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This paper describes recent developments in an ongoing project[1-3] to develop a series of
virtual reality based laboratory accident simulations, designed to impress upon users the
importance of following proper lab safety procedures, and the potential consequences of not
doing so.  The primary goal of the project is that users will remember the experience of suffering
a lab accident longer and more vividly than a written set of lab safety rules, and will hopefully
conduct themselves in a safer manner as a result.  A secondary goal is to explore a variety of
different development platforms, to determine which are most practical and effective for this
type of first-person educational simulation.  The following sections will describe the current
status of the overall project, and describe the most recently developed modules.

Project Overview

It is well known that people remember things that they experience first-hand much longer and
more vividly than things that they merely read or hear[4, 5].  Specifically in the area of
laboratory safety, anyone who has ever experienced a laboratory accident will remember that
experience much longer than any set of written lab safety rules.  However it is obviously not
practical to deliberately stage lab accidents merely to drive home the importance of following
proper lab safety procedures.  Virtual reality, on the other hand, offers the opportunity to create
realistic first-person simulations of lab accidents that will have a much stronger impact on the
user than any set of written rules ( although obviously not as strong an impact as real accidents. )

Virtual reality is an emerging computer interface technology designed to make the user believe,
as much as possible, that what they are experiencing is "real".  While no system currently
available has attained that goal completely, there are many high-end systems that can suspend
users' disbelief to remarkable extents, so that at least for a short while they are willing to forget
that it is not real.  Advanced systems achieve this level of realism using ultra-fast graphics
supercomputers and specialized interface equipment, including stereoscopic displays, head-
mounted displays, motion trackers, haptic feedback devices, advanced audio processing systems,
and even olfactory "display" systems.[6-13]

Low-cost virtual reality[11, 14-16] does not achieve the same levels of realism and believability,
but has the advantage of being within the grasp of a much broader audience, and with recent
advances in consumer-grade computer graphics cards, the gap between high-end and low-end
systems is rapidly diminishing.  Virtual reality has successfully been applied as an information
delivery system, in both the educational[17-28] and scientific visualization[7, 8, 29-35] arenas.
This project strives to deliver simulations having as high an impact as possible while supporting
computer equipment that is commonly available to students and other interested parties.  Special
devices such as head-mounted displays are supported ( where applicable ), but not required.
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Project Status

Table 1 outlines the different safety rules and development platforms that are being implemented
for this project.  The items in red, ( also indicated by asterisks ), are the new developments since
the last time that the results of this project have been reported[1].  Modules marked "Done" are
available on the web for free download or direct use.

PlatformSafety
Rule VRML WTK WorldUp Java3D Half Life

Safety Glasses Done Done Under
Development

Storage Done *Done *Under
Development

*Under
Development

No Food 1st Draft Done

Clear Aisles 1st Draft *Done *Done

Gas Cylinders *Done *Done

Proper Attire *Done

Know Locations *Done

No HorsePlay *Under
Development

Virtual Reactor NA Under
Development

NA NA NA

SafeHunt NA Done NA NA NA

Table 1: Current Status of Virtual Reality Laboratory Accident Scenarios

Descriptions of Newly Developed Modules

The following modules have been developed since the last paper was written on this project[1].
Some of the modules are complete and available for download, and others are still under
development.  The features and benefits of each development platform are discussed under the
first module ( in the paper ) to use a particular platform.  Because the VRML platform does not
have any new modules to describe, it is described here.

VRML ( Virtual Reality Modeling Language[36] ) is a web-based description language similar
to HTML ( HyperText Markup Language. )  The difference is that VRML allows for the
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description of three-dimensional objects and environments, and in the case of VRML2, it also
provides support for movement, interactive response, and sound.  The attractive benefit of
VRML is that it can be run in any web-browser having a suitable plug-in, and there are several
3D object creators ( such as 3D Studio Max ) that can save their work in VRML format.  Our
experience with VRML, however, has been somewhat mixed.  We have been able to produce a
few good simulations using this tool, but it has required a lot of work and does not allow students
to draw extensively on their C programming background.  VRML has also not lived up to its
promise of cross-platform compatibility in our experience, and in general the strong interest and
support that VRML enjoyed for a few years has died down.  The automatic VRML generators
tend to produce overly complex wasteful code, which may be less of an issue as computers have
gotten faster, but which is still very difficult to maintain manually.  Although we have not
abandoned this platform, there are no current development activities or plans for it either.

