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ABSTRACT
This paper explores a collaborative virtual environment (CVE) applied
to support molecular structure learning. Due to many students of all
levels have difficulty understanding the structure of molecules and other
information in molecular biology and biochemistry courses, CVEs seem
suitable to support its learning, because students can inspect virtual
models of molecules, as well as learning in collaboration. In addition,
literature reports that virtual reality has been used in education to
facilitate learning of abstract or complex information with positive
success. We started a research project that used virtual environments
containing virtual molecules of DNA and amino acids. They can be
studied by students using the local network and the Internet, thus many
students could benefit. A pilot usability study was set up, in which
preliminary results shows ease of molecule analysis and communication
among students.

1. INTRODUCTION
Chemistry students of all levels have difficulty learning and understand-
ing biochemistry concepts due of its abstractness, as in the bonding of
two molecules (Birk and Kurtz, 1999). The problems of learning
molecular structure are basically due to incomprehension of molecular
scale, difficulty of perception of three-dimensional features, and com-
plexity of molecular bonds, among others (Dor and Barak, 1999; Birk
and Kurtz, 1999). Plastic and wood model sets have been used for
learning and teaching molecular structure since the fifties, but they
present a number of disadvantages, such as inaccuracy of scales and bond
angles, difficulty to manipulate and store, and incapacity to show some
molecular properties such as bond order (Petersen, 1970).

Since the eighties, computer-assisted learning (CAL) programs, espe-
cially multimedia and computer-based graphical representations, have
been commonly used in classrooms and computer rooms to support
learning of molecular structure, using stand-alone molecular visualiza-
tions and modelers. One of the most popular and free molecular
visualization program is Rasmol, developed by Roger Sayle in 1996.

With the widespread use of the Internet starting in mid nineties,
molecular visualizations have been easily done by groups of students,
downloading graphical representations of molecular structures from
Web pages or collaboratively watching and analyzing the same molecu-
lar graphic using plug-ins for Web browsers (Rzepa et al., 1997).

Recently, virtual reality (the 3D graphical simulation with interaction)
has been used for analyzing and learning molecular structure and bonding.
Stand-alone applications have been developed and used to support
comprehension of bond formation, molecular site receptors, and amino
acids structures (Su and Loftin, 2001; Sherman and Craig, 2003).
However, there is limited research on the benefits of learning molecular
structure using collaborative virtual environments. In addition, this
technology has been successfully used in a number of educational areas
for reinforcing complex or abstract concepts and for simulation, such
as in Zoology (Allison et al. , 1997), Algebra (Bricken, 1992), atomic

models (Byrne, 1996), and others, to name some. With virtual reality,
students can understand abstract or complex concepts in a new way, using
various sensory channels, thus supporting the learning process (Dede et
al, 1997). In addition, Virtual reality technology can make concepts
more explicit and concrete, recreating situations or concepts that can
be difficult to do in a real environment (Dede et al, 1997; Sherman and
Craig, 2003). For example, a student could explore a virtual atomic
structure with virtual protons, and virtual electrons moving around its
core (Byrne,1996).

2. USABILITY STUDY
A series of virtual environments are being developed, containing virtual
molecules of DNA (Deoxyribonucleic Acid) and twenty basic amino
acids. These molecules were chosen because they are widely studied in
biochemistry and related courses (Cohen, 2003). The data for making
the virtual molecules were obtained from PDB (Protein Databank) files
downloaded from the RSB Protein Data Bank website (Berman et al.,
2000). The virtual molecules were shown using a virtual environment
browser called DIVE (Distributed Interactive Virtual Environments)
(Carlsson and Hagsan, 1993). DIVE is a free VR browser, which has its
own language, and also can handle Tcl/Tk and VRML (Virtual Reality
Modeling Language) scripts. It can be downloaded from http://www.sics.se/
dive/. Students access a virtual environment made in DIVE through a
local network or the Internet, where they are represented in the
environment as avatars (a graphical personification of a student), as well
as to communicate each other using a text chat window, and using the
voice with a microphone. In this manner, a virtual molecule can be
shared, seen, analyzed, and manipulated by all the students. It is possible
to use other virtual reality browsers and programming libraries to do
collaborative learning such as VR Juggler (Cruz-Neira et al., 2002), but
we consider they are more difficult to program and configure than DIVE.

