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Abstract: Stroke patients often encounter upper extremity impairments that necessitate rehabilitation.
Traditional motor rehabilitation methods may struggle with patient adherence due to low engagement. This
lack of engagement can lead to decreased motivation and, consequently, reduced participation in the
rehabilitation process, which may impact the overall effectiveness of the treatment. Gamification in virtual
reality (VR) adds game-like features to enhance engagement and motivation, thereby significantly improving
patient involvement in rehabilitation. This study introduces i-Suksok, a VR-based game specifically designed
for shoulder rehabilitation in mild-stroke patients. Created in the Unity platform, the game presents users with
the challenge of maneuvering a round peg into specific holes on a pegboard using shoulder movements. It
encompasses two modes: "Levels,” which progressively increase in difficulty and adapt to the patient's shoulder
range, and "Time Trial," where players aim to hit as many targets as possible within a designated time limit.
The feedback and evaluation results from participants showed that, on average, 75% agreed with the metrics
used, underscoring the significance of participant feedback and involvement in effective rehabilitation
therapies, while perceptions of effectiveness, which influenced motivation and adherence, highlighted the
importance of enhancing user experience in VR rehabilitation for better recovery outcomes which is supported
by 69% of participant’s agreement. Gamification in VR has the potential to transform traditional methods in
healthcare, education, training, and entertainment by providing an engaging, interactive experience that
captures users' attention and fosters positive outcomes.
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1. Introduction

Throughout life, individuals often face illnesses, disabilities, or impairments. One of the most
common causes of such conditions is stroke, which is also a leading cause of death (Salaudeen et
al., 2024; Wang et al., 2023; Tsao et al., 2022). A stroke occurs when blood flow to the brain is
disrupted, either by a blockage or a ruptured blood vessel. This interruption deprives the brain of
oxygen and nutrients, causing tissue damage and potentially leading to tissue death if not promptly
treated (Fekadu et al., 2019; Singh et al., 2013).

Stroke patients often face significant challenges during upper extremity rehabilitation due to
motor impairments, which make traditional rehabilitation methods less effective. These
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conventional approaches frequently result in low patient motivation and adherence. However,
advancements in technology, such as gamification and virtual reality (VR), have shown promise in
increasing engagement and improving rehabilitation outcomes for stroke patients. Strokes are
categorized by severity, with mild stroke being a common type. These typically lead to subtle motor
and cognitive impairments, which can impact everyday tasks, such as returning to work. Patients
may experience issues with coordination, communication, clarity of thought, impaired vision, low
energy, and emotional control (Duncan et al., 2021; Scott et al., 2019). Motor impairments in the
upper extremities are particularly common after a stroke. The upper extremity includes the
shoulders, upper arm, forearm, and hand, consisting of 30 bones, nerves, muscles, and blood vessels
(Forro et al., 2023). Hemiplegic shoulder pain is a prevalent condition affecting about 75% of stroke
patients, significantly reducing their quality of life (Manurung et al., 2023; de Sire et al., 2022; Anwer
and Alghadir, 2020; Dyer et al., 2020). Stroke-related shoulder impairments often lead to a decreased
active range of motion (AROM), particularly in movements such as shoulder abduction, horizontal
abduction, extension, forward flexion, adduction, horizontal adduction, lateral rotation, internal
rotation, scapular protraction, and scapular retraction.

Traditional rehabilitation techniques for stroke recovery typically involve repetitive physical
exercises under the supervision of therapists. While essential for recovery, these methods often
result in low patient engagement due to their monotonous nature and the perceived lack of progress
(Lietal., 2024). This disengagement can lead to reduced motivation, which is crucial for the success
of rehabilitation programs (Sanchez-Gil et al., 2025). Thus, innovative strategies to sustain patient
motivation and improve participation are urgently needed (Ockerman et al., 2024). Although
spontaneous motor recovery may occur within the first six months after a stroke, further
improvements rely heavily on consistent physical rehabilitation (Shagaeva and Shagaev, 2021;
Young and Forster, 2007). Physical therapy rehabilitation is a comprehensive approach aimed at
restoring, maintaining, or enhancing the physical, mental, and cognitive abilities necessary for daily
activities (Buckingham et al., 2024; Mahmoud, 2021). Research indicates that physical therapy can
strengthen muscles, improve quality of life, and enhance upper limb motor function (Kanika et al.,
2023; Brusola et al., 2023; Teo et al., 2022; Huang et al., 2021; An and Shaughnessy 2011). Less than
35% of patients adhere to traditional rehabilitation programs, often due to limited access to services,
lack of community support, and low motivation—particularly in low-to-middle-income countries
(Logan et al., 2024; Asa et al., 2021). Many patients find exercises monotonous, painful, or
unengaging and perceive them as ineffective. Maintaining patient engagement is critical for
program adherence and success.

