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Report Summary
The COMSLIVE project explored the extent to which the Open Wonderland Virtual Worlds toolkit could be applied to support communication and team working skills development amongst large cohorts of pre-registration student nurses. The project’s key work streams included scenario design and art development, curriculum integration, evaluation, of learner experience and impact, via randomised controlled trial, on learner physical world behaviour, models of deployment that explore scalability and economies of scale during Virtual Worlds learning, and network and server resource allocation during Virtual World use.

Thus far our work has demonstrated that the open source Open Wonderland platform, is a cost effective and extensible toolkit that can be deployed to support learning and teaching in support of health care education and training.  We have been able to add modules (3D assets and extended functions) to our Virtual World simulations that enhance their fidelity and help to provide an immersive and interactive environment in which students can learn. Stress and user tests indicate that use on our network involves minimal server and network resources. Our evaluation to-date signals that users value highly their Virtual World learning in particular the spatialised sound that Wonderland supports. Analysis of impact on learner behaviour in the physical world following Virtual World learning indicates that this learning enhances team working and communication skills behaviour. 
[bookmark: _Toc284936960][bookmark: _Toc286041839]Project Outputs

The following are the key outputs associated with the COMSLIVE project:

Project Plan 
Interim Project Report
JISC Project Website
University Project Website
Ethics Application
Evaluation Matrices and Data Collection Tools
Final Report (this document)
Good Practice Report (see Appendix 5.4.4)
COMSLIVE Requirements Report (see Appendix 5.6)
Technical Report (see Appendix 5.7)
Release of artwork via University website
[bookmark: _Toc284936961][bookmark: _Toc286041840]Impact and Benefits to the Community
Impact
The main impact of the COMSLIVE project has been its demonstration of the value of Virtual World learning towards developing aspects of communication and team working skills within health care education and training. Relatively little research exists that explores the affect of Virtual World health care training on behaviour in the physical world. Using a triangulated methods research design that incorporated a randomised control trial our research indicates that Virtual World learning results in positive change in students’ ability to work effectively as a team and to apply higher standards of care. 

Beyond pedagogic impact the project also explored issues of scalability related to learning within the Open Wonderland platform. Scalability was assessed from network and server resource perspectives, as well as staffing and curriculum design perspectives. Our study indicates that multiple world instances of Open Wonderland can be deployed to support large numbers of synchronous learners engaged in parallel Virtual World settings. Server and network resource requirements did not seem to be adversely affected by large numbers of avatars when avatars were distributed across multiple worlds. However, in terms of staffing and curriculum design we found that our teacher supported, small group Virtual World learning activities may present significant resource issues unless curriculum redesign activities are deployed to accommodate this.  

[bookmark: _Toc284936962]Main Lessons Learnt
Our research indicates that Virtual World learning led to a positive student learning experience. This learning led to positive changes in physical world communication and team working skills behaviour amongst students within our intervention groups. Students reported that communication and team working skills learning within a Virtual World setting is more beneficial than learning these skills within physical world face to face settings. They perceived that Virtual Worlds and the use of avatars promoted a safer and less threatening learning environment. 

Open Wonderland can be deployed to support large numbers of synchronous learners. 

The Open Wonderland platform is a JAVA based Virtual Worlds toolkit that is used to create 3D environments and interactivity within these environments. Although the software is free to download and has the potential to draw upon extensive and freely available programme libraries and art assets, to make the most effective use of this toolkit a range of networking, art development and programming skills are required.

The pace of development with the Open Wonderland toolkit has led to new functionalities and platform improvements that we feel could best be exploited with a stronger JAVA skills set than we had originally planned for. Where these skills sets exist we would recommend Open Wonderland as an exciting and cost effective Virtual World platform that has been specifically designed to support collaborative learning and working. We would advise that as this technology is at version 0.5 and is designated a research project, there is still a significant amount of development ahead for users both to look forward to and to accommodate.

[bookmark: _Toc284936963][bookmark: _Toc286041841][bookmark: _Toc284936964]Main Body of Report
[bookmark: _Toc286041842]Context
Faculty of Health, Birmingham City University
The Faculty of Health, Birmingham City University (BCU), is the main provider of non-medical health care education and training in the West Midlands with over 6500 students, 2500 of whom are pre-registration nurses. We, in common, with other large Health Care Faculties, need to identify scalable learning technology solutions that can enhance learners’ fitness for practice. Acutely aware of the Leitch Review (HM Treasury, 2006) analysis that 70% of the 2020 workforce is already in employment, we also need to identify more immersive ways to deliver education and training to people currently in employment either by supporting work based learning solutions or more effective campus based learning activities.
Communication Skills Deficits within Health Care Provision
Effective team working and communication skills are integral to the safe and reliable delivery of high quality patient care (Frankel et al, 2007).  However, inadequate communication skills are rated as one of the leading contributors to unanticipated patient deaths and illness within the UK (NPSA, 2007, NAO, 2005). As well as the significant personal cost associated with this there is also a crippling financial cost to the NHS. The NHS pays out around £400 million a year in settlements of clinical negligence claims, and has a potential liability of around £2.4 billion for existing and expected claims (DoH, 2000). Of the 28,000 written complaints made about aspects of hospital treatment each year many could have been alleviated by more effective written and verbal communication (DoH, 2000).
Limitations of Current Communication and Team Working Skills Development Approaches
Health sector training in this area has been influenced by work conducted in the aviation industry, particularly crisis resource management training, (Frankel et al, 2007, Mishra, 2009). Tangible links between health and aviation training are apparent as often, professionals in both sectors, are required to integrate with unfamiliar teams, and work in highly pressured and technically advanced areas, whilst maintaining client service and safety.  Simulation training in aviation has a significant pedigree of investment towards improving team processes. However, there is no ‘gold standard’ for doing so in health care despite the essential role these skills play in the clinical setting, where responsibility for the acquisition and development of such skills is generally placed upon the individual (Frankel et al, 2007, Leonard et al, 2004).

Over recent years there has, within the international health care sector, been a significant growth in the use of simulation focussed education and training methods. At BCU, Health for example, we have integrated full context mannequin and standardised patient simulations and online patient simulations across our curricula. 

However online and higher fidelity simulation approaches have significant limitations in developing communications skills amongst large populations of students and distributed work based learners. Multimedia suffers from limited fidelity, artificially structures communication and team work learning and often places the learner in a relatively passive and individualised role. Mannequin and actor based simulations offer higher fidelity, but are more resource intensive, tend to be geographically fixed, and as a consequence are sometimes difficult to scale and difficult to apply in support of the iterative learning of communication skills.

We felt that the specific attributes of the Open Wonderland Virtual World platform, designed to support collaborative learning and working, may provide a transformative solution to scalable and distributed communication and team working skills development. 
Pedagogy
Discussions with staff working on Health care courses at BCU, other Universities and within the NHS suggested that group focussed learning towards enhanced team working and communication skills development occurred relatively infrequently. For example, it seemed fairly common that lecture formats were used to describe communication and team working principles, but relatively less common that learners were given opportunities to work in groups to develop these skills. It seemed intuitive to us that learning to communicate and work more effectively within a team required support for collaborative, group focussed learning activities. A number of considerations that informed both our choice of Virtual World platform and the steer we placed on some of our stakeholder scenario design activities are described below.
Guiding Theoretical Constructs
The theoretical basis of our scenario, pedagogic and evaluation design is rooted in social constructivism. This theory purports that it is the active involvement of learners with each other, teachers and their environment that promotes the most effective and transferable learning (Crotty, 1998). As educators the key implication here is that emphasis needs to be placed on the active learning and the construction of meaning as opposed to emphasis on the declarative knowledge associated with a subject topic(s). The most significant base for social constructivism comes from the work of Vygotsky (1978). Vygotsky emphasised that the connections between people and the socio-cultural context in which they act and interact in shared experience is pivotal to effective learning (Crawford, 1996). 

More recently Lave and Wenger’s (1991) Situated Learning Theory, suggests that learning is a function of the context, activity and culture in which it occurs. Knowledge acquisition is best achieved through student focused activities with strong social components that occur within authentic domains. Brown et al.’s (1989) theory of situated cognition suggests that situations themselves can be said to co-produce knowledge through activity. That is, cognition and learning are fundamentally situated. 
Link to 3D Virtual World technology
The constructs described above suggested to us that learning within a 3D space created using a Virtual World technology that has been specifically designed to support collaborative activities should provide a fertile environment in which to promote effective group based learning. As our target population was pre-registration student nurses enrolled upon a module that aimed to prepare them for acute health care practice it seemed that 3D Virtual World environments designed to provide an authentic visual representation of that practice should facilitate more situated learning experiences and as a consequence produce transferable skills acquisition.


[bookmark: _Toc286041843]Project Aims and Objectives

COMSLIVE project aims and objectives are described below:

Aim 1: Engage with stakeholders to inform the design, development, integration and support of Virtual World scenarios using the Open Wonderland platform.

Objectives:
Design a Virtual World scenario that supports communication and team working skills development and that is constructively aligned with the learning outcomes, teaching activities and assessment within an existing year 2 pre-registration nursing module.

Build the Virtual World resources through art development, in world application development and deployment of existing functions within the Open Wonderland toolkit.  
	
Aim 2: Evaluate the impact of Virtual World learning on learner experience and seek to observe change in learner physical world behaviour.

Objectives:
Obtain ethical approval for COMSLIVE research activities

Design data collection tools that explore aspects of the student learning experience when taking part in Virtual World activities.

Design, recruit to and implement a randomised controlled trial that seeks to explore differences in behaviour between a Virtual World learning intervention group and a control group. 

Design an observation rubric that can be used to assess team working and communication skills performance across small teams of students engaging in physical world mannequin based simulation activities.

Design and implement a range of Virtual World orientation exercises to train and enhance engagement of students with the Virtual World technology and its capabilities.

Design and integrate Virtual World scenarios that compliment module programme learning outcomes.

Design, select and integrate a range of supportive learning materials into the Virtual World to support students’ attainment of Virtual World and modular learning outcomes. 

Design and incorporate an authentic range of clinical information and documentation that is supportive of the scenario design, and is relevant to students’ clinical learning exposures.     

Aim 3: Explore issues that reveal the potential of our COMSLIVE Virtual World deployment to support scalable on-campus learning and work based learning within the NHS. 

Objectives:
Explore use of distributed server architecture to support interconnected worlds based on one server and multiple parallel worlds within the same and/or across multiple servers. 

Conduct scale tests exploring impact on server and network resources of increasing avatar numbers within worlds.

Explore factors influencing the deployment of Virtual World training and education in support of work based learning within the NHS. 

Of all of the aims and objectives indicated above only those related to exploring issues associated with deploying Virtual Worlds within an NHS Trust remain unmet. This, in part, related to the work pressures associated with the Trust based CITC team we were seeking to engage with. 

The following sections describe the methods and results associated with each of the aims described above.  Although described in-turn in order to ensure clarity, the reality is that many of these activities interlaced and were co-dependent. By separating out these activities we hope that this document will be more accessible to readers interested in particular facets of the COMSLIVE project. 


[bookmark: _Toc286041844]Methods Employed to Support Stakeholder Engagement and Key Issues Arising. 

Aim 1: Engage with stakeholders to inform the design, development, integration and support of Virtual World scenarios using the Open Wonderland platform.

This aspect of the COMSLIVE project involved engagement with a range of stakeholder groups. Initially this work was designed to inform the nature of the learning activities in our Virtual World but also involved discussions that pertained to the sustainability and enhanced integration of Open Wonderland with University systems beyond the life span of this project. 
Stakeholder Groups and Engagement Activities
Our stakeholder analysis activities involved liaising with representatives from a range of stakeholder groups in order to articulate their needs across a variety of perspectives. The core project team itself included academic staff both at BCU and Middlesex Universities, technical design and programming staff, and staff responsible for professional development and quality within the NHS. Core team meetings took place regularly throughout the project although the frequency and attendance at these meetings depended upon the particular phase of the project we were at. 

A summary of the issues, perspectives and challenges that designing and integrating Virtual Worlds have raised and the stakeholder groups these most apply to is provided below.

Senior Management – Initially interested in the learning and teaching quality enhancement and research opportunities that COMSLIVE might provide. 

Engagement Activity: University and Faculty Learning and Teaching Committee presentations, Steering Group Meetings, Special Interest Group Meetings.
   
During the project additional interest from this group within both the Faculty and wider University indicated a number of other factors that seem to be influencing this group’s assessment of Virtual World technology and its potential future application. These ranged from specific questions about the Open Wonderland platform’s ability to capture student data based on performance in-world to real interest in the platform’s capacity to support cost effective cross-Faculty and inter-university inter-professional learning (IPL) opportunities. 

