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2) Executive Summary

This project stemmed initially from the observation that there was little in the educational community to support the teaching of the biology of pain. Students and staff from a variety of backgrounds require a familiarity with the biological, physiological and psychological factors associated with the reception, conduction and processing of painful (nociceptive) stimuli either as a basic aspect of an area of applied science or as a stepping stone to further study. We also noted that there was material available that might be suitable for use in a project such as this via re-purposing. This, for us, was an important aspect of the strategic thinking behind the proposal since using material with this type of heritage makes good use of resources that are often time consuming and difficult to develop.
We took the approach that the best way to delivery biologically complex material would be to provide an interactive animation that would guide students through some of the anatomy and physiology of this areas whilst, at the same time, allow academic staff to customise the resource with the needs of a particular cohort in mind. An important consideration was that the material should engage the learner and therefore we felt that an interactive approach would be the most beneficial. Our resources will subsequently be made re-available to the education community as 'learning objects'.  
We have also and are currently undertaking a series of evaluations of the project with both staff and students providing feedback. At the time of writing this is still ongoing but further details and results will be made available via the website.

In completing this task we hope that we have provided a future-proof resource that students and staff from fields as diverse as biology, nursing, physiotherapy, sports science and medicine may find useful.

3) Background

The teaching of nociception is a complex and involved process. This stems partly from the fact that much of the material has a basis in complex anatomy, physiology and pharmacology and also because, even at an advanced research level, much of the underlying mechanisms are still open to debate. Furthermore, there doesn’t seem to be a consensus on modes of behaviour of cells and tissues. Given the preceding material it is not surprising that students who require a working knowledge of pain often struggle to gain a good foundation in the principles of nociception. This clearly emphasises the need for a pain-focused resource that will aid staff delivery of material in this area and motivate students to explore the complex and occasionally contradictory wider research resources that are available. 

One of the project team (Andrew Broughton) had been involved in a request for a simple animation to show an aspect of pain physiology - The Gate Theory - for a course on palliative care.  Enquiries from colleagues of this client revealed many other academics in the Faculty of Health were also looking for materials on various aspects of pain, which is not surprising in view of its considerable impact in many branches of nursing. 
Some of the research involved in the production of a prototype animation had identified external resources which might usefully be collated and some were included as examples in our successful JISC bid for funding. 

4) Aims and Objectives

This proposal sought to develop an interactive e-based module focused on the biology of pain. The module was aimed at allowing students across a range of science disciplines to both understand and also self-test their knowledge of the processes that occur to generate and relay pain stimuli around the body. This module will also allow the students to interact with e-learning material and also to undertake a degree of self testing.

The resources were also intended to be made available to the education community as 'learning objects'. These objects will be customisable by staff to match the academic requirements of students from a range of levels and disciplines and, in so doing, it will form a basis for the sharing of common sources of material and good practice.
5) Methodology

In developing and refining our approaches to this project we have had to bear in mind a number of factors such as differences in delivery styles of academic tutors, the need to actively engage learners and the constraints imposed by the range of software platforms that are currently in use in educational establishments in higher education.

With these considerations in mind we decided to tackle the project by developing an animation-based approach to the topic. We felt that this would be the most beneficial approach since it allows a strong link to be made with form and function. It also avoids the students, at least initially, having to engage with potentially off-putting large blocks of text common in many research and review articles. In addition, there is evidence that people can learn more deeply from a balanced combination of words and images than from words alone (Mayer, 1989; Mayer & Gallini, 1990).
The idea of building upon an animation, http://www.uclan.ac.uk/health/research/biology_pain.php#pain 

