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ABSTRACT
The development of a Virtual Orthopaedic University is underpinned by a pedagogical approach built on current education research of learning being situated and authentic, with learners adopting an active and constructive approach. An aim of the project is to maximise the relationship between different pedagogical approaches, tools and resources in a novel learning environment, while providing support for decision-making using a toolkit approach. The Virtual Orthopaedic University architecture can be used in a variety of different ways to support different types and levels of user and different syllabi. This paper describes the rationale behind the development of the system, the overall architecture, and the relationship between the architecture and the adopted pedagogical strategy.
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INTRODUCTION
Continuing Professional Development (CPD) is an essential part of the healthcare professions and the use of ICT provides an opportunity to improve the efficiency of both the teaching of and the learning by lifelong learners. This paper gives an overview of a project which has developed a virtual university. The Virtual Orthopaedic University (VOU) is an integrated digital educational and working environment for the training of orthopaedic surgeons. The VOU provides an infrastructure for clinicians who can use computer-assisted surgical tools (both real and simulated) with dedicated interactive media, linking the educational environment of the Web Based Training scheme to resources and to clinical data collection from ongoing trials in orthopaedics. 
Furthermore, surgeons are mobile well-educated individuals whose work demands continuous availability of educational material that is up-to-date and focused on their particular learning situation. With the advent of virtual infrastructures, managing most of the administrative, research and educational workload of the university within the digital domain becomes possible. Potentially, this has huge benefits for surgeons by providing greater access to information without the friction associated with traditional infrastructures. However, in reality the situation is more complex. Although such an infrastructure is possible technologically, there are still huge barriers to its effective implementation, particularly in the need to understand the associated cultural and pedagogical aspects. The design of the system needs to take account that the content is constantly changing, giving rise to the need for dynamic and interactive systems, which would allow new and updated materials to be included, as well as the ‘just in case’ archives.
This paper addresses these aspects by reporting on the pedagogical strategy adopted within the VOU project and its relationship with the developed architecture. We show how the VOU was designed to support different types of user and different syllabi. Within the VOU system we demonstrate how a surgical educational ontology is used as the basis for Learning Agreements. We describe the rationale behind the development of the system as well as an initial evaluation.
VOU IMPLEMENTATION
The VOU provides a working environment to help trainees become familiar with new surgical procedures and the management of clinical case audit. The implementation enables users to communicate using material designed for their specific needs allowing the presentation of media to adapt to the user’s experience and knowledge base. This combines declarative (factual) content with feedback from a clinical (procedural) case-based training and evaluation environment.
The Orthopaedic Syllabus for training Higher Surgical Trainees is arranged by sub-speciality; the current version of the syllabus is a static entity [8]. It has no relationship to the learner’s previous experience, beyond tacit acknowledgement of the fact that the trainees must have attained entry-level knowledge to attend the courses. Learning Agreements initiated within the environment which allow the trainee and their tutor to agree a plan for obtaining clinical experience and to select suitable posts for the trainee to occupy for structured training purposes. The individual contract must be specific for the clinical post and the template provided can be used only as a recommendation. It is not prescriptive.
To ensure enhanced interoperability, the construction of the metadata standards for the core components within the system conform to approved standards such as the Dublin core, Learning Object Metadata and Information Management System (IMS) [16]. Applicability (the ability to apply the technologies to other fields), and expandability [18, 20]
1. There is a need for constant updating of the knowledge base for both procedural and declarative learning.
2. The trainees typically have limited time and computing expertise.
3. The specialist knowledge base varies according to the trainee’s experience and application.
Specialist knowledge includes essential knowledge and important knowledge, which are both part of the core curriculum. Essential knowledge relates to safety issues, and every trainee must be evaluated against this and demonstrate passable skills on every occasion. Important knowledge is that required to achieve a high quality of service, such as knowing a wide range of detail regarding conditions. Important knowledge is included within the questions of the core modules, although time is not formally available to test this.
The system developed to meet these requirements included the following components:
· Multimedia Educational Modules, which provide the declarative (factual) base of material for the education of the users
· A Virtual Classroom environment for exchange of views, and monitoring of progress
· A Virtual Observatory for the collection of data from simulation systems and the actual intra-operative data collection

· A Dynamic Review Journal (DRJ) is a web-based archive of peer reviewed medical and technical material. The DRJ allows trainees and tutors to analyse data from existing journals, to investigate hypotheses, to comment on reviewed articles, and to even prepare and submit articles for review. In addition, tutors capitalise on these reviews by including the corresponding declarative and procedural knowledge in the Educational Modules.

