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Abstract 

 

The vestibular system senses head motion and facilitates gaze stabilization, allowing for clear 

vision during movement. The vestibulo-ocular reflex (VOR) causes the eyes to move opposite 

head motion, thus maintaining focus on a target. Consequently, uncompensated loss of vestibular 

function leads to reduced VOR function resulting in dizziness, nausea, and visual disturbance. 

Different testing methods have been developed to measure VOR loss. These tests generally 

require bulky, expensive equipment, and must be performed by a trained examiner. A newly 

developed digital form of the dynamic visual acuity (DVA) test requires less equipment, is cost-

effective, and may be performed at home making it more accessible. The purpose of this study 

was to determine the validity and test-retest reliability of the digital DVA test and provide 

normative data for healthy adults. Fifteen adults – 10 female and 5 male (mean age = 22.0 ± 3.1, 

range: 19-31 years) – completed the study. Exclusion criteria included age older than 49 years, 

history of vestibular or neurological disorders, and history of significant head injury. Subjects 

were screened for normal vestibular function using video head impulse testing. The study 

consisted of two visits, 3-15 days apart. Participants underwent DVA testing with both the 

validated NeuroCom (InVision software) system and newly developed digital DVA during the 

initial visit and the digital DVA during the second visit. The digital DVA system consists of a 

laptop computer paired with a head/eye tracker (Tobii Eye Tracker 5) and Health in Motion 

software (Blue Marble Health Company). Outcome measures of interest were the difference 

between static and dynamic visual acuity measured in LogMAR (DVA loss) for rightward and 

leftward head movement. Pearson Product-Moment bivariate correlations were used to determine 

validity of the digital DVA outcomes compared to NeuroCom outcomes. Intraclass correlation 

coefficients (ICCs) were calculated to determine test-retest reliability of the digital DVA. 

Pearson correlation coefficients for validity were r = 0.025 and r = -0.015 for left and right DVA 

loss, respectively. ICCs for test-retest reliability were r = 0.366 and r = 0.313 for left and right 

DVA loss, respectively. Mean values across both sessions for left and right DVA loss measured 

by digital DVA were 0.26 ± 0.13 and 0.26 ± 0.11, respectively. Correlations between the digital 

DVA and standard computerized DVA were poor indicating the need for further development of 

the current digital system/software. Test-retest reliability for the digital DVA system in its 

current state was also poor. Tobii sensor used in the software is limited by a 200 ms delay in 

reporting head motion to the software. Future development of a digital DVA may need to 

consider other sensors. The current digital DVA will not replace the computerized system; 

however, it may provide important information for clinicians who do not have access to 

computerized DVA. 
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Introduction 

Peripheral vestibular hypofunction (PVH) is estimated to affect between 53 and 95 

million adults in Europe and the United States alone. 1 Consequences of uncompensated 

vestibular hypofunction can include, but are not limited to, feelings of dizziness, nausea, and 

vertigo.1-2 People with PVH also experience more gait/postural instability, hearing impairment, 

visual disturbances, and tend to be much older as compared to those with healthy vestibular 

function.1-3 With the current rise in the aging population worldwide, there will be an increased 

need for interventions that target vestibular issues to help mitigate the increased risk of falls and 

trouble with tasks of daily living that can result from PVH.4-5  

The ability to maintain visual acuity during rapid head movement or dynamic visual 

acuity (DVA) is a principal function of the vestibular system.2 The vestibulo-ocular reflex 

(VOR) is what allows for gaze stabilization while the head is moving by causing the eyes to 

move equally and opposite to the direction of the head motion6-9. When a person’s VOR is 

deficient, the target does not stay precisely on the fovea, which is the central part of the retina 

responsible for sharp and clear vision. This misalignment results in a phenomenon known as 

'retinal slip,' where the image on the retina becomes unstable and moves away from the fovea. In 

response to retinal slip, the brain initiates compensatory saccades – rapid, involuntary eye 

movements – to reposition the image back onto the fovea for clear vision. These compensatory 

saccades are an adaptive mechanism in attempt to overcome the VOR deficiency and maintain 

visual stability. An impacted VOR leads to a decline in Dynamic Visual Acuity (DVA), which is 

the ability to see clearly while in motion. Since the eyes are unable to maintain a stable fixation 

on a target during head movements, individuals with VOR deficits experience a drop in DVA. 7-8, 

10-11 Therefore, addressing VOR deficits is crucial in the context of maintaining clear and stable 

vision during motion. 

