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Abstract
New technologies such as virtual reality (VR) and eye-tracking software have paved the way for more sophisticated and
ecologically valid measures of cognitive function. Testing the sensitivity and reliability of such measurements in response to
acute alcohol intoxication provides a first step in establishing how these measures may operate in relation to cognitive impair-
ments observed post-concussion. Healthy young adults (N = 54, M = 20.65, SD = 2.06, 30 females) completed the CONVIRT
test battery (manual simple and choice reaction-time and saccade reaction-time) at three breath alcohol concentration (BrAC)
levels: 0.00%T1, 0.05%T2, 0.08%T3. Participants consumed alcoholic beverages at 30-min intervals, with BrACmonitored at 15-
min intervals using a breathalyser. All three CONVIRTmeasures were sensitive to changes in cognitive performance induced by
alcohol at BrAC levels at or exceeding 0.05%. A composite measure was also sensitive to alcohol intoxication (Cohen’s d = .85 at
BrAC = 0.05%; d = 1.20 at BrAC = 0.08%). Strong test–retest reliability was observed (all r < .80), with no gender differences
noted. CONVIRT measures were reliable and detected dose-dependent changes in alcohol-induced cognitive impairment.
Potentially, the ecologically valid measures may assist in better quantifying the effects of conditions such as concussion, on
cognitive performance.
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Introduction

The field of neuropsychology is scaffolding on the solid foun-
dations of validated assessment models and beginning to em-
brace new technology for clinical decision-making.
Specifically, as virtual-reality (VR) technology and environ-
ments confer several advantages over traditional neuropsy-
chological assessments, there has been increasing interest in
the use of virtual-reality contexts for cognitive testing to in-
form neuropsychological decision-making (e.g., Howett et al.,
2019; Wiener et al., 2019). VR environments are immersive

and able to consistently hold distractors such as light, sound,
and movement constant for each test occasion while providing
a closer approximation of the potentially dynamic and noisy
environments in which cognitive demands are made. Further,
head-mounted displays (HMDs) have recently emerged, pro-
viding the ability to readily immerse users in high-quality
virtual environments (Salomoni et al., 2017), with eye-
tracking technology integrated into these headsets. Given
these advances, there are now new opportunities to refine
assessments of CNS disruption using such technology.

The CONVIRT battery was developed within a VR frame-
work to assess and determine if the cognitive abilities of a
concussed horse jockey had returned to pre-concussion levels.
The CONVIRT battery uses manual simple and choice reac-
tion time, and saccadic reaction time to assess components of
attention, decision-making, and visual processing speed with-
in a dynamic VR environment where these cognitive opera-
tions are assessed in the context of a virtual horse race (see
Horan et al., 2020 for a full description). The greatest threats to
the health of professional jockeys are concussion and head
injury. Jockeys have the highest rates of fatality (per minute
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of participation) and concussion of all sportspersons (Turner,
McCrory, & Halley, 2002). In this context, cognitive assess-
ments form an important part of concussion management sys-
tems that are used to determine when a jockey is fit-to-ride
post-concussion and has serious implications for the jockey,
other jockeys and the medical personnel responsible for such
decisions.

In a large study comparing the CONVIRT battery with
validated and comparable tests from the computerised
Cogstate battery, (N = 165), the CONVIRT battery of
virtual-reality cognitive tests showed excellent test–retest re-
liability, and convergent validity with the Cogstate attention
and decision-making tasks (identification and detection tasks;
Horan et al., 2020). Evidence of greater physiological arousal
during performance from measures of heart rate and heart rate
variability also suggested that performance on the CONVIRT
battery was more ecologically valid than the Cogstate battery.
These results indicate the potential utility of the CONVIRT
VR system for concussionmanagement programs for jockeys.
However, because the classification of concussion often relies
on decisions about whether cognition has deteriorated follow-
ing injury, before the utility of the system can be investigated
in clinical use a thorough psychometric evaluation of the
CONVIRT system and its measurements of responsiveness
are required—that is, to determine the sensitivity of the
CONVIRT system to true cognitive change. It is difficult to
determine the sensitivity of new tests to cognitive change be-
cause it requires experimental contexts where a true andmean-
ingful (and reversible) cognitive change can be applied and
measured.