· Novel Modalities of Simulation [6, 7] of surgical procedures for training and experimentation focusing on micro-surgery
Addressing the above disciplines within one working environment, the virtual university infrastructure [9] aims to meet the needs of clinicians for combining clinical, educational and research duties. This includes the concept of the digital personal profile of the trainees, and is formalised as a surgical educational ontology, which is part of the Learning Agreement. There is a core of documents and components linked into the VOU surgical educational Learning Agreement, which will continue to be refined as part of the VOU pedagogy.
PEDAGOGY
The aim of the project was to create a novel learning environment which tries to maximise the relationship between different pedagogical approaches used to support learning, and the associated tools and resources available to support them (see Figure 1). The project builds on current thinking in educational research on pedagogy where learning needs to be situated and authentic, with learners adopting an active and constructive approach. In particular, it builds on the problem-based learning literature [12], constructivism [14, 15], communities of practice [19], situated learning [11, 1, 17] and activity theory [5]. The pedagogical strategy aimed to create an environment that allowed the different benefits of each of these pedagogical approaches to be made explicit. Included as part of the learning environment are guidance and exemplars of how, for example, problem-based learning can be used in conjunction with collaborative learning, through the use of the case based learning (case scenarios), the Dynamic Review Journal and the communication environment. 
The guidance and exemplars are stored in a pedagogical ‘toolkit’. This builds on our previous research on using toolkits to provide guidance and support, which were developed through a process of co-participation with relevant stakeholders. Toolkits provide a pragmatically-based approach to applying theory to practice and can be used to support decision-making by the tutor. We have developed a framework for integrating learning technologies into courses which builds on Laurillard’s ‘conversational’ framework [3]. The framework is designed to take the user through the thought processes of re-engineering a course. It begins with an evaluation of the existing course and an analysis of its strengths and weaknesses. Different media types are then assessed, and the different educational interactions they support are considered. A selection process then takes into account limiting factors, including resource issues and local constraints. The final part of the framework is a map of the tailored course and the requirements. We define toolkits as decision-making systems based on expert models, positioned between wizards and conceptual frameworks, but are more structured than the latter. A toolkit is a model of a design or decision-making process, with tools provided at key points along the way. Each of these individual tools is designed to help the user access a knowledge base in order to make informed decisions.
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	Figure 1 Relationship between pedagogy, tools, and resources
	Figure 2 Educational Tool Development Process