The Faculty has over the years been committed to IPL as a key component towards preparation for practice. However this has always remained a challenging aspect of curriculum delivery. 

Additional interest has also been expressed in the role that Virtual Worlds may play in our attempts to enrich the student experience during the first semester when attrition tends to be at its highest. Data gathered to-date suggests that participation in COMSLIVE activities provides a significant social networking opportunity for students. As a consequence there is now an intention to trial COMSLIVE at scale, during the first semester of a new BSc (Hons) pre-registration nursing course during 2011/12 and to integrate COMSLIVE within year two of this course during 2012/13.  

Corporate ICT managers – Initial concern about network and server resource implications, maintenance and system integration issues particularly when scaling up use of this technology.

Engagement Activity: E-mail correspondence and meetings.

Currently Wonderland sits on a dedicated research network within the University. That is, Wonderland sits outside of our main staff and student domains. The data from the user tests and stress tests we have conducted suggest that even with relatively high numbers of students using Open Wonderland concurrently there is minimal impact of server and network resources.  

The Faculty has recently upgraded all on campus student PC’s and are in the process of upgrading all staff PC’s. (Over 400 in total) All of these are able to support the Open Wonderland technology and the COMSLIVE simulations. This provides us with opportunities to conduct further scale testing and promote buy-in from more academic staff through easier access to our resources via their desktop computers. However it also means that we may be supporting Virtual World learning in the future with learner and staff numbers that far exceed those we have currently experienced. 

Discussions with CITC about making Open Wonderland directly accessible to staff and students through their respective domains are underway. 

Academic staff and NHS Practice Development Staff – Initial interest in alignment to module aims and outcomes, capacity to enhance learning and teaching quality, evidence reflecting impact on student behaviour, logistics of scheduling in and supporting virtual worlds learning activities, design and pedagogic considerations related to most effective deployment of virtual worlds learning, ability to automate learning support and or scale up concurrent virtual world use, capacity for other teachers/colleagues to engage in the technology, capacity to align Virtual World learning activities with higher fidelity simulation activities.

Engagement Activities – Regular, at time weekly meetings with module co-ordinators and teaching staff. Meetings with NHS Trust staff. 

The research we describe in section 2.7 has gone some way towards indicating the value of COMSLIVE from a learning and teaching perspective.  However it is now clear that the scheduling and staffing of our Wonderland activities presents a resource implication that may not be sustainable without significant module re-engineering or enhanced in-world scaffolding that provides support to learners so as to minimise the need for teacher presence. Three key issues are emerging here:

To what extent can we facilitate a transition from didactic classroom based content transmission towards small group student led learning where these groups may deal with the same content in our Virtual World. 

Can or should Virtual World learning activities replace other forms of small group learning already existing within modules? For example, replace other types of simulation activity.

To what extent can we promote automated “tutoring” in world that could provide guidance, structure and narrative to our virtual world learning with little or no teacher support being required. 

There are some interesting developments within the Wonderland community that may provide some solutions to this latter point, of particular note is the work on non playable characters (NPC’s) that may be programmed to provide scaffolding support to learners. There is also the impending release of the video player that may allow video to be used to support narrative and structure within scenarios that have little in-world teaching support. 

CITC client services – Concerned with impact on current Faculty IT services, IT suite computer use, support requirements of client services staff, communication strategies employed to promote student awareness and therefore optimise client services’ resource requirements.

Engagement Activities – Steering group meetings, ad hoc discussions, e-mails

The main computer suite within the project’s home campus is reserved for student led learning activities. I.e. no planned and structured teacher supported learning activities are allowed to take place in this suite. As learning and teaching within the Faculty increasingly involves some form of computer mediated experience tensions are emerging between the need to make more computers accessible to both staff and students for structured learning and the need to ensure that students have PC’s they can access on a just in time basis. Client services are responsible in large part for ensuring the latter. 

Students – Concerned with value added to their learning experience, value added to their ability to progress with their summative assessment, value added to their preparation for practice and their ability to master the technology user interface, time commitment involved in engaging in our planned COMSLIVE activities.

Engagement Activity – Feedback from demonstration activities during module launch sessions, user and evaluation tests, scenario design focus group activities, general evaluation activities.

[bookmark: _Toc286041861]Figure 1: Demonstrating COMSLIVE during a module launch

One key issue that emerged from early student feedback activities  was concern over the relative value of Virtual Worlds technologies when compared with other simulation technologies already in use in the Faculty and in particular the target module for this project. 

“We are already using virtual patients, why do we need to use 3D virtual patient scenarios?”

The target module already used 2D virtual patient simulations containing high levels of interactivity and also used high fidelity computerised mannequin simulations. When recruiting students to COMSLIVE we had to explain what we hoped were the relative affordances of Virtual World learning in relation to other simulation focussed teaching approaches. In general our view is that by providing 2D and collaborative 3D virtual patient simulations as pre-cursors to higher fidelity mannequin based simulations we can affect more significant learning outcomes than using anyone of these simulations alone. We suggest that the research data produced during the COMSLIVE project supports this view.

Learning Technology and Programming Staff – concerned about art pathway solutions, client side performance, learner accessibility issues, extensibility and support for user interactivity, performance of in-world applications.

Engagement Activity – Weekly meetings

The core processes and learning points associated with this particular group are described in Section 2.4

Faculty Disability Tutor – Concerned with accessibility issues.

Engagement Activity – Meetings, participation in user testing, e-mails.

We hadn’t originally planned to include our Disability Officer in our scenario design as we felt we had limited ability to change the user interface used by Open Wonderland. However, as we created our orientation space we were relying on text based media more than we had intended and wanted to get some advice on how best to display this media. We were able to gain helpful feedback on the posters we used in the orientation space and additional perspectives on the context in which virtual world learning occurs.

Following the participation of learning disability officers in our user tests a number of issues were highlighted that may be problematic if Virtual World learning was integrated on mass across student cohorts. Some learners, with certain types of learning disability, find it difficult to process or deal with multiple sources of sensory information at the same time. When testing our Virtual World for example some students indicated that they felt distracted by movement of multiple avatars within a 3D space. In addition the spatialised audio meant that for some being able to discern voice direction from learners to their left and right or not being able to hear learners because their avatars were too far away was initially challenging to deal with. The general issue of noise levels due to multiple in-world in-proximity conversations was also raised. This issue was raised most often when learners were trying to concentrate on text based media in the orientation space.

“There are too many people talking, I can’t make myself heard!”
Student comment following role play 
as team leader during orientation exercise

For some orientation activities instructions on how to mute audio provided a simple work around. However during simulation learning activities a tension may in the future emerge between accommodating students with certain learning disabilities and promoting fidelity within our virtual environment. 

Noise is an ever-present in most physical world health care environments and is something that learners need to be prepared for. Consider the noise and levels of distraction that may occur in a busy hospital ward or admissions unit. If we are using a Virtual World as a simulation technology then noise is an important contributor to the fidelity of our simulation scenario. As such it may provide a valuable context within which to develop leadership and communication skills towards safe preparation for practice in the real world. To what extent however should our aims to provide a realistic simulated environment risk more difficult learning experiences for some students?


[bookmark: _Ref285724782][bookmark: _Ref285724818][bookmark: _Toc286041845]Art Development, World Building and Application Testing
Some readers may not be familiar with the software and technical terms referred to in this section.  Where such terms are used links to supporting resources are provided as footnotes. 

This section describes our approaches and lessons learned during the development of art work for use within our Open Wonderland COMSLIVE world. Summaries of the potential benefits of using an Open Art pathway, texturing approaches, polygon optimisation and work flows involving different authoring software are provided. There are also links to a number of tutorials we have developed that provide basic introductions to some of these processes.  


[bookmark: _Toc286041862]Figure 2: Student Avatars Completing COMSLIVE scenario
[bookmark: _Ref285796052]Open Art Pathway
In parallel to our stakeholder engagement activities we started, in the early stages of the project, to explore the most effective art development pathways for Open Wonderland.  Open Wonderland supports an “open art pathway”. This means that artwork can be developed using external authoring tools such as Maya[footnoteRef:1], 3Ds Max[footnoteRef:2], Blender[footnoteRef:3] or Sketch Up[footnoteRef:4]. These models can then be imported into a Wonderland World. Similarly textures and images can be authored using software such as Photoshop[footnoteRef:5], Fireworks[footnoteRef:6] and Illustrator[footnoteRef:7] and used as textures for models or as specific resources within World.  [1:  http://usa.autodesk.com/adsk/servlet/pc/index?id=13577897&siteID=123112]  [2:  http://usa.autodesk.com/adsk/servlet/pc/index?id=13567410&siteID=123112]  [3:  http://www.blender.org/]  [4:  http://sketchup.google.com/]  [5:  http://www.adobe.com/products/photoshop/compare/]  [6:  http://www.adobe.com/products/fireworks/]  [7:  http://www.adobe.com/products/illustrator/] 


The use of an open art pathway was a significant factor in our choice of Open Wonderland for this project. Other than ensuring clear ownership of assets developed there was also the potential to create efficiencies across existing art flows that elements of the project team were already supporting. The Faculty of Health, BCU is developing resources to support both 2D[footnoteRef:8] and 3D[footnoteRef:9] virtual patient practice scenarios. For example relatively low polygon (poly)[footnoteRef:10] count (low detail) 3D models maybe used within an Open  Wonderland world and then with further development refined for use within other media that may require higher polygon count models or vice versa. [8:  See http://vccweb.health.bcu.ac.uk/]  [9:  See http://unity3d.com/]  [10:  http://en.wikipedia.org/wiki/Polygon_(computer_graphics)] 


By using the same authoring packages and similar workflows to service more than one work stream we hope to achieve more efficient and effective use of our resources. 
Texturing
The approach to texturing that proved most successful for us was to use the PNG[footnoteRef:11] file format for textures. This generally provided a more stable texturing solution. We also found it important to ensure that our textures have a 2 x 2 scale. This helped keep the textures to scale when reshaping our models and assets. It was worth experimenting with texture resolutions to find the right balance between visual appearance and memory size. [11:  http://en.wikipedia.org/wiki/Portable_Network_Graphics] 


 A good test when using Open Wonderland is to create three simple cubes, then texture each cube with one of three PNG texture files where each file is at a different resolution (124 x 124, 256 x 256, 512 x 512). The models can then be exported in the KMZ[footnoteRef:12] file format and dragged or uploaded into the Virtual World.  A visual check can indicate whether resolution is sufficient. Using interface tools you can also find information about loading time and file size. Using this quick test we were able to optimise texture file usage for each instance of 3D model use.  [12:  http://en.wikipedia.org/wiki/Keyhole_Markup_Language] 


To add more realism to our models, without increasing the number of polygons used, we applied a method that involved the use of decals[footnoteRef:13]. Decals can be thought of as stickers that are applied to textures already associated with a model. In our case the decal stickers represented fire hydrants, switches, signage and posters. (See Figure 3) [13:  See http://en.wikipedia.org/wiki/Decal] 



[bookmark: _Ref285889600][bookmark: _Toc286041863]Figure 3: Screen shot showing decals representing signage and fire extinguisher.
Polygon Counts
In general development of art for 3D Virtual Worlds requires the use of much lower polygon models than many 3D artists maybe used to working with. Keeping polygon counts to a minimum helps optimise server load and frames per second (fps)[footnoteRef:14].  [14:  http://en.wikipedia.org/wiki/Frame_rate] 


As a rule of thumb we took the approach “if you can’t see it, we don’t model it”. For example we did not model the underside of beds as this is a surface that will not be seen. In addition high polygon models simply were not necessary to create the visual effect we were looking for. An example of this is illustrated in Figure 4.

One picture shows a model with a high poly count. Although this may produce something with a higher visual fidelity, its file size may lead to drops in frames per second (fps) and therefore impair the Wonderland user experience. The other image shows the same model created using a lower polygon count. In practice this produced an effective visual appearance and helped ensure the fps remained consistent. 

[image: ][image: ]
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[bookmark: _Ref285727951][bookmark: _Toc286041864]Figure 4: Image showing a catheter bag being created with a high and low polygon count.

