Development of Collision avoidance and path planning technologies for older adult wheelchair users: thoughts of occupational therapists.
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Background and Rationale
Power wheelchair use can facilitate participation in activities of daily living, community engagement and leisure pursuits [1, 2, 3, 4] and has been associated with psychosocial benefits such as improved affect, increased assertiveness and increased autonomy [1, 2]. Power wheelchairs may also allow for independent mobility, a primary determinant of quality of life of older adults living in institutions [5].  
Despite the potential benefits, there are safety concerns with power wheelchair use [4]. Mortenson et al. reported that residents of long-term care who used power wheelchairs often caused serious property damage and injury to other residents, resulting from changes in cognitive and physical abilities as well as insufficient training [6]. The end result of numerous or serious accidents within an institutional setting often leads to the suspension of power mobility use.  
As well as being a perceived cause of accidents, cognitive impairment has been shown to be a strong predictor of successful power wheelchair use [7]. Moreover, cognitive impairment is associated with the under-prescription of power mobility devices for older adults [8, 9], primarily because of clinicians’ perceptions of safety concerns [10]. Surprisingly, there is no evidence in the literature which supports the intensity of the concerns associated with aging and power wheelchair use [11]. In fact, Mortenson et al. found that long-term care facility residents with dementia, poor motor function, and legal blindness were able to safely operate power wheelchairs [6]. It was suggested that assessments for power wheelchair use should be based on function, not diagnosis.  
To date there has been little investigation of how power wheelchairs could be used better by older adults. Collision avoidance technologies are currently being developed using various types of sensors in order to minimize or eliminate risk of power wheelchair collision. When a potential collision is detected, the system could prompt the user to change direction or could stop the power wheelchair. Path planning technologies are currently being designed to allow an indoor route to be programmed or partially programmed for a person in their power wheelchair, based on their individual needs. This may allow for independent mobility for individuals with cognitive or visual impairments, who may otherwise not be able to maneuver their power wheelchair safely from one location to another. In order to gain a full understanding of the applicability and desirability of path planning and collision avoidance technologies for older adults and prescribers, it is imperative to determine how occupational therapists who work with older power wheelchair users define technological, physical, and social needs.  
Design
A non-probability sample of occupational therapists was recruited by word of mouth through GF Strong Rehabilitation Centre in Vancouver, BC and by participants contacting their colleagues within the occupational therapy community. The resultant 10 participants were interviewed once for an average of 1 hour (range = 0.75-1.5). The sample included 1 man and 9 women, who ranged in age from 29 to 60 years. They had a range of clinical experience (4 to 30 years) in a variety of practice settings.  
Data Analysis

The data was analyzed using open and axial coding, such that the open codes were predetermined by the two focal topics of this paper.  Line-by-line coding was initially used to identify all of the relevant raw data pertaining to these three aforementioned themes. Sub-codes were then identified within each of the two overarching themes and further analysis was conducted to identify exceptions and refine the emergent themes.  
Findings
Collision Avoidance

All ten of the occupational therapists were enthusiastic about technology that could help reduce or eliminate the likelihood of power wheelchair collisions. An occupational therapist who worked in a long-term care residence said that a collision avoidance system “would be amazing, because it would extend the time that people are able to use a power chair.” She stated that power wheelchair collisions were “why you start to take chairs away. When there’s… the risk of harm to self or others.” Describing how emotionally stressful it was to have to take away power mobility devices, she went on to say that it was akin to “sentencing [power wheelchair users] to a life of immobility,” which echoed the findings of Mortenson et al. [12].
Despite the agreement that collision avoidance technology had many advantages, there were some concerns, including: Situational sensitivity of the sensors; the possibility of the user becoming frustrated with the lack of control they had over the device; and the false sense of security that this type of technology might instill in the power wheelchair user.  

Five participants identified concerns related to situational sensitivity, which we operationally defined as the way that the collision avoidance sensors responded to specific environmental situations. These occupational therapists were worried about the ability of power wheelchairs to respond to user input for precise maneuvering in order to access certain environments, such as parking at a table near friends. Additionally, some of the occupational therapists were concerned about the ability of power mobility users to negotiate their way out of dangerous situations. One participant who worked in rehabilitation had this to say:  

I worry about the safety [of collision avoidance technology] for the user and other people involved. If the chair stops when they don’t want it to stop, even though they know they are going to have a bit of a bumped foot.  When they are doing it for a bigger reason, they should have control of the chair.  

In this way, she suggested that power mobility users sometimes deliberately chose to collide with certain objects in order to avoid hurting themselves or others.  

The possibility of an older adult experiencing frustration as a result of the feedback given by the collision avoidance system was a concern for another five of the occupational therapists. Their main concerns were that the feedback might be confusing, irritating, or distracting to the power wheelchair user. 