Gamification applies game design elements to non-game contexts, such as rehabilitation, to make
exercises more engaging. By transforming routine tasks into interactive challenges, it enhances
motivation and promotes better adherence (Octavia and Natasha, 2017; Deterding et al., 2011).
Features like progress tracking, rewards, and feedback create a sense of accomplishment,
encouraging continued participation (Tosto-Mancuso et al.,, 2022). Virtual reality (VR) further
enhances engagement by creating immersive environments that mimic real-world scenarios. VR
applications enable personalized rehabilitation experiences that adapt to a patient's needs, making
exercises feel less demanding while promoting significant physical activity (Peldez-Vélez et al.,
2023; Sana et al., 2023; Demeco et al., 2023; Hao et al., 2023; Truijen et al., 2022; Wu et al., 2021; Feng
et al,, 2019; Kalarat and Koomhin, 2019; Maggio et al., 2019; Laver et al., 2017). Integrating
gamification into VR, with features like scoring and interactive challenges, offers a powerful tool
for rehabilitation by sustaining patient interest and improving outcomes (Magista et al., 2018).

Several efforts have explored gamified rehabilitation (Dan, 2022; Doumas et al., 2021; Berton et
al., 2020; Charles et al, 2020). Products like Neurofenix use devices like the NeuroBall to gamify
hand therapy through tablet-based games. While engaging and motivational, such systems lack the
immersive benefits of VR and are less effective for patients with mild impairments (Kilbride and
Butcher, 2024). In contrast, VR-based rehabilitation systems, such as those using HTC Vive, show
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improved outcomes compared to traditional methods, though their gamification features are often
limited (Mekbib et al., 2021).

Virtual reality technology offers an immersive environment that can simulate real-world
scenarios for stroke patients, providing an engaging platform for rehabilitation (Laver et al., 2017).
VR rehabilitation programs can be designed to adapt to individual patient needs and abilities,
allowing for personalized therapy experiences (Sanchez-Gil et al., 2025). The interactive nature of
VR can also reduce the perceived effort of exercises, making them feel less taxing while still
promoting significant physical activity (Aderinto et al., 2023). By targeting the shoulders, the game
aims to address the unique needs of this population, leveraging VR’s immersive nature and
gamification principles to improve motor function and rehabilitation engagement (Biissing and
Hempel, 2020). Existing research demonstrates that VR-based rehabilitation can lead to significant
improvements in motor functions compared to conventional therapies, further highlighting its
potential as an effective and scalable intervention (Sudiarno et al., 2024; Pelaez-Vélez et al., 2023;
Chen et al., 2022). This study introduces a culturally tailored VR-based game specifically designed
for Filipino stroke patients with upper extremity impairments.

2. Methodology

The i-Suksok game is designed to aid rehabilitation for individuals recovering from minor
strokes, particularly those with a muscle grade of 3 to 4, and was developed through visits to
rehabilitation centers where potential activities were identified and gamified, with input from
rehabilitation experts to ensure alignment with real-world practices and prescribed regimens from
physical therapists. The gameplay focuses on enhancing shoulder mobility through specific
movements such as forward flexion, adduction, horizontal adduction (crossed flexion), and
horizontal abduction, with players seated ergonomically and wearing upper limb support to isolate
shoulder activity while maintaining proper posture with palms facing down. The game adapts to
each player’s abilities, progressively increasing difficulty to keep them engaged and encourage
continuous improvement.

The i-Suksok game incorporates core features that emphasize accessibility and replay value,
including progressive difficulty, which starts with simple tasks and gradually introduces
complexity as the player’s abilities improve. Customization options allow the game to adapt to
individual movement ranges, accommodating varying levels of shoulder mobility, while its design
motivates patients to return for regular sessions, enhancing replayability. Developed using the
Unity game engine, known for its robust capabilities in creating 3D and VR applications, the game
leverages the Meta Quest 2 VR headset for optimal compatibility, supporting seamless testing and
iterative development. Its core functionalities are programmed in C# within Visual Studio, which
integrates efficiently with Unity, enabling quick modifications and updates.

The core gameplay of the i-Suksok game revolves around the patient manipulating a cylindrical
object, referred to as the “round peg,” using shoulder movements to place it into designated holes
on a virtual pegboard, which is designed to mirror traditional physical therapy exercises with pegs
and pegboards in a digital, VR-enabled format. The interface features a digital wooden board with
multiple holes for the player to interact with, and the objective is to successfully place the cylindrical
peg into specific holes, guided by a translucent indicator that highlights the target area. Once the
peg is accurately placed, it locks into the hole, and the player repeats the process until all targets are
completed, enhancing both engagement and therapeutic value.

