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1  Introduction

The Smart Consortium is one of the five research groups funded under the EQUAL4 funding stream of the UK Engineering and Physical Sciences Research Council.   It is a partnership of four universities, one industrial motion tracking company and one voluntary sector organisation; the Stroke Association.  Membership includes occupational and physiotherapy academics, pychology, engineering, informatics, medical physics, design and those able to advocate on behalf of people with stroke.  The researchers are advised by an expert panel of national and international academics.   An expert group of people with stroke and their carers are consulted about any proposed project outputs.  

The project, now in its third and final year, has been examining the appropriateness and effectiveness of technology to support stroke rehabilitation.  Details of the overall work plan and progress can be found on the project website; http://www.shu.ac.uk/research/hsc/smart 

2  Background
Stroke is the biggest cause of severe disability in the UK.  Over a hundred thousand people each year experience a first stroke, and another 30,000 have a further stroke (Stroke Association, 2001). The majority of people who sustain a stroke are elderly.  They may have been previously in good health and managing independently but following the stroke can find themselves suddenly hospitalised or receiving hospital services at home, with subsequent needs for rehabilitation and lifestyle adjustments. 

There is strong evidence that organised stroke care improves outcomes (Stroke Unit Trialists Collaboration, 2005). Rehabilitation should commence as soon as possible after the stroke (Intercollegiate Working Party, 1999). However, active rehabilitation and advice is beneficial at all stages of the care pathway (Forster and Young, 2002). The National Service Framework for Older People recommends that rehabilitation should continue until maximum recovery has been achieved (DoH, 2001a). However, organisational issues and resource limitations can militate against access to services; nationally only 36% of patients admitted to hospital spend time on a stroke unit (Royal College of Physicians 2002).  There are also significant differences in the availability of specialist stroke services.  In some locations, provision is reportedly basic, with rehabilitation being targeted solely at discharge from hospital and with little monitoring following return home (Tyson and Turner, 2000, Rudd et al, 2001). Interviews with people who have experienced stroke confirmed a lack of satisfaction with rehabilitation services and a desire (or unmet need) for more directed rehabilitation in the critical period immediately post discharge (Pound and Gompertez, 1999; Stroke Association, 2001). Consequently, there is  important research developing technologies to encourage stroke rehabilitation with a variety of intelligent engineering solutions in the home  (Bradley et al., 2004), and also in a clinical environment (Hawkins et al., 2002).  
 A systematic review of literature on user acceptance and satisfaction with assistive rehabilitation technology was undertaken in the early stages of the SMART project.  The aim of the review was to inform the engineering team developing the assistive rehabilitation device. There was a lack of published research specifically on the user’s perspective on the practicalities of such devices in the home, or the psycho-social effects of home based rehabilitation intervention devices.  Studies of assistive technology in general terms underlined the importance of incorporating  users’ views at an early stage in the design and development process.  Unless devices meet the needs of users in terms of outcomes and usability they will not ultimately be used clinically.  Moreover, a major aspect of current government policy in reforming the NHS emphasises the involvement of service users in the development of services and as active participants in research (Department of Health 2000; Hanley et al., 2004).  
3  The SMART project
The project considers how home based rehabilitation interventions for stroke rehabilitation can be promoted through the use of advanced sensor technology and a computerised decision interface.  The aim is for stroke patients at home to carry out exercises and activities that can be observed and measured both by the patient themselves and remotely by clinicians.  Patients will receive feedback on their performance through the screen based information and display as well as through electronic messages from health care professionals.  (Figure 1 sets out the system architecture.)
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Figure 1.  Architecture of the SMART system

Seven stroke specialist therapists from our two sites in Wiltshire and Sheffield in both acute and primary care, met researchers to advise on  appropriate movements on which to focus. The interventions we have targeted for rehabilitation were those identified by these therapists as being the most important and fundamental to independence, namely sit to stand/stand to sit; and reach out and grasp with the upper limb.  To date the project has concentrated upon the upper limb movement as this tends to be relatively neglected in favour of lower limb rehabilitation and transfer abilities.  The focus on enabling patients to return home has meant an understandable early emphasis on lower limb movement to ensure weight bearing and mobility.  

