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Globally, the incidence of stroke is predicted to increase from 15.3million to 23 million by 2030 [1]. The largest cause of disability in the United Kingdom (UK) is stroke [2], which costs the economy £8.9 billion a year [3]. Following a stroke, around 15% of survivors will be able to function using their upper and lower limbs [4]. The key priority of rehabilitation according to stroke survivors following a stroke is to make sure they are able to walk and remain mobile [5] rather than focusing on arm and hand function. However, arm and hand function is important for many reasons including carrying out every day activities [6] such as eating, writing, personal care and maintaining a good quality of life [7].
Unfortunately, with an increasingly ageing population the demands on the NHS are increasing and these demands are a struggle to meet. Therefore other interventions have been used to try and help stroke survivors self-manage their rehabilitation and disabilities [8]. In recent years, these interventions have more often been in the form of technology [9]. 

It is also widely reported that feedback is important for effective motor learning following a stroke [10]. There is also a well-evidenced theory of Constraint Induced Movement Therapy (CIMT) that states that forcing the movement of the weaker limb will help improve recovery [11, 12]. This can be done by securing the patient’s stronger limb in to a sling to prevent them from being tempted to use it, thus encouraging the use of the free weaker limb. Based on the importance of feedback and CIMT, University of Sheffield researchers have conducted a feasibility study assessing the feasibility of stroke survivors (and age matched controls) wearing inertial sensors; one on each wrist. These inertial sensors measured upper limb movements but did not track the individuals’ geographical locations. The future goal is for these sensors to be embedded in a wrist worn device (like a watch) that can provide feedback to the user (stoke survivor) on how much their arms are moving to encourage them to use their weaker limb. 
In order to reach this goal, the team firstly conducted a feasibility study to see if a) stroke survivors and age matched controls would be willing to wear these sensors, b) to find out if the sensors recorded a clear different between stroke survivors and age matched controls and c) to see if the data analysis methods proposed were also feasible. Participants’ wore the sensors (without feedback from the sensors) for 96 hours to help answer these questions. We also carried out the Action Research Arm Test (ARAT), which is a measure of the stroke survivor’s capability to use their affected upper-limb. The ARAT score is from zero (no capability) to 57 (full capability). This enabled us to explore an association between the sensor data and the participant’s capability of using their affected upper-limb. All of the above has proved to be positive in that everybody was happy to wear the sensors for 96 hours, the data was different between the two groups, patterns in the data were identified and the data analysis methods proposed were feasible. 

The research team believe it is important to “close the loop” in research and provide participants with study results where possible for a number of reasons including the participants being able to see the end result of what they have contributed towards as well as to potentially improve recruitment to the study. The team also believe that members of the public should have a say in terms of the form their results should take in order to make it as accessible as possible so that it can reach a wider audience [13]. This is particularly important for this research as we have a mixture of communication needs in the study sample including stroke survivors and people living with aphasia. Individualised graphs were made available to each participant so that they could see their upper limb movements compared to their age matched control over the 96 hours they wore the sensors. Therefore, this paper will report on the feedback from study participants about the way in which we presented study results to them so that we can provide the best quality, and most accessible feedback possible for our participants in the future.
[bookmark: _Toc379532080]Method
In the feasibility study described above, there was a clause on every consent form that participants signed if they wished to receive the study results at the end of the study. 59 out of 60 participants opted to receive the study results and these individuals were contacted at the end of the study by telephone, post or email based on their preferred contact method. This in itself highlights the importance of providing results for participants. The study team was also invited to visit a stroke community group in Sheffield at the end of the study whereby a number of attendees took part. Table 1 presents the demographics of the study sample and their ARAT score. Additionally, anonymised interim results were presented at a number of stroke community groups during the recruitment phase of the study.
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	Diad ID
	Time since stroke (years)
	SS* Gender
	Age (SS)
	ARAT* Score
	Dominant arm (SS)
	Affected limb
	C* Gender
	Age (C)
	Dominant arm (C)

