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Abstract 
This paper reports progress towards a novel system intended to 

diagnose Cerebral Visual Impairments, a class of conditions 

where the brain is unable to correctly process visual information. 

Designed for use in Virtual Reality, it hosts tests created to 

diagnose several distinct Cerebral Visual Impairments. The 

implementation reported here measures visual acuity, visual 

fields, visual inattention/neglect, and contrast sensitivity. This 

project is ongoing, with future efforts prioritizing validation and 

refinement. 
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1. Background and Context
Cerebral Visual Impairments (CVIs) are a class of visual

impairment resulting from brain damage or dysfunction affecting

the parts of the brain associated with processing and understanding

vision [1]. CVIs most commonly arise through complications

before or during birth, however they can also be acquired later in

life through stroke, head trauma, or degenerative brain disease [2].

In developed nations, CVI is the most common cause of visual 

impairment in children [3]. In adults, especially older adults, it can 

be then frequently acquired when a person has a stroke, with a 

prevalence of up to 70% in stroke survivors [4]. 

It is important for patients to be given an accurate diagnosis and be 

supported to understand the consequences of their condition in 

order to optimise both their care and their quality of life [5,6]. Some 

types of CVI can be partially rehabilitated [7], with a correct 

diagnosis essential to maximal rehabilitation. 

Due to the number and diversity of possible Cerebral Visual 

Impairments, accurately diagnosing and distinguishing them can be 

challenging. This is compounded because the associated visual 

impairments can vary in severity and several distinct CVIs can exist 

simultaneously. There is no international standardised diagnostic 

process for CVI thus making particular diagnoses more difficult 

[6,8]. 

It is not completely new to propose to use VR headsets and tools to 

attempt to diagnose CVIs. Multiple tests have previously been 

implemented, such as cancelation tasks [9], a field of perception 

and regard test [10], and a navigation task [11], but all of these tests, 

and others, most often focus specifically on forms of visual neglect 

[12,13]. Following a thorough online search only a couple of other 

VR CVI diagnostic tools could be found. These included visual 

search tests for other Cerebral visual impairments [14] (including 

one that used a visual search task to diagnose an associated 

condition called Multisystemic Smooth Muscle Dysfunction 

Syndrome [15]),  

The fact that all the above diagnostic tools primarily test for only 

one type of CVI (visual neglect) highlights the need for a more 

comprehensive, adaptable, and precise diagnostic tool suite, in 

which many different CVIs may be diagnosed. This has driven the 

development of innovative solutions such as the Virtual Reality 

CVI Diagnostic Suite reported here.  

2. Aim and Objectives
The Virtual Reality Diagnostic Suite aims to enhance and

streamline the diagnostic process by offering a unified platform

capable of hosting a diverse set of diagnostic tests. The aim is to

provide a comprehensive, "one-stop-shop" test suite that can

accommodate tests for a large number of forms of cerebral visual

impairments. The suite is built off a large custom-made base

framework, designed with continuous expansion and adaptability

in mind, allowing for more tests to be added and the suite, as a

whole, to be updated as clinical understanding of cerebral visual

impairments evolves.

Creating this test suite in Virtual Reality (VR) gives the included 

tests several advantages over more traditional testing methods such 

as those found in high street optometry or routine clinical 

ophthalmology. A first significant advantage of implementing 

these tests in virtual reality is the ability to provide standardized 

tests in a controlled environment, where factors such as ambient 

light levels and background clutter can be eliminated, precisely 

controlled, standardized, made repeatable, and accounted for. The 

ability to identically reproduce the visual environment can be 

crucial as some cerebral visual impairments, such as 

simultanagnosia, are influenced by the user’s surroundings. A 

second advantage is that the spatial positioning of each test can be 

locked in place relative to the orientation of the user’s head. This 

feature eliminates the need for users to remain perfectly still, as is 

sometimes required by traditional non-VR tests, thereby improving 

comfort and accessibility as some brain disorders make this 

extremely difficult. A third advantage is the potential to carry out 

the tests in the comfortable and familiar environment of the 

patient’s home; this is particularly relevant for patients who may be 

physically frail, have limited mobility, live remotely from an 

optometrist, are bed bound in hospital, or require repeated testing 

to track changing symptoms. A fourth advantage is the ability for 

earlier tests to inform and tailor the format and presentation of later 

tests, which can be important when a user has more than one 

cerebral visual impairment, as it offers the opportunity to minimize 

or avoid one symptom masking or adversely affecting the 

measurement of another symptom. This could avoid, for example, 

instances where you are attempting to test a person’s visual acuity 

in a part of their visual field which they cannot see. 

The most significant potential disadvantage of the VR approach is 

that it may not be suitable for all patients. Some patients may be 

uneasy or uncomfortable wearing the headset while others, in 

extreme cases, may be altogether unable to wear the headset. 

Despite the headset being adjustable this is still a disadvantage to 

be aware of in that there will likely always be those in the patient 

population for whom this system will never be practical.  
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In summary, CVI testing using VR has the potential to make the 

testing and the diagnosis faster, easier, more comfortable, more 

efficient, more reproducible and objective, and less resource 

intensive, for the vast majority of patients thus benefiting both 

clinician and patient. 

3. Results 
The Virtual Reality CVI Diagnostic Suite has currently been 

developed to the proof-of-concept stage. 

