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Abstract. Teaching InfoVis is a challenge because it is a new and grow-
ing field. This paper describes the results of a teaching survey based on
the information given by the attendees of Dagstuhl Seminar 07221. It
covers several aspects of offered InfoVis courses that range from differ-
ent kinds of study materials to practical exercises. We have reproduced
the discussion during the seminar and added our own experiences. We
hope that this paper can serve as an interesting and helpful source for
current and future InfoVis teachers.

1 Introduction

Education is an important aspect of any emerging and rapidly evolving disci-
pline and this is certainly the case in Information Visualization (InfoVis) with its
emphasis on the exploratory development of knowledge. Most of the researchers
participating in the Dagstuhl seminar and contributing to this volume are in-
volved in helping students graduate with competencies in visualization. The
growing number of courses in Information Visualization is matched by the vari-
ety of styles of courses offered, in terms of course content, materials used, and
evaluation methodologies. Attendees at Dagstuhl seminar were curious to learn
about the courses others offered and the approaches and resources that were be-
ing used, and so a session on Information Visualization teaching and education
was held.

To prepare for that session and benchmark current offerings, Keith Andrews
from Graz University, Austria, prepared a survey about InfoVis-related courses
and distributed it to the attendees. The survey was intended to gather a va-
riety of information, mostly demographic, including teaching styles, textbooks,
enrollments, teaching aids, examinations, etc. Nineteen participants completed
the survey and described their courses. This paper presents the survey results
and includes the perspectives of some of the participants in relation to their
own teaching experience in light of these and discussions amongst colleagues at
Dagstuhl.
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The survey consisted of four different parts. The specific questions included
in each part are listed below.

1. General Information
(a) Instructor name
) Educational organization
) Title of course
) Course home page (URL)
e) Last taught (date)
) Course level (graduate or undergraduate)
) Course hours per week
) Course number of weeks
(i) Enrollment (number of students)
2. Teaching Aids
(a) Do you use one or more textbooks (yes, no)?
i. If so, which ones?
(b) Do you assign papers for compulsory assigned reading (yes, no)?
i. If so, which ones?
(¢) Do you have your own set of lecture notes (yes, no)?
i. URL (if available)?
(d) Do you have teaching assistants for the course (yes, no)?
i. If so, how many?

3. Practical Exercises (Projects)

(a) Do you use practical exercises or projects (yes, no)?
i. If so, please describe a typical exercise or project.
ii. If so, how do you grade the practical exercises or project?
4. Examination or Test
(a) Do you have an examination (yes, no)?

i. If so, written or oral exam?
ii. If so, please describe a typical exam question.

Firstly, we briefly review the results of the survey. Section [B] summarizes the
topics discussed during the interactive session on teaching at the seminar. Fi-
nally a selection of participants reflect upon how these issues relate to their own
experience of teaching Information Visualization in Section [l

2 Results

We present the results in four sections, one for each of the sections of the survey.
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2.1 General Information

The first part of the survey gives an overview of the courses offered at the dif-
ferent universities represented by the Dagstuhl participants and provides some
details about the courses themselves. Table [[lshows the responses obtained from
this part. A balance of European and North-American universities were repre-
sented by participants in the survey results. The majority of courses were focused
on the “core field” of information visualization (about 68%). Two courses were
about visualization/computer graphics in general, and the rest were about appli-
cation fields (e.g. geographic visualization) or broader topics, such as information
interfaces or visual communication. This scope reflects the broad and interdisci-
plinary nature of Information Visualization and provides some indications as to
why developing an agreed Information Visualization curriculum may be difficult.

Most of the courses (79%) had their own publicly accessible web page provid-
ing access to course related information. Nearly all the referenced courses were
given in 2006 and 2007. Since all the responding instructors are active researchers
in the field as well, we can assume that all these courses covered the current state
of the art in information visualization. Because the detailed curriculum for the
courses was not part of the survey, we do not have details about actual course
content. The web pages associated with each of the courses are a rich source of
information however and we used these to gather keywords associated with the
curricula of each. Figure[I]shows a tag cloud generated from these keywords that
gives a flavor of the variety and importance of different topics across the courses.
The dominant words reflect some of the tensions in Information Visualization
education, with a collective need to focus on data—its dimensionality and struc-
ture, techniques for layout and visual encoding and people and their responses
to these methods and the systems through which they are accessed. Perhaps
the tag cloud and the varied responses suggest a need for systematic research to
learn about the range of approaches that are used in teaching Information Vi-
sualization and related topics. The session discussion, summarized in Section [3]
led to more insight about this, but it was not a comprehensive examination.

Most courses were taught at the graduate level, with only two being un-
dergraduate courses. At the bottom of Table[Il descriptive statistics about the
results of questions Q1g-Q1i on course duration and size are provided. The av-
erage duration of a course and the number of hours of weekly meeting time are
relatively consistent across the group. Note that most class sizes are relatively
small, echoing the fact that Information Visualization is still a relatively new
and growing area. Here, the undergraduate course #16 seems to be an outlier
because of its large enrollment. However, this course is a compulsory course
on computer graphics and visualization, and the instructor plans to divide this
course into two parts in the future.

2.2 Study Materials and Teaching Aids

Textbooks (Q2a): About 72% of all the instructors (13 in total) used one or
more textbooks in their courses. The most popular books were those by Colin
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Table 1. Results of Part 1 of the Survey on General Information together with a brief descriptive Analysis.

|#]Qla Q1b Qlc Q1d Qle Q1f Qlg Q1h Q1i
1 |[Keith Andrews  TU Graz, Austria Information Visualisation [M] Summer 2007 g 3 14 15
2 |Jason Dykes City University London, UK GeoVisualization — Spring 2007 g 3 12 22
3 |Achim Ebert TU Kaiserslautern, Germany Information Visualization — Winter 04/05 g 2 14 18
4 |Helwig Hauser TU Vienna, Austria Information Visualization [23] Summer 2007 g 3 15 30
5 [Jeffrey Heer UC Berkeley, USA Visualization [25] Spring 2006 g 3 16 20
6 |T.J. Jankun-Kelly Mississippi State University, USA Information Visualization [28] Fall 2006 g 3 15 12
7 |Daniel Keim University of Constance, Germany Information Visualization [29] Summer 2007 g 5 14 20
8 |Andreas Kerren TU Kaiserslautern, Germany Information Visualization [34] Winter 06/07 g 2 14 9
9 |Robert Kosara UNC Charlotte, USA Visual Communication in Computer [39] Spring 2007 g 3 18 15
Graphics and Art
10|Kwan-Liu Ma UC Davis, USA Information Visualization [43] Winter 2006 g 3 10 12
11|{Kwan-Liu Ma UC Davis, USA Information Interfaces [44] Spring 2007 uwg 3 10 17
12|Guy Melancon University of Bordeaux, France ~ Models and Algorithms for Informa- — Fall 2006 g 3 11 15
tion Visualization and Bioinformatics

13|Silvia Miksch TU Vienna, Austria Information Visualization [48] Winter 2006 g 3 14 30
14| Tamara Munzner UBC Vancouver, Canada Information Visualization [51] Fall 2006 g 3 13 15
15|Chris North Virginia Tech, USA Information Visualization 53] Spring 2007 g 3 15 25
16|Jonathan Roberts University of Kent, UK Computer Graphics and Visualisation — Summer 2005 ug 2 12 60
17|John Stasko Georgia Tech, USA Information Visualization [64] Spring 2006 g 3 15 35
18|Matt Ward WPI, USA Data Visualization [70] Spring 2006 g 3 14 10
19|Jing Yang UNC Charlotte, USA Information Visualization [72] Spring 2007 g 3 11 9
Arithmetic Mean | 3 14 20

Median | 3 14 17
Standard Deviation | 0.6 2.1 12.1
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Fig.1. Tag cloud of course topics. Includes courses with Web pages in the English
language for which a URL was provided.