Always Store Chemicals Properly ( WorldToolKit and Half-Life )

This safety rule states that all chemicals should be stored in proper locations when not in use.
There are special storage locations for flammable and radioactive materials; acids and bases
should not be stored together, and of course, chemicals should not be left laying around the lab
benches.  This rule was first addressed in the VRML platform[3], has recently been completed in
the WorldToolKit format, and is under development using the Half-Life game engine.

In all three platforms the basic scenario is that a number of bottles have been left carelessly on
the lab bench, and it is the responsibility of the user to clean up the lab by putting each of the
bottles in its proper location.  If the user succeeds in cleaning up the lab in a timely fashion, then
they receive kudos for their efforts, but if they fail to do so, ( either because they misplaced
materials or because they simply failed to clean up at all ), then the lab blows up.

The WorldToolKit platform is the one that we have been most successful and productive with in
our development group.  It is a library of C language functions designed for the development of
virtual reality programs, produced by the Sense8 Corporation[37].  Students write C language
routines to drive the simulations, calling on the WorldToolKit functions to handle low-level
graphics and device management details.  This platform is one the students are very comfortable
with, based on the C programming skills they have learned in class, and it is relatively easy to
develop new simulations by building on our accumulated experience with previous work.
WorldToolKit also offers the benefit of multiple platform support, which we have pursued with
limited success.  ( WorldToolKit has versions for MS Windows, Silicon Graphics, Sun, HP, and
Linux.  Efforts to port the lab accident simulations from the Windows platform to the other
platforms have not yet been completely successful, but are still underway. )  WorldToolKit
supports advanced virtual reality hardware devices, such as head-mounted displays, stereoscopic
displays, and even the CAVE™[9, 30].  The VR lab accidents are written to support many of
these devices, but do not require their use.  The down side of WorldToolKit is that the binary
programs have to be downloaded and installed on the users' computers, and separate versions
must be created for each desired hardware platform.  Figure 1 illustrates three scenes from the
WorldToolKit implementation of the proper storage lab accident simulation.
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Figure 1: WTK Simulation - (A) Bottles on the bench to be cleaned up.   (B) Carrying a
bottle of acid to the fume hood. (C)  Weak and dying after the explosion.

Half-Life is a new development platform for the VRUPL group, and the first simulation using
this new platform is still under development.  Half-Life is a commercially available computer
game that normally involves wandering through underground dungeons and shooting bad guys
with machine guns and similar weapons.  However it is also possible to develop new
environments and simulations, ( modifications, or "mod"s ), which can then be driven by the
Half-Life game engine[38-42].  Half-Life includes a graphical development and programming
environment that allows one to quickly develop new environments, and includes support for
sophisticated lighting effects, actions triggered by users' movements, and perhaps most
importantly for the lab accidents, explosions.  It also includes human characters that can be
programmed to interact with the user, and has the added benefit of being very popular and well
known within the primary target audience ( college age students  ) of the lab simulations.  The
Half-Life development environment also includes a large number of useful components,
including radioactive symbols, lab coats, a wide variety of textures, and furniture such as desks
and fume hoods.  Images of the Half-Life simulation can be seen in Figure 2.

Figure 2: Half-Life Simulation - (A) General lab furniture.   (B) Fume hood and lab bench
with bottles.  (C) Explosion, and blood on the floor.

Always Keep Aisles Clear ( WorldToolKit and Java3D )

This safety rule focuses on the need to keep laboratory aisles, particularly those leading to exits,
clear and free from obstructions.  The VRML version was one of the first simulations developed
for this project, and needs to be re-done.  New developments this year are that this simulation has
been completed in both WorldToolKit and Java3D formats.  The scenario in both of these
implementations is that a fire breaks out in the laboratory blocking easy access to the door
through which the user entered.  If the aisles are clear, then the user can quickly exit through an
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alternative route, but if they are cluttered, then it requires extensive additional effort to exit the
lab, possibly at the cost of the user's life.  The two new simulations are dramatically different
from each other, and are also different from the original VRML simulation.  Images from both
versions of this simulation are shown in Figure 3.

