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ABSTRACT 
 
 
 

Context. Researchers in serious games area and professionals in stroke rehabilitation, 
working collaboratively in explorative interdisciplinary research studies in order to develop 
usable and effective applications. In this context, physiotherapists and occupational therapy 
are important elements of stroke rehabilitation. Applications from such exploratory 
development reflect motivational and easy to use features, which could be further designed 
and developed by serious games developers. 
Objectives. The research study aims to investigate the role and usefulness of Video Capture 
Virtual Reality Technology (VCVRT) in motor impairment rehabilitation, to identify and 
explore the importance of this technology in healthcare, specifically in motor impairment 
rehabilitation. Likewise, to analyze the acceptance of VCVRT among the physiotherapists in 
terms of perceived ease of use, perceived usefulness and perceived intension to use.  
Methods. In this exploratory study literature review, workshop and survey including 
questionnaire and interview are used, taking Blekinge County Hospital (Karlshamn) as case 
study along with “TARGET” game as testing platform for introducing and evaluating 
VCVRT among physiotherapists. For exploring technology acceptance level among 
physiotherapists, Technology Acceptance Model (TAM) was used in the research work.     
Results. Video capture virtual reality technology can be used as a complement to 
conventional physiotherapy. This technology is cheap, easy to use and is useful as a home 
based rehabilitation tool, but together with physiotherapist supervision or coaching. 
Moreover, VCVRT is motivational for weak patients and useful in motor rehabilitation in 
terms of quantity, i.e. intensity of exercise can be increased. Physiotherapist centered 
approach is necessary for game design process; effective game design suggestions and the 
idea of single gaming framework consists of different games acquiring multiple 
rehabilitation goals, are achieved from physiotherapists during the research. Technology 
acceptance value is high among physiotherapists.    
Conclusion. The research study provides a more detailed understanding of the factors 
involved in the implication of video capture virtual reality technology in motor impairment 
rehabilitation. The authors concluded from the research study that video capture virtual 
reality technology is applicable for motor impairment rehabilitation while considering 
following factors, i.e. Physiotherapist centered approach, a gaming framework where a 
portfolio of games can be assembled for individual patients, and video capture virtual reality 
technology is applicable for home based rehabilitation under the supervision of 
physiotherapist. Furthermore, physiotherapists’ concerns and importance in the intervention 
of serious games and healthcare area are highlighted by this research work.  
 
 

Keywords: serious games, stroke rehabilitation, motor impairment, 
Technology Acceptance Model (TAM), video capture virtual reality. 
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INTRODUCTION 
 
Research in the field of video games has extended its functionality beyond 
entertainment. Today, video games are not just played for entertainment purposes but 
their implementation in the area of healthcare as “Serious Games” have yielded some 
promising results in context of health recovery as well as understanding about the 
disease. This implication of games beyond entertainment is also evident in examples 
like games being used to teach children about healthy diet habits or nutrition skills, to 
prevent obesity, for cognitive training, to motivate patients to resist and fight back 
against asthma and cancer. One such game is called Re-Mission (Re-Mission: The 
Game 2010) in which the player destroys cancer cells. More interestingly, games are 
also used as a distraction tool for children to feel less pain during treatment such as 
burn therapy.   
  
The usage of games in the healthcare area is not confined to children as they are more 
addicted to games, but they are also used by therapists for rehabilitation of adults with 
motor impairment caused by stroke, as evidence reveals that stroke is the leading cause 
for hemi paresis, i.e. weaknesses in the upper extremity (arm, hand) mostly in western 
world and in Sweden. Clinical results extracted by therapists demonstrate that games 
that are integrated into virtual reality and used as a therapeutic tool for patients with 
motor impairment have brought improvement to their motor skills. Nintendo, a gaming 
company, released the Wii consol (Halton 2008) as an affordable therapeutic device in 
November 2006 in North America. The consol consists of a wireless controller that 
uses accelerometers in three axes and infra-red sensors to recognize gestures in 
environment. The consol has begun to be used by occupational therapists as part of 
their therapy treatment for physical impairment.  
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              
The integration of games in virtual reality not only assists in improving functional 
disability of stroke patients but it also assists considerably in high level of immersion, 
presence, performance and motivation towards treatment in adults in the virtual 
environment during rehabilitation, although adults generally are less adaptive to games 
and technology than children. It further helps the stroke patients to use this technology 
as part of their home based rehabilitation program encouraging self-dependability in 
performing activities of daily living.     
 
Games that are merged into virtual reality for rehabilitation therapy often use a virtual 
reality platform that requires wearable equipment like head mounted devices (HMD), 
where user sees himself as an avatar in 3D virtual environment or requires 
electromagnetic sensors attached to the patient’s body to sense the movement. The 
other platform that is now becoming more popular in the area of healthcare due to its 
low cost and its ease to use is video capture virtual reality or 2D technology. The user 
sits or stands in a demarcated area in front of a camera, which captures the user 
movements and converts them for further processing; the user’s live video corresponds 
in real time to user’s movements. Games as built pure entertainment games, like the 
Sony PlayStation II EyeToy (Rand et al. 2008) , as low cost video capture virtual 
reality (VR) platform have been experimented with for rehabilitation therapy for adults 
with motor disabilities. This changing focus towards making use of video capture 
virtual reality is assisting therapists to resolve adaptability issues as well as making it 
part of home based rehabilitation among stroke patients with chronic illness. 
 
Motivation towards the acceptance of this upcoming technology for motor 
rehabilitation can be achieved in both clinical community as well as home based 
rehabilitation if the intervention of video capture virtual reality in motor rehabilitation 
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is useful and producing more effective outcomes for stroke patients. Some initial 
development of virtual reality based applications like FurballHunt for rehabilitation 
shows good results (Prange et al. 2008).  
  
In this research work the authors performed an exploratory study to explore the 
usefulness and role of video capture virtual reality based technology in motor 
rehabilitation and its acceptance among physiotherapists of Blekinge County Hospital 
(Karlshamn) Sweden. The authors consider this technology as a rehabilitation tool to 
adjunct conventional therapy, due to its important motivational aspects that are based 
on previous findings. The possible usefulness of video capture virtual reality in motor 
rehabilitation and its potential in home based rehabilitation could be investigated. 
Therefore, the authors designed a workshop with eight physiotherapists. Data collected 
through the workshop, questionnaires and interviews provided an empirical basis for 
the in-depth understanding of reasons involved in technology acceptance among 
physiotherapists and observations regarding usefulness of video capture virtual reality 
technology in motor rehabilitation. 
 
Furthermore, the authors have used an entertainment purpose video capture virtual 
reality based game “TARGET” with the permission of the game development 
company (iView Games 2009) as a testing platform in order to introduce video capture 
virtual reality technology to the physiotherapists. The game was installed at Blekinge 
County Hospital (Karlshamn) and the physiotherapists were able to test and experience 
this game. The motivation behind selecting “TARGET” as a testing platform was that 
researchers are testing entertainment purpose virtual reality based games like Sony 
PlayStation II EyeToy for stroke rehabilitation. In addition, repetitive movement of 
affected arms is necessary during motor rehabilitation to regain force and this can be 
achieved in ¨TARGET¨ as playing the game requires the movement of upper extremity 
i.e. hands and arms.  

Thesis Outline 
The thesis structure is organized in the following manner. Chapter 1 describes the 
background of the serious games in motor rehabilitation therapy. Chapter 2 describes 
the problem definition and goals of our research. Chapter 3 describes the 
methodology followed in this research work. Chapter 4 presents theoretical work. 
Chapter 5 describes data collection approaches used for the study we have carried out. 
Chapter 6 presents empirical findings and results of our study Chapter 7 presents 
discussions and validity assessment. Chapter 8 presents conclusion, recommendations 
and possible future work is presented.      
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1 BACKGROUND 
 
This chapter covers the background related to the research topic. After reading this 
chapter readers should have a good understanding of the background related to serious 
games, their emerging role in the area of healthcare as a stroke rehabilitation tool and 
their motivational aspects which became the primary focus of our work in this area.  

1.1 Serious Games in rehabilitation  
 
Serious Games can be described as a global revolution in interactive 3D technology 
that has made it possible to build accessible and affordable training environments for 
education and healthcare (Stone 2005). New-generation games are opening up new 
opportunities for access to virtual reality. In the past few years technology focus has 
shifted considerably toward the healthcare area (Gotsis 2009). University of Derby 
(School of Computing), U.K. has developed a virtual reality game Catch-the-orange 
(Ma & Bechkoum 2008) for stroke patients with upper limb motor disorder to 
encourage them to do physical exercise, in which the patient holds a basket with 
attached magnetic sensors and feels the virtual environment through head mounted 
devices (HMD). The patient tries to catch oranges falling randomly on the target area. 
The movement of the basket in virtual environment for catching oranges is controlled 
by sensors attached to the real basket.   
 
2D virtual reality games which use webcam images as input are also used for medical 
rehabilitation. These games are feasible at the clinic in clinical work and for home 
rehabilitation which needs to have less expertise, and the potential of the game is to 
keep patients engaged and motivated during rehabilitation. Furthermore, due to the 
low-cost video capture games or 2D games these may be more accessible for home 
based rehabilitation. For faster recovery after certain operations and conditions games 
can be used. Games have also been utilized for increasing motor skills. According to 
(Halton 2008), Nintendo’s game console Wii has been used as part of conventional 
therapy for rehabilitation. Similarly, the Sony playstation II Eyetoy (Rand et al. 2008) 
was investigated to be used for rehabilitation of adults with disabilities due to stroke, 
as stroke is the leading cause of motor impairment and severe physical disability in 
adults. According to (Riks-stroke 2008), each year 2400-2500 cases were registered 
due to stroke in Sweden. At Blekinge county hospitals there were 236 and 203 stroke 
patients admitted in 2008 in Karlskrona and Karlshamn hospital respectively with an 
average age of 77 (Riks-stroke 2008).  
 
Stroke is a brain injury that is caused due to abnormality of blood to part of brain 
(Caplan 2005). Stroke most often causes hemi paresis i.e weaknesses in the upper 
extremity (arm, hand). Patients with stroke become less active in daily activities; they 
lose concentration and mental presence, become depressed and dependant on others in 
performing their day-to-day activities (Riks-Stroke 2008). Early post-stroke 
rehabilitation at hospital can prevent physical impairment, motivate self dependency 
and improve patient’s quality of life (Duncan et al. 2005). In later phase if patients are 
able to perform activities of daily living (ADL), they are discharged to home or 
community for a supervised outpatient or home based rehabilitation (Duncan et al. 
2005). To stimulate patient’s motivation in self rehabilitation, home based 
rehabilitation is considered another option by clinical community after early discharge. 
Games could be used in home based rehabilitation under the supervision of 
physiotherapists to motivate patients to tailor their impairment.  



  4 

1.2 Clinical significance  
 
The emerging role of serious games in the healthcare area is growing rapidly to 
adjunct the conventional therapy approach. Researchers have developed their own 
serious game console specifically designed for motor rehabilitation in home based 
environment for stroke patients and the clinical results have proved to be promising. 
Elinor is one such gaming console, which is developed for motor rehabilitation of 
stroke patients at home. Besides its effective clinical results, four out of five stroke 
patients had an immersive and a good gaming experience when it was evaluated for 
five weeks (Alklind Taylor et al. 2009).  
 
According to (Kizony et al. 2003) “Gesture Xtreme” virtual reality system was used 
for stroke patients and the clinical pilot results showed increase in raising the affected 
arm and maintained balance of a stroke patient, who suffered from motor deficits. 
FurballHunt is a low tech virtual rehabilitation application developed for upper 
extremity motor function. The results of two stroke patients with hemi paresis 
indicated improvement in the score by 4-8% after motor status was evaluated using 
standard clinical scale Fugl Meyer assessment before and after 6 weeks. Another 
System called Gesture Therapy has been evaluated in Mexico City Hospital, 
comparing it with occupational therapy. 22 stroke patients were divided into two 
groups (Sucar et al. 2009). 11 received conventional therapy and 11 used the Gesture 
Therapy system. These groups were evaluated using standard clinical scales Fugl 
Meyer scale and Motricity index after attending 3 sessions each 60min during 5 weeks. 
Both groups showed improvement in motor function, however with strong motivation 
and attachment towards “Gesture Therapy” system. 
 
The evaluation of Sony PlayStation 2 (PS2) EyeToy made it look feasible for it to be 
used as a virtual reality gaming device as an adjunct to traditional physical therapy for 
motor rehabilitation (Flynn et al. 2007). A 76-year old woman, ex-physical therapist & 
professor of physical therapy, with right hemorrhagic stroke, voluntarily participated 
in the evaluation of Sony PlayStation 2 (PS2) EyeToy, and after attending 20 one-hour 
sessions, the six months follow up showed 9.74% improvement on standard Fugl-
Meyer assessment (FMA), improvement on Berg Balance Scale (BBS) scoring 51/54 
at pre-test and 54/54 in post-test, improvement on Upper Extremity Functional Index 
(UEFI) scoring 56/80 at pre-test and 65/80 at post-test. She described her experience 
as motivating and enjoyable despite lack of much previous technological and gaming 
experience (Flynn et al. 2007). The video capture virtual reality platforms have also 
been experienced with by (Weiss et al. 2004) and (Kizony et al. 2003) to explore its 
potential in stroke rehabilitation.  
 