One model for determining the sensitivity of cognitive
instruments to true cognitive change is to borrow from
psychopharmacological models in which cognition is im-
paired temporarily by administration of a CNS active sed-
ative drug. The dose-related effects of alcohol on cognition
are well known, and acute low-dose alcohol administration
models have been employed to quantify the sensitivity of
such cognitive assessments (e.g., Falleti et al., 2003;
Maruff et al., 2005). As drink-driving legislation and en-
forcement has led to widespread societal knowledge about
the adverse effects of alcohol on purposive behaviour, the
importance of cognitive impairment can be expressed with-
in the same framework. With respect to concussion-related
cognitive impairment comparative analyses revealed that
cognit ive decline in concussed Austral ian Rules
Footballers 2–3 days post-concussion was similar to that
observed at a blood alcohol concentration (BAC) of 0.10%
(Maruff et al., 2001). The standard BAC levels used inter-
nationally for drink-driving legislation are 0.05% and
0.08%, as it is accepted that these nominated BAC levels
present an unacceptably high risk for driving. The 0.08%
intoxication level has been associated with very large dec-
rements in cognitive performance on the Cogstate battery

of computerised neuropsychological tests (e.g., Cohen’s d
> 1.00, Maruff et al., 2005), and a number of recent studies
(e.g., Cash, Peacock, Barrington, Sinnett, & Bruno, 2015;
Dry, Burns, Nettlebeck, Farquharson, & White, 2012;
Jongen, Vuurman, Ramaekers, & Vermeeren, 2016) have
sought to determine the sensitivity to important cognitive
change using this alcohol challenge as a setting.

One aspect of the CONVIRT system that is novel in the
area of concussion management is the assessment of sac-
cadic eye movements. Saccades are a type of ocular move-
ment constituting rapid, ballistic eye movements that shift
the gaze, either voluntarily or reflexively, to new areas of
interest and help bring a target into focus (Ramat, Leigh,
Zee, & Optican, 2007). Research has shown delays in sac-
cade speed post-concussion (see Sneigireva et al., 2018 for
a review) that can be evident up to three weeks post-injury
(Mullen et al., 2014), Furthermore, experimental psycho-
pharmacological models show longer latency to initiate a
saccade and slower saccade acceleration in response to
relatively low doses of alcohol (Vassallo & Abel, 2002;
Blekher et al., 2002a; King & Byars, 2004; Vorstius et al.
2008; Wegner and Fahle 1999, Roche & King, 2010).
Therefore, measurement of saccades should also provide
a sensitive index of CNS disruption in concussion and
consequently it is important to understand the sensitivity
of the operationalization of this measurement within the
CONVIRT system.

In the present study, we used an acute administration of
alcohol model as a means of inducing temporary cognitive
impairment in a group of healthy young adults. We used this
to test the CONVIRT system’s sensitivity to change. Given
the need for the measures to be administered repeatedly, we
assessed the test–retest reliability of each measure and antici-
pated satisfactory reliability on each of the tests as the BrAC
was consistently applied across all participants. The second
hypothesis was that low-level alcohol intoxication at levels
classified as unacceptable for driving a motor vehicle (i.e.,
BAC 0.08%) would result in performance declines from base-
line for all CONVIRT measures.

Materials and methods

Participants

Participants were healthy young adults (N = 54, females = 30),
aged 18 to 28 years (M = 20.65, SD = 2.06). Using a script,
participants were recruited face-to-face at La Trobe
University, Australia. Participants were included if they were
currently full-time students (a criterion for a separate study)
and could read English, and excluded if they reported being ill
on the day of testing, had never consumed alcohol, regularly
used drugs or alcohol, or received a score above 8 on the
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Alcohol Use Disorders Identification Test (AUDIT; Saunders,
Aasland, Babor, de la Fuente, & Grant, 1993). Participants
were also excluded if they had a history of head injury,
psychiatric/neurological illness, sleep or emotional disorders
or used medications that altered cognitive functioning.
Participants provided written informed consent in line with
institutional ethics (HEC19036) and were compensated for
their time with a $100 (AUD) shopping voucher.

