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Abstract

Technology has been used to create real-world simulators for training in high-risk occupations for more than thirty years in the airline industry. Simulators are designed to recreate a training environment that so closely resembles real life that trainees undergo all the physical and mental rigours they might be expected to face in a real world situation. In this way, trainees are equipped with essential skills in industries where the cost of training and the risks to major equipment and infrastructure are prohibitive. While, simulators in the past have provided poor reconstructions of the real world at best, the use of a variety of new and convergent technologies now allows us to create simulators for a range of industries and training institutions that more effectively create a real-life environment. Kimberley TAFE’s Broome Maritime Simulation Centre is an example of how simulators can take training to a new level. It was established in 2004, uses a unique modular design that is scaleable and has developed into a centre of excellence for training in the maritime industry. This paper discusses the implementation of the Broome facility, issues and possible future directions for training using simulation technologies.

1. Introduction

The opportunities afforded by technology to enhance training in occupations where high risk and/or excessive cost are factors, have long been recognized by educators and industry stakeholders.  Simulations have been employed by airlines for the last thirty years to recreate a training environment that resembles real life so trainees undergo all the physical and mental rigours they might be expected to face in a real world situation.  In the past such simulators have provided reconstructions of reality that rely on two dimensional visuals and the visual interpretation of events with some gross physical simulation such as in airline training simulators.  However, these simulators do not have the facility to recreate the fine physical nuances that occur in real life situations.  This is an issue where these fine nuances, such a ship touching the wharf of a docking station, are crucial to the operation being performed and the confidence and competence of the trainee.  However, the emergence of convergent technologies, improved graphics and immersive system design has enabled simulators to more realistically re-create the work environment and the Broome Maritime Simulation Centre is an example of how training can be taken to this new level.  This paper discusses the implementation of the Broome facility, issues and possible future directions for training using simulation technologies.

2. Simulation and learning

Simulations can be defined as recreations of real world systems which contain rules and strategies that allow the user to participate in a range of activities in a flexible and variable environment (de Freitas, 2006).  While research into the value of using simulations in education is still an emerging field, high risk industries such as airlines have been using them to train pilots for over thirty years.  Although these traditional simulators have been limited by the technology available, there is no doubt they have provided trainees with valuable experiences that would normally be unavailable due to cost and the high risks associated with learning to fly a plane.  However, newer, convergeant technologies, the use of artificial intelligence (AI) and serious games have opened up a new chapter in the use of simulation technology in educational settings (Hingston, Combes & Masek, 2006; Little, 2007).  We can now recreate three-dimensional  stereoscopic environments that involve multiple users and virtual environments that closely mimic the real world in both context (the situation) and surrounds (the physical environment).  Users today can become immersed in a real experience that may just push them to their limits (Little, 2007).

Using these convergent technologies, simulations can now create an immersive learning environment that closely resembles reality and real life situations.  Such immersive learning environments allow students to practise exploratory learning.  Exploratory learning occurs when the student explores or experiences an environment or situation in a real life context, without actually living the experience.  The power of this pedagogy relies on the notion that the learner can transfer lessons learnt in a virtual environment to real life, using metacognitive practice and tutorial support to guide the learning (de Freitas, 2006).  Simulations also provide opportunities for students to personalise their learning, allowing them to exercise some control over the learning experience.  They can revisit and review scenarios to further develop physical and cognitive skills.  Learning that is self-directed and inclusive more closely resembles experiential learning where the learner is in control of the experience (Feinstein, Mann, & Corsun, 2002).  Simulations promote the development of problem-solving skills and introduce complex learning situations that are multi-dimensional and allow the introduction of external stress factors such as noise, which are a common component of the real workplace.  Thus, simulators using new technologies facilitate training for flexibility and can emulate altered environmental conditions which allow students to practise controlling anxiety responses which may impair judgement in a real life situation (Robert, Sauer, & Wastell, 2007).

Convergent technologies also allow for the introduction of multi-player simulations that are far more effective in recreating real life scenarios, since few situations in the workplace occur in isolation.  Multi-player simulations provide students with collaborative learning opportunities where debriefing after the simulation exercise allows players to identify analyse and articulate about their learning experience.  Thus, ‘simulations provide the analytical tools for turning raw experiences into learning’ (Pedersen, 2000).  Simulations also allow players to take risks in a safe environment with minimum negative consequences, so interventions can be assessed, practised and learned ahead of time.  This feedback loop strengthens learning so it becomes a remembered experience (Pedersen, 2000).  Using a simulation as part of the learning program, teachers can guide metacognitive reflection, stimulate discussion about a shared experience and provide opportunities for students to develop analytical and synthesis skills.

