom onto the shape and appearance of some
base geometry [47]. Even though glyphs alone rarely provide a self-
contained answer to a scientific question, they can help build under-
standing and intuition about scientific data and the patterns within it.
When inspecting empirically measured data, glyphs allow one to vi-
sually evaluate data quality and detect measurement artifacts. Glyphs
can also provide a useful reference point for understanding tensor data
when creating new tensor visualization methods. Tensors also arise as
ingredients in scalar and vector field analysis algorithms, where glyphs
can help to monitor the progress and outcome of the analysis.

The utility of tensor glyphs has led to the development of a vari-
ety of glyph-based visualization methods [16, 59, 18, 28, 40, 31], but
most of them have either concentrated on the positive-definite case,
such as diffusion tensors [2], or resorted to showing eigenvalue sign
through color alone. In this work, we apply mathematical principles
of symmetry and continuity to evaluate previous methods, and to de-
sign an extension of a previous superquadric glyph [28] to symmet-
ric second-order tensors with both positive and negative eigenvalues.
Our method allows tensor glyphs to better depict stress tensors [18],
rate-of-deformation tensors [34], geometry tensors [32], and Hessians
(second derivatives of scalar fields) [38].

These are domains in which eigenvalue signs indicate important
qualitative aspects. In geometry tensors and Hessians, eigenvalue sign
represents the difference between locally convex and concave surfaces
and functions. Compressive and tensile stress are distinguished by
eigenvalue sign of stress tensors, and in rate-of-deformation tensors it
separates compression from stretch of a volume element. For applica-
tions where eigenvalue signs are so crucial to interpreting the data, our
method conveys them clearly by using eigenvalue signs to determine
glyph shape, in addition to glyph color.

Glyph design is a creative process for which no unique “correct” so-

• The authors are with the Computer Science Department and the
Computation Institute, University of Chicago.
E-mail:{t.schultz,glk}@uchicago.edu.

• Both authors have contributed equally to this work.

Manuscript received 31 March 2010; accepted 1 August 2010; posted online
24 October 2010; mailed on 16 October 2010.
For information on obtaining reprints of this article, please send
email to: tvcg@computer.org.

lution exists. However, various constraints are imposed by tensor alge-
bra and generally accepted rules of good visualizations. In Section 2,
we aim to make it as transparent as possible what these constraints are
and which additional design goals we follow. After reviewing previ-
ous work in Section 3, our new method is described in Section 4 and
justified carefully with respect to these high-level goals. To confirm
that our glyphs can be used in a wide variety of contexts, Section 5
presents results from various applications.

2 TENSOR ALGEBRA AND GLYPH DESIGN

A symmetric second-order tensor D can be decomposed into real
eigenvalues λi (λ1 ≥ λ2 ≥ λ3) and corresponding orthonormal eigen-
vectors ei. With respect to a fixed coordinate system, this eigensystem
decomposition can be written by stacking the ei as columns into a ro-
tation matrix R and collecting the λi in a diagonal matrix Λ:

D = RΛRT (1)

A tensor is positive-definite when λi > 0 for all i, negative-definite
when λi < 0, and indefinite if it has both positive and negative eigen-
values. An eigenplane is a plane spanned by any pair of eigenvectors.
The Frobenius norm ‖D‖ of the tensor is given by

‖D‖ =
√

∑
i

λ 2
i (2)

Based on (1) and (2), we distinguish the overall scale of the tensor
(given by its norm), tensor orientation (given by its eigenvectors), and
tensor shape. In this work, shape denotes the part of the tensor that is
invariant under rotation and uniform scaling, and is described by the

normalized eigenvalues λ̃i = λi/‖D‖. Permutations of eigenvalues are
equivalent to rotations that preserve the set of eigenvectors, so sorted
normalized eigenvalues provide a non-redundant representation of the
range of tensor shapes.

