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Comparative Performance of Three Eye-Tracking Devices in
Detection of Mild Traumatic Brain Injury in Acute Versus Chronic

Subject Populations
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ABSTRACT

Introduction:

Presently, traumatic brain injury (TBI) triage in field settings relies on symptom-based screening tools such as the updated
Military Acute Concussion Evaluation. Objective eye-tracking may provide an alternative means of neurotrauma screen-
ing due to sensitivity to neurotrauma brain-health changes. Previously, the US Army Medical Research and Development
Command Non-Invasive NeuroAssessment Devices (NINAD) Integrated Product Team identified 3 commercially avail-
able eye-tracking devices (SyncThink EYE-SYNC, Oculogica EyeBOX, NeuroKinetics IPAS) as meeting criteria toward
being operationally effective in the detection of TBI in service members. We compared these devices to assess their
relative performance in the classification of mild traumatic brain injury (mTBI) subjects versus normal healthy controls.

Materials and Methods:

Participants 18 to 45 years of age were assigned to Acute mTBI, Chronic mTBI, or Control group per study criteria. Each
completed a TBI assessment protocol with all 3 devices counterbalanced across participants. Acute mTBI participants
were tested within 72 hours following injury whereas time since last injury for the Chronic mTBI group ranged from
months to years. Discriminant analysis was undertaken to determine device classification performance in separating TBI
subjects from controls. Area Under the Curves (AUCs) were calculated and used to compare the accuracy of device
performance. Device-related factors including data quality, the need to repeat tests, and technical issues experienced
were aggregated for reporting.

Results:

A total of 63 participants were recruited as Acute mTBI subjects, 34 as Chronic mTBI subjects, and 119 participants
without history of TBI as controls. To maximize outcomes, poorer quality data were excluded from analysis using
specific criteria where possible. Final analysis utilized 49 (43 male/6 female, mean [X] age =24.3 years, SD [s] =5.1)
Acute mTBI subjects, and 34 (33 male/1 female, x age =38.8 years, s =3.9) Chronic mTBI subjects were age- and
gender-matched as closely as possible with Control subjects. AUCs obtained with 80% of total dataset ranged from
0.690 to 0.950 for the Acute Group and from 0.753 to 0.811 for the Chronic mTBI group. Validation with the remaining
20% of dataset produced AUCs ranging from 0.600 to 0.750 for Acute mTBI group and 0.490 to 0.571 for the Chronic
mTBI group.

Conclusions:

Potential eye-tracking detection of mTBI, per training model outcomes, ranged from acceptable to excellent for the Acute
mTBI group; however, it was less consistent for the Chronic mTBI group. The self-imposed targeted performance (AUC
of 0.850) appears achievable, but further device improvements and research are necessary. Discriminant analysis models
differed for the Acute versus Chronic mTBI groups, suggesting performance differences in eye-tracking. Although eye-
tracking demonstrated sensitivity in the Chronic group, a more rigorous and/or longitudinal study design is required
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to evaluate this observation. mTBI injuries were not controlled for this study, potentially reducing eye-tracking assess-
ment sensitivity. Overall, these findings indicate that while eye-tracking remains a viable means of mTBI screening,
device-specific variability in data quality, length of testing, and ease of use must be addressed to achieve NINAD

objectives and DoD implementation.

INTRODUCTION

Presently, symptom-based screening tools such as the
updated version of the Military Acute Concussion Evalua-
tion (MACE?2) are utilized in field settings to determine the
need for traumatic brain injury referral with plans for imple-
mentation across clinical settings as a diagnostic tool. The
use of subjective screening tools is unreliable at times, and
it has been reported that the sensitivity and specificity of the
MACE2 decline when performed more than 12 hours post-
injury.!> Objective metrics, such as the use of eye-tracking
technology, may provide alternative means of neurotrauma
screening due to eye-tracking sensitivity to changes in the
health of the neural pathways required for normal ocular
motor function, especially in response to neurotrauma.’~°
This potential use of eye-tracking was suggested in 2009
by Heitger et al. who compared 36 mild closed head injury
subjects with post-concussion syndrome to age-matched con-
trols and reported that “eye movements showed additional
dysfunction in motor/visuospatial areas, response inhibition,
visual attention and subcortical function” for subjects in the
injury group.’ Since then, eye-tracking assessments have been
reported as having good sensitivity to disruptions to the neu-
ral pathways required for normal ocular motor function that
can detect acute and sub-acute neurotrauma, and products are
now receiving FDA approval for use in concussion diagno-
sis.3710 In a study comparing healthy football players with no
sports-related contact for several months versus non-athletic
peers, Kocher demonstrated that eye-tracking not only cor-
rectly classified players versus controls with an observed Area
Under the Curve (AUC) of 0.984, but also appeared to be sen-
sitive to chronic effects of sports-related impacts that were
previously undetected.!!

