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ABSTRACT

The purpose of this study was to examine the influence of four field of view (FOV)
conditions on three-person team’s marksmanship performance in terms of aiming
time, accuracy, precision, and targets hit using a Team Shooting Scenario (TSS) task
developed by the U.S. Army. Forty-eight soldiers from the South Carolina National
Guard participated. The FOV restrictors included two monocular (41° and 78°) and
two binocular (129° and 150°) restrictors. Soldiers were tasked with discriminating
between distractors and threats (“T”), using the TSS’s 28 light boxes around a circle
with a 15m diameter. Three of the four test variables were significantly different based
on FOV condition; accuracy, precision, and hits significantly varied, while aiming time
did not. For accuracy, the smaller the FOV, the better the performance. FOV was a
statistically significant predictor of precision in the smallest and largest FOV conditions
when using the quadratic effect where an inverted U-shape demonstrates greater
precision. The greatest number of targets hit for both the linear and quadratic effects
increase as FOV decreases. To provide guidance on optimal future head mounted
devices needed for teams of soldiers during combat related tasks, it is critical to have
team-based data to assess soldier performance and the effect of FOV on performance.
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INTRODUCTION

Improving soldier lethality continues to be a U.S. Army priority
(Headquarters DOA, 2019a). For soldiers to be considered mission ready,
they must demonstrate marksmanship competency (Headquarters DOA,

© 2025. Published by AHFE Open Access. All rights reserved. 21


https://doi.org/10.54941/ahfe1006028

212 Brooks et al.

2019b). The importance of visual performance in soldier marksmanship is
reflected in the Army’s long-standing requirement for visual acuity standards,
which have been in place since World War II to ensure that soldiers possess
adequate visual capabilities for effective marksmanship and combat readiness
(Wells et al., 2009). Research has shown that an individual’s visual abilities
have an impact on their marksmanship performance. Recent work from Lam
et al. (2023) also found evidence that fireteams with higher central vision
processing accuracy scores tend to have a higher probability of hitting targets.

The critical role of vision in marksmanship performance is evident in
the military use of visual enhancement devices (e.g., sights, optics, and
night vision devices), (Lam et al., 2023). To optimize the effectiveness of
these technologies and determine the necessary requirements for soldier
performance, it is essential to understand how key elements, such as field
of view (FOV), can influence marksmanship performance.

The purpose of this study was to examine how FOV degradation impacts
the marksmanship performance of small teams of soldiers, using the team
shooting scenario (TSS) task developed by Brown et al. (2022). In this
study, participants completed the TSS multiple times, wearing four FOV
restrictors, which ranged from a maximum horizontal binocular 150° FOV
to a minimum monocular 41° FOV. This type of research examining combat
related tasks must be considered when providing recommendations for
optimal horizontal visual field sizes for future head mounted devices.

METHOD
Participants

The final number of soldiers included in the present study was 48. Three
participants were excluded: two for FOV restriction outliers and one for lack
of effort. Teams consisted of three soldiers. Teams with data for only one of
the three team members were excluded. Missing or invalid data was typically
due to equipment error. For the final data set, there were 149 teams. There
were 124 teams with three team members’ data and 25 teams with two team
members’ data.

Participants were recruited from the South Carolina National Guard.
Participants included were predominantly males (6 females) between the ages
of 19 and 57 years (M = 35.6, SD = 9.3) with a range of 2 to 39 years
of service. There were 42 right-handed shooters, and 38 participants who
were right-eye dominant. Thirty-three have been deployed ranging from one
to seven deployments, with an average of 2.3 deployments (SD = 1.4). All
participants completed a marksmanship training course and passed their
most recent marksmanship qualification.

Research Design

A one-way within-subjects design was used to examine the effects of the
four levels of FOV restriction on team marksmanship performance. All
participants completed the TSS in each of the four FOV conditions in a
quasi-randomized order. The composition of each three-person team changed
with each TSS task.
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Field of View Restrictors

Each participant used a set of four FOV restrictors which were selected to
allow for a broad range of exploration while balancing the time and effort
needed to complete the study. FOV ranged from a binocular, horizontal
FOV of 150° similar to the Army’s sun, wind, and dust (SWD) goggles to
a monocular 41° comparable to a single tube PVS-14 night vision device. See
Figure 1 for images of the FOV restrictors and the participants’ mean FOV.
An eye patch was worn on the non-dominant eye when participants used the
monocular FOV restrictors.
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Figure 1: The four FOV restrictors used in the study.

