
 

The Design of a Virtual Reality Game 
for Stroke-Induced Attention Deficits

 

Abstract 

Hemispatial neglect is a spatial attention deficit that 

occurs in 25 up to 50% of stroke survivors and has a 

negative impact on functional recovery. Despite an 

increased understanding of the mechanisms underlying 

hemispatial neglect, there is no effective treatment yet. 

In particular, the transfer of treatment effects to daily 

life is often missing. A more ecological approach to 

rehabilitation may therefore produce better treatment 

effects. Here we present the design of a virtual reality 

game for stroke patients with spatial attention deficits. 

Moreover, we present the use of our ‘Intervention Logic 

– Game Mechanic’ model which details how theory-

grounded intervention principles were translated into 

game mechanics and desired treatment outcomes. 

Additionally, we demonstrate how simulations on the 

basis of player models aid in designing a dynamic 

difficulty adjustment algorithm and reduce the need for 

elaborate gameplay testing.  
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Introduction 

Hemispatial Neglect 

Hemispatial neglect is a condition in which stroke survivors 

with unilateral (one sided) brain damage fail to attend the 

contralesional (opposite) side of space [16]. This condition 

restricts daily life functioning and limits recovery of other 

functions affected by stroke, such as the use of the 

contralesional limb [7]. Neglect is often diagnosed by 

measuring the patient’s visuospatial search pattern with a 

target cancellation task, for instance a task in which 

patients must cross out closed heart shapes, while 

ignoring broken heart shapes. Neglect patients fail to 

indicate the targets on the contralesional side of the page 

(Figure 1, [9]). This spatial attention bias can also affect 

sensory domains other than vision, such as audition or 

somatosensory processing [9]. In addition, it has been 

shown that the spatial attention bias in neglect patients is 

accompanied by non-spatial deficits such as poor 

sustained attention [18].  

Rehabilitation of Neglect 

Many endeavors have been made to rehabilitate 

hemispatial neglect, but most approaches failed to 

generate long-lasting treatment effects that transfer into 

daily life [5,13,19,21,22]. Additionally, due to a lack of 

disease insight, it can be difficult to motivate neglect 

patients to engage in their treatment. A virtual reality (VR) 

game could tackle both obstacles of transfer and 

engagement, by training patients in a realistic 

environment in 3D space and by motivating engagement 

through sensory immersion and gaming mechanics 

[1,2,6,15,20,23,27,29]. VR may especially increase 

transfer of learning by enabling learning situated in an 

environment resembling real life [8]. Furthermore, 

engagement with learning in VR may be better due to a 

high sensory presence [8].  

Lately, dynamic difficulty adjustment (DDA) has been 

recognized as an important feature of games, balancing 

game challenge against player skill for an optimal 

experience [3,10,17]. Despite the fact that DDA 

algorithms can tailor interventions to the skill level of the 

individual patient and can make training more efficient by 

targeting the intervention more on the skills that must be 

trained, it has not been thoroughly investigated whether 

DDA algorithms can produce stronger rehabilitation effects 

in stroke patients. Given the large inter-patient variability 

in post-stroke cognitive status [9], DDA algorithms may 

be particularly useful for this population. 

In this paper, we present the design of an adaptive VR 

game for patients who have had a right-hemispheric 

stroke with spatial attention deficits, using the Oculus Rift 

CV1 and the Oculus touch controllers, developed in the 

Unity 3D Engine. In particular, we present two 

contributions to the CHI PLAY community. First, we 

present the use of our ‘Intervention Logic – Game 

Mechanic’ model which details how our theoretical 

principles were translated into game mechanics and 

desired treatment outcomes. The use of our ‘Intervention 

Logic – Game Mechanic’ model can act as an inspiring 

example for other developers of serious games. Second, 

we demonstrate how simulations based on a patient model 

can aid the development and optimization of a DDA 

algorithm. The result is a VR game grounded in theory and 

tailored to the patient’s skill level.  

Translating Interventions into Game 

Mechanics  

During the design and development of this game, a 

team of engineers, designers and psychologists 

communicated with one another to align the game 

mechanics, the game art and storyline with the 

 

Figure 1. The hearts cancellation task 

of the Oxford Cognitive Screen. The 

closed heart shapes located on the 

right side of the page are cancelled, 

while the closed heart shapes on the 

left side are not. 

 



 

intervention logic and treatment goals. Therefore, we 

used a game playbook as a means for effective 

communication [12]. A game playbook is a combination 

of a game design document which is typically used in 

the field of game design, and a logic model and 

intervention manual, which is typically used in health 

research [12]. The game design document contains 

information about the aesthetics and narrative of the 

game, the player’s objectives, the progression model, 

the way in which feedback is provided to the player and 

a description of the user interface. The intervention 

manual and logic model describe the principles of the 

intervention, the ultimate goal of the intervention and 

how both will be operationalized.  