As a rule of thumb we generally aimed to keep the poly count of models within the range 100–500. 
Using Maya, Sketch Up and 3Ds Max. 
We explored using different authoring tools for creating our Virtual World assets. We originally used only Maya and 3D Studio Max. Unfortunately, 3ds Max doesn’t natively support collada[footnoteRef:15] files, one of the file formats we were working with, and Max’s exporter can sometimes prove to be unreliable. Maya however can export to collada and was generally more consistent. However, even using Maya, we experienced some problems that manifested as out-of-place polygons, or vertexes and texture maps not mapping correctly. We discovered that exporting the final 3D object as a KMZ file using Sketchup provided a very reliable way of creating our models in a file format that would most consistently work with Wonderland.  Indeed we eventually relied entirely on Sketchup for modelling our architectural assets as this software, although simple at first glance, proved a very effective tool and also allowed for quick prototyping of designs. [15:  See http://en.wikipedia.org/wiki/COLLADA] 


See guides at http://comslive.health.bcu.ac.uk/resources_guides.asp supporting art creation and links to further community guides. 

Find models at http://comslive.health.bcu.ac.uk/resources_artAssetsCode.asp
World Development 
In this section we describe some of the key stages involved in the architectural development of our main buildings in-world.  We initially used a very basic floor plan whilst we tried out some of the art development processes described earlier. (see Figure 5).. 
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[bookmark: _Ref285800870][bookmark: _Toc286041865]Figure 5: Floor plan and interior image from first world build

We then developed a relatively complex floor plan supporting multiple practice areas and containing a second level orientation space. (See Figure 6). This seemed to exert a significant resource drain on virtual memory and in terms of space and complexity was not required for our ultimate scenario activities.

[image: ]
[bookmark: _Ref285801090][bookmark: _Ref285801078][bookmark: _Toc286041866]Figure 6: Screen shot of more complex second world build showing decals on textures.
Our final build reflected a much smaller floor plan with links via portals to our orientation space. However, we had by this time, optimised our art development techniques and were able to create richer interior artwork. (see Figure 7). 
[image: ]


[bookmark: _Ref285800912][bookmark: _Toc286041867]Figure 7: Screen Shots of latest COMSLIVE world

Figure 8 below shows the architectural transition across builds.

[bookmark: _Ref285801170][bookmark: _Toc286041868]Figure 8: Screenshot showing earliest to latest artwork for hospital building. 
(Images not to scale)
Building Parallel Worlds
In order to ensure that we could support multiple groups of students engaged simultaneously in identical virtual world activities we needed to create more than once instance of each world. The word “world” in this context refers to the artwork and applications required to run one simulation scenario. 

Using one server we created four worlds, where each world was accessed via a portal from a landing stage. Arriving at the landing stage on login, students could move to a main hospital building in any one of these four worlds and then from there to an orientation space dedicated to that building. 

To optimise performance we needed to separate our key world spaces by a defined distance. This initially involved loading the artwork into world and then manually moving the artwork using interface controls. This proved to be difficult to implement and time consuming. We had also encountered problems when teleporting from one world space to another that seemed to relate to virtual memory. 

In an attempt to overcome this we created our entire multi-space model as one Sketchup file. (See Figure 19). That is, we created a Sketch Up file that loaded all of our world spaces each in the correct position relative to each other on login. Once loaded in-world, we then populated each space with the required additional art work and applications. 

We found that this provided a relatively stable and quick method of creating and using parallel worlds.
Application Testing
As described in the Technical Report found in Appendix 5.7 Open Wonderland provides a range of “applications” that add functionality to a world. We have used the broad term applications to cover modules, components and capabilities. This section describes our use of these applications and their role within our final COMSLIVE scenario.
 
Spatialised Sound
Support for spatialised sound is core to the Wonderland software stack. This provides users with an immersive audio experience, ensuring that sound from avatars to the left appears to come from the left and sound from further away appears quieter. Users felt this functionality significantly added to their in-world experience and prompted them to think about verbal and non-verbal communication skills.  

Video Recorder
The video recorder module allows video recordings to be made of a world from a perspective within that world. We had originally hoped to be able to use this module to capture aspects of student performance in-world and then provide this capture via MOODLE as a trigger for reflection. However, although this module, still at an early stage in development, worked well within an empty world, tests involving capture of multiple avatars caused significant drops in frame rate leading us to leave this out of our scenario design. 


PDF Viewer
The PDF viewer enables the viewing of PDF pages as a slide show controlled by a user. Actions by the user can be seen by other users connected to the world. This application worked extremely well and we were able to convert a series of Power Point presentations to PDF format and then drag and drop these PDF files from desktop to world. Populating our education space with a number of key presentation materials enabled collaborative viewing and learning in-world by students prior to and during their simulation activities. 

Open Office Writer
We converted a number of NHS proformas, such as care plans, from Microsoft Word to Open Office Writer and were able to display these in world so that students could view and input to these documents. However, we were only able view one instance of Open Office in a world at any one time and quickly switched to Google docs to provide this functionality via the in-world Firefox browser. 

FireFox Browser
The Firefox browser is probably the application we found most valuable. We were able to view Google docs and provide access to patient charts, medical notes and workbooks. In addition we were able to create simple Flash based web sites that simulated heart rate and rhythm that could also then be displayed above patient beds in-world. 

We were very excited about the potential to use the browser to display, in-world, existing e-learning resources such as 2D virtual patients. By doing this we hoped to support synchronous collaborative learning activities as opposed to the unilateral learning that these resources tend to typically support. Our trials in this regard worked well with a few exceptions. Where video was displayed in a learning resource, multiple users tended to cause significant lag and at times crashes and there is no sound support. Where animations are played then the smoothness of the animation seems to be affected significantly by variations in network speed.


[bookmark: _Toc286041846]Scenario Design and Curriculum Integration
Virtual World Scenario Activities: Module Context
The Virtual World learning activities were embedded within a second year, level 5, full time pre-registration acute adult nursing module and were experienced by those students that formed our intervention group. See section 2.6.3 for details of our sampling approach.

Students in our control group experienced the module programme in the same way as those students who had not volunteered for the study. However our intervention group, engaged in teacher facilitated Virtual World learning experiences, in addition to the normal module programme. The module programme typically runs over six weeks and is followed by a six week practice placement. 

Figure 9 represents the basic flow of learning activities within the module which is structured around three patient scenarios.


[bookmark: _Ref285897008]
[bookmark: _Toc286041869]Figure 9: General Flow of Module Programme Showing Three Virtual Patient Strands Supporting Teaching Activities and the Point of the COMSLIVE Intervention.

Each scenario or case study involves the use of a range of simulation based learning approaches that iterate across each case study. For example the first patient scenario involves an asthmatic who is deteriorating. Students experience supporting lectures, engage with an online virtual patient simulation, have small group sessions reflecting skills associated with asthma care, and then engage in a full context mannequin based simulation based on this same patient. This basic structure repeats three times. 
During week two of the module, intervention group students were invited to attend a session in which they undertook orientation exercises in the Virtual World. These activities were facilitated by either the evaluation or project lead. 

During week three of the module intervention group students were again invited to attend a Virtual World based simulation session. In-world, students were asked to engage in a range of activities designed to provide opportunities to develop communication and team working skills in a patient care context. Students were also asked to participate in collaborative learning activities in-world using resources such as presentation slides and e-learning resources displayed by an in-world browser. These activities are described in more detail in the two following sections.

The Virtual World simulation activities coincided and were geared to support the third patient scenario in the module. i.e. A patient with acute abdominal obstruction. 

During week four of the module, all students in the module including intervention and control group students engaged in a number of mannequin based simulations within our clinical skills and simulation centre.

Prior to this mannequin based simulation session, both the orientation and control groups had received one previous experience on the module in which they physically engaged with mannequin based simulations. In addition, each had taken part in the peer assessment of other students engaging in mannequin simulation scenarios. 

The module schedule was managed to ensure that both control and intervention sub groups experienced the same exposure to mannequin based simulations

The only additional learning activities for the intervention sub groups were a 1-2 hour orientation session in our Virtual World and a 2 hour Virtual World simulation session. In both of these sessions small group in world learning was facilitated by staff. 
Virtual World Orientation Space Design and Learner Activities
The orientation space is linked via a portal within the main acute hospital world. To access the orientation space students walk through the relevant door found in the main reception area of our virtual hospital. (See Figure 10)  The orientation space itself contains a series of spaces connected by a corridor. These spaces display a number of posters, 3D models and applications that provide information, instructions and opportunities to practice that aim to help the students become familiar with the following:

using and adjusting headphone and microphone settings

using the Open Wonderland interface

choosing an avatar

basic communication and team working strategies

accessing and recording patient information using charts and proformas displayed in an in-world browser via Google docs

making telephone call referrals from the virtual world phone to a soft phone in the physical world

interacting with 3D objects.

 
[bookmark: _Ref285643178][bookmark: _Toc286041870]Figure 10: Orientation Space Images
Acute Hospital Virtual World Scenario Activities
The scenario design requirements that emerged from our stakeholder analysis are described, in terms of core learning activities, associated resource design and rationale, in the requirements report in Appendix: 5.6.

The main scenario activities take place within a representation of an acute hospital environment. This environment contains a reception area, cafe, shop, acute patient bed space and education room (see Figure 11, Figure 12 and Figure 13.) 


[bookmark: _Ref285894269][bookmark: _Toc286041871]Figure 11: Screen grab showing cafe area

The basic scenario flow is summarised below:

Students in groups of 4-6 log into the virtual world using their own names and choose an avatar that wears a uniform reflecting their designation as student nurses. 

Students review relevant lecture slides and web based learning materials collaboratively. Students take turns to lead this activity.

[bookmark: _Ref285894273][bookmark: _Toc286041872]Figure 12: Students reviewing resources in Education Space

Students make their way to the ward area and receive a verbal report on the patient via an audio file linked to a model of a receptionist. 

Students introduce themselves to the patient; explain who they are and who their team leader is. The patient is groaning and seems to be in pain. His conscious level appears to be deteriorating. 


[bookmark: _Ref285894275][bookmark: _Toc286041873]Figure 13: Nurse Avatar reviewing catheter bag drainage

The team leader (student) delegates tasks in order to complete a full assessment of the patient. These tasks involve patient observations, recording patient information, monitoring the patient condition, ensuring effective team working and communication throughout. 

Students generate a risk assessment score of the patient that triggers a stage in an escalation pathway that in turn dictates they should contact more senior staff. 

Students decide that the patient needs to be seen by a doctor or more senior nurse and therefore needs to make a telephone referral. 

Students complete an in-world proforma[footnoteRef:16] that helps them structure their telephone referral.  [16:  For more information on SBAR see: http://www.institute.nhs.uk/quality_and_service_improvement_tools/quality_and_service_improvement_tools/sbar_-_situation_-_background_-_assessment_-_recommendation.html] 


Students access a virtual in-world phone and use this to contact a more senior member of staff. 

A soft phone in the real world rings and is answered by one of the module’s teaching team playing the role of a doctor. The doctor is reluctant to see the patient and insists on detailed information, a risk assessment score and full context of the patient’s condition.

An avatar in doctor uniform appears in-world and consults with students. 

One teacher was typically present in-world during each simulation activity and acted as facilitator. At times the teacher would model good practice behaviour, for example effective communication and delegation skills, and would support students as they rehearsed these skills during the virtual world simulation.


[bookmark: _Ref285641202][bookmark: _Toc286041847]Methods Used to Evaluate Virtual World Learning Experience and Impact of Learning on Behaviour in the Physical World 
Overview
The key issues we aimed to explore and their link to data collection methods choices are described in Table 1.

In order to most effectively assess whether student engagement with our Virtual World scenario would result in real world behavioural change we needed to compare student communication and team working behaviour between groups who have been exposed to Virtual World learning and those that have not. 

The need for comparative analysis of student behaviour led us to design a blind/non blind observer based, randomised control trial, in which the unit of analysis was a team of students performing in the physical world. As the target module already contained high fidelity simulation activities wherein students are placed into small groups and engage in scenarios supported by teachers and computerised mannequins we used these pre-scheduled activities as the opportunity to observe student behaviour.

Virtual World learning experience was explored by questionnaire survey distributed to our intervention group students. i.e. students that experienced the Virtual World activities we had designed. This contained items that addressed usability issues related to the Open Wonderland interface and student perceptions of the value that their Virtual World scenario activities held to their communication skills development. In addition students from all seven of the intervention sub groups attended a series of focus group interviews that provided an opportunity to explore aspects of their Virtual World learning experience in more depth.

	Question
	Method
	Data Type

	How easy was it for students to engage with the technology?

