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Abstract 

Upper limb stroke rehabilitation requires early, intensive and 

repetitive practice to be effective. Consequently, it is often 

difficult to keep patients committed to their rehabilitation reg-

imen. In addition to direct measures of rehabilitation achieva-

ble through targeted assessments, other factors can indirectly 

lead to rehabilitation. Current levels of integration between 

commodity graphics software, hardware, and body-tracking 

devices have provided a reliable tool to build what are re-

ferred to as serious games, focusing on the rehabilitation par-

adigm. More specifically, serious games can captivate and 

engage players for a specific purpose such as developing new 

knowledge or skills. This paper discusses a serious game ap-

plication with a focus on upper limb rehabilitation in patients 

with hemiplegia or hemiparesis. The game makes use of bio-

feedback and mirror-neurons to enhance the patient’s en-

gagement. Results from the application of a quantitative self-

report instrument to assess in-game engagement suggest that 

the serious game is a viable instructional approach rather 

than an entertaining novelty and, furthermore, demonstrates 

the future potential for dual action therapy-focused games. 
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Introduction 

Cerebrovascular diseases have a great impact on an individu-

al’s health. These diseases are one of the leading cause of hos-

pitalizations, mortality and disability in the world population, 

surpassing heart disease and cancer, the two leading causes of 

death in industrialized countries. A stroke is defined as a sud-

den neurological impairment due to vascular injury, including 

lesions caused by hemodynamic disturbances. The severity of 

the condition and the functional impairment varies according 

to the affected area and to the vascular structures, and may 

cause cognitive, sensory and or functional deficit. 

The advancement of technology has allowed the development 

of procedures enabling exploration of brain activity during 

rehabilitation therapies, where brain activity is a vital factor in 

motor rehabilitation. Recently, in order to determine the most 

effective and efficient techniques, a branch of study has fo-

cused on trying different methodologies relating biofeedback 

and mirror-neurons. 

The treatment of neuromuscular disorders including hemiple-

gia and hemiparesis requires training of the remaining func-

tional capacity. Thus, the motor training is based primarily on 

a rehabilitation process, in which the feedback is an essential 

component. Biofeedback goals in rehabilitation include the 

optimization of muscle contraction and elimination of mass 

movements and synkinesis. Therefore, patients can improve 

the symmetry and synchronization between the affected side 

and the healthy one, seeking functionality and spontaneity of 

movement. Mirror neurons are activated both when perform-

ing an action and during the observation of the same action 

performed by another person. As they seem to integrate obser-

vation and action, mirror neurons have been the focus of stud-

ies on how humans understand others and to what extent they 

are able to share experiences. Such integration includes an 

internal representation involving the same neural structures 

related in the execution of the observed action. It also has been 

considered as a key for rehabilitation purposes. 

A Natural User Interface (NUI) represents a current concept 

that deals with the interaction between human beings and elec-

tronic devices. Through the identification of gestures, voice 

commands, expressions, body movements or detection of hu-

man body parts such as face, hand or joints, new games have 

been built, incorporating this technology. 

The entertainment factor aside, serious games are designed to 

solve problems in several areas. Considering the health appli-

cation, one can highlight the important contribution of these 

games to physical therapy and the rehabilitation of patients 

with motor disabilities secondary to neurological diseases. 

These patients require physical therapy programs appropriate 

to their problems in order to improve their quality of life, as 

much as possible. However, traditional physiotherapy is often 

boring and repetitive and can discourage patients, causing 

them to abandon their rehabilitation programs before they 

have finished. 

This paper presents a serious game application for upper limb 

stroke rehabilitation based on biofeedback and mirror-

neurons-based training, focusing on patients with mild or 

moderate stroke incapacity. The game helps the therapist by 

assessing the quality and efficiency of the patient’s treatment. 

The patient participates by playing a game that uses quantita-

tive measures to assess in-game engagement while incorporat-

ing existing interfaces for human-computer interaction. 

The paper sections are laid out in the following order: Related 

Work, Hemiplegia and Rehabilitation, Game Framework and 

Design Elements, In-Game Engagement Assessment, Results, 

Discussion, and Conclusions and Further Work. The Related 

Work section displays some relevant information on the ap-

proaches and technologies concerning the rehabilitation pro-

cess and the application of serious games within the field of 

rehabilitation. The section titled Hemiplegia and Rehabilita-

tion briefly illustrates the causes, symptoms, and treatment of 

hemiplegia. The Game Framework and Design Elements sec-

tion discusses the necessary components for serious game 

development, primarily focusing on rehabilitation. The follow-

ing section reports initial upper extremity assessment based on 

a valid control group of physical therapists. The Results, Dis-

cussion, and Conclusion and Further Work sections present a 
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general discussion on game design, engagement, and use in 

upper limb rehabilitation, including therapist perspectives.  