Central to the game playbook is the model that maps 

intervention components to game mechanics and 

desired (behavioral) outcomes. The authors who 

proposed the game playbook used this method for the 

development of a game to prevent HIV infection in 

adolescents [12]. In our project, we tailored the game 

playbook to the development of a cognitive training 

(Figure 2). In the following paragraphs, we present the 

design of our game alongside the different elements of 

our ‘Intervention Logic – Game Mechanic’ model. 

The Intervention Components 

At the moment, the dominant theory to explain neglect 

symptoms states that patients have an asymmetrical 

priority map [25]. The priority map is a topographic 

representation of our environment in 

which each location is associated with a 

priority value, which is computed by 

combining the saliency of a stimulus and 

the task- or behavioral relevance of the 

stimulus [4]. The higher the priority in 

the map, the more likely it is that the 

corresponding location will be attended. 

Thus, the priority map guides our 

information selection in space. Patients 

with neglect have a spatially biased 

priority map, in which contralesional 

locations have low priority values and 

therefore their visuospatial exploration is 

not oriented towards contralesional 

space [25]. Additionally spatial attention 

deficits in neglect patients are worsened 

by a reduced ability to sustain attention 

on a task for extended time periods [18]. 
 

Figure 2. The intervention logic – game mechanic model clearly shows how intervention components translate into game mechanics 

and desired outcomes. The psychological mechanisms are depicted in green to represent latent constructs. 
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We hypothesize that hemispatial neglect can be treated 

by four intervention components (Figure 2): 1) the 

presentation of high priority stimuli on the neglected 

side, 2) the positive reinforcement of visuospatial 

exploration of the neglected side, 3) the presentation of 

task-irrelevant stimuli (distractors) on the ipsilesional 

(same side as brain lesion) side and 4) incentives to 

perform the task for an extended time period. The first 

three components aim to reweigh the priority map and 

consequently increase visuospatial exploration in the 

neglected field after training. The last component aims 

to improve sustained attention in daily life, which 

should result in less attention lapses when performing a 

repetitive task after training. 

From Intervention Components to Game Mechanics 

MULTISENSORY LOOMING DISK 

It was chosen to operationalize the “high priority” 

stimulus (the first intervention component) as a 

multisensory expanding (looming) stimulus, because 

previous studies have shown that looming and 

multisensory stimuli have more chance to enter 

awareness compared to contracting and unisensory 

stimuli in neglect patients [11,14]. During the game a 

disk is presented to the player. This disk expands and 

contracts in size according to a rhythm (looming). The 

presentation of the disk coincides with the presentation 

of a sound that matches in frequency (multisensory 

looming). This multisensory looming disk predicts the 

location where the next target will be presented. After a 

couple of seconds, the player must discriminate 

between two types of target stimuli (e.g. a blue versus 

a red butterfly) that are presented at the center of the 

disk (Figure 3). To discriminate between the two 

targets, the player receives a limited time window. If 

the player has not given a response within this time 

window or if he has given an incorrect response within 

this time window, the response is considered a miss. 

The player must perform multiple trials (a sequence of 

presentation of a disk, a target and a response time 

window) of this task in our game. To motivate patients 

to perform this repetitive task, the targets that must be 

discriminated and the environment changes after each 

two levels of the game. 

DYNAMIC DIFFICULTY ADJUSTMENT (DDA) 

We developed a DDA algorithm to adjust the location of 

the disk and target stimuli in real-time as a function of 

the player’s performance. The primary goal is to 

present high priority stimuli more frequently in the 

neglected field than in the good field. Since the extent 

of the neglected field may vary among patients, a DDA 

algorithm could perform better at this goal than a fixed 

difficulty design. A second goal of this algorithm is to 

adjust the difficulty of the game to an appropriate level 

for each player. The adaptive algorithm is detailed 

further down below.  

TRIAL-BY-TRIAL AUDIOVISUAL FEEDBACK 

The second intervention component is translated into a 

feedback mechanism that mainly uses positive 

reinforcement. Players always receive a point accompanied 

by a rewarding sound when correctly classifying the target 

stimulus. When players do not respond or incorrectly 

classify a target stimulus, a warning sound is presented, 

but their score is not affected. 

