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In the past, virtual learning and research environments have typically been implemented as monolithic 
systems. Current research focuses on creating such environments from selected Grid and Web 
services. In this paper we describe the Virtual Orthopaedic European University, which was created to 
support Higher Surgical Trainees to provide evidence for their learning contracts by carrying out 
experiments and publishing the results. We use this environment as a case study for the re-
implementation of this system as a set of Web services, and we discuss the advantages of taking such 
an approach.  

Virtual Research Environments, Web services, Grid Services. 

1. INTRODUCTION 

The current vision for the Grid focuses only upon the immediate aspects of e-science: the experiments, analyses 
and meetings which occur over the duration of a project. As well as these synchronic aspects, any scientific effort 
(and e-scientific efforts in particular) will have diachronic features. These are collaborative activities extending 
through time, enabling the influence of the project to carry on beyond its funded timescale and disseminating its 
knowledge beyond the boundaries of the original collaboration. These activities are a well-known part of the 
scientist’s profession (publishing papers, publishing data, re-running experiments and checking others’ results, 
comparing approaches from different projects, generalising or specialising the work of others, and teaching). The 
current deployment of Web technologies increases the effectiveness of this loosely-coupled collaboration and the 
role of the digital library is to focus the various channels (archives, publishers’ Websites, and aggregation agents) 
into a single portal which mediates these strands of diachronic collaboration. There is also a looser coupling that 
exists between researchers-as-educators and their students, particularly in the context of higher education. The 
accepted picture of e-science could be enlarged (see Figure 1) from its current focus on experimentation and 
analysis to feature these processes of wider significance, since without these aspects of diachronic collaboration 
there would be no ongoing science and, indeed, no scientists. 
Marchionini and Maurer [11], in their proposed future of digital libraries, envisaged the sharing of resources 
becoming an important factor in supporting teaching; this includes the ability to share raw scientific data and other 
datasets. Many e-science projects have collected a vast amount of data. If the next generation of scientists is to go 
beyond the present position it is essential that they have access to the raw data in their research and training. 
These early visions are slowly being realised, for example McGrath et al. have developed a system that will locate, 
browse and retrieve astronomy data across several databases [13], but there is still a need for those that have the 
technology skills, and librarians, and users, to work together to provide appropriate tools for handling, manipulating 
and analysing these large datasets [15]. There are projects beginning to do this; for example the Digital Library for 
Earth Science Education (DLESE) project allows students to explore geospatial materials and Earth data sets. 
Groups of students can then manually create reports using this data, and discuss them [12]. Weatherley et al. have 
proposed a model that will aid reviewers in reviewing complex material or a digital collection [21]. The peer review 
of collections and peer comment is a significant part of the dissemination process, which adds value to any 
collection. Lyon sees the digital library, in the context of an information grid, as consisting of a collection of 
resources for learning and teaching, data repositories for research purposes, or as archives of diverse cultural 
heritage materials [10]. While this is only a proposed scenario, Lyon recognises the need for researchers to 
undertake experiments, deposit raw data, and produce pre-prints using web services. 
Recent advances in Web technologies allow such concepts to be realised. The Virtual Research Environment 
(VRE) has been implemented as a Web-based environment for supporting a critical subset of the e-science cycle 
(Figure 1): the collation and analysis of experimental results, the organisation of internal project discussions, and 
the production of appropriate outline documents depending on the requirements of conferences and journals 
selected for dissemination. 



This paper reports on a Virtual Research Environment used in the education of surgeons. 
The paper first describes a system built as a tightly integrated component of the Virtual Orthopaedic European 
University (VOEU). The paper then presents the current work in redeveloping the VRE as Grid/Web services. The 
paper concludes by discussing the potential impact of such systems and future work. 

2. THE VOEU APPROACH 

The Virtual Orthopaedic University provides an infrastructure for clinicians to manage the administrative, research 
and educational workload of the university within the digital domain. 
The VOEU system included the following components, the last two being the focus of this paper. 

• Multimedia Educational Modules, which provide the declarative (factual) base of material for the education of the 
users [3]. 

