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Abstract
Virtual worlds have become a useful tool in research, commerce and teaching.  These environments allow communication, visualisation, interaction and simulation in a manner that has previously been impossible.  Second Life has become the most popular of these virtual worlds with many companies and education centres owning land and developments within its environment.  In this work a number of exhibit within Second Life have been developed, which are aimed at assisting teaching and research of chemistry.  The exhibits are focused on drug docking and remote automation of experiments.  The exhibits were demonstrated with great success during the National Science and Engineering Week outreach event at the University of Southampton, where approximately 3000 members of the public attended.
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1 Introduction
A virtual world is a computer based environment, typically in three dimensions, where a person can interact and manipulate objects and communicate with others. Users are represented in the virtual world as avatars, although these are typically 'humans', they can have any shape and size. Virtual worlds have been used for a number of applications including research, commerce and education. In this paper we will focus on research-led education. There have been a number of virtual worlds developed specifically for education, such as Active Worlds Educational Universe (AWEDU)[1], Media Grid[2] and EduSim[3]. Each of these virtual worlds are aimed at different age groups and attempt to simulate different aspects of real world teaching within their environment, such as lectures, demonstrations and group tasks. Virtual worlds can benefit the learning environment as they offer visualisation not available through traditional simulation techniques and can promote discussion among students who are located across the globe. The use of avatars also provides a level of anonymity, this can overcome some of the embarrassment that may be felt in asking questions and may lead to the student being more expressive than face to face interaction.  Second Life[4] has become the most popular of these virtual worlds with over 1.3 million users. Its success has come from its easy to use interface, global media coverage and its free-to-use policy. Second Life also allows, assuming you have the correct permissions, to build objects within its environment and develop scripts to run within them. It is this functionality that is used to develop its educational areas, such as virtual lecture theatres (with streamed media), interactive (and dynamic) models and virtual presentations. An example is shown in Fig. 1.  Second Life is closely linked to other online information stores, for example links to websites can be given to the user by exhibits as note cards, allowing users to expand the learning experience as they wish.  Through use of simple web services Second Life can also be linked to a database, providing both storage and access methods.  This can greatly increase the interactivity and complexity of objects within the environment, as with the database support of many leading website such as Amazon or YouTube.  As Second Life currently requires users to be over 18 to register, this greatly limits who the education areas are available to.  To overcome this, the developers of Second Life have also produced Teen Second Life[5], an equivalent of Second Life that provides extra safety mechanisms for the younger users.
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Figure 1. A virtual lecture theatre within Second Life

The Virtual Chemistry Experience (ViCE) project[6], funded by Learning and Teaching Enhancement Unit (LATEU) at the University of Southampton[7], have generated a number of Second Life exhibits designed to promote teaching of chemistry to a wide range of ages. These exhibits focused mainly on two areas: shape recognition in drug design, focusing on drug docking in protein structures and remote automation of apparatus, including participation in experiments. The Second Life drug docking exhibit parallels the eMalaria[8] web site, developed at the University of Southampton. A potential anti-malaria drug is generated and submitted to docking simulation software through a web interface. A docking score is generate which represents how well the candidate molecule would bind with the dihydrofolate reductase (DHFR) and therefore how good a possible drug candidate it is.  Two ‘example’ experiments were controlled via virtual representations in Second Life.  These exhibits were demonstrated at the National Science and Engineering Week (NSEW) outreach event[9] at the University of Southampton in both 2009 and 2010.
2 IMplementation

As the majority of visitors during the NSEW would be between the ages of 10 – 18, a solution was required to allow them to enter Second Life due to the age restrictions.  This was overcome by pre-registering a number of avatars for general use, when a user below the required age was using one of these avatars an adult would provide guidance, as shown in Fig. 5.

2.1 Drug docking
The eMalaria project was modified to work with Second Life. The existing web interface allowed users to use Jmol[10] to build the drug candidate, applying no limitation to the potential geometry and atom type within the drug candidate.  These potential drug compounds would be submitted to the Gold – Protein-Ligand Docking software[11].  This software determines how well a compound will dock into a protein active site by considering its shape, the active sites of docking site and the drug candidate and the interactions between these groups; these interactions are balanced to find the ‘best fit’.  The results from these fittings would be presented back to the user through the web interface, displaying a docking score and a simulation of the candidate within the docking site.

To simulate this in Second Life the potential drug candidate was limited to tripeptides, a combination of three amino acids.  This was to both make the system easier to transfer to Second Life and limits the candidate to more drug-like compounds.  To make the system more engaging this was represented in Second Life as a ‘fruit machine’, as shown in Fig. 2.
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Figure 2. The eMalaria fruit machine exhibit within Second Life

The user spins the reels, which randomly selects three amino acids to generate the tripeptide candidate. This is submitted to a web service which retrieves the docking score.  When fitting compounds using the GOLD software, this takes around a minute.  As we wanted high throughput during the NSEW outreach event we needed the results faster.  To achieve this, the tripeptides were submitted and docked in advance; the results from this were stored in a database.  A PHP web service was written to receive a request containing the amino acids used to make the tripeptide drug candidate.  Using these parameters an SQL query is submitted to the database and the fitting score is retrieved.  The script converts this score into simplified XML which is return to the HTTP request.  Second Life makes a request to this web service and retrieves the tripeptide docking data and returns these back to the user, where the their docking score is presented.  Hold buttons were also added to the reels of the ‘fruit machine’ to allow the participants to experiment with fixing certain amino acids into the drug candidate.  This allowed the participants to discover how certain functional groups affect the potential of the drug candidate.