	Usability questions delivered by questionnaire survey and focus group interviews
	Quantitative and Qualitative

	What value did they perceive this experience held for their skills development? 
	Questions delivered by questionnaire survey and focus group interviews
	Quantitative and Qualitative

	What was the nature of this experience? 
	Questions delivered by questionnaire survey and focus group interviews
	Quantitative and Qualitative

	How did students compare Virtual World learning with other forms of learning and teaching?
	Focus group interviews.
	Qualitative

	Did Virtual World learning result in enhanced communication and team working skills behaviour in the physical world?
	Observation of team behaviour as students are engaged in mannequin based simulations and assessment via observation rubric. Comparison of results with learners who had not been engaged in Virtual World learning. 
	Quantitative

	Could information about learning experience help explain information gleaned from observations of learner behaviour?
	Analysis of questionnaire, focus group and observation data. 
	Mixed


[bookmark: _Ref285447670][bookmark: _Toc284854236][bookmark: _Toc286041883]Table 1: Research Questions, Related Methods and Data Type
Ethics
Ethical permission to conduct the research was granted by Birmingham City University Faculty of Health Ethics Committee. The ethics committee application and their response can be found at http://comslive.health.bcu.ac.uk/resources_evaluation_ethics.asp. 
[bookmark: _Ref285805734][bookmark: _Ref285805758]Sample
Volunteers for the COMSLIVE study were drawn from two cohorts of full time pre-registration nursing students. Both cohorts were studying the Foundations for Acute Adult Nursing GM3540 module. One cohort was enrolled on a BSc (Hons) Nursing course and the other on a Dip HE Nursing course. The BSc cohort was at the end of the second year of their three year course, whilst the latter was at the beginning of the second year of their three year course. 

Prior to the module launches for both cohorts, students had been sent written information and consent forms related to the study. During the module launch students were given a demonstration of the Wonderland simulation platform and were provided with further written and verbal explanations of the study.  Students were then asked to volunteer for the project by completing a consent form within which they were asked to indicate whether they had previous experience of using Virtual Worlds or 3D games and whether they had worked in a health care setting before. 

From the BSc (Hons) cohort a total 28 students of a possible 87 chose to participate, equating to roughly a third of the group. From the Dip HE cohort 40 students from a cohort of 72, volunteered with two subsequently withdrawing prior to the start of the study.  

This provided a total sample size of 28 + 38 = 66 students. 

Volunteers were randomly allocated to a control and intervention group and then further allocated to small sub groups of between five and six. 

Intervention Group 	n= 33
Control Group 	n= 33

In order to minimise bias the sample was stratified using the variables of previous health care experience and previous gaming/virtual world experience where students with this experience were evenly distributed across both intervention and control sub groups.

Six students identified themselves as having experience of 3D games and virtual worlds and four students identified themselves as having experience prior to their course of working in the NHS.

Total Number of sub groups n= 14. (6 intervention sub groups and 6 control sub groups) 
Observation Rubric Design
The observation rubric, found in Appendix 5.3, was the tool used to evaluate and rate team performance amongst the control and intervention sub groups that took part in the COMSLIVE evaluation. The rubric design was informed by tools already existing in this area. Of particular value here was the work of Frankel et al (2007) and their review of behavioural-marking communication and team-working skills scoring systems. This review identified four key behavioural domains – task management, team working, situation awareness and decision making.  From this they developed their own communication and teamwork skills (CATS) assessment tool.

Although this tool still needs to be ratified for statistical validity and reliability, (Frankel et al., 2007), it was used as the basis of our own tool primarily due to its content validity. Minor alterations were made to the tool on review of the Oxford Non-Technical Skills (NOTECHS) assessment tool (Mishra et al 2009) and with consideration of the level of academic and clinical attainment expected from the students and the skills they feasibly could develop within our COMSLIVE Virtual World simulation.

The COMSLIVE observation rubric was awarded a 5-point ranking scale following consultation with a statistician to ensure the best statistical and comparable data could be obtained.  As suggested by the valid and reliable NOTECHS tool (Mishra et al, 2009), level descriptors for competence achievements were written for each skill outlined.  The level descriptors we wrote were informed by NOTECH’s scoring system (Mishra et al, 2009),  the Flin and Maran (2004) (ANTS) tool for identifying and training anaesthetists’ non-technical skills and BCU’s own Academic Level 5 descriptors.

The COMSLIVE tool was piloted during an identical mannequin based simulation in an earlier module run prior to our main study.  During this pilot, three independent observers scored a group of students of a similar size to those used in the COMSLIVE controlled trial to ensure to some extent the validity and reliability of the tool, although it is clear that this needs to be more robustly tested for future use. 
Observing and Rating Team Performance during Physical World Simulations
The observed mannequin based simulations for both the control and intervention sub groups were scheduled on different days to ensure that each group was not exposed to the behaviour of the other. 

Two colleagues, both senior development and quality assurance nurses from our partner NHS Trust acted as blind reviewers for the observation sessions. That is they were aware of groups’ control and intervention status. In addition both the project manager and evaluation lead acted as non-blind reviewers. Video capture of student performance was acquired using the Laerdel Debrief Viewer system[footnoteRef:17].  Video was then played back and rated collectively by the observers using the grading criteria in the observation rubric (See Appendix 5.3) [17:  See http://www.laerdal.com/] 


Given time and resource constraints it was not possible to support lengthy video analysis by individual observers attempting to track and observe performance of individuals within a team.  Collective observing and grading was used. This proved invaluable as we could generally complete the rating of a 10-15 minute simulation within an hour. This approach instilled confidence that assessments were comprehensive, as behaviours at times missed by some observers were identified by others. Although we are confident that observers remained objective, this approach does provide the opportunity for bias to creep into the rating process.


[bookmark: _Toc286041874]Figure 14: Observing student mannequin based activities using Laerdel Debreif Viewer

Focus Group Interviews
All intervention group students attended a semi structured focus group interview at the end of their Acute Adult Nursing module programme. This corresponded to approximately one week after their high fidelity simulation activities and two to three weeks after their Virtual World learning activities. Interviews were conducted by the project and evaluation leads and videoed with the student’s permission. The recordings were then transcribed by an external agency and transcription checked for accuracy and analysed for core themes.

The focus group interview schedule can be found in Appendix 5.2
Questionnaire  
The questionnaire consisted of 34 five-point Likert scale items in which students were asked to indicate their level of agreement with a range of statements. 16 of these related to usability issues and 14 addressed issues reflecting the value that students attached to their Virtual World learning.

The questionnaire was distributed following each of the focus group interviews and students were asked to complete their questionnaire and return to the evaluation lead within two days.

The questionnaire tool can be found in Appendix 5.1


[bookmark: _Ref285543714][bookmark: _Ref285543735][bookmark: _Ref285543763][bookmark: _Toc286041848]Evaluation Results
This section summarises the results generated by our evaluation activities. We aim to publish these findings in more detail within two peer reviewed journal papers later in 2011.
Focus Group Interview Results
Six key themes have been identified following thematic analysis of the focus group interview data. These are summarised below:

Theme 1: Motivation to take part in study
Most students seemed to be attracted to the new way of learning that using collaboration focussed Virtual Worlds offered. 

“I think, to me, it’s sort of appealed because I get quite bored like sitting in the lectures, just watching, watching, watching.  So I thought something interactive will actually -- it will make me think.  And I’m better at remembering things when I’ve like stuck my head in rather than just reading, if you know what I mean.  So I thought at least it would engage me and hopefully I’ll learn something from it.”
Student 2 Cohort 2 FGI 3

Of those students that did take part many also seemed to be motivated by the professional development and subsequent enhanced employment opportunities the study provided. 

“Well, I also thought it will look good in my portfolio kind of thing.  So that was -- that was what kind of spurred me on in the research.”
Student 1 Cohort 1 FGI 1

It appeared that perceptions of extra workload seemed to be the primary reason that many students didn’t take part in the study.

“I thought it would be quite fun.  I was surprised that more people didn’t want to do it. I think because it sort of came across as more extra work as opposed to like just part of the course and I think people just didn’t want to come in for extra hours.”
Student 6 Cohort 2 FGI 1


Theme 2: Value to communication and team working skills development
The vast majority of students perceived their Virtual World activities had positively impacted on their verbal communication skills development.

“It emphasises that there’s loads of structure to communication skills. Closing your questions, when someone asks you to do something…you have to, what's the word, paraphrase.
Certain things like that, that you don't actually take a step back in reality and actually do them things because, you know, you’re just presumed to know it ....”
Student 5 Cohort 1 FGI 2

Although the project team felt that our virtual world activities offered limited value in emphasising the importance of non-verbal communication skills most students held a more positive opinion. The following quote seems to indicate that non verbal avatar behaviour triggers students to think about the appropriateness of this behaviour in the physical world.

“I think it reiterates the point, .... because it’s there in black and white in front of you, if Student 1’s avatar was talking to Student 2 and Student 2 had her back to it, it would just look wrong.  You just think that doesn’t look right and then if you turn around, it’s like, oh, they’re having a conversation or whatever.  And it’s like when you’re doing that, you know, the follow me thing and all the gestures, it’s like it just makes it more realistic and it looks odd, if you will just, you know, have your back to someone or if your are addressing a group and you’re facing a wall, it’s just doesn’t look right.”
	Student 3 Cohort 1 FGI 3

Theme 3: Value of virtual world learning compared to higher fidelity mannequin based simulation learning. 

When comparing virtual world learning to higher fidelity mannequin based learning the majority of students felt that learning in a virtual world was less inhibitory.  

“I think it [the Virtual World] gives you more confidence to like do whatever you think ... whereas when you come to do the simulations [mannequin based simulations] , because you know everyone’s watching you it makes you freeze …And I think with that [virtual world], because you know no one’s watching you - you’re just in there and you’re in character, you’re not afraid to just to say and do anything ... whereas in the simulation [mannequin based simulations], you’re a little bit more nervous.”
Student 2, Cohort 2, FGI 2

One student felt that virtual world learning activities had an inhibitory influence on communication skills development. 

“..if I was going to like sit with the patient [in the physical world], I’m reassuring, but I’d have had more body contact and more eye contact and spoke to them more or less like I talk in the simulation [mannequin based high fidelity]. I feel like I was more withdrawn in the virtual world.  But I still think it was a really good thing to do, and I’m glad that I did it.”
	Student 4, Cohort 2, FGI 4

Theme 4: Identity in a Virtual World
Most students indicated that they felt more liberated and more inclined to ask questions in a virtual world. We wanted to explore why this was so and whether the presence of an avatar representation of themselves contributed to this. 

Some students indicated that the presence of an avatar allowed them to role play more effectively when working within their small in-world groups. Here learners seemed to see themselves as the avatar. 

In contrast, other students seemed to experience the same effect but for different reasons. For these students it seemed that it was because the avatar clearly wasn’t them, that they behaved more freely and role played more effectively. 

“it's not you sort of as an individual asking any questions, it's like your little person is there in the avatar.  So people aren’t feeling like they are being judged.” 

Student 1 Cohort 1 FGI 1

“I know I was more relaxed because it’s not you, but it’s the avatar that’s speaking it’s not me.  It’s a computer thing. So it’s a bit more relaxed. It’s the avatar.  It’s not you yourself.  It’s the avatar.”
Student 1 Cohort 2 FGI 4

Theme 5: Student teacher relationship in-world
During the Virtual World activities teachers and learners seemed to develop a rapport and communicated more freely with each other than may typically be observed in a classroom setting. When during interviews we explored the reasons behind this, students indicated that they saw the facilitators [teachers] as being colleagues and peers. This seemed to contrast with the relationship they perceived they had with their teachers in more traditional settings. 

It seemed that you [teacher] were more relaxed as well that you weren’t…you weren’t a teacher.
Student 2 Cohort 1 FGI 2

Theme 6: Friendship Forming
The vast majority of intervention group students indicated that they had formed friendships with their fellow small group members. Often remarking that their existing course friends were people they had met in the first few days of their course and that there had been relatively little opportunity during the course to broaden their circle of friends. 

One student commented that it was only because she recognised the voice of a student when in-world that she realised this was someone she had know for years at school prior to starting at the University. Another student indicated that getting to know more people through virtual world activities made lecture based learning less intimidating. 

“Now when I see them in class [small group colleagues] because my friends that I started with from last year are now in different groups, I don’t feel as like intimidated when I go to lectures. There’s more people I can sit with.”
	Student 4 Cohort 2 FGI 4

Questionnaire Results
All 33 intervention group students completed the questionnaire, representing a 100% response rate. 

It is worth noting that 43% of intervention group students where 25 and over demonstrating a relatively high proportion of mature learners in our group. (See Figure 15). This age distribution compares closely to the age distribution within a typical cohort of pre-registration student nurses. 