• A Virtual Classroom environment for exchange of views, and monitoring of progress [23]. 
• Novel Modalities of Simulation [6,7] for the emulation of surgical procedures for training and experimentation, 

focusing upon micro-surgery. 
• A Virtual Observatory for the collection of data from simulation systems and the actual intra-operative data 

collection. 
• A Virtual Research Environment will allow Higher Surgical Trainees (HSTs) and tutors to analyse data from existing 

journals, investigate hypotheses, comment on reviewed articles, and even prepare and submit articles for review. 
The VRE is a web-based archive of medical and technical material, which is peer-reviewed. In addition, tutors will 
be able to capitalise on these reviews by including the corresponding declarative and procedural knowledge in the 
educational modules. The implementation enables users to communicate using material tailored for their specific 
needs, which allows the presentation of media to be adaptive to the user experience and knowledge base. This 
combines declarative (factual) content with feedback from a clinical (procedural) case-based training and evaluation 
environment. 

Combining the above disciplines within one working environment, the virtual university infrastructure [8] aims to 
meet the needs of clinicians by combining clinical, educational and research duties. The project builds on current 
thinking in educational research on pedagogy in terms of learning being situated and authentic, with learners 
adopting an active and constructive approach. In particular it builds on the problem-based learning literature [16], 
constructivism [17,18], communities of practice [22], situated learning [3,20,9] and activity theory [4]. 
The end users for this VRE will be the Higher Surgical Trainees, who are qualified surgeons training to be 
consultants. They are not computer specialists, their study is work based, and they are rarely co-located with other 
HSTs. During the six years of training they usually move post twelve times, and they have to keep a logbook (e-
Portfolio). Therefore they typify both the average scientist trying to collaborate on a project, and a group of 
e-learners studying in a collaborative partner institution, i.e. they require tools that are easy to use for non-

FIGURE 1 COMPLETE CYCLE OF E-SCIENCE



computer science specialists. An objective of the project was to provide integrated computer support across the 
research and educational cycles because these activities are intrinsically coupled as a part of the requirements of a 
surgeon’s Continuing Professional Development. They must undertake research and publish papers to achieve 
goals under the learning contracts with their Professional Colleges. The use of Grid technology provides an 
opportunity to improve the efficiency of both the teaching and the learning in the context of lifelong learners. 

3. VIRTUAL RESEARCH ENVIRONMENT 

The Virtual Research Environment in the VOEU project had two main functions: to support the educational process 
and to aid surgeons in preparing findings for publication. Orthopaedic surgical trials typically run for extended 
periods (up to 2 years), with postoperative assessment results being collected regularly. The collated results are 
then analysed and discussed by a team of surgeons before being disseminated to the wider orthopaedic 
community, see Figure 2. 

3.1 SCHEMA SPACE 

The schema space is the mechanism by which the Virtual Research Environment is configured to a particular e-
learning community, through the formal specification of e-experimentation procedures relevant to that community. 
This configuration is currently achieved using three different types of schema. 

• Data schemas describe the exact nature of the experimental data (for example, specification of variable names, 
types, and possible values). In VOEU there are a number of data schemas for collecting orthopaedic clinical trial 
data. 

• Experiment schemas describe experimental procedures or protocols. For example, a protocol could specify that 
any e-scientist conducting an experiment of type X needs to record an experiment description, statement of purpose 
and an outcome hypothesis. Human-readable guidelines are also included, to help HSTs meet the requirements of 
the protocol and to help reviewers to ensure that the requirements have been met. As a simple example, the HST 
guidelines for the experiment description may state “summarise the content of the experiment”, whereas the 
reviewer guidelines ask “does the experiment description adequately summarise the content of the experiment?” 

• Publication schemas describe the required format for submitting experimental results to relevant 
journals/conferences (for example: Abstract, Introduction, Background, Experimental Methods, Results, and 
Conclusions). As with experiment schemas, human-readable guidelines are also included in publication schemas. 
In VOEU there are currently two publication schemas presenting the submission formats for the Journal of Bone & 
Joint Surgery (JBJS) and the British Medical Journal (BMJ). Where possible, the publication schema also describes 
any mappings between the experiment protocol (for example, specifying that the experiment hypothesis should 
appear in the Experimental Methods section of the article). This allows outline preprint ‘previews’ to be generated 
automatically without requiring the HST to copy and paste information between protocol and preprint. 

3.2 USER SPACE 

The user space is where the HST uses the schema space to organise practical data entry and collation, e-
experimentation, and dissemination. The user space is further subdivided into three personalised areas My 
Logbook, My Experiments, and My Papers. 
My Logbook or e-portfolio is an experiment logbook, in which experimental results can be entered (in accordance 
with a selected data schema). Logbook entries are subsequently added to the Virtual Research Environment 
community database, making data available (anonymously) to other community members. 