These new technologies also allow simulations to move beyond traditional training software which is usually linear, follows scripted procedures and is played out in a two dimensional environment (Nicolescu et al, 2007).  Modern simulators allow the player to be the designer, script new scenarios and then enact them out.  Being involved with the design of the scenario allows the players to conceptualise elements and relationships (Druckman, & Ebner, 2008).  Such activities enable students to problem-solve and predict possible scenarios to reach workable solutions to situations that may occur in the real workplace.

Simulations provide immersive, interactive learning experiences that motivate students and cater for diverse learning styles and individual differences.  These learning experiences support constructivist learning pedagogy where students can use a range of scenarios in the simulation to build on prior and acquired knowledge, develop problem-solving and analytical skills and thus acquire deeper meaning and understandings (About Learning, 2004).  Learning experiences that use constructivist principles have the capacity to engage students in open-ended, inquiry based learning that encourages interaction with the learning materials as a major part of the learning process.  Using simulation technology combined with serious games and 3D graphics to recreate real life scenarios, allows students to be directly involved in the learning experience.  Educators have long recognised that people learn best when they internalise new information along a continuum of perceiving and processing. Successful learning occurs when students experience first and then conceptualise understandings from their experiences (About Learning, 2004).  

When using simulations students can visualise and experience the results of their actions. Research indicates they become active participants in the learning (Yarger et al. 2003), building skills and developing the thinking processes required when engaging in real work environment.  The use of simulators to introduce flexible training options is particularly relevant in high cost and high risk industries such as the maritime industry (Cross, 2003).  The Broome Maritime Simulation Centre was established in 2004 and provides a world class simulator that supports the maritime and mining industries in the North West of Western Australia.  It is an excellent example of how simulation can provide innovative learning opportunities for students and provide flexible training that meets industry stakeholder needs.  
3. learning the ropes – systems integration

Systmes integration is an important feature of any simulation design and implementation if the immersive training environment is to simulate the real life workplace.  Jumbo Vision is a company that works with cutting edge technologies to integrate the diverse systems required to support the Broome Martitime Simulation Centre.  Jumbo Vision’s role in the systems design and implementartion is to create a real life, seamless, simulated environment where the learner is fully engaged in an activity and experiencing the same conditions as would be expected in the real workplace.  Hence, a number of factors that go beyond using the latest software and hardare must be considered when developing a system that will accurately recreate a real life experience in a simulated environment.  

One of the most important factors to be included in the sytems design is the human factor, since it is a real person who will be operating the simulation system and experiencing the learning.  Human impact factors in such a simuation centre must accurately reflect the real life experience if the simulated environment is to closely ressemble the workplace.  The projection system must be set so there are seamless images to avoid distraction during the immersive learning.  Screens which guarantee uniformity of images, located at the right viewing angles and which produce balanced colour to recreate the real life scenario are also an important aspect of the systems design.  In the Maritime Simulation Centre modular consoles were designed to mimic a real ship’s bridge, while still being flexible enough to accommodate different personnel and different ship bridge layouts.  The consoles are at a height equivalent to those found on a functioning ship’s bridge, but these can be altered for specific training sessions.

The simulator must be easy to use, with no remote controls or parts that can be easily misplaced or broken.  This is important for both the operators and the trainers to ensure the system is robust and down time is kept to a minimum.  Backup facilities and an alternative power supply are also important, as is the overall stability of the environment if the system is to produce seamless images that are crystal clear.  Ease of use is critical if the simulator is to be used as an effective learning tool. Time spent in the simulator should be focused on learning the simulated task, rather than learning how to operate the system.

Environmental considerations that may affect the efficiency of an operator in the real workplace such as room temperature, humidity and lighting also need to be taken into consideration.  Immersive training using simulations needs to take into account the whole environment if it is to create an holistic learning experience.  Tempertaure, humidity and lighting all affect the operator’s ability to concentrate and perform effectively at peak efficiency, as does background noise (Booth & Pedley, 1999; Schmid & Collis, 1999). This is particularly important when training operators who will be working with costly equipment where one small mistake can have huge repercussions. Such is the case at the Broome Maritime Simulation Centre which trains operators to berth a range of large and small sea craft at different locations Australia-wide.