	1
	12
	M
	72
	0
	L
	R
	F, R
	71
	R

	2
	5
	M
	66
	0
	L
	R
	F, R
	60
	R

	3
	5
	M
	66
	57
	R
	L
	F, R
	47
	R

	4
	10
	F
	65
	57
	R
	L
	M, R
	66
	R

	5
	5
	F
	66
	37
	R
	R
	M, R
	65
	R

	6
	3
	F
	80
	57
	R
	R
	F, R
	57
	R

	7
	2.5
	M
	67
	57
	R
	L
	F, R
	62
	R

	8
	10
	M
	64
	0
	R
	R
	F, R
	66
	R

	9
	5
	F
	49
	42
	R
	R
	F, R
	65
	R

	10
	10
	M
	55
	4
	R
	R
	F, R
	48
	R

	11
	7
	F
	44
	0
	R
	R
	M
	60
	L

	12
	4
	M
	76
	15
	R
	L
	F
	76
	R

	13
	3.5
	F
	69
	57
	R
	L&R (R>)
	M
	70
	R

	14
	2
	F
	67
	57
	R
	R
	M
	68
	R

	15
	3
	M
	84
	57
	R
	R
	F
	83
	R

	16
	21
	F
	55
	0
	R
	R
	M
	57
	R

	17
	1.5
	F
	60
	57
	R
	R
	F
	69
	R

	18
	6
	F
	33
	5
	R
	R
	M**
	31
	R

	19
	3.5
	M
	45
	45
	R
	R
	M
	45
	R

	20
	4
	M
	49
	57
	R
	R
	F
	45
	R

	21
	1.5
	M
	63
	57
	R
	R
	F
	58
	R

	22
	5
	F
	46
	57
	R
	R
	F
	54
	R

	23
	2
	M
	71
	57
	R
	R
	F
	72
	R

	24
	1
	F
	52
	0
	R
	L
	M
	68
	R

	25
	4
	F
	64
	45
	R
	R
	M
	69
	R

	26
	4
	M
	63
	0
	R
	L
	F
	64
	R

	27
	4
	F
	64
	0
	R
	R
	F
	60
	R

	28
	2
	M
	70
	57
	R
	R
	M
	71
	R

	29
	2
	M
	68
	57
	R
	L
	F
	67
	R

	30
	9 months
	M
	64
	57
	R
	L
	F
	60
	R


Table 1: Participant demographics
SS* Stroke Survivor
C* Control
R* Right
L* Left
ARAT* Action Research Arm Test
**Participant did not request study results
[bookmark: _Toc379532082]Presentation of feedback
Results were presented in the form of individualised graphs (see figures 1-3) that were explained to them by a member of the research team. The graphs showed a summary of how much each limb moved throughout the duration of the study, compared to the age matched control. The graphs also included a summary of the dominant arm of each participant, the limb affected by the stroke and the Action Research Arm Test (ARAT) score of the stroke survivor. The ARAT measures the individual upper limb capabilities [14]. The maximum score on the ARAT was 57, which meant that the participant was able to complete the entire measure. 
The research team member requested feedback from participants about if they understood their graphs, if they liked or disliked them and why, and what could be done to improve the graphs. 
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Figure 1: The stroke survivor presented above had zero use of their (right) affected limb and obtained a score of zero o the ARAT. 

[image: ]
[bookmark: _Toc379532083]Figure 2: The stroke survivor in diad 15 obtained the top score of 57 on the ARAT suggesting they have full functionality of both of their upper limbs. However, they clearly used their affected dominant arm (right) less than their non-dominant non-affected limb.
[image: ]
Figure 3: The stroke survivor in diad 6 had full functionality of both of their limbs and obtained a top score of 57 on the ARAT.
Results
Figures one to three demonstrate the broad variety of capabilities participants had. It also shows that those who thought they had full functionality of both of their limbs even though this was not always the case. Participants at community groups found this fascinating when the anonymized results were presented to them part way through the projects recruitment phase, these interim results enabled potential participants to visualise what their results might be and therefore what they would learn about themselves having taken part in the study. It was apparent that this additional information other than just a standard participant information sheet and question and answer sessions increased the uptake of participants.

When participants were presented with their individualised graphs, the overall feel was that they also wanted a graph that showed all participants so they could see how they compared to others (see figure 4) and that they were interested to see their own scores. For example, one participant stated that;

“It’s infuriating to take part in research where the results aren’t shared with you- it would be disrespectful not to share it. The main surprise for me was the amount that I did seem to be moving my affected arm I expected the differential to be greater given that I have so little use of it. I would like to know a bit about your overall results and what you plan to do next.” (SS24)

Two participants stated that they found the graphs “straightforward” but would have preferred percentages rather than ratios to demonstrate right/left arm usage (SS20/CC20). One participant appreciated the colours on the graph and liked that they could see their ARAT score (SS1/CC1, C15/SS15). Another participant said they would have preferred more “accompanying text” with their graph to explain it further (SS13).

One participant even stated that they are now making a conscious effort to use their effected arm more than before;

“My right arm more active than left arm which I already knew its me left arm that’s been affected by me stroke. Yes I found that since then I’ve used my left arm more and it is never going to catch my right arm up but it is much more active now than before.” (SS12)
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Figure 4: Graph presenting all participant scores. 
[bookmark: _Toc379532085]PPI: what’s next?
Feedback from our participants shows that people are keen to find out what the results are of research that they take part in. One person even felt it to be disrespectful to not share results with them. It is also important when providing results to explore with the participants the most appropriate way of presenting their results. 
Researchers also visited a stroke community group at the end of the study to share results with participants and also others who did not take part in the study were present. All of these individuals, regardless of whether they took part or not were keen to understand the project and wanted to assist in future projects if possible. This shows the importance of including participants in research can help them understand what they are assisting with provides them with an incentive to help with future research and generates interest around the research area. Therefore, we will continue this practice for future research projects to ensure our participants continue to feel valued and included in the research process fall the way to the end of the research.
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