Ware and Robert Spence. The following list shows all books used by instructors
of InfoVis courses in descending order of popularity.

1. Information Visualization: Perception for Design. Colin Ware [71].
2. Information Visualization: Design for Interaction. Robert Spence [62].
3. Readings in Information Visualization: Using Vision to Think. Stuart Card,
Jock Mackinlay, and Ben Shneiderman (Eds.) [g].
4. Envisioning Information. Edward Tufte [67].
5. Visualisierung — Grundlagen und allgemeine Methoden, Heidrun Schumann
and Wolfgang Miiller [58] (in German).
6. — Human-Centered Visualization Environments. Andreas Kerren, Achim
Ebert, and Jorg Meyer (Eds.) [35].
— Information Visualization: Beyond the Horizon. Chaomei Chen [9].

Some respondents noted that they also used Tufte’s other books [69,68] for
specific aspects of the course or as a focused topic, rather than as a general
textbook. Other courses cover more general fields, such as (Data) Visualization
(#5, #18, ...), with information visualization as part of them. In these courses,
other textbooks were used, for example the VITK Book [57], Designing Visual
Interfaces by Mullet and Sano [50], or [58][30,42]1618]. Those teaching visual-
ization in a particular domain (e.g. GeoVisualization (#2)) used more specific
texts associated with the relevant discipline [60,1549]. Figure 2lshows the usage
of books for all courses listed in Table [l

Papers for Compulsory Assigned Reading (Q2b): 68% of the courses
used research papers for compulsory assigned reading. Many different papers
were used so an exhaustive listing here is not appropriate. Most papers were
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H:

Slocum et al.
Ware
Fayyad et al.
Tufte
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Card et al.
Lichtenbelt et al.

5

Absolute Usage (13 instructors in total)

Fig. 2. Usage of books for all courses ordered by publication date.

selected from the IEEE InfoVis and Vis Conference proceedings as well as from
the ACM CHI proceedings.

Students typically had to prepare a short presentation about a research paper
in these courses. This helps students gain skills in oral communication (partic-
ularly if presentations are critiqued in class) and helps the courses to explore a
variety of different visualization approaches and techniques in discussion. Such
a presentation also could be part of a larger practical exercise or project (see

Section 23]).

Own Lecture Notes (Q2c): Interestingly, all the instructors used their own
course lecture notes (many as PowerPoint slides). 58% published their lecture
notes on the course web site without any restriction. We assume that the re-
maining instructors either offered their notes on the web with restricted access
or simply used the notes to lecture from.
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Teaching Assistants (Q2d): More than the half of all instructors (58%) had
no teaching assistant (TA) to support their course. In these cases, we can assume
that instructors also supervised practical exercises which were offered in almost
all courses. Only two courses were supported by two TAs, and the rest had
one TA. These figures may be due to small classes that were reported in most
cases, but might be indicative of a lack of support for teaching and learning in
Information Visualization, which is a very practical activity. Any such trend may
be of concern to InfoVis educators.

2.3 Practical Exercises

Survey analysis showed that nearly all courses (95%) had practical exercises
or projects. However, a wide variety of different types of exercises were noted.
One of the most common practical exercises cited was to have students use
InfoVis tools and then critique them. For example, students may choose from
a set of provided interesting datasets (election results, finance data, etc.) and
then they examine the datasets using the different InfoVis systems to reason
about analytic questions or tasks provided by the instructor or generated by
the student. These exercises often conclude with a written report evaluating
the tools and their effectiveness for the analysis. Alternately, some instructors
give students freedom to choose/generate their own input data. From the survey
results, the tools used most in such exercises are as follows:

— Spotfire, TIBCO Software, Inc. [63],

— TableLens, Inxight Software, Inc. [66],

— ILOG Visualization Suite, ILOG, Inc. [26],

— Tableau Desktop, Tableau Software, Inc. [65],
InfoZoom, humanlIT Software GmbH [27], and
KidPad, University of Maryland [38§].

The KidPad tool provides a set of zooming user interface and visualization facil-
ities so it can be used to develop small stand-alone visualizations on individual
topics. Thus, students may be asked to build a visualization on the basis of self-
chosen or self-generated data sets together with some conditions, e.g., to think
about designing overviews or spatial layout.

Another common approach of practical exercises is based on the idea that
students should implement the fundamental idea of a research paper. As a first
step, students (typically groups of at most three students) choose a paper from
a list given by the instructor. Next, the students prepare a brief presentation to
explain the fundamental idea and to give an overview on the planned implemen-
tation. This presentation helps to minimize the danger that the students will
become too focused on low-level details. To conclude, the students present and
demonstrate their tools in the classroom.

A last example of a common practical exercise is based on a special type of
data in information visualization: graphs and networks. In order to help students
better appreciate the difficulty of graph layout, the instructor has students draw
a small graph of 10-15 nodes based on only the connectivity of the graph’s
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vertices. Students are instructed to make their graph drawing as aesthetically
pleasing as possible. When all the drawings are submitted, students view all the
different efforts and vote to select the best ones. In class discussion, students
explain why they voted as they did, and this can lead to a discussion of graph
drawing metrics, e.g., that edge crossings and bends have a negative effect on
aesthetic quality, etc. Such metrics are the basis of graph drawing algorithms
that could be analyzed by the students in a second step.

Grading of Practical Exercises: One can classify the described approaches
for practical exercises into two main groups:

1. implementation of a specific technique or implementation of a visualization
to solve a specific problem, and

2. examination of the usefulness of a given tool or visualization approach, such
as a commercial visualization system or graph drawing metrics, etc.

Grading of assignments of the first type can based on the overall quality of the
implementation itself, i.e., the instructor and/or TA evaluate the needed time,
aesthetic aspects, level of effort (complexity), usability, and capability provided
by the tool to get more insight about the chosen data set. Both types of assign-
ments can be combined with an oral presentation in the classroom. In this case,
the quality of the presented slides, lecture style, originality, and the presentation
quality itself can be used to evaluate presentation skills if these are intended
learning outcomes—and it is increasingly acknowledge as desirable to incorpo-
rate the teaching and learning of skills into the subject-area curriculum rather
than dealing with this independently. The survey yielded one interesting case in
which the students themselves voted on the best presentation(s).

2.4 Examination

More than the half (63%) of the surveyed courses had examinations of some
kind. The most common form was a written exam (37%), particularly in the
United States, but a notable portion (21%) used oral exams and 5% used both.
Oral examinations were used in Europe only, where there is a tradition of oral
examination for advanced level courses.

The survey also gave some insight into the different kinds of typical exam
questions (Q4alii]). There are a lot of different variants; a selection of the most
asked questions includes:

— Explain technique X for the visualization of problem Y.

— Given is a concrete problem and a task to be fulfilled. Which technique would
you use?

— Compare technique X with technique Y.

— Explain the construction of a Treemap, Starplot, Circle Segments, ...

— What are the advantages/disadvantages of technique X?

— What is a preattentive feature?

— What are the principles of using color?
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This list only gives a rough overview about the issues that are important for the
instructors. The course web pages do not provide additional detail—we found
no specific exam questions or model answers when investigating methods of ex-
amination further. In general, we could observe that examiners focus not only
on technical approaches or methods, but also students’ capabilities for critical
reflection and to demonstrate their working knowledge of human visual percep-
tion.

3 Seminar Discussions

In the seminar session about teaching, Keith Andrews first presented the initial
survey result data. Next, workshop attendees discussed a variety of issues related
to teaching including “best practices” and ways to improve all our courses.

