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Abstract— Serious games and virtual reality are 

promising tools for future rehabilitation. They 

represent solutions for promoting self-care and for 

motivating the rehabilitees. However, their wider 

adoption requires experience and research information 

from both the rehabilitators themselves and experts in 

the field. The aim of this study is to develop a prototype 

physiotherapy virtual reality game in multiprofessional 

collaboration and to learn about the best practises 

leading into positive user experience. This paper 

emphasizes the game development process, the Whac-

A-Physio game prototype itself and the preliminary 

user experiences utilizing a co-design approach. It is a 

basis for future studies with higher number of 

participants. The physiotherapy professionals were 

interested in developing the game in a multidisciplinary 

group and motivated to adopt it. The developed Whac-

A-Physio game prototype was subsequently piloted in 

two physiotherapy clinics. The feedback was obtained 

from the physiotherapists by semi-structured 

interviewing. The physiotherapists found the game 

suitable for upper limb therapy, balance, and 

coordination training. The game presented a valuable 

motivational tool for their clients, improving their sense 

of ability and inclusion, and was thus considered a good 

addition to the conventional therapy. 

Keywords—physical ability, virtual reality, rehabilitation, 

serious game development, co-design 

I. INTRODUCTION 

With increasing rehabilitation patient volume and 
decreasing reimbursement rates, clinicians, including 
physiotherapists are required to produce favourable 
outcomes with limited resources and time [1]. As the areas 
of expertise in physiotherapy are growing and expanding, 
the work with human functionality and disability demands 
the interaction with various areas of knowledge [2]. New 
technology can open doors for new and non-traditional 
approaches in physiotherapy, which may greatly benefit 
both therapists and patients.  

Serious games (games combining entertainment and 
useful content, such as educational or rehabilitation 
elements) are one promising solution related to motivating 
people for rehabilitation and self-care. Serious games have 
been developed for both physical [3–7] and mental or 
cognitive well-being [8–10]. Although serious games can be 
a valuable option for both prevention and rehabilitation, 
further research is needed to evaluate the factors leading into 
motivation and engagement as well as successful therapy 
results.  

Virtual reality (VR) is a simulated experience, which 
can be similar or completely different from the real world, 
dependent on how immersive the experience is. Interaction 
with the simulated environment allows the user to receive 
continuous, immediate feedback related to performance. 
VR is widely used in entertainment, business, and education 
but also in healthcare. Also, physiotherapy clients could 
benefit from VR in various ways. According to previous 
studies, patients can be, for example, encouraged to be 
active and overcome the fear of pain [10–14]. In addition, 
research suggests that virtual reality can have a positive 
effect on rehabilitation, such as recovery of upper extremity 
functions, hand motor control, cognitive impairment, and 
balance [15–19]. 

Although the previous studies are encouraging, there is 
a lack of commercial VR games developed for 
physiotherapy. One reason is the challenges related to 
serious games development. To develop a useful game, the 
game should contain embedded therapeutic content to bring 
the benefit as well as entertaining/motivation component to 
engage users. Additionally, the game needs to be accessible 
to the end users and thus service models may differ from the 
traditional game distribution channels [20]. The user groups 
in therapy are also heterogeneous with different functional 
abilities, including special user groups. Bierre with 
colleagues [21] presented various issues that make the 
special user group game play challenging. These are: 
inability to follow a storyline, inability to complete a puzzle 
or task, inability to determine how a game is played, 
inability to use adaptive hardware, and player’s character 
gets killed/injured repeatedly in the game which is very 
demotivating [21]. In this study, a co-design approach of a 



multidisciplinary development team is taken to tackle these 
before the mentioned game development challenges. The 
aim is to identify the key elements in the game and game 
development process to support successful therapy game 
implementation.  

This paper is organized as follows: This brief 
Introduction Chapter is followed by Chapter II, which 
introduces the game development co-design process. 
Chapter III introduces the developed game prototype, and it 
is followed by Chapter IV, which describes the initial user 
experience testing of the developed game. Chapter V 
discusses the results. Finally, the conclusions of this study 
are gathered in Chapter VI. 