These examples of clinical significance indicate the importance of video capture 
virtual reality in stroke rehabilitation. Furthermore, users of these systems do not 
require using head mounted displays (HMD) or other special equipments to feel 
immersion in the virtual environment. This reduces the side effects often caused by 
head based visual displays and offers greater freedom in using body parts to interact 
with the system. The user sees him on the screen rather than an avatar like in other 
virtual reality platforms. Moreover, its wide accessibility, affordability and potential 
for use at home make the significance of video capture virtual reality more evident to 
the masses.   
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2 PROBLEM DEFINITION/GOALS 
  

This chapter describes the problem definition. The aims and objectives of this research 
work are presented and the expected outcomes are explained. The chapter describes 
the research questions that will be addressed by the authors in this research work.   

2.1 Problem addressed 
 
Games are incorporated in to virtual environments for motor rehabilitation using 
specially written software and specialized virtual reality equipment, for example, a 
computer with a special graphic card to display 3D images, liquid crystal display 
(LCD) projector, large wall screen, head mounted visual display (HMD) for stereo 
viewing through small monitors mounted in front of each eye, motion tracking devices 
for movement monitoring etc. The results have shown them to be effective in bringing 
about improvement in motor and cognitive skills (Holden 2005). However, the use of 
virtual reality as virtual rehabilitation for motor therapy is confronted with numerous 
challenges like expensive hardware, clinical acceptance and technical expertise for 
users, especially for adults who have less technological acceptance (Holden 2005).  
 
According to (Burke et al. 2008) such factors as high cost, mobility issues and special 
expertise to operate restrict virtual reality from being used in clinical or home 
rehabilitation. According to (Rand et al.2004) the benefits of virtual reality in 
rehabilitation are becoming widely known to the clinical community but there are 
some challenges in finding virtual reality systems that can achieve the goal of 
rehabilitation and are also affordable by clinical community and individuals at home.  
 
Keeping in view these challenges concerning cost, complexity, and acceptance, (Weiss 
et al. 2004) holds that a more flexible and effective platform is required to be used for 
rehabilitation which is also affordable and adaptable by clinical community, i.e. video 
capture virtual reality for rehabilitation also known as 2D technology. According to 
(Rizzo et al. 2004) virtual reality is considered more advanced technology and 
committed to have its impact in neurorehabilitation for next 10 years. (Rizzo & Kim 
2005) describes that virtual reality has proved to be beneficial and is an effective and 
interesting technology for rehabilitation of stroke. (Rizzo & Kim 2005) consider that 
the use of virtual reality based games in rehabilitation enhances enjoyment and 
motivation for treatment among the patients.   
 
According to (Flynn et al. 2007) literature reveals that the potential of many virtual 
reality systems has been explored, specifically those designed for rehabilitation 
purposes but the therapeutic value of commonly available virtual reality games that are 
designed for entertainment purpose and not specifically for rehabilitation has not been 
explored much. Whereas these low cost and less technically advanced Virtual Reality 
(VR) systems share the same tasks and behavior as do other VR systems, the 
difference is that they are not specifically designed for rehabilitation. The authors have 
chosen one such virtual reality based game known as ¨TARGET¨, which is an 
entertainment purpose game and not specifically designed for rehabilitation. The game 
has been used in our study as a testing platform to introduce video capture virtual 
reality technology to the physiotherapists and to explore the potential of commercial 
off the shelf video capture virtual reality based game in motor impairment 
rehabilitation. 
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2.2 Aims and objectives  
 
The main aim of this research work is to explore the role and usefulness of video 
capture virtual reality technology in motor impairment rehabilitation, as well as to 
investigate the acceptance of video capture virtual reality technology among 
physiotherapists taking Blekinge county hospital (Karlshamn) as case study. The 
objectives to  
 

• Explore the role of video capture virtual reality in healthcare. 
• Investigate the usefulness of video capture virtual reality / 2D games in motor 

impairment rehabilitation. 
• Analyze the importance of video capture virtual reality game for motor 

rehabilitation. 
• Identify the acceptance of video capture virtual reality game among 

physiotherapists. 
• Identify the perceived easiness to use and willingness to use video capture 

virtual reality game among physiotherapists. 

2.3 Research questions  
 
1. How useful are video capture virtual reality / 2D games in healthcare?  
2. What is the role of video capture virtual reality game in motor rehabilitation?  
3. How could acceptance of video capture virtual reality game in motor rehabilitation 
among the physiotherapists at Blekinge County Hospital (Karlshamn) be achieved?  

2.4 Expected outcomes  
 
Expected outcomes of our study are a better understanding of the role and usefulness 
of video capture virtual reality in motor rehabilitation, furthermore to clarify factors 
that affect acceptance of this technology among the physiotherapists. Hence, the 
research work aims to cover the following outcomes.  
 

• Usage description of 2D games in motor impairment rehabilitation 
• Mapping of importance of video capture virtual reality game in motor 

impairment rehabilitation 
• The perceived usefulness of video capture virtual reality game for motor 

impairment rehabilitation among the physiotherapists 
• Physiotherapists’ opinion about the easiness and their willingness to use video 

capture virtual reality game in motor impairment rehabilitation 
• Better understanding of the role and usefulness of video capture virtual reality 

in motor rehabilitation together with the acceptance of video capture virtual 
reality technology among the physiotherapists. 
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3 RESEARCH METHODOLOGY 
 
This chapter describes the approaches, methodology and procedures used to conduct 
research study. The research study that was carried out could be considered as an 
explorative study, in which the overall aim was to investigate the role and usefulness 
of video capture virtual reality games in motor impairment rehabilitation as well as to 
investigate the acceptance of this technology among physiotherapists. Hence, to 
successfully accomplish the research work the proposed research methodology played 
a vital role. Moreover, selection of suitable methods and procedures used to collect 
data and then analyze this data effectively was necessary in order to achieve the 
expected results. To present the research methodology context, first an overview of 
research approaches is given and then literature review is discussed. Furthermore, the 
workshop for conducting survey along with Technology Acceptance Model TAM is 
explained. Also, the conducted questionnaires and interviews are discussed.  

3.1 Overview 
 
Research methodology is an important part for performing research work (Adèr et al. 
2003). There are three types of research approaches namely: qualitative, quantitative 
and mixed methods (Creswell 2003)   
 

• Qualitative Approach In this approach the inquirer usually makes use of 
knowledge claims based on constructivist perspectives. Strategies associated 
with qualitative approach are ethnographies, case studies and grounded theory 
etc. The researcher gathers open-ended data with the goal of mapping themes 
from the data (Creswell 2003).       

 
• Quantitative Approach In this approach the researcher basically uses post-

positivist claims for building knowledge such as survey or experiment in order 
to gather statistical data and numerical measurements (Creswell 2003).      
 

• Mixed approach Finally, in mixed methods approach, the researcher usually 
bases knowledge claims on a pragmatic point of view. Strategies associated 
with mixed methods are sequential procedures, concurrent procedures and 
transformative procedures (Creswell 2003). 

In this research study, the mixed method approach was adopted by the authors. Criteria 
for selecting an approach were taken into account, considering three factors, i.e. the 
research problem, the personal experiences and the target audience(s) (Creswell 2003). 
As mentioned earlier, the study was explorative in nature. The authors intended to use 
both quantitative and qualitative approaches to accomplish the research work 
successfully. Taking into account the research problem the main aim of study was to 
investigate the physiotherapists’ perceptions of serious games and their technology 
acceptance as well as to explore the effectiveness of the technology in healthcare. 
Hence, the overall objective was being addressed through two different methods, 
questionnaire (survey) and through conducting interviews. Furthermore, regarding the 
factors involved in selecting research approach, we were also influenced by the 
direction and guidance from our supervisor. Another motivational factor with mixed 
methods research was that it takes extra time due to its quantitative and qualitative 
data, therefore being a group of two students we decided we could work this way and 
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that it was beneficial to experience both structured quantitative research and flexible 
qualitative inquiry (Creswell 2003). 

 
 
 

 
 
 
 
  
 
 
 
 
   
 

 
 
 
 
 
 
 
 
 
 

3.2 Literature Review 
 
The authors performed a systematic review in order to find literature sources as well as 
synthesizing background analysis and related work in a research study (Reed 1998). 
The literature review was helpful in providing thorough understanding of the related 
field and also facilitated the authors to assess the work done by other researchers in the 
same area (Blaxter et al. 2006; Reed 1998). For a systematic literature review the 
authors used university available resources. The university Blekinge Institute of 
Technology (BTH) digital library provides access to electronic databases, e-journals 
and different search engines. We used the following electronic databases for our 
searching criteria; IEEE Xplore, ACM Digital Library, Inspec (Ei Village 2), Springer 
Link, American Heart Association (AHA) journals, U.S national library of medicine 
PubMed, and EI Compendex. Furthermore, some help was also taken from Google and 
Google scholar as well.  

 
During the literature review the authors were able to attain in-depth understanding of 
serious games and their application areas. Particularly, the authors gained the primary 
knowledge related to virtual reality field and its usage plus effectiveness in healthcare. 
Although the broad features of the serious games and healthcare research study were 
evaluated by the authors, more specifically the usage of video capture virtual reality 
games for motor impairment rehabilitation was thoroughly understood.  
 
Much of the literature the authors reviewed comes from the evidence-based research 
tradition within medicine and rehabilitation research. This was valuable for 
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Figure 1Diagram of our research methodology 
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understanding the area we were focusing on, although our study has been carried out 
within a more design-oriented research tradition in computer science. 
 
Furthermore, through the literature review the authors selected TAM for conducting 
the survey-questionnaire among the physiotherapists to identify their perception about 
the acceptance of technology in healthcare area. 

3.3 Technology Acceptance Model (TAM) 
 

The Technology Acceptance Model TAM has been widely applied to a variety of 
technologies and users and this model is represented as an explanatory model which 
has impact on theories of human behavior (Venkatesh et al. 2003). According to (Ma 
& Liu 2004) although other models, for example Theory of Planned Behavior TPB 
exist, that predict the adoption of information technology, TAM is an extensively 
identified model for behavioral intentions in the literature of information systems. 
Empirical studies (King & He 2006) of TAM in different contexts have been 
conducted and tests of this model proved applicability for individuals with information 
technology competence (Lai & Li 2005). Therefore, the authors chose TAM to explore 
the acceptance of video capture virtual reality technology for motor impairment 
rehabilitation among the physiotherapists of Blekinge County Hospital (Karlshamn). 

3.4 Workshop 
  
The workshop was held in the Blekinge County Hospital (Karlshamn). The attendants 
consisted mainly of a professional audience i.e. a physiotherapist team and Sara 
Eriksén (Professor, Blekinge Institute of Technology). Basically, the main aim of the 
workshop was to give the participants an overall background and introduction of 
proposed research study and more specifically to investigate the perception and 
technology acceptance of physiotherapists in the light of video capture virtual reality 
game for motor impairment rehabilitation.  
 
The workshop was designed in such a way that the authors first gave a brief 
introduction and related work of the research study through a short presentation. This 
was followed by a demonstration of video capture virtual reality “TARGET” game. 
Finally, questionnaires were distributed among the physiotherapists in order to collect 
data.  

3.5 Questionnaire  
 
The authors collected quantitative survey data through a structured questionnaire. The 
questionnaire was composed of three main parts, i.e. perceived ease of use, perceived 
usefulness and perceived intention to use (Davis 1989;Conner & Sparks 1996;Van et 
al. 2002) with respect to video capture virtual reality game for motor impairment 
rehabilitation.  
 
Hence, technology acceptance was determined through perceived usefulness and 
perceived ease of use based on (Davis 1989) as well as intention to use based on 
(Conner & Sparks 1996) with Likert scale of seven points for each. Likewise, the 
questionnaire was devised acquiring the six items for each component, i.e. perceived 
ease of use, perceived usefulness and intension to use with scale mentioned above.  
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3.6  Testing 
 

As part of our study, the test game “TARGET” was installed at the work place of the 
physiotherapists in Blekinge County Hospital (Karlshamn) and tested by them for a 
period of 3 weeks. 

3.7 Interview  
 
A semi-structured interview was conducted with the head physiotherapist and a 
physiotherapist of Blekinge County Hospital (Karlshamn). The interview was carried 
out in order to inquire and obtain the physiotherapists’ opinion about the virtual 
reality, video capture virtual reality, its effectiveness and usefulness in motor 
impairment rehabilitation and about their experience of using the proposed test game 
“TARGET”. Mainly the usage, advantages and disadvantages of the video capture 
virtual reality for motor impairment rehabilitation was explored. Furthermore, the 
physiotherapists’ view was also assessed concerning how they would like to use this 
technology for motor impairment rehabilitation in the future, if it could be made 
available in regular clinical area or practices as well as prescription for home 
rehabilitation.   
 
