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Abstract

Scientific visualization is becoming an important part of the
curriculum in a number of disciplines. It is a very practical
subject, but the commercially available visualization software
systems are not easy to learn. Thus we have explored the use of
novel technology to help us in teaching students to use IRIS
Explorer - this includes on-line tutorials, shared sessions
involving teacher and student over a network, and the use of
WWW. This work, which has been stimulated by teaching
applications, has aso motivated research into the wider area of
collaborative visualization.

1. Introduction

Scientific visualization is now an important component of
scientific and engineering computing. Indeed it is recognised as
the only means of understanding the large datasets which now
occur routinely - whether by measurement in the case of medical
scanners or satellite photography, or by ssimulation in the case of
chemical kinetics or computational fluid dynamics. Thus
visualization as a discipline is starting to appear in computer
science curricula, a both undergraduate and masters level. It is
a very practical subject, and an important aspect of any
visualization teaching must be practical sessions and coursework
assignments. In this paper, we describe our experiences in
teaching students how to use modern visualization systems, as
preparation for them undertaking practical assignments. Some
of the constraints we work under however mean that we cannot
always be present at the same time and the same place as the

student needs help - our efforts to use new technology to
overcome this are the subject of the paper.

2. The Context - A Masters Programmein
Vision, Visualization and Virtual
Environments

At Leeds University, the School of Computer Studies offers a

masters programme entitled ‘Vision, Visuadization and Virtua

Environments'. This includes a 12 week module on

visualization covering the subject in some depth. The module

includes the following topics:

» historical background and applications

» reference models for visualization

* visualization techniques

» rendering techniques

* visualization systems

» data management

e problem solving environments (where simulation and
visualization are combined in a larger overall system)

This last topic is important because the module is also taken by
students following the M Sc programme in “Computational Fluid
Dynamics (CFD), where the ability to create a single problem
solving environment, in which the fluid dynamics computation
and the visudization are integrated, is of fundamental
importance.

A key part of the course is the practical work - indeed the
assessment is split equally between coursework and written
examination. Here we face a dilemma familiar to anyone
teaching a practical aspect of computing. Should one use
specialy developed educational software as the basis - the
advantages are simplicity, ease of use, and often the opportunity
for the student to edit the source code to try out modifications...
but there is the major disadvantage that the software may bear
little resemblance to the visuaization systems the students will
meet when they leave university. Or should one base the
practical work on a commercial visualization system - this may
well be harder to use, and it is unlikely that a student can gain



access to the source code... but it will train the student rather
better for visualization in the ‘outside world’.

It is easy to make a convincing case for either aternative.
Rightly or wrongly, we have followed the second approach, and
our practical work is based on a state of the art, commercia
visualization system: IRIS Explorer [2], originaly developed by
Silicon Graphics, but now developed and distributed by NAG
Ltd.

Of course, having taken this decision, we now have to accept
that a significant portion of the course must be devoted to
teaching the students how to use a fairly complex piece of
software. Indeed the arrangements for practical work are a
chalenge. The CFD students are based in the Chemica
Engineering Department, not Computer Studies: the times when
both sets of students are each free to attend practical classes is
very limited. Moreover, the CFD students prefer to use
workstations in Chemical Engineering (half a mile away!) - and
indeed we prefer them to use their own equipment rather than
encroach on our scarce computing resources!

Thus our teaching needs to allow for students learning - at
different times, and in different places. Y et we as teachers have
not the resources to cover a large number of different practical
sessions. Our solution is described in the next section.

3. IRISExplorer - Collaborative L earning

3.1IRISExplorer

First, we need to give a brief outline of IRIS Explorer itself. It

is one of a number of similar visualization systems - AVS [5],

IBM Data Explorer [3] and Khoros [7] are three others. They

are based on the observation of Haber and McNabb [1] that the

visualization of a set of scientific data can be broken down into

a number of sub-processes. These will include:

e input of the data

* manipulation of the data - for example, to extract a subset of
interest - known asflter process

» transforming the data to some geometric representation - for
example, creating contour lines, and perhaps assigning
notional colours to represent different contour heights -
known as anapping process

» rendering the geometry as an image - this is the computer
graphics part and is known asemder process
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Figure 1: Haber-McNabb pipeline

These sub-processes form a pipeline along which data passes, en
route from the source data to the final image - see Figure 1. The
visualization systems provide libraries of these sub-processes, or
modules as they are cdled. Visua programming is used to
launch modules into an editing canvas, and to connect them in
appropriate pipelines. An attraction is that the pipelines can be
quickly assembled, and then modified - the modules being of
fairly coarse granularity so that typically only a few are needed

in any visual program. Figure 2 shows an example of an IRIS
Explorer map, the term used to describe a particular pipeline.
Notice that each module has its own user interface: the widgets
on the module control parameters - for example, the number of
contour levels to be shown.
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Figure 2: Screen shot of IRIS Explorer