Materials

Alcohol consumption screening The ten-item Alcohol Use
Disorders Identification Test (AUDIT; Saunders et al., 1993)
was used to assess problematic drinking behaviours to screen
for participants who may be alcohol-dependent. Individuals
scoring higher than an 8 on the AUDIT were excluded from
the study. The questionnaire assesses alcohol consumption
(three items), drinking behaviour (three items) and conse-
quences related to drinking (four items). Items are scored ac-
cording to frequency (1 – never, to 5 – daily/almost daily) and
items nine and ten are rated on a 3-point Likert scale (1 – no, to
3 – yes, during the last year) where participants specify their
level of agreement to statements. An AUDIT score of eight or
above indicated risky/hazardous levels of alcohol use. The
AUDIT has excellent internal consistency (r = .81; Shields
& Caruso, 2003) and strong test–retest reliability (Selin,
2003).

BrAC calculator An online calculator was used to estimate the
amount of alcohol needed for each individual to reach a BrAC
of 0.05% and 0.08% (https://www.rupissed.com/). This is a
widely used Australian website that predicts BRAC levels
based on demographics (i.e., height, weight, age, ethnicity,
and gender), alcohol type and quantity, and rate of
consumption.

Breathalyser The Alcolizer LE5 breathalyser (2016; Alcolizer
Pty Ltd., Brisbane, Queensland, Australia; model number:
400220CS) was used to monitor the BRAC of participants
throughout the testing day. The LE5 breathalyser is certified
by Australian standards as a police-grade device that provides
an indirect, approximate BAC measurement (Sorbello,
Devilly, Allen, Hughes, & Brown, 2018). While blood sam-
pling collects true BAC, breathalysers are non-invasive, re-
duce administration time, and provide immediate results
(Smith, 2011). They are also an accurate and reliable measure
when compared to blood sampling in both drink-driving data
(r = .94; Zuba, 2008) and laboratory studies (r = .88;
Schechtman & Shinar, 2011). The Alcolizer LE5 breathalyser
has excellent test–retest reliability (r = .99), inter-instrument
reliability and convergent validity (r = .93 to r = .97; Sorbello
et al., 2018) with blood tests.

The CONVIRT Tool

The CONVIRT battery operates through a Gigabyte P35 lap-
top, and comprises the CONVIRT VR application, FOVE 0
Eye Tracking VR Head Mounted Display (HMD), and
customised wireless riding crop with push button (Figure 1).
The FOVE 0 HMD contains built-in eye-tracking functional-
ity and displays a dynamic virtual environment to the partic-
ipant while tracking gaze direction and head rotation. The eye
tracking unit embedded in the FOVE HMD has a tracking
accuracy of less than 1 degree and a refresh rate of 120 Hz
(https://www.getfove.com).Through the HMD, participants
experience the first-person perspective of a jockey riding a
horse in a horserace. Full specifications of the Gigabyte P35
laptop, FOVE 0 HMD, and CONVIRT VR application are
reported previously (Horan et al., 2020).

The CONVIRT battery comprises three computerised cog-
nitive tests: the saccadic reaction time test (SAC-VR), the
detection test (DET-VR), and the identification test (IDN-
VR). In each test, participants respond to target shapes
appearing in the virtual scene. Prior to each test, instructions
are presented in the visual display, and participants undertake
a short practice trial. The test-battery colour scheme is suitable
for individuals who are colour-blind.