II. CO-DESIGN APPROACH IN GAME DEVELOPMENT 

The design process in this study followed a co-design 
approach [22], which refers to the collective creativity of a 
multidisciplinary group of people. Co-designing is a 
democratic and open mindset, which questions hierarchical 
power structures involving all parties in the design and 
demanding mutual learning with planners, stakeholders, and 
actors [23]. Through user proxies, too early prototypes do 
not cause frustration in actual end users, but the idea can be 
visualized, and the useful characteristics identified [24]. 
Physiotherapy specialists were used as user proxies in this 
study. 

First phase of the co-design process started with a group 
discussion in which six persons participated. The group 
included three physiotherapy specialists/end-user proxies, 
two technology providers, and a service 
designer/researcher. The reason for involving the end-user 
proxies and not the clients from the beginning was due to 
very heterogeneous client groups of the physiotherapy clinic 
involved in the development process. This approach allows 
the physiotherapy professionals to identify multiple client 
groups which might benefit from the game after further 
adjustments. The discussion started with technology 
knowledge transfer to describe the possibilities of VR 
technology. This was done through simple demonstrations 
with existing commercial VR games on various VR sets, 
such as Beat Saber on Oculus Quest 1, a Fishing game on 
Oculus GO and NVIDIA VR Funhouse on Oculus Rift. This 
followed by ideation discussion in which the 
multidisciplinary group identified the key needs of the 
physiotherapy provider: improving the immersion in 
training, providing new and “trendy” tool to make more 
variation in long-term customer relationship and to get an 
objective addition to assess the therapy outcomes. The 
physiotherapists also gave a description on the overall 
characteristics of their clients and their rehabilitation need 
as well as their ability to function. Based on this discussion, 
a game idea was produced for a modifiable upper limb 
training game for improving range of motion, coordination, 
reaction speed and balance that can be affected by a trauma 
or disease. Mobile VR glasses were identified to be the best 
equipment for the game in this use context.   

The second phase of the co-design was an early 
prototype development and testing with the physiotherapy 
professionals involved in the first phase as well. In the 
second group event, the early prototype was introduced and 
the next steps in the development were identified. The focus 
was especially in defining which elements in the game and 
game play must be adjustable to meet the need of 

heterogeneous group of clients. In real use, these parameters 
are then adjusted by the physiotherapy professional based 
on the client needs. The third phase included another group 
discussion, which was organized to introduce and test the 
improved prototype. After the event the improved prototype 
was given in use for the physiotherapy professionals at their 
own work. The third event also included a training on how 
to do the adjustments as well as how to install updates to the 
game remotely.   

This was followed by a pilot period in the physiotherapy 
clinic during which also the therapy clients provided 
feedback to the physiotherapy professionals about the game. 
Small improvements such as changing the position or 
appearance of the game elements and adding the adjustable 
parameters were still made according to the feedback, and 
the updated version of the game was sent after each of the 
three improvement cycles for the piloting organization. In 
addition to the group events, active e-mail discussion and 
phone conversations were used to guarantee the user-
centred focus in the development. During this first pilot 
period, especially adjustable parameters were refined, and 
the modifications were made to the latest prototype, which 
is used in the pilots discussed in this article with other 
physiotherapy professionals who were not involved in the 
game development. 

III. WHAC-A-PHYSIO GAME PROTOTYPE 

Whac-A-Physio game is based on the popular Whac-A-
Mole game. A typical Whac-A-Mole game is played on a 
machine consisting of a waist-level cabinet with a play area 
and display screen, and a large, soft, black mallet. Five holes 
in the play area top are filled with small plastic moles, which 
pop up randomly. Points are scored by whacking each mole 
as it appears. The faster the reaction the higher the score 
[25]. Whac-A-Physio game differs from the original game 
in two main aspects. Firstly, Whac-A-Physio is played in 
virtual reality using a VR headset Oculus Quest (or Oculus 
Quest 2) and two controllers. Secondly, instead of moles 
popping out of the holes, Whac-A-Physio game uses virtual 
white 3D square tiles, which colour into either red or blue, 
thus indicating the tile that must be whacked. 