One of the initial tasks of the project was to undertake an analysis of the functional movement patterns. Normative age matched data was unavailable so stroke and non-stroke participants were included. Each movement was recorded using the Codamotion 3D movement analysis system (Charnwood Dynamics Ltd, UK) and kinematic parameters were measured and analysed. Through this we were able to identify key abnormalities in the stroke subjects' movements that were clinically significant and could be focused on by our device. Inertial sensor technology using MT9 and Xbus equipment (Xsens, Netherlands) has been used to track the limb movement, ensuring that the sensors are able to accurately reflect the necessary range and quality of movement identified through previous work and necessary for clinical requirements (Zheng, Black and Harris, 2005; Zhou and Hu, 2005).   An important aspect of the work has been ensuring that information provided to users is of value to them and that the visual representation is lifelike and understandable.  To this end the data from the sensors is translated into the presentation of a rendered limb. The movement undertaken by the person wearing the sensors is then represented through an Internet based or digital decision interface screen.  Information can be provided to the wearer in situ and to a practitioner based at a remote location. Information in a different format to that for users is given to the health care professionals (Zheng, Davies and Black, 2005).   Separate focus groups of therapists and health care professionals have assisted with identifying what information is needed to ensure safe and effective clinical decision making. We are now at the stage where the prototype technological devices for upper limb movement and for the computerised decision interface have been developed.

4  Methods of User Consultation

At an early stage in the project we conducted a one-off consultation with separate groups of users of stroke services, carers of people with stroke and professionals in different locations to the project field work areas (McNair et al 2004).  Participants were recruited by the Family Support Officers from the Stroke Association who were also present at the groups to assist the research facilitator and support the participants.  The purpose was to identify the sorts of issues that are important to users so that they could be built into the development and testing of our devices.  We set out to investigate what users and carers thought would be a useful role for a technology to assist in rehabilitation and what outcomes they would like from such a device.  We sought their opinions on usability and any design ideas that they generated.  We were also keen to elicit user and carer views on remote monitoring of patients’ use of the device and subsequent progress.  We asked for users’ and carers’ ideas as to what they foresaw as possible problems for the use of a device in their home.  The group interviews were taped and transcribed and the analysis was conducted according to the ‘framework’ method described by Lacy and Luff (2001).  In this phase of the consultation fifteen users and carers participated in four separate focus groups.
In these groups the idea of a technological device for rehabilitation was welcomed and no reservations were expressed about the acceptability of the overall idea.  Stroke patients were unanimous in seeing a device as a way of enabling them to get more help with rehabilitation.  They were particularly impressed with the proposition that they would get quantifiable and objective feedback on their performance from a machine rather than praise from the physiotherapist. Both carers and users felt that the device could help them maintain their motivation by seeing concrete measurement of any changes in their ability to move correctly.  Although it was recognised that different people would have different needs, the need most frequently expressed was for help to improve upper limb functioning.  

  The key points that emerged across the first set of focus groups was that any technological devices should be:
· compact, simple to operate (and maintained by staff in the event of problems);
· usable by stroke patients preferably without the help of the carer, to encourage independence;
· available alongside the work of health professionals/physiotherapists (not replacing them);
· able to give encouraging feedback to patients about outcomes even when progress is slow.
These initial groups were generic in focus, as we had not at that stage developed specific technologies to demonstrate to the participants.  The findings from these groups influenced the development of the prototype device.  