The WorldToolKit simulation involves a laboratory with two exits, and requires the user to
choose ahead of time whether the rule is being followed or not.  A fire breaks out near the door
through which the user entered, forcing the user to make some potentially difficult choices as to
how to exit the laboratory.  If the aisles are clear, the best option is to run through the remaining
open doorway.  If not, the user must choose between taking the time to move the clutter blocking
the doorway or attempting to run through the fire to safety, either of which can be hazardous to
the users health.  The lab fills with smoke as the simulation proceeds, so remaining in the lab is
not a good choice in any case.  This simulation is also equipped with a "health meter", and
provides different feedback messages at the end depending on what choices the user has made
and how they performed overall.

The Java3D simulation has only the cluttered option, which initially has a single clear path
across the room.  When the simulation starts, the user is taken along the clear path to the far
corner of the room, and then a fire breaks out blocking the easy path back.  The user must then
wind their way through a maze of tables and clutter to attain the exit.  A conclusion screen plays
back the path that the user took, and compares it to the most direct route in an uncluttered lab.
Time comparisons are shown, indicating how much time the user lost due to the clutter in the
lab.  There are six different versions of the simulation, which differ by the placement of clutter
( and the resulting maze layout. )  The initial version is selected randomly, and then users can
select specific versions for repeat runs.

Java3D is another new development for the VRUPL lab, and is based on the Java programming
language.  It consists of a package of Java classes that support the description of three
dimensional objects, environments, and actions, including user interactions.  Because Java3D is a
relatively new development, there are not a lot of resources available, other than on-line
documents[43].  ( A search of both Amazon.com and the O'Reilly web site for "Java3D" found
zero matches for either source. )  The student who developed the Java3D lab accident had
learned basic Java in a programming course, but was entirely on his own regarding the Java3D
extension.  The result was a pretty good simulation that took a long time to develop due to the
steep learning curve and lack of available references.  Java3D again has the benefit of being
runnable in any web browser for which the user has the appropriate plug-in.

Figure 3: (A) WTK - Both exits blocked and smoke thickening.  (B) Java3D -  Fire, smoke,
and clutter in the lab.  (C) Java3D - Followup comparing good and bad exit routes.
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Securely Fasten Gas Cylinders ( WorldToolKit and WorldUp )

This safety rules centers around the fact that compressed gas cylinders can turn into torpedoes
should the nozzle ever break off.  For this reason compressed gas cylinders should always be
securely fastened to bench or cylinder rack.  In these simulations there is a laboratory containing
two gas cylinders – one that is securely fastened, and one that is not.  As the user enters, the
unfastened cylinder falls over, breaking the nozzle and causing it to fly around the room causing
havoc.   One of the many things that gets broken is the nozzle on the secured cylinder, which
then proceeds to shoot a jet of high-pressure gas harmlessly up at the ceiling.  At the end of the
simulation, the cylinder shoots straight at the user's face, followed by an image of a tombstone.
This simulation was developed in both WorldToolKit and WorldUp by the same student who
developed the no food allowed simulations on the WorldToolKit platform.  ( Note:  One
reviewer wanted to know what our lab walls were made of, because the one time he had seen a
gas cylinder go ballistic it had shot straight through the nearest wall and landed some distance
away, as opposed to bouncing around the room.  The developers of this simulation have never
had the (mis)fortune to experience a broken gas cylinder first hand. )  Figure 4 shows scenes
from both the WorldToolKit and WorldUp versions of the gas cylinder accident simulation.

Figure 4:  (A) WTK - Secured and unsecured gas cylinders.  (B) WorldUp - Oncoming
cylinder ends the simulation.  (C)  Both versions reach the same conclusion.

WorldUp is another product of the Sense8 Corporation, and is in fact built upon the
WorldToolKit library.  WorldUp presents the developer with a graphical development
environment, as opposed to the extensive C Programming required when using WorldToolKit
directly.  WorldUp developers predominantly drag, drop, click, and fill out forms with design
parameters.  There is also support for visual basic scripts, which are attached to objects or the
scene graph in the form of tasks.  One of the attractive benefits of the WorldUp platform is that
the simulations can be run directly from a web browser, using a plug-in that is freely available
from the Sense8 web site.