Related Work 

Current research indicates that in the target audience, visibility 

and feedback may be considered for the development of 

serious games for rehabilitation, since they are important 

human factors [1]. The principles of game design that have 

particular relevance to rehabilitation are meaningful play and 

challenge. The former is the relationship between player's 

interactions and system reaction, while the latter aims at 

maintaining an optimal difficulty in order to engage the player 

[2][3]. Some important criteria for the design and evaluation 

of serious games in the rehabilitation area have been identified 

as game interaction and interface, number of players, genre, 

adaptability, performance feedback, game monitoring and 

portability [4]. It was also observed in [5] that serious games 

must ensure that patients are correctly performing the 

exercises as well as provide a motivating atmosphere for 

therapy, so as to yield maximum impact on the rehabilitation 

process.  

Several technologies are used in serious games for physical 

therapy and rehabilitation, namely virtual reality and sensor 

networks. Games for physical therapy with severe injuries in 

the upper limb are proposed in [6]. The neurogame therapy, 

used for the rehabilitation of patients with severely 

compromised movements after stroke, is depicted in [7]. To 

improve the communication between physical therapists and 

patients with disabilities, a set of requirements for an 

authoring tool to enable therapists to create exercise 

animations for home viewing is presented in [8]. 

The benefit of almost all of these technologies is that they are 

inexpensive and can be implemented in any clinical 

environment. Perhaps their greatest benefit is that they provide 

real time feedback to the player and if designed effectively, 

they are more enjoyable than traditional exercises, and may 

therefore increase adherence.  

Hemiplegia and Rehabilitation 

Cerebral Vascular Accident 

Stroke is the second major cause of death worldwide and is 

one of the greatest causes of overall disease burden. Each year  

more than 5.5 million deaths are attributed to cerebral vascular 

accidents. Despite this, less than one-third of countries take 

minor measures against it such as mortality reporting [9]. In 

2010, 31% of stroke victims were children (aged <20 years 

old) and adults between 20 and 64 years old, with a higher 

overall proportion of strokes noted in the elderly [10]. In 

addition, [16] presents a complete statistical study on stroke 

by country income which reveals that fatality and incapacity 

rates are higher in low and middle-income countries. The high 

death rates among older people (aged > 75) indicates that 

younger adults suffer most from disability-adjusted life-years 

(DALYs). 

Hemiplegia and Hemiparesis 

Hemiplegia is a condition of full or partial paralysis of one 

side of the body that can occur secondary to a brain tumor, 

vascular accident, stroke, childhood head trauma, or 

congenital or perinatal injury. Unilateral impairment of hand 

and arm function are the most disabling symptoms of 

hemiplegia. Motor and sensory impairments in people with 

hemiplegia may compromise movement efficiency [11]. 

Hemiplegia is similar to hemiparesis, but it is far more serious. 

Hemiparesis is usually characterized by one side of the body 

being affected not by paralysis, but a less severe state of 

weakness. 

Serious games are one possible clinical intervention for people 

living with the effects of stroke. In a serious game, a computer 

generates an engaging environment in which the patient must 

perform goal-oriented tasks that they find difficult. In this 

instance a serious game experience is similar to a regular 

video game experience, the key difference being the main 

goal: serious games aim to elicit physical movements. This 

treatment can be effective as the brain is a resilient organ that 

produces new neural connections in response to external 

stimuli and activity to compensate for damage. 

Rehabilitation of Individuals with Disabilities 

Physical therapy is the leading therapy in the treatment of 

individuals with disabilities. Therapy goals can include 

enabling people to reach and maintain optimal physical, 

sensory, psychological, social, and intellectual levels. 

Rehabilitation provides disabled people with the necessary 

tools to achieve independence and self-determination. To 

achieve these goals, physical therapists may apply various 

techniques to improve physical and mental capacity of the 

impaired patient. 

In addition to sensory or motor deficit, people with disabilities 

can develop secondary pathological conditions such as 

shoulder pain, which affects 34% to 85% of those involved in 

the treatment. [12]. Rehabilitation and recovery constitutes a 

great challenge for both the complexity of the functions lost 

and the high incidence of shoulder pain, resulting in a negative 

impact on the overall rehabilitation process. 