The systems are non-trivial to use: for example, Lee et d [4]
report that two hours were needed for two novice users to create
a simple visualization network in IBM Data Explorer. Students
need help in learning how to launch modules, how to connect
them, and how to manipulate the widgets on the module
interfaces. There are some two hundred modules in IRIS
Explorer, so students need to understand the range of facilities
available to them. This all takes time, but we need to get the
students up and running as early as possible in the course.

3.2 0On-linetutorial

An obvious first step is to provide the students with an on-line
tutorial - see Figure 3. This alows the students to work at their
own time, in their own place, at their own speed. The tutoria
comes in three parts - each covering material we hope a student
can assimilate in one week. By the end of the third week, the
student should be an ‘expert’, and ready to tackle an assessed
piece of coursework.

This works well, for most students, for most of the time. The
CFD students can work on the Chemica Engineering
workstations; the computing students can work in the Computer
Studies labs. But what happens when a student gets stuck? The
tutorial does lead the student through the different operations,
but does not provide all the answers - otherwise the student is
never chalenged. So we need to provide support to students
while they are learning from the tutorial.
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Figure 3: Screenshot of thetutorial
3.3 Collaborative Learning of IRIS Explorer

While on-line teaching materials can provide obvious benefits,
there remains a need for human involvement in the learning
process. Here we would like the student to be able to seek help,
just as in any practical class. But if the practical class is at
distributed locations, we have to accept that this help will be
given over a network connection, rather than face-to-face.

Modern CSCW technology will play akey role in this - indeed,
surely learning is a very natural example of co-operative
working: in a good learning environment, the teacher and
student work closely together. Thus we can employ desk-top
video conferencing and shared whiteboard to alow the teacher
and student to develop a solution to the student’s problem. In
our particular environment, both Chemical Engineering and
Computer Studies have Silicon Graphics workstations - hence
the SGI InPerson toolkit can be brought into play to provide the
CSCW tools needed.

But what about the visualization system we are trying to teach -
IRIS Explorer? How does that fit into a CSCW model?

Immediately an obstacle is hit. As with all other commercial
visudization systems, IRIS Explorer has a single user interface.
Individual modules can be distributed on different processors -
indeed this is an important feature of the system alowing
computationally intensive modules to be run on a
supercomputer, and rendering modules on a graphics
workstation, say - but the user interface cannot be distributed.
Thus student and teacher need to cluster around a single
workstation in order to work together - see Figure 4 - not what
we want!

Figure 4: Clustering around single user interface

To support collaborative learning, we need a means of allowing
teacher and student to run IRIS Explorer sessions independently,
but be able to exchange data and pictures. Thus the teacher
should be able to send a dataset to the student for them to
visualize; and the student can send an image back to the teacher
for checking. Indeed the teacher might want the student to send
back data at any point in the pipeline for checking - perhaps
after it has been filtered in some way, or after a geometric model
has been created. IRIS Explorer has a sophisticated colour map
tool, which assigns colours as RGB triples to given data values -
the teacher may wish to send the student a colour map to use
initially, before the student begins experimenting himself. We
move from the ‘same place’ interface model of Figure 4, to a
distributed collaborative environment shown in Figure 5.

Figure5: Distributing control of the user interface

To achieve this, we have developed a new set of IRIS Explorer
modules which exchange data between different sessions - the
data can be in the form of images, geometry, colour maps,
source data, indeed any IRIS Explorer datatype. In fact, it is
also possible to share parameter values. This allows the teacher
and student to have dual control over the widgets on a module
interface: thus the teacher can select for example the number of
contour levels that a student will display in his pipeline. We
have effectively extended the single pipeline model of the
conventional visualization systems (as shown earlier in Figure
1), to the more powerful, multi-pipeline model shown in Figure
6. Data can be exchanged between pipelines as shown, and the
modules are under the potential control of either person - teacher
or student.
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Figure 6: Extended Haber-McNabb model

In some instances, the student may be unsure of which module
to select. Thus we also alow the teacher to launch a module in
the student’s map - indeed, if the student has no idea how to
begin, the teacher can launch an entire map of connected
modules on the student’'s machine.

In summary, teacher and trainer can share data, share control,
share modules and share maps.