The gameplay logic of the i-Suksok game, as shown in Figure 1, ensures an engaging and
structured progression through its levels, beginning with a start menu where the player's score is
initialized to 0, and the positions of target holes are randomized to maintain variety. As gameplay
flows, the player picks up a peg and places it in the designated hole; a successful placement increases
the score based on the level’s scoring system and decreases the number of remaining holes by one.
This process continues with newly randomized targets until all holes are filled or the timer expires.
Upon completion, if the player’s score meets or exceeds the target for the level, they progress to the
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next level; otherwise, they have the option to retry the level or choose to end the session, providing
a balanced mix of challenge and feedback.

The development of the i-Suksok game involved regular testing with the Meta Quest 2 headset
to refine gameplay mechanics, ensure alignment with rehabilitation objectives, and enhance user
experience. Feedback from physical therapists and patients was integral to the design process,
allowing for usability and therapeutic effectiveness improvements. The i-Suksok game represents
an innovative approach to stroke rehabilitation by leveraging VR technology to gamify shoulder
exercises. Its adaptive difficulty, engaging mechanics, and alignment with clinical practices create a
motivating and effective tool for patients on their path to recovery.
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Table 1 outlines key design considerations for the development of a game tailored for therapeutic
and rehabilitation purposes, focusing on creating an engaging, effective, and accessible experience
that meets the specific needs of its target audience. The game environment should closely replicate
a real-world clinical setting, fostering familiarity and comfort for players through a realistic and
immersive atmosphere, with a well-lit virtual room and clearly visible objects that make navigation
easy. A user-friendly interface is essential, prioritizing simplicity and intuitiveness to enable
effortless interaction while eliminating the need for controllers to accommodate individuals with
limited motor skills or dexterity. Furthermore, the game should incorporate progress monitoring
mechanisms to track the patient’s abilities before and after completing levels, providing valuable
feedback to both therapists and patients regarding rehabilitation effectiveness. It must also
dynamically adjust to players' capabilities, ensuring tasks are appropriately challenging with
customizable difficulty levels that cater to a wide range of motor skill levels and rehabilitation
needs. These design considerations aim to create a game that is enjoyable and therapeutic, ensuring
that patients remain engaged while benefiting from a targeted and effective therapeutic regimen.

Table 1 Design considerations for the game.

Design Consideration Details

Physical Structure The setting needs to resemble an actual clinic.

The space should have good lighting, and the player should be
able to see every object in the game.

Controllers shouldn't be necessary because the user interface
should be simple to use.

The patient's abilities should be tracked by the game both before
and after they finish each stage.

Adaptability The game ought to change according on the Patient's ability.

Visual clarity
User interface

Progress Tracking

The rehabilitation game was evaluated through a comprehensive framework aimed at
determining its effectiveness in achieving therapeutic goals and assessing key parameters, including
game design and overall effectiveness. The evaluation focused on several therapeutic goals, such as
facilitating functional improvement in motor skills and range of motion, reducing discomfort
during rehabilitation exercises, enhancing the patient’s quality of life through improved physical
and emotional well-being, and fostering motivation and sustained engagement in the rehabilitation
process. Game design parameters were also assessed, covering aspects like accessibility for patients
with various disabilities, customization to adapt to diverse needs, a structured progression that
aligns with therapy milestones, and the provision of real-time feedback to motivate patients.
Effectiveness metrics included clinical outcomes, measuring the game’s impact on therapeutic
improvements against baseline measurements, patient satisfaction, and comparative analysis
against traditional rehabilitation methods. A total of 15 participants tested the game using a
structured rating system, scoring performance across defined metrics on a scale from 1 (Strongly
Disagree) to 4 (Strongly Agree). The results of this evaluation provided valuable insights into the
game’s strengths and areas for improvement, guiding further development and optimization.

3. Results and Discussion

The development process emphasized creating a comprehensive game, starting from the initial
stages of crafting VR environments and designing 3D objects as assets to incorporating a user-
friendly Graphical User Interface (GUI) and refining the intricate game mechanics. Furthermore, the
development also involved integrating technical analysis, specifically ensuring the accurate reading
of the rotation angle, to enhance precision and reliability within the game's functionality.
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3.1. Game Environment

The virtual floor, as shown in Figure 2a, was modeled after a rehabilitation center at the De La
Salle Medical and Health Sciences Institute. It features a 3D rendering of a therapy room equipped
with various tools, such as parallel bars, an exercise bike, a treadmill, a mat table, weights, balance
balls, and steps, all designed to support diverse therapeutic needs and enhance mobility, strength,
and overall physical function. These were designed to give the impression that you are in a real
rehabilitation facility. Shapr3D created the 3D models in the environment, while Blender was used
for game objects like the playing board and round peg, with all models built from scratch. Each
object underwent UV mapping and texture baking for smooth import into Unity, maintaining
optimal performance with 2K textures and no frame drops reported during gameplay, even with
additional models.