Game Framework and Design Elements 

Natural User Interfaces in Physical Therapy 

Nowadays, NUI is highly used in rehabilitation, generating 

research and applications that contribute to patient 

performance and facilitating the assessment of patient 

progress. NUI-based physical therapy has a functional, 

concrete, and challenging context, bringing a direct benefit for 

both the people with disabilities and the physical therapist 

through the adaptability of these systems. Advanced 

technologies are used to produce simulated interactive and 

multidimensional environments. Visual devices and hardware 

devices for body tracking are important to immerse patients in 

a virtual environment and give them the ability to modify the 

environment based on the rehabilitation goals. 

NUI can also be considered more fun and appealing than the 

traditional set of exercises. The use of new tools, which 

certainly increases the quality of service they provide, also 

allow greater coverage without increasing risks. By using a 

NUI console, patients are encouraged to play games and stay 

engaged, rather than becoming bored. The console offers a 

variety of opportunities to work on physical abilities, 

depending on which game is selected. 

Biofeedback and Mirror-Neurons 

Various rehabilitation techniques such as biofeedback training 

to stimulate motor functions, have been studied and 

introduced in regular therapeutic techniques. Biofeedback 

techniques allow the patient to have an immediate response to 

exercise in view of the effects caused by neuronal stimulation, 

demonstrated with the aid of devices and tests that give a 

noticeable response externally. Thus, patients can monitor 

their motor and cognitive improvement, even if not visible at 

first sight, which reinforces the continued treatment while 
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stimulating other areas of the brain to recognize biofeedback 

response. 

The biomechanical biofeedback involves measuring the 

movement, posture and control forces produced by the body 

[13]. Microsoft Kinect may represent a reasonable alternative 

for obtaining data that is relevant to the analysis due to its 

ability to map the body's joints of the patient participating in 

the game. The camera sensor helps physical therapists to ex-

amine movement quantitatively, which is beyond the game 

learning aspects, working as a learning speed-up tool so that 

the patient can quickly grasp the meaning. Based on these 

aspects, it is possible to use the Kinect to analyze the optimal 

position of upper limbs through the joints to make measure-

ments of abduction and adduction as well as extension or flex-

ion. 

A small window in the game interface shows relevant infor-

mation through a biofeedback character in stick figure (i.e. a 

digital goniometer), whereby patients as well as physical ther-

apists can monitor real time movements. Based on this infor-

mation, physical therapists can correct possible errors (i.e., 

movement or postural deviation errors) which can occur dur-

ing the game. Physical therapists are allowed to monitor 

hardware and software setup, tailoring the game according to 

the levels of the treatment. The interface can be programmed 

to show several variables that may help rehabilitation and re-

covery. 

A unique property of mirror-neurons is the ability to act both 

during the implementation of the action as well as in the 

observation of specific actions. This property allows humans 

to perceive the intentions of others through action observation. 

Therefore, observation is essential in imitation-based learning 

and empathy. While working with upper limb stroke 

rehabilitation, it has been observed that the mirror-neuron 

system in adults is still plastic and artificial activation of this 

system can provide the basis for cerebral post-stroke 

rehabilitation patients. The use of active observation as a form 

of rehabilitation is an asset in patients with severe paresis, for 

whom rehabilitation can be difficult [14]. Imitation-based 

learning requires a complex cognitive function that is 

constructed step by step, including motor observation. 

Therapies that activate mirror-neurons may be used along with 

the treatment, seeking a better post-stroke rehabiliation. The 

proposed serious game includes video recording of motor 

activities. 

Playability and Usability 

There are a number of aspects in the usability of digital games 

where the factor efficiency and effectiveness should be sec-

ondary to the satisfaction factor. Thus, game engagement must 

be addressed on a different perspective of the working soft-

ware. The main point is to identify where the challenge must 

be and keep any other aspect out of this context according to 

the traditional recommendations of usability working soft-

ware. Thus, the designer should create challenges that are part 

of the fun of achieving the goals of the game rather than un-

dermine the patient’s experience and effectiveness in tasks 

that should require some effort.  

Serious Game into Play 

After analyzing regular exercises with physical therapists in a 

rehabilitation ward, a decision was made in favor of shoulder 

abduction, as it was identified as the most common issue 

across various neurological diseases. Shoulder abduction is 

important for upper limb functions, as more distal functions 

depend on a stable shoulder. 