The format of toolkits means that they can be used in a standard, linear fashion, or can be “dipped into” by users whose level of expertise is stronger in some areas of the design process than that of other users. We have developed a number of toolkits. Of particular relevance to VOU are Media Advisor and an evaluation toolkit. Media Advisor can be used to provide guidance on the appropriate integration of learning technologies into course redesign [13], whereas the evaluation toolkit guides users through the process of creating an evaluation strategy [2].
The project used Media Advisor in workshops with practitioners to produce examples of ways in which the pedagogy, tools, and resources, can be combined to suit different aspects and levels of the curriculum. The toolkit therefore serves both to guide users of the learning environment and as a mechanism for generating and storing exemplars of different ways in which the learning environment can be used.
The pedagogical strategy is designed to invoke active participation using the multiple resources available in the learning environment. In addition, it is designed so that the users are motivated to learn about a topic by searching for, evaluating, and using authentic information. This learning experience mimics real life in targeting the learner as the routine information hunter and interpreter, who constructs knowledge by problem solving with information tools. The advantages of this approach are that it
· adopts a learner-centred approach to learning
· promotes the development of thinking skills (problem solving, reasoning, and critical evaluation)
· improves the research skills of the learners, supporting the research-led mission of the partners
· is adaptable to students with different learning styles
· ensures that work the learners carry out is deeply interrelated with their work on academic and key skills
The VOU learning environment consists of a supportive underpinning technical architecture and a range of supplementary guidance and tools. The tools and resources are designed to be flexible so that they can be used at a number of levels, from major pedagogical re-engineering of courses through to enrichment of aspects of the learning process with engaging and illustrative resources. The process of using the environment consists of these stages:
1. Mapping the curricula to pedagogical approaches
2. Identifying appropriate teaching and learning methods
3. Evaluating and selecting appropriate resources
4. Identifying and integrating resources and tools
5. Delivery, evaluation, and refinement
Figure 2 above outlines the overall process showing the relationship between each of these stages. It is anticipated that these steps will be completely interactive.
THE ON-LINE SYLLABUS
The VOU architecture can be used in a variety of different ways to support different types and levels of user and different syllabi. The project also includes some specific courses and pre-set routes through the system, but can also be used flexibly. An educational contract is drawn up to bring the educational syllabus and the Learning Agreements together. These provide a two-way proposal for the tutor and trainee to agree initially, and then review as the clinical posting progresses. The aim of the contract is to identify areas of overlap between the trainee’s learning needs, the tutor’s ability to focus upon specific clinical areas, and the resources of the clinical department and case mix, in order to provide relevant learning material and clinical experience. The contract maps onto the personal profile of the individual and can be used as the basis of providing a personalised route through the VOU system in accordance with their clinical role.
The goal for the syllabus and the Learning Agreements is to enable trainees to pass the Certificate of Completion of Specialist Training (CCST) exam. These two artefacts enable
· an outline course infrastructure to be prepared for educators – such as course convenors or instructors and the tutors of individual trainees – for specific courses or periods of in-house training (posts of usually 6 months duration)
· curriculum development to be dynamically built, with units that can be combined in meaningful ways. These are mapped onto the syllabus and structured to suit the trainee’s needs.

· the development of existing or new learning and performance objectives to be documented, and users to recognise when they have been completed 
· education, training, and learning organisations involved to monitor an individual’s progress against the syllabus
· the implementation of vital security and authentication procedures (including non-repudiation) for the distribution and use of Learning Agreements – in accordance with the Data Protection Act and the laws of consent regarding patient information.
SURGICAL ONTOLOGY AND THE LEARNING AGREEMENT
Within the VOU system, a surgical educational ontology is used as the basis for the Learning Agreements. This is coupled with the need to accommodate the organisational approaches of different individuals. By formalising the process, the VOU Learning Agreement ontology provides part of the pedagogical framework for the development of courses. These may thus be integrated with the trainee’s specific needs and the clinical tutor’s ability to accommodate the specialised learning needs within the context of the most suitable caseload and experience available in the clinical post. This contributes to the VOU philosophy of embracing all possible learning models by providing learning object metadata, which allows course convenors to build their own course structures, whilst focusing on the problem-based learning model to allow multiple modalities to be presented to the trainee (see Figure 3).
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Figure 3 Electronic Higher Surgical Training Infrastructure

VOU EVALUATION

The VOU project has recently carried out a broad usability evaluation of the range of services offered by the UK Web site. This evaluation focused on capturing users’ general responses to the overall VOU ‘experience’.
The evaluation was carried out by 18 orthopaedic surgeons with a mean age of 30.2 (SD 4.6), and a mean of 5.1 years surgical experience (SD 4.3). The majority of the participants responded to background questions in a way that indicated that they were technically-informed — they understood the benefits of electronic access to information, used the Web regularly at home and work, and preferred the electronic medium over traditional media. Even those who were less technically aware praised the benefits of electronic access. Only one participant, a self-confessed ‘techno-phobe’, maintained that paper-based materials were the easiest and preferred working medium.
Each participant followed a tour through the VOU Web site, with each area — Digital Library, Education (part of each surgeon’s Continuing Professional Development commitment), and DRJ — being demonstrated, before allowing the participant to familiarise himself/herself with its function through ‘hands-on’ experimentation. Participants were also invited to carry out simple tasks, such as finding information in the VOU digital library, and taking part in an interactive surgical simulation. In the case of the DRJ, each participant was given the opportunity to run through the entire process of setting up a clinical trial, carrying out data collection and analysis, and producing a targeted pre-print. Each participant then completed a questionnaire designed to capture their responses to a number of different aspects of their VOU ‘experience’, enabling us to measure the experience in terms of impression, command, effectiveness, learnability, and ‘aidability’, based on the Software Usability Measurement Inventory (SUMI) [10], as well the navigation and comprehension extensions to SUMI proposed by Crowder et al. [4] for evaluating hypermedia systems. Table 1 shows how each scale corresponds to a different aspect of the VOU ‘experience’.
	Scale 
	User Experience