Qualitative research usually involves the use of single or multiple strategies of inquiry 
for example ethnography, narrative, grounded theory, phenomenology as a channel for 
collecting data, analyzing data and then writing [Creswell 2003]. The authors in this 
research used the grounded theory as strategy of inquiry together with generic steps 
mentioned in [Creswell 2003] for systematically analyzing the collected interview 
data.  The use of grounded theory gives quick and clear focus on the insight of data to 
the researchers through methodological techniques than other qualitative strategies. 
Grounded theory provides flexible guidelines and researchers can shape or reshape 
data collection further assisting them in the refinement of collected data (Charmaz, K 
2006). 
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4 THEORETICAL WORK 
 
This chapter gives brief introduction of serious games and its application in different 
areas. Virtual reality and its key elements have been presented in this chapter 
subsequently the video capture virtual reality platform and the way it works has been 
explained. In the later sections, readers should have good understanding of the areas of 
healthcare where video capture virtual reality is applied as a therapeutic tool 
specifically in hemiparesis. Barriers in acceptance of video capture virtual reality 
among physiotherapists are discussed in this chapter. The last section of this chapter 
contain details and description of the video capture virtual reality based game 
“TARGET” that has been used as a test game for this research work.  

4.1 Serious Games 
 
Games those are designed for purposes and not specifically for entertainment are 
called “Serious Games”, (Serious Games initiative 2010;Zyda 2005;Alklind Taylor et 
al. 2009). According to (Susi & Johannesson 2007) multiple definitions exist for 
serious games but many authors define serious games as digital games for purposes 
other than entertainment or fun. The purposes include education, training, health, etc. 
 
(Alklind Taylor et al. 2009) Define serious games, as “Serious games are games that 
engage users in their pursuit, and contribute to the achievement of a defined purpose 
other than pure entertainment (whether or not the user is consciously aware of it)”. 
(Zyda 2005) define serious games more formally in terms like “Serious game: a 
mental contest, played with a computer in accordance with specific rules, that uses 
entertainment to further government or corporate training, education, health, public 
policy, and strategic communication objectives”. Furthermore serious games unlike 
game does not only involve story, art and software but it involve pedagogy: methods 
or instructions through which users are educated and trained. There is close 
coordination between the human performance engineering team and design team to 
inspect the involvement of pedagogy. (Figure 2)     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
According to (Michael & Chen 2006) serious games are “games that do not have 
entertainment, enjoyment, or fun as their primary purpose”. (Michael & Chen 2006) 
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Figure 2Serious games not only for entertainment but use pedagogy in game play 
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elaborate the definition in sense that it does not mean that serious games are not 
entertainment, enjoyment or fun based but there is a purpose attached to it, i.e. 
education, training, health etc. According to (Mitchell et al. 2004) fun is not 
considered the only mean of entertainment and player’s engagement in game but other 
elements for example play with extreme and passionate involvement, goals in game 
that motivate and well-structured rules contribute to player’s engagement in game. 
(Susi & Johannesson 2007) emphasizes on the element of “engagement” in games as 
engagement and motivation in games is beneficial in various skill development and 
abilities. 
 
Serious games’ application in various areas has made its significance more evident. 
According to (Zyda 2005) serious games’ broad application areas include, healthcare, 
defense, education, public policy, human performance engineering and strategic 
communication (Figure 3). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(Michael & Chen 2006) present number of application areas for serious games 
including government, military, education, corporate and healthcare etc. This way of 
categorization is considered as core segment of serious games (Susi & Mikael 
Johannesson 2007). Few of These application areas are briefly discussed as follows. 
 

4.1.1 Application in government 
 
Serious games in form of training and simulation are applied in government sector to 
gain understanding and knowledge to tackle various situations. (Michael & Chen 
2006;Squire & Jenkins 2003) explain these situations where games are applied as a 
training tool, for example in government crisis management including disease 
outbreaks, fire fighting, traffic control, budget balancing, ethics training, public policy 
and healthcare.   
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Figure 3Serious games application in broad spectrum. (Adapted from (Zyda 2005) 
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This application of games in various government sector allow the concern staff to 
practice emergency scenario repeatedly through simulations, which is hard to practice 
in real world scenario furthermore, save cost and resources.  

 

4.1.2 Application in military 
 
Serious games are applied in military to train army to cope with situations for example 
bombs defusing, war strategy planning, knowledge about weapons and its usage, 
tactics for officers for combining and controlling army etc. America’s Army is a 
virtual environment based game that proved to be successful in recruitment of young 
adults in army, providing them pre-training and preparing them for missions. 
America’s Army virtual medical training classes provide scenario for training medic to 
actively serve the role of combat medic during wartime (Michael & Chen 2006).  
 
Beyond combat specific training, applications of serious games and training 
simulations in military assist in training non-combat abilities of military for example 
learning foreign language and understanding different culture. Furthermore, it has 
brought number of advantages to individuals from a military perspective in terms of 
multitasking, aggressiveness, target differentiation, target prioritization and ability to 
work in team (Susi & Johannesson 2007;Michael & Chen 2006) .  
 

4.1.3 Application in education 
 
According to (Kirriemuir John & McFarlane Angela 2004) application of games in 
education is new but gaining acceptance with development of different skills among 
the students for example, planning, strategic thinking, communication, negotiation and 
decision-making. Games can be applied in education at elementary, middle, high level 
and at colleges and universities. This application of games in education is assisting 
teachers to better plane their teaching methodology and students in terms of more 
learning outcomes. In addition, the educators with the experience of classroom are a 
great resource for serious game designers to help them design games that meet good 
learning objectives (Michael & Chen 2006).  
 
Following are few games with short description used in education sector (Annetta 
2008) 
 

• The Wolf Den A distance learning virtual world with real-time 
communication and interaction, where online courses are thought and students 
involve in design and creation of role-based games. Wolf Den has not been 
successful in delivering science from distance through virtual laboratory but 
provided rich settings for online social presence for students and instructors. 

• HI FIVES (Highly Interactive Fun Internet Virtual Environments in 
Science) is a video game developed for students in grades 5-9, to improve 
their IT, mathematics and science related skills. Teachers may create video 
games for their classes and this feature makes HI FIVES unique from other 
off-the-shelf available games.   

• Immune Attack it was developed by FAS (Federation of American Scientists). 
Immune Attack is a first person strategy educating game that is developed to 
teach students biology and immunology topics. 

• Food Force is an educational game, developed by UN WFP (United Nations 
World Food Program). The game provides a training scenario to train users in 
terms of distributing food among famine-affected country to assists in 
becoming self-sufficient again.  
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• Quest Atlantis is yet another education-based game NSF (National Science 
Foundation). The game is multiuser game that provide virtual environment for 
users to travel across different virtual placed and perform quests. Users in 
Quest Atlantis study different cultures and environments and complete their 
quests through conducting interviews from community members (Barab & 
Luehmann 2003).  

 

4.1.4 Application in corporate 
 
As technology and media is becoming more popular, the corporate sector is also 
interested to adopt games and simulations for training their employees. The use of 
serious games is increasing in corporations as employees with gaming experience are 
also increasing and their attention is easily caught by serious games. This resulted in 
number of benefits for those with gaming experience in corporate sector, as they can 
understand risks against reward. They can deal with tradeoffs and take measured risks.  
Furthermore, corporate training can be useful in situations where audience is difficult 
to approach, material is boring, and objectives are difficult and complex to understand 
(Michael & Chen 2006). 

4.2 Virtual reality`s elements, input and output 
 
Gaming features are integrated in to virtual reality in order to obtain the purpose, i.e. 
education, training, health making this integration as serious games. Virtual reality is 
effectively involved as an assessment tool in the rehabilitation of different neurological 
conditions (Jack et al. 2001;Selzer et al. 2006), which has made its existence more 
evident and research (Holden 2005) with different approaches have developed and 
evaluated virtual reality systems in different areas of healthcare. 
  
According to (Sherman & Craig 2003) Virtual reality is “a medium composed of 
interactive computer simulations that sense the participant's position and actions and 
replace or augment the feedback to one or more senses, giving the feeling of being 
mentally immersed or present in the simulation (a virtual world)”. Furthermore, discus 
the four key elements experienced in virtual reality as follows.   
 
1. Virtual world is content of a given medium. Virtual world is an imaginary space 

that is evident through a medium. Virtual world is a collection of hardware, 
software and content to create virtual reality experience. 
 

2. Immersion is feeling of being in an environment. It may be either mental 
immersion, a state of deep engagement in an alternate environment or physical 
immersion.  The state of “mental immersion” is often referred as “sense of 
presence” with exception of less understanding about the meaning, relation and 
differentiation of these two terms.  
 
Presence defined as subjective experience of being in a computer-generated 
environment, even physically locating in another. Effectiveness of virtual 
environments (VEs) is often linked to the sense of presence experienced by users 
(Witmer & Singer 1998). 
 

3. Sensory feedback Virtual reality systems provide sensory feedback to the 
participants by tracking their position and this sensory feedback is experienced 
through visual sense or there are some virtual environments exists which display 
sensory feedback through haptic (touch) experiences. Usually, the feedback is 
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achieved by the use of fast computers that work as a mediating device between 
virtual environments and participants.  
 
Position tracking is computerized sensing of an object that is present in the real 
world. For the sensory output, the virtual reality (VR) system uses different 
tracking technologies for example, Mechanical, Optical, Videometric, Ultrasonic, 
Inertial, and Neural in order to track the position of the participant. These tracking 
technologies usually track the head, hand or other major body joints.  
 

4. Interactivity is another important element of virtual reality where the participant 
interacts with objects in the imaginary world. Interactivity is also referred to as 
interactive fiction (IF). Interactive fiction is defined as the user’s ability of 
interaction with a world by picking up objects, setting them down, flipping 
switches and changing locations.  
 
According to (Marshall & Nichols 2004) interaction in virtual environment is 
important for task effectiveness. Interaction is divided in to exocentric where 
participant select object from outside the environment and egocentric allows 
interaction within environment. Egocentric interaction is often expected to produce 
high level of presence as interaction is performed within environment. (Bowman 
& Wingrave 2001) divide interaction in to four (universal interaction tasks) as 
following. 
  
• Navigation is movement of the viewpoint according to environment. 
• Selection of one or more objects from an available list of objects. 
• Manipulation changing to the specification of object’s position and 

orientation.  
• System control the task is related to the change of system’s state or 

interaction mode.  
 

4.2.1 Input to virtual reality 
 
Input interfaces are the medium through which users interact with virtual reality. In the 
virtual reality experience, the virtual reality system may also require input from 
nonparticipant world either real or virtual and thus dividing the input in to two 
categories as following. 
 
1. User monitoring virtual reality system is less virtual or less interactive if it is not 

able to accept input from user. In the virtual reality experience, user monitoring is 
the real-time monitoring of user’s actions and continuous tracking of user 
movements for example, pressing a button or issuing a voice command. This input 
either is fed to the virtual reality system through active ways including spoken 
commands, joysticks, steering wheels, and dashboards or through other passive 
methods where virtual reality system tracks the body parts for example hands, eyes 
and feet. Passive methods also include position tracking that tells the virtual reality 
system about the location and orientation of the participant. In virtual reality 
systems, position sensors are devices used to track the position of the user in the 
virtual space. Few of these devices include optical, mechanical, electromagnetic, 
video metric and ultrasonic sensing devices. Out of these position-tracking 
devices, optical tracking is worth to mention here as important part of this research 
work. 
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• Optical tracking 
 

Optical tracking require the use of visual information that is provided as an input 
to the virtual reality system. In optical tracking systems, video cameras usually in 
a fixed location with computer vision techniques are used as an electronic eye to 
track the object or participants’ visual information and render it to the virtual 
reality systems. The visual information is rendered in two-dimensional (2D) ways, 
as the sensor view the object as plane without depth information. The two 
dimensional (2D) optical tracking is used in second person virtual reality where 
the object watches themselves in the virtual world. The video camera (source) is 
used for checking the position of the participant within video picture and to add 
the participant’s picture to the virtual world. 

 
There is another method involved for optical tracking, where a small camera 
mounted near a desktop monitor detects the user’s position in front of the monitor 
by calculating the distance between user and desktop monitor. The distance often 
falls within some small range.  

  
2. World monitoring in the world monitoring the information fed to the virtual 

reality system do not directly related to the participant. The world that is 
monitored might be either real or virtual world that evolve over period with or 
without the participation of the user. World monitoring provides input or 
information about the real world due to change in virtual world over time or user 
manipulation for example, weather monitoring stations or satellite in simulation.  

 

4.2.2 Output to virtual reality 
 
The output of the virtual reality is displayed through devices to three human senses 
visual, aural, and haptic although the inclusion of other human senses can increase 
immersion in the virtual environment. The arrangement for sensory displays has been 
made in to five categories, i.e. Fishtank virtual reality, Projection virtual reality, 
Occlusive Head-Mounted Display (HMD), Nonocclusive HMDs and Palm virtual 
reality stemming from three basic Stationary, Head based and Hand based displays. 
The Fishtank virtual reality also called monitor based virtual reality is simplest of all 
virtual reality visual displays that uses standard monitor for visual display and 
provides the flexibility to the users to move their heads side to side and up and down to 
see objects. 
 
According to (Sherman & Craig 2003) the occlusive head based displays that block the 
real world in favor virtual are mostly known equipments of virtual reality systems. 
These equipments include Head-Mounted Display (HMD), experimental retinal 
displays, counterweighted displays etc which are worn or mounted to participant’s 
head and move according to head movement. The Head-Mounted Display (HMD) is 
popular among most of occlusive head based displays but still it is not best displays for 
all applications. 
 