as a hook on which to hang external resources, was also adopted because we knew that many good resources use names of structures and processes that many students would not have seen or been familiar with. In particular we wanted a resource which would help students who, through disability or background, are disadvantaged by heavily text based resources.
Developing the animation involved extensive research of the literature. This is because the information needed to construct an animation is qualitatively different from that needed to construct a text based account and appropriate material is often hard to come by. This sort of information includes size, shape, position, orientation of all of the objects in the animation along with the order in which events take place. Text-based resources leave much of the meaning to the imagination of the reader so was is important to find papers, textbooks or web-based publications where authors have had the courage to use imagery in their documents or failing that, have a good verbal description from which visual information can be constructed. This search had the additional purpose of identifying further resources for the project
In one sense the animation was to be a review of literature on the subject of pain; a visual summary and focus for student understanding. However, it is also a good way of structuring the search for suitable resources. We hoped that this approach would generate a large collection of resources which would fit coherently together as a whole. 
The project would allow us to gain more experience in the repurposing of elements of existing animations and put us in a good position to report on the practicalities of this process. A collection which includes animations which provided starting materials can be found at http://www.uclan.ac.uk/health/research/biology_pain.php#simulations
Fortunately, copyright for the existing animations was held by UCLan. Animation work generated for clients by the Learning Development Unit is undertaken on the understanding that whilst costs are reduced by exploiting previous work, re-purposing of work carried out for them is also likely to occur. Production with re-use in mind was a feature of our approach to animation in this project. To this end we tried to keep to a modular approach with each element of the animation being as self contained as possible. 
An alternative approach to the animation work might have been to look for bitmap images from external sources and, with permission, incorporate them into an animation. However, this style of approach has many disadvantages when compared to the creation and re-use of vector-based shapes approach utilised in this project. Bitmap images add dramatically to file size; they can’t be morphed to represent dynamic processes, nor can they be modified to fit together in a structural sense.
Another alternative might have been to trace bitmaps to create vector shapes (with permission). However, this would have presented problems of perspective and proportion. We want students to be able to see the relationship between structures and to zoom in to reveal more detail in context; this requires images that integrate in a visual sense, having been drawn from the same perspective. Our own re-cycled resources had been originally created with re-use in mind so this was considered less of a problem. Where new shapes needed creating, the method employed was to gather text descriptions and images from journals, textbooks, organisational and educational web sites etc. and to look for consensus across as many reliable examples as possible. This information would be re-interpreted as a new drawing with the required perspective and emphasis.
6) Implementation 
We decided to approach the topic on a number of fronts. These were – the biological aspects of the material to be covered, including what the current knowledge base was, the availability of material (and issues associated with copyright), the learning style to be adopted and finally the technical considerations associated with developing and delivering animations.
As part of the development strategy we (as a team) held regular meetings to monitor progress. and we also used part of the available funding to run a dissemination session. This event allowed colleagues from a number of different disciplines across the University (Nursing (Neurosciences), Nursing (Pain Management), Nursing (Palliative Care), Allied Health Professions (Physiotherapy), Allied Health Professions (Sports Therapy), Dentistry, Psychology (Neuroscience), Psychology (Health Psychology) and  Pharmacy and Pharmaceutical Sciences, to experience the material that we had put together and to feedback on its usefulness and also to suggest possible further areas to be explored.  This event proved to be lively, very useful and certainly informed the middle and later stages of the project. 
We had initially focused on collating freely available resources which were well written for a wide audience but soon found that this was not as simple as we first anticipated. Many of the best written resources concentrated on the management of pain and less on the physiology of pain. Resources on the physiology which were freely available and in plain English tended to be dated and some included factual errors. One, otherwise excellent resource, for example, misinterpreted the reference to T Cells (transfer cells) in Melzack and Wall’s account of their “Gate Theory” and confused these with T Lymphocytes. This might seem a huge error to many physiologists, but, the subject of pain covers such a wide range of specialisms describing a large number of interacting processes at cellular, tissue, organ and even organismal levels that misunderstandings are only too likely to emerge. 
A second challenge was to find resources which had an appropriate level of granularity. We found overviews of pain physiology, some of which we included but we had difficulty finding well written, up to date, documents which (apart from the odd paragraph) describe specific aspects of the process. The temptation would be to extract short sections of current thinking from many documents and re-build them but this would be a very inefficient use of time and resources. 
Because of level of research activity in this area, we decided to include e-journals for up-to-date information about specific aspects of the process even though we had less chance of finding free materials written for the wider audience. 
We had chosen a difficult subject to work with not least because pain involves so many processes and pathways. It is not uncommon to find that each is championed by separate researchers and it becomes difficult to make a judgement on the most significant aspects to communicate to students. The process of identification of resources was to some extent, guided by the visual development of the animation. Whilst exploring sites to inform the development of the animation, sites which had some potential for students were bookmarked. We ended up with well over 200 bookmarked sites of interest. These were then re-visited and whittled down to approximately 52 sites or references which contained something more appropriate for students. These were listed on a spreadsheet with comments.  More refinement left us with the text comments and web addresses which were copied into the builder software http://www.uclan.ac.uk/health/research/biology_pain.php#painbuilder to produce the text file which drives the student version of the animation.
The research and animation work for this project far exceeded the funding allocated but this was to some extent expected and is offset by long term benefits of the project to our own academic staff and students. Pain is an area containing many specialisms, each with their own particular vocabulary; it might have been much easier in this situation to re-write new resources in plain English than to try to shoe horn or to dissect out key components from existing resources to build a working module. 
The process of development of the animation served as a reminder of issues we had encountered in previous projects along with one or two new ones:

The idea of re-purposing elements of an animation is one which is facilitated in the Adobe Flash animation software. Each development file contains a library of the elements which have been created during the development process and these libraries are easy to access when creating new animations. The elements generated in the course of production range from simple shapes to mini animations. If these are meshed with the rest the animation in complicated way, either visually or in terms of programming, it becomes more difficult to untangle them for subsequent re-use. 
If animations had been built from elements which represent discrete objects in the real world, this made their re-use simpler; animation becomes a much more logical process if each element’s structure, behaviour and integration are modelled on a real world counterpart. 
However, even with this modular approach, elements in one animation often needed small modifications before moving to a new environment. Simple things such as the colour of backgrounds had a big impact and some objects had to be re-coloured when placed in their new environment in order to maintain contrast. 
In the course of re-purposing, minor changes had to be made to some elements to improve detail, to add new functionality or to make changes to such things as timing, proportions and scale. However, changing elements to make them fit their new context was a very simple process when compared to the time taken to research and represent them in the first place. Incidentally, because small changes occurring each time an element is repurposed, in the long term some documentation might be needed to keep track of versions. 
7) Outputs and Results

An animated overview of many aspects of pain has been produced as an intended side-effect of this project. It incorporates links to external resources but the same animation can be customised by adding different links which might be more appropriate for a different group of students. A tool was built to allow us (and others) to add the links into the animation to the external resources we have identified. See: http://www.uclan.ac.uk/health/research/biology_pain.php#painbuilder. This Builder program produces a text file, called links.txt which, when incorporated with the student’s version of the animation, produces the external links and any associated text. A second tool was built to facilitate the addition of a labelling quiz: http://www.uclan.ac.uk/health/research/biology_pain.php#quiz but this aspect has accessibility limitations and requires further development.
The process of re-purposing elements of existing animations involved decisions about perspective, realism vs. symbolism, colour and contrast, and clashes of variable and element names when elements are combined. Because the existing resources were from the same author, many (but not all) of these potential problems were avoided. Drawing style was fairly consistent; most of the existing animations used a simplified realism which avoided inappropriate detail without resorting to symbols. The use of colour was also similar and this was important where it communicated information. Black, for example was used consistently to represent negative charge and red represented positive charge in nerves and cell membranes. 
This project allowed us to reflect upon what the implications would have been had we been trying to incorporate the work of other Flash developers. If the work of other authors had been incorporated if might have been difficult to produce an animation in which the component parts fit together in terms of shape. Put simply, one anatomical feature has to map onto another; the result of a mismatch would affect meaning and not just the aesthetic result. The sharing of resources between developers would demand some prior agreement based on, for example, the exchange of shapes as templates into which, or against which, new structures need to fit. Choice of perspective is another important consideration and in our animation the choice of a dorsal view of the body was heavily influenced by the perspective of the re-usable resources that were available to us.
The second consideration was how to programme elements to work together.  One approach which made it easier to combine dynamic elements was to make them self contained objects which communicate through shared parameters rather than either interacting directly with each other or being controlled by a central piece of code. Each method has its advantages but having the code for the behaviour of an element written into that element means that it mirrors its real world counterpart. In other words, the re-cycled elements are independent yet still respond appropriately in a new animation. For this to work, the new animation simply needs to use the same variable names to represent real world parameters. This approach has the potential of allowing the developer to talk to the subject specialist on mutual terms about an object and the parameters that influence it. Other developers might however, prefer other methods and it would be important to find a common methodology which avoided a great deal of reprogramming. 
More general considerations included how to represent position, size, shape and behaviour of elements if the scientific literature is unclear about these parameters. For example, work was underway on representing second messenger systems which are key molecular processes associated with sensitivity to and control of, pain. An attempt was made to represent the shape and relative size of each molecule in the system. This work was not completed partly because of the structure of one molecule was taking too long to find. Having started to represent this process with a certain level of realism it becomes difficult to fall back on a stylised version.  Even if this information is found for the main elements of the animation, any background imagery also needs to be as accurate as possible to avoid misleading students.