Several years ago, the US Army Medical Research
and Development Command Non-Invasive NeuroAssess-
ment Devices (NINAD) Integrated Product Team identified
3 commercially available eye-tracking devices (SyncThink
EYE-SYNC, Oculogica EyeBOX, NeuroKinetics IPAS) as
meeting criteria toward being operationally effective in the
detection of TBI in service members. While other commer-
cially available devices at the time essentially met the criteria
established by NINAD, they were excluded for reasons such
as requirements that data be uploaded to a cloud-based storage
system which raised operational security concerns.

Although all 3 of these devices utilize eye-tracking to
detect brain-health issues, they are unique in their form fac-
tor, test execution, and metrics (Fig. 1). The EYE-SYNC
device is based on the Oculus Rift virtual reality goggles that
the subject holds in place (Fig. 1A) for the duration of the
assessment. Prior to testing, a calibration process is used to
determine which eye provides better eye-tracking and testing

proceeds with the selected eye. Through the goggles, the sub-
ject views a red dot that moves in a circular pattern and is
instructed to follow that dot with their eyes. At the bottom left
of Fig. 1A is a trace pattern of the subject’s eye as it follows
the dot, within which there are 8 black dots. These dots rep-
resent check points where the system captures eye-position
relative to the moving target dot, the sum of which are all
represented as an error cloud on the bottom right of Fig. 1A,
which forms the basis of the primary measures for the EYE-
SYNC device. Figure 1B shows the EyeBOX device in use as
a subject sits quietly with their chin on a rest while looking at
a screen on which a small video box moves around the edges
of the screen in a pre-determined pattern. A major difference
with this device is that the eyes are tracked by external cam-
eras located below the screen as opposed to enclosed goggles.
While the subject watches a short video as it moves around
the screen, the system tracks both eyes simultaneously and
measures the conjugacy of the eye movements throughout the
testing. The lower portion of Fig. 1B shows the traces of each
individual eye as recorded throughout the testing, from which
calculations of conjugacy are developed. The third and final
device, IPAS, is shown in use in Fig. 1C. The IPAS is similar
to the EYE-SYNC in that it uses an enclosed goggle form fac-
tor; however, the IPAS is held in place with adjustable straps.
The IPAS is like the EyeBOX in that it records both eyes inde-
pendently. The IPAS is unique from the other 2 devices in that
it can perform a wide variety of eye-tracking tests, which are
customizable. The entire test battery of the IPAS takes approx-
imately 30 minutes to complete; however, the actual test time
depends on test selection. It should be noted that all these tech-
nologies were the most up-to-date versions at the time of study
initiation and that each of these devices has been updated
since then.

The purpose of this project was to compare these 3 devices
in a head-to-head format to assess their relative performance
in the ability to detect mild traumatic brain injury (mTBI)
cases and distinguish from normal, healthy individuals. As
time since injury may influence device performance, com-
parisons were performed using both acute and chronic mTBI
subject populations.

METHODS

Participants diagnosed with acute mTBI at the Womack Army
Medical Center (WAMC) within 72 hours of their injury were
recruited and assigned to the Acute mTBI Group. Details
of the injury and mTBI diagnosis were not shared with the
research team; that is, the research team was simply informed
of the mTBI diagnosis and that the subject was willing to
participate in the study. Chronic mTBI participants were
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FIGURE 1. Images of 3 test devices used in study and representative data output. (A) EYE-SYNC: Three metrics are typically produced, test time about
2 minutes. (B) EyeBOX: Single metric (BOX score) is produced; test time is <4 minutes. (C) IPAS: Customizable test battery with multiple test capabilities,
each with numerous variables and metrics. Complete test time about 30 minutes.