Our tensor glyphs are designed around mathematical considerations
of the eigensystem and its particular symmetries, as well as more gen-
eral principles of visualization. The first principle is that of preserva-
tion of symmetry: tensor glyphs should exhibit the same symmetries
as the underlying tensor, no more or less. We view tensor symmetry
preservation as a special case of the general goals of visualizing only
intrinsic data properties while avoiding misleading artifacts, and using
glyphs to completely depict all data properties. If G(D) is the glyph
for tensor D and T is an isometric linear transformation (such as a
rotation or reflection), preservation of symmetry is formalized as

D = TDT−1 ⇐⇒ G(D) = TG(D) (3)

1595
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Visual Exploration of High Dimensional Scalar Functions
Samuel Gerber, Peer-Timo Bremer, Valerio Pascucci, and Ross Whitaker

Fig. 1. The proposed visualization illustrated on several two-dimensional scalar fields. In the bottom row, each curve represents a
monotonic region of the 2D domain, a geometric summary for each crystal of the Morse-Smale complex of the function above.

Abstract—An important goal of scientific data analysis is to understand the behavior of a system or process based on a sample of
the system. In many instances it is possible to observe both input parameters and system outputs, and characterize the system as
a high-dimensional function. Such data sets arise, for instance, in large numerical simulations, as energy landscapes in optimization
problems, or in the analysis of image data relating to biological or medical parameters. This paper proposes an approach to analyze
and visualizing such data sets. The proposed method combines topological and geometric techniques to provide interactive visual-
izations of discretely sampled high-dimensional scalar fields. The method relies on a segmentation of the parameter space using an
approximate Morse-Smale complex on the cloud of point samples. For each crystal of the Morse-Smale complex, a regression of the
system parameters with respect to the output yields a curve in the parameter space. The result is a simplified geometric representa-
tion of the Morse-Smale complex in the high dimensional input domain. Finally, the geometric representation is embedded in 2D, using
dimension reduction, to provide a visualization platform. The geometric properties of the regression curves enable the visualization
of additional information about each crystal such as local and global shape, width, length, and sampling densities. The method is
illustrated on several synthetic examples of two dimensional functions. Two use cases, using data sets from the UCI machine learning
repository, demonstrate the utility of the proposed approach on real data. Finally, in collaboration with domain experts the proposed
method is applied to two scientific challenges. The analysis of parameters of climate simulations and their relationship to predicted
global energy flux and the concentrations of chemical species in a combustion simulation and their integration with temperature.

Index Terms—Morse theory, High-dimensional visualization, Morse-Smale complex.

1 INTRODUCTION

Visual representations of high-dimensional scalar fields are becoming
an increasingly important challenge in a variety of fields. To illus-
trate the problem, consider the manufacture of concrete. The recipe,
or ingredients, for concrete consists of various mixtures of a variety of
constituents, such as rock, cement, and water, as well as age. A quan-
titative measure of the success of such a particular recipe is compres-
sive strength. Different aspects, or parameters, of the concrete recipe
can interact to impact the compressive strength in complicated, non-
linear relationships. A typical regression analysis provides the math-
ematical relationship, but visualizing and understanding the resulting
high-dimensional structure is still quite difficult and does not directly
answer many of the relevant questions. In particular, a civil engineer
might like to know if there are multiple distinct recipes for strong con-
crete. Additionally, one may want to understand how the recipes for

• Samuler Gerber, Valerio Pascucci and Ross Whitaker are with the
Scientific Computing and Imaging Institute, University of Utah.

• Peer-Timo Bremer is with the Center of Applied Scientific Computing
(CASC), Lawrence Livermore National Laboratory.

Manuscript received 31 March 2010; accepted 1 August 2010; posted online
24 October 2010; mailed on 16 October 2010.
For information on obtaining reprints of this article, please send
email to: tvcg@computer.org.

weak concrete differ from these optimal mixtures, and what particu-
lar deviations from ideal should be avoided. Furthermore, an engineer
might like to know how to make small modifications to a current recipe
in order to realize incremental improvements, and what the risk is that
these changes could make things worse. A similar set of problems
arises in numerical simulations, where a great variety of free param-
eters can interact to affect the results. Indeed, the parameters in a
simulation are the recipe for achieving certain quantitative outcomes,
and there exists a set of questions analogous to those in the concrete
example. Our proposition is that this kind of analysis demands new
visualization tools that can aggregate data and effectively reduce the
dimensionality while respecting the important structure introduced by
the output variable. These tools need to capture not only global in-
formation, such as the overall topology of these relationships, but also
local information, such as the geometry of these functions.