To play the game, the player must wear the VR headset 
and hold the right controller in the right hand (shown red in 
the virtual world) and the left controller in the left hand 
(shown blue in the virtual world). Upon entering the game 
menu, the player can select the suitable settings and 
determine the size of the play area (Fig. 1). There are no 
standard game settings to begin the game to quarantee 
consideration of the person’s needs and adjustments. The 
player can interact with the game in two ways: by extending 
the arm that holds the controller far enough to touch the 
virtual button or addressing the virtual button using a virtual 
laser by pressing the trigger button on the controller with 
index finger. The game starts upon selecting the Start 
button. A board with white square tiles arranged in columns 
and rows appears in front of the player. The white tiles 
colour themselves either in blue or red in random order (Fig. 
2). The player must address the coloured tiles with the 
corresponding controller (red tile with the right 
controller/laser, blue tile with the left controller/laser). Each 
correctly addressed tile brings a point. The game ends once 
the player has hit the pre-determined number of tiles. 



 

Fig. 1. Choosing the size of the play area in the game menu. 

 

Fig. 2. Gameplay with blue and red coloured tiles. 

The game is accompanied by graphics, music, and audio 
cues. Game environment resembles a relaxing forest 
environment with trees and animals. During the gameplay, 
there is no music to distract the player from audio cues, just 
distant bird singing. Audio and music can be adjusted or 
disabled in the game menu or by adjusting the volume of the 
VR device. The performance results are seen as soon the 
player has completed the game. The results display reaction 
time (average time between hits), game duration, points 
achieved and “combo”. Combo refers to consecutive correct 
hits without missing tiles or hitting incorrect tiles. To 
maintain the positive playing spirit, there are no deducting 
points for incorrect attempts.  

To increase the usability of the game, several settings 
can be adjusted either by the therapist or the patient. These 
are: the size of the play area, the size of the tiles, the duration 
of the game (by choosing the number of the tiles that appear 
in the game), the duration (in seconds) of each tile colouring 
up before vanishing, and the time (in seconds) between the 
consecutive appearance of the tiles. There is also an option 
of using a laser for pointing. If this option is enabled, the 
player does not have to extend their arms so far to reach the 

tiles or change the settings. The game can be played in 
standing or sitting, using either both upper extremities (and 
thus two controllers) or just one. 

IV. PILOTING AND RESULTS 

Whac-A-Physio game prototype was tested in two 
physiotherapy clinics, which were not the same as the clinic 
involved in the development process. The physiotherapists 
(PTs) in these clinics tested the game with their clients. The 
clients’ diagnoses and age were diverse with the youngest 
being nine years old and the oldest 54.  

A. Methodology 

The feedback from the PTs (N=7) was obtained by semi-
structured interviewing. The questions concerned the use of 
the game itself (ease of use, usefulness, learnability, 
flexibility) and the effect of the prototype on their job 
performance, including questions about what kind of 
challenges the PTs had encountered when playing the game 
or setting it up, and whether the use was perceived as time 
consuming. In addition, there was a general question about 
the use of welfare technology in rehabilitation and benefits 
of this game as part of rehabilitation. It was also inquired, 
what kind of clients the PTs think would benefit from the 
game and who would not. 

B. Results 

Results obtained from the semi-structured interviews are 
presented next by summarizing the PTs comments. Often, 
the PTs did not distinguish between the VR technology (VR 
set) and the game itself, and they referred to both in their 
answers. 

The feedback was versatile, but generally positive. All 
participants except one informed the prototype to improve 
the quality of their work even slightly, although almost half 
felt having less control over their job (the physical 
rehabilitation). All seven participants felt the prototype 
rather easy to use (one had “neutral” opinion on this) and 
easy to learn, although there were also comments about the 
learning to take some mental effort. Some critique was 
given about the inflexibility to interact with the prototype 
(especially changing the settings). Every participant felt 
positive about the prototype’s usefulness in their job 
(providing rehabilitation services) and even making their 
job somewhat easier. Opinions about the prototype making 
their job more effective were more heterogenous and less 
convincing. Half of them felt the job to become somewhat 
more effective or the prototype to improve their 
performance whereas the rest did not consider the prototype 
to make the job more effective. These findings are next 
discussed in more detail. 