Visual processing speedThe first test in the CONVIRT battery
is the saccadic reaction time test (SAC-VR), which measures
visual processing speed. As part of the eye-tracking function-
ality, the participant’s eye movements are displayed in the
virtual world by two small eye indicator shapes (one for each
eye). The eye indicator shapes move across the environment
in concert with the eyemovement of the user. Participants start
by fixating their gaze on a grey sphere for 2 s (the green eye

Fig. 1 The CONVIRT test battery set-up, comprising the CONVIRT VR
application, FOVE 0 Eye-Tracking VR Head-Mounted Display, riding
crop with push button, running through a Gigabyte P35 laptop
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shapes converge on the grey sphere), presented in the centre of
an invisible 180-degree arc. The arc is positioned on an invis-
ible vertical plane situated in front of the user. Following this,
the grey sphere disappears, and a blue sphere appears at a
random position on the arc (Fig. 2). The participant must
move their gaze, as quickly as possible, towards the blue
sphere, which will then ‘explode’ in response (with an explo-
sion sound-effect and animated disintegration of the sphere).
The grey sphere then reappears, and the process is repeated
until the participant has fixated their eyes and ‘exploded’ 35
blue spheres.

The SAC-VR measurement is taken as the time for the
participant’s gaze to reach 50% of the distance towards the
blue sphere. This measures the time taken, or response
latency, to initiate and begin the saccade (Orban De
Xivry & Lefèvre, 2007). This approach minimises the po-
tential of a false-positive influence from an aberrant sac-
cade. The second 50% of the distance towards the target
was not used because this component of ocular movement
incorporates a range of more complex neural processes,
such as deceleration of the saccade to improve accuracy
when converging on the target (Orban De Xivry &
Lefèvre, 2007).

Attention Following the SAC-VR test, participants undergo
the detection test (DET-VR), which measures simple reac-
tion time. In this test, participants are presented with an
orange triangle, appearing at a random point on the 180-
degree arc. After seeing a triangle, the participant must
respond as quickly as possible by pressing the push button
on the customised riding crop. The triangle will then dis-
appear for a duration of between one and 2.37 s before
another orange triangle appears at a random point on the
arc. The process repeats for a duration of 120 s and 35
triangles are presented in total. Simple reaction time is
measured based on the time elapsed (in milliseconds) be-
tween each triangle appearing and the riding crop push
button being pressed. False positives occurred when the

button was pressed with no triangle present and were also
recorded. Tests with false positives constituting more than
10% of all button presses were rendered invalid. No tests
were excluded based on this criterion.

Decision-making The final CONVIRT test, the identifica-
tion test (IDN-VR) is a measure of choice reaction time.
Participants are presented with a random shape (orange or
blue, sphere or triangle) at a random point on the 180-
degree arc. When seeing an orange sphere, participant’s
need to respond by pressing the riding crop button as
quickly as possible. They must refrain from pushing the
button in response to other stimuli. The test runs for a
duration of 120 s, with 31 shapes presented in total.
Choice reaction time is taken as the latency (in millisec-
onds) between an orange sphere appearing and the push
button being pressed. False positives were recorded when
the button was pressed in response to a blue sphere, or blue
or orange triangle, or before the orange sphere had ap-
peared. Tests with false positives constituting more than
20% of all button presses were rendered invalid. No tests
were excluded based on this criterion.

Composite score In line with our earlier work (Horan et al.,
2020), a composite score (COMP) was computed for cogni-
tive performance on the three CONVIRT tests (i.e., SAC-VR,
DET-VR, IDN-VR). The COMP was computed for each in-
dividual by averaging the standardised score of the three tests.
This allowed for an assessment of change across differing
BrAC levels within-individuals. The COMP was utilised to
measure the reliability of the three tests. As standardised
scores have a mean of zero, it was not possible to use
COMP to compare the phases of differing BrACs. To counter
this, the scores of each subtest were summed and the COMP
formula was COMP = OMS + CRT + SRT. This method
corresponded with r values of .99, .99, and .99, when com-
pared to each test with the composite measure calculated with
standard scores.

Fig. 2 The virtual display of the saccadic reaction time test (SAC-VR)
during the practice trial. Note. ‘A’ represents the participant focussing
their eyes on the grey sphere to begin, ‘B’ looking at the blue target

sphere, ‘C’ the exploded blue sphere, and ‘D’ the user focusing on the
grey sphere again before the next target appears randomly
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Procedure

Participants were screened using the AUDIT and provided
basic demographic information (i.e., age, gender, height, and
weight), prior to taking part in the study. Participants were
excluded if they received an AUDIT score of above 8, how-
ever, no participants were excluded based on this criterion.
The necessary information was entered into the BRAC calcu-
lator to determine the approximate amount of standard alco-
holic drinks needed for individual participants to reach BrACs
of 0.05% and 0.08%.