The relationship of concrete mixtures and compressive strength can
be represented as a high dimensional scalar function y = f (x), where
x ∈ Rd are the parameters (ingredients and recipe) and y ∈ R is the
output (compressive strength). Conventional multiple regression of f
assumes a set of samples yi = f (xi), and attempts to reconstruct f for
the entire domain. Of course, the number of samples must be larger
than the degrees of freedom in the model, and in high-dimensional
spaces model selection becomes a critical problem. The resulting sur-
rogate model of f may subsequently be used to predict the output for
new inputs and for analysis in lieu of f . The goal of this paper is sub-

1271

         1077-2626/10/$26.00 © 2010 IEEE       Published by the IEEE Computer Society

IEEE TRANSACTIONS ON VISUALIZATION AND COMPUTER GRAPHICS, VOL. 16, NO. 6, NOVEMBER/DECEMBER 2010



Torsten MöllerEuroVis June 2012
15

A. Kerren et al. (Eds.): Information Visualization, LNCS 4950, pp. 19 – 45, 2008. 

© Springer-Verlag Berlin Heidelberg 2008 

Evaluating Information Visualizations 

Sheelagh Carpendale 

Department of Computer Science, University of Calgary, 

2500 University Dr. NW, Calgary, AB, Canada T2N 1N4 
sheelagh@ucalgary.ca 

1  Introduction 

Information visualization research is becoming more established, and as a result, it is 

becoming increasingly important that research in this field is validated. With the gen-

eral increase in information visualization research there has also been an increase, 

albeit disproportionately small, in the amount of empirical work directly focused on 

information visualization. The purpose of this paper is to increase awareness of em-

pirical research in general, of its relationship to information visualization in particu-

lar; to emphasize its importance; and to encourage thoughtful application of a greater 

variety of evaluative research methodologies in information visualization. 

One reason that it may be important to discuss the evaluation of information visu-

alization, in general, is that it has been suggested that current evaluations are not con-

vincing enough to encourage widespread adoption of information visualization tools 

[57]. Reasons given include that information visualizations are often evaluated using 

small datasets, with university student participants, and using simple tasks. To en-

courage interest by potential adopters, information visualizations need to be tested 

with real users, real tasks, and also with large and complex datasets. For instance, it is 

not sufficient to know that an information visualization is usable with 100 data items 

if 20,000 is more likely to be the real-world case. Running evaluations with full data 

sets, domain specific tasks, and domain experts as participants will help develop 

much more concrete and realistic evidence of the effectiveness of a given information 

visualization. However, choosing such a realistic setting will make it difficult to get a 

large enough participant sample, to control for extraneous variables, or to get precise 

measurements. This makes it difficult to make definite statements or generalize from 

the results. Rather than looking to a single methodology to provide an answer, it will 

probably will take a variety of evaluative methodologies that together may start to 

approach the kind of answers sought.  

The paper is organized as follows. Section 2 discusses the challenges in evaluating 

information visualizations. Section 3 outlines different types of evaluations and dis-

cusses the advantages and disadvantages of different empirical methodologies and the 

trade-offs among them. Section 4 focuses on empirical laboratory experiments and the 

generation of quantitative results. Section 5 discusses qualitative approaches and the 

different kinds of advantages offered by pursuing this type of empirical research. 