Similar to visual displays, aural displays also consist of stationary displays including 
speakers and head based displays for example headphones that move with participant’s 
head. Haptic displays are used as input and output in virtual reality systems although 
considering strictly as input or output in some situation for example Braille displays. 
Haptic displays provide the sense of real existence of an object.  
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4.3 Video capture virtual reality and the way it works 
 

Video capture virtual reality unlike Head-Mounted Display (HMD) virtual reality is a 
platform that uses single camera to capture real-time movement of the users and 
further process it to convert it into virtual environment using specially written 
software. According to (Weiss et al. 2004) in video capture virtual reality, platform 
users stand or sit in a demarcated area where they view a large screen with series of 
simulated environments. Users see themselves in virtual environment on the screen 
and the user’s own movement entirely directs the progression of the tasks. The user’s 
movement is the input that is fed through optical tracking. The output is the complete 
engagement in the task in the simulated environment. The user’s own on-screen video 
image responds exactly the same time to user’s movement giving a high degree of 
realism to virtual reality experience.  

 
(Krueger 1991) initiated the idea of “videoplace” and this proved as a base for video 
capture virtual reality with the next release of Vivid Group’s Gesture Extreme (GX) 
platform (GestureTek Health 2010). The Gesture Extreme (GX) is a projected video 
capture virtual reality platform that makes use of chroma key-based setup, subtracts 
existing background and replaces it with simulated background. It was originally 
developed for entertainment purposes but later it was adapted for rehabilitation. The 
following block diagram in (figure 4) shows the setup of the system in two views, i.e. 
top view and side view.    
 

  
 
 

In video capture virtual reality, users interact with virtual environment in complete 
naturalistic manner without attaching position sensors to their body and view the 
visual display on the screen rather than wearing Head-Mounted Display (HMD). 
Furthermore, users receive aural feedback through speakers or head based displays.  

4.4 Video capture virtual reality in healthcare 
 

Virtual reality’s application for rehabilitation in the various areas of healthcare for 
example neurological, cognitive rehabilitation, cerebral palsy, autism, phobias, stroke, 
and training for activities of daily living begin about 15 years ago (Weiss et al. 
2009).This application is due to few attributes of virtual reality technology (Rizzo et 
al. 2004). These attributes include, skill acquisition and learning through presence that 
encourage and motivate the participants during the virtual reality experience 

Figure 4Gesture Xtreme system block diagram 
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(Mantovani 2003). According to (Rizzo & Kim 2005) analysis of virtual reality 
technology shows its effectiveness in different domains of therapy and rehabilitation 
with the development of less costly and more useful virtual reality systems that targets 
areas of physical, psychological and cognitive rehabilitation.  

 
Variety of virtual reality platforms delivered on Head-Mounted Display HMD (Rizzo 
et al. 2000) video capture (Guberek et al. 2008) or specially designed virtual reality 
platforms (Jaffe et al. 2004;Katz et al. 2005) has evaluated the potential of virtual 
reality in the healthcare. Virtual reality based training is effective for performing 
functional activities of daily living for example virtual kitchen, street crossing, hospital 
and university’s way finding for those affected due to brain injury (Weiss et al. 
2003b;Gourlay et al. 2000). It is explored that virtual reality technology can work as a 
distraction tool for burn patients to feel less pain during burn therapy (Hoffman et al. 
2000) and is effective in treatment of phobia (Hodges et al. 2001) and venipuncture.  
Sony PlayStation II EyeToy is a video-capture virtual reality system that is used as an 
efficient rehabilitative tool to immerse burn patients in an alternate reality in order to 
make them feel less pain during burn therapy, as physical therapist faces challenges in 
terms of reducing pain for those with burn injuries (Haik et al. 2006).  

   
According to (Thornton et al. 2005) improvements were reported in balance control, 
when Interactive Rehabilitation Exercise IREX was intervened for rehabilitation of 
adults with Traumatic Brain Injury TBI and their caregiver those participated in 
separate focus groups. Furthermore, adults those participated in virtual reality based 
treatment experienced more enjoyment and motivation. The virtual supermarket VMall 
was assessed as intervention tool for patients with multitasking and executive function 
deficits after stroke. Participants were examined as they were engaged in shopping 
tasks in Multiple Errands Test–Hospital Version (MET–HV) and Virtual Multiple 
Errands Test (VMET). Improvements from 20.5% to 51.2% was found in ability of 
participants in both (MET-HV) and (VMET) but it was concluded that VMall is 
effective and motivating for multitasking for patients those are not able to perform 
activities of daily living due to multitasking and executive functions deficits (Rand et 
al. 2009).  
 
According to (Weiss et al. 2003a) young adults with physical and intellectual 
disabilities caused due to Cerebral Palsy CP restrict them to engage in leisure 
activities.  The pilot study in which five young male adults with cerebral palsy and 
severe intellectual disabilities participated in game like virtual reality scenarios. The 
participants showed high level of presence and enthusiasm during the virtual reality 
experience. Furthermore the study explored the role of virtual reality in providing 
leisure experience to patients with cerebral palsy and improving their sense of 
empowerment.  

 

4.4.1 Stroke 
 

Human brain requires sugar and oxygen as main sources of energy. The serum of 
blood contains sugar and hemoglobin of red blood cells contains oxygen. When the 
brain does not receives enough amount of blood, that part of brain unable to execute its 
routine functions. Stroke is described as brain injury due to abnormality of blood 
supply to part of brain (Caplan 2005). According to (Rosamond et al. 2007) stroke 
causes physical disability and in stroke-affected population 50% have hemiperasis, 
20% dependent in performing day to day activities, and 30% unable to walk 
independently. 
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Stroke survivors with physical disability affect their independency, quality and 
productivity in life. The most severe impact of stroke is that patients with stroke 
cannot resume their activities specially related to enjoyment. Older adults those have 
experienced stroke become less interested in enjoyable activities. Depression, motor 
dysfunction and visuo-spatial ability are few factors for this decreased interested in 
enjoyable activities among people with stroke.  
 

4.4.2 Hemiparesis 
 
Stroke affects different part of the brain and is cause of different disabilities and 
dysfunction for example motor (motion of limbs and body) dysfunction. The 
dysfunction usually effect single side of the body. The single sided weakness is called 
“hemiparesis” hemi means half and paresis means weakness (Caplan 2005). The upper 
extremity hand and arm often more affected due to stroke and take longer period for 
recovery than leg and foot. This longer recovery period may also include one reason of 
involving non affected Upper Extremity (UE) in activities of daily living than affected 
UE that become less functional (Taub et al. 2002). 
 

4.4.3 Rehabilitation 
 
Rehabilitation is the process of educating disabled individuals in way that make them 
able to interact with friends, family, work and leisure as independent as possible 
(Barnes 2003). According to Word Health Organization (WHO), rehabilitation is a 
well-organized process that improves activity and participation (WHO 2001). 
Effective motor function recovery depends on nature and quality of rehabilitation. 
Sensory feedback modality that is essential for movement in an appropriate 
environment is important for motor relearning. The use of advance technologies for 
example, virtual reality in rehabilitation is a positive outcome and may enhance motor 
rehabilitation for some persons and not for others but it still requires technical training 
of therapist (Liebermann et al. 2006) . Initial stroke rehabilitation begins at hospital but 
it also further continues after discharge from acute stroke phase at home under the 
supervised outpatients rehabilitation care (Duncan et al. 2005).  

 

4.4.4 Video capture virtual reality in hemiparesis rehabilitation 
 

Video capture virtual reality is effectively involved in various areas of healthcare but 
most studies (Weiss et al. 2009) are aimed at utilizing video capture virtual reality 
system for enhancing motor aspects of persons with neurological conditions. 
According to (Weiss et al. 2004) diverse studies with the common goal of improving 
person’s motor or cognitive abilities are growing.  

 
The initial projected video capture virtual reality platform GX was extended to form a 
new platform called adapted GX or Interactive Rehabilitation Exercise IREX used for 
rehabilitation of different neurological deficits. (Sveistrup et al. 2003) used this video 
capture virtual reality platform for comparing virtual reality based exercise to 
conventional exercise program for rehabilitation of shoulder joint in patients with 
frozen shoulder and for balance retraining. Results demonstrated improvement in 
shoulder and balance recovery. The families of patients showed preference for the 
virtual reality based training over conventional therapy. Virtual reality based system 
that is easily adaptable to inpatients, home based and achieving rehabilitation goals 
could be used as adjunct to conventional therapy. According to (Guberek et al. 2008) 
the IREX video capture virtual reality system with hand and forearm interaction was 
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adapted for achieving upper limb rehabilitation goals for children with restricted upper 
limb movement similar to the earlier system (Bryanton et al. 2006) but with full body 
interaction. 
 
A case report conducted of an 8-year-old child who had hemiparetic Cerebral Palsy 
(CP). Functional Magnetic Resonance Imaging (fMRI) and other standardized motor 
tests were measured before and after using the IREX system. Changes in the 
Supplementary Motor Cortex (SMC) demonstrated enhancement in motor skills in the 
affected limb of the child and the child’s ability to reach, self-feeding and dress 
became increased (You et al. 2005). The IREX platform serve an important role in 
rehabilitation of hemapresis and other cognitive conditions but it is comparatively 
complex and expensive to other off-the-shelf video capture virtual reality low cost 
platform including Reality Fusion’s GameCam, Intel’s Me2Cam and CamSpace 
(CamSpace 2009) . These platforms were intervened for home based rehabilitation and 
do not require chroma key blue/green backdrop as IREX. 

4.5 Acceptance of video capture virtual reality among 
physiotherapists 

 
The physiotherapists’ attitude towards virtual reality based rehabilitation is important 
to know in order to achieve clinical acceptance, as there is also a misconception that 
virtual rehabilitation will replace therapists with computers (Yarbrough & Smith 
2007). Furthermore, organizational characteristic, costs, lack of standard, lack of time 
(Audet et al. 2004), lack of familiarity and knowledge of resources (Austin et al. 2006) 
are barriers in accepting technology in the healthcare community. However, despite 
these barriers, according to (Chau & Hu 2001;Chau & Hu 2002;Chismar & Wiley-
Patton 2003) Technology Acceptance Model TAM is an excellent mean of anticipating 
behavioral intention of healthcare providers towards acceptance of technology.  

4.6 “TARGET” a video capture virtual reality based 
game 

 
Effective motor relearning requires early and repetitive movement of arm (Feys et al. 
2004). The repetitive movement for the effected arm was also emphasized in (Whitall 
et al. 2000) for motor rehabilitation. According to (Liepert et al. 2000) repetition of 
effected arm exercise, bring better improvement in the functional ability of the arm. 
Due to chronic nature of stroke rehabilitation, clinical research have also explored the 
potential of IREX and other commercial off-the-shelve virtual reality based systems 
(Rand et al. 2008) as a therapeutic tool in order to achieve motor relearning for stroke 
patients with hemiparesis that involve repetitive arm movement during game play.  

 

4.6.1 TARGET Game description 
 

“TARGET” is a free commercial off-the-shelf entertainment based online game. The 
game is based on video capture virtual reality that requires a standard webcam and a 
personal computer. The webcam is mounted at the top of computer that captures the 
user’s image sitting or standing in a demarcated area in front of webcam and users see 
themselves in simulated virtual environment on the screen. The user’s movement is fed 
as input to the environment through optical tracking and the output is complete 
engagement in the task in the virtual environment.  
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The game requires repetitive movement of both or one arm to interact with virtual 
environment. The user move arms and try to focus his waving fingers on colorful 
targets those appear randomly in order to burst them and to score points. The colorful 
targets appear randomly for a very short period on different positions of the screen 
with steady speed and then disappear if it is not busted. User score points for each 
single colorful target burst and points are deducted on busting red targets those appear 
periodically within game play. User should avoid busting red targets in order to save 
deduction of points and increase score. The game is entered into the next level after the 
user score specific points set in the game.  
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5 EMPIRICAL WORK 
 
This chapter consists of procedures used for quantitative and qualitative data 
collection. The first section 5.1 begins with the details of the workshop that the authors 
conducted at Blekinge County Hospital (Karlshamn). The detail procedure for 
collecting quantitative data in context of Technology Acceptance Model TAM is 
further discussed in this chapter. The last section 5.6 of this chapter describes the 
details about the procedure used for qualitative data collection.    

5.1 Workshop  
 

5.1.1 About the workshop 
 
Authors’ thesis supervisor Sara Eriksén (Professor, Blekinge Institute of Technology) 
and authors convened a workshop in collaboration of physiotherapists of Blekinge 
County Hosptial (Karlshamn) at the karlshamn hospital. The audiences including 
supervisor herself, authors, head of physiotherapists (karlshamn) and complete 
physiotherapists staff attended the workshop in order to exchanged ideas for adopting 
video capture virtual reality game for motor impairment with respect to rehabilitation. 
The workshop participants actively participated in discussion and shared their opinions 
that helped in understanding their experiences in the field.  
  

5.1.2 Aim of the workshop 
 
The aim of the workshop was to investigate perception and technology acceptance 
among the physiotherapists under the assumption of video capture virtual reality game 
for motor impairment rehabilitation. Hence, perceived ease of use, perceived 
usefulness and perceived intention to use were assessed using TAM. 
 