Two researchers were present during testing, wearingwhite
lab coats. Two participants were tested in parallel in separate
rooms, at the same time, with approximately four participants
tested over a single day. This study is a part of a larger re-
search project assessing the impact of genotype and alcohol
consumption upon measures of autonomic reactivity, but
these data are not presented here.

After providing informed consent, participants were
instructed to fit a heart rate (HRV) monitor and electrodes,
which was worn for the duration of testing. Participants also
provided two saliva samples: one at baseline, and one follow-
ing completion of the CONVIRT tests. These results are not
reported in the present study.

After providing the baseline saliva sample, participants
were then fitted with the CONVIRT headset and given the
opportunity to become familiar with the riding crop and vir-
tual reality environment. The CONVIRT subtests were pre-
sented in the same order for all participants (i.e., SAC-VR,
DET-VR, IDN-VR). For each test, participants were provided
with instructions and given a practice trial to ensure they were
familiar with the assessment requirements and the use of
equipment before they completed the test. Participants com-
pleted the CONVIRT battery across three trials with differing
BrAC levels: baseline 0.00%, 0.05%, and 0.08% (Table 1).

Following the baseline phase participants consumed an al-
coholic beverage (60% mixer, 40% vodka) at an individual
dose until the desired BrAC level was reached. Participants’
BrAC levels were monitored using the LE5 Alcolizer
breathalyser at 15-min intervals following alcohol consump-
tion. To determine the booster dose required to reach 0.08%,
we manipulated the BrAC calculator by using the necessary

demographic data, and if required, adjusted up or down, how
many drinks had been consumed in the timeframe to provide
the current BrAC % of the participant. We then used the cal-
culator to determine if a 15-ml or 30-ml dose was required to
reach 0.08%.

After completing the final CONVIRT test, participants
were given the opportunity to eat and watch television while
their BrAC returned to 0.00%. Participants’ BrAC was mon-
itored every 20 min until a reading of 0.00% was observed, at
which point participants could leave. If a participant’s BrAC
did not reach 0.00% by 5:00 pm, they were provided with a
taxi voucher to ensure their safe arrival home.

Data analysis

To assess the reliability of the CONVIRT battery across the
three trials (i.e., BrAC% of 0.00, 0.05, 0.08), an intra-class
correlation coefficient was calculated. Then, to assess if the
CONVIRT battery was a sensitive detector of cognitive im-
pairment induced by alcohol consumption, a series of one-
way repeatedmeasures ANOVAswere conducted with appro-
priate alpha-corrected post hoc analyses of the pairwise
comparisons.

Results

Data management

As is common in measures of reaction time speed (millisec-
onds; ms) a natural logarithm transformation was applied to
the three CONVIRTmeasures. There was nomissing data and
the assumptions for parametric testing for repeated measures
ANOVA, and intra-class correlation were satisfied
(TaBrAChnick and Fidell, 2013).

Test–retest reliability

Test–retest reliability of the CONVIRT measures across the
three testing phases were analysed via an intra-class correla-
tion. Cronbach’s alpha for SAC-VR, DET-VR, IDN-VR and
the COMP were classified as ‘excellent’ (Cicchetti, 1994; see
Table 2). Participants’ rankings remained highly stable across
the differing BRAC, indicating that the consistent application

Table 1. Order of phases of alcohol ingestion and timeline for
CONVIRT testing

PHASE BrAC = 0.00% BrAC = 0.05% BrAC = 0.08%

TIME
ELAPSED

M 0 min.➞ 28 min. ➞ 2h 32 min. ➞ 3h 54 min.