 Accessibility was also a consideration and we tried to make the animation accessible to keyboard-only users but the drag and drop quiz still needs to be modified. Many other additions could be made to the animation to relate names and technical terms to the imagery which would help students access specialist literature. However, we were limited by the time and funding available to do this. We expect that because many structures are represented visually, academics will be able to use the animation in lecture situations to illustrate their presentations. 
8) Outcomes and Impact 
Project achievements

1) An interactive e-based resource focused on the biology of pain. 

2) A mechanism to explore and describe how a range of modern analgesic and anaesthetic agents act to reduce or counteract pain signalling processes. 

3) Self testing prototype, (http://www.uclan.ac.uk/health/research/biology_pain.php#quiz)
4) Delivery of 'learning objects' The files needed for the pain animation and its builder software will be packaged as learning objects for the wider community.
5) Customisable elements by staff to match the academic requirements of students from a range of levels and disciplines. 

6) Sharing of common sources of material and good practice: Lessons learnt will be shared within UCLan as part of Leaning Development Unit’s workshops on Visualization and Flash Programming. Twenty members of academic staff at UCLan who have expressed interest in the animation will be offered support in the use and customisation of the pain animation. 

7) Establishing a mechanism for eliciting and responding to student/staff feedback.
In a complex subject that crosses many disciplines the breadth of expertise we feel that we are in a position to make the following recommendations:

1) Since this area forms a key part of a number of academic curricula demand for the resources such as the one that we have developed is likely to be high. Further developmental work in this area should be considered.
2) That errors in resources are likely and a range of coping strategies may need to be developed and incorporated into the venture.

3) Sources need to be current unless the study is approached from a historical perspective. 
4) The sources also need to be future proof or, if not, then a means of updating them should be incorporated into the resource.

5) A visual representation provides a focus for further development, use and customisation.
6) The re-purposing of animations is easier if the developer works with re-use in mind – essentially creating an animation consisting of “development objects” which can easily be re-used in new animations. 
9) Implications for the future
Our literature search demonstrated that perspectives on pain physiology and anatomy have been changing dramatically in the last few years as a result of new research. Our choice of resources to incorporate into the animation was essentially between a copy of a piece of work or a link to a web site. One would be secure in the sense that the resource wouldn’t be lost with website changes but risks becoming quickly outdated. The other might well be updated in response to new research but could disappear as a website is updated. In either case, making the animation editable we create the option of adding or replacing links or outdated files as needed.
The creation and sharing of “development objects” to help make animation production less costly is an area we are interested in pursuing particularly in the area of physiology and anatomy.  As explained earlier, the repurposing of the component parts of animations from different developers would depend upon agreement on standards which can facilitate the integration of elements in the future.  

The visual representation of dynamic concepts can be an expensive process; it demands technical skills as well as an acquisition of subject knowledge which is normally presented in the form of specialist texts. Some method is needed to encourage the sharing of these hard won development files.  Many of the issues are likely to mirror those encountered with learning objects. One difference is that the development software itself provides the necessary access to the repository and the animation provides the means of viewing the objects and their suitability. That said, metadata can easily be added as variables within each element. A crude prototype to show that such variables can be accessed can be found at: http://www.uclan.ac.uk/health/research/biology_pain.php#prototype . In that animation the keys: FN + F12 reveal a list of all the elements displayed at any given stage in the animation and displays a variable containing an author email address. Obviously, other information about an element can be incorporated in the same way.  This is an area that is in need of extensive discussion and development.
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