Four occupational therapists identified concerns related to a false sense of security that might be instilled in the power wheelchair user and a fear that the ability to monitor the environment might be lost due to over reliance on technology. For example, an occupational therapist who worked in a long term care setting expressed apprehension about the technology as she stated: “I guess like any technology, [there is] reliance on [collision avoidance] as opposed to trying to just manually shoulder check, and relying on a computer to tell you that something is in the way.  So…people become lazy.”  However, the occupational therapist went on to say, “Safety trumps laziness. I can only see the pro’s [of the technology] outweighing the con’s.” In this way, she maintained that an over-reliance of the technology was preferable to the risk for accidents.   
Path Planning

Six of the therapists stated that they liked the idea of path planning technology as a means for increasing safety for potentially unsafe clients who might benefit from the increased independence of power mobility use.  For example, a therapist working in a long-term care facility contended: “I see pro’s in the fact that you know they’re safe. [Even though] their control is certainly not 100% there, if [path-planning] increases their independence somewhat, they can actually go out versus not go out.”
At the same time, the six occupational therapists who liked the idea of path-planning identified concerns related to safety. The most commonly stated concern (n=4) was related to potential collisions that might occur while the wheelchair user was moving in their chair on a pre-planned path. For example, an occupational therapist working in rehabilitation articulated the following concern:  
For instance, if a client were set on a path and they bumped into an object that wasn’t there when the path was originally planned…and if they were somehow thrown off the path, and then got lost or found themselves in a bad place…Mostly [I’m concerned about] clients who have cognitive concerns or don’t have the reaction or control over the chair to get back on path.  
Five of the therapists felt that a path-planning system contradicted the reasons for why people were prescribed power mobility in the first place, predominantly with regard to cognitive and behavioural issues. A therapist who worked in rehabilitation had this to say about path planning:
I don’t know, I feel a bit negative about that. I feel like the [power wheelchair user] should… [be able to] plan a path and …troubleshoot if something happens along the path.  So, I don’t know.  I have mixed feelings about that…I see power mobility as giving the client…some control over their mobility and what they’re doing and how they’re doing it. And if I plan it all for them and do it for them, I’m taking away all that kind of control. Because I see it as a piece of power they have over their life and what they can do.  I would rather nurture their ability to use it than override it and do it [for them] because I don’t think they learn if I do it. 
Four of the therapists were opposed to path planning technology. An occupational therapist who worked in rehabilitation asserted that “if [power wheelchair users were not able to] find their way to…a room in their house, then they probably shouldn’t be driving the power chair.”  She expressed further concerns that “if [power wheelchair users are] not safe or cognitively alert enough to [find their way to a room in their house], then…what is it they’re going to be doing when they get to where they are going, and will they be able to do it on their own and stay out of trouble?”  A community-based occupational therapist put it this way: 
That makes me feel a little more uneasy…because a different route can look different on a given day, depending on construction, people walking by, objects in the way, that sort of thing.  So, obviously the technology would have to adapt accordingly.  Also the client is not using their problem solving abilities, so [they] might lose that skill over time.  [That would be a concern because power wheelchair users may have] to navigate to places where they are unfamiliar... I feel like somebody who is able to operate a power wheelchair, should be able to navigate their way to the store or to the dining room.  [If they can’t control where the chair is going] that makes me nervous, because how are they going to problem solve if the technology fails?  I guess I don't see a point or a need to have that technology.
These four occupational therapists argued that path planning technology should not be prescribed for older power mobility users.  
Discussion
There are both positive and negative outcomes when a new technology is adopted, yet new technology is often developed without due consideration for the potential negative outcomes [13]. The occupational therapists identified numerous potential undesirable outcomes with both collision avoidance and path planning technologies that need to be considered during their development. This will inform further refinements in such smart technology, and will provide insight about desired outcomes for new technology from an occupational therapists point of view.  
The findings are limited by the small sample size, and the representation of only occupational therapists working in the Lower Mainland of Vancouver. In addition, collision avoidance and path-planning technologies are currently being developed for indoor use with older adults with cognitive and or visual impairments [11, 14]. Therefore, a larger sample of health care professionals who work in long-term care facilities and nursing homes, and who work with the specific population for whom the technology is predominantly being developed for would strengthen the findings. Finally, these emergent technologies were difficult for participants to envision as they needed to think about familiar technologies and make extrapolations based on that knowledge.   
Conclusions
There is agreement among occupational therapists that there is applicability and desire for collision avoidance technology for older power wheelchair users, while there is more ambivalence toward path planning technologies. Several issues would need to be addressed to prevent potential negative outcomes with both technologies. 
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