Angular VOR (aVOR), the component of VOR that compensates for angular rotation of 

the head, is mediated by the semicircular canal (SCC) which results in opposing eye movement 

to the direction of head motion.7-9, 12 Many different methods exist for testing aVOR. One of 

these methods is video head impulse testing (vHIT) which involves high acceleration, low 

amplitude head rotation in the plane of the semicircular canal being tested.11-12 vHIT measures 

head and eye velocity and identifies VOR hypofunction through calculation of VOR gain (low 
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gain indicates hypofunction) and the presence of overt and/or covert saccades. Normal gain 

measurements are close to 1.0 and VOR gain is considered abnormal <0.8.12  

Current intervention programs for rehabilitation of a deficient DVA include exercises 

developed to improve gaze stability.12 These exercises involve rotating the head while fixing the 

eyes on a target that is either stationary or moving.12 Identification of an impaired DVA provides 

clinicians with valuable insight for assessing the functional impact of PVH as well as the 

effectiveness of vestibular rehabilitation programs aimed at improving VOR compensation.11-17 

Currently, the standard tool for measurement of functional VOR is the computerized NeuroCom 

DVA (Figure 1) test which uses a convergence algorithm to identify visual acuity during head 

movement.11, 14-16 However, this method for testing functional VOR is very expensive and bulky 

which creates problems in the test’s accessibility. To address these issues, a new form of digital 

DVA (dDVA) testing has been developed with the goal of increasing accessibility to vestibular 

patients and clinicians (Figure 2). The purpose of this study is to determine validity, in 

comparison to the gold standard NeuroCom DVA system, and test-retest reliability for the newly 

developed digital DVA system. 

Methods 

Participants 

Sixteen healthy adults (5 male and 11 female) between the ages of 19 and 31 (mean age= 

22.3 ± 3.2 years) were recruited via word of mouth from East Tennessee State University and 

Washington County VA/TN. Each participant signed a written consent form approved by the 

East Tennessee State University/Veterans Affairs IRB. Inclusion criteria consisted of age from 

18 to 49 years and normal horizontal VOR gain (≥ 0.813). Exclusion criteria included history of 

vestibular conditions (e.g., vertigo, severe motion sickness, migraines), presence of 

compensatory saccades with vHIT testing, history of neurological disorders, more than one 

previous concussion, and any previous concussion with symptoms lasting longer than 7 days. 

Each subject filled out a brief demographic questionnaire including education, ethnicity/race, 

health conditions, use of visual correction, and current level of physical activity.  

Upon completion of initial screening, each participant underwent vHIT (MicroMedical, 

Chatham, IL) performed by a single examiner to confirm normal vestibular functioning of the 
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horizontal SSC. Normal function was defined as the absence of compensatory saccades and 

normal gain (≥ 0.80) for both leftward and rightward head movements. All 16 participants 

exhibited normal horizontal SSC function and were cleared for study participation; however, one 

subject was disqualified due to significant static visual acuity (SVA) impairment which made her 

unable to complete DVA testing (described in protocol).  

Equipment  

The Neurocom SMART EquiTest (version 9.2.0) InVisionTM software (NeuroCom®, a 

division of Natus ®, Clackamas, OR, USA) was used to test DVA (Figure 1). The NeuroCom 

InVisionTM system is composed of a computer monitor attached to a movable arm which can be 

adjusted for height and angle, an adjustable headpiece which holds the IMU for sensing head 

speed and motion, and a remote control. Participants were seated on a stable chair and asked to 

wear a hairnet for all testing with the NeuroCom system (Figure1).  

The dDVA test (Health in Motion, Blue Marble Health Co. Pasadena, CA) consisted of a 

portable laptop computer paired with a Tobii eye tracker 5 (Tobii, Danderyd Sweden) and Health 

in Motion software. The Tobii is an eye and head-tracking device connected via USB at the 

bottom of the monitor (Figure 2). Head speed and motion were detected using the eye tracker. 