[bookmark: _Ref285809527][bookmark: _Toc286041875]Figure 15: Age distribution of intervention group students

The average percentage of students agreeing that they had mastered the different facets and functions required of them when using the Virtual World was 98%. All students (100%) described the 3D audio as working as it should, communication between avatars as being effective and their ability to read orientation space posters as non-problematic.

94% of students agreed or strongly agreed that the orientation space activities were helpful and 93% agreed or strongly agreed that the time available in the orientation space was sufficient. 

Between 97% and 100% of students indicated that their understanding of, or ability to apply, a range of communication skills had improved as a consequence of their virtual world experience. 

93% and 78% respectively felt that ability both to close communication loops and to apply non verbal communication had improved. The lower agreement percentage associated with improved non verbal communication is perhaps a consequence of the limitations that our virtual world avatars offered to students in terms of supporting more intuitive gesture control. 

80% of students felt that virtual worlds should be introduced earlier in the course.
 
Overall the questionnaire results suggest that the COMSLIVE experience resulted in positive learning and that the skills required to use the Virtual World technology were easy to acquire. 

A full exposition of these results will be submitted for peer reviewed publication later this year.
Observation Results
The median observation ratings for both control and intervention group teams across each parameter are contrasted and displayed graphically in Figure 22, Appendix 5.4.3.

Higher scores reflected poorer performance and lower scores higher performance. Across each parameter observed, the intervention group median was lower than the control group median. When the control and intervention group medians for each parameter were analysed for statistically significant differences, all parameters proved to be significant, generating a p value of less than 0.05. (See Appendix 5.4.5).

The observation results indicate that the intervention group teams out-performed their control group counter parts in every aspect of practice assessed. Many of these parameters reflected facets of team working and communication skills application although some were more behavioural and general care focussed. For example the extent to which teams complied with infection prevention and control procedures or demonstrated desire for high standards of care. If using virtual worlds as a training component in health care courses can impact positively on behaviour in this regard then there may be scope to support significant enhancements in the quality of health care provision in the future.
[bookmark: _Toc284936968]Conclusions Drawn from Research Data
Here we have summarised some of the key conclusions we have drawn on the basis of the evaluation data we have gathered:

The user interface of Open Wonderland was relatively easy to master and general user experience was positive.

Students attributed value to their Virtual World learning and they perceived they had enhanced their communication and team working skills.

Most students reported using a Virtual World to support certain aspects of skills development, as providing a safer and more emancipatory experience than higher fidelity mannequin based simulations. 

Triangulation of questionnaire and focus group and interview data indicates that a positive student learning experience in-world resulted in a positive behavioural change during physical team working activities. 

Deep learning has occurred and together with self reports of applying this knowledge to practice experience, this indicates a positive impact on learner behaviour should be expected. 

Positive behavioural change in aspects of care associated with infection prevention and control, in addition to communication and team working, indicate the potential for significant quality gains to be realised in both health care education and practice if Virtual World learning can be supported more systematically across these sectors.


[bookmark: _Toc286041849]User and Scale Testing: Methods and Results

Aim 3: Explore issues that reveal the potential of our COMSLIVE Virtual World deployment to support scalable on-campus learning. 

In total six user and scale tests were conducted that explored aspects of basic user experience, client side performance and server and network resource usage.


[bookmark: _Toc284854212][bookmark: _Toc286041876]Figure 16: Photograph of feedback session following student user test.

User Experience
During early tests users experienced a number of problems when using Open Wonderland. One of these related to the Open Wonderland world interface freezing or crashing when the window housing this interface was minimised. This issue has now been resolved and we have not been able to replicate this again for some considerable time.

The most common problem encountered was that of avatars getting stuck in objects that they collided with in-world. E.g. walls, desks etc. With a bit of experience it is easy to extricate an avatar stuck in this way although we tended to ask all students to switch avatar collision off to avoid this happening. We understand that this issue has been logged with the community. 

When we were conducting user tests with relatively early world builds, we explored the stability of the platform when our virtual world was relatively “heavy” with art assets and applications. Figure 17 for example shows a hospital ward with multiple patients, beds and in-world browsers. In addition, at this time, we had an extensive city block and had our orientation centre and hospital as connected buildings. i.e. we were requiring Open Wonderland to render all of these assets on login. This caused memory exceptions and software crashes as the World seemed to be using up all available physical memory in the client computer.
 
[image: ]
[bookmark: _Ref285704743][bookmark: _Ref285704734][bookmark: _Toc286041877]Figure 17: Multi-patient virtual space

The key lesson here was to take some care in the 3D assets and numbers of applications used in a world. It is very tempting for example to utilise the drag and drop function of Open Wonderland in order to drag 3D assets sourced from Google Warehouse from desktop to world. Whilst we had great fun doing this and were very impressed at the ease with which scenes could be created we did learn to be more selective in the number and size of assets we dragged into world. 

The general guidance is to try and keep 3D assets below 1Mb in size, and to think about the amount of memory available to user’s systems. 

As our world builds evolved we refined the scale of the buildings we created, optimised the textures we were using and linked buildings within our world via portals.  Using the latter technique we were able to create the illusion of navigation through contiguous space even though avatars were moving significant “distances” between spaces.
Server and Network Resource Implications
Reports for each of these tests and bandwidth statistics can be found on the project website using the following http://comslive.health.bcu.ac.uk/resources_stressTest.asp

When conducting server stress tests and network bandwidth usage tests we used an RRD (round-robin database) tool called Cacti[footnoteRef:18] which handles time-series data such as CPU load, temperature and network bandwidth. Cacti was already in use by Central IT services.  [18:  See http://www.cacti.net/ for more information on Cacti] 


Cacti gathers all of the data from the specified servers and stores this in a MySQL database. This data is then converted into a graph(s) of various types and displays, featuring unlimited number of graph items and automatic grouping. Cacti therefore enabled us to gather data from a specific time period and to capture this data in graph form.  

A summary of the information contained within these reports follows:

We were able to launch 65 clients (65 avatars) in an empty world with no obvious loss of functionality. As we moved to over 70 avatars (see Figure 18) we began to experience significant frame rate deterioration, occasional client crashes and jerky avatar movement. 

[image: ]
[bookmark: _Ref285707399][bookmark: _Toc286041878]Figure 18: Over 70 customised avatars in an empty world

Our latest test involved 78 clients (avatars) connecting to Wonderland. During this test we distributed the avatars across a number of parallel spaces on the same server. i.e. avatars all appeared in-world at the same landing site and then moved to one of three connected worlds (spaces). Each space containing the same art assets and number of applications (2 web browsers, 1 of which continuously displayed animations) See Figure 19. 

[image: ]
[bookmark: _Ref285709017][bookmark: _Toc284854213][bookmark: _Ref285808578][bookmark: _Toc286041879][bookmark: _Ref285808605]Figure 19: Image showing positioning of 2 of 4 parallel worlds and orientation centres connected via a landing site.

During this test we experienced no loss in functionality, no crashes, and no loss in application performance. Frame rate remained consistently above 30 fps.

By distributing the number of clients and their avatars in this way we have we believe modelled a scalable solution to virtual worlds deployment in support of large numbers of students behind an organisations firewall. Our use case here would be to support a significant number of parallel small group activities on one or more world servers, where each group was effectively situated in a different location in a server. 

The server and network usage statistics indicate that even with relatively high numbers of clients connecting to Open Wonderland there was relatively little impact on server and network performance when distributed across worlds. 
[bookmark: _Toc284936970][bookmark: _Toc286041850]	Impact 
This section describes the impact the project team believes COMSLIVE has had on its key stakeholder groups. 

Evidence of contribution to a positive student learning experience and enhanced student learning outcomes has been demonstrated by the research strand of this project. 

Of perhaps greater value is the evidence of positive impact on team behaviour our research has indicated. 

Students from more recent cohorts have demanded to know why they haven’t been exposed to COMSLIVE learning, suggesting a positive impact on student expectations has been achieved.

There is now real interest from staff and students who want to explore use of Virtual Worlds in their curricula.

Plans to use Virtual World learning in the first year of the new BSc (Hons) Pre-registration nursing course are being drawn up. 

Meetings to explore integrating our COMSLIVE activities in the second year of this course have been planned by demand from non-project team staff and internal requests for presentations and further information on Virtual World learning have been received and responded to. Suggesting staff perceptions of teaching and learning are being changed.

During a recent mapping exercise in support of the design of a new nursing course, a number of staff identified communication and team working skills as needing to have a higher profile across the entire course.

NHS colleagues have been impressed by the study results and we are currently planning a range of dissemination activities to increase awareness of these. During the project an NHS Trust bid for funding to support Virtual World learning was submitted in response to an early COMSLIVE presentation and although this application was unsuccessful it reflects a realisation that Virtual Worlds may have an important role to play in NHS training. 

Only several years ago CICT concerns over bandwidth usage and security issues associated with Virtual World use were real and clearly articulated. Our test results seem to have assuaged these concerns to some extent. However, as we plan to use Virtual World learning more systematically and on a higher scale across student and staff domains we will need to revisit these issues.
 
The project has allowed Middlesex University to gain a close up perspective of the value and nature of Virtual World learning and its potential impact on education and training and they are currently exploring including Virtual Worlds in their new BSc (Hons) curriculum.  We have offered them the use of our COMSLIVE worlds if they choose to go down this path. 

Successful connectivity tests between BCU and Middlesex in-world promise the possibility of exciting cross university learning and research activities in the future.

Wider community impact is evidenced by invitations we have received to speak to academic teams in the USA, kind invitations from academic journals to submit papers describing our work, and interest we have received from the media. Most notably Sky News[footnoteRef:19]. [19:  See http://news.sky.com/skynews/Home/UK-News/Virtual-Patients-Helping-Train-Student-Nurses-At-Birmingham-City-Hospital/Article/201012415870665?f=rss] 


A table detailing our dissemination activities and copies of presentations can be found at: http://comslive.health.bcu.ac.uk/resources_dissemination_2009.asp

We have planned and are planning a wider range of dissemination activities for 2011/12.





[bookmark: _Toc284936971][bookmark: _Toc286041851]Conclusions & Recommendations
A series of key conclusions and recommendations arising from COMSLIVE are listed below:

Conclusions
Virtual World learning can impact positively on learner experience and learner behaviour. 

Virtual Worlds learning may have a transformative impact of health care education and training and subsequent practice and patient care.

Open Wonderland can afford a scalable and cost effective solution to immersive and collaborative learning. 

To make the most effective use of Open Wonderland at scale, academic teams need to include Java programming/scripting skills, 3D authoring skills and have strong networking support, particularly if using a distributed server architecture. 

Further Research
Difficulties in gaining insights into the potential difficulties in deploying Virtual Worlds behind an NHS firewall indicate that further research is needed to explore whether these technologies can support NHS work based learning.

Studies exploring the extent to which collaborative student learning can be scaffolded so that there is less dependent on teacher presence would be valuable in supporting the scaled use of Virtual Worlds. This may involve the creation of intelligent NPC’s or use of multimedia to deliver a stronger narrative within Virtual World settings. If this approach to learner support can be shown to promote effective learning then Virtual World uptake may increase significantly across HE courses with large cohorts. 

Further research required involving larger samples to explore relationship of Virtual World learning and physical world behaviour. In particular transference of skills and knowledge into work settings.

As the demand for immersive 3D learning environments grows, there will be an increasing need to ensure interoperability across these environments. The Immersive Education Initiative[footnoteRef:20] (IED) has conducted some interesting work in this field[footnoteRef:21]. Typically 3D virtual world content is developed for use in a specific platform and is traditionally confined to that platform. IED are demonstrating how content developed using Blender for example, can be used across a range of platforms such as RealXtend[footnoteRef:22], Sirikata[footnoteRef:23], Open Wonderland[footnoteRef:24], Open Simulator[footnoteRef:25] and Cobalt[footnoteRef:26] Most interestingly this works demonstrates the potential to import content from one virtual world platform into another. [20:  http://immersiveeducation.org/]  [21:  http://www.youtube.com/watch?v=cMhBiu0YJ3s]  [22:  http://www.realxtend.org/]  [23:  http://www.sirikata.com/blog/?page_id=2]  [24:  http://openwonderland.org/]  [25:  http://opensimulator.org/wiki/Main_Page]  [26:  http://www.opencobalt.org/] 


Further research and development in this area may help achieve the “Create Once and Experience Everywhere” vision espoused by IED and indeed JISC, that is shared by so many working with Virtual Worlds in Higher Education. 
	