FIGURE 2 WORKFLOW IN THE VRE



My Experiments is a workspace for e-experiments, which the e-scientist works on. An e-scientist may be involved 
in an experiment in the capacity of lead investigator (initiates the experiment and acts as co-ordinator and contact 
for the duration of the experiment), associate investigator (assistant), or reviewer (monitors the progress of the 
experiment and reviews its outcomes according to guidelines). Reviewers have read-only access to the experiment 
protocol and set-up. When a new experiment is initiated, a discussion facility is automatically set up to facilitate and 
record communication between the e-scientists involved. This is also the means by which reviewers can give 
feedback to the practitioners. 

3.3 EXAMPLE OF USE 

To illustrate how a HST may use the VRE, this section 
outlines the process of managing e-experiments from the 
perspective of a fictional trainee surgeon, Sam. In Sam’s view 
of the VRE user space, Sam is shown to be currently working 
on three trials, undertaking a different role in each. Sam is the 
co-investigator in the “charcot joints” trial, is writing a 
systematic review of experiments in the “rotator cuff” trial, and 
is also a peer reviewer of the “tear size” trial. Sam has also 
entered several experimental records in the personal logbook 
(patient details, operative procedures, and assessment 
results), part of Sam’s e-portfolio. 
Formalising Trial Protocol – To initiate a new trial, Sam first 
selects the experiment protocol from the available experiment 
schemas. The VRE then uses this schema to generate a 
number of data entry forms into which Sam enters specifics of 
the experiment. Guidelines for completing these forms are 
presented as “stretch text links” [14], which can be 
viewed/hidden as required. A tutor specifies the associate 
investigators and peer reviewers who will assist Sam on the 
trial. When created, the new trial will appear in Sam’s VRE 
user space, and also in the user spaces of the associate 
investigators and peer reviewers. 
Selecting a Dataset – To create a dataset for the new trial, Sam searches the data repository for appropriate data 
used in previous trials for suitable cases or uploads new cases from Sam’s logbook. Since Sam has already 
specified the experiment schemas, only those cases matching this schema will be searched. Sam and associates 
subsequently add 42 different experimental results to the trial, which can be viewed in tabulated form for visual 
comparison. 
Analysing the Dataset – To perform analyses on the dataset, Sam and associates choose from statistical 
methods offered by a distributed Analysis Engine. Using the experiment schemas and metadata from the Analysis 
Engine, the VRE tool is able to generate an entry form for each statistical method, which Sam can use to fine tune 
the analysis (specify test variables, groupings, etc.) The Analysis Engine queues the requested analysis and 
notifies Sam when the results are available. These results appear in Sam’s VRE user space, and can be viewed. 
Discussing the Results – Having obtained some significant results from the statistical analyses, Sam then 
decides to create a pre-print for discussion by the co-investigators on a discussion board created for the e-print. 
Sam, co-investigators, or a tutor, can specify who is able to see the pre-print and comment on it. For the trial, the 
pre-print can be taken on to publication. In this case Sam selects the JBJS publication schema, and the VRE toolkit 
generates a pre-print template using the information Sam entered in the trial protocol. Sam fleshes out this 
template, following the JBJS guidelines provided, and specifies which analysis results should be included in the 
preprint. After previewing the pre-print, Sam submits it; behind the scenes the VRE tool submits the pre-print and 
its associated metadata to the community e-prints server (where it subsequently becomes available to the 
members of community), and makes the paper available in the user space of Sam and associates. 

4. GRID SERVICES FOR A VRE 

The VOEU project is based on an integrated and tightly coupled architecture, making it difficult to expand as the 
user requirements change. The follow-up project to VOEU is the Collaborative Orthopaedic Research Environment 
(CORE) This takes as its foundations the VRE established in VOEU, but develops the modules into services within 
a Service Oriented Architecture (SOA) [19,0]. 
The aim of CORE is to provide integrated computer support across the research and education cycles. For 
surgeons these activities are part of their Continuing Professional Development. Surgeons undertake research and 
publish papers to achieve goals according to the learning contracts that they have with their Professional 
organisations. 
These activities constitute a critical subset of the e-science cycle (Figure 1): the collation and analysis of 
experimental results, the organisation of internal project discussions, and the production of appropriate outline 
documents depending upon the requirements of conferences and journals selected for dissemination. 
The CORE project will develop a VRE demonstrator based on a SOA for supporting all of these activities. The 
advantages of using a SOA are: 

FIGURE 3 OVERVIEW OF THE PROPOSED 
INFRASTRUCTURE 



• Modularity: As appropriate services are dynamically coupled, it is relatively easy to integrate new services into the 
framework. 