Curriculum:: A common problem reported by the attendees was some uncer-
tainty about how to logically organize the set of topics in an InfoVis course.
For example, Robert Spence’s 2nd edition textbook on information visualization
follows the classical pipeline model of representation (data types, tree represen-
tations, ...), presentation (space and time limitations, including zooming, distor-
tion, ...), and interaction (navigation, browsing, mental models, ...) [62]. Many
alternative ways of organizing course content exist, however. One suggestion was
to consider four cross-cutting dimensions: data types, domains, techniques, and
methodologies. Cognitive and perceptual issues were presented as an alternative
dimension of importance. The group did not come to any decisions about what
the most suitable structure would be since this is clearly dependent on the ori-
entation of the course and its learning aims. Simply being aware of alternate
orderings is valuable as instructors consider alternatives however.

Study Materials: The discussion on the use of research papers for compulsory
reading identified many different strategies for doing so. Many attendees echoed
a frustration about the difficulty in getting students to actually read assigned
articles, so many of the strategies addressed this particular issue. Several partic-
ipants reported about their own experiences and ideas, a number of which are
listed below.

— Papers are assigned, and students must present them. This takes place in
parallel with the regular lectures. This procedure seems to be pedagogically
beneficial because students learn to read actual research work, to prepare
a short talk and to give a presentation in the classroom. A disadvantage is
that student presentations vary greatly in quality. Some colleagues reported
on students losing interest in and not learning from poor presentations—
they would prefer the instructor to do all the lecturing. It is unclear if this
is truly a disadvantage, however. Perhaps, the amortized learning benefit is
high enough and this would justify the approach.
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— The instructor gives lectures on mandatory meetings. Students can pick spe-
cific topics and lecture about a topic that the other students have not read
about.

— Papers are assigned, and there are written/oral questions on readings.

— Papers are assigned, and students must write a structured critical review
(about half a page) of them, i.e., a paragraph on the paper’s content, an
evaluative paragraph and an indication as to whether and why other students
might read the paper.

Practical Exercises: Software projects or practical exercises were viewed as
being very important to most attendees. These projects allow students to demon-
strate/learn the difficulty of many practical problems, such as the drawing of a
graph or navigation in large information spaces. Using a visualization tool (Spot-
fire, TableLens, ... ) allows the students to interact with different visual represen-
tations and to gain experience about the advantages/disadvantages of different
visualization techniques. Furthermore, students become acquainted with com-
mercial tools. One interesting experience of attendees following this approach
was that students’ negative impressions of InfoVis systems mostly involved user
interface or HCI issues, not the actual visualization technique(s).

One problem with such exercises is the potential difficulty in gaining com-
mercial software for use in the projects. More vendors are making their systems
freely available for educational use, however. Tableau Software is an example of
a company doing so. Another issue is the challenge of finding “good” data sets to
be used by the students. One suggestion was use data sets from previous InfoVis
Conference contests but most attendees felt that the contest datasets are too big
and complex for introductory courses. Still, the contest data sets may be suitable
for advanced level courses where students have a good background in the most
important techniques. Perhaps, the contest should include the production of a
data subset, specifically designed for educational purposes.

Using Other Media: Workshop attendees discussed that a large and com-
prehensive public collection of InfoVis-related images and videos would be very
helpful for instructors. Videos of interaction scenarios that show the usability
and interaction capabilities of the tools would be especially beneficial. Images
also could help to illuminate the history of InfoVis and illustrate different vi-
sualization techniques. Unfortunately, gathering a collection of images or videos
in this way could cause copyright problems. This may be why many instructors
have their own image/video archives with private access. The HCC Digital Li-
brary [24] of Georgia Tech is an example of an effort to gather a large collection
of educational resources, but it is focused broadly on HCI, not just InfoVis.

Another possibility to obtain video material is to examine conference DVDs,
such as the annual VIS/InfoVis/VAST DVD. Many contributions provide an
additional video to clarify the usage and interaction techniques of their work.
Again, it may be beneficial to encourage attendees to develop video summaries
of their work, specifically for teaching and learning.
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4 Personal Perspectives

In this section, three of the workshop attendees provide their own unique per-
spective on teaching InfoVis and InfoVis-related topics.

4.1 John T. Stasko, Georgia Institute of Technology, USA

I have been teaching a graduate course on Information Visualization at Georgia
Tech since 1999. My university changed from a quarter system to a semester
system then and I decided to create a course for this area that was becoming my
research focus and growing in interest worldwide. Over the years I have thought
of this course not merely as a teaching assignment but as a fundamental part
of my academic portfolio and research mission. The course provides training for
students to learn about the area and do subsequent research with me, or simply
to apply their knowledge in business or government. Also, the course has directly
led to a number of the research contributions made by students in the course
and by my research group. Student projects from the course have won major
contests [20,[54] or led to research papers [12]. Additionally, my dissatisfaction
with the state of knowledge and background articles on particular course topics
led to projects undertaken by my research group in those areas (i.e., analytic
goals [3], user tasks [I], and interaction [73]). Below I will provide more details
about the course and the projects that have resulted from it.

The Information Visualization course (CS 7450) is usually offered in the
Spring semester each year. At Georgia Tech, semesters are 15 weeks long and and
my course meets for 1.5 hours twice a week. The web pages for the most recent
course offering can be found at http://www.cc.gatech.edu/~stasko/7450.

Human-computer interaction (HCI) is an important area of research in my
home School—we have both a Masters degree in HCI and a doctorate in Human-
Centered Computing (HCC), in addition to our undergraduate and graduate
degrees in computer science. Students are drawn to the HCI and HCC degree
programs from a variety of undergraduate majors, so many do not have formal
computer science training. I made a conscious decision to designate the graduate
HCT course as the only prerequisite for Information Visualization in order to
encourage students from a wide variety of disciplines to enroll. Consequently,
many students who do not have a strong background in programming typically
take Information Visualization.

This fact has implications on the way that I teach the course. I do not use
homework assignments in which the students must implement a visualization
technique or system. Instead, assignments are more oriented toward design, cri-
tiquing and evaluation. I employ a group project where I do require that some
type of software system be built, but the course demographics allow there to be
at least one or two team members who are experienced programmers.

My high-level goal for the course is to have students learn the different infor-
mation visualization techniques that have been created including the strengths
and weaknesses of each, and to have the students become better critics of infor-
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mation graphics and visual systems. More specifically, the learning outcomes for
the course include

— Students should gain an in-depth understanding of the field of Information
Visualization including key concepts and techniques.

— Students should be able to critique visualization designs and make sugges-
tions to improve them.

— Students should be able to design effective visualization solutions given new
problems and data domains.

— Students should learn about the spectrum of commercial system solutions
available in this area and how to choose one for a particular task or problem.

Perhaps the main challenge that I have faced in this course over the years is to
construct a coherent syllabus and flow of topics throughout the term. Information
Visualization is still a new area that is growing and maturing. Consequently,
it does not exhibit a well-understood and agreed-upon set of topics that flow
smoothly from one to the next. In my experience teaching the course, a number
of key ideas have risen to the surface and I make these the important components
of the course:

— Data foundations - A description and model of the different types of data
that are encountered and how this data is transformed and stored for easier
subsequent manipulation.

— Cognitive issues - A discussion of the user’s goals and tasks in using an
information visualization system. What cognitive benefits can visualization
provide?

— Visualization techniques - A description of the different visual represen-
tations and interaction techniques that have been invented.

— Interaction - A discussion of the different types and the many issues sur-
rounding interaction.

— Data types/structures - An introduction to specific types of data (e.g.,
time series, hierarchical, textual) and the visualization techniques that are
well-suited at representing those data types.

— Data domains - An examination of different domains (e.g., software engi-
neering, social computing, finance and business) and the visualization tech-
niques that are helpful to people working in those areas.

— Evaluation - A dialog about the challenges of evaluation in information
visualization and a review of different evaluation techniques that have been
used in the area.