Figure 2b shows the Graphical User Interface (GUI) panels that were developed using Canva
and scripted in Unity to provide functionality. At the top section, there is a button that takes the
user to a login screen to enter their credentials. In the bottom section, there is a "Choose a game"
prompt that allows the user to select a game to play, accompanied by a grid of game tiles, each
featuring a name (e.g., "[-SUKSOK Game") and other game challenges that are aimed to follow this
one. Additionally, there is a "BACK" button that takes the user back to the previous screen or exits
the simulation. Players are required to register when they initially launch the game.

A registration screen, as shown in Figure 2c, will appear on the screen. To facilitate patient
registration, the button clicks on the keyboard are triggered by directing the reticle to an identified
spot and holding it there for one to two seconds until a click event is registered.

D@ Wl
O o
) (=) =)
Welcome to the Game Game Geme
i-BALIK VR Simuletion
Unnemed | (Unnamed
(b)

Figure 2 (a) 3D rendering of the upper extremities’ facility; (b) Game GUI; (c) Registration menu

The game is integrated with a local database, enabling the storage of important patient
information regarding their score and progress. Specifically, the database records the patient’s
details, such as their name and login credentials, the most recent 10 calibrations, and their scores
and high scores for time-trial modes (30 seconds, 1 minute, and 2 minutes). This data is stored in a
.csv file format for easy and rapid reading and writing. A method was devised to eliminate the use
of Virtual Reality (VR) controllers in the VR game by incorporating a hand-tracking feature to
control VR hands, benefiting patients experiencing difficulties in hand movement. The resulting
game comprises two modes: Levels and Time Attack, depicted in Figure 3.
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Figure 3 (a) Main menu screen for the game; (b) Level selection screen

In these two modes, the player can choose whether to focus on their left shoulder or right
shoulder, with progress on each shoulder being completely separate. The Levels mode comprises
five distinct 'stages' that progressively increase in difficulty. Initially, only one level is accessible,
and upon successful completion, a more challenging level is unlocked.

In Figure 4, there is a level selection menu displaying a 'level' that requires a specific number of
holes to be hit by the end for the player to succeed. The game randomly selects which hole the
patient needs to place the round peg in, and each level has a finite number of holes that must be hit.
Upon selecting a hole, the game generates a silhouette of a round peg on the chosen hole to direct
the player in pointing their arm toward it, while a concealed timer begins running. If the player fails
to hit the hole within the given time frame, a new hole will be chosen. Failing to meet the specified
number of holes in the level prevents progression to the next level.

Since each patient has distinct capabilities based on their case, the levels are custom-tailored to
adapt to this by initiating an initial calibration test, depicted in Figures 4a and 4b. During this test,
the patient follows a trail of the translucent round peg on the game pegboard first vertically to assess
their forward shoulder flexion and then horizontally to evaluate their adduction, horizontal
adduction/cross flexion, and horizontal abduction.

CALIBRATION

CHOOSE A SHOULDER TO MEASURE ITS
HEN AIM AT

THER SHOULDER

(a) (b)

Figure 4 Calibration section (a) calibration menu, and (b) shoulder flexion calibration

This approach establishes a distinct playing area that limits the game to designate specific holes
as targets, guaranteeing the patient's ability to reach them. Nevertheless, to promote progress, the
game can also opt to designate a target hole beyond the patient's current capability. These
challenging holes provide enough resistance to pose a greater challenge for the patient yet remain
within an achievable range.

Figure 5 depicts some sample gameplays. Figure 6 shows when a level is completed and failed.
These screens visually represent successful completion and instances of failure within the game.
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Figure 5 Sample gameplay with yellow arrow pointers for user’s reference at (a) level 1, (b) level 2,
and (c) level done

' ALMOST THERE!
cok\gg&lﬁp w K TRY AGAIN? e

10 Score: 4
6 Target Score: 6

¢

(a) (b)
Figure 6 Sample display for (a) level completed and (b) level failed

Figure 7 illustrates the gameplay time trial logic of i-Suksok. It involves peg placement within a
specific timeframe. The steps include starting the game, placing player pegs, initializing the timer,
randomizing the positions of translucent pegs, checking whether placements are within reach,
displaying and starting the timer, incrementing the score upon peg placement, and repeating actions
based on timer expiration until the game concludes. The game combines strategy and speed,
requiring players to place pegs within designated areas within a set time limit.