5.1.3 Participants 
 
Ten participants participated in the workshop, in which three were from BTH 
(Blekinge Institute of Technology) including thesis supervisor and authors. While 
there were seven physiotherapists (5 female, 2 male) from Blekinge County Hospital 
(Karlshamn) including head of physiotherapists.  
 

5.1.4 Presentation and Demonstration 
 
First, the authors gave a short presentation prepared through literature review on the 
proposed idea including background and related work done in the research field was 
introduced among the audience. According to designed workshop plan, presentation 
was followed by a demonstration of video capture virtual reality game “TARGET” but 
due security reasons we were unable to get access to internet (online game site) as we 
were using our own laptop for the whole presentation. On the meantime, we were 
lucky enough to have some snapshots of the “TARGET” game, which we prepared for 
presentation. For the general introduction these snapshots worked to some extent but 
later on the task was assigned to technical staff of the hospital to provide a proper 
system consist of computer system, webcam and internet, because these services were 
the primary requirements to operate or demonstrate the system. Complete list of 
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instructions and procedures were provided to physiotherapists that include information 
of how to access and run the online game “TARGET” available free on the internet.  

5.2 Questionnaire 
 
Questionnaire is an inexpensive mean of collecting quantitative data. The authors 
adapted the closed-ended questionnaire used in this research work from the 
questionnaire of (Davis 1989;Conner & Sparks 1996;Van et al. 2002) with a likert 
scale of seven points  (see appendix-A) for collecting quantitative data from the 
physiotherapists of Blekinge County Hospital (Karlshamn). The authors revised the 
adopted questionnaire in context of video capture virtual reality for motor impairment 
rehabilitation. As (Van et al. 2002) has also revised this questionnaire adapted from 
(Davis 1989; Conner & Sparks 1996) in order to measure clinical acceptance of 
portable system for postural assessment. 
  

5.2.1 Questionnaire planning 
 
The authors plan was to measure physiotherapists’ perception about the acceptance of 
video capture virtual reality technology for motor impairment rehabilitation at 
Blekinge County Hospital (Karshamn) in such appropriate manner so that the required 
objective of using questionnaire should properly be achieved. For this purpose the 
authors planned to use likert scale questionnaire. Likert scale is a common technique 
for survey that is used for attitude measuring of the respondent (Likert R, 1932). The 
questionnaire was categorized and ordered in three main scales, perceived usefulness, 
perceived ease of use and intention to use of video capture virtual reality technology in 
motor rehabilitation. Perceived usefulness, ease of use and intention to use are three 
important determinant of Technology Acceptance Model TAM for measuring 
acceptance of technology.  
 

5.2.2 Questionnaire design 
 
The revised likert scale questionnaire in this research work to measure video capture 
virtual reality’s acceptance for motor relearning among physiotherapists was designed 
in terms of scales, perceived ease of use, perceived usefulness and intention to use 
(Davis 1989). Each of these three scales is discussed briefly in the following. 

5.2.2.1 Perceived ease of use (PE) 
 
According to (Davis 1989) perceived ease of use is “the degree to which a person 
believes that using a particular system would be free of effort”. This scale in the 
questionnaire consists of six customized questions. 

5.2.2.2 Perceived usefulness (PU) 
 
According to (Davis 1989) perceived usefulness is “the degree to which a person 
believes that using a particular system would enhance his or her job performance”. 
This scale in the questionnaire consists of six customized questions.  
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5.2.2.3 Intention to use 
 
Intention to use is another significant scale used to measure acceptance of technology 
and (Davis 1989; Venkatesh et al 2003) suggested that rather than attitude, perceived 
usefulness and perceived ease of use determine the intention to use a technology. This 
scale in the questionnaire consists of six customized questions.  

  
According to (Davis 1989) among people to accept or reject technology, two 
determinants perceived ease of use and perceived usefulness are important. (Lederer & 
Maupin 2000) examined the relationship between perceived ease of use, perceived 
usefulness, attitude towards use and the results showed Technology Acceptance Model 
as a predictive model for different technologies acceptance. 
 

5.2.3 Distribution of questionnaire 
 
As mentioned earlier in section 5.1.4, the designed workshop plan was that after a 
short presentation of the video capture virtual reality and its usefulness in motor 
rehabilitation the demonstration of the video capture virtual reality based game 
“TARGET” has to be given, next physiotherapists has to filled up the questionnaire. 
The authors were unable to collect data from physiotherapists about their experience of 
video capture virtual reality game in the meantime during workshop. It was necessary 
for the physiotherapists to experience the system in order to fill in questionnaire but it 
was not possible due to unavailability of internet service. Hence, to overcome the 
obstacle the questionnaires were distributed among seven physiotherapists informing 
them to give their feedback after they have experienced the video capture virtual 
reality based game “TARGET”. Later on, after the workshop the computer system was 
provided by the technical staff of the hospital whereas the physiotherapists 
experienced the video capture virtual reality game personally and became familiarized 
of the system. 

5.3 Interview 
 
The interview was conducted to collect qualitative data for this research work. 
According to (Ritchie & Lewis 2003) individual interviews are most widely used 
methods of conducting qualitative research. The role of video capture virtual reality in 
healthcare and its importance specifically in motor impairment rehabilitation is studied 
in the literature review in chapter 4. The perspective of the healthcare professionals 
and more specifically the opinion of physiotherapists of Blekinge County Hospital 
(Karlshamn) about the effectiveness of video capture virtual reality in healthcare and 
its importance in motor impairment rehabilitation were necessary to know in order to 
provide a solid base to support the literature review. For this purpose, in the authors’ 
opinion a semi-structured interview with the physiotherapists of Blekinge County 
Hospital (Karlshamn) was a mean to provide a conversational framework in order to 
have two-way communications and to reach the physiotherapists’ perception. 
According to (Flick 2009) the respondent have knowledge that contain clear 
acceptance about the domain under discussion and the respondent can share this 
knowledge easily in answering an open ended question. The authors in this semi 
structured interview acted as an active listener “interviewer” whereas the 
physiotherapists as respondents “interviewees”.  
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5.3.1 Selection of the participants 
 
The “interviewees” for interview were selected based on their knowledge and 
experience in their respective fields. Another reason for the selection of target 
interviewees was their interest they built in this research work after the workshop and 
experiencing the test game “TARGET”. At the beginning the authors’ planned to 
conduct two individual interviews from each individual physiotherapist but due to time 
constraints the physiotherapists showed their consent to mutually participate in a single 
interview that lasted for one hour and fifteen minutes. The interview data was recorded 
on tape recorder with the permission of the interviewees.  
 

5.3.2 Objective of the interview 
 
The main objective of the interview was to acquire knowledge in terms of 
physiotherapists’ perception about the usefulness of video capture virtual reality in 
healthcare and its importance specifically in motor impairment rehabilitation. The 
secondary objective of interview was to validate the quantitative data for this research 
work.  
 
The semi-structured interview that began initially with general questions in order to 
know the physiotherapists’ experience headed towards more specific questions about 
the domain and questions those aroused during the interview for example “You can do 
many functions many time and more quantitative. What do you mean by quantity?” 
assisted the authors to understand the perspective of physiotherapists and to build 
knowledge about the usefulness and importance of video capture virtual reality in 
motor impairment rehabilitation from the physiotherapists’ point of view.  
 
The semi-structured interview with the physiotherapists of Blekinge County Hospital 
(Karlshamn) together with literature review supported our 1st i.e “How useful are 
video capture virtual reality / 2D games in healthcare?” and 2nd i.e “What is the role 
of video capture virtual reality game in motor rehabilitation?” research questions. 
According to (Wengraf 2001) semi-structured interview involve the interviewer in 
model building and model testing as well as theory construction and theory 
verification within the same or series of sessions.  
 
The set of questions designed for the semi-structured interview (see appendix-B) also 
consist some questions regarding the survey questionnaire in the context of perceived 
ease of use (PE), perceived usefulness (PU) and intention to use. Because if the outlier 
cases from quantitative data analysis occurred, qualitative interview could provide 
understanding about why respondent diverged from the questionnaire (Creswell 2003). 
Thus, the analysis from semi-structured interview further assisted the research work to 
also validate the quantitative data and clarify the results that were collect from the 
physiotherapists prior to the interview (Sandelowski 2000). 
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6 RESULTS & ANALYSIS 
 
This chapter describes about the results and analysis of the collected data through 
questionnaire and interview. Section 6.1 presents the statistical analysis of the 
questionnaire. Furthermore, frequency distribution and graphical representation for 
each individual component, i.e. perceived ease of use, perceived usefulness and 
intention to use has been explained respectively. In section 6.2, the interview analysis 
is described.  

6.1 Statistical Analysis of Questionnaire Survey 
 
The collected data in the form of questionnaire responses are furthermore organized 
and interpreted in well-defined manner. As our observational unit or source of data, i.e. 
physiotherapists of (karlshamn) hospital consisted of seven physiotherapists. Hence, 
our field of study population size was small. Authors received four responses out of 
seven. Since data was organized in the summarize form and presented graphically. 
 
Questionnaire was designed in such a way that consists of three main determinants, i.e. 
perceived ease of use, perceived usefulness and intension to use. Likewise, the data 
analysis is presented below in a same way, first of all perceived ease of use afterward 
perceived usefulness and finally intension to use determinants are summarized and 
interpreted on behalf of their items, i.e. each determinant consists of six questions 
(variables) and these variables were measure through seven-point Likert scale 
respectively.  
 
Before presenting the tables and graphs one by one for each determinant separately, 
authors need to explain the basic structure of table and graph format once because all 
the tables and graphs have common features for each determinant.   
 
As a result table 1, table 3 and table 5 shows the summarize form of collected data. 
These tables clearly presents the items and values in most general form, where the first 
column under the heading of “Questions” consists of six variables in the form of 
properties or characteristics for perceived ease of use, perceived usefulness and 
intention to use respectively. Meanwhile, these questions were measured through 
seven-point Likert scale from extreme likely towards extreme unlikely concurrently. 
Tables also show the number of respondent size, which is all the way four 
sequentially. For each individual question, number of respondent score or frequency 
distribution toward Likert scale points has shown both in number as well as in 
percentage inside the table. 
 
Similarly, each figure shows the graphical presentation of table contents in the form of 
bar chart. The horizontal axes of the graphs show the percentage value of the number 
of respondents for each question against marked or scored individual Likert scale point 
by the physiotherapist. The vertical axes of the graphs show the seven-point Likert 
scale for each determinant. Each bar represents specific question value differentiating 
through colors, there are six different colors allocated to each question.  
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6.1.1 Perceived ease of use 

6.1.1.1 Frequency Distributions 
        

Table 1 Frequency Distributions of 4 respondents (Perceived ease of use) 

Questions 
No. of 

Respon
dent 

Likely Likert Scale  Unlikely 

Extre
mely 

quit
e 

slight
ly 

neith
er 

Slight
ly quite Extreme

ly 

Learning to use the system would 
be easy for me. 4 

75% 
(3) 

25% 
(1) 

0% 
(0) 

0% 
(0) 0% 

(0) 
0% 
(0) 0% (0) 

I would find it easy to get the 
system to do what I want it to do. 4 25% 

(1) 
25% 
(1) 

25% 
(1) 

0% 
(0) 

25% 
(1) 

0% 
(0) 0% (0) 

Interacting with the system would 
be clear and understandable to me. 4 50% 

(2) 
25% 
(1) 

25% 
(1) 

0% 
(0) 

0% 
(0) 

0% 
(0) 0% (0) 

I would find the system flexible to 
interact 4 0% (0) 25% 

(1) 
0% 
(0) 

25% 
(1) 

25% 
(1) 

25% 
(1) 0% (0) 

It would be easy for me to become 
skilful at using the system. 4 50% 

(2) 
50% 
(2) 

0% 
(0) 

0% 
(0) 

0% 
(0) 

0% 
(0) 0% (0) 

I would find the system easy to 
use. 4 25% 

(1) 
50% 
(2) 

25% 
(1) 

0% 
(0) 

0% 
(0) 

0% 
(0) 0% (0) 

 

6.1.1.2 Graphical Presentation 
 
 

 
Figure 5 Score measurement for perceived ease of use as given in table 1 
 

 
In figure 5 perceived ease of use determinant values are presented in the form of bar 
chart, which clearly shows that almost majority of respondents found the system easy 
to use. Physiotherapists’ perceptions were measured through the Likert scale; most of 
the responses lie towards “Likely” part of the scale. Hence, in this case it can be 
analyzed that perceived ease of use towards technology is more likely in the 
physiotherapists’ point of view.  
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6.1.2 Perceived Usefulness 

6.1.2.1 Frequency Distributions 
 

Table 2 Frequency Distributions of 4 respondents (Perceived usefulness) 

Questions 
No. of 

Respon
dent 

Likely Likert Scale  Unlike
ly 

Extre
mely 

quit
e 

slight
ly 

neith
er 

slight
ly quite Extre

mely 

Using the system in my job would 
enable me to make exercise for 
motor impairment more 
efficiently. 

4 0% (0) 50% 
(2) 

50% 
(2) 

0% 
(0) 

0% 
(0) 0% (0) 0% (0) 

Using the system in my job would 
enable me to achieve 
training/exercise for motor 
impairment in more quantity.  