Participants were seated in a non-adjustable, stationary chair during assessment.  

Protocol  

Testing for this study occurred on two separate occasions (between 3 and 15 days apart) 

by the same examiner to maintain consistency. On the initial day of testing, both NeuroCom and 

dDVA assessments were performed to evaluate validity of the dDVA system. Order of 

administration for the two DVA tests (digital versus computerized) was counterbalanced for each 

subsequent participant. On the second day of testing, only dDVA testing was conducted to 

evaluate test-retest reliability of the dDVA system. Due to issues with the eye tracker detecting 

the subjects’ eyes, testing was conducted with the subject’s personal lens correction if wearing 

contacts, but without their glasses. To maintain consistency, glasses were also removed prior to 

the NeuroCom DVA test and participants were asked to bring the same form of visual correction 

(e.g., contacts or glasses) for both days of testing. All assessments were carried out in a well-lit, 

quiet room. 
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NeuroCom Protocol. Protocol for the NeuroCom DVA followed a standard script of 

verbal instructions for how to properly complete the testing. Participants were seated 1.5 meters 

from the monitor that was positioned at eye level. NeuroCom testing began with the Static Visual 

Acuity (SVA) test, followed by the Minimum Perception Time (MPT) test, and finished with 

DVA testing. Each of the InVisionTM systems’ assessments repeatedly displayed the optotype 

“E” in random order of orientation (up, down, left, or right) on the computer monitor. 

Participants were asked to verbally indicate the direction of the optotype and then the examiner 

manually input their response. Progression of the assessments followed the manufacturers 

convergence algorithm which started with an easier target and adjusted based on the participant's 

responses. Answers were recorded as correct when participants indicated the orientation that 

accurately corresponded to the orientation of the optotype being displayed.  The difficulty level 

increased (i.e., optotype size decreased) with correct responses and decreased (i.e., optotype size 

increased) with incorrect ones, continuing until three out of five correct answers at the same 

difficulty level were achieved. Optotype size was reported in units of logarithm of the minimum 

angle of resolution (logMAR). 

Prior to testing, participants were provided with practice and guidance on proper speed 

and range of head motion. Participants were instructed not to guess regarding the orientation of 

the “E” and when they were unsure of the orientation, they should say “pass” or “I don’t know”. 

A “pass” registered in the software as an incorrect answer. Each participant went through a round 

of practice prior to actual testing to ensure their understanding of the procedure.  

Static Visual Acuity (SVA) was defined as the smallest optotype in which the orientation 

could be determined in three out of five trials, at the same size, while the head remained still.14 

During SVA testing, optotype size was determined according to the manufacturer’s convergence 

algorithm while display duration remained consistent. Static visual acuity SVA testing results for 

this study were recorded in units of logMAR.  

Minimum Perception Time (MPT) assessed the minimum time it took for participants to 

perceive and correctly identify the orientation of the optotype while the head remained still. 

During MPT testing, the optotype was displayed for differing durations and with a consistent 

optotype size (set to 0.2 logMAR above the participants SVA outcome). MPT testing results 

were recorded in milliseconds (ms) with the briefest possible display time being 20 ms. 



8 

 

Following the manufacturer's guidance, MPTs of 70 ms or more were categorized as extended 

and could lead to inaccurate DVA scores. For individuals with MPTs of 70 ms or longer, the test 

was repeated.14 Those who could not achieve MPT results under 70 ms were not excluded from 

the study. 

Dynamic Visual Acuity (DVA) for this study assessed the participants’ ability to see 

clearly during horizontal head movement. For DVA testing, subjects were instructed to 

horizontally rotate their heads in a smooth, sinusoidal motion while keeping their eyes fixed on 

the center of the screen to identify the orientation of the optotype. The range and velocity of head 

rotations were directed by a feedback bar on the screen that provided visual feedback to the 

participant. Measurements for leftward and rightward head movements were based on the 

smallest optotype which received at least 3 of 5 correct responses and were recorded in units of 

logMAR. DVA loss scores were determined by the difference between dynamic and static scores 

and reported for both directions. 

Digital DVA Protocol. Protocol for the digital DVA began with calibration of the Tobii 

eye tracker. Once the assessment was initiated, participants were prompted to position 

themselves 30 cm from the laptop screen, with the distance being monitored by the eye tracker. 