Some of these topics are fundamentally interwoven so the flow of concepts is
not clearly self-contained and independent. For instance, certain visualization
techniques are best used for specific data types (e.g., treemaps for hierarchical
data). In organizing the course content, I feel this tension and often struggle
with which topics to teach first. Nonetheless, my course uses this progression of
topics as its organizational framework.

The course is lecture-based but I try to engage the students in discussions
about the different concepts being studied. I have used Bob Spence’s textbook
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some terms augmented by selected papers, and other terms I have used only
research papers. I have settled on having students read one or possibly two
research papers for each class. Typically, the paper is an important one for that
topic or it is a good overview of the issues involved. When I have assigned more
papers than this, I find that the students often do not adequately prepare and
read all the papers. To cover more recent research, I typically select two or
three recent articles on the topic of the day and I assign two or three students
who must recap and describe their particular paper’s key ideas to the class in
less than five minutes. I believe that experience giving presentations like this is
important and valuable to the students. All of my lecture slides can be found at
the course website and in 2007 I created in-studio video versions of each lecture.
These videos can be found at the website http://vadl.cc.gatech.edu

I use a number of relatively small homework assignments in the course,
along with one larger homework and a group project. I will frequently employ
a midterm or final exam as well. The small homeworks often involve a visual-
ization design exercise (on paper) given a data set. Of course, such assignments
do not engage the interactive component of information visualization that is so
important, so they are fundamentally limited.

The larger homework assignment is a commercial tools critique. Students
are given five example datasets and asked to choose the two that they find
most interesting. Before using any systems, the students examine the datasets
and generate questions about them. Next, the students use a few information
visualization systems to explore the data and try to answer those questions.
I also alert the students to note any serendipitous findings that occur during
exploration. Finally, the students must write a report in which they critique the
different systems used, the visualization techniques each employs, and whether
the systems led to insights and discoveries. I have used systems such as Spotfire,
Seelt, Advizor, Eureka (Table Lens), InfoZoom, InfoScope, and Grokker over
the years. I find this assignment to be extremely valuable to the students as it
allows them to gain hands-on experience with sophisticated systems and shows
them how visualizations can (or cannot) be helpful in analysis and exploration.

This particular assignment even led to an interesting research contribution
by my group. We studied the analytic queries generated by students over many
years of the course and clustered these inquiries into different low-level analytic
tasks that visualizations may assist. Our taxonomy of these tasks was presented
at the 2005 Symposium on InfoVis [IJ.

I also employ a group project in the course in which students design and build
a visualization system for a particular problem and data set. Teams of three or
four students work together for most of the term and find a client with a data
analysis problem or they simply choose a data set and envision the kinds of ana-
lytic queries that one would expect on it. The students explore different visualiza-
tion designs, then they choose one to implement. In the past, student teams have
often chosen to work on the contest datasets from the IEEE InfoVis or VAST
Conferences. In fact, student teams from my course have won these contests on
multiple occasions or have had competitive entries in the contests [20,54]. Group
projects have even led to full papers at the InfoVis Symposium as well [12].
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One ongoing tension with the group project is simply when to begin the
assignment. By initiating the project early in the term, students have more
time to work on it and make better progress. However, at that early point,
students have engaged very little course material and so their understanding of
information visualization concepts and ideas is not as rich. I have found that the
simple topic chosen for the project can have a profound impact on the results,
and better knowledge of the information visualization area leads students to
make better choices in project topics. This has led me to wait until the midterm
point to distribute the project in some semesters, but then the students have
much less time to work on it.

Overall, the Information Visualization course has been valuable to me in
many different ways. Perhaps most importantly, the process of preparing lec-
tures and course material has made me reflect on the topics that I would be
discussing and question “accepted” knowledge in the domain. I believe that this
has made me a better researcher and it has generated ideas for new projects and
investigations.

4.2 Andreas Kerren, Vaxjo University, Sweden

My experiences in teaching Information Visualization go back to the year 2003.
At this time, I was a temporary assistant professor at the Institute of Com-
puter Graphics and Algorithms of the Vienna University of Technology, Austria.
The institute offered one course on InfoVis and several other related courses.
In this environment, I had the opportunity to give several lectures on Soft-
ware Visualization and domain-specific visualization, such as visualization in
Bioinformatics. In 2005, I moved to the University of Kaiserslautern in Ger-
many. There, I was responsible for the annual InfoVis courses. Based on my
experiences from Vienna and current flows in research, I designed a completely
new syllabus for this course. Originally, this syllabus provided 15 lectures (one
semester at TU Kaiserslautern) plus practical exercises for Masters level stu-
dents; each lecture took 1.5 hours once a week. As I have been appointed for a
faculty position at Vaxjo University (VXU), Sweden, in 2007, some modifications
were needed to address the different course and teaching system at this univer-
sity. Web pages (in English) for the most recent InfoVis courses at VXU can be
found at http://cs.msi.vxu.se/isovis/courses/. In this section however, I
will focus to my experiences with my courses given at TU Kaiserslautern from
2005-2007, because the details of my last course there (in the winter semester
2006/2007 (WS06/07)) reflect my particulars within the Dagstuhl survey.

My general learning aims for the course are more or less identical to John
Stasko’s four learning outcomes at Page Therefore, I don’t want to repeat
them at this place. It was very important for me to give students the opportunity
for critical reflections and to show the newest directions in research. Furthermore,
my course covers basic principles from cognitive psychology that have influence
on InfoVis, such as human visual perception or Gestalt laws. As a result of this
position, each technical approach and tool was discussed with respect to its value
(please compare [17] in this book), its usefulness, and—if existent—its usage in
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Data

Fig. 3. Course structure of the WS06/07 InfoVis course given by Andreas Kerren at
TU Kaiserslautern.

commercial products. Of course, this was a challenge and sometimes a little bit
subjective because of missing quality metrics or missing evaluations of tools and
techniques.

The design of the syllabus was partly influenced by courses given at Georgia
Tech and TU Vienna in 2005 as well as by the textbooks of Spence [61], Ware [71],
a pre-version of the textbook of Kerren et al. [35], and many research papers.
The course is divided into three parts which are illuminated by Figure [3

1. In the first part, I discuss basic knowledge that is important for the design
or analysis of InfoVis concepts. As a first step, I introduce the field itself,
give motivations for the need, and present several traditional and modern
examples, mainly from Tufte’s [67,[69] and Spence’ books. Important is the
differentiation between InfoVis and SciVis, also, if that is not so easy in
some cases. After this introduction, a larger discussion on perception and
cognitive issues is given. Here, I provide information about the perception
of colors, textures, etc., preattentive features, and Gestalt laws. This course
component is mainly based on the book of Ware, but also on a lot of examples
and animations that can be found in the WWW. The last lecture of this
first part describes basics, such as the InfoVis Reference Model (data tables,
visual mapping, interaction, etc.) or data types and dimensionality. These
issues are mostly based on the book of Card et al. [§].
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The second part is the largest one of my course. Here, I discuss the most
important interaction techniques at first, for example Dynamic Queries,
Zoomé&Pan, and several Focus&Context related techniques. This component
is more or less geared to the InfoVis Reference Model [§], i.e., I distinguish
interaction by means of data transformations, visual mapping, and view
transformations. I use actual research papers to exemplify the different ap-
proaches. From a didactic point of view, this is a little bit tricky, because I
presume some knowledge in visual representations or structures to explain
my examples. I decided to discuss interaction at first and the visual struc-
tures for different data types after this. One advantage is the possibility to
refer later to discussed interaction techniques directly with less additional
explanations. My experiences with students show that they accept this order,
and that they have no problem in understanding the differences/correlations.
But this should be communicated previously.

As described before, a discussion of the most important visual structures for
more basic data types follows the interaction component. Here, I introduce
visualization techniques for multivariate data, hierarchies and graphs mostly
on the basis of research papers as well as the books of Spence and Kerren et
al. Individual solutions for special kind of data types, e.g., time-series data,
text, or software, follow this component directly. The second part finishes
with visualization techniques for different data domains, such as BioVis,
WebVis, GeoVis, etc. During the past years, I vary this part of the lecture a
little bit depending on my current research interests or hot-topics. Resources
for these lectures are current papers and articles, but also the second part
of the textbook [35].