recruited from the Intensive Outpatient Program (IOP) at the
National Intrepid Center of Excellence (NICoE) where a diag-
nosis of mTBI and comorbid psychological health issues was
required for participation in the IOP. These participants were
typically long-term post-injury (typically months to years)
and assigned to the Chronic mTBI Group. Control participants
without the history of mTBI as confirmed by intake inter-
view were recruited from both Walter Reed National Military
Medical Center and Fort Liberty, N.C. The Sport Concus-
sion Assessment Tool version 3 (SCAT 3) is a self-reported
symptom questionnaire consisting of 22 Likert scale ques-
tions ranging from 0 (No symptoms) to 6 (Severe symptoms)
and was completed by all participants prior to study partic-
ipation to screen eligibility criteria (i.e., unreported medical
conditions). All participants were between 18 and 45 years
old to minimize age-related oculomotor effects that occur
after age 45. Participants from all 3 groups completed a TBI
assessment protocol with all 3 previously discussed commer-
cially available eye-tracking devices (EYE-SYNC, version
0.5.1 with Oculus positional driver version 1.0.9.0 and Ocu-
lus Runtime version 0.5.0.1-release-49,138; EyeBOX, ver-
sion 2.124; IPAS, I-Portal version 3.5, VEST version 7.9),
counterbalanced across participants. Discriminant analysis
was performed using IBM SPSS Statistics version 29.0.0.0
to determine a classification model for each device that was
able to differentiate between TBI subjects and controls. 80%
of the dataset was used to build the classification model and
the remaining 20% of the dataset was withheld and used to
validate the model. The AUC results for each device were
then calculated using the classification output for each respec-
tive device and used to compare the overall accuracy of
their classifications. This analysis approach was necessary
as each device utilizes proprietary tests and algorithms, and
thus direct comparison of device raw data was not possible or
appropriate. To evaluate device-related factors (e.g., technical

difficulties) that might influence performance, research team
notes were reviewed from subjects at WAMC in terms of
data quality, the need to repeat tests, and technical issues
experienced.

RESULTS

Overall, 63 participants were recruited as Acute mTBI sub-
jects, 34 as Chronic mTBI subjects, and 119 participants
without a history of TBI were recruited as control subjects.
The data quality collected with the 3 devices was evalu-
ated via internal device criteria and/or subject matter expert
review as follows. For the EYE-SYNC device, a value of
“0” for the FixationValid metric was used to determine the
presence of poor-quality data, although other indicators of
data quality including Test Error and EyeType were available.
The TestError variable consisted of system-generated warn-
ing messages that ranged from minor (e.g., “13% of data was
reported missing”) to severe (“Only O valid fixation points”)
and approximately half of the collected data included a neg-
ative TestError report. The EyeType variable reports which
of the 2 eyes was selected for data acquisition, and if data
could not be obtained from either eye, “NeitherEye” was
reported. In approximately 90% of the cases where “Neither-
Eye” was reported, the FixationValid metric value was “0,”
showing good consistency between the 2 metrics. For sim-
plicity and to increase the number of subjects for which data
could be used, the more conservative FixationValid metric
was chosen as the determinant of EYE-SYNC data quality.
Evaluating data quality was much simpler with the EYEBOX
as it generated a quality score metric for each test. The rec-
ommendation obtained from Oculogica indicated that data
obtained with quality scores higher than “6” are acceptable for
use. The comprehensive test nature of the IPAS system com-
plicates the ability to judge data quality due to the number of
tests, the sophisticated nature of the tests and their analyses,
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and the lack of clear data quality indicators for certain tests.
As such, the IPAS requires an experienced user to manually
review all the data obtained to determine if the data quality
is acceptable. For this effort, poor data quality for the IPAS
was hence determined by the presence of an invalid calibra-
tion and/or the presence of multiple tests that are deemed to
be uninterpretable.

Using the data quality assessment criteria as described, the
proportion of Acute mTBI data deemed to be poor-quality
ranged from 6% (EyeBOX) to 56% (EYE-SYNC). The need
to repeat testing was lowest for the EyeBOX (6%) followed
by EYE-SYNC (21%) and IPAS (61%). It should be noted
that the repeat rate for the IPAS is artificially inflated as it was
counted as a repeat if any of the 18 tests within the test bat-
tery required a repeat whereas the other 2 devices consisted
of a single test. Technical issues were defined as hardware or
software issues that had to be addressed before data collec-
tion could be completed, typically requiring a reboot of the
entire system. Using these criteria, the EyeBOX system failed
less than 1% of the time, followed by EYE-SYNC (5%) and
IPAS (15%).