Integrated instructions and animations were provided before each test to model appropriate 

behavior. Subjects were asked to sit through instruction during their first visit but were allowed 

to skip this step during retesting. The digital DVA testing software included both static and 

dynamic visual acuity testing. SVA testing occurred prior to DVA testing for all subjects. During 

both SVA and DVA testing, an “E” optotype was flashed on the screen in different randomized 

orientations (up, down, left, or right). Optotype size progression remained consistent across all 

trials, regardless of the subject's responses. It initiated with the largest display of the optotype 

and gradually decreased in size by 0.1 LogMAR after the subject correctly identified 3 optotypes 

at a particular size. The process repeated, with the subject having to identify 5 optotypes at each 

size, until they made more than 2 consecutive incorrect responses at a specific size. Subjects 

input their answers manually using the laptop’s arrow keys.  

For DVA testing, subjects were instructed to horizontally rotate their heads in time with 

an integrated metronome while keeping their eyes fixed on the center of the screen to identify the 

orientation of the optotype. During DVA testing, subjects were instructed to take breaks if they 
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began to feel dizzy or nauseous and were given tips to make rapid, impulse head movements 

(versus continuous sinusoidal rotations) if the system did not register their head movements. 

Dizziness ratings, based on a 10-point scale, were recorded for each participant before and after 

testing. SVA and DVA scores were based on the smallest optotype which received at least 3 of 5 

correct responses (measured in logMAR). Testing outcomes for dDVA were the difference 

between static and dynamic scores. 

Data Analysis 

The outcome measure for analyses was DVA loss (i.e., the difference between static and 

dynamic visual acuity) measured in units of logMAR for rightward and leftward horizontal head 

movement. To determine validity of the digital DVA compared to NeuroCom, bivariate 

correlations (Pearson Product-Moment correlations) were calculated. To determine test-retest 

reliability of the digital DVA, intraclass correlation coefficients (ICCs) were calculated. Pearson 

and ICC values were interpreted as follows: excellent (0.75–1.0), fair to good (0.40–0.74), and 

poor (<0.39). Correlations were considered significant if values were p < 0.05.14 Descriptive 

statistics (mean, SD, and range measure in logMAR) were calculated for each assessment 

performed for both rightward and leftward head movement. All statistical analyses were 

computed using IBN SPSS Version 29.0.  

Results 

Among the 16 participants enrolled in the study, complete data for both sessions from 15 

participants (5 male and 10 female) were included in statistical analysis (data from one subject 

was removed due to poor static visual acuity). Pearson correlation coefficients between dDVA 

and NeuroCom DVA were r = 0.025 (p = 0.928) and r = -0.015 (p = 0.957) for left and right 

DVA loss, respectively, suggesting poor correlation (Table; Figure 3). ICCs for dDVA test-retest 

reliability were r = 0.366 and r = 0.313 (p = 0.256) for left and right DVA loss, respectively, 

suggesting poor correlation (Table; Figure 4). All correlations fell short of statistical significance 

(p < 0.05). The mean, standard deviation, and range for DVA loss outcomes of all measures were 

calculated and presented in Table. 
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Discussion 

According to the data collected in this study, the dDVA test is not yet validated against 

the established NeuroCom standard for DVA. The poor correlation observed between dDVA and 

NeuroCom DVA outcomes for both left and right DVA loss raises doubts about the dDVA test's 

accuracy in detecting PVH. Moreover, the modest ICCs for left and right DVA loss during test-

retest assessments indicates a need for improved consistency within the InVisionTM software, 

which houses the dDVA test.  

Previous research on the NeuroCom system reported fair-to-excellent reliability for raw 

DVA scores but considerably worse reliability (poor-to-fair) for DVA loss scores, particularly in 

younger adults. This may, in part, explain the exceptionally low correlation between the two tests 

considering the population for this study consisted solely of that demographic. Similar to this 

study, statistical significance was not achieved, indicating a lack of validation for both the 

NeuroCom and dDVA systems against established standards. Improved consistency was also a 

concern in previous research on the NeuroCom system, suggesting common challenges in 

achieving reliable DVA measurements between it and the dDVA system.14 

Due to the low validity and reliability, further development of the dDVA is necessary 

before it can be used commercially. A possible reason for the poor outcomes may be due to the 

200-millisecond delay between when the Tobii sensor records data and when it is sent back to 

the software. This discrepancy leaves large time gaps in the reporting of head position. 

