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Abstract—This research presents an approach to monitor and 

provide remote vibrotactile cueing using wearable computers for 

telerehabilitation outside of the clinical setting. The system 

consists of a wrist-worn armband with embedded sensors to 

track movement and to monitor compliance of prescribed 

rehabilitation exercises and activities of daily living among stroke 

survivors. This type of Information and Communication 

Technology (ICT) will be used to evaluate the rehabilitation of 

stroke survivors' during rehabilitative intervention and post-

intervention. Our initial user studies with the device have been 

designed to measure user tolerance, acceptance of vibrotactile 

cueing and the usability of the proposed implementation. 

I. INTRODUCTION 

Continuous monitoring of stroke survivors could provide 
valuable information for rehabilitation and recover. Due to the 
small percentage of stroke survivors that participate in 
rehabilitation after the occurrence of a stroke, this creates a gap 
in tracking the progress of recovery following the use of 
rehabilitative intervention. Patients with severe stroke are 
routinely considered for rehabilitation; those with mild-
moderate stroke (60-75% of stroke survivors) are typically 
discharged directly to home. Of all stroke patients, only 10-
15% receives rehabilitation [1]. Thus, there is a need for an 
innovative means of rehabilitation, such as telerehabilitation, to 
support stroke survivors outside of the clinical setting. 

II. PROPOSED METHODOLOGY 

In telerehabilitation, a large majority of systems are still 
prohibitively expensive, and require considerable training and 
supervision. In this paper, we present a ubiquitous and 
pervasive wearable device to augment traditional stroke 
therapy, and complement, rather than replace, existing 
rehabilitative technologies using cueing to enhance patient 
awareness of activity levels toward increased use and 
functional gains. Ultimately, the research aims to develop a 
family of low cost wearable devices that are transparent to the 
user for discreet wear and use during daily activity outside of 
the clinical setting.  

Studies have shown that several proposed telerehabilitation 
techniques have provided similar results to traditional 
rehabilitation methods. In [2], the authors proposed a system 
that focuses on the upper limb to overcome “learned non-use.” 
Learned non-use [3] begins early after stroke due to 
conditioning: difficulties and failures associated with using the 
paretic arm are encountered early after stroke, which are 
circumvented by relying on and compensating with the 
unimpaired arm, promoting its use over the impaired limb for 

functional tasks. The system was found to be as effective as a 
commonly used method, Constraint Induced Movement 
Therapy (CIMT). Our proposed device will allow the 
rehabilitation professional to interact with the patient by 
providing insight on the patients’ activity levels before and 
after intervention. 

Based on our approach of using a ubiquitous wearable 
device, this allows for continuous monitoring during the 
intervention and post-intervention periods. The proposed 
device can manage and monitor rehabilitation services at any 
time and at any place. The idea is to provide the technology to 
patients that receive rehabilitation in the clinical setting and out 
of the clinical setting. Therefore, allowing the authors to 
conduct multiple longitudinal studies on the lasting effects of 
many types of interventions. The overall efficiency of our 
framework lies with the introduction of these low cost 
pervasive and ubiquitous systems.  

III. PRELIMINARY RESULTS 

A recent pilot user study revealed user tolerance and 
acceptance of wearable computer-based vibrotactile cueing, 
and enthusiasm for use outside the clinic. We propose a 
solution that can be worn by users during the intervention 
period to create a baseline of daily activity. Following the 
intervention period, the device can be worn daily to continue 
capturing movement data during the post-intervention period. 
Using the baseline data, provided by the user, the rehabilitation 
professional and researcher have the ability to measure the 
lasting effects of intervention. We have planned several 
controlled at-home user studies, which will help identify the 
effectiveness, acceptances, and accuracy of the proposed 
technology. We also plan to deploy the technology in 
conjunction with different rehabilitation approaches to (1) 
further develop the interface for rehabilitation professionals; 
and (2) to gather data on the lasting effects of the other 
rehabilitative interventions. 
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