Each course component of this second part is accompanied by short video or
tool demonstrations. From my perspective, this is absolutely needed, espe-
cially for the different interaction techniques and their interplay with visual
structures. It is fun to keep an eye on the students during such demon-
strations, and as a result they are motivated to ask deeper questions. One
interesting and traditional example is the claim to preserve the mental map
in dynamic graph drawing. Only with the help of a video or demo it is pos-
sible to illustrate the difference between morphing or other techniques, such
as foresighted layout [14]. However, the usage of video or tools is not always
possible because of unavailability.

My course concludes with 1-2 lectures on possible evaluation techniques and
the most important InfoVis challenges for the next years. Because of the miss-
ing time at the end of the semester, I focus on specific aspects of these issues.
For example, the intended learning aim is to impart students an overview
knowledge of basic evaluation techniques and—perhaps more important—an
impression of the difficulties to perform such an evaluation. The final discus-
sion of the most important challenges gives an idea about the current state
of the field and leads to take part of it, for example, by working on a thesis
in my research group. A good source for these issues are the corresponding
chapters in Kerren et al. [35].
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Another important part of the course are the assignments. They are composed
of a brief presentation, of a software implementation, and of a short software
demonstration at the end of the semester. Each student or student group (con-
sisting of maximal two students) chooses a specific research paper from a list
given on the course web page. I take care that the papers’ topics and the pre-
sented approaches are not too complex. The final aim of the assignment is that
the main idea of a paper should be implemented in any programming language.
It is not needed that all features or interaction possibilities are implemented. But
a GUI is mandatory in order to give me and the other students the chance to
load another input file etc. Data sets depend on the paper topic, e.g., if the paper
presents a new treemap layout then the students can choose their own input,
such as the hierarchical file system on their own personal computer. All these
topics should be discussed in the first presentation in the middle of the course.
In a first step, each student or group prepares a presentation (10 minutes plus
3-5 minutes of discussion) about the chosen paper followed by a working plan.
In this way, I can steer the processes, give hints, and prevent nasty surprises. At
the end of the course, all implementations are presented and discussed in class.
I have found that this division into two presentations and demos respectively
helps students to think about important concepts. Furthermore, they have al-
ready learned the most important theoretical concepts during the course before
they start to program. My overall impression of this practical project is very
positive. At the beginning, the students often had doubts because it appears
time-consuming and complex, but they had a lot of fun in the progress of the
semester. The results were mostly really great; for me it is important that they
learn to see the difficulties and to carefully reflect about the paper, not so much
the result itself. Often, however, the resulting programs were amazingly good.
My pedagogical concept, especially for the assignments, clearly follows moder-
ate constructivistic learning approaches, as described in the following written by
Jason Dykes or in some of my papers on learning concepts in context of using
Software Visualization techniques [33,[32,[59].

The course evaluation by my students led to very good results for this course.
They liked the way I structured the course, the motivating examples and videos,
and they had the subjective feeling that they have learned a lot of interesting
things. At large, it was not difficult to motivate students for InfoVis. It is a very
interesting field also suitable for the solution of practical problems. Therefore,
it was sometimes not so easy to explain why people cannot find more InfoVis in
standard software products. This leads to a problem that is discussed in paper
The Value of Information Visualization [17] of this book.

I would like to discuss one further issue that is important to me: Finding a
good balance between giving a good overview of the field as compared to explain-
ing the details of specific visualization techniques is pretty difficult, especially in
the frame of 15 course lectures. Some students liked to get more overview knowl-
edge of InfoVis, but they also disliked that some topics were only briefly covered.
For instance, I used 1-2 lectures for the visualization of graphs. It is enough time
to explain the most important things, but not enough time to explain the dif-
ferent graph drawing techniques in detail. Thus, I abstracted in many cases,
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but some students would like to learn more. The level of detail/abstraction in
teaching InfoVis is not obvious. In general, my solution for this problem is to
offer a seminar back-to-back after the InfoVis course, where interested students
can choose a specific topic and prepare a presentation on it. This allows for
more deeper discussions. Additionally, such a seminar is a good starting point
for subsequent thesis work.

Typically, my courses terminate with an oral examination. Regarding our
survey results, this is consistent with the examination practice of many colleagues
coming from Europe, cp. Section 241

4.3 Jason Dykes, City University London, UK

Introduction and Context: My background is in geography and the geo-
sciences, where there is a strong tradition in the use of maps and graphics. Tra-
ditionally undergraduate courses in geography have taught and assessed manual
skills in cartography and mapping activities and projects remain at the core of
many geology degrees. Increasingly these activities are being augmented or re-
placed by learning that involves Geographic Information Systems (GISystems)
and other digital techniques, but a focus on cartographic principles for design-
ing effective maps and communicating geographic information effectively is still
regarded as important.

My ‘Visualization” Module. 1 have been teaching a Masters level module in ‘Geo-
Visualization’ for eight years. The postgraduate module was originally developed
to provide Geographic Information Science (GIScience) students with skills in
creating, evaluating and using maps and graphics in their analysis and communi-
cation of geographic information. It replaced a cartography module and updated
this with recent advances in the use of dynamic and interactive graphics for ex-
ploratory analysis.

During this time the GIScience community and GIScience students have be-
come more aware of Information Visualization. Equally students from non GI
programs have wanted to learn about cartography and visualization. It is chal-
lenging to develop a coherent module that is relevant to this range of students
whilst embracing Information Visualization and a traditional cartography syl-
labus.

My module consists of 12 sessions with 3 hours contact time and 7 hours
guided individual study. Students are expected to spend another 30 hours par-
ticipating in assessed activities. The module is thus designed such that an average
student spends 150 hours studying for 15 credits—-it uses a shared credit frame-
work that does not conform to the requirements of the Bologna process [5]. The
module is available to distance learners through a managed learning environment
and digital resources ensure distance learners have an equivalent experience those
who attend campus.

Many students go on to do research projects in visualization involving data
sets and applied problems that feed my research and are subsequently used in
teaching. This effective feedback loop is important in perpetuating bi-directional
links between research and teaching.
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Teaching Issues in Information Visualization at Dagstuhl: I don’t know
the content or culture of InfoVis or Computer Science education. This is one of
the difficulties associated with having interests that lie between rapidly devel-
oping disciplines. But the Dagstuhl discussions and survey suggest that many
of those involved are facing similar issues with which I am familiar. The sur-
vey draws attention to a range of approaches, topics, academic disciplines, text
books involved.

There is great variation in the approaches and syllabuses of the courses re-
ported in the survey. ‘Information Visualization’ is the most popular title, but
course names that begin: ‘Models and Algorithms for ...’; ‘Data Visualization’;
‘Computer Graphics and ...’"; ‘GeoVisualization’ are evidently situated in dif-
ferent ways and will require different emphases. This is evident in Figure [}—a
tag cloud showing relative occurrences of topics listed in courses included in the
Dagstuhl survey.

Despite this texture, some consistent themes emerge from the survey and
particularly the discussion at Dagstuhl. Three particular themes resonated with
me and related to my experience. They are also evident in a report produced
following an open workshop at IEEE Visualization 2006 in which I graphically
depict the relationships between related courses with an Information Visualiza-
tion emphasis [56]:

1. a trend/desire for evaluative and critique-based learning that can draw from
a range of related disciplines;

2. an emphasis on ‘learning through doing’ as opposed to a transmissive ap-
proach to learning;

3. some concern about developing appropriate exercises and assessment for vi-
sualization classes.