To extend the eMalaria exhibit a Second Life 'molecule rezzer' was generated to render structure data.  A second PHP web service was written to retrieve requests of molecule structures using either a specific eMalaria candidate request or load a web available molecule file in a format such as MOL[12].  On completion of fitting, the Gold software generates both the docking score and a file containing structural information on the orientation of the candidate within the active site.  For each fitting this file was uploaded to a database, allowing them to be available in Second Life.  When a request is made to the web service the structural data is retrieved, this is converted to a reduced format to minimise the memory usage.  The converted format is returned as the HTTP response.  The molecule rezzer uses the generated tripeptide to make a request to this service.  The returned atom co-ordinates, atom type and bonding information are used to generate the molecule in Second Life. This was used in the eMalaira exhibit to generate the tripeptide candidate and docked drug to show the participants how the molecules align within the docking site, as shown in Fig.3. This rezzer has also been used to render crystal structures using data from the eCrystals[13] repository at the National Crystallography Service (NCS)[14].
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Figure 3. The eMalaria fruit machine with drug candidate, docking site and docked drug

As the eMalaria exhibit was aimed at participants with a good understanding of chemistry, a simplified version was built as an introduction to chemistry and protein docking (aimed particularly for younger ages). The concept of drug docking was simplified to a key fitting into a lock - if the key fits, the drug may be successful. This was built in Second Life as a locked chest depicting a sensory receptor and a number of keys linked to a stimulus, as shown in Fig.4. A participant attempts to determine which stimulus will affect the given receptor and a good fit will unlock the chest.
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Figure 4. The Second Life lock and key exhibit to simulate the basics of shape-fitting chemistry
2.2 Remote automation

When running chemical experiments there can be potential health risks, such as ionising radiation or toxic substances.  In these cases only trained operators are allowed to conduct the experiment.  This reduces the opportunities the students have to interact and learn from using these devices.  A simulation of the experimental apparatus in a virtual world allows the users to interact and control the experiments as if it were real, providing hands-on experience where previously not available.  If these virtual experiments are linked to real-life experiments both trained operator and students can run real-life experiments without being exposed to the associated risks.

It has been shown that through use of relatively simple software solutions, experiments can be controlled remotely using input devices such as web pages or mobile phones[15].  This software uses a central message broker to receive messages from controlling device and forward it to the relevant automation component.  As the two parts are independent, the control message can be publish from any source, such as Second Life.  This project focused on the control of two experiments, a microscope observing a number of samples and the alignment of a laser system.  To allow this to be demonstrated at the NSEW outreach event the real-life experiment was also simulated using a LEGO Mindstorms™ kit.  The microscope simulation used two actuators, the first to rotate the sample and the second to alter the focus.  A USB microscope was used, its media stream was relayed back into Second Life.  This allowed real-time feedback from using the Second Life controls to move the real experiment and viewing the results back in the virtual world.  The laser alignment experiment used a laser source (for safety reason a laser pen), three actuators used to rotate mirrors and a three sector photodiode to detect the beam.  The aim was to rotate the mirrors to align the beam to the centre of the photodiode.  A virtual representation of each of these was also built in Second Life, as shown in Fig. 5.  When interacting with a virtual control panel a movement message published to the message broker via a web service.  These messages are received by the software controlling the LEGO NXT brick, resulting in the associated actuator moving.  The output from these movements (such as changing focus) and then displayed in Second Life (such as a change in the video stream).
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Figure 5. The Second Life laser alignment simulation

3 Discussion and Conclusions

During the National Science and Engineering Week family days the exhibit was used by hundreds of people of all ages, although mainly school-age children, shown in Fig. 5. During the events a number of Second Life questionnaire exhibits were run. The feedback from the participants suggested that the use of Second Life as a teaching tool was not only new, but provided an interesting way to present education material.
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Figure 5. A number of participants running the exhibits during the National Science and Engineering family day 2009

Observations of the participants suggested that Second Life has an intuitive control system which required little time to establish, although this may be aided by the availability of computer at home. The combination of these exhibits and additional printed material provided a learning experience for users of all ages. The major drawback during the family day event was from the lack of regular bandwidth, as there were a large number of stalls in a small area there was a slow down when several people were interacting with the exhibits. Currently objects in Second Life are limited to 16Kb of memory per scripts, this can drastically limit what they can be coded to achieve. This can be avoided by following strict guidelines when scripting the objects, such as limiting the use of lists and avoid storage of long strings. 

4 Further work

The project is currently expanding to provide more interactive exhibits. The automation software will be developed to control a surface study laser experiment using the message broker and control messages. This will provide control over a real experiment involving a high intensity laser source.  This will allow students to interact with the apparatus where typically unavailable due to safety restrictions.  The resulting plots of this experiment are also generated from a single URL request so can also displayed in Second Life.
The NCS X-ray diffractometer will also be linked into Second Life using the messaging software, this can generate a 3D representation of the crystal structure as the results are collected. Several other schools within the University of Southampton (Medicine, Architecture and Education) have also shown interest in building exhibits within Second Life and the project is also working on outreach to schools and support for undergraduate students.
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