SD 5 min 50 min 49 min

Note.Time elapsed refers to the time CONVIRT testingwas completed in
each phase. Assessment of each of the three CONVIRT subtests took
approximately 10 min to complete

Table 2. Intra-class correlations of the CONVIRT measures

SAC-VR DET-VR IDN-VR COMP

ICC r (95CI) .80 (.70–.88) .83 (.73–.90) .83 (.69–.88) .91(.86–.94)

Note. ICC = Intra-Class Correlation Coefficient; CI = Confidence
Interval; SAC-VR =Saccade Reaction Time; DET-VR= Choice
Reaction Time; IDN-VR = Simple Reaction Time; COMP = Composite
Score, an amalgamation of the three CONVIRT measures

1119Behav Res (2021) 53:1115–1123



of alcohol induced cognitive impairment, fatigue and practice
effects uniformly. This suggests that the CONVIRT measures
are reliable measures of cognitive performance when cogni-
tive functioning is impaired.

Assessing change across trials of increasing BRAC

Descriptive statistics for the entire sample were calculated
from the CONVIRT measures across differing BrAC levels
and indicated that the speed of participants’ responses ap-
peared to slow as BrAC levels increased (see Table 3).

A series of one-way repeated measures ANOVAs were
conducted to assess if each of the CONVIRT measures were
sensitive measures of cognitive impairment across BrAC
levels. Mauchly’s test of sphericity indicated that the assump-
tion of sphericity had not been violated for COMP, χ2(2) =
0.50, p = .780. However, sphericity had been violated for
SAC-VR, χ2(2) = 6.10, p = .047, DET-VR, χ2(2) = 8.00, p
= .018, and IDN-VR, χ2(2) = 18.25, p < .001 Therefore, a
Greenhouse–Geisser correction was used for SAC-VR, DET-
VR and IDN-VR (TaBrAChnick & Fidell, 2013).

Analyses indicated that there was a deleterious effect of
increasing BRAC level on SAC-VR, (F (1.80, 95.44) =
4.02, p = .025, ηp

2 = .07), DET-VR, (F (1.74, 92.78) =
30.02, p < .001, ηp

2 = .36), IDN-VR, (F (1.54, 81.80) =
7.61, p = .008, ηp

2 = .13), and, COMP, (F (2, 106) = 26.87,
p < .001, ηp

2 = .34). The effect sizes for SAC-VR and IDN-
VR were considered moderate, while the DET-VR and
COMP effects were large (Cohen, 1988).

To assess which of the comparisons between BrAC phases
differed, the Holm’s multi-stage method (Holm, 1979) was
utilized to assess the three comparisons across differing
BrAC levels, ordered by descending effect size, against error
rates (α) for each CONVIRT measure. The highest effect was
provided a criterion α of .05/3 (.02), followed by the next

highest at .05/2 (.03), and.05/1 (.05). There were significant
differences in performance across increasing levels of BrAC
on SAC-VR, DET-VR, IDN-VR, and COMP (see Table 2).
The effect sizes were moderate to large (Cohen, 1988).

The effect of increasing BrAC to 0.08% resulted in sub-
stantially diminished performance from baseline an all
CONVIRT tests. This is illustrated (Fig. 3) by the significant
linear trend observed from the within-subject contrasts for the
SAC-VR (F(1, 53) = 10.76, p = .002, ηp

2 = .17), DET-VR
(F(1, 53) = 42.08, p < .001, ηp

2 = .44), IDN-VR (F(1, 53) =
10.36, p = .002, ηp

2 = .16), and COMP (F(1, 53) = 48.96, p <
.001, ηp

2 = .48).

Discussion

The CONVIRT battery of tests was able to sensitively detect
the cognitive impairment induced by alcohol consumption at
BrAC% levels at both 0.05 and 0.08 with performance on all
tests showing the expected dose–response characteristics. The
DET-VR and COMP scores provided the greatest sensitivity
to the alcohol challenge as indicated by the large effect sizes
detected for the performance measures from these two tests.
Additionally, the test–retest reliability of the main perfor-
mance measures from the CONVIRT battery were by defini-
tion, very high (i.e., all d > 0.8) and this obviously contributed
to the sensitivity of the tests.