DISTRACTORS 

As for the third intervention component, higher levels 

are characterized by the presence of more salient task-

irrelevant stimuli (distractors) in the environment. This 

procedure aims to train the patients’ ability to attend to 

 

Figure 3. The first image 

illustrates the disk. After the 

presentation of this disk, a blue 

butterfly or red ladybug is 

presented (image 2, 3). After a 

correct response, feedback is 

provided (image 4). 



 

the neglected field, even when there are interesting 

stimuli present in their good visual field. 

REPETITION AND TIMING 

Finally, for the fourth intervention component, in 

between each trial in which patients must discriminate 

between two target stimuli there is a pause. This pause 

makes the target discrimination task more slow-paced 

than traditional games and taxes sustained attention. 

During this repetitive and slow-paced task, the players 

are externally cued to maintain their focus on the task 

at hand. If they miss a target (due to an attention 

lapse) a sound is presented to alert them about the 

missed target. This game mechanic is based on the 

self-alerting training strategy [24,26]. By externally 

alerting the player, attention lapses during gameplay 

will occur less often. Through this procedure, patients 

may learn to internalize these alerting events and 

consequently maintain better cognitive control on tasks 

in daily life after training. 

Simulations to Optimize Algorithms 

As aforementioned, DDA is desirable to ensure that a 

game matches player skills [17]. In current game 

development, these algorithms are often optimized 

through multiple rounds of user testing with the target 

group [3,28]. However, repeated data collection within 

a sufficiently large population of stroke survivors (with 

hemispatial neglect) is difficult. To overcome this 

challenge, we used simulations based on a model of our 

players. The aim of the simulations was to reveal how 

the difficulty of the game adapts to the characteristics 

of the player. The goals of the algorithm are to: 1) 

present stimuli in the neglected field and 2) adjust the 

difficulty of the game at an appropriate level for each 

player. 

The Adaptive Algorithm 

A truncated Gaussian distribution determines the 

location of targets in the game. The mean of this 

distribution represents the location where targets will 

most likely appear. The mean is initialized at the center 

of the visual field (assuming the observer looks straight 

ahead) and is adjusted based on the median locations 

of missed targets at a fixed rate. 

The Player Model 

Instead of using empirical data acquired through user 

evaluations with neglect patients, we simulated data. 

Our model (Equation 1) has to represent the 

visuospatial asymmetry that characterizes neglect 

patients [7,16]. In our model, the probability of a 

correct response (𝐺(𝑥, 𝑑, 𝑛)) depends on the stimulus 

location (𝑥), according to a cumulative Gaussian 

distribution with 𝜇 (the mean) and 𝜎 (the slope). The 

cumulative Gaussian is restricted to one side of space 

by a boundary (𝛾) between the neglected and the good 

visual field. The probability of a correct response also 

depends on a failure percentage independent of the 

target location (𝜆) and a guess percentage (𝜀) (Figure 

4). Learning was modeled by shifting the initial value of 

𝛾 (𝛾0) to the left side as a function of the already 

 

Figure 4. Model of left sided neglect. 

𝑤𝑖𝑡ℎ 𝑑, 𝜀, 𝛼, 𝜆, 𝜃 𝜖 [0, 1] 𝑎𝑛𝑑 𝜎 > 0 

𝐺(𝑥, 𝑑, 𝑛) =

{

𝜓(𝑥, 𝑑 | 𝜇, 𝜎, 𝜆, 𝜀, 𝛼) =  𝜀 + [1 −  𝜀 −  𝜆 −  𝛼 . 𝑑] . 𝐹(𝑥; 𝜇, 𝜎);     𝑥 ≤  𝛾𝑛

𝜓(𝑥 | 𝜆) = 1 −  𝜆;   𝜆 𝜖 [0, 1];                                                              𝑥 > 𝛾𝑛

𝛾(𝑛 |𝜃) =  𝛾0 − (𝜃 .  𝑛)                                                                                      

  

Equation 1. Mathematical formulation of the model. 



 

completed number of trials (𝑛) and the learning rate of 

the player (𝜃). A smaller 𝛾 represents a smaller 

neglected field. Distractors (𝑑) reduce the probability to 

detect targets located in the neglected field according 

to a fraction representing distractor sensitivity (𝛼). 

 

Simulations 

The probability of a correct response for each trial can 

be predicted based on this model. This probability is 

transformed into a hit or miss according to a Bernoulli 

distribution and the resulting pairs of coordinates, and 

hits or misses of each trial are used as input for the 

DDA. The mean of the truncated Gaussian distribution 

that determines future target locations is shifted to the 

location where previous targets were missed. Then, the 

probability of a correct response for these new locations 

can be estimated and new trials can be simulated. This 

procedure can be repeated for different combinations of 

player and game features to reveal how the game 

adapts to different types of players. For instance, based 

on this method, we can compare the hit rate and 

progress throughout the game of a player that learns to 

a player that does not learn. Additionally, we can study 

the effect of the frequency of updating the game on the 

hit rate of players and their progress throughout levels. 