T'll briefly consider these key issues and reflect upon their relationship with
my teaching. Doing so may provide some synergies in the cross disciplinary
educational mash-up that is developing in Information Visualization.

Critiquing: Critiquing involves students applying and developing their knowl-
edge through evaluation and review. Robert Kosara argued convincingly for a
critique-based approach to Information Visualization at Dagstuhl. He describes
this as a ‘highly interactive and human-centered way of designing things’ [40].
An approach that evaluates graph drawing algorithms and evaluation criteria is
documented in the Dagstuhl survey and described in Section above.

As a learning device, critiquing may involve evaluating existing work, soft-
ware or graphics, but importantly should involve the practical application of
theory. I ask students to critique existing graphics, those that they have devel-
oped and software systems using a number of criteria, such as:

— Graphical integrity, graphical excellence and Tufte’s ‘theory of data graph-
ics’ [69]

— Using appropriate symbolism [610]

— Map symbolism [45][60]
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Map design [7]

Use of colour [22]

— Interactivity and functionality [1TL[4T]
— Animation [2T1/55]

Each of these sources provides useful criteria to structure critiques and against
which judgments can be made. Amar and Stasko’s framework [2] also offers
opportunities and Dagstuhl has drawn attention to the scope for using more
knowledge from InfoVis in developing critiquing criteria.

Paper Summaries. Presenting summaries of research papers is clearly a core
activity in InfoVis teaching and learning. This fits the critiquing trend if the
work is evaluative and assessed against existing theory and criteria. Tamara
Munzner’s generic ‘what makes a good InfoVis paper’ criteria as presented and
discussed at the Dagstuhl seminar [52] could prove useful in this kind of learning
activity.

The validity of critiquing depends upon the level of learning being supported.
In the UK some of the more advanced levels of knowledge, such as those devel-
oped through critiquing, relate to the more advanced levels of learning. Masters
level and level-3 courses require students to evaluate and so the approach is
particularly appropriate. It can be used to provide feedback and for assessment.
I've found that extended abstracts work well as a focus for quick and informal
‘in class’ critiquing that breaks up a learning session.

Learning by Doing:

“I hear and I forget, I see and I remember, I do and I understand”
(Chinese proverb).

Participants in an Information Visualization seminar are likely to be persuaded
that seeing is a powerful learning device. But ‘learning by doing’ may be even
more effective. It is a form of active learning that is popular in education and
there is particular opportunity for using this approach in visualization education.
Doing can involve summarizing information, developing graphics or software or
analyzing data sets and the Dagstuhl participants provide plenty of examples of
these activities in their courses as we have seen in this paper.

Fieldwork is used to provide opportunities for learning by doing in the geo-
sciences and has an important role in education [31]. There are parallels between
the kind of observation, interaction and exploration that occur in fieldwork and
those associated with the kind of exploratory analysis that visualization sup-
ports. I have explored some of these parallels and opportunities when developing
learner-focused activities that emphasize learning by doing. The constructivist
approach emphasizes learning through an interpretive, non-linear and recursive
process in which active learners interact with their surroundings and the re-
sources that are provided to help [19]. Such methods are regularly used in geo-
science fieldwork and may result in ‘deep understanding’ of the kind experienced
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when researchers use visualization to interact with complex structured datasets.
They seem particularly suited to visualization education.

Multiple perspectives are important in constructing knowledge and so group
work is often employed in such activities. In this context, symbolic and graphi-
cal representations of knowledge and ideas and can be important in negotiating,
mediating and constructing shared meanings [19]. This is particularly so if the
graphics can be manipulated in an exploratory context as knowledge is derived.
Consequently strong arguments exist for using software that is interactive and
exploratory to develop opportunities for learner-centered constructivist activi-
ties [74].

I have developed exploratory visualization software for use in fieldwork in
this context. It encourages ‘learning by doing’ through a series of linked carto-
graphic, statistical and photographic views of a study area and a highly interac-
tive interface through which these can be manipulated. It forms part of a learner
constructed activity - the software is one of a series of resources made available
to students who are expected to develop an approach to a problem relating to
land cover and land use. The contrasts with passive or transmissive education
are emphasized by the exploratory, student-led visualization and the ability to
add data recorded in the field into the software for analysis [46]. Our evaluations
show that the software and the constructivist activity that it supports are an
effective learning device [47].

The Dagstuhl survey suggests that a number of similar activities may be
taking place. It certainly seems that there is scope for using exploratory graphical
software to support constructivist learning methods in visualization that give
students the opportunity to learn actively.

A Portfolio Approach to Assessment: The issue of exercises and assessment
was discussed at Dagstuhl primarily because some teachers were finding it dif-
ficult to set and assess meaningful exercises. Critiquing and ‘learning by doing’
provide scope for effective objective assessment that encourage active learning.
My experience with portfolio-based assessment has been very positive in this
context and compliments these methods well.

Portfolios involve students developing and collating annotated evidence of
their capabilities throughout a course. They receive formative feedback on their
work and use selected work to demonstrate that they have achieved a set of
learning outcomes. Portfolio-based assessment can spread workload for staff and
students, offers the opportunity for developmental feedback and review, and
provides a synoptic view of what has been learned. It also results in a tangible
end-product that students can show to colleagues and prospective employers—
potentially—bringing learning to life and engendering pride.

I use portfolio-based assessment in the GeoVisualization module. Students
participate in a practical exercise associated with each learning session that
requires them to ‘learn by doing’. Their work is discussed and improved. Selected
work is submitted for formal formative feedback. At the end of term students
are asked to submit a portfolio of three exercises and a reflective essay that uses
these as items of evidence to demonstrate that module learning outcomes have
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been achieved. Amongst other competencies, outcomes require that students are
able to ...

explain the complex issues associated with GeoVisualization with clarity and

from an informed perspective by drawing upon recent academic research;

— design maps and data graphics that are effective, informative and consistent
and that exhibit graphical excellence and graphical integrity;

— use data graphics, maps and visualization tools to present and explore mul-
tifaceted data sets in a manner that is professional, informed and ethically
sound,;

— evaluate data graphics, maps and visualization tools by drawing upon prin-

ciples and theories of design.

The approach seems to work nicely and addresses some of the issues discussed at
the Dagstuhl meeting. It may be useful for those wishing to help students learn
to critique and assess their developing skills. I have received favorable feedback
from students and internal and external evaluators.

It seems particularly appropriate for developing skills in graphicacy where
Tufte’s concept of ‘redesign’ is a key element. Portfolios or long-term developing
group projects that provide opportunities for feedback and critique can be very
beneficial here. It should be noted that portfolios are frequently used in the arts
where critiquing and redesign are key learning activities.

Conclusion: These arguments are personal perspectives, developed through
reflections on discussions at Vis 2006 and the Dagstuhl seminar and the Dagstuhl
survey, in the light of my teaching experience. I suggest a focus in Information
Visualization education not on curriculum (which may vary to suit particular
disciplines and student groups) but on general qualities and competencies that
can be applied across a range of curricula. I've identified what some of these
might be and presented some ideas on how they might be supported and assessed
through the example of my GeoVisualization module.

The critiquing and ‘doing’ themes support the notion that underlying skills
in the use and evaluation of graphics are broadly (I hesitate to say ‘universally’)
valuable. They may be a way of helping Information Visualization educators
bridge the multiple multi-disciplinary divides and certainly help justify the ap-
proach taken on my GeoVisualization module.