PTs utilized the Whac-A-Physio game in rehabilitation 
with heterogenous user groups considering functional 
ability, gender and age. Adults were excited about their own 
performance in terms of mobility and ease of use of the 
game. The game was utilized from both a standing position 
and a wheelchair (Fig. 3). Even when played from a 
wheelchair, the game worked well, the demarcation of the 
game area had been functional, and the adjustable size of the 
play area and the speed of the game had served individual 
rehabilitation. The PTs found the use of the VR device and 
the game quite easy. Setting up the game was relatively 
quick, 5-10 minutes depending on a client and the glasses 
were easily placed on the client´s head. Casting the game on 



the computer screen made the guiding and participation 
easier. This allowed some clients to be active from the 
beginning while they were able to set the game themselves. 
Casting did not function well every time and it caused image 
delays. Because the game was easy to use, it also made a 
person who was critical of technology enjoy playing it. 
However, as the game is simple, some children became 
bored while playing and they might had benefitted from 
different variations in the game. 

 

Fig. 3. Whac-A-Physio can be played in standing or sitting (e.g., in a 
wheelchair). 

The PTs found that adjusting the settings after they had 
first worn the glasses themselves and then moved them to 
the client was sometimes difficult. Meanwhile the glasses 
were moved the settings could change and the client might 
not know what to do. The PTs suggested there should be a 
tablet where all the settings could be adjusted while the 
client is already using the headset. They reported problems 
in handling the controllers and operating the buttons, which 
also affected playing the game. 

Whac-A-Physio enabled the clients to practice both the 
body balance and coordination as well as effective training 
of upper limb movements. Clients were able to exercise 
their range of motion in upper limbs and neck almost 
without noticing. In addition, the game was perceived as 
very motivating. The PTs were pleased with the game when 
using it with the neurological clients and those who sit in a 
wheelchair. The game granted new experiences, as well as 
produced a sense of ability and inclusion for the client. 
Clients with poor cognition or localized musculoskeletal 
problems such as with fingers or in the neck and shoulder 
area would not benefit from this kind of a training, 
according to the PTs. 

The PTs believed the game serves well as part of 
rehabilitation and it adds motivation to the training. It also 
has benefits for weight shifting and balance when trained in 
upright position and sitting even though the game requires 
more upper limb movements. In their opinion, rehabilitative 
training is often quite narrow and limited, which is why 
gamification complements and diversifies the offered 
physiotherapy. 

V. DISCUSSION 

Whac-A-Physio game encompasses upper limb 
movements through anterior shoulder flexion and 
abduction. At the same time, it promotes upper body 
rotations, coordination of movements, and challenges the 
player’s (client’s) balance in both standing and sitting. It is 
desirable that the game is inclusive of users with lower limb 
paralysis as it was proven to be played by people using 
wheelchairs. Game settings are crucial for successful 
implementation of the game, as the game should fit various 
abilities of the end users. Easy customisation that can be 
achieved by both physiotherapists and the clients is a benefit 
in the game development. In case of poor functioning of the 
upper limbs, the therapist can adjust the settings suitable for 
the client’s range of motion. The game can be set to use only 
one upper limb, for example in case of one side paralysis 
(hemiplegia) or amputations. In this case, only one 
controller equaling either red or blue colour is used. The 
physiotherapist’s professional assessment of the client 
should always determine whether playing the game would 
benefit the client or not. Therefore, a good understanding of 
the game and its adjustment possibilities are crucial for the 
physiotherapist to have. Game casting (mirroring) on a 
computer or a tablet enables the therapist to see what is 
happening in the virtual world and can thus facilitate the 
client more accurately. 

This kind of a game can be a part of intentional training 
in rehabilitation and complement the therapy. Especially 
when discussing about long-term customer relationship, 
motivational matters and versatile ways of training are 
important. Playing Whac-A-Physio could be an occasional 
part of a physiotherapy session, complementing other 
therapeutic modalities, and played for a short duration, also 
depending on the client’s motivation. VR-rehabilitation has 
not been proven superior to any other therapy. Instead, it 
was evaluated to be as effective as other therapies if it is 
easy to use for the therapist and possible to be tailored for 
the clients. So far, the studies recommend the application of 
VR gamification as an adjacent method to the conventional 
therapy methodologies [26–29]. 