To obtain the best-possible performance in detection of
mTBI, poor quality data were excluded from analysis using
the aforementioned criteria where possible; however, this
was not possible with the EYE-SYNC device due to the
high rate of poor-quality data. Hence, the dataset utilized
for the final analysis required considerable retention of
poor-quality data for the EYE-SYNC device to ensure ade-
quate sample size. Given this, efforts were made to retain
the best possible quality data for the EYE-SYNC device.
The final analysis utilized 49 (43 male/6 female, mean [X]
age =243 years, SD [s] =5.1) Acute mTBI subjects and 34
(33 male/1 female, X age = 38.8 years, s = 3.9) Chronic mTBI
subjects who were age- and gender-matched as closely as pos-
sible with equal numbers of Control subjects 49 (41 male/8
female, X age =24.4, s=15.0) and 34 (31 male/ 3 female, x
age = 38.2 years, s = 3.9), respectively. For subjects assigned
to the Acute mTBI group, all reported mTBI diagnosis within
past 72 hours and their SCAT 3 scores ranged from 7 to 95
(X'=29.5, s=19.4). Subjects assigned to the Chronic mTBI
group were similar with 100% reporting history of mTBI and
SCAT 3 scores ranging from 4 to 87 (x=31.9, s =20.7). For
the Control subjects, 2 reported previous history of mTBI—
one 11 years prior from sports, and one over a year prior
during a motor vehicle accident. Both of these Control sub-
jects reporting previous mTBI reported complete recovery,
consistent with lack of reported symptoms on the SCAT 3
and intake survey. Reported symptoms on SCAT 3 were sim-
ilar for Control subjects paired with the Acute mTBI group
(Xx=0.8, s=1.7) and those paired with the Chronic mTBI
group (x=1.8,s=3.1).

Figure 2 shows the AUC obtained for the 3 devices using
80% of the entire dataset with AUC values for the acute mTBI
subjects on the left and AUC values for the Chronic mTBI sub-
jects on the right. For the Acute mTBI group, in order from

largest to smallest, the AUC values were 0.950 (EyeBOX),
0.845 (IPAS), and 0.690 (EYE-SYNC). For the Chronic mTBI
group, again from largest to smallest, the AUCs obtained were
0.811 (IPAS), 0.796 (EyeBOX), and 0.753 (EYE-SYNC). Val-
idation using the holdout 20% of the dataset demonstrated
poor to fair performance of discriminant analysis classifica-
tion for the Acute mTBI subjects, with AUCs ranging from
0.600 to 0.750. For the Chronic mTBI subjects, validation
results indicated weaker performance of discriminant anal-
ysis classification, with AUCs ranging from 0.490 to 0.571
(Table I).

To confirm that devices provided significant classification
performance versus simple guessing (0.5 probability of cor-
rectly guessing sensitivity and specificity), proportions analy-
sis was performed for each device with the following P values
obtained: IPAS, P<0.001; EyeBOX, P=0.013; and EYE-
SYNC, P =0.066. These results, which compare discriminant
analysis performance versus chance classification, indicate
that all 3 devices are performing as expected.

A summary of the data used to build discriminant analy-
sis models for each device is presented in Table II. For all
devices, the number of variables contributing to the discrim-
inant analysis was less than the total number of available
variables, especially for the EyeBOX and IPAS devices. For
the EYE-SYNC device, the mean radial error variable did
not contribute to the analysis for either mTBI group. For
EyeBOX, an interesting finding is that the primary clinical
measure, BOX score, did not contribute to either group’s
classification results. For IPAS, the Anti-Saccades, Audi-
tory Reaction Time, and Horizontal Smooth Pursuit (0.01 Hz)
tests contributed to classification results for both groups,
albeit with different variable representations. For the Eye-
BOX and IPAS devices, the number of variables contributing
to the discriminant analysis for the Chronic mTBI group
were significantly less than for the Acute mTBI group. In
fact, for the IPAS, only one-sixth of the tests in the over-
all test battery was useful for the analysis of the Chronic
mTBI group.