Therefore, a different sensor may need to be utilized in future studies to improve outcomes.  

Although the digital DVA does not replace the NeuroCom DVA in its current state, it 

may still be a viable option for clinicians that cannot afford the high cost of the NeuroCom 

system. Practitioners without access to advanced equipment, like the NeuroCom system, 

typically rely on clinical or bedside versions of vHIT and DVA testing to assess PVH. However, 

despite their cost-effectiveness, these methods have limitations in their ability to provide clear, 

objective outcomes18-19. For example, in clinical DVA testing, an examiner moves the subject's 

head while they attempt to verbally report what they read on a Snellen chart placed 10 feet in 

front of them. Due to the nature of its protocol, this testing method struggles to discriminate 

between left vs right vestibular impairment and is instead relegated to assessing the presence of 

significant and general PVH.20 Because the dDVA is intended to pick up on and provide 
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quantitative outcomes for more subtle loses in VOR function, such as the presence of unilateral 

PVH, it may provide useful information to clinicians who do not have access to a NeuroCom 

system but still desire a more defined diagnosis.  

The dDVA test used in this study is part of a software program (Health in Motion) that 

aims to incorporate both the assessment and therapeutic exercise components of a vestibular 

rehabilitation program into a single, portable unit that patients can operate within the comfort of 

their own home. This possibility for increased accessibility makes the dDVA setup an ideal one, 

provided it can deliver accurate assessments. Without accurate DVA testing, vestibular 

rehabilitation clinicians may find it difficult to evaluate the usefulness of the digital exercise 

programming that is tied to the Health in Motion program. While the dDVA test holds promise 

as a novel tool for assessing vestibular function, our findings highlight its current limitations in 

terms of validity and reliability compared to the established NeuroCom measures. Further 

refinement and validation efforts will be necessary to improve the accuracy and consistency of 

the dDVA system.  
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Figure Legends  

Figure 1. DVA testing using the NeuroCom SMART EquiTest (version 9.2.0) with InVisionTM 

software. 

Figure 2. A person undergoing DVA testing via the new digital DVA testing system. 

Figure 3. Validity of dDVA (y-axis) compared to the gold standard NeuroCom DVA (x-axis) for 

right and left DVA loss. 

Figure 4. Reliability of the dDVA test determined through comparison of results for first (x-

axis) and second (y-axis) sessions for right and left DVA loss.  
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Table. Descriptive outcomes (mean, SD, range) of NeuroCom and Digital DVA testing for all 

subjects (n = 15) 

  
Pearson 

Correlations (r)* 

Initial Visit 

NeuroCom Right DVA Loss (logMAR) 0.22 ± 0.17 (-0.12−0.40) 
-0.015 

Digital Right DVA Loss (logMAR) 0.25 ± 0.11 (0.07−0.44) 

NeuroCom Left DVA Loss (logMAR) 0.22 ± 0.14 (-0.08−0.40) 
0.025 

Digital Left DVA Loss (logMAR) 0.28 ± 0.15 (0.10−0.63) 

  ICCs (r)† 

Second Visit 

Digital Right DVA Loss 0.27 ± 0.11 (0.10−0.47) 0.313 

Digital Left DVA Loss 0.24 ± 0.11 (0.10−0.54) 0.366 

*Pearson Correlations between NeuroCom and Digital DVA testing 

†Intraclass Correlation Coefficients between initial and second Digital DVA testing 
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Figure 1. DVA testing using the NeuroCom SMART EquiTest (version 9.2.0) with InVisionTM 

software. 

 

Figure 2. A person undergoing DVA testing via the new digital DVA testing system. 
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Figure 3. Validity of dDVA (y-axis) compared to the gold standard NeuroCom DVA (x-axis) for 

right and left DVA loss. 
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Figure 4. Reliability of the dDVA test determined through comparison of results for first (x-

axis) and second (y-axis) sessions for right and left DVA loss.  
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