Section 6 concludes the paper. 
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Eurographics/ IEEE-VGTC Symposium on Visualization 2008
A. Vilanova, A. Telea, G. Scheuermann, and T. Möller
(Guest Editors)

Volume 27 (2008), Number 3

Interactive Exploratory Visualization of 2D Vector Fields

Tobias Isenberg1,2 Maarten H. Everts1 Jens Grubert2 Sheelagh Carpendale2

1University of Groningen, The Netherlands 2University of Calgary, Canada

Abstract

In this paper we present several techniques to interactively explore representations of 2D vector fields. Through

a set of simple hand postures used on large, touch-sensitive displays, our approach allows individuals to custom-

design glyphs (arrows, lines, etc.) that best reveal patterns of the underlying dataset. Interactive exploration of

vector fields is facilitated through freedom of glyph placement, glyph density control, and animation. The custom

glyphs can be applied individually to probe specific areas of the data but can also be applied in groups to explore

larger regions of a vector field. Re-positionable sources from which glyphs—animated according to the local vector

field—continue to emerge are used to examine the vector field dynamically. The combination of these techniques

results in an engaging visualization with which the user can rapidly explore and analyze varying types of 2D

vector fields, using a virtually infinite number of custom-designed glyphs.

Categories and Subject Descriptors (according to ACM CCS): I.3.6 [Computer Graphics]: Methodology and
Techniques—Interaction techniques; I.3.m [Computer Graphics]: Miscellaneous—Visualization

1. Introduction

Vector field data arises in many scientific and technical
applications. Thus, vector and flow field visualization has
been an important research domain for visualization. Many
successful techniques have been developed to help people
understand the properties of such datasets. However, tradi-
tional vector field visualization typically relies on producing
static images. For example, line integral convolution (LIC,
[CL93]) or the extraction of topologic properties [LHZP07]
both produce one image per vector field (or possibly an ani-
mation or 3D shape) that can then be examined by the viewer.
Using these techniques, exploration of a dataset is limited to
setting parameters for the automatic image generation and
then browsing through the final results. By providing tech-
niques to interactively explore vector data in chosen regions
using a set of custom-designed glyphs, we offer additional
exploration possibilities that go beyond simple parameter
changes of automated glyph placement algorithms.

Interactive exploratory visualization of vector fields al-
lows people who need to analyze such information to probe
vector data locally, to place multiple glyphs to show larger-
scale properties, and to place glyph sources to explore the
directional properties of the data. Our interface allows peo-
ple to use hand postures to sketch custom glyphs that are

best able to reveal data properties and supports interactive
distribution of these glyphs. This combination of custom-
designed glyphs with direct-touch interaction through a min-
imalistic interface enables users to both explore the data in-
depth as well as to annotate traditional vector field renditions.
We emphasize with our approach the necessity of physically
and intuitively interacting with visualizations, rather than
just tweaking parameters and observing their effects in still
images. While our system works best on touch-sensitive wall
displays, it can also be used with desktop and mouse setups.

The paper is organized as follows. In Section 2 we re-
view previous work related to our approach in the area of
vector visualization. Next, Section 3 introduces our concept
of interactive exploratory vector field visualization before
we show possible application scenarios in Section 4. Sec-
tion 5 reports on a preliminary evaluation of the presented
techniques while Section 6 discusses technical aspects of the
realization and points out some limitations. We conclude the
paper in Section 7 and suggest directions for future work.

2. Related Work

Previous work in vector field or flow visualization can be
classified in one of four categories [LHD⇤04]: direct visual-

© 2008 The Author(s)
Journal compilation © 2008 The Eurographics Association and Blackwell Publishing Ltd.
Published by Blackwell Publishing, 9600 Garsington Road, Oxford OX4 2DQ, UK and
350 Main Street, Malden, MA 02148, USA.
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Process and Pitfalls in Writing Information
Visualization Research Papers

Tamara Munzner

University of British Columbia
tmm@cs.ubc.ca, http://www.cs.ubc.ca/⇠tmm

Abstract. The goal of this paper is to help authors recognize and avoid
a set of pitfalls that recur in many rejected information visualization
papers, using a chronological model of the research process. Selecting a
target paper type in the initial stage can avert an inappropriate choice
of validation methods. Pitfalls involving the design of a visual encoding
may occur during the middle stages of a project. In a later stage when
the bulk of the research is finished and the paper writeup begins, the
possible pitfalls are strategic choices for the content and structure of the
paper as a whole, tactical problems localized to specific sections, and
unconvincing ways to present the results. Final-stage pitfalls of writing
style can be checked after a full paper draft exists, and the last set of
problems pertain to submission.