Device-Specific Observations Were as Follows:
EYE-SYNC

Due to the large number of subjects with poor-quality data
despite repeated testing, it was not possible to generate a suf-
ficiently large data set free of poor-quality data for comparison
with the other devices. A frequent issue reported by users
was difficulty in obtaining clear eye-tracking as the EYE-
SYNC device does not have a built-in means of adjusting
camera placement on the pupils (other than manually mov-
ing the goggles around the subject’s face). Often, one of the
eyes would not track well during calibration, so the goggles
would be adjusted to improve tracking for the affected eye;
however, the repositioning of the goggles often resulted in
the decline of the eye tracking performance of the opposite
eye that had previously performed acceptably. Examiners
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FIGURE 2. For all devices, the best possible outcomes for specified dataset were utilized as determined via discriminant classification. Values within each
receiver operating characteristic (ROC) Curve indicate the respective area under the curve (AUC) calculated for that curve. ROC curves on the left represent
data from acute mild traumatic brain injury (mTBI) subjects and curves on the right from chronic mTBI subjects.

were permitted 2 attempts to obtain acceptable quality eye-
tracking performance; however, they reported failure to do
so in many cases. Subject discomfort was frequently noted
when attempting to adjust the goggle position to improve
eye-tracking.

EyeBOX

EyeBOX data had the lowest incidence of poor-quality data
and required the least repeat testing of all devices. There
were very few issues reported by investigators regarding

eye-tracking or technical errors making this system the most-
user friendly of the 3. This device is the largest and least
portable at present, with designs for a portable system in the
works.

IPAS

The IPAS system includes an exhaustive battery of tests that
may improve sensitivity, but at the cost of time, as it requires
the most testing time at approximately 25 minutes. However,
the test battery is customizable and could be shortened with
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TABLE I. Discriminant Analysis Classification Summary for Each Device by Subject Condition

Discriminant analysis classification
(80% data set—model training)

Model validation (20% data set—
withheld from training data set)

True positive  True negative

Comparison Device True positive rate  True negative rate AUC rate rate AUC
Acute mTBI EYE-SYNC 46% 72% 0.690 60% 90% 0.700
versus Controls EyeBOX 87% 85% 0.950 70% 80% 0.750

IPAS 78% 81% 0.845 30% 90% 0.600
Chronic mTBI EYE-SYNC 63% 78% 0.753 14% 86% 0.490
versus Controls  EyeBOX 63% 77% 0.796 14% 100% 0.571

IPAS 70% 78% 0.811 43% 43% 0.571

Discriminant analysis classification model training results using 80% of the data set are presented here for both Acute and Chronic mTBI groups versus
matched controls. AUC values provide an overall measure of accuracy of classifying as mTBI or Control and True Positive/Negative Rates provide more
detail on classification accuracy. The remaining 20% of the data set was used to validate classification results. These results indicate good performance of
eye-tracking in detecting mTBI in the Acute group and weaker performance for the Chronic mTBI group. Abbreviations: AUC, area under the curve; mTBI,

mild traumatic brain injury.

TABLE Il. Variables Included in Discriminant Analyses

Data included Data included
Total available for acute mTBI  in chronic
Device data analysis mTBI analysis
EYE-SYNC 7 variables 5 variables 5 variables
(1 test)
EyeBOX 102 variables 42 variables 14 variables
(1 test)
IPAS 162 variables 24 variables 14 variables

(18 tests) (11 tests) (3 tests)

For all 3 devices, the number of variables included in discriminant analysis
was less than the total number of variables available. For the EyeBox and
IPAS devices, the number of variables and tests (IPAS) entered into the dis-
criminant model was significantly less for the Chronic mTBI group than for
the Acute mTBI group, suggesting differences in eye-tracking performance
for the 2 groups. Abbreviation: mTBI, mild traumatic brain injury.

the removal of less sensitive tests. Over 60% of subjects
required at least 1 test to be repeated, further increasing testing
time. A common issue reported by users was the difficulty in
maintaining clear eye-tracking, which required constant vig-
ilance and technical adjustment of parameters during testing.
Participant discomfort was a noted complaint due to the size
and weight of the goggle system. This device requires the most
training, tester experience, and post-testing data analysis to
obtain quality data and acceptable detection performance of
mTBI.

