OCULOMETRIC ASSESSMENT OF BRAIN HEALTH AND OPERATIONAL PERFORMANCE
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There is a need for quick, noninvasive, objective brain
health assessments to inform best practices for maintaining
and maximizing cognitive performance in military
operational tasks. Oculometrics, the measurement of eye
movements, may be one solution as they can quantify the
health of cortical circuitry associated with perception and
motor tracking. Previous work has demonstrated that
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exceptional (Chen et al, 2021, J Vis 23:3 1-16) Below, we Table 1. The majority of the 11 oculometric measures were found to have acceptable test-retest reliability based on

: s : T Cronbach’s Alpha (values > 0.7) or Intraclass Correlation Coefficients (values >0.5): latency, acceleration, direction
describe recent emplrlcal work dosCsslilg the Utlllty of noise, speed noise, steady state gain, saccade amplitude, proportion smooth, and the summary score called nFit.The

oculometric assessment in terms of test-retest re||ab|||ty of a oculometric test shown here had better test-retest reliability than another commercially available oculometric test
commercial-off-the-shelf (COTS) oculometric system, as a e

biofeedback mechanism, and correlation with performance

on an operational task.

IV. ReSU |tS: BiOfeed baCk Figure 7. Simulated air refueling task (left). A Boom Operator performs a simulated KC-46 remote vision system (RVS) air refueling task in the OBVA Laboratory
(photo by authors). A KC-46 refuels a B-52 (right). [source: https://www.dvidshub.net/image/7714934/b-52-and-kc-46-aircraft-integrate-fly-over-Caribbean]
ll. Methods | » Oculometrics have been shown to predict simulated air refueling performance in multiple KC-46 remote
_ A | | B 7T seooramiscon . | vision system (RVS) human performance studies.
Oculometric Task: ; - - . . .
= L o  Oculometrics can also be used to monitor operator state during task performance.

 The OBVA Lab is working with customers and stakeholders to examine the use of oculometrics to inform
medical readiness and quantify impact of physiological stressors such as hypoxia and fatigue.

 Based on a Rashbass (1961) step-ramp tracking task,
participants begin by fixating a dot in the middle of the
screen. At a random time, the dot moves Iin a single
random direction at a random speed. For each of the 45
trials, participants are instructed to track the movement
of the dot with the eyes.
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S e e o) « These results suggest that oculometrics provide a reliable and objective way to help warfighters measure
and monitor their brain health to maximize operational performance.
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Oculometric Measures:
* Oculometrics provide additional data beyond traditional vision tests (e.g., visual acuity, stereo acuity) to

o et : _ Figure 3. Biofeedback in Professional Athletes. A. A professional athlete completing the oculometric task at a baseball _ ] ) )
The 5 mm_Ute task generated 10 standardized (Z Scorgd) spring training facility (photo by authors). B. Filled circles plot individual oculometric summary measurements as a assess medical readiness and predlct operatlonal performance.
Oculometrlc measures Of perceptual and motor traCklng function of time for a single high-performance coach over a period of approximately three weeks. We fit these timeseries _ _ _
responses (Liston & Stone 2014) see Figure 2 below data with an exponential rise function, setting t0 to be the time of their first nFit measurement. This fit showed a baseline * QOculometrics are related to athletic performance (e.g., Liu et aI, 2020, Chen et aI, 2021, Murray et aI, 2021,
’ ’ ’ NFit score of -0.34, AnFit of 1.5, and t of 2.0 days yielding a stabilization in Just under a week Poltaski and Biberdorf, 2015) and overall health (e.g., Liston et al., 2017; Stone et al, 2019; Tyson et al,
e e sgo drection uning (OIR) 2018; Wagner, 2017; Wong et al, 2018; Yeoh, A., et al., 2018), and is a promising technology for monitoring
IﬂL . O / V. Results: Operational Performance and maintaining Warfighter health and performance.
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J,_.,u,,l]]jnﬂluu_ 2 / Figure 4. Gripper Task.. The operator is

0 10 200 300 400 seymmety: 003 | required to perform a simulated

e g i telerobotic arm task using a 3D display.
The objective is to assess operationally

relevant stereoscopic remote vision

system (RVS) performance in a way that

can be mapped to underlying visual

capabilities (photo by authors).
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Figure 8. Oculometrics are linked to performance in baseball (left), cricket (center), hockey (right), and other sports (source: Wikimedia commons).

Figure 1. Oculometric task (diagram by
authors). ; iy 1
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Figure 2. Oculometric Measures.
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system aerial refueling and telerobotic arm tasks, and the ¢

l 1 1 Figure 6. Correlation Matrix. Pearson’s r values for The views and opinions presented herein are those of the author(s) and do not necessarily represent the views of DoD or its Components. Appearance of, or reference to, any commercial products or services does not
OCU'_Ometr_IC teSt' Correlat|0n a_naIySIS was Used tO aS.SGSS the Figure 5. Correlation with Task Performance. corelations between individual oculometric measures and constitute DoD endorsement of those products or services. Portions of this research were carried out at the 711 HPW/RHBC Operational Based Vision Assessment (OBVA) Laboratory in accordance with IRB approved
relationship between oculometric measures and operational task . . . sl research protocols.

Overall oculmetric performance correlates with speed gripper task outcome measures. Bolder colors indicate |

taSk performance_ at which subjects completed the gripper task. stronger correlation Cleared for public release (AFRL-2022-4874).
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