No adverse effects were reported by the PTs, although it 
is known that virtual reality might cause eye fatigue, 
dizziness, headache, and motion sickness, especially in full-
immersion VR games with a moving background [30]. The 
PTs did not find the game (or VR device) suitable for people 
with neck issues. This correlates with literature, where 
prolonged use of the VR headset might increase the burden 
on the cervical spine in some individuals, risking greater 
neck strain [31]. It is preferable from the perspective of 
reducing adverse effects that only fixed-background full-
immersion VR games be used in rehabilitative interventions 
[30]. Whac-A-Physio game has a static background and thus 
low-immersion, which appears to be more suitable for the 
rehabilitation. 



The game is only a prototype and thus has a lot of space 
for improvement. Although the game settings can be 
adjusted to increase the challenges in the playing, more 
difficulty levels can be added to the existing prototype to 
maintain the player’s motivation. It is also well notable that 
such game is not suitable for everyone. Children with 
attention deficit disorder might find it difficult to 
concentrate on playing the game for sustained time, so 
shorter play times combined with other physical activities 
should be considered. It is the physiotherapist’s professional 
skill to recognize whether their client would benefit from 
playing this game or not. Our future work is to further 
develop different game versions for various user groups and 
special needs.  

The authors are aware that it is not enough to hand out 
the VR device with the game to the therapists. Technical 
staff should provide a training to the therapists on how to 
use the VR device, set up the game, adjust the settings and 
cast it on another device as these all determine success in 
the implementation of the gamified therapy. The training 
should also contain information on VR indications and 
contraindications, and possible adverse effects. In addition, 
technical staff should offer technical support and be 
reachable for any technical difficulties that might occur 
during the period of the game use. These points are all part 
of a good service design. 

Co-designing was based on continuous and open 
communication and feedback on both sides. The game´s 
developers have received development ideas from both 
physiotherapists and their clients. According to the 
physiotherapists who have been involved in the process, the 
co-designing has been rewarding. The ideation, co-
designing and validation were carried out both remotely in 
various meetings and in practice together with 
rehabilitators. An open atmosphere has been an essential 
factor in promoting co-operation and it is the main theme of 
co-design. Whac-A-Physio game is a great example of co-
design. Without the involvement of all parties in the game 
development, many important issues could have been 
overlooked. In addition to game development, collaboration 
work extended to a variety of devices, such as game 
controllers. A need emerged for accessible VR controllers 
that can be used by clients with poor handgrip strength or 
spasticity in their hands or fingers. Customizable VR 
controller add-ons can be easily designed for a specific use 
utilizing 3D-printing technology. Apart from Whac-A-
physio, 3D-printed VR controller add-ons can be used also 
for other VR games. Possibilities of 3D-printed add-ons for 
the VR controllers that can be worn on the lower limbs can 
also be explored. 

The number of participants in the study was low. 
However, the aim of the study was not to make far reaching 
conclusions, as this would require a higher number of 
participants, but rather use the thematic questions as they are 
essential for the product development. The study offers 
preliminary results towards the acceptance of the Whac-A-
Physio game prototype and serves as a basis for our future 
work where we will focus on the game adoption by the 
patients and larger scale research on the usability and user 
experiences.   

VI. CONCLUSION 

As outlined above, serious games and virtual reality will 
play a major role in future rehabilitation. These technologies 
can increase the sense of ability, inclusion, and 
participation. It is important to educate the physiotherapists 
as well as other healthcare professionals on the benefits of 
the serious games and involve them in the game 
development already at the ideation stage. Co-design 
process with the physiotherapy clinic has opened further 
collaboration opportunities. Several possibilities of 
accessible VR game controllers using 3D printing 
technology were discussed. These can be researched and 
tested in the future collaboration. Providing solely the 
technology to the end users is not sufficient. Training, 
instructions, and technical support should be considered, 
too. There is also a need for co-design and service design 
thinking in the future work. Co-design allows us to explore 
a range of options and rely on the structured process of 
prototyping and testing to develop our work together. Only 
co-design combined with service design thinking makes 
innovation and new ways of thinking possible. Such forms 
of working always require multidisciplinarity and crossing 
over the areas of expertise. Hence, multisectoral and 
multidisciplinary working in such development processes 
are crucial to successful outcome. 
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