DISCUSSION

While there is not a defined threshold for what is considered
a good AUC score, it has been suggested that AUC values
between 0.800 and 0.900 are considered excellent.!? It was
decided to adopt an AUC of 0.850 as the targeted objective
since this threshold will be generally accepted as sufficient
performance. This target was obtained by the training models
for the EyeBOX (AUC = 0.950) and nearly so for the IPAS
(AUC = 0.845) devices; however, this required the removal
of poor-quality data and extensive post-testing analysis for the

IPAS. The weak validation results are likely influenced by the
small sample size (n =20 for the Acute and n =14 for the
Chronic groups, respectively). Preliminary analysis of eye-
tracking data collected from various tactical training environ-
ments suggests that the sensitivity of eye-tracking measures
appears to be differentially sensitive to types of training expo-
sures. As the injury mechanisms for the mTBI groups were
uncontrolled, this likely resulted in decreased overall model
performance due to the presence of a non-homogeneous sub-
ject population. On another note, it is interesting that the
AUCs were generally larger for the Acute mTBI group, which
would be expected when testing subjects closer to the point of
injury. To reiterate, these models were developed from rela-
tively small groups and are thus intended as proof of concepts
and not to be used as working models. While the validation
results are not as strong as desired, the training model AUCs
suggest that the target of 0.850 is within reach especially
considering that evolving data from current field research is
demonstrating reproducible evidence of strong sensitivity of
eye-tracking to brain health changes to blast exposures in
different military training populations.

Findings indicated that data quality can sometimes
be improved by repeating tests to remove artifacts (e.g., eye-
blinks) or correct system-related pupil tracking issues, but
increased testing time may reduce the likelihood of use in
operational settings. Consequently, this experience indicates
that factors such as device administrator training, adminis-
trator experience level, and device-specific technical issues
contribute to overall device performance.

It is interesting that for the 2 devices with better perfor-
mance (EyeBOX and IPAS), the critical variables utilized by
discriminant analysis are quite different for the Acute ver-
sus Chronic mTBI groups, providing support for the potential
presence of differences in eye-tracking performance for these
2 groups. This indicates that while an eye-tracking perfor-
mance signal appears to be present in both groups follow-
ing mTBI, the affected eye-tracking parameters are differ-
ent. While it was not evaluated as part of the current study,
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this difference in eye-tracking performance between the 2 5) Device-dependent variability in data quality, length of

groups should be taken into consideration before integrating
eye-tracking into injury tracking protocols.

The injuries producing the mTBIs for both the Acute and
Chronic subjects were not controlled, introducing variance
into the model that may not exist when focusing the use
of eye-tracking tests to a specific training population (e.g.,
Airborne). The Chronic mTBI group was represented by a
mix of blunt force trauma and/or blast-related exposures yet
demonstrated differences in eye-tracking performance from
the Control group. This is suggestive that eye-tracking may be
sensitive to both types of events; however, the current study
design is insufficient for evaluation of such.

It was interesting that eye-tracking demonstrated sensitiv-
ity to mTBI in the chronic mTBI patient population at NICoE
despite most participants being several months or even years
post-injury. This may indicate that a signal from the previous
mTBI is still present that eye-tracking is sensitive albeit at a
sub-clinical level. As much of the patient population at NICoE
reports multiple injuries and exposures during their career,
it is possible that the signal detected by eye-tracking repre-
sents a cumulative result of repetitive injuries as reported by
Kocher.!! The classification of subjects into acute and chronic
groups was only intended as a cursory examination of short-
versus long-term effects of TBI on eye-tracking. That is, the
interest of this classification was not intended to evaluate the
effects of time on the performance of eye tracking, but rather
as a description of injury state. It should be noted that these
observations, while quite interesting, cannot be confirmed at
present as a more rigorous and/or longitudinal study design is
required to better control other variables and factors that may
influence the eye-tracking performance in the mTBI popula-
tion. Overall, these findings indicate that while eye-tracking
remains a viable means of mTBI screening, device-specific
variability in data quality, length of testing, and ease of use
must be addressed to achieve NINAD objectives and DoD
implementation.

CONCLUSIONS

1) The potential detection of mTBI with eye-tracking, per
training model outcomes, ranged from acceptable to excel-
lent for the Acute mTBI group; however, performance was
not as consistent for the Chronic mTBI group.

2) The self-imposed targeted performance (AUC of 0.850)
appears achievable with these data, but further understand-
ing of the mTBI population and device improvements are
necessary.

3) Data quality, participant comfort, and technical issues
impact performance for some devices and increase test
time due to repeat testing.

4) Results suggest eye-tracking ability to detect sequalae
from mTBI may continue for some time post-injury, pos-
sibly when chronic symptoms are present.

testing, and ease of use must be considered for NINAD
objectives and DoD implementation.
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