	‘Aidability’
	The degree to which the VOU site assists the user to resolve a situation

	Command
	The extent to which the user feels that they are in control

	Comprehension
	The degree to which the user understood the interaction with the VOU site

	Effectiveness
	The degree to which the user feels that they can complete the task within the VOU site

	Impression
	The user’s feelings or emotions when using the VOU site

	Learnability
	The degree to which the user feels that the VOU site is easy to become familiar with

	Navigation
	The degree to which the user can move around the VOU site


Table 1 Questionnaire scales in relation to the user’s ‘experience’ of using the VOU site.
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Figure 4 Results of the VOU usability trial, showing average
participant responses for different areas of their VOU experience

The results of the evaluation are shown in Figure 4, where a mean response value of 5.0 indicates an entirely positive result, and a mean response of 1.0 indicates an entirely negative result. Initial indications from this trial therefore show a positive response to all aspects of the VOU usability experience. The greatest positive responses were to the statements “I was able to move around the information in VOU easily” (navigation), “learning to use the system was easy” (learnability), “I felt at ease trying different ways to get to the information I needed” (learnability), “the system help files provided enough information to use the system” (‘aidability’), “VOU could be of use to me in my job” (effectiveness), and “using VOU allows me to accomplish tasks more quickly” (effectiveness). Areas which proved more controversial included “I often become lost/disoriented when using VOU”, “it was difficult to learn more than the basic functions of the VOU system”, and “the system was awkward to use if I wanted to do anything out of the ordinary”.
CONCLUSIONS AND FUTURE WORK
Surgeons demand continuous availability of educational material that is up-to-date and specific to their required learning needs. This reflects the need for life long learning material as well as the ‘just in case’ archives. New material is being collected constantly and this needs to be properly evaluated and integrated into the learning infrastructure appropriately. Part of the educational strategy employed relies on the evolving university concept, to allow for the updating and upgrading of educational material in the light of new results, using analysis of data received for the evidence base from ongoing clinical trials. This acknowledges that a virtual university is a living infrastructure that evolves with time, due to changes both in its underlying philosophy and staff. To satisfy the CPD requirements, and the constantly changing medical world of the surgical professional, a cultural, technological, and social paradigm shift is occurring in orthopaedic surgical training within the UK. Technological solutions such as the VOU framework presented here have the potential to offer cost-effective and timely solutions if used appropriately.
The development of a Virtual Orthopaedic University described in this paper is underpinned by a pedagogical approach built on current education research. Using a toolkit approach allowed us to maximise the relationship between different pedagogical approaches, tools and resources in a novel learning environment, while providing support for decision making. The tools and resources are designed to be flexible so that they can be used at a number of levels, from major pedagogical re-engineering of courses through to enrichment of aspects of the learning process with engaging and illustrative resources. To ensure that the different requirements from the stakeholders can be met, the VOU architecture was designed to be flexible, that is, it can be used in a variety of different ways to support different types and levels of user and different syllabi. The Virtual Orthopaedic University has been developed in a consortium consisting of orthopaedic surgeons, educationalists and computer scientists, and has undergone expert review at several stages in its development. However, the financial implications of developing and using these types of system in a clinical environment are not well understood and further investigation is required. The next phase is to conduct comprehensive user evaluations of the VOU system; this will also include a multi-centre clinical trial using the Dynamic Review Journal.
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