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Background  

❑ Response time (RT) typically assessed with computerized neurocognitive tests1

❑ Whole-body RT may better reflect sport performance capability than finger presses

❑ Brain processing efficiency can be impaired by a neuroinflammatory process2

❑ Optimal perceptual-motor processing essential for injury avoidance 

❑ Current clinical methods inadequate to detect subtle brain processing impairment3

❑ Virtual reality (VR) offers a method to precisely measure stimulus-response time 
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Background

❑ Time between stimulus and initial response estimates brain processing speed

❑ Most research has assessed central tendency of multi-trial performance (mean)

❑ Intra-individual variability (trial-to-trial inconsistency) reflects brain efficiency4

❑ Test-retest reliability of VR metrics have not been documented5

❑ Study purpose: To assess the consistency of mean and intra-individual 
variability values acquired from an immersive VR system on 3 successive days 

Participants

❏ 24 healthy graduate students volunteered to participate 

❏ Analysis limited to 19 participants with valid and complete data
(9 males and 10 females)

❏ ≥ 75% response accuracy for 40-trial test
❏ Data acquired for all 3 test sessions

Male: Age: 24.0 ± 1.4 (Range: 22 - 26)

Height: 177.2 ± 5.0 cm

Weight: 80.0 ± 14.2 kg 

Female: Age: 23.0 ± 1.6 (Range: 21 - 27)

Height: 163.6 ± 9.1 cm

Weight: 74.2 ± 20.4 kg 
#22‐117
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Methods: VR Test Procedure

❑ 40 successive reaching/lunging responses to visual stimuli

❑ Left vs. Right response determined by visual stimulus characteristics

❑ Reaching/lunging distance based on T-pose measurement (80%)

❑ Response targets located beyond peripheral margin of visual field 

❑ VR hand controller used to register response to visual stimulus

❑ Auditory and haptic feedback confirmed contact with response target

Methods: Headset View Prior to Start of VR Test
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Methods: 8 Different Trial Types 

Operational Definitions for Time Intervals 

❑ Perceptual Latency: Eyes (6˚), Neck (6˚), Arm (10 cm), Step (10 cm)

❑ Response Time: Eyes (Max), Neck (Max), Arm (Max), Step (Max)
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Methods: VR Test Metrics

❏ Perceptual Latency (PL): Eyes, Neck, Arm, Step

❏ Response Time (RT): Eyes, Neck, Arm, Step

❏ Composite Metric: Rate Correct Score (RCS)

❏ Calculated from Arm Movements (Hand Controller)

❏ RCS-PL = Number Correct / Sum of PL Values

❏ RCS-RT = Number Correct / Sum of RT Values

Test‐Retest Reliability (Consistency of Repeated Measures)

❑ Assessment of distribution normality

❑ Skew value (< 0 or > 0)

❑ Shapiro-Wilk test (P < .05 indication of deviation from normality)

❑ Natural log (Loge) transformation of positively skewed data

❑ Intra-Class Correlation Coefficient (ICC)

❑ Interpretation6

❑ Poor: < .500
❑ Moderate: .500 to .749
❑ Good: .750 to .890
❑ Excellent: ≥ .900
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Statistical Analysis

❑ Assessment of distribution normality

❑ Natural log (Loge) transformation of positively skewed distribution
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Natural Log Transformation

❏40-Trial Mean Values
❏ Normality improved 

❏ Session 1: 7 of 10 metrics
❏ Session 2: 9 of 10 metrics
❏ Session 3: 7 of 10 metrics

❏40-Trial Intra-Individual Variability Values
❏ Normality improved

❏ Session 1: 7 of 8 metrics/sessions
❏ Session 2: 7 of 8 metrics/sessions
❏ Session 3: 8 of 8 metrics/sessions
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Natural Log Transformation

❑40-Trial Mean Values for 8 VR Metrics
❑ ICC Test-Retest Reliability 

❑ Sessions 1-2-3: 4 Excellent; 3 Good; 1 Moderate
❑ Sessions 1-2: 2 Excellent, 4 Good, 1 Moderate, 1 Poor
❑ Sessions 2-3: 4 Excellent, 3 Good, 1 Moderate 

❑40-Trial Intra-Individual Variability Values for 8 VR Metrics
❑ ICC Test-Retest Reliability 

❑ Sessions 1-2-3: 2 Good, 5 Moderate, 1 Poor
❑ Sessions 1-2: 4 Good, 3 Moderate, 1 Poor 
❑ Sessions 2-3: 6 Moderate, 2 Poor 
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Discussion

❑ Session-to-session reliability of most VR mean values good to excellent
❑ Substantial change (improvement) evident from session 1 to session 2
❑ Lesser change observed from session 2 to session 3

❑ Session-to-session reliability of most VR IIV values moderate to good
❑ Substantial change (improvement) evident from session 1 to session 2
❑ Lesser change observed from sessions 1-2 than from sessions 2-3

❑ Session 1-2 Rate Correct Score (PL and RT) reliability excellent
❑ Distribution normality confirmed (no transformation)
❑ Composite metrics reflect both speed and accuracy
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Clinical Relevance

❏ VR test assessed integrated eye, neck, arm, and whole-body responses 
rather than a single isolated response3 

❏ RCS (correct responses per second of cumulative trial completion time) 
has excellent reliability as an indicator of speed/accuracy trade-off

❏ RCS values did not require Loge transformation to improve normality 

❏ Minimal detectable change (95% confidence) between Sessions 2-3:

❏ Perceptual Latency RCS MDC95 = .177 

❏ Response Time RCS MDC95 = .092 

❏ Perceptual Latency RCS (primarily visual-cognitive processes) 
demonstrated slightly better reliability than Response Time RCS 

Clinical Relevance 

❏ To ensure good to excellent reliability of VR 40-trial mean values (Sessions 
2-3), a thorough test orientation should be provided 

❏ Adequate reliability of VR 40-trial IIV values evident between Sessions 1-2 

❏ Despite inability to calculate MDC95 for Loge transformed data, low IIV 
values relate to efficiency of perceptual-motor processes in the brain

❏ Immersive VR appears to provide reliable measurements of perceptual-
motor function that have the potential to identify impaired brain 
processes, which might otherwise remain undetected
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