      Once we had developed a prototype we started the second phase of user and carer consultation by convening further groups to give detailed feedback on the actual devices.  (Professionals were consulted separately over specific aspects of the technology and in particular the questions that should be asked through the decision support interface).  At this stage we wanted to show the sensor equipment which would be attached to stroke patients as well as demonstrate the computer interface which was to give feedback to the user.  We planned to use the resulting information from the focus groups to refine the equipment ready for testing  with users at home.  These clinical tests will form the third phase of the user consultation.
As the concept of remote monitoring and movement tracking is complicated we chose to have a series of focus groups with the same group of users and carers.  In this way we could build up understanding of the various elements of the project rather than expect participants to conceptualise the different parts all at once.  Thus we developed an expert group of users as promoted by recent DoH policy (DoH, 2001b).  Many of them had already been involved in other aspects of the project concerned with measurement and analysis of movement pattern data and were in some way familiar with the ideas behind the project.   We met with the users and carers on three separate occasions; ten people with stroke and six carers were consulted in total for this second phase.
At the initial consultation group in this phase, users were introduced to the project background and aims and the types of technology to be utilised.  They were encouraged to raise questions and seek clarification.  Subsequent groups with the same participants have considered both the wearable device bearing the movement sensor technology and the screen based decision support interface. At this stage we had a number of different attachment methods for the devices prepared by design colleagues using dummy prototype movement sensors. Participants were encouraged to handle, and try on the proposed technologies and give their opinions. Ease of handling, comfort in use, accuracacy of postioning and visual acceptability were discussed which resulted in designers making further adjustments to test at the next group.  Demonstrations of the decision support interface were provided, so that users could view the screen interface and again provide their feedback. Types of feedback both visual and auditory were demonstrated and particpants made suggestions about measures to be used to assess progress. 

     Informatics, physiotherapy experts and designers have accompanied these groups to respond to users comments.  The groups were taped and transcribed and the user group trying the attachment devices with the dummy movement sensors were videotaped.  This enabled not only analysis of the verbal feedback but also the capture of the movements of people with stroke as they handled the devices and attempted to position them correctly.  Stroke people formed one set of users whilst their carers formed another group so as to allow their different perspectives to be articulated. 

One of the informatics experts was also affected by a stroke and he was able to attend both the user focus groups and the health professionals consultation group for the decision support interface enabling a fuller appreciation of different stakeholders views.   
Further refinements to the devices and the digital interface are to be made following the response at these groups and this will lead into the third stage of user consultation which will form the clinical tests of the system in the homes of people who have had a stroke.    

5  Results of the Consultation

Our first phase of consultation took place before we had any prototypes to demonstrate and so we were able to develop the technology in accordance with  the principles that emerged from these initial groups i.e. for a compact technology that would be simple to operate and maintain, to be used as independently as possible by the patient, that would work alongside health professionals and that would encourage perseverance and motivation through clear feedback to patients.  Our second phase of consultation has given us feedback on our prototypes for the computer interface and the sensor attachments.  
 By trying out the different methods of attaching the sensors we have had to reduce some of the flexibility initially built into the design.  For example, to accommodate both right and left sided stroke related weakness we initially incorporated a clip that could allow right or left handed use.  However, in demonstrating this to users and getting their feedback it became clear that having this flexibility was confusing to patients.  It was important that the device could simply and obviously be attached without having to work out which clip could be undone.  
We were also able to narrow down the type of fastening that could be used easily.  Some of the connections required two hands to be used to hold the device in place, which for stroke patients without normal use of one arm was impractical and would lead to dependence on carers to wear the equipment.  Other fastening using Velcro material involved too much friction for the device to maintain its correct position.  By having users try on the different styles of attachment we were able to see for ourselves how the sensor was positioned and relate this to users' perception of comfort and recognition of the correct placement.  
We found that by enabling users to put the devices on and off several times and wear them for short periods we were able to understand whether initial manoeuvres could be learnt easily.  One of the attachment methods used a long strap to be fastened around the chest to keep the sensor in place.  Although there was initial confusion as to the how to place the strap, users found that once they understood the concept and could see how it worked in practice they overcame their doubts and considered that it was an easy and wearable option.  Another option was a less complicated rigid attachment that appeared simpler to put on, but users commented that the rigidity reduced the comfort although they appreciated the simplicity.  Another option to attach the sensors was in the form of a sleeve which the user slid on to the affected arm.  Although this appeared simpler, being all in one (rather than separate shoulder and wrist attachments) we found it was difficult for one size to fit all users.  It also proved to be more difficult for users to position correctly.  
The device has to be connected to the power source and there were different options to consider how the sensors could be wired to the battery.   By trying out the equipment both with fixed and with removable wires, we were able to assess which was easier to handle and apply.  Initial reactions of concern were not always borne out once the device had been handled and worn.  
The computer screen interface which  shows the user’s arm movement, and provides feedback on progress and communicates with remote clinicians was also demonstrated to the groups.  Initial findings from these groups suggest that even those older users who have little or no experience of home computers are able to provide useful feedback on what they would find helpful.  Lack of familiarity with information technology did not prevent engagement with the issues.  New ideas were generated about different ways of feeding back information to users.  