Sensitivity and reliability Our findings concur with results
from similar within-group designs that used alcohol to impair
cognition. Specifically, healthy young adults using computer-
based assessments (Cogstate) post-alcohol consumption show
significant decrements in attention (Maruff et al., 2005; Faleti
et al., 2003) and decision-making (Faletti et al., 2003).
Additionally, the findings from the present study reveal

Table 3. Descriptive statistics and comparisons for each CONVIRT measure across differing BrAC (N = 54)

Measure BrAC% phase Comparisons across BrAC% phases

0.00T1 0.05T2 0.08T3 T1 - T2 T1 -T3 T2 - T3
M (SD) M (SD) M (SD)

SAC-VR 275 (48) 291 (60) 293 (41) p = .047
d = 0.27

p = .002*
d = 0.30

p = .589
d = 0.01

DET-VR 312 (37) 351 (56) 370 (76) p < .001*
d = 0.96

p < .001*
d = 1.27

p = .009*
d = 0.41

IDN-VR 427 (47) 438 (52) 459 (82) p =. 032
d = 0.26

p = .018*
d = 0.39

p = .028*
d = 0.24

COMP 7.56 (.12) 7.64 (.15) 7.68 (.16) p < .001*
d = 0.85

p < .001*
d = 1.20

p = .011*
d = 0.35

Note. SAC-VR=Saccade Reaction Time; DET-VR= Simple Reaction Time; IDN-VR= Choice Reaction Time; COMP = Composite Score; All mean
values for the SAC-VR, DET-VR, IDN-VR are log transformed in milliseconds however log transformed variables were used in all parametric analyses,
and to calculate the COMP variable, M = Mean; SD = Standard Deviation; d = Cohen’s d; * Mean difference is significant at the alpha adjusted rate
using the Holms method
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participants had slower saccadic reaction time speeds in re-
sponse to alcohol administration and this is consistent with
other research (e.g., Roche & King, 2010; Vassallo & Abel,
2002) who reported larger (i.e., d > .80) effects. To our knowl-
edge, this is the first such study to determine the link between
alcohol related CNS disruption as indicated by reduced visual
processing speed using measures within a VR environment.
Given that participants showed significant reductions in per-
formance on the CONVIRTmeasures at the 0.08%BrAC, and
the effects of concussion (2-3 days post-concussion) are said
to resemble the cognitive decrements at a BrAC of .10%
(Maruff et al., 2001), the CONVIRT measure may prove sen-
sitive in assessing the cognitive symptoms related to
concussion.

Oculomotor function may be vulnerable and/or compro-
mised due to cognitive impairment (Taghdiri, Varriano, &
Tartaglia, 2017). Given that optic movement is an immediate
response that acts as the first line of information in reaching a
decision in measures of visual attention, working memory and
decision-making; ocular movement including measures of
saccade speed, plays an important role on the performance
on such tests (Taghdiri et al., 2017). As such, eye-tracking
methods for the assessment of mild traumatic brain injury
including concussion have recently received research atten-
tion (Cifu et al., 2015; Heitger et al., 2009; Maruta et al.,
2010; Reppert, Lempert, Glimcher, & Shadmehr, 2015). The
findings of reductions in SAC-VR in response to alcohol ad-
ministration in the present study further contribute to this
growing evidence base of the efficacy of such measures in
detecting cognitive impairment.

In the CONVIRT battery, the DET-VR test (attention) ap-
peared to be the individual measure most sensitive to the cog-
nitive decrements induced by alcohol consumption, while the

SAC-VR measure was the least sensitive. Whether these dif-
ferences can be explained by the underlying mechanisms used
to perform goal-directed or stimulus-directed attention will
require further consideration, and possibly require an assess-
ment of the concurrent impact of changes in the activity of the
chemical messenger gamma-aminobutyric acid (GABA) with
the cognitive measures (Dry, et al., 2012). That said, the
COMP measure was also a more sensitive indicator of cogni-
tive deterioration due to alcohol ingestion than the SAC-VR
or IDN-VR measures. A potential explanation for this en-
hanced sensitivity stems from the fact that the COMP score
is an amalgamation of the performance across all subtests, and
essentially a product of three times as many observations as
any of the individual tests. The COMP score, as a consider-
ation of ‘global cognitive function’ rather than performance in
specific cognitive subdomains, may prove to be the most use-
ful measure of cognitive performance. When this information
is coupled with the excellent test–retest reliability of the mea-
sures across the three trials, this augers well for the use of the
CONVIRT measures in studies of concussion.