These comparisons can reveal whether the DDA results 

in a game that matches the players’ skill and can 

inform the developer about the best parameter choices 

for the game, especially when this player model is 

empirically validated. 

Discussion and Future Work 

We presented the design of a new adaptive VR game 

for the treatment of attention deficits after stroke. We 

demonstrated the use of our Intervention Logic – Game 

Mechanic model to ensure that the goals of the 

intervention match the game design. We also presented 

how simulations based on a player model can help pre-

test DDA algorithms. In the future we plan to test 

whether neglect patients truly benefit from this 

adaptive VR game and explore how the game context is 

experienced by older adults. We expect that 

rehabilitation effects are strengthened by individualizing 

treatment through adaptive procedures, by motivating 

treatment engagement through VR and gaming 

elements and by training stroke patients in a realistic 

3D environment. 

Acknowledgements 

This work was funded by a fellowship awarded to 

Hanne Huygelier by the research foundation Flanders 

(FWO) and a grant awarded to Raymond van Ee and 

Vero Vanden Abeele by the research foundation 

Flanders (FWO). We would like to thank Lisa Janssens 

for her help in the design of the game arts and 

narrative. 

References 

1. Gazihan Alankus, Amanda Lazar, Matt May, and 

Caitlin Kelleher. 2010. Towards Customizable Games 

for Stroke Rehabilitation. Proceedings of the SIGCHI 

Conference on Human Factors in Computing Systems, 

ACM, 2113–2122. 

2. Madeline Balaam, Stefan Rennick Egglestone, 

Geraldine Fitzpatrick, et al. 2011. Motivating Mobility: 

Designing for Lived Motivation in Stroke 

Rehabilitation. Proceedings of the SIGCHI Conference 

on Human Factors in Computing Systems, ACM, 

3073–3082. 

3. Alexander Baldwin, Daniel Johnson, and Peta A. 

Wyeth. 2014. The Effect of Multiplayer Dynamic 



 

Difficulty Adjustment on the Player Experience of 

Video Games. Proceedings of the Extended Abstracts 

of the 32Nd Annual ACM Conference on Human 

Factors in Computing Systems, ACM, 1489–1494. 

4. James W. Bisley and Michael E. Goldberg. 2010. 

Attention, Intention, and Priority in the Parietal Lobe. 

Annual Review of Neuroscience 33, 1: 1–21. 

5. Audrey Bowen, Christine Hazelton, Alex Pollock, and 

Nadina B Lincoln. 2013. Cognitive rehabilitation for 

spatial neglect following stroke. In The Cochrane 

Collaboration, ed., Cochrane Database of Systematic 

Reviews. John Wiley & Sons, Ltd, Chichester, UK. 

6. J. W. Burke, M. D. J. McNeill, D. K. Charles, P. J. 

Morrow, J. H. Crosbie, and S. M. McDonough. 2009. 

Optimising engagement for stroke rehabilitation using 

serious games. The Visual Computer 25, 12: 1085–

1099. 

7. L. J. Buxbaum, M. K. Ferraro, T. Veramonti, et al. 

2004. Hemispatial neglect Subtypes, neuroanatomy, 

and disability. Neurology 62, 5: 749–756. 

8. Chris Dede. 2009. Immersive Interfaces for 

Engagement and Learning. Science 323, 5910: 66–

69. 

9. Nele Demeyere, M. Jane Riddoch, Elitsa D. Slavkova, 

Wai-Ling Bickerton, and Glyn W. Humphreys. 2015. 

The Oxford Cognitive Screen (OCS): Validation of a 

stroke-specific short cognitive screening tool. 

Psychological Assessment 27, 3: 883–894. 

10. Alena Denisova and Paul Cairns. 2015. Adaptation in 

Digital Games: The Effect of Challenge Adjustment on 

Player Performance and Experience. Proceedings of 

the 2015 Annual Symposium on Computer-Human 

Interaction in Play, ACM, 97–101. 

11. Kevin Dent and Glyn W. Humphreys. 2011. 

Neuropsychological evidence for a competitive bias 

against contracting stimuli. Neurocase 17, 2: 112–

121. 

12. Lindsay R. Duncan, Kimberly D. Hieftje, Sabrina 

Culyba, and Lynn E. Fiellin. 2014. Game playbooks: 

tools to guide multidisciplinary teams in developing 

videogame-based behavior change interventions. 