Using data from the templates of both normal and stroke affected movement, participants were able to see the differences between the two movement trajectories.  Surprise was expressed at how great the difference was, once seen on screen, suggesting that patients are not fully aware of the adjustments they make to compensate for loss of muscle tone.  The visual presentation of this difference in movement may enable users to appreciate more clearly what therapists are working towards and may enable them to focus on particular sections of the movement of which they were previously unaware.  
We were able to check with users the sorts of information that they would find helfpul in understanding their progress (or lack of it). They were interested in a measure which rated how close their movement was to a target movement of a normal arm.  They were also interested in the display of their previous attempts at the exercises on screen to demonstrate both where they were coming from as well as to see what they were trying to achieve.  Users suggested that the screen could be customised for each user depending on what level of display they might find helfpul.  This could extend to the way the colours and size of text were shown.  They appreciated the ability to ‘see’ their movements from a variety of different angles such as a birds-eye view, side or front view.  
We also gained useful feedback on the interactive nature of the system.  Users and carers expressed their interest in being able to make their own notes to explain differences in performance.  Fluctuations in the ability to perform exercises could then be explained by events such as having a cold or having fallen which would enable therapists and users alike to interpret the data more intelligently.  Users were also keen to be able to access their movement history together with notes made in earlier stages of rehabiliation. They felt that this record of information and subsequent written dialogue with health care professionals would give them a sense of control and empowerment within the reahabilitation process.  
Participants were asked their opinions about the idea of remote monitoring and the questions that would be asked of users before they started their programme for each session. They were reassured by the questions about their health and comfortable about information from the privacy of their homes being sent to clinicians in a health care setting.  They recognised that clinicians were not available whenever they were using the equipment but were interested in the idea of having fixed times that professionals might be able to interact with them in real time.  
We sought more detailed feedback from users as to their understanding of the questions the system would ask each user to ensure that exercise was safe. We were able to explore questions about general tiredness and more specific tightness of limbs to find a balance between overprotecting users on the one hand and allowing them to do too much movement when it might be detrimental. 
6  Discussion

The SMART project is developing new rehabilitation technology that has not been tried before. At this stage in the development we are working on ‘proof of concept’ ideas. We want to ensure that the technology works and gives reliable and accurate information on patient movement.  However, it is important to build in user views at this early stage rather than wait until the technology is proven. We are looking at each stage for confirmation or otherwise that what professionals, engineers and designers consider important is useful for patients and carers. Small decisions made at early stages may prevent or enable developments in the future. Ideas generated by users and carers may bring new perspectives on what is possible.  Issues of comfort, wearability, attractiveness and usefulness all have a bearing on whether users and carers will actually use new technologies in practice. Therapists of various kinds are well aware of unused equipment stored in cupboards or used for entirely other purposes because users either did not see the point or found equipment too unpleasant to use. We are therefore keen to consult with users at different stages in this project to ensure as far as possible that the effort and resources put into major research project such as this will have a good chance of usefulness and acceptability. The discipline of involving designers at an early stage has demonstrated the importance of checking what is possible before the decisions are made that rule out desired options.  

The users and carers we have consulted were well motivated and keen to participate. The numbers of users are limited in order that we can explain the project concepts. Our work with this group has enabled us to develop our understanding together of how the project can progress and they are keen to be involved with the testing of the final versions of the devices. In this way we are developing an expert patient patient group who can influence the shape of the project as it progresses. The experience promotes the importance of consultation with all stakeholders at regular stages of the project. More data about how the system operates in the home environment will be available after the full user trials in 2006.   
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