They may also help us deal with change—we are in a discipline where the
specifics of curricula change very rapidly. Perhaps we’re moving away from a
text-book based model of teaching as disciplines change so quickly and student’s
expectations and abilities to access information increase. This is good news from
the perspectives of information sharing and efforts to link research and teaching,
which many are evidently doing very effectively, cf. Section Ll The bad news is
that we need more flexibility in terms of course content and perhaps structure.
This is no bad thing in itself, but is difficult to achieve when the levels of docu-
mentation that are expected by students and (in the UK at any rate) required
for quality assurance and to gain approval for changes in provision are consid-
ered. Guided approaches in which links to a selected set of papers and examples
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are used to support learning against broad aims and outcomes provide a way
forward. It is well worth using the URLs listed in the Dagstuhl survey to learn
from colleagues who use this approach (see Stasko, Munzner and Heer’s courses
for example). The kinds of repositories of examples and teaching materials dis-
cussed and suggested in Section [l will help, as will a focus on generic methods
of teaching such as those that involve critique and active learning rather than
developing monolithic curricula that will age rapidly in response to new devel-
opments. Portfolio-based assessment that involves the focused combination of a
series of activities supports this flexible approach.

Adoption of the ideas discussed here would continue to move visualization
education away from core Computer Science. Doing so will continue the trend of
enabling more students to participate in visualization education and help address
the difficulties associated with multi-disciplinary domains - how do we focus si-
multaneously on the concepts listed in our tag cloud of the scope of Information
Visualization education (Figure [[)—computer science and algorithms, the sci-
ence of perception and cognitive studies and concepts derived from the arts such
as composition and design? The Dagstuhl survey has certainly helped inform
my approach to visualization education. Perhaps this discussion will help the
community when considering the nature of Information Visualization education
and how to best it might be supported and developed. I'd certainly be delighted
to debate the ideas and their relevance further.

5 Conclusion

This paper describes the results of our teaching survey based on the information
given by the Dagstuhl attendees. It covers several aspects of offered InfoVis
courses that range from different kinds of study materials to practical exercises.
We have reproduced the discussion during the Dagstuhl Seminar and added
our own experiences. In this regard, we have found that teaching InfoVis is
challenging because it is a new and growing field. There exist a lot of open
questions regarding the syllabus, a consistent theory, or the abstraction level of
single topics. In consequence, it is also a great subject for teachers, not only for
students: we are convinced that teaching InfoVis also leads to a better reflection
on the topics and to new ideas which can induce new projects. Finally, we hope
that this paper can serve as an interesting and helpful source for current and
future InfoVis teachers.

Acknowledgments. We would like to thank all participants at the seminar [13,
30] for filling out the teaching survey and for the lively discussions. The survey
was developed by Keith Andrews, and a first analysis of the results was also
made by him. We thank him for his ideas and efforts.

References

1. Amar, R., Eagan, J., Stasko, J.: Low-level components of analytic activity in
information visualization. In: Proceedings of the 2005 IEEE Symposium on In-
formation Visualization - INFOVIS ’05, October 2005, pp. 111-117 (2005)



88

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

A. Kerren, J.T. Stasko, and J. Dykes

Amar, R., Stasko, J.: A knowledge task-based framework for design and evaluation
of information visualizations. In: IEEE Symposium on Information Visualization
(InfoVis), Austin, TX, pp. 143-150. IEEE Computer Society Press, Los Alamitos
(2004)

Amar, R.A., Stasko, J.T.: Knowledge precepts for design and evaluation of infor-
mation visualizations. IEEE Transactions on Visualization and Computer Graph-
ics 11(4), 432-442 (2005)

Andrews, K.: Course: Information Visualisation (2007),
http://courses.iicm.tugraz.at/ivis

BENELUX Bologna Secretariat: About the Bologna Process (2008),
http://www.ond.vlaanderen.be/hogeronderwijs/bologna/about/

Bertin, J.: Semiology of Graphics: Diagrams, Networks, Maps. In: Translation of
Semilologie Graphique, University of Wisconsin Press, Madison (1983)

Brewer, C.A.: Designing Better Maps: A Guide for GIS Users. ESRI Press, Red-
lands (2005)

Card, S., Mackinlay, J., Shneiderman, B. (eds.): Readings in Information Visual-
ization: Using Vision to Think. Morgan Kaufmann, San Francisco (1999)

Chen, C.: Information Visualization: Beyond the Horizon. Springer, Heidelberg
(2006)

Cleveland, W.S., McGill, R.: Graphical perception: Theory, experimentation and
application to the development of graphical methods. Journal of the American
Statistical Association 79, 531-554 (1984)

Crampton, J.: Interactivity types in geographic visualization. Cartography and
Geographic Information Science 29(2), 85-98 (2002)

Csallner, C., Handte, M., Lehmann, O., Stasko, J.: FundExplorer: Supporting the
diversification of mutual fund portfolios using Context Treemaps. In: Proceedings
of the 2003 IEEE Symposium on Information Visualization - INFOVIS 2003,
October 2003, pp. 203—-208 (2003)

Dagstuhl: Seminar 07221 Information Visualization — Human-Centered Issues and
Perspectives (2007),

http://www.dagstuhl.de/07221

Diehl, S., Goérg, C., Kerren, A.: Preserving the Mental Map using Foresighted
Layout. In: Proceedings of Joint Eurographics — IEEE TCVG Symposium on Vi-
sualization (VisSym ’01), Eurographics, pp. 175-184. Springer, Heidelberg (2001)
Dykes, J., MacEachren, A.M., Kraak, M.-J.: Exploring Geovisualization. Perga-
mon Press, Oxford (2005)

Fayyad, U., Grinstein, G., Wierse, A.: Information Visualization in Data Mining
and Knowledge Discovery. Morgan Kaufmann, San Francisco (2001)

Fekete, J.-D., van Wijk, J.J., Stasko, J.T., North, C.: The Value of Information
Visualization. In: Kerren, A., Stasko, J.T., Fekete, J.-D., North, C.J. (eds.) Infor-
mation Visualization. LNCS, vol. 4950, Springer, Heidelberg (2008)

Few, S.: Show Me The Numbers. Analytics Press (2004)

Fosnot, C.T., Perry, R.S.: Constructivism: A psychological theory of learning. In:
Fosnot, C.T. (ed.) Constructivism: Theory, Perspective and Practice, 2nd edn.,
pp. 8-38. Teacher’s College Press, New York (2005)

Grinstein, G., O’Connell, T., Laskowski, S., Plaisant, C., Scholta, J., Whiting,
M.: Vast 2006 contest - a tale of alderwood. In: Proceedings of the 2006 IEEE
Symposium on Visual Analytics, Science and Technology - VAST 2006, October
2006, pp. 215-216 (2006)

Harrower, M.A.: Tips for designing effective animated maps. Cartographic Per-
spectives 44, 63-65 (2003)



22.

23.

24.
25.

26.

27.
28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.
39.

40.

41.

42.

43.

Teaching Information Visualization 89

Harrower, M.A., Brewer, C.A.: Colorbrewer.org: An online tool for selecting color
schemes for maps. The Cartographic Journal 40(1), 27-37 (2003)

Hauser, H.: Course: Information Visualization (2007),
http://www.cg.tuwien.ac.at/courses/InfoVis/

HCC: HCC Education Digital Library (2007), http://hcc.cc.gatech.edu/
Heer, J.: Course: Visualization (2006), http://vis.berkeley.edu/courses/
cs294-10-sp06/

ILOG Visualization Suite. ILOG, Inc.
http://wuw.ilog.com/products/visualization/index.cfm, 2007.