1 Introduction

Many rejected information visualization research papers have similar flaws. In
this paper, I categorize these common pitfalls in the context of stages of the
research process. My main goal is to help authors escape these pitfalls, espe-
cially graduate students or those new to the field of information visualization.
Reviewers might also find these pitfalls an interesting point of departure when
considering the merits of a paper.

This paper is structured around a chronological model of the information
visualization research process. I argue that a project should begin with a careful
consideration of the type of paper that is the desired outcome, in order to avoid
the pitfalls of unconvincing validation approaches. Research projects that involve
the design of a new visual encoding would benefit from checking for several
middle-stage pitfalls in unjustified or inappropropriate encoding choices. Another
critical checkpoint is the late stage of the project, after the bulk of the work is
done, but before diving in to writing up results. At this point, you should consider
both strategic pitfalls about the high-level structure of the entire paper, tactical
pitfalls that a↵ect one or a few sections, and possible pitfalls in the specifics of
your approach to the results section. At a final stage, when there is a complete
paper draft, you can check for lower-level pitfalls of writing style, and avoid
submission-time pitfalls.

I have chosen a breezy style, following in the footsteps of Levin and Re-
dell [22] and Shewchuk [34]. My intent is serious, but I have tried to invent
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Example - PostDoc ad
Fellowship in Information Visualisation for the Biological Sciences, University of 
YVZ 

We are looking for an exceptional Senior Research Fellow to oversee the 
creation and management of 3D visualisation solutions across the 2020 Science 
research programme. ... The postholder will be expected to design and 
implement a visualisation strategy across the programme to determine where 
visualisation solutions would be most appropriate and the form they might take. 

We will consider candidates from various backgrounds, but all must be able to 
give evidence of their ability to produce outstanding and novel scientific 
visualisations and communicate their work effectively to a diverse mix of 
academics and scientists.  Applicants should have a degree or PhD in a relevant 
area (e.g. Information Design, Computational Science, Mathematical or 
Computational Biology,  Applied Mathematics, or Computer Science) coupled 
with an excellent portfolio of research in visualisation or information design.

18
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Thesis 2

Our community enjoys a strong separation 
of FooVis and BarVis, and real animosities 
exist.

19
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Political / Personalities

•Personal communication: 

- "BarVis is not a real science" 

- "FooVis is just a tiny niche area, not 
relevant for the bigger picture" 

•Political power struggle about influence 
(steering committees, VGTC)

24
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“Lieber das halbe 
Deutschland ganz als das 
ganze Deutschland halb.”

“Better to control half of 
Germany fully than all of 
Germany partially.”

Konrad Adenauer (1876-1967) 
First (West) German Chancellor

Wikipedia
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What is so special 
about a data modality?

•Thesis 1: Academic definitions based on 
data modality do not reflect real use 

•Thesis 2: There is a great ideological 
divide 

•What is it about?

26
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Main thesis

The difference of FooVis vs. BarVis is 
anchored in the different scientific 
approach being taken - one is about 
mathematical modeling and reasoning 
(based on natural/hard science) while the 
other is about an human-centered 
modeling and reasoning (based on social/
soft science).

27
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Evidence 1 
hard vs. soft sciences

28
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Auguste Compte (1798 -- 1857)



Torsten MöllerEuroVis June 2012
30

(c) Balaban and Klein 2006: 
”Is chemistry ‘The Central Science’? How are different sciences 
related? Co-citations, reductionism, emergence, and posets” 
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Hard vs. soft science
•Smith, et al. (2000), "Scientific Graphs and the 

Hierarchy of the Sciences": 
“It is commonly believed in our culture that a 
distinction can be drawn between the ‘hard’ 
sciences and the ‘soft’ sciences.  Although these 
categories are not always clear-cut, most people 
have some sense of what the hard-soft distinction 
means. In the survey you are being asked to fill out, 
we are interested in your impressions of which areas 
of science can be considered relatively hard and 
which can be considered relatively soft.”
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Hard vs. soft science