4. riding the high seas – the broome maritime simulation centre

The simulation system installed at the Broome campus of Kimberley TAFE is based on a Mistral 4000 system as developed by Faros/Sindel now E.C.A Sindel. The system installed in Broome presently consists of three ship bridges, which can be operated either separately or interactively. The main bridge provides five channel vision out to 200 degree in the horizontal. The projected image is via rear projected data projectors onto five screens with a total vision of 7.5 metres by 1.2 metres. The visual image is pannable and tiltable through 360 degrees and can show the centre of a bridge or bridge wing views including panning down to show a vessel coming alongside at water level. Binocular vision is also available. The main bridge has a complete, real instrument conning console (Mansim2) with associated display screens. On the main bridge there is also ARPA Radar, ECDIS, GPS and Nav Instruments screens. The displays are mounted in aluminium consoles.

The secondary bridge is the same as the main bridge but is limited to a 40 degree visual horizontal field of view. The image is provided via the main system and the visuals are completely pannable and tiltable. This bridge is equipped with a small ship conning console, but includes ARPA, ECDIS and Nav Instruments. The tug bridge is a fully functional Azimuth Stern Drive Tug simulator which can interact with both of the other bridges in the system. The system consists of dual Stork Kwant azimuthing thrusters and winch controls mounted in a stainless steel bracket and tug master chair. Visualisation is provided through a Sony VR helmet, which is worn by the tug master with an additional visual monitor. Visual is 40 degrees, but completely pannable and tiltable.

The system is flexible and allows for the inclusion of buoys, markers, and also the ad hoc alteration of wharves/jetties so that time is not lost if changes are required. Navicom PPU equipment can be interfaced into the simulator so instrument pilot training and familiarisation can be conducted at the same time. The Broome Maritime Simulation Centre includes a database management system for the development of new port areas and ship models. Several Australian ports and ships have been modelled so far using the system. Available Australian ports include Fremantle, Port Hedland, Koolan Island, Esperance, Broome, Dampier, Sydney, Newcastle, Haypoint (PMI), Gladstone (PMI), Cairns (PMI), Melbourne (PMI) and Torres Strait (PMI) (TAFEWA, n.d.).
5. issues

The Broome Maritime Simulation Centre is a successful example of an immersive and holistic learning environment, but no simulation system is entirely free of implementation and ongoing issues.  For Jumbo Vision major issues during the implementation and integration of the systems required to build the simulator, included the transportation of fragile components that were costly to replace and the training of personnel who required specialised skills to install and complete the initial setup, and coordination of the systems which make up the simulator.  To solve some of these problems, the company partially built and pre-commissioned the systems at the workshop in Perth before transporting them to Broome for the final installation.

As with any technology, there are also ongoing maintenance issues for both Jumbo Vision and the Centre.  For Jumbo Vision, working with IT staff at the Centre to coordinate the various parts of the simulator is a major issue, especially if staff turnover is high, as new staff require specialist skills training to maintain the systems in-between regular maintenance visits.  Administration of the system is beyond Jumbo Vision’s control, and yet it is vital to the smooth functioning of the Simulation Centre.  The system consists of up to fourteen computers and shut down and start-up of the whole system can cause problems.  Determining the right maintenance schedules, effective communication between IT staff and distance are all issues that have needed to be addressed.  The Centre and Jumbo Vision have devised a solution that has been successful in keeping these ongoing issues under control.  Jumbo Vision provides specialist training that is ongoing for the trainers who not only use the simulator for teaching and learning programs, but they are also responsible for completing small maintenance tasks on the systems.  Trainers know how the system works and are able to troubleshoot if anything minor goes wrong.  This extra role by trainers and the skills set they acquire ensures they are intimately involved in all aspects of the simulator and the environment.

6. conclusion

Simulations provide industry and education with immersive learning where learners can experience, develop skills and problem-solve in an environment that recreates what they are likely to find in a real workplace.  While simulations in the past have been poor replications of the real world and often limited to very high risk industries due to cost, new technologies are now making it possible to recreate a training environment that so closely resembles real life that trainees undergo all the physical and mental rigours they might be expected to face in a real workplace.  Training provided by the Broome Maritime Simulation Centre equips trainees with essential skills in industries where the cost of training and the risks to major equipment and infrastructure are prohibitive and is an example of how simulators can take training to a new level.  The design is modular, flexible and scalable and the integration of the systems that make up the simulator is seamless, thus creating an holistic learning environment.  In every way, the simulator mimics the real workplace.  Learning the ropes on the high seas is now safer and more comprehensive than ever before.
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