WorldUp is supposed to be an "easier" development environment than WorldToolKit, and so our
initial approach was to assign newcomers to the lab to work on WorldUp simulations.  This
approach did not work well for us, possibly because no one in the lab ( including the lab
director ) had experience with WorldUp, and so newcomers had no one to turn to for help.  More
recently, we tried assigning an experienced and highly competent WorldToolKit programmer to
develop some WorldUp simulations, and she was able to successfully develop a WorldUp
simulation for the gas cylinder safety rule, which she had previously developed in WorldToolKit. P
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Always Wear Proper Attire in the Laboratory ( WorldToolKit )

For this simulation the user must first dress for work, deciding whether to wear sandals or more
substantial shoes, and whether or not to wear a lab coat.  Upon entering the lab, accidents occur
that expose the user's feet and/or arms to harmful chemicals.  If they are wearing proper attire,
then they have a certain amount of time to remove the affected clothing and activate the lab
safety shower to wash off any remaining residue.  If they have not chosen proper attire, then their
arm and/or feet quickly dissolve down to the bone, which is hopefully an experience that they
will not soon forget!  Figure 5 shows four scenes from this simulation.

Figure 5:  (A) User selects attire before entering the lab.  (B) Sandals were not a good
choice!  (C) Neither was neglecting a lab coat!  (D)  A safety shower is available.

Know the Locations of Fire Extinguishers and All Exits ( WorldToolKit )

In this simulation, ( shown in Figure 6 ), a fire breaks out that blocks both the exit door and easy
access to the fire extinguisher.  If the user has paid attention as they entered the lab, then they
can access the extinguisher through an alternate route and extinguish the flames in time to escape
the lab safely.  If they are not able to do so in a timely fashion, however, then they are quickly
overcome by the smoke and flames.  As a complicating factor, the second exit to the lab is
blocked by clutter, which is immovable in this simulation.

Figure 6:  (A)  Users must note the fire extinguisher as they enter the lab,  (B) Because it is
hard to see it through the flames later.  (C)  The consequences of not finding it can be fatal.
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No Horseplay Allowed in the Laboratory ( WorldToolKit )

This simulation ( which is still currently under development ) has been postponed for some time
because it requires the presence of human characters in the laboratory.  Humans are much more
difficult to simulate than lab benches and beakers because they require a much greater level of
detail and realistic movement before they are believable in a simulation.  The two breakthroughs
that have made this possible are the increased graphics power of modern personal computers,
and the human figures that were extracted from other development platforms.  Work is still
proceeding on achieving realistic motion as the character moves in the laboratory.  The general
scenario for this simulation is that someone throws a ball in the lab, which knocks a co-worker
into the lab bench full of chemicals, and then onto the floor, as shown in Figure 7

Figure 7:  (A) A thrown ball hits the scientist,  (B) Knocking him to the ground,  (C)  and
severely injuring him.

Accessing and Running the Simulations

All of the completed simulations are freely available on the VRUPL web site[44] ( Follow the
"VR Lab Accidents" link ), and are run in a variety of ways depending on the development
platform.  The VRML and Java3D versions are run directly from the web browser, using the
appropriate plug-in. ( Links to access the necessary plug-ins are provided. )  The WorldToolKit
versions must be downloaded onto the user's computer and installed – The MS Windows
versions of these all use the standard InstallShield™ installation method, which also provides un-
installation capability.  The WorldUp simulation can either be downloaded and installed or run
directly in the browser, again using a suitable plug-in.

Performance depends primarily on the performance of the graphics card, and to a lesser extent on
the performance of the computer.  The WorldToolKit and WorldUp simulations in particular are
based on OpenGL graphics, and so a modern OpenGL graphics accelerator card ( e.g. GeForce )
is highly recommended.  There may be problems with Windows 95/98 on computers using
DirectX graphics instead of OpenGL graphics.  One caveat is that Sense8 products recognize the
presence of an accelerated card by checking for a 16-bit color setting, which means that if the
color setting is set to anything else ( e.g. 8, 24 or 32 bit color ), then Sense8 will perform
graphics calculations in software rather than hardware.  For OpenGL systems, set the colors to
16-bit to ensure use of the hardware acceleration;  For DirectX graphics cards, setting the colors
to 24 or 32 bit can sometimes prevent Sense8 from attempting to use hardware acceleration,
thereby avoiding the associated problems.
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