9.35 for physics 
8.85 for chemistry 
7.95 for biology 
7.15 for medicine 
6.15 for psychology 
5.10 for economics 
3.39 for sociology

1 3 5 7 9 

Physics 

Chemistry 

Biology 

Medicine 

Psychology 

Economics 

Sociology 
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Graphism thesis

•Bruno Latour, 1990, “Drawing Things Together”: 

1. Graphs are immutable 

2. Graphs are readable 

3. Graphs are scalable 

4. Graphs are combinable 

➡   Graphs are persuasive 

➡   “Inscriptions allow Conscription”

33
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Fractional Graph Area

•FGA: proportion of an article’s total page 
area that is devoted to graphs 

- Recorded for 50 articles 

- Randomly sampled from 4 (or in some 
cases 5) journals  

- In each of 7 disciplines  

- For the years 1980 and 1981.

34

Cleveland, 1984: "Graphs in Scientific Publications"
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Smith, Best, Stubbs, Johnston, Archibald (2000) 
"Scientific Graphs and the Hierarchy of the Sciences"
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Hence ...

•Statistical measures to tell apart different 
scientific approaches 

•What about our community?
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Evidence 2 
the data

37
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VisWeek: graphs
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VisWeek: figures



Torsten MöllerEuroVis June 2012
40

VisWeek: equations
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VisWeek: equations

41
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VisWeek: equations

42

Best Paper 2003: 
Smooth and Efficient Zooming and Panning 

Jarke J. van Wijk, Wim A.A. Nuij
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FooVis vs. BarVis =  
Hard vs. Soft

•There is a gap in our approach to 
Visualization 

•It is not about data modality! 

•“Different” is not right or wrong 

•Approaches are complementary

43
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Two-State Solution Vs. 
Federal Republic

44
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Recapture

•Academic definitions of FooVis vs. 
BarVis do not capture their general use 
and understanding 

•FooVis vs. BarVis demarcates a strong 
ideological divide 

•Let us not repeat a culture war!

45
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C.P. Snow, 1956 
The Two Cultures

•“Literary intellectuals” vs. “scientists” 

•Our culture has become too fragmented 

•Losing sight of the big picture

46
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Two-state-solution vs. 
federal republic

•Two-state solution: necessary when 
ideological divide is unsurmountable or 
when the cultures are much too different

47
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Overcoming the divide

Wikipedia
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Rosa Luxemburg (1871-1919)

"Freiheit ist immer die 
Freiheit des 
Andersdenkenden"

"Freedom is always the 
freedom of the one  
who thinks differently"

Wikipedia
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Interdisciplinary 
approach

Anders Karlqvist, 1999, "Going Beyond Disciplines" 

1. Doing the same thing in different ways 

2. Doing different things that can be combined  

3. Doing different things that cannot be combined 
absent an additional framework 

4. Doing things differently  

5. Thinking differently  

50
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BarVis FooVis
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GraphVis

VolGraph

Interaction

Topology
HiDim

Perception

Mappings

TextVis

Evaluation

Theory

Uncertainty

FlowVis
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The Federal Republic 
of Visualization

•We have much to gain from creating a common 
visualization culture that embraces both world 
views - mathematical modeling as well as 
human-centered modeling 

•Embrace diversity 

•Create a stronger, better educated community 

•Ability to create better tools for our users 

•Increased reputation among the other sciences

53
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What is Visualization?
“Visualization is a method of 
computing. It transforms the 
symbolic into the geometric, 
enabling researchers to 
observe their simulations and 
computations. Visualization 
offers a method for seeing 
the unseen. ... It studies those 
mechanisms in humans and 
computers which allow them 
in concert to perceive, use 
and communicate visual 
information.”
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McCormick, DeFanti, Brown:
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What is Visualization?

“Computer-based visualization systems 
provide visual representations of datasets 
intended to help people carry out some 
task more effectively”
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Tamara Munzner 2011:
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F.R.V.: A constitution

•Visualization 101: strike a balance 
between  

- mathematical and human-centered 

- algorithmic and empirical 

- programming and design
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F.R.V.: The provinces

•Data (GraphVis, VolVis, TextVis, etc.) 