4 0% (0) 75% 
(3) 

25% 
(1) 

0% 
(0) 

0% 
(0) 0% (0) 0% (0) 

Using the system would improve 
my job performance. 4 0% (0) 25% 

(1) 
75% 
(3) 

0% 
(0) 

0% 
(0) 0% (0) 0% (0) 

Using the system would enhance 
my effectiveness on the job. 4 0% (0) 0% 

(0) 
25% 
(1) 

75% 
(3) 

0% 
(0) 0% (0) 0% (0) 

Using the system in my job would 
enable me to provide better 
support for my motor impairment 
rehabilitation. 

4 0% (0) 25% 
(1) 

75% 
(3) 

0% 
(0) 

0% 
(0) 0% (0) 0% (0) 

I would find the system useful in 
my job. 4 0% (0) 0% 

(0) 
100
% 
(4) 

0% 
(0) 

0% 
(0) 0% (0) 0% (0) 

 

6.1.2.2 Graphical representation 
 
 

 
Figure 6 Score measurement for perceived usefulness as given in table 3 

 
In figure 6 perceived usefulness determinant graphical representation is drawn in the 
form of bar chart, which clearly shows that approximately all bars lies within the scale 
of “Likely quite” and “Likely slightly” respectively. There were six questions to 
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measure perceived usefulness determinant in the questionnaire for the 
physiotherapists, these questions were the properties or characteristics to ultimate 
perceived usefulness factor. Hence, majority of respondents have selected likely on the 
scale, so it can be analyzed that perceived usefulness towards technology is more 
likely in the physiotherapists’ point of view.        

 
 

 

6.1.3 Intention to use 

6.1.3.1 Frequency Distributions 
 

Table 3 Frequency Distributions of 4 respondents (Intention to use) 

Questions 
No. of 

Respon
dent 

Definitely 
do not Likert Scale  Definitely 

do 

1 2 3 4 5 6 7 

I intend to use the system for 
motor impairment rehabilitation / 
exercise. 

4 0% (0) 25% 
(1) 

0% 
(0) 

25% 
(1) 

50% 
(2) 

0% 
(0) 0% (0) 

I plan to use the system for motor 
impairment rehabilitation. 3 0% (0) 25% 

(1) 
0% 
(0) 

25% 
(1) 

25% 
(1) 

0% 
(0) 0% (0) 

I would like to use the system for 
motor impairment rehabilitation. 4 0% (0) 0% 

(0) 
25% 
(1) 

25% 
(1) 

50% 
(2) 

0% 
(0) 0% (0) 

I want to use the system for motor 
impairment rehabilitation. 4 0% 

(0) 
0% 
(0) 

25% 
(1) 

25% 
(1) 

50% 
(2) 

0% 
(0) 0% (0) 

I expect to use the system for 
motor impairment rehabilitation. 4 0% (0) 25% 

(1) 
25% 
(1) 

50% 
(2) 

0% 
(0) 

0% 
(0) 0% (0) 

How likely is it that you would 
use the system for your motor 
impairment rehabilitation? 

4 0% (0) 25% 
(1) 

25% 
(1) 

50% 
(2) 

0% 
(0) 

0% 
(0) 0% (0) 

 
 
 

6.1.3.2 Graphical representation 
 

 
Figure 7 Score measurement for intention to use as given in table 5 
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Unlike perceived ease of use and perceived usefulness, the outcomes from the 
intention to use part of the questionnaire is not showing high level of acceptance as 
shown in figure 7. The results from the intention to use determinant are partially 
different from the previous ones. The bars clearly shows that the values of “Definitely” 
means intension to use the system lies toward low level, i.e. “3” and “4”.  

 
Finally, to summarize the analysis of all three parts of the questionnaire, i.e. perceived 
ease of use, perceived usefulness and intention to use; we probably able to come up 
with some statistical analysis, which can be seem meaningful and important to map 
answer for our last research problem. The third research question of this thesis work 
depends upon the survey questionnaire results; therefore it is easy to produce better 
explanation under the umbrella of statistical analysis result of the questionnaire 
feedback.  

 
In our third research problem, we tried to achieve the video capture virtual reality 
technology acceptance among the physiotherapists. Hence, we used technology 
acceptance model TAM in the form of standardized questions conducted through 
survey questionnaire. 

     
 
 
 
 
 
 
 
 
 
 

 

As mentioned earlier that the results of first two determinants, i.e. perceived ease of 
use and perceived usefulness were very prominent in respect to acceptance point of 
view. Therefore, it was necessary that the third determinant “intension to use” must be 
in a same level of acceptance as that of other two, but here in data analysis it is not as 
similar as it should be of resultant of first two. This non-significant relation between 
these determinants is explained clearly later in discussion chapter. Overall, the 
acceptance level is high among the physiotherapists. 

6.2 Interview analysis 
 
The authors conducted a semi-structured interview with Charlotte Malm1

                                                      
1 Names of the interview respondents are mentioned here upon their consent 

 and Karin 
Gall in a group at Blekinge County Hospital (Karlshamn). Charlotte Malm is working 
as head physiotherapist in the rehabilitation department of Blekinge County Hospital 
(Karlshamn) since 1989, whereas Karin Gall is a physiotherapist and working in 
department of physiotherapy since 2006. The initial understanding regarding 
respondents’ interest in games and video capture virtual reality based gaming 
environments enabled us to know the participants’ previous experience in the domain 
under discussion. As according to Charlotte Malm, she has experienced Wii and Wii 

System/Product 
characteristics 

Perceived 
ease of use  

 

Perceived 
usefulness  

Intention to 
use 

Figure 8 Technology acceptance model TAM (adapted from (Van et al. 2002) 
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Fit gaming environment. Karin Gall has also played game named as Tetris and has 
experienced game that is designed for rehabilitation, in which user try to catch the 
balls in order to defend goals. She further mentioned, “It was fun”. The previous 
experience of the respondents in the related domain more strengthened the authors’ 
confidence about perceiving the respondent’s answers to be more accurate and to the 
purpose during the rest of the interview. 
 
The authors analyzed the interview data into following categories that the authors 
extracted from the physiotherapists’ own perceptional tone after organizing the 
conducted interview (Creswell 2003).  
 

6.2.1 Intervention and usefulness of video capture virtual reality in 
healthcare 

 
According to the head physiotherapist Charlotte Malm the intervention is absolutely 
good but those who are working to involve video capture virtual reality technology in 
the healthcare should also include the other part as well, i.e. physiotherapists. 
Therefore, they should mix this intervention with physiotherapists because without 
physiotherapists or healthcare professionals they cannot achieve the desired 
rehabilitation goals. The physiotherapist Karin Gall also supported the statement and 
said that it is too desirable but while designing games the physiotherapists should be 
involved in the design process. According to respondents virtual reality based gaming 
environment can be useful in healthcare for training over passage of time. According 
to Charlotte Malm, patients’ impairment can be improved more because training can 
be every day. Patients can utilize many functionalities number of times and in more 
quantity. Patients can be trained at their own ten times a day and they can get 
improved that way easier. However, she further explained that it is important that there 
should have specific functions in games so that patients can get good moves than 
wrong moves. She said, “We have to train patients what we want to achieve”. Karin 
Gall thinks, games those educate specifically children about chronic illness is an 
interesting area. As adults can read and know about their disease in a directive way 
without education, but for children it is interesting to have a game. In her opinion, 
video capture virtual reality based environment is not only useful in rehabilitation and 
training but is also useful for educating patients about diseases.  
 

6.2.2 “Fun” as a motivational factor 
 
According to Karin Gall, the use of video capture virtual reality based rehabilitation 
could increase the intensity of rehabilitation training for patients while playing game is 
also fun. She further explained that patients are motivated to repair their impairment if 
they are impaired “but if it is fun, it is also an extra motivational factor”.  
 

6.2.3 Advantages and disadvantages of video capture virtual reality 
 
According to respondents, there are few advantages and disadvantages of video 
capture virtual reality as follows. 

6.2.3.1 Advantages 
 

• The video capture virtual reality technology that requires a webcam and 
laptop/pc is very easy to use system. 
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• The video capture virtual reality technology is cheap as compare to Head 
Mounted Display (HMD) based virtual reality that also requires sensors. 

• Mobility and size is also an advantage of this technology as it requires small 
size to install and is easily portable.  

6.2.3.2 Disadvantages 
 
According to respondents, two dimensions based movements in reality are seen rarely; 
humans use three dimensions in most movements. The two dimensions games might 
be too easy to play, but unable to achieve more complicated rehabilitation goals. 
  

6.2.4 Video capture virtual reality based tasks for motor impairment 
rehabilitation 

 
When asked whether tasks involve in video capture virtual reality for motor 
impairment rehabilitation can improve motor impairment. Charlotte Malm replied that 
it depends on the nature of arms movements in these virtual reality based 
environments. Each patient has unique kind of impairment and he or she should be 
treated according to that kind of impairment. Karin Gall mentioned that there are 
ranges of techniques, manual techniques, training techniques, and training approaches.  
Stroke patients with motor impairment always receive training through more than one 
technique and approaches.  
 

6.2.5 Video capture virtual reality technology as complement to 
conventional physiotherapy  

 
According to Charlotte Malm, video capture virtual reality technology is a 
complement to conventional physiotherapy and one cannot replace conventional 
therapy with this technology entirely. She explained that physiotherapists could use it 
as addition simply for basic training and not for specific training for stroke patients. 
According to Karin Gall, video capture virtual reality is an access to another way of 
training, an addition to traditional physiotherapy. She further mentioned that video 
captured virtual reality based tasks for motor impairment rehabilitation can be added 
as a complement to conventional therapy in order to bring improvement in motor 
relearning. During interview when asked that patients those have experienced stroke 
do not actively participate in conventional rehabilitation and to what extend video 
capture virtual reality can motivate patients’ participation in rehabilitation? She replied 
that the participation of stroke patients in conventional physiotherapy depends from 
patient to patient. The patients have no other choice. In addition, she mentioned that 
physical and occupational therapy in Sweden put heavy emphasis on active treatments 
and little on passive treatments. They require their patients to participate in treatment 
those does not passively received treatment, It is not everywhere in the world she is 
aware of that. According to Karin Gall about video capture virtual reality based 
rehabilitation, before referring the game to patients she wants to experience and 
control the exercises herself so that patients can actively choose and exercise that way 
without worrying to have an appointment with physiotherapist. Charlotte Malm said, 
“I think, patients can be motivated towards video capture virtual reality based 
rehabilitation because they could do it more in quantity”. The quantity for training can 
change through use of video capture virtual reality based training and patients can get 
better faster but she further mentioned that patients could not build their functions on 
their own. They need to have a physiotherapist for the right movement, right level and 
right quality. This is very important and she thinks that video capture virtual reality 
based rehabilitation cannot make physiotherapists’ time less important. 
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6.2.6 Video capture virtual reality in home based rehabilitation 
 
Karin Gall said that they always recommend homework to their patients. The 
homework consists of different kind of exercises if a patient has motor impairment. In 
Charlotte Malm’s opinion, video capture virtual reality based training will be useful 
for home based rehabilitation as everyone back home can have a laptop and computer 
to use this but it requires the coach or physiotherapist’s presence or supervision. She 
thinks that it is difficult for patients to exercise their own without a coach or 
physiotherapist.  
 

6.2.7 Acceptance of video capture virtual reality for stroke patients’ 
rehabilitation 

 
According to Charlotte Malm the physiotherapists at Blekinge County Hospital 
(Karlshamn) have used Wii gaming platform for training their stroke patients and it 
was good for a lot of patients because it increased the intensity of exercises. The 
reason for the adaption of Wii for stroke rehabilitation was that the physiotherapists 
have self-interest to study science and see the results. They have interest to develop 
rehabilitation methods to be more effective. They have rehabilitation equipments at 
their rehabilitation ward and consider less organizational hurdles involved in accepting 
new technology for rehabilitation. According to Karin Gall, the physiotherapists need 
variety of games for different training and she considers it as complement to variety of 
physical tasks for motor impairment rehabilitation. In her opinion, video capture 
virtual reality is an interesting new tool for rehabilitation. When asked their opinion 
about the acceptance of video capture virtual reality technology in rehabilitation, 
Charlotte Malm said “I think high acceptance if you can achieve more rehabilitation 
goals”. She further explained that it is very good to develop such kind of virtual reality 
games for rehabilitation as complement. If such games are design together with the 
physiotherapists towards achieving the right goal then there are many opportunities for 
its usage in the healthcare area. 
 

6.2.8 Physiotherapists’ perception about “TARGET” 
 
According to Charlotte Malm, some more interesting parts for example, exercises in 
sitting and standing positions should be included in order to make it more motivational 
for patients’ motor rehabilitation. According to respondents, the game can be used as a 
distraction tool for children but for adults it could be difficult as adults always know 
what they are doing if they are not brain damaged. The distraction further depend 
numerous kinds of things because patient’s attention could be towards physiotherapist 
who is standing near patient and motivating patient during exercise. The patients have 
to be much focus when they are doing tough exercises. Patients can feel presence in 
the virtual environment if played on a big screen. The game is easy to use and 
learnable but for elders above 60 learnability will be little difficult. According to 
respondents, “TARGET” is a very simple game. It depends upon the rehabilitation 
stages of patients. If the patient is very weak this game could be motivating but once 
the patient is up walking “TARGET” is too easy for them. Then there is a need of 
something more advanced for motor rehabilitation.  
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7 DISCUSSIONS & VALIDITY ASSESSMENT  
 

This chapter consists of two main sections. Section 7.1 discus the findings and issues 
related to this research work based on the results of questionnaire and interview. The 
second section 7.2 of this chapter consists of validity assessment of this research work.  