Game prototyping is a high quality product development 

method in which a prototype is built, tested, and then re-

worked as necessary until an acceptable prototype is achieved. 

As a preliminary step in the prototype evolution, the target 

audience was defined. The proposed serious game is intended 

to be a complementary treatment to people with upper limb 

impairments after stroke in a mild or moderate condition. 

The analysis of existing video games on the commercial mar-

ket was important to support the concept and the choice for 

the game engine that integrates seamlessly with the Kinect. 

Later, it evolved to a concept that was more focused on patient 

engagement through a concept and argument that would pro-

vide an immersive environment necessary for their motivation. 

The biofeedback integration approach with mirror neurons 

served as support for the development of the serious game for 

physical therapy rehabilitation.  

The game was implemented using Unity3D game engine and 

Kinect. Unity3D is a commercial engine, providing the devel-

opers with a large range of useful tools and scripts, as well as 

the underlying graphical tasks for game development. Even 

though such an engine is commonly used for entertainment 

games, a systematic move into serious game development has 

been recently detected. Given its integrated development envi-

ronment with some set of game reusable components, Uni-

ty3D, in close cooperation with Kinect software development 

kit (SDK), reduces the workload needed to produce the game, 

allowing developers to concentrate on the higher levels mod-

ules of the game. 

A screenshot of the serious game for upper limb stroke reha-

bilitation is shown in Figure 1. Control panels on the left and 

right side are intended for software setup. The goal of the 

game is to harvest as many fruits from the tree as possible and 

put them in the baskets within a certain time period. The win-

ner will be the one who harvests more fruit. The angles shown 

in the interface are the measures of player abduction. Calcula-

tions are made based on the position of the joints. The shoul-

der angle is measured by the elbow, shoulder and pelvic tilt 

while the player is measured by the bowl and neck to the 

ground. 

 

 

Figure 1 – Screenshot of the serious game for upper-limb 

stroke rehabilitation 

The player collects the fruits by simply moving his/her hands 

until it touches the object on the screen. A Unity3D hand col-

lider performs the detection so fruit coordinates become hand 

coordinates. Once the fruit is following the character’s hand, 

the player must bring them to the basket where another collid-

er transfers the coordinates to the fruit basket. 

In-Game Biofeedback and Rapid Prototyping 

After the game scenarios have been built, a feedback from the 

control group of therapists is needed as a particular step in the 

rapid game prototyping approach. The control group watches 

a therapy session of players and afterwards discusses it. This 

ensures that the scenarios are well adapted for the therapy and 
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Figure 3 presents the GEQ response distribution. T-tests were 

conducted to determine which response distributions differed 

significantly from the no agreement with the statement (score 

0). A significant number of responses were either rather or 

exceptionally positive for items (p < 0.05) for dimensions 

competence t14 = 2.92, tension t14 = 2.84, positive affect t14= 

2.41, and sensory and imaginative immersion t14= 2.23. 

Participants scored 0 exhaustively for negative affect, flow, 

and challenge dimensions. 

Discussion 

Results achieved during the in-game assessment suggest that 

the serious game prototype performed quite well in terms of 

usability and game experience. The serious game for upper 

limb stroke rehabilitation is rather new in the 

neurorehabilitation ward of the HUSM. Nevertheless, results 

gathered from the in-game assessment can be used as a stand-

ing point for new prototypes derived from the same game 

metaphor. Limitations include use of the short version of the 

GEQ scoring system and the need of functional evaluation 

using Capabilities of Upper Extremities Questionnaire (CUE-

Q)[15]. 

Conclusion and Further Work 

The main contribution of this work was the development of a 

serious game for upper limb stroke rehabilitation based on 

NUI, which allows the achievement of customized physical 

therapy sessions in real time. Measurements taken by the 

therapist allow the exercises to be kept within the limits of 

each individual, acting as an interface to the choice of how 

much and how long each movement should be performed 

based on competition and the entertainment stimuli provided 

by the game. 

Besides assisting in the treatment of post-stroke rehabilitation, 

the serious game allows patients to enjoy the game and 

encourage movements that are generally repetitive. This extra 

motivation accelerates recovery and can be achieved by 

biofeedback and mirror-neurons through natural user 

interfaces. Results obtained during the in-game assessment 

were relevant to the evaluation of the prototype. 

As future work, the interface may be enhanced using 

animation techniques to achieve a more engaging experience. 

A psychological and functional evaluation is planned in the 

near future to support therapist decisions over the course of 

treatment. 
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