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Abstract. The number of cases of stroke has been increasing in Taiwan. 
Movement disorders such as hemiplegia occur commonly after stroke. Hemip-
legic stroke patients are not able to control one side of their body, particularly 
upper limb. To help stroke patients recovery their lifestyles, rehabilitation plays 
an important role. This paper introduces the development of a digital system---a 
personalized interactive game, to help upper limb in hemiplegic stroke patients. 
Taking patients’ needs and emotion into account, the system makes rehabilita-
tion therapy more enjoyable. The results show that the system could help stroke 
patients alleviate mental fatigue and allow doctors to control and monitor the 
rehabilitation process of patients easily. Incorporating interactive game to 
stroke rehabilitation could be a feasible and acceptable way.  
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1 Introduction 

With the population aging, stroke becomes a major cause of disability in the elderly in 
Taiwan. The neurological symptoms of stroke differs from types of pathological le-
sion and severity of brain impairments, however, hemiplegia is the most typical 
symptom that can be found. Hemiplegia means the pathological region of brain causes 
one side of the extremity decay or disability on motor function. This will make the 
limb lack of strength and get out of control to lose functional ability of daily living. 
Among the stroke patients, upper limb hemiplegia is the most common – at a propor-
tion of two-third (Gowland, deBruin, Basmajian, Plews, Burcea, 1992). Because brain 
impairment affects motoring skill, patients can only move their limbs in slow pace 
and unusually discontinuous way to execute goal-oriented tasks (Trombly, 1992). The 
patient always suffers weakness of muscle, abnormal tension of muscle, abnormal 
motor coordination, shoulder girdle and hip joint activity diminishing, and losing 
coordination of joints (Trombly & Radomski, 2002). 

Different upper limb impairments might have various functional effects on move-
ment control, particular for hands reaching, a basic movement for grasping objects, 
operating devices, even performing an action that requires some special skill and 
doing leisure activities. Therefore, this movement is frequently used to evaluate stroke 
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patients’ prognosis. In the daily life, many tasks require skillful operation and two 
hands working together. With normal central nervous system, individual muscle and 
joints can be well organized to lead to coordinate movement, and accomplish func-
tional motion through normal motoring ability (Shumway-Cook & Woollacott, 2000). 
Hence it is crucial to effectively assess the patients and give treatment to recover 
stroke patients’ upper limb function. 

The rehabilitation for stroke patients aims to stimulate brain to recover the plastici-
ty and reorganization. Therefore, the treatment will focus on motion training of paret-
ic side extremity, e.g., the constraint-induced techniques proposed in past decade 
(Bonifer & Anderson, 2003, Taub, Uswatte, Morris, 2003). The constraint-induced 
technique is to restrain the activity of nonparetic side and constrain paretic side to 
make movement so as to activate the function of paretic extremity. This rehabilitation 
way has been frequently applied and studied; however, is more adaptive for cases 
with minor impairment, i.e., paretic side is still capable of basic motoring skill. For 
cases with severe impairment, scholars suggests bilateral movement training , which 
is to activate neural network by nonparetic side or produce interlimb coupling to  
stimulate the activity of paretic side (Mudie & Matyas, 2000, Cunningham, Stoykov, 
Walter, 2002). 

Rehabilitation is a time consuming and boring process, either for patients or physi-
cal therapist. Stroke rehabilitation therapy mostly includes initial assessment of the 
doctor and therapist, planning of patients’ activity and loadings, repetitive and conti-
nuous observation to record and adjust their tasks. Systematic, objective and reliable 
evaluation methods is critical for therapist to monitor and control patients’ rehabilita-
tion. For patients, it is important to ensure they are able to follow the therapy and 
continue the rehabilitation with patience so as to recover their ability to be back to 
normal daily life. Based on these requirements, digital technology may provide con-
ventional rehabilitation new approach to enhancing the performance. Current state-of-
the-art technology can provide more flexible, effective and efficient way for rehabili-
tation, through designer’s efforts. Therefore, this study is to develop a tangible inter-
active game for upper limb hemiplegia patients’ rehabilitation. The prototyping was 
finally evaluated by physical therapist and patients to identify its potential for future 
stroke rehabilitation. 

2 Methods 

Three critical steps to this study are: identifying system design requirements, proto-
typing and usability inspection and user’s evaluation.  

2.1 System Design Requirements 

The system is divided into two parts, a digital game and an upper limb bilateral 
movement mechanism. The work to be done is to develop the content of the digital 
game and allow the patients to operate the mechanism to play the game, without using 
mouse and keyboard. The mechanism, developed by the Industrial Research Limited  
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Fig. 2. Prototyping structure 

2.3 Evaluation 

The system prototype was evaluated by the patient and physical therapist to examine 
the feasibility and potential for future application. The system was set up in a room of 
the hospital in Taiwan (Fig. 3). Three stroke patients with upper limb hemiplegia, 
accompanying with their therapist, participated in the experiment and provided their 
feedback for the system. The process was also observed by the experimenter to  
observe and record all the interaction. 

 

Fig. 3. The participants was interacting with the system 

3 Results and Conclusion 

The final game prototype used “animals and their home” as a story scenario, which is 
comprised of seven different levels, a “Trace Mode” for training, a “loadcell” to 
detect and remind patient’s force, friendly user interface and the patient and therap-
ist’s database linked with remote server (Table 1).  

The result of the experiment showed that all participants were interested in the  
system, mostly on playing the game. They indicated that the rehabilitation time elaps-
ing faster than before. From the observation, it can be seen that participants keep good 
mood whether they can accomplish the task or not. All cases did not show their  
impatience or any rejection to all tasks.  

Consequently, this study provides a potential for future stroke rehabilitation,  
particularly for upper limb hemiplegia. This study demonstrates the importance of 
incorporating different profession, e.g. design and medicine, in such a cross-field  
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Table 1. Game content 

Image 

 
 

 

Function A comfortable play at-
mosphere for stroke reha-
bilitation. 

A “loadcell” indicator to 
detect and remind pa-
tient’s force. 

A user-friendly interface 
and information to pro-
vide patients’ results. 

Image 

 
Function The therapist can access 

to the game from personal 
computer or outside.  

Seven different levels can 
show patient’s progress. 

“Trace Mode” for patient 
training, which can be set 
up by the therapist. 

 
assisting technology system development. It can be also identified that interactive 
game provides emotional needs and can be applied to the rehabilitation. 
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