Sustainability
COMSLIVE will continue to be supported by the Online Simulation and Immersive Education Research Group within the Faculty of Health for the foreseeable future.
 
We aim to attract further research and technical support as we conduct further scale and evaluation studies.

The project website will remain live and will be updated as developments occur. 

For further information about Open Wonderland visit: http://openwonderland.org/

For further information about COMSLIVE visit: http://comslive.health.bcu.ac.uk/ or contact:

Nigel Wynne
Senior Academic
Nigel.wynne@bcu.ac.uk
0121 331 7172


[bookmark: _Toc284936973][bookmark: _Toc286041852]References

BROWN, J.S., COLLINS, A. AND DUGUID, P. (1989) Situated Cognition and the Culture of Learning, Educational Researcher, January-February.

CRAWFORD, K. (1996) Vygotskian approaches to human development in the information era. Journal of Educational Studies in Mathematics, 31, 43-42.

CROTTY, M. (1998) The Foundations of Social Science Research: Meaning and Perspective in the Research Process. London, Sage Publications

DEPARTMENT OF HEALTH (2000) An Organisation With a Memory. Report of an expert group on learning from adverse events in the NHS. Available at < http://www.dh.gov.uk/en/Publicationsandstatistics/Publications/PublicationsPolicyAndGuidance/DH_4065083 > (Accessed June 2009)

FLIN, R. MARAN, N. (2004) Identifying and Training Non-Technical Skills for Teams in Acute Medicine. Quality and Safety in Health Care.13, pp 80 – 84.

FRANKEL, A. GARDNER, R. MAYNARD, L. KELLY, A. (2007) Using the Communication and Teamwork Skills (CATS) Assessment to Measure Health care Team Performance. The Joint Commission Journal on Quality and Patient Safety. 33 (9), pp. 549 – 558.

HM TREASURY (2006) The Leitch Review of Skills: Prosperity for All in the Global Economy. Available at < http://webarchive.nationalarchives.gov.uk/+/http://www.hm-treasury.gov.uk/media/6/4/leitch_finalreport051206.pdf > (Accessed September 2009)

LAVE, J. AND WENGER, E. (1991) Situated Learning: Legitimate Peripheral Participation. Cambridge, Cambridge University Press.

LEONARD, M. GRAHAM, S. BONACUM, D. (2004) The Human Factor: The Critical Importance of Effective Teamwork and Communication in Providing Safe Care. Quality and Safety in Health Care. 13, pp. 85 – 90.

MISHRA, A. CATCHPOLE, K. McCULLOCH, P. (2009). The Oxford NOTECHS System: Reliability and Validity of a Tool for Measuring Teamwork Behaviour in the Operating Theatre. Quality and Safety in Health Care. 18, pp. 104-108.

NATIONAL AUDIT OFFICE (2005) A Safer Place for Patients: Learning to improve patient safety. Department of Health. Available at http://www.nao.org.uk/publications/0506/a_safer_place_for_patients.aspx (Accessed October 2009)
 
NATIONAL PATIENT SAFETY AGENCY (2007) The fifth report from the Patient Safety Observatory.
Safer care for the acutely ill patient: learning from serious incidents. Available at < http://www.nrls.npsa.nhs.uk/resources/?EntryId45=59828> (Accessed October 2009)

VYGOTSKY, L.S. (1978) The Mind and Society: The development of higher mental processes. Cambridge M.A., Harvard University Press.


[bookmark: _Toc286041853]Appendices
[bookmark: _Ref285807839][bookmark: _Toc286041854]Appendix: Questionnaire Survey

Virtual World Scenario Questionnaire

This questionnaire seeks to collect information about your experience of using the Virtual World communication scenario you engaged with during this research study.

In the space below write down which learning group you were part of. e.g. Group 5

I was part of Learning Group:______

Please note that the term “in-world” is used to describe the activities and interactions that you took part in when controlling your avatar in the 3D virtual world environment.

	Preparation to use the Virtual World 

Please tick the box that most accurately represents your agreement with the following statements

	
	
	Strongly
Agree
	Agree
	Not Sure
	Disagree
	Strongly Disagree

	

	The orientation space activities were helpful

	
	
	
	
	

	
	The time allocated for learning to use the virtual world was sufficient

	
	
	
	
	

	
	The training documentation was helpful

	
	
	
	
	

	
	The training documentation was clear

	
	
	
	
	

	
	I was able to use the world independently after initial training.

	
	
	
	
	

	
	I was able to access the virtual world

	
	
	
	
	

	
	I was able to adjust my headset when needed

	
	
	
	
	

	
	I was able to choose my avatar

	
	
	
	
	

	
	I was able to use the in- world web browser


	
	
	
	
	

	
	
	
	
	
	
	

	
	
	Strongly
Agree
	Agree
	Not Sure
	Disagree
	Strongly Disagree

	
	I was able to use Google docs in world to record patient information

	
	
	
	
	

	
	I was able to use the telephone in world to make a call to a phone in the “real world”

	
	
	
	
	

	
	The 3D audio worked as described in the orientation centre

	
	
	
	
	

	
	I was able to read the pdf documents in world easily

	
	
	
	
	

	
	I was able to read the posters in world easily

	
	
	
	
	

	
	I was able to talk to other avatars in-world

	
	
	
	
	

	
	I was able to walk and run my avatar

	
	
	
	
	

	
	I was able to use the gesture controls for my avatar

	
	
	
	
	

	
	I was able to play and hear sound files in-world.

	
	
	
	
	



	
Learning Experience

	
	
	Strongly
Agree
	Agree
	Not Sure
	Disagree
	Strongly Disagree

	
	The 3D virtual world environment made it easier for me to link theory to practice compared with a typical classroom learning experience.

	
	
	
	
	

	
	I felt that the activities within the world were challenging.
	
	
	
	
	

	
	I was able to complete all of the in world learning activities 
	
	
	
	
	

	
	I would like to experience more learning within virtual worlds.

	
	
	
	
	

	
	Being able to verbally communicate with my fellow students when in world improved my learning experience.

	
	
	
	
	

	
	My ability to work effectively within a team improved as a result of this virtual world experience.

	
	
	
	
	

	
	I felt more confident to apply the SBAR protocol as a consequence of my virtual world experience

	
	
	
	
	

	
	My written communication skills improved as a result of this virtual world experience

	
	
	
	
	

	
	My ability to apply non verbal communication improved as a result of my virtual world experience. 

	
	
	
	
	

	
	
	Strongly
Agree
	Agree
	Not Sure
	Disagree
	Strongly Disagree

	
	My ability to close communication loops has improved as a result of my virtual world experience.
	
	
	
	
	



	
	I am more likely to use names when communicating with others because of my virtual world experience.

	
	
	
	
	

	
	I better understand the importance of my tone of voice during communications because of my virtual world experience.

	
	
	
	
	

	
	I am more effective at paraphrasing instructions because of my virtual world learning
	
	
	
	
	

	
	Learning about communication and team working skills within a 3D environment is an effective way to learn. 

	
	
	
	
	

	
	I think that learning using virtual worlds should be introduced earlier in this course.
	
	
	
	
	

	
	
	
	
	
	
	




	
	
	
	
	
	
	

	Demographic Information
Please tick the appropriate box.

	
	Gender
	
	
	
	
	

	17
	I am 
	Male
	Female
	
	
	

	
	
	
	
	
	
	

	18
	Age
	
	
	
	
	

	
	I am 
	18 – 24
	25 – 34
	35 – 45
	Over 45 years old
	

	
	
	
	
	
	
	




[bookmark: _Ref285807814][bookmark: _Toc286041855]Appendix: Focus Group Interview Schedule

What were your initial thoughts when you learnt that you would be engaging in virtual world learning?


How would you rate the value of learning within a 3D virtual space in the context of developing team working and communication skills?

Does this provide a more or less valuable learning experience when compared to other forms of teaching?
If the activities you experienced took place as role play in a classroom or as higher fidelity simulation activities would your learning have been any different?
Did reading poster information etc…in world in the presence of your team mates offer any advantages to reading text in the real world? 
If so can you explain why?

How important was being able to communicate verbally with each other in the virtual world to your learning?
Did communicating via an avatar influence the confidence you had when communicating with each other and members of staff in the virtual world?

What effect did facilitation and support provided by a teacher in world have on your virtual world learning? 
If no facilitation had been available what impact would this have had on your experience?
Describe an example of how your virtual world learning enhanced your communication and team working skills.
Specifically what was it about learning within a virtual world that led to this?

What was it like to have an avatar representing yourself in the virtual world?

How could the virtual world scenario be improved?

What would you say to staff who may be interested in using virtual worlds in their modules?

Describe any difficulties that you experienced during your virtual world activities?
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	1
	2
	3
	4
	5
	

	
	N/A to scenario
	Observed Consistently and Excellent
	Observed Consistently and Good Quality
	Occasionally Observed but Consistent Quality   
	Occasionally Observed but Varied Quality   
	Expected but not observed
	Additional Comments

	Task Management
	
	
	
	
	
	
	

	Prioritises Care (Assessment and Interventions)
	
	
	
	
	
	
	

	Demonstrates desire for high standard of care
	
	
	
	
	
	
	

	Hand washing
	
	
	
	
	
	
	

	Team Working
	
	
	
	
	
	
	

	Confirms roles and responsibilities of team members
	
	
	
	
	
	
	

	Team members request input from each other
	
	
	
	
	
	
	

	Uses authority and assertiveness
	
	
	
	
	
	
	

	Communication
	
	
	
	
	
	
	

	Written records maintained and updated
	
	
	
	
	
	
	

	Uses team members and patients names
	
	
	
	
	
	
	

	Closes communication loop i.e. Feedbacks to team on progress following instruction. 
	
	
	
	
	
	
	

	Paraphrases Instructions
	
	
	
	
	
	
	

	SBAR
	
	
	
	
	
	
	

	Appropriate use of gestures/ body language
	
	
	
	
	
	
	

	Communication effectively and appropriately with patient
	
	
	
	
	
	
	


[bookmark: _Toc286041884]Table 2: Observation Scoring Matrix



Marking Standards
N/A to Scenario (=0)
Observed and Excellent: Behaviour enhances patient safety and teamwork: a model for other teams (=1)
Observed and Clear: Behaviour maintains an effective level of patient safety and teamwork (=2)
Occasionally Observed but Consistent Quality: Team work may be variable however at a level that patient safety is always maintained (=3)
Occasionally Observed but Varied Quality: Behaviour in other conditions could directly compromise patient safety and effective teamwork (=4)
Expected but not Observed: Behaviour directly compromises patient safety and effective team work. (=5)

	Behavioural Markers Examples
	Observed Consistently and Excellent Quality
	Observed Consistently and Good Quality
	Occasionally Observed but Consistent Quality   
	Occasionally Observed but Varied Quality   
	Expected but not observed

	Task Management
	
	
	
	
	

	Prioritises Care (Assessment and Interventions)
	Shows a systematic approach to assessment with clear clinical priorities, demonstrates greater than expected levels of clinical prioritisation when required.   
	Shows a systematic approach to assessment or clear clinical priorities
	Demonstrates an adequate level of clinical prioritisation may show some lack of reprioritisation as scenario changes however demonstrates a reasonable knowledge base and care provision.
	Some elements of prioritisation evident however lack’s consistency quality in knowledge and care provision varied. 
	No systematic approach apparent, interventions appear hap hazard

	Demonstrates desire for high standard of care
	Clearly aware of protocols for care and will correct team member if deviation
	Aware of protocols in managing own individual care provision
	Demonstrates an understanding of the main concepts of protocols and has a safe level of demonstration
	Aware of some protocols for care but lacks consistency expected of current level of training. 
	Demonstrates lack of knowledge of care interventions and procedures within current level of training

	Hand Washing 
	All team members wash hands using the appropriate technique and can answer appropriately if challenged. 
	Most team members wash hands using the appropriate technique however those who didn’t are reminded by other team members. Can answer appropriately if challenged
	Some team members wash hands using the appropriate technique however those who didn’t are reminded by other team members or if challenged by patient.  
	Some team members wash hands using the appropriate technique however those who didn’t are NOT reminded by other team members or do not do so if then challenged by patient.  
	Team members do not wash their hands. 

	Team Working
	
	
	
	
	

	Confirms roles and responsibilities of team members
	Identifies team leader and other roles on commencement of scenario.
	Identifies team leader however other roles remain unclear.
	Team leader not identified but a member of the team assumes the role
	More than one team member appears to adopt team leadership role.
	No roles allocated 

	Team members request input from each other
	Team members actively seek feedback and input/ help from each other on progress co-ordinated primarily by team leader. 
	Team members actively seek feedback and input / help from each other on progress some co-ordination apparent.