7.1 Discussion  
  
The detail analysis and results from interview show that the intervention of video 
capture virtual reality in healthcare is desirable but its usefulness in the healthcare is 
less important until it is able to achieve the rehabilitation goals. To eliminate this 
hurdle according to the results, physiotherapists’ involvement in the early design 
process of the video capture virtual based games is necessary in order to achieve 
rehabilitation goals.  This early involvement in the game design process can assist 
game designers to focus on physiotherapists centered approach and to design video 
capture virtual reality based games according to the different training techniques 
mentioned by the physiotherapists for patients’ motor impairment rehabilitation. On 
the other hand, the physiotherapists having knowledge of various rehabilitation 
approaches will be more comfortable to control and configure various types of game 
based exercises according to different stages of patients’ impairment. Furthermore, this 
early involvement of physiotherapists in the design process will make video capture 
virtual reality based games more useful in rehabilitation in the area of healthcare. In 
the literature (Weiss et al. 2004) have revealed usefulness of video capture virtual 
reality in numerous ways but this research found increased intensity of training as 
another factor that can make video capture virtual reality more useful in the in motor 
rehabilitation. According to results, the quantity of rehabilitation will increase if 
patients with motor impairment are participating in video capture virtual reality based 
rehabilitation during physiotherapy process. It will enable patients to participant in 
multiple rehabilitation sessions and patients might get better faster if video capture 
virtual reality based rehabilitation is design for patients according to the early 
involvement and requirements of the physiotherapists in the design process in order to 
achieve rehabilitation goals. Results indicate that virtual tasks those involve in the 
video capture virtual reality based rehabilitation are considered important only if they 
attempt to achieve the expected rehabilitation goals. In authors’ observation these tasks 
should require to be design meaningful, so that the desired rehabilitation goals should 
be achieved. 
 
Games for example Re-Mission educate children and young adults about cancer and 
motivate them to fight against chronic illness. The physiotherapists therefore, showed 
similar interest to develop games that can educate children about their chronic illness. 
According to authors’ observations and based on the physiotherapists’ interest, there is 
a need to focus the intervention of video capture virtual reality in rehabilitation 
specifically for children physiotherapy at Blekinge County Hospital (Karlshamn) as 
children comparatively to elders can easily be distracted towards games during their 
rehabilitation process. This intervention could be in multiple ways as following 
 

• To develop video capture virtual reality based games in order to educate 
children about their chronic illness 

• To develop video capture virtual reality based games those can be used as 
distraction tool during burn therapy 

• To develop video capture virtual reality based games those can be used as 
distraction tool during pain management 
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Results indicate that “FUN” can be a motivational factor in video capture virtual 
reality based rehabilitation. Patients with impairment are always motivated to 
participate in training in order to repair their impairment but in the physiotherapists’ 
perception, the element of fun can add more value to motivate patients in video 
captured virtual reality based rehabilitation. In the authors’ perspective, considering 
fun as motivational factor the game designers should focus much to include game 
content that can enhance fun factor in rehabilitation games so that it can attract 
patients’ attention and motivate them during rehabilitation process. The included fun 
factor in the rehabilitation game design should also motivate elder patients during 
motor rehabilitation process as equally as children. Elders’ requirements related to fun 
factor could be obtain through the involvement of elders in the early game design 
process or engaging elders in game play.  
 
According to results, video capture virtual reality is cheap and easier to use but it is 
useful for simple training and not for complicated rehabilitation goals. One reason is 
that in the physiotherapists’ perception, since video capture virtual reality is two 
dimensional, it is not able to achieve more complex rehabilitation goals. In order to 
achieve more complicated rehabilitation goals or training that involves rehabilitation 
tasks for example activity of daily living, require three dimensional movements. 
According to authors’ observations, there are two virtual reality platforms used for 
rehabilitation as following  
 

• Video capture where users see themselves on screen  
• Three dimensional where user is presented as avatar that require Head 

Mounted Display (HMD)  
 
Results indicate some common comparison between these two virtual reality 
platforms. Video capture virtual reality is less costly; require small space for 
installation and easy to use but physiotherapists’ interest in making video capture 
virtual reality technology as three dimensional for achieving more complicated motor 
rehabilitation goals can be their misconception about the technology. The 
physiotherapists together with virtual reality technology and game design experts can 
look at the possibility of enhancing video capture virtual reality based technology in 
order to achieve complicated rehabilitation goals.    
 
According to results, video capture virtual reality is affordable and learnable 
technology. Everyone with a computer and webcam at home can use it. The 
physiotherapists always give homework to their patients and physiotherapist consider 
video capture virtual reality technology to be useful in home based rehabilitation but 
they think that without their supervision, the patients at home will not able to achieve 
rehabilitation goals. The patients require the physiotherapists’ supervision in order to 
do the right movement. In authors’ observations, the video capture virtual reality is 
favorable for home based rehabilitation but this study found that the home based 
rehabilitation should be supervises under the coach or physiotherapists. 
   
According to results, physiotherapists at Blekinge County Hospital (Karlshamn) 
consider video capture virtual reality as cheaper and more accessible technology. They 
further perceive that video capture virtual reality technology can be solution for 
achieving simple rehabilitation goals. The physiotherapists’ self interest in studying 
technology and their interest in developing effective rehabilitation methods indicate 
that they are motivated towards the acceptance of new technology that can adjunct 
their conventional rehabilitation therapy. Therefore, results of our work indicate that 
the physiotherapists showed high acceptance towards video capture virtual reality and 
consider that video capture virtual reality is an interesting new tool in rehabilitation as 
complement rather than entirely replacing the role of physiotherapists. The results 
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shown in previous chapter from questionnaire survey were satisfactory. 
Physiotherapists showed high levels of acceptance towards technology more 
specifically in terms of first two components perceived ease of use and perceived 
usefulness. The same form of technology acceptance model TAM was utilize by (Van 
et al. 2002) as we did, relations between the technology acceptance components 
partially confirmed findings with that previous research work. As in our case, the 
relationship between perceived ease of use and perceived usefulness was positive but 
relationship between perceived usefulness and intension to use was not much stronger 
as that was in (Van et al. 2002) research work.    

 
The non-significant relationship between first two factors and intention to use is not 
very same as of previous research. This change might be due to some internal or 
external factors that played a vital role in the respondents’ opinion and attitude toward 
technology when they were rating it. Internal or external factors might be that 
respondents did not have hands-on experience using the system and as well as the 
game design might fit to entertainment purpose but does not suit for achieving 
complex rehabilitation goals.  The authors were expecting these results, as the test 
game that was presented to the physiotherapists was an entertainment purpose game 
and was not designed specifically for rehabilitation and the intention was not to accept 
the system among the physiotherapists for rehabilitation but to introduce the video 
capture virtual reality technology. The physiotherapists therefore recommended 
suggestions in the game design to make it able to achieve complex rehabilitation goals. 
Authors through interview from physiotherapists extracted these issues in the second 
phase of our empirical work.   

 
Hence, the finding related to technology acceptance model for design point of view 
can be helpful for improving the system design in terms of simplicity and easiness, 
which in result brings improvements in ease of use of the technology. Similarly, ease 
of use will ultimately enhance the perceived usefulness factor. Furthermore, improving 
the functionality of the system in terms of bringing more games in a single platform, 
such that each game has the specified goals to achieve rehabilitation objectives will 
lead to increased intention to use the system. Therefore, perceived ease of use and 
perceived usefulness will be basic factors for the acceptance of technology in the 
healthcare rehabilitation. 

7.2 Validity Assessment 
 

Authors followed the Lincoln and Guba proposed criteria for evaluating 
trustworthiness of qualitative research study (RWJF 2008). Although, the research 
study conducted by authors was mixed method approach but most of the research 
study depends upon qualitative approach due to explorative study. Hence, according to 
(RWJF 2008) trustworthiness involves establishing four criteria for judging qualitative 
research, i.e. credibility, transferability, dependability and confirmability. 
 
Beside, approving qualitative research work authors also validated the quantitative 
data through interview with physiotherapists.   
 

7.2.1 Credibility 
 
According to (RWJF 2008) credibility means findings of the research study are 
genuine and boldly presented. In order to fulfill this criterion, the results of qualitative 
are authentic from the participant point of view that involve in the research study.  
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Similarly, authors in this thesis also sent interview results to physiotherapist from 
whom the interview was accomplish. The participants confirmed the interview 
findings and gave positive feedback. Moreover, the interview interpretation and 
findings from participants given inside this thesis work as well as the interview 
questionnaires have placed in Appendix by the authors.   

 

7.2.2 Transferability 
 
According to (RWJF 2008) transferability refers to the degree showing that results of 
qualitative research have applicability in other contexts. Transferability from the 
qualitative perspective means generalizing and providing in-depth description of the 
research context.  Therefore, transferring the findings to a different context should be 
reasonable and sensible transformation (Trochim 2006).   
 
According to authors’ point of view, the transferability of this research study is 
possible. Because in this thesis work the overall phenomenon was described in detailed 
manner, likewise the field of study, field of observation, data collection entity, 
participants, research methodology, resources and locality were described in detail 
way. Hence, authors believe that by evaluating the same research study given as; field 
of study, i.e. “motor rehabilitation” using “video capture virtual reality technology” 
and field of observation for data collection, i.e. “literature review” as well as 
“physiotherapist team”. One can drawn conclusion that this research study to other 
contexts or situations can be applicable or transferrable.  

 

7.2.3 Dependability 
 

According to (RWJF 2008) Lincoln and Guba, described dependability refers to the 
consistency and repeatability of results or findings of research study. Consistent and 
repeated findings refer to the degree of reliability and accuracy of the research work. 
Meanwhile, according to traditional quantitative perspective reliability on the other 
hand, refers to the fact that observing the same thing two times to ensure that the 
results obtained would be same or different (Trochim 2006). For instance, (Trochim 
2006) described idea of dependability as the ever changing occurs in the context of 
research.  
 
Hence, to achieve dependability and reliability in the research process and findings, 
this thesis work was peer reviewed by supervisor, senior student fellows and interview 
findings by physiotherapist as well. Moreover, regarding change occurrence, the 
research study clearly described the change occurred, i.e. during workshop conduction; 
for demonstrating video capture virtual reality game in front of participants internet 
access was necessary, which was not provided at the moment workshop time plan. As 
a result, these change delayed our workflow but authors overcome the problem that 
was mention in detail in workshop section of this thesis work.    

  

7.2.4 Confirmability 
 

Confirmability refers to the extent to which the results drawn from a research work 
could be approved or confirmed through other (Trochim 2006). 

 
The authors have followed a scientific approach in order to reach results. The extracted 
knowledge from literature review assisted the authors in designing questionnaire. 
When the authors received the feedback of questionnaire the authors arranged an 
interview with the physiotherapists of Blekinge County Hospital (Karlshamn). Along 
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achieving the main objective of interview, the authors also approved the earlier 
received questionnaire data with physiotherapists during the interview. The data was 
interpreted after the interview and then analyzed interview data was sent back to the 
physiotherapists for their confirmation. This repeated confirmation of research work 
prevented the authors to bias in the findings. The authors scientifically documented 
each procedure for checking and rechecking during the study. At the end the authors’ 
supervisor reviewed the results in order to more strengthen the confirmability of the 
results of this study.  
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8 CONCLUSIONS, RECOMMENDATIONS AND 
FUTURE WORK 
 

This chapter describes the conclusions, recommendations and future work. Section 8.1 
describe conclusion. Section 8.2 provides recommendation and at the end section 8.3 
give the possible future work.  

8.1 Conclusions 
 

The aim of this study was to explore the potential of video capture virtual reality 
technology and its usefulness in motor impairment rehabilitation together with the 
acceptance of video capture virtual reality technology among physiotherapists. To 
achieve this aim, the authors performed a case study at Blekinge County Hosptial 
(Karlshamn). The authors gave an introduction of the technology in an arranged 
workshop with physiotherapists. For this purpose, the authors used a video capture 
virtual reality based game “TARGET” as a test game. This also gave the authors an 
opportunity to explore the potential of entertainment purpose game for motor 
rehabilitation. Although “TARGET” is an entertainment purpose game the 
physiotherapists gave, some game design suggestions in order to make it better suited 
to achieve complex rehabilitation goals. The acceptance of physiotherapists 
concerning video capture virtual reality technology was measured through a 
questionnaire that was validated through interviews afterwards. The perception of 
video capture virtual reality in motor rehabilitation was explored through interviews. 
The analyzed interview data was again validated with physiotherapists in order to 
achieve confirmability.  