The intra-class correlation of each test in the CONVIRT
battery was excellent when assessed across the three phases.
This suggests that the ranking of each participant was held
relatively constant across increasing levels of BrAC, and that
the participants were very likely cognitively impaired in the
same way and to the same level. Therefore, it can be assumed
that this protocol, which was similar to Maruff et al.’ (2005)
testing of simple reaction time from the Cogstate battery, re-
liably induced acute cognitive impairment in order to simulate
the symptoms of concussion. However, identifying if the
CONVIRT tests are sensitive to changes in medically diag-
nosed concussion status is an important next step in the ongo-
ing testing of the CONVIRT battery.

Strengths and limitations In this study, important confounds
were controlled statistically or via participant exclusion.
Specifically, participants did not have a history of concussion
or other injuries or illness that may impact performance, and
age was entered as a covariate despite the relatively homoge-
nous age range. However, as the findings emanate from a
sample of healthy young adults, more testing is required to
ensure the findings hold when assessing jockeys. Similarly,
although CONVIRT was designed to minimise vestibular dis-
turbance (Horan et al., 2020) and none of the participants
reported any nausea or asked for the testing to be stopped at
any point in this and earlier studies, future studies will include
a quantitative measure of motion sickness to provide a more
robust assessment of how participants respond to the VR en-
vironment. Finally, it is important to note that the SAC-VR
times are more than just a measure of saccadic latency, as they
include a portion of acceleration towards the target. Failure to
account for this will result in an overestimation of the effect of
alcohol on saccadic latency.

Fig. 3 Change in within-group mean performance across trials of
increasing breath alcohol concentration on the CONVIRT battery of
tests. Error bars represent the 95% confidence interval
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The CONVIRT battery appears to be a highly reliable mea-
sure of cognitive impairment and sensitive enough to detect
changes in cognitive performance across increasing BrAC
levels. However, due to differences in gender, BMI, and eth-
nicity, varying alcohol dosages were administered to partici-
pants and this led to differences in experiment duration be-
tween participants (Table 1). The experimental design
employed meant that there was a chance that practice and
fatigue effects could affect performance. However, the SAC-
VR test, with a mixture of exogenous and endogenous pro-
cesses, minimises the impact of practice effects. Further,
others have suggested that practice effects in similar
computer-based assessments of simple and choice-reaction
time (i.e., Cogstate) are confined to re-testing at 10 min
(Falleti, Maruff, Collie, & Darby, 2006). Nevertheless, the
reliability of the CONVIRT battery needs to be established
at longer test–retest intervals.

Future research should seek to remedy the limitations of the
present research by assessing alcohol dose–response patterns
in conjunction with BrAC levels and are encouraged to use a
no-alcohol placebo group to account for expectancy effects
and to delineate the effects of practice/fatigue effects from
alcohol effects. Alcohol appears to slow cognitive responses
rather than qualitatively change the patterns of response
(Vorstius, Radach, & Lang, 2012), but whether the same ap-
plies to persons post-concussion is unknown.

Conclusions

From a health and safety perspective, using state-of-the-art
technology to assess return-to-normal CNS function and hav-
ing participants complete their cognitive assessments in envi-
ronments that better simulate the demands of their work envi-
ronment is crucial. The CONVIRT battery has high conver-
gent validity with, and higher ecological validity than, stan-
dard neuropsychological measures, with no practice effect
(Horan et al., 2020). The present study builds on these find-
ings and suggests that CONVIRT is a reliable and sensitive
measure that can detect alcohol dose-dependent changes in
acute cognitive impairment. The next step will be using the
current findings to quantify the effect of concussion on cog-
nition using this battery.

Funding There was no external funding of this research.
The data for this research are available at https://osf.io/4r8wj/
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