•Methods (Evaluation, Interaction, etc.) 

•Applications (BioVis, SoftVis, VisSec, 
MathVis, etc.)
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Visualization -  
The good news

•EuroVis! 

•TVCG 

•some encouraging books
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Hansen & Johnson 
2005

•Offer McCormick’s 
definition 

•Focuses on rendering 
and analysis of 3D 
volumetric data 
(volume graphics)
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Ward, Grinstein, 
Keim, 2010

Visualization ... the 
communication of 
information using 
graphical 
representations.
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http://www.idvbook.com/
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Swords into Plowshares 
Schwerter zu Pflugscharen
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Clarity

•Let’s embrace “Visualization” as the broad 
term of our community and our research 

•FooVis vs. BarVis: imprecise, re-enacts 
ideological borders 

•Visualization = GraphVis, Volume 
Graphics, Topology, Interaction, 
Evaluation, FlowVis, Visual Mappings, etc.
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Clarity

•Instead of “we need a reviewer with 
expertise in BarVis” 

•Let’s say “we need a reviewer with 
expertise in GraphVis” 

•Instead of “Have a look at the FooVis 
wiki” 

•Let’s say “Have a look at the Vis wiki” 

67



Torsten MöllerEuroVis June 2012

Let’s talk about 
Visualization ...

•Challenges 

•Teaching 

•Textbooks 

•Research 

•Solutions
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GraphVis

VolGraph
Interaction

Topology

HiDim

Perception

Mappings

TextVis

Evaluation

Theory

Uncertainty

FlowVis
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Visualization 
challenges

•Scalability 

•Quantify Effectiveness 
vs. Feature detection 

•Multifield / High-Dim 
Visualization 

•Integrated Problem 
Solving Environments 

•Theory of Visualization
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Chris Johnson, 2004: Top Scientific Visualization Research Problems
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Scalability

•Big Data 

•Independent of data modality 

•Technical challenges (engineering, 
modeling) 

•Cognitive challenges

70

Daniel Keim, Dagstuhl 2009
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Quantify effectiveness 
vs. Feature detection
•Evaluation is difficult 

•Qualitative and quantitative approaches 

•Sophisticated analysis algorithms 

•State-of-the-art in math, stats, and 
engineering
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Multi-field / High-dim

•Appears in all application domains 

•Model building in both “hard” and “soft” 
sciences 

•Simulation is a driving force for 
computational science
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Lots of work both 
FooVis and BarVis

•HyperSlice (1993) 

•Visplore (2010) 

•Tuner (2011) 

•FluidExplorer (2011)
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•Prosection Matrix (1998) 

•Paramorama (2011) 

•Vismon (2012)
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Multi-field / High-dim

•Sampling 

•Rendering / Display 

•Features 

•Computing uncertainty
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•Cognition 

•Design 

•Ethnography 

•Conveying sensitivity
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Visualization theories / 
Visualization education

•Mathematics 

•Statistics 

•Design Principles 

•Perception 

•Interaction 

•Evaluation
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My wish list
•Clarity in our language 

•Unified community 

•Extend your horizon 

- Read up on design studies 

- Understand clustering, segmentation and 
rendering techniques 

- Collaborate with real users 

•Visualization 101
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http://i.sfu.ca/QsxEhx
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But what about VA ...?



Torsten Möller

Human-centric

80

•1987 - the focus was 
on scientists, hence 
“scientific 
visualization” 

•mid-90ies: influence of 
HCI terminology: focus 
broadened to users 

•VA focuses on analysts

Scientists

Users
Analysts



Torsten Möller

Mathematics

81

•a focus on algorithms 
for analysis is welcome 

•VA constraints itself to 
statistical analysis 

•Vis includes tools in 
signal processing, 
numerics, topology, 
etc.

Vis
VA



Torsten MöllerEuroVis June 2012

Math+Humans
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M
at

h

Humans

FooVis

Ba
rV

is

VA?