 
This research found that video capture virtual reality is cheap, easy to use and portable 
technology that can be useful in achieving simple rehabilitation goals. We were able to 
identify crucial advantages and disadvantages of this technology. Video capture virtual 
reality is useful in motor rehabilitation in terms of quantity. This means that the use of 
video capture virtual reality based rehabilitation can increase the intensity of exercises 
in rehabilitation process and patients with motor impairment can rehabilitate quickly. 
But the tasks in the virtual reality based rehabilitation should be given more attention 
and should be meaningful in order to provide rehabilitation to patients with 
impairment. As there are different levels of patients with different kinds of 
impairment, the tasks should be designed taking into account the various conditions of 
patients impairment. Meaningful tasks in video capture virtual reality based 
rehabilitation could be designed together with physiotherapists in order to achieve 
complex rehabilitation goals. The findings of this research work also suggest a 
physiotherapists centered approach. This means that the physiotherapists should be 
involved in early development of video capture virtual reality based games for 
rehabilitation.  

 
Video capture virtual reality is an accessible technology. Patients with a personal 
computer and webcam can easily use this technology in home based rehabilitation. 
Physiotherapists always recommend homework to their patients but we observed that 
patients with motor impairment require the supervision of the coach or 
physiotherapists for video capture virtual reality based rehabilitation in order to get the 
right treatment. In addition to this the component of fun can work as a motivational 
factor in video capture virtual reality based rehabilitation.  
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This research work further concluded based on the results from the questionnaire and 
the interview data, that the physiotherapists at Blekinge County Hospital (Karlshamn) 
showed high acceptance towards video capture virtual reality as an interesting new 
tool in the area of healthcare and in motor impairment rehabilitation and that the 
physiotherapists consider that this technology can be used as a complement to 
conventional physiotherapy. 

8.2 Recommendations 
 

The authors have come up with some recommendations/suggestions that might be 
useful for the system. These recommendations are mainly based on the 
physiotherapists’ suggestions and authors’ observations during the research study. 

 

8.2.1 Physiotherapist-centered approach 
 

There should be early involvement of physiotherapists in the gaming design process, in 
order to design more effective and useful games that can achieve the maximum 
rehabilitation goals. A physiotherapist-centered approach could achieve by teamwork 
making use of a combination of human-computer interaction developers and 
healthcare professionals. Similarly, the authors also observed that there should be 
some mechanism where advanced technology education can be provided to the 
healthcare personnel, as technology is developing rapidly and emerging technologies 
are performing effectively in every field of life. Hence, it is essential for the healthcare 
people to be aware of the advances in technology in their area of work. It could be 
helpful for computer scientists, design professionals and HCI personnel to interact 
with healthcare professionals in order to know their opinions and experiences 
concerning the intervention of new technology in healthcare.  

 

8.2.2 Home based rehabilitation 
 

Likewise, the authors conclude from the observations of research work that video 
capture virtual reality technology is applicable for home based rehabilitation due to its 
accessibility, low cost and ease of use features. However, authors suggest that the 
coaching or supervision by physiotherapists must be compulsory along with this 
technology for the motor impaired patients to get the right treatment. Otherwise, 
without the supervision of physiotherapists, the video capture virtual reality 
technology might not be useful alone.  

 

8.2.3 Video capture virtual reality based gaming framework 
 

During the research study, the authors identified that stroke patients are on different 
levels in terms of disabilities, i.e. severe physical disability etc. Therefore, there is 
more than one method and technique of training required for motor impairment 
rehabilitation, depending upon the level of patients’ impairment. As a result, the 
authors suggest that for developing effective and useful video capture virtual reality 
platform, there should be a gaming framework where a portfolio of games can be 
assembled for individual patients, for acquiring specific goals and objectives for 
particular level and kind of impairment.    
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8.2.4 Game Design 
 

The potential of an entertainment purpose game Sony PlayStation 2 EyeToy was 
explored in the healthcare for rehabilitation purpose. Similarly, in this research work 
an attempt has also made by authors to explore the potential of the entertainment 
purpose game “TARGET” as a tool for motor impairment rehabilitation. As a result, it 
was observed that the game is suitable for achieving simple rehabilitation goals and for 
weak patients it could be motivating. In order to make it useful for achieving more 
complex rehabilitation goals, the following design suggestions might be useful. 
Physiotherapists recommended these design suggestions in order to make the 
“TARGET” more effective and useful for motor impairment rehabilitation. 

 
• Colors of objects should be more deliberately considered when in relation to goals 

designing game interface, specifically for “TARGET” instead of using red colored 
circles it would be better to use green colored circles. This according to 
physiotherapist is more favorable.  

• There should be some control mechanism in-hand for physiotherapists. For 
instance, the physiotherapists can manipulate green dots’ appearance in position 
where they are necessary according to the rehabilitation goals for the individual 
patient. 

• “TARGET” game speed up with respect to each game level, so there should be 
some speed level control or adjustment functionality in local game design. 

• The game design should provide tasks and functionality, which involves the 
movement of patients’ hands in such a way, that up and down and back-forth 
movement is encouraged. 

• The game should be designed in such a way that can provide training of lower 
body.  

• The game should be designed in a manner that can facilitate patients in sitting and 
standing positions. 

• Finally, from HCI point of view the game design has the potential of interest and 
attractiveness that should be consider as motivational activity among the stroke 
patients. The game design should be distractive for both adults and children. 
Where the patient can feel presence and forget his/her disease, the rehabilitation 
goals can be achieved without conscious effort towards that goal.   

8.3 Future Work 
 

Our study was exploratory, and could be seen as laying the ground for future work in 
the following areas: 
 

• Clinical assessment  
 
The authors believe that by fulfilling the given game design recommendations, a 
video capture virtual reality based game could be developed for motor impairment 
rehabilitation and its clinical assessment in terms of improvement in patients’ 
impairment could be carried out to further explore its potential in the healthcare area. 
For achieving clinical assessment, a group of motor impaired patients could be 
involved under supervision of physiotherapists in order to test the game in proper 
clinical environment.  
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• Home based rehabilitation 

 
A video capture virtual reality based game developed according to the given design 
recommendations could be used in home based rehabilitation under the supervision 
of physiotherapists and assessment could be carried out to further explore its 
potential in home based rehabilitation. 
 

• Games for educating children about chronic illness 
 
A video capture virtual reality based game could be developed under the given game 
design recommendation for educating children about chronic illness as the 
physiotherapists we worked with pointed out, that adult patients can usually find a 
lot of information about their medical condition via the internet while the children of 
different ages and levels of disability might need more tailored information that 
could include functions for educating children about their chronic illness. 
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APPENDIX-A: QUESTIONNAIRE 
 
Scales for measuring technology acceptance: Perceived ease of use and usefulness (based on 
Davis 1989, modified version) and Intention to use (based on Van et al. 2002;Cornner & sparks 
1996) 

 
 

Perceived ease of use 
 
 

Learning to use the system would be easy for me. 
 

Likely      unlikely 
Extremely         quite slightly neither Slightly quite Extremely 

 
I would find it easy to get the system to do what I want it to do. 

 
Extremely         quite slightly neither Slightly quite Extremely 

 
Interacting with the system would be clear and understandable to me. 

 
         Extremely         quite slightly neither slightly quite Extremely 

 
I would find the system flexible to interact with. 

 
        Extremely         quite slightly neither slightly quite Extremely 

 
It would be easy for me to become skilful at using the system. 

 
       Extremely         quite slightly neither slightly quite Extremely 

 
I would find the system easy to use. 

 
      Extremely         quite slightly neither slightly quite Extremely 

 
Perceived usefulness 

 
 
Using the system in my job would enable me to make exercise for motor impairment more efficiently. 

 
 Extremely         quite slightly neither slightly quite Extremely 

 
Using the system in my job would enable me to achieve training/exercise for motor impairment in more 
quantity. 

 
 Extremely         quite slightly neither slightly quite Extremely 

 
Using the system would improve my job performance. 

 
Extremely         quite slightly neither slightly quite Extremely 

 
Using the system would enhance my effectiveness on the job. 

 
Extremely         quite slightly neither slightly quite Extremely 
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Using the system in my job would enable me to provide better support for my motor impairment 
rehabilitation. 
Extremely         quite slightly neither slightly quite Extremely 

 
I would find the system useful in my job. 

 
Extremely         quite slightly neither slightly quite Extremely 

 
Intention to use 

 
 
I intend to use the system for motor impairment rehabilitation / exercise. 

 
Definitely do not 

1 
 
2 

 
3 

 
4 

 
5 

 
6 

Definitely do 
  7 

 
I plan to use the system for motor impairment rehabilitation. 

 
1 2 3 4 5 6 7 
 

I would like to use the system for motor impairment rehabilitation. 
 
1 2 3 4 5 6 7 
 

I want to use the system for motor impairment rehabilitation. 
 
1 2 3 4 5 6 7 
 

I expect to use the system for motor impairment rehabilitation. 
 
1 2 3 4 5 6 7 
 

How likely is it that you would use the system for your motor impairment rehabilitation? 
 
1 2 3 4 5 6 7 
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APPENDIX-B: INTERVIEW QUESTIONS 
 
Questions related to basic introduction of physiotherapists 
 

i. What is your name? 
ii. In which department do you work? 
iii. What is your designation? 
iv. For how long have you been working in this department? 

Questions related to main objective  
 

1. Have you ever played games or have experienced virtual reality based gaming 
environment? Can you please tell me your experience about games or virtual reality 
based gaming environment? 

2. Serious games are designed for purposes other than mere entertainment. Its 
application areas include military, education, government and healthcare. To what 
extend do you think the application of virtual reality based gaming environment can 
be effective in healthcare? 

3. In virtual reality based therapy where patients engaged in playing games in virtual 
environment is effectively involved as a rehabilitation tool for patients with Traumic 
Brain Injury (TBI), Cerebral Palsy (CB), cognitive and physical deficits. This 
intervention has produced some promising clinical results in term of improvement in 
rehabilitation. What is your opinion about this intervention of virtual reality in 
rehabilitation? 

4. Since stroke is a chronic illness. Do you think that patients those have experienced 
stroke do not actively participate in conventional rehabilitation process? Why? 

5. To what extend in your opinion, virtual reality based rehabilitation can assist to 
enhance stroke patient’s motivation to actively participate in their rehabilitation 
process? 

6. Virtual reality is usually experienced through the use of special equipments like 
Head Mounted Display (HMD) but video capture virtual reality is another virtual 
reality platform in which single camera capture real-time movement of the user and 
further converts it in to virtual environment through specially written software. 
Users see themselves in virtual environment on the screen and it does not require 
Head Mounted Display (HMD). Do you think that tendency towards usage of video 
capture virtual reality technology in rehabilitation will increase rather than Head 
Mounted Display based virtual reality? Why?    

7. Since video capture virtual reality requires standard webcam and PC. Do you think it 
will require less technical expertise in order to install than Head Mounted Display 
(HMD) based virtual reality? 

8. Unlike other virtual reality based platform, video capture virtual reality requires 
standard webcam and PC. Do you think this technology will require large space to 
install or mobility of this technology will be a problem than compare to Head 
Mounted Display (HMD) based virtual reality? 

9. There are some tasks involve in virtual reality based rehabilitation, i.e. virtual 
kitchen, rabbit chase, stopping ball from goal, target bursting, cleaning windows. 
These tasks usually require the movement of upper extremity. Can these virtual 
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environment based tasks for motor impairment rehabilitation improve motor 
impairment as compared to conventional real based rehabilitation for motor 
relearning? 

10. Do you think virtual reality based rehabilitation can affect the role of conventional 
physiotherapist? Or can replace them entirely if it is able to achieve rehabilitation 
goals? 

11. You have experienced the video capture virtual reality based game “TARGET” that 
was installed at hospital. From a physiotherapist perspective, did you notice the 
environment to be engaging and motivating? If not why? 

12. Can you please explain whether the environment can be used as distraction tool that 
involve patients in game rather than allowing them to concentrate on exercise during 
therapy? If not why? 

13. While playing game, do you think the participant can feel presence in a computer 
generated environment rather than physical world? 

14. To what extent the system was learnable while using it? 
15. Did you find the system clear and understandable while interacting with it? 
16. How much you find the system easy to use? 
17. Could the system improve the physiotherapist job importance? 
18. How you would like the system to be useful for your job? 
19. Do you intend to use the system for motor impairment rehabilitation/ exercise? 
20. How would you consider the system’s usefulness in motor impairment 

rehabilitation? 
21. What game design changes do you suggest in order to make this game able to be 

effective in motor rehabilitation/ exercises? 
22. Do you think video capture virtual reality can be used as adjunct to conventional 

therapy for hemiparesis patients? If it is able to achieve rehabilitation goals? If not 
why? 

23. What are the factors or conditions due to which you recommend home based motor 
rehabilitation for patients? 

24. Video capture virtual reality requires less technical expertise and is less costly. Do 
you think it will be effective for home based motor impairment rehabilitation? If it is 
able to achieve motor rehabilitation goals? 

25. Do you use any other technology for rehabilitation of patients here in this hospital? 
What was the reason behind the adaptation of this technology for rehabilitation? 

26. How do you compare video capture virtual reality technology to the existing 
technology that you use for rehabilitation here in this hospital? 

27. In your opinion what are the organizational factors those can affect the acceptance of 
video capture virtual reality among physiotherapist? 

28. Can you please explain your opinion about the acceptance of this video capture 
virtual reality for motor impairment rehabilitation in your rehabilitation unit? 

 29. Would you like to add something more? 
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