	Team member’s feedback to an individual not to team so overall whole team unaware of progress. 
	Feedback sporadic and uncoordinated. 
	Lack of feedback between team members on progress. Individuals carrying on independently from each other. 

	Uses Authority and Assertiveness
	Team leader give clear direction. Team demonstrates an assertive response throughout. 
	Team leader gives some direction.
Team overall appear assertively responsive to each other. 

	Team leader provides little direction however team overall appear assertively responsive to each other. 
	Little direction from team leader. Team show some assertiveness at times. 
	No direction from team leader team very disengaged unsure of how to proceed. 

	Communication
	
	
	
	
	

	Written records maintained and updated
	Written records accurately maintained to high standards required by NMC guidance, all clinical information recorded. 
	Written records accurately maintained to high standards required by NMC guidance, most clinical information recorded.
	Records at times would meet NMC guidance standards however important clinical information recorded. 
	Records at times would meet NMC guidance standards however important clinical information not recorded
	Records poorly maintained or not at all. 

	Uses team members and patients names
	Each member of the team always addresses each other by preferred name. May ask/ be aware of patient name preference.
	Each member of the team mostly addresses each other by preferred name. May ask/ be aware of patient name preference.
	Team at times call each other by their preferred names. May ask/ be aware of patient name preference.
	Team rarely call each other by their preferred names. May not ask/ be aware of patient name preference.
	Team seem unaware of each other’s names. 

	
Closes communication loop i.e. Feedbacks to team on progress following instruction.
	Always clearly closes communication loop through demonstration of recognition of the instructions given and feedback of information gathered
	Always closes communication loop through demonstration of recognition of the instructions given and feedback of information gathered.
	At times verbally closes communication loop however instructions consistently carried out. Feedback of information gather not constantly shared amongst the whole team.
	At times verbally closes communication loop however instructions not consistently carried out or information obtained fed back to the whole team.
	Little effort amongst team members to close communication loops.

	Paraphrases Instructions
	Always paraphrases instruction demonstrating a deep and clear level of understanding. 
	Always paraphrases instruction demonstrating clear level of understanding.
	At times paraphrases instruction demonstrating clear level of understanding.
	At times paraphrases instruction however shows little understanding.
	Never paraphrases show little understanding of instructions. 

	SBAR
	Always clearly and appropriately uses the SBAR proforma in an articulated way demonstrating use of critical language. 
	Always clearly and appropriately uses the SBAR proforma.
	At times appropriately uses the SBAR proforma however main clinical information always handed over. 
	At times appropriately uses the SBAR proforma however main clinical information missed at times. 
	Seems unaware of how to utilise SBAR proforma. 

	Appropriate use of gestures/ body language
	Always clear and appropriate use of body language including eye contact and turning to address individuals including the patient.  
	Clear and appropriate use of body language including eye contact and turning to address individuals including the patient
	Use of appropriate body language at times amongst team members, however good use of gestures and body language towards patient. 
	Use of appropriate body language at times amongst team members and towards the patient but inconsistent. 
	Use of appropriate body language not evident or inappropriate use throughout. 

	Communication effectively and appropriately with patient
	Show excellent communication skills with patient demonstrating a high level of understanding and including them in all care decisions.  
	Show good communication skills with patient demonstrating a high level of understanding and including them in all care decisions
	Attempts to communicate with patient. Patient included in all care decisions. Demonstrates an acceptable level of understanding. 
	Attempts to communicate with patient. Patient however not included in care decisions. Demonstrates varied knowledge base.  
	Fails to communicate with patient ignores questions demonstrates a lack of knowledge. 
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Appendix: Questionnaire Survey Usability Data


[bookmark: _Toc286041880]Figure 20: Percentage Agreement in Response to Usability Statements

Appendix: Questionnaire Survey Data: Value of Virtual World Learning 



[bookmark: _Toc286041881]Figure 21: Percentage agreement in response to statements
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[bookmark: _Ref285809854][bookmark: _Toc286041882]Figure 22: Comparison of Median Ratings of Control and Intervention Group Physical World Behaviour across a Range of Parameters.

NOTE: Poorer communication and team working performance resulted in a higher score and more effective performance resulted in a lower score.
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	Parameters
	Prioritises Care 
	Desire for High Standards of Care 
	Hand Washing  
	Confirms Roles and Responsibilities 
	Team Members Request Input from Each Other
	Uses Authority and Assertiveness
	Uses Team Members’ and Patients’ Names  
	Closes Communication Loop
	Paraphrases Instructions 
	Appropriate Use of Gestures/Body Language
	Communicate Effectively with Patient 

	Control
Median Value 
	3
	4
	5
	4
	4
	5
	4
	5
	5
	3
	4

	Intervention Median Value
	1
	1
	1
	1
	1
	2
	1
	1
	4
	1
	1


NB: Median values are judged in accordance to the observed grading as seen in the Observation Matrix available to view in appendix . 
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	Prioritises Care 
	Desire for High Standards of Care 
	Hand Washing  
	Confirms Roles and Responsibilities 
	Team Members Request Input from Each Other
	Uses Authority and Assertiveness
	Uses Team Members’ and Patients’ Names  
	Closes Communication Loop
	Paraphrases Instructions 
	Appropriate Use of Gestures/Body Language
	Communicate Effectively with Patient 

	U 
	9.000
	4.000
	4.500
	0.000
	0.000
	1.000
	0.000
	0.000
	7.000
	3.000
	0.500

	p
	0.034
	0.005
	0.006
	0.001
	0.002
	0.002
	0.001
	0.001
	0.014
	0.004
	0.001

	z
	-2.123
	-2.794
	-2.767
	-3.247
	-3.071
	-3.159
	-3.314
	-3.373
	-2.448
	-2.880
	-3.125

	r
	0.570
	0.750
	0.740
	0.870
	0.890
	0.840
	0.890
	0.940
	0.680
	0.770
	0.840


 (
Key
U – Mann Whitney
P - Significance
Z – Mann Whitney
 z value
r – Cohen effect size (0.1 = Small Effect, 0.3 = Medium Effect, 0.5 = Large Effect)
)





Note: p values for comparison of median scores for all parameters is < 0.05
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This guide seeks to distil some of the key lessons we have gleaned through our experience of implementing Virtual Worlds in general and Open Wonderland specifically within an existing teaching programme.  

Module Integration and Constructive Alignment
As with any learning and teaching innovation it is important to ensure that the learning and teaching activity overtly and inescapably helps students meet their learning outcomes and prepares them for their summative assessment. That is outcomes, activity and assessment are constructively aligned[footnoteRef:27].  [27:  For an excellent video based exposition of Constructive Alignment see: http://www.youtube.com/watch?v=iMZA80XpP6Y] 


The scenario design and module integration of COMSLIVE was largely informed by these considerations. In addition we also applied the principles of an education framework for simulation learning we have developed within the Faculty called Constructively Aligned Multiple Modality Simulations (CAMMS). CAMMS purports that the greatest educational impact of simulation learning can be achieved if different simulation modalities are intelligently sampled and then constructively aligned within a module programme. For COMSLIVE we ensured that our virtual world patient scenario was aligned with a 2D virtual patient scenarios students engaged in through software called, Virtual Case Creator. In turn this prepared students for engagement with the mannequin supported scenarios they experienced in our simulation suite. By combining simulation approaches in this way we aim to achieve what we refer to as “Simulation Synergy”. 

Produce a Code of Conduct 
We found that for some students learning within a virtual world offered a more intensive learning experience than perhaps they were used to. All of our Virtual World activities where collaborative and team focussed in nature compared to the individual focus generally encountered by our students at that time in their course.  Learning to work and learn collaboratively didn’t come naturally to some students and it was easy for others to feel left out or even left behind. Our code of conduct emphasised amongst other things the importance of a team ethos and of considering the emotional and learning needs of peers when in-world.

Use of headsets to support VoIP communication in-world
We recommend using USB connected headsets ideally with ear pieces designed to minimise external sound as much as possible.  Analogue connections tend to result in significant feedback. Where possible identify the most appropriate headphone and microphone settings and either pre-set these prior to student use or ensure that students are able to do this themselves. Creating a desktop image with the relevant instructions for audio worked well for us during COMSLIVE.



Locating learners on campus
We tested two approaches to locating learners on campus when they were engaged in virtual world activities. One involved distributing members of a learning group across different on-campus locations. e.g. library area, classroom and computer suite. The other involved co-locating learners from a group within the same room. E.g. a computer suite. Generally learners preferred being distributed. They commented that this allowed them to focus on their in-world communication performance rather than being distracted by speech and sounds made by members of their group based in the same room. It also ensured that any lag present between physical world speech and sounds heard on a headphone were less noticed. 

Art Design
Always use PNG file formats for images and textures. Better for transparencies.
Keep texture aspects to a 2 x 2 ratio
Bring models into Wonderland via KMZ
1 unit in Wonderland is equivalent to 1 foot in Sketch Up
Use properties to move objects in Wonderland as this gives greater control over position.

Skills Sets and Experience
For Open Wonderland use involving artwork and programming developments within HE environments we suggest  the following skills sets would be helpful:

Experience of using ANT and J2E
Experience of using sketchup or other modelling environment
Understanding of basic Java syntax
Good networking skills
Ensure that you become familiar with the log systems supporting Open Wonderland as an ability to access and share log reports help enormously in trouble shooting any bugs. 
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Appendix: Requirements Report
The table below summarises the main requirements identified from our stakeholder analysis and our development approach to these. Some of our solutions worked well and some less well.

	Requirement
	Development

	To be able to run multiple scenarios and orientation space activities in parallel.
	Create and host multiple versions of the COMSLIVE world on one server and link all versions via a landing stage. 

	Opportunity for students to review lecture slides and other learning materials. 
	Power Point slides were converted to pdf and these PDF files were dragged into an education space built within world. Other web based resources were accessed by an in-world browser within the education space. 

	Opportunity to access and edit patient charts and proformas. 
	Materials displayed via Google docs using in-world browser. Using this approach students were able to collaboratively complete and record fluid balance measurements and patient assessment proformas.

	Opportunity to gain a handover report on patient.
	Audio file linked to a receptionist model. File played automatically either when avatars in proximity or when model right clicked and play selected. 

	Opportunity for students to learn about using a Virtual World and the specific functions used within COMSLIVE
	Create orientation space

	Monitor that displays patient data such as blood pressure, respiratory rate and cardiac rhythm. Data needs to change over time indicating deteriorating patient condition.
	Flash website created displayed using in-world Firefox browser

	Ability to talk to patient in-world
	Challenging requirement, addressed in a number of ways. 

Patient’s voice was conveyed by a teacher avatar hidden from view.  

A sound recording of a non verbalising patient, moaning and groaning was developed and was triggered when avatars where in a certain proximity. 

Developed a component that allows administrators to set questions and link audio file responses to those questions when displayed. 

The latter holds most promise and offers most flexibility although we are still testing this. 

	Ability to alter patient posture in bed and link this to changes in patient voice and displayed patient data. 
	We were able to animate patient and bed, although did not identify an accessible solution within the time we had available to support linking the bed animation to changes in patient data and/or sound.

	Ability to gather data from patient bedside such as catheter bag drainage, patient id, naso-gastric tube drainage
	Tool tips function used. Here an image is displayed when a user hovers their mouse over part of a model in-world. E.g. hovering mouse over the catheter bag model caused larger 2D image of the catheter bag to be displayed to that user enabling the user to assess hourly drainage. 

	Opportunity for students to make a telephone referral from in-world to a person in the physical world.
	Used Open Wonderland’s virtual phone and connected calls via a soft phone clients installed on a number of computers. 

	Opportunity for students to practice hand washing skills and demonstrate assertiveness skills when hand washing not performed.
	Created a 2D swing[footnoteRef:28] application  [28:  For information on Swing see http://en.wikipedia.org/wiki/Swing_Application_Framework] 


	Opportunity to capture data of student performance 
	Entries using Google docs were captured although it was not possible given our existing skills sets to automatically feed this information into existing systems such as MOODLE our VLE. Given the extensibility of Wonderland it should be possible to capture other interactions with assets in-world, although this was not explored. 

	Extend learning by supporting reflection on in-world activity using video and audio capture uploaded to MOODLE 
	Aimed to use video module in Open Wonderland to record in-world performance and then upload video files to Moodle to encourage reflection. Video capture seemed to create significant performance issues for the client machines we were using. This idea was therefore discarded.