A usability study was carried out to get first insights of the visualization
of virtual molecules, as well as the analysis of the use of the collaborative
virtual environment. Eight Computer Science students were asked to
participate in the study. They had very basic knowledge of molecular

Figure 1. Some virtual molecules  shown in DIVE browser.
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structure. A virtual molecule of DNA was chosen for this test because
of its particular structural features, such as amino acids conformation,
helicoidal structure, and other features described in Cohen (2003). A
usability questionnaire was designed with four open questions and five
Likert scales to obtain information about participants’ demographics,
video games previous experience (to see if this could affect participants’
performance in the study), possible discomfort in the visualization, ease
of watching the structural features, preference, and collaboration.

For this study, participants were asked to use four computers with
Windows 2000 operating system, connected to a local network running
at 100Mbps (See Figure 2.). All the computers were at the same room,
situated one another approximately 5 meters apart. The students were
seated in pairs in front of each computer (Figure 3). All the students were
sharing the same virtual environment showing a DNA virtual molecule,
which was seen and manipulated using DIVE browser. A chemistry
teacher (acting as a moderator) explained DNA’s main molecular
structural features, such as conformation, chirality, chemical composi-
tion, bonding, and others, as the molecule model was rotated. The
teacher explained the virtual molecule using the text chat system of
DIVE, and showed the molecule from many angles and from the inside
of the DNA molecule, as well as zooming in and out, as he was explaining
the structure. The molecule explanation lasted about 30 minutes. During
the explanation, students could ask the teacher or to another student
about the virtual molecule using the text chat window or their voice using
the microphone. After the explanation, students were asked to fill in the
usability questionnaire.

3. PRELIMINARY RESULTS
Most of participants declared in the questionnaires that it was very easy
to watch the molecular features on the computer screen, even though
four of them answered in the questionnaire to have a sight problem
(myopia and astigmatism). All students positively responded to a
question that asked how useful collaborative VR should be to learn
molecular structure in chemistry courses. Regarding the preference
questions, all students preferred to learn biochemistry using VR in
conjunction with other didactic media, such as multimedia and Web
pages. 65% of students declared that using the keyboard arrow keys was
very easy to change the view point of the molecule. However, 45% of

students shown problems with the communications using the voice. 90%
declared that the chat window was very useful for comments exchange
on the virtual molecule.

4. DISCUSSIONS
All of students declared in the questionnaire that they preferred to learn
biochemistry using a collaborative virtual reality environment in
conjunction with other technologies, such as multimedia CD-ROMs and
Web pages. Most students strongly prefer the use of VR to learn
biochemistry than from traditional pedagogical tools alone (i.e. the
blackboard). In addition, it was noticed that students shown an increase
of  their participation, especially interest and collaboration, compared
to activities done in a conventional classroom. This increase of
participation and interest using a computer-mediated communication
(in this project, participants used the text messaging in the collaborative
virtual environment) has been reported in other research studies using
virtual reality in education (Byrne, 1996; Dor and Barak, 1999).

5. CONCLUSIONS
Initial tests of the collaborative virtual environment were encouraging.
Nevertheless, it is necessary to make certain technical adjustments, such
as the voice communications. This happened because we needed to
increase the microphone gain, and perhaps to use better microphones.
We also have to adjust the use of the keyboard for changing the
viewpoint. Due to DIVE browser is free, and its computer requirements
are relatively low compared to other virtual reality programs, it can be
installed and used in almost any today’s computer room.

6. FUTURE WORK
A study is being planned to compare a group of students without a
moderator and having them manipulate and analyze the molecule,
following certain predefined tasks. Further tests are needed with larger
number of students, and doing tests on the Internet as well, having groups
of students that could be remotely connected online. DIVE architecture
is ready for working with many students on the Internet, previous
installation of DIVE and proxy servers. It is necessary to do a polygon
optimization to the source code of the virtual molecule of DNA, since
it is a large file, and it could not be adequately displayed on remote or
slow Internet accesses. Once the virtual environment system is tested
and updated, we will apply it to regular molecular biology, biochemistry
and related courses.
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Figure 2. Configuration of the collaborative virtual environment.

Figure 3. Students analyzing a view of  virtual molecule of DNA.
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