The system is designed to operate on the Varjo XR-3 headset 

system which provides extremely high screen resolution (2880 x 

2720 pixels per eye) [16] plus accurate, built-in eye-tracking, thus 

ensuring precise visual presentations and measurements necessary 

for diagnostic accuracy. While it has been designed initially for this 

headset, it is simple to adapt to other headsets of suitable capability 

and upgradable in future for more advanced headsets as VR 

technology continues to advance.  

The test suite itself has been built using the Unity engine [17] and 

consists of a large custom underlying framework into which the set 

of individual tests is integrated and can be easily built upon. Patient 

interaction with the tests is achieved entirely using the integrated 

eye-tracking functionality, enabling intuitive and non-invasive data 

collection. As operation of the eye-tracking may not be feasible in 

all situations with all patients, alternative input methods (such as 

button presses) are available to address different accessibility 

needs, ensuring that all the tests can accommodate the widest 

possible range of patients’ frailty and capabilities. 

Four tests have already been developed at the proof-of-concept 

level.  

1. Visual Acuity Test: Visual acuity is a measure of the level 

of fine detail that a person can perceive. To a person with a 

high visual acuity the world will appear sharper and well 

defined, compared to a person with a lower visual acuity to 

whom the world will appear fuzzier or blurrier. This test 

presents Landolt C symbols [18] to the user, with a focus on 

quick responses thus facilitating fast, efficient testing. A 

measure of the visual acuity of the individual is given using 

the LogMAR scale [19]. 

2. Visual Field Test: Visual fields are a measure of the extent 

of the world that a person can see. When that person has 

visual field impairments (attributable to CVI) they will not 

be able to see portions of their visual world. Stimuli are 

presented at specific locations within the virtual environment 

to evaluate and map out the user’s visual fields.  

3. Visual Inattention/Neglect Test: Visual attention is a 

measure of how much attention a person gives to one part of 

their field of vision. A person suffering from visual 

inattention may not immediately notice items in part of their 

field of vision and, in the more extreme case of visual neglect, 

can never become aware of the items. This test presents 

asymmetric stimuli to detect and quantify the level of 

inattention. A screenshot of this test can be seen in Figure 1, 

which shows a moment in time that is part way through the 

test when the user has already been flagged for potential 

inattention on their left side. In this screenshot the user is 

focussed on the central larger stimuli, and after a small, 

randomised delay the two smaller upper stimuli are allowed 

to slowly fade from the grey background colour to white. In 

this case the stimuli on the left (the side with the potential 

inattention) will have been revealed first. The user as soon as 

they become aware of the upper stimuli should look at the 

first one they see, and this will be captured by the headset’s 

integrated eye tracking. After each time the stimuli are 

presented, the amount of time between the stimuli in the side 

with potential inattention being presented compared to the 

favoured side will be adjusted in a deliberate attempt identify 

the threshold at which the user is equally as likely to look at 

the left or right stimuli despite their inattention. This 

threshold, which provides a measure of visual inattention, is 

found through use of the Psychtoolbox-3 Quest algorithm to 

help identify this threshold as quickly as possible [20–22]. 

4. Contrast Sensitivity Test: In order to assess the ability of an 

individual to differentiate between (similar) shades of grey, 

this test presents stimuli at different differential contrast 

levels on a background. The measure of contrast sensitivity 

is achieved by determining the point at which the user 

becomes aware of the stimulus as it “fades in” from different 

background shades.  

 

 

Figure 1: Screenshot of the Visual Inattention test 

 

The multi-disciplinary team contributing to this research recognises 

the importance of learning about the needs and experiences of 

patients, the public and other stakeholders such as family, 

healthcare professionals, and clinicians. Thus, in the conception, 

and throughout the development, of the tests Patient and Public 

Involvement and Engagement (PPIE) [23] activity has been 

conducted to assess their views. Feedback on the experience of 

wearing the headset, plus the experience and understandability of 

taking the tests, has been gathered and utilized to inform the 

ongoing design of the testing suite.  

In working towards assessing the viability and accuracy of the tests, 

we are currently part way through the process of obtaining medical 

ethical approval to run a study on the accuracy of the visual 

inattention test. This represents the first stage in determining the 

viability of the underlying framework and therefore overall test 

suite.  

4. Impact 
VR has recently been used more and more as a tool to measure and 

detect various different visual impairments, both ocular (such as 

glaucoma [24]) and cerebral. There are some reports in which 

teams have created virtual reality tools to target specific cerebral 
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visual impairments including visual neglect [9] and visual search 

[25]. But, to the best of the authors’ knowledge, there is no existing 

system that contains a comprehensive suite of tests. Having 

multiple tests within the same diagnostic suite offers several 

advantages. A first advantage is that the diagnostic process 

becomes significantly more streamlined, as clinicians and patients 

need only interact with a single system, reducing setup time and 

complexity. A second is that multiple tests within one system allow 

results from earlier tests to dynamically influence the presentation 

of later ones. Furthermore, this can assist in isolating overlapping 

symptoms, thus improving the discrimination of the system in 

diagnosing multiple distinct conditions. 

The tests are currently in the proof-of-concept stage. Nevertheless, 

they are already serving as a foundation for assessing their accuracy 

and reliability in upcoming studies. 
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