InfoZoom: humanIT Software GmbH (2007), http://www.infozoom.com/enu/
Jankun-Kelly, T.: Course: Information Visualization (2006),
http://www.cse.msstate.edu/~tjk/teaching/cse8990/

Keim, D.: Course: Information Visualization (2007), http://infovis.uni-
konstanz.de/index.php?region=teach&event=ss07&course=infovis

Keller, P.R., Keller, M.M.: Visual Cues — Practical Data Visualization. IEEE
Computer Society Press, Los Alamitos (1993)

Kent, M., Gilbertson, D.D., Hunt, C.O.: Fieldwork in geography teaching: a crit-
ical review of the literature and approaches. Journal of Geography in Higher
Education 21(3), 313-332 (1997)

Kerren, A.: Generation as Method for Explorative Learning in Computer Sci-
ence Education. In: Proceedings of the 9th Annual Conference on Innovation and
Technology in Computer Science Education (ITiCSE ’04), Leeds, UK, pp. 77-81.
ACM Press, New York (2004)

Kerren, A.: Learning by Generation in Computer Science Education. Journal of
Computer Science and Technology (JCS&T) 4(2), 84-90 (2004)

Kerren, A.: Course: Information Visualization (2007),
http://w3.msi.vxu.se/~kerren/courses/lecture/ws06/infovis/

Kerren, A., Ebert, A., Meyer, J. (eds.): Human-Centered Visualization Environ-
ments. LNCS, vol. 4417. Springer, Heidelberg (2007)

Kerren, A., Stasko, J.T., Fekete, J.-D., North, C.: Workshop Report: Information
Visualization — Human-centered Issues in Visual Representation, Interaction, and
Evaluation. Information Visualization 6(3), 189-196 (2007)

Kerren, A., Stasko, J.T., Fekete, J.-D., North, C.J. (eds.): Information Visualiza-
tion. LNCS, vol. 4950. Springer, Heidelberg (2008)

KidPad: University of Maryland (2007), http://www.kidpad.org

Kosara, R.: Course: Visual Communication in Computer Graphics and Art (2007),
http://eagereyes.org/VisComm

Kosara, R.: Visualization Criticism: One Building Block for a Theory of Visualiza-
tion. In: Kerren, A., Stasko, J.T., Fekete, J.-D., North, C. (eds.) Abstracts Collec-
tion — Information Visualization - Human-Centered Issues in Visual Representa-
tion, Interaction, and Evaluation. Dagstuhl Seminar Proceedings, Dagstuhl, Ger-
many, vol. 07221, Internationales Begegnungs- und Forschungszentrum fiir Infor-
matik (IBFI) (2007), http://drops.dagstuhl.de/opus/volltexte/2007/1136
Krygier, J.B., Reeves, C., DiBiase, D.W., Cupp, J.: Design, implementation and
evaluation of multimedia resources for geography and earth science education.
Journal of Geography in Higher Education 21(1), 17-39 (1997)

Lichtenbelt, B., Crane, R., Naqvi, S.: Introduction to Volume Rendering. Prentice-
Hall, Englewood Cliffs (1998)

Ma, K.-L.: Course: Information Visualization (2006),
http://www.cs.ucdavis.edu/~ma/ECS272/



90

44

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.
62.

63.
64.

65.

66.

A. Kerren, J.T. Stasko, and J. Dykes

Ma, K.-L.: Course: Information Interfaces (2007),
http://www.cs.ucdavis.edu/~ma/ECS163/

MacEachren, A., Taylor, D.: Visualization in Modern Cartography. Pergamon,
Oxford (1994)

Marsh, S., Dykes, J.: Using usability to evaluate geovisualization for learning
and teaching. In: Proceedings of the GIS Research UK 13th Annual Conference
GISRUK 2005, Glasgow (2005)

Marsh, S., Dykes, J.: Visualization software works as a focus for fieldwork! evalu-
ating geovisualization software in a student-centred exercise with usability engi-
neering techniques. Journal of Geography in Higher Education (submitted)
Miksch, S.: Course: Information Visualization (2006),
http://www.ifs.tuwien.ac.at/~silvia/wien/vu-infovis/

Monmonier, M.: How to Lie with Maps, 2nd edn. University of Chicago Press,
Chicago (1996)

Mullet, K., Sano, D.: Designing Visual Interfaces: Communication Oriented Tech-
niques. Prentice-Hall PTR, Englewood Cliffs (1994)

Munzner, T.: Course: Information Visualization (2006),
http://www.cs.ubc.ca/~tmm/courses/infovis/

Munzner, T.: Process and Pitfalls in Writing Information Visualization Research
Papers. In: Kerren, A., Stasko, J.T., Fekete, J.-D., North, C.J. (eds.) Information
Visualization. LNCS, vol. 4950, Springer, Heidelberg (2008)

North, C.: Course: Information Visualization (2007),
http://infovis.cs.vt.edu/cs5764/

Plaisant, C., Fekete, J.-D., Grinstein, G.: Promoting insight-based evaluation of
visualizations: From contest to benchmark repository. IEEE Transactions on Vi-
sualization and Computer Graphics 14(1), 120-134 (2008)

Rana, S., Dykes, J.: Framework for augmenting the visualization of dynamic raster
surfaces. In: EuroSDR Commission 5 Workshop on Rendering and Visualisation
(Electronic Proceedings), Enschede, The Netherlands (2003)

Rushmeier, H., Dykes, J., Dill, J., Yoon, P.: Revisiting the need for formal edu-
cation in visualization. IEEE Computer Graphics and Applications 27(6), 12-16
(2007)

Schroeder, W., Martin, K., Lorensen, B.: The Visualization Toolkit — An Object-
Oriented Approach To 3D Graphics, 4th edn. Kitware, Inc (2006)

Schumann, H., Miiller, W.: Visualisierung — Grundlagen und allgemeine Metho-
den. Springer, Heidelberg (2000)

Shakshuki, E., Kerren, A., Miildner, T.: Web-based Structured Hypermedia Al-
gorithm Explanation System. International Journal of Web Information Sys-
tems 3(3), 179-197 (2007)

Slocum, T.A., McMaster, R.B., Kessler, F.C.: Thematic Cartography and Geo-
graphic Visualization, 2nd edn. Prentice-Hall, Englewood Cliffs (2004)

Spence, R.: Information Visualization, 1st edn. ACM Press, New York (2001)
Spence, R.: Information Visualization: Design for Interaction, 2nd edn. Prentice-
Hall, Englewood Cliffs (2007)

Spotfire: TIBCO Software, Inc. (2007), http://spotfire.tibco.com

Stasko, J.T.: Course: Information Visualization (2006),
http://www.cc.gatech.edu/~stasko/7450/

Tableau Desktop: Tableau Software, Inc. (2007),
http://www.tableausoftware.com

TableLens: Inxight Software, Inc. (2007),
http://www.inxight.com/products/sdks/t1l/



67.
68.

69.

70.

71.

72.

73.

4.

Teaching Information Visualization 91

Tufte, E.: Envisioning Information. Graphics Press, Cheshire (1990)

Tufte, E.: Visual Explanations: Images and Quantities, Evidence and Narrative.
Graphics Press, Cheshire (1997)

Tufte, E.: The Visual Display of Quantitative Information, 2nd edn. Graphics
Press, Cheshire (2001)

Ward, M.: Course: Data Visualization (2006),
http://web.cs.wpi.edu/~matt/courses/cs525D/

Ware, C.: Information Visualization: Perception for Design, 2nd edn. Morgan
Kaufmann, San Francisco (2004)

Yang, K.: Course: Information Visualization (2007),
http://www.cs.uncc.edu/~jyangl13/infovis2007.html

Yi, J.S., Kang, Y.a., Stasko, J., Jacko, J.: Toward a deeper understanding of the
role of interaction in information visualization (Paper presented at InfoVis ’07).
IEEE Transactions on Visualization and Computer Graphics 13(6), 1224-1231
(2007)

Zerger, A., Bishop, 1.D., Escober, F., Hunter, G.: A self-learning multimedia
approach for enriching gis education. Journal of Geography in Higher Educa-
tion 26(1), 67-80 (2002)



	Teaching Information Visualization
	Introduction
	Results
	General Information
	Study Materials and Teaching Aids
	Practical Exercises
	Examination

	Seminar Discussions
	Personal Perspectives
	John T. Stasko, Georgia Institute of Technology, USA
	Andreas Kerren, Växjö University, Sweden
	Jason Dykes, City University London, UK

	Conclusion