4. Practical Visualization Using World Wide
Web

Thereis clearly a mgjor investment of effort, on the part of both
student and teacher, if oneisto include the use of a system such
as IRIS Explorer in a course on visualization. In a shorter
course, this is a luxury one cannot afford. Indeed some would
argue that simply to understand the ideas behind visuaization
techniques such as contouring, or volume rendering as used in
medical imaging, the student should not have to learn the
complexities of wiring modules together.

Thus one is led to a quite different approach. Here one wishes
the student to see the picture produced by a particular agorithm,
and alow them to experiment with different parameters of the
technique, but to do this through a very simple and familiar
interface. For example, for three dimensional scalar data, it is
often useful to extract surfaces of equal vaue - called
isosurfaces. These are the 3D analogue of contour lines for 2D
scaar data. They could display, for example, equi-potential
surfaces around a molecule. One would want the student to see
an isosurface, to perhaps rotate it and zoom it, and then to vary
the equi-potential level to seeif thisincreased or decreased away
from the centre of the molecule.

How to achieve this? The one user interface that every student
today knows is the web browser interface, whether Mosaic or
Netscape. Thus we have developed a visudization teaching
facility according to the model shown in Figure 7. The student
enters the details of the visuaization on aform presented via the
web browser: they enter the choice of technique (isosurface),
parameters of the technique (isosurface level) and particular
dataset (potentia field data for some molecule). The web server
runs a CGl script which passes the form details to a
‘visualization web server’, which in turn creates an appropriate
IRIS Explorer map (using the scripting language of IRIS
Explorer called Skm). Rather than generate an image, IRIS
Explorer is programmed to create a geometry file representing
the visualization; this geometry file (an Open Inventor iv file) is
translated to the Virtual Reality Modelling Language (VRML),
which is the WWW 3D graphics language. The VRML file is

passed back to the web browser which invokes a suitable VRML
reader (such as WebSpace) to display the visualization. Because
live 3D geometry is passed back, rather than a passive image,
the student has the freedom to interact with the visualization,
rotating it as they wish in order to understand better the 3D
nature of the equi-potential surface. They can explore it further
by changing parameter values on the form, and seeing the
resulting effect.
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Figure 7: IRIS Explorer visualization web server

This, as we mentioned earlier, gives a facility that a teacher can
use in any short course on visualization - or where visualization
is included as a short part of a more traditional course on
computer graphics. It can even be used in the early stages of a
full course on visualization, before exposing students to the
complexities of a visual programming system.

5. Conclusions and Future Work

We have seen how new technology - CSCW and WWW - can be
employed to help students learn the practical aspects of
scientific visualization. The work described here has been
trialled in our visualization module in the MSc course. The on-
line tutorial is now an essential part of the course, and allows us
to handle distributed practical sessions without any increase in
staffing. The collaborative learning using the extensionsto IRIS
Explorer has been used successfully with selected students. In
its one-on-one mode, it is likely to be of benefit to students with
specia problems, but this individual style of teaching will not
scale up to a large class. However the technology will also
support a mode in which the lecturer acts as master, and drives a
number of student workstations as slaves. These daves can be
detached a any time and asked to tackle an exercise
independently, then joined up later with the lecturer's
workstation to check against a working solution.

The IRIS Explorer web server is being trialled in our module on
virtual working environments, where students learn about
technology for remote delivery of learning materials.



The on-line tutorial and the visualization web server can be used
a any time, at any place, by the students; the CSCW approach
to collaboration between student and teacher obviously requires
the same time frame, but is independent of the location - the
only requirement is that student and teacher be connected by
network.

It is sometimes argued that research represents the leading edge
in university activity, while teaching follows some way behind,
picking up research ideas and including them within curricula
only after a period of maturation. But here there are signs that
teaching is motivating research.

First, there is growing interest in the research community in the
area of collaborative visuaization systems, as described in
section 3: for example, the European-funded PAGEIN [8]
project has looked at collaborative visualization in the aerospace
industry. Our own research has been given an extra spur by this
teaching application, leading us to propose a significant
extension of the Haber-McNabb visualization reference mode! -
an extension encapsulated in the diagram of Figure 6, and
described fully in [6]. The benefits of collaborative
visualization are likely to be significant: software vendors can
use this technology in the support of, and training in,
visualization systems; research teams of scientists and engineers
can use the techniques to co-operate on the analysis of
simulation and experimental data - without the requirement to
physically meet together.

Similarly, the visualization web server opens up a wedth of
opportunities for further development. One can envisage now
the ability to post-process any data (of suitable form) anywhere
on the World Wide Web, to present it to the reader as a picture
rather than an indigestible list of numbers - stock market data,
air pollution data, meteorological data and medical data are only
a few of the possibilities.
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