Translational Behavioral Medicine 4, 1: 108–116. 

13. Luciano Fasotti and Marlies van Kessel. 2013. Novel 

Insights in the Rehabilitation of Neglect. Frontiers in 

Human Neuroscience 7. 

14. Francesca Frassinetti, Francesco Pavani, and 

Elisabetta Làdavas. 2002. Acoustical Vision of 

Neglected Stimuli: Interaction among Spatially 

Converging Audiovisual Inputs in Neglect Patients. 

Journal of Cognitive Neuroscience 14, 1: 62–69. 

15. Pedro Gamito, Jorge Oliveira, Carla Coelho, et al. 

2015. Cognitive training on stroke patients via virtual 

reality-based serious games. Disability and 

Rehabilitation: 1–4. 

16. Kenneth M. Heilman, Dawn Bowers, Edward 

Valenstein, and Robert T. Watson. 1987. Hemispace 

and hemispatial neglect. Advances in Psychology 45: 

115–150. 

17. Robin Hunicke. 2005. The Case for Dynamic Difficulty 

Adjustment in Games. Proceedings of the 2005 ACM 

SIGCHI International Conference on Advances in 

Computer Entertainment Technology, ACM, 429–433. 



 

18. Masud Husain and Chris Rorden. 2003. Non-spatially 

lateralized mechanisms in hemispatial neglect. Nature 

Reviews Neuroscience 4, 1: 26–36. 

19. Georg Kerkhoff and Thomas Schenk. 2012. 

Rehabilitation of neglect: An update. 

Neuropsychologia 50, 6: 1072–1079. 

20. Yong Mi Kim, Min Ho Chun, Gi Jeong Yun, Young Jin 

Song, and Han Eun Young. 2011. The effect of virtual 

reality training on unilateral spatial neglect in stroke 

patients. Annals of rehabilitation medicine 35, 3: 309–

315. 

21. Hendrik Knoche, Kasper Hald, Dorte Richter, and Helle 

Rovsing Møller Jørgensen. 2016. Playing to (Self-

)Rehabilitate: A Month-long Randomized Control Trial 

with Brain Lesion Patients and a Tablet Game. 

Proceedings of the 10th EAI International Conference 

on Pervasive Computing Technologies for Healthcare, 

ICST (Institute for Computer Sciences, Social-

Informatics and Telecommunications Engineering), 

61–68. 

22. N. B. Lincoln, M. J. Majid, and Nicola Weyman. 2000. 

Cognitive rehabilitation for attention deficits following 

stroke. Cochrane Database Syst Rev 4. 

23. Keith R. Lohse, Courtney G. E. Hilderman, Katharine 

L. Cheung, Sandy Tatla, and H. F. Machiel Van der 

Loos. 2014. Virtual Reality Therapy for Adults Post-

Stroke: A Systematic Review and Meta-Analysis 

Exploring Virtual Environments and Commercial 

Games in Therapy. PLOS ONE 9, 3: e93318. 

24. Redmond G. O’Connell, Mark A. Bellgrove, Paul M. 

Dockree, Adam Lau, Michael Fitzgerald, and Ian H. 

Robertson. 2008. Self-Alert Training: Volitional 

modulation of autonomic arousal improves sustained 

attention. Neuropsychologia 46, 5: 1379–1390. 

25. Radek Ptak and Julia Fellrath. 2013. Spatial neglect 

and the neural coding of attentional priority. 

Neuroscience & Biobehavioral Reviews 37, 4: 705–

722. 

26. Ian H. Robertson, Richard Tegnér, Kerstin Tham, Ada 

Lo, and Ian Nimmo-smith. 1995. Sustained attention 

training for unilateral neglect: Theoretical and 

rehabilitation implications. Journal of Clinical and 

Experimental Neuropsychology 17, 3: 416–430. 

27. Gustavo Saposnik, Mindy Levin, and for the Stroke 

Outcome Research Canada (SORCan) Working Group. 

2011. Virtual Reality in Stroke Rehabilitation. Stroke 

42, 5: 1380–1386. 

28. Rodrigo Vicencio-Moreira, Regan L. Mandryk, and Carl 

Gutwin. 2015. Now You Can Compete With Anyone: 

Balancing Players of Different Skill Levels in a First-

Person Shooter Game. Proceedings of the 33rd Annual 

ACM Conference on Human Factors in Computing 

Systems, ACM, 2255–2264. 

29. S. Viñas-Diz and M. Sobrido-Prieto. 2016. Virtual 

reality for therapeutic purposes in stroke: A 

systematic review. Neurología (English Edition) 31, 4: 

255–277. 

 