Upon completing all five levels, the patient undergoes a similar test to assess improvement.
Successful progress expands the playing area, returning them to level 1 with an enlarged playing
area. In the event of failure, they would revert to level 1 with the same playing area. Mastery of the
entire pegboard unlocks the Time Trial mode, offering the patient the choice of three time limits: 30
seconds, 1 minute, and 2 minutes. Within the chosen time limit, the patient endeavors to hit as many
holes as possible. This mode, without a restricted playing area, is exclusively available to those
capable of reaching any part of the board.

Figure 8a depicts the time trial selection screen, which allows the user to choose the duration of
the time attack trial, with options of 30 seconds, 1 minute, or 2 minutes. While the game remains the
same for the time trial, this mode features randomly placed holes all over the board without any
restrictions, as shown in Figure 8b. Additionally, Figure 8c presents a sample completion of a time
trial level, showcasing the score, current best score, and a single star. The rating is based on the
player’s score relative to their current personal best. It awards 1 star if the score is less than half, 2
stars if it is at least half, and 3 stars if it exceeds the high score.

Visual effects in the form of particle explosions were implemented and are showcased after the
round peg is inserted into the holes, serving as an indicator of task completion, as depicted in Figure
9. The background music, heard by the player during the game, was composed and created from
scratch, including the sound effects triggered when the round peg is dropped and inserted into the
board.
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Figure 7 Gameplay time trial program logic
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Figure 8 (a) Time trial selection screen; (b) Time trial play screen; (c) Time trial completed.
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Figure 9 Game visuals and effects showing confetti for completed tasks

3.2.  Feedback and Evaluation

Figure 10 displays the feedback and evaluation results from participants. On average, 75%
agreed with the metrics, with 19% strongly agreeing and only 6% disagreeing. The disagreement
may be attributed to accessibility challenges and a slight reduction in discomfort (N=15). This
supports earlier work by Obembe and Eng (2016), which highlighted the importance of participant
feedback in improving rehabilitation therapies. For the four metrics related to therapeutic goals,
77% agreed, 18% strongly agreed, and 5% disagreed (N=60). This is similar to the findings by Littooij
et al. (2022), who noted that involving participants is key to effective rehabilitation outcomes. The
research by Laver et al. (2017) emphasizes the role of participant feedback in refining VR-based
rehabilitation programs. For the game design metrics, 77% agreed, 20% strongly agreed, and 3%
disagreed (N=60). Lohse et al (2013) found that well-designed therapeutic games can improve user
experience and rehabilitation effectiveness. This aligns with the findings by Laver et al. (2017), who
demonstrated that engaging game mechanics in VR can enhance therapeutic activities. Lastly, for
the effectiveness metrics, 69% agreed, 20% strongly agreed, and 11% disagreed (N=45). This echoes
the work of Tatla et al. (2014), who showed that perceptions of effectiveness can greatly affect
motivation and adherence. Further supporting this, Vinas-Diz and Sobrido-Prieto (2016)
highlighted that enhancing the user's experience in VR rehabilitation can lead to better recovery
outcomes among stroke patients.

Strongly Agree E
=
Disagree ?
Strongly Disagree

0 0.2 0.4 0.6 0.8 1

l Effectiveness (N=45) [l Game Design (N=60)
W Therapeutic Goals (N=60)

Figure 10 Participants’ feedback and evaluation results related to effectiveness, game design, and
therapeutic goals

4. Conclusions

The i-Suksok game demonstrates the potential of virtual reality (VR) to assist stroke patients with
shoulder problems by incorporating game mechanics in rehabilitation, which fosters patient
engagement and addresses common challenges such as lack of motivation and difficulty that can
hinder recovery. By adjusting the game's difficulty based on individual patient abilities, the
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developers have created a more personalized and effective tool for rehabilitation. However, despite
the successful completion of the game, several limitations exist due to constrained development
time. Further development is recommended, including the integration of support tools like a
goniometer for accurately measuring shoulder movement angles and the inclusion of progress-
tracking features to enhance clinical applicability. Since clinical trials have not yet been conducted,
it is advised to consider co-designing methods with patients and stakeholders. Additionally,
incorporating computer vision or Al technologies for pose and angle estimation, as well as
integrating voice recognition for interacting with the game environment and introducing a virtual
doctor for support and motivation, could significantly enhance the overall experience and
effectiveness of the rehabilitation process.
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