Explored using audio recorder to capture audio performance of students in-world, however difficulties in identifying were resultant audio files were stored, (an issue we now believe has been rectified) meant that this idea was discarded. 

	Display NHS Care Plans using Open Office viewer.
	Tests worked well when Open Office writer used in-world. However Open Wonderland can only support one instance of Open Office. Reverted to Google Docs.

	Provide opportunities for students to collaboratively interact with and learn from, when co-located in- world, existing web based virtual patients. 
	Used in-world Firefox browser to display Flash based virtual patients. Generally these performed well. The main exception was lack of audio support and poor performance of browser when video was played. We aim to separate out video from some of our virtual patients and use the video player, when released to support this requirement. 

	Promote considerations of privacy and dignity during patient care.
	Create a curtain around bed space. When clicked curtain opens, partly opens and closes. When closed privacy and do not enter sign appears outside curtain.

	Ensure that avatars are dressed in student uniforms and provide students with choice of avatar skin colouring, gender, and professional designation.
	Bespoke avatar textures created using Evolver[footnoteRef:29] avatar portal. [29:  For more information on Evolver see http://www.evolver.com/] 


	Ensure that students’ real names appear when they were in-world.
	Students asked to login to world using real names. 
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This document provides a high level overview of the Open Wonderland Virtual World tool kit used to support Virtual World learning within the COMSLIVE project.  The report also describes the distributed server architecture we have deployed to support scalable and affordable Virtual World learning. Since our project began the available documentation and tutorials supporting Wonderland have increased significantly and can be found at: http://openwonderland.org/

Open Wonderland Technical Overview
Open Wonderland (OWL) is a toolkit used to create virtual collaboration focussed 3D worlds. Originally named Project Wonderland, it was developed and funded by Sun Microsystems, however in January 2010 Sun Microsystems was acquired by Oracle who chose to cease direct development support for the project. Project Wonderland however became Open Wonderland and the code base was forked to the open source community.[footnoteRef:30] Written entirely in the Java programming language OWL supports a series of open standards, can be deployed from behind a firewall and can also support LDAP authentication. [30:  http://en.wikipedia.org/wiki/Open_Wonderland] 



Minimum Client requirements to run Open Wonderland

Open Wonderland advise that;

 “…you will need a modern PC (1.5Ghz+, 1GB RAM) with hardware-accelerated OpenGL drivers installed. For Solaris and Linux we strongly recommend NVIDIA cards/drivers. In our experience, NVIDIA drivers are more stable and feature complete than others. You will also need an accelerated graphics card, typically geared towards running 3D games. We recommend a graphics card with 256MB of video memory for the best performance, but 128MB should also work.” [footnoteRef:31] [31:  http://openwonderland.org/about/faq] 


Open Wonderland being Java based will run across multiple OS systems. The main requirement for this is that Java Runtime Environment (JRE) version 6 is installed. To launch the browser Open Wonderland uses a Java technology called ‘Java Web Start’. This allows users to connect and download the client software automatically simply by selecting to launch the given world.
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Figure 1: The OWL Java Web Start launch page.



 To find out more on launching the Open Wonderland client, refer to this tutorial- http://code.google.com/p/openwonderland/wiki/WebStart05.





















Open Wonderland’s Software Stack

This is illustrated in the diagram below:
[image: Wonderland API diagram]
Figure 2: The Software Stack for Open Wonderland.

Open Wonderland consists of a number of software elements collectively known as the Open Wonderland software stack. There are three open source technologies that play a core role in OWL: 

Project Darkstar[footnoteRef:32] – the OWL Darkstar service manages all client and world. [32:  http://projectdarkstar.com/] 


Glassfish v3[footnoteRef:33]  is used to serve OWL’s web-based management, this includes server and world management. [33:  http://glassfish.java.net/] 


jMonkeyEngine (jME) is a Java written 3D games engine which provides the core API’s (Application Programming Interface), including graphics primitive and shader support.[footnoteRef:34]  The basic building blocks of any graphic image such as a dot, line or curve are known as a graphics primitive.[footnoteRef:35] The software that calculates rendering effects, such as texture, colour, etc are known as a shader.[footnoteRef:36] [34:  http://blogs.openwonderland.org/category/technical/page/2/]  [35:  http://www.answers.com]  [36:  http://en.wikipedia.org] 



Additional open source elements that Open Wonderland utilises are:

Shared Application Server  (SAS)– hosts all the applications that can be displayed and used in-world, allowing for two or more users to remotely access a shared application or document. The OWL server includes a specialised X11 server which supports the running of two types of 2D applications to be shared in-world.[footnoteRef:37] [37:  http://wiki.java.net/bin/view/Javadesktop/ProjectWonderlandServerAdministration05] 


Multi-User 2D Java applications include a multi-user whiteboard, a PDF and sticky notes, and many others.

Single-User X11 applications; “The X Window System (X11) is a computer software and network protocol that provides a basis for graphical user interfaces (GUI’s) for networked computers”[footnoteRef:38].  This type of application must be run on a Linux or Solaris system and includes Open Office and the Firefox web browser. These are single-user applications and can be controlled by one user at a time, but any users in range may view whilst updating is in progress.[footnoteRef:39] [38:  http://en.wikipedia.org/wiki/X_Window_System]  [39:  http://openwonderland.org/resources/enterprise-users] 


jVoiceBridge – Also developed by Sun Microsystems, this audio mixing platform supports distance attenuation, spatial audio and is the basis for Open Wonderland’s software phone. We have extended this feature by installing AsteriskNOW. Asterisk is an open source phone server, and AsteriskNOW provides an easy way to set up and manage Asterisk. 
In-world a 3D model of a phone is placed and configured as a virtual phone which users can interact with. There are 2 ways in which this virtual phone can connect to an external (out of world) phone depending on the settings put in place. The in-world virtual phone may connect to a:

Landline number – Open Wonderland has the capacity to connect to an established telephone network allowing communication from in-world to a real world phone. In order to make this connection OWL can connect to a PBX (private branch exchange), and whilst this feature is not native to OWL, due to its extensibility, making this addition can be done with ease. 

Softphone – to apply this capability we utilise a freely available software called Counterpath X-lite, a softphone GUI that is served by AsteriskNOW. The softphone is assigned an extension number which users dial from the virtual phone and so are able to connect to an external softphone. The external user will communicate using a headset or a VoIP handset as shown below. 

[image: ]   [image: X:\images\large_images\jpeg_new\pictures\11.jpg]
                         Figure 3 : X-Lite.                                        Figure 4: The ability to call from within Wonderland.

MTGame Graphics Engine (MTGame) – a high performance graphics engine that Open Wonderland uses to extend jME as it supports multi-threading. This results in improved graphics and rendering.

Avatars – rendered and animated using the MTGame, avatars provide the users with a visual representation of themselves. There are several ways in which users can communicate, through text based chat, (similar to instant messaging) audibly through the jVoiceBridge technology and also visually through the use of gestures. In built gestures include, waving, signalling to follow, nodding in agreement and many others.

Wonderland Modules – a key aspect of the software stack, Wonderland modules can be either open source or proprietary and may be developed and added to the OWL core. Modules can include artwork, audio, code or web services and are used as packaging mechanism to share OWL extensions. Modules consist of three elements, the cell, component and the resource, details of which are outlined below.

Wonderland Modules:

A concept that is significant to the Open Wonderland architecture is that of the ‘cell’. In OWL a cell is a small volume of space which acts as a container for a visible object such as a 3D model, or a 2D object such as an application window. The cell will hold the data for the visible objects position, rotation and scale, so for example if a Firefox web browser window has been placed in-world, the cell that contains the browser will store the direction the browser is facing, its size and its exact location in-world.

Visible objects do not have to remain static but may be interacted with or have some other functions. These functions can be added to cells with the use of components.  Components are functionalities or even properties  that can be reused and assigned to visible objects, in short they are a piece of program code that can be shared among cells and will provide that cell with an added functionality. 

Examples of components are:

Edit - give the ability to move, rotate and scale items.

Interactive - the item may play audio when selected.

Portals - Associate placemarks with any object for easy navigation.
Placemarks - Create portals to locations on same server or on different servers. [footnoteRef:40] [40:  http://openwonderland.org/about/features] 


Performance - details the client memory usage of a particular cell.

Tooltips - when the user’s cursor remains over an item without clicking it a text prompt or image will appear.
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Figure 5: Drug Trolley tooltip.


New components (and therefore functionality) can be added to Open Wonderland. One example of a component that we have developed is the Dialogue system. This which allows the user to ‘talk to’ an object through the use of a set of pre-written questions. The user can select a question and hear an audio file in response. 


[image: ]
Figure 6: The Dialogue system.


A resource is the visible object which a cell holds. Resources have many types and include 3D models, images, animations and sound. These resources unlike the cell and the component are created without the use of code. For example 3D models may be created using 3D Studio Max, Maya or Google Sketch up.



Examples of resources that we have created are:

3D Bed Model.

[image: ]

Figure 7: 3D model of a patient bed.

3D Curtain.

[image: ]
Figure 8: 3D model of hospital curtains.

Evolver Avatar Custom textures - we have created a range of textures depicting BCU student nurses and medical professionals.
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Figure 9.
In summary, the cell contains the resource, components add functionality to that cell, and packaged together, these ingredients make a key element of the Open Wonderland architecture – a Wonderland Module.[footnoteRef:41]  [41:  https://wonderland.dev.java.net/wiki/beginner/Wonderland_Tutorial_01.pdf] 


Examples of Wonderland modules that are native to Open Wonderland include:

Audio recorder

Sticky notes and Task sticky notes. 

[image: insertsticky]
Figure 10: an example of a Sticky Note and a Task Note.

Clickable links– adds the ability to add a link to an object. This will open the URL in a separate web browser outside of the client browser.

[image: Riverway Pioneer Park with Clickable Link]
Figure 11: an example of a Clickable link.



These Wonderland modules and are similar to ‘plug-ins’ and as such provide added functionality. Modules can be created by a developer and a whole range of experimental modules have been produced by the Wonderland developers and the community and are freely available for download on the Open Wonderland website in the Module Warehouse.




Within COMSLIVE we have created the following modules:
The Hand washing poster – a module that tracks the number of times a user simulates washing their hands.

[image: ]
Figure 12: Handwashing Poster.


An animated patient bed - When clicked the bed will change position.

[image: ]
Figure 13: An animated patient bed.
An animated hospital curtain - When clicked the curtains will open and close and display a privacy sign.

[image: ]
Figure 14: An animated hospital curtain.



Deployment of Worlds within a uni server architecture.

The recommended server specifications for OWL are the same as the client specifications and so we have found that most people will host and run OWL on a single server or as the minimum requirements state, on a high-end desktop or laptop.

Having a uni server set up results in the SAS and the Wonderland Darkstar (World state)  being hosted on the same server, allowing for easy communication between the two.

For a complete guide on how to install, run and configure Open Wonderland please see http://code.google.com/p/openwonderland/wiki/OpenWonderland.

To support multiple users and gain “optimum performance, you can run different Wonderland services on separate servers.”[footnoteRef:42] [42:  http://openwonderland.org/about/faq] 





Distributed server architecture. 

Due to the scalability of the COMSLIVE project and projected high levels of multiple users, we chose to support a distributed server architecture.

This type of architecture involves more than one server networked together. Our particular set up includes five servers. Three of these host Darkstar (and a world state), one hosts the SAS and the other the softphone server.

Whilst being extensible this set up has presented some issues mainly with the intercommunication between the Darkstar servers and the SAS. 


[image: ]
Figure 15.





World Content Creation
When it comes to world creation, most Open Wonderland worlds that we have seen tend to be formed of several discontinuous spaces across which users can navigate using  the teleport component.

To view the official Open Wonderland demonstration world please go to: http://owf2.virtualnorthstar.org:8080/wonderland-web-front/

Due to the size and scale of some of our worlds we found that the render load times were quite high. To compensate for this we have divided our world and buildings into several areas and moved each area a virtual 3000m away from each other so that they are out of each other’s render range. This results in areas only being rendered by the client when it is needed. For example, that area will only render once the user portals to that area, which they can do with no interruption to their experience.


Figure 16: Decreasing render times by moving areas 3000 virtual metres apart.

Open Wonderland future

As a developing open source tool, Open Wonderland is continually improving and growing. 

Recently a ‘peer-to-peer’ group has been set up to assist and encourage developers to use and develop for Wonderland.  

To access follow this group see  http://www.p2pu.org/general/node/12911/document/12912 .
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