• Interoperability: Due to standardisation of the communication and description of the services, third party services 
can easily be incorporated into the VRE as required. 

• Extensibility: Due to the relative ease with which services can be incorporated into the VRE, there is less danger of 
technology ‘lock-in’. 

The CORE project is being implemented as a toolkit of generic components based on the Grid SOA infrastructure. 
Figure 3 illustrates the CORE Framework concept, in the context of an e-science community Web site and 
integrated Grid services. 
Grid services were originally conceived as a method of distributing high performance computation, and it is true 
that the Grid will enable researchers and learners to run simulation and data analysis on a scale not possible 
today. However, Grid services also provide benefits in the areas of distributed knowledge and information 
management, offering functionality that is essential for serious e-learning applications, such as security and state 
awareness. 
The Semantic Grid, using Semantic Web technologies to describe Grid services, promises further benefits in the 
areas of automation and organisation. For example, it may be possible to automate a feasibility check of possible 
trials by looking at the availability of appropriate resources, including lab time, experimental datasets and staff. 
In an extended Grid environment, such as that described by the European e-Learning Grid infrastructure (ELeGI) 
project [4] it would be possible to search for and utilise alternative services and resources on the wider Grid. This is 
not only more robust, but offers the exciting possibility of new services being automatically incorporated into the 
local learning environment and new communities of remote studiers and teachers evolving naturally. 
CORE is less ambitious in the short term, but still seeks to exploit this flexibility and dynamism. The focus of the 
generic toolkit components in CORE will be a Virtual Bone Biology Laboratory, incorporating the basic science 
disciplines of molecular and tissue biology, pharmacology, prosthetics, trials management, and the clinical 
disciplines concentrating on musculoskeletal applications in rheumatology and orthopaedics. 
The CORE Bone Laboratory will provide a post-graduate training experience for researchers and clinicians with a 
background in bioengineering, initially treating musculoskeletal problems, with emphasis on training the next 
generation of clinicians and scientists. The CORE will need to provide Grid services for the simulation and 
modelling of bone and soft tissue biology, analysis of large scale experiments and the modelling of nanometric 
tissue units. The use of the Grid for distributed computation means that powerful analysis and modelling tools can 
be made available to students. 
The Bone Laboratory also aims to be a testbed resource for scientists developing new technologies for information 
management, and constructing technologies on the nanometric scale. This will rely on the flexibility of the SOA and 
the secure accessibility of the Grid. 

5. CONCLUSIONS AND FUTURE WORK 

The development of a Virtual Orthopaedic European University described in this paper is underpinned by a 
pedagogical approach built on current education research. This paper has focused on a specific framework, the 
Virtual Research Environment, which supports the development and dissemination of documents by assisting 
authors in collating and analysing experimental results, organising internal project discussions, and producing 
papers. 
The system provides a distributed architecture for institutions to manage multiple centres, advancing surgical 
standards through education and research. The tools are generic, and applicable across surgical and medical 
training. The system has been deployed in a local hospital and HSTs validated the trials. 
With the advent of virtual infrastructures, there is the possibility of managing most of the administrative, research 
and educational workload of the university within the digital domain. This has potentially huge benefits for 
surgeons, providing greater access to information without the friction associated with traditional infrastructures. 
The CORE project is taking the VOEU VRE and decoupling the processes by using a SOA and Web services. It 
will further allow the development of Grid services to support the virtual experiments on Tissue Growth in a virtual 
Bone Laboratory. CORE will enable HSTs to collect and analyse experimental results from their own or other 
people’s experiments, organise internal project discussions, and produce appropriate documents. The project 
should have a major impact on a number of areas which include: 

• being able to keep track of the research administration: trial protocol, ethical approval, and workflow as the trial 
progresses 

• enabling access to research data from various trials and in formats that allow analysis of the data 
• allowing easier meta-analysis or thematic reviews 
• monitoring the effectiveness of surgical interventions 
• enabling a consortium to write appropriate documents for dissemination (medical reports, journal articles, etc.) 
• producing up to date learning and teaching material 
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