Team Shooting Scenario (TSS) Task

The study used the TSS task as described in Brown et al. (2022). Described
briefly, TSS uses an outer circle of 28 light box targets with a radius of
7.5 meters. Three participants stand within an inner circle; tape was used
to make equal size sectors, one for each participant (see Figure 2). The light
boxes display threats as a “T” while distractors are displayed as a “L” in
different orientations.

Inner Circle
(2.5m radius) ‘
2s Light Nud

12.9deg separation
1.7m between nodes
Node height = 1.57m

Figure 2: A schematic of the TSS is presented on the left (courtesy of Brown et al.,
2022) while a photo showing the set up and location of the study is on the right.
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Weapon Simulation and Soldier Performance Measurement

Participants used a de-militarized M4 carbine (rifle) with a LaserShot,
Inc. CO2-operated recoil simulation system (lasershot.com) with a M68
close combat optic (CCO) mounted on the Picatinny rail. For additional
technical information, please see research by Brown and colleagues’ (Brown
& Mitchell, 2022; Brown et al., 2019; Brown et al., 2022).

Procedure

After participants provided consent and completed a background
questionnaire, a perimeter was used to measure participants’ baseline and
horizontal FOV while wearing each of the four restrictors. Then, participants
completed a high contrast Bailey Lovie acuity chart at 20 feet for screening
purposes.

A team of three soldiers started at the experimenter’s table, donned the
assigned FOV restrictor/helmet, collected their weapon, and after calibrating
their weapon, walked to the circle where they selected one of the three firing
sectors.

Performance Measures

The number of targets shot at by each soldier varied. For each soldier’s
attempt/shot aiming time, accuracy, precision, and hit were obtained.

Additional measures were computed for each soldier including mean
aiming time, mean accuracy, mean precision, proportion hit (i.e., probability
of hit), and the number of shots taken.

. Aiming time was operationalized as the time in seconds it took for a
soldier to move, detect, and position the weapon prior to engaging the
target.

« Accuracy was calculated as the Euclidean distance of a soldier’s shots
from the center of the target in millimeters. A small value is better.

. Precision represented the average distance between a soldier’s dynamic
shots in mm (shot group dispersion or cluster tightness). Because
participants were not instructed to use a controlled pair, the average
distance across a soldier’s shots was computed with respect to the centroid
of all shots that a soldier took. A small value suggests better precision (less
dispersion). The larger the value suggests the soldier was less precise in
their shots (more dispersion).

« Hit: For each target shot at, a binary variable indicated whether a soldier
hit the target (coded as 1) or did not hit the target (coded as 0).

Survey Measures

After each team completed the TSS task with one FOV condition, surveys
were completed individually, see Table 1. Only significant results are
presented.
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Table 1: Survey measures and definitions.

Measure Definition

Borg Rating of Perceived  Choose the number that best describes your level of

Exertion (RPE) exertion on a scale of 6 (no exertion at all) to
(Williams, 2017) 20 (maximal exertion)
Fatigue Indicate the intensity of fatigue during the previous
event on a scale of 0 (least fatigue) to 10 (most fatigue)
Stress Indicate the intensity of stress during the previous event

on a scale of 0 (least stress) to 10 (most stress)
Physical activity required  “How much physical activity was required (e.g.,

(Hart, 2006) pushing, pulling, turning, controlling, activating, etc.)?”
on a scale of 0 (very low) to 10 (very high)
Mental & perceptual “How much mental and perceptual activity was
activity required required (e.g., thinking, deciding, calculating,
(Hart, 2006) remembering, looking, searching)?” on a scale of
0 (very low) to 10 (very high)
Time pressure “How much time pressure did you feel due to the rate
(Hart, 2006) or pace at which the tasks or task elements occurred?”

on a scale of 0 (very low) to 10 (very high)
Performance monitoring  “How much did the task require you to monitor your
(Sellers, 2013) performance (i.e., ensure you were performing at
specific levels)?” on a scale of 0 (very low) to 10 (very
high)
Task success (Hart, 2006) “How successful do you think you were in
accomplishing the task?” on a scale of 0 (very low) to
10 (very high)
Mental & physical “How hard did you have to work (mentally and
demand (Hart, 2006) physically) to accomplish your level of performance?”
on a scale of 0 (very low) to 10 (very high)
Frustration (Hart, 2006)  “How frustrated (e.g., insecure, discouraged, irritated,
stressed, and annoyed) versus satisfied (e.g., secure,
gratified, content, relaxed, complacent) did you feel
during the task?” on a scale of 0 (very low) to 10
(very high)

Data Analysis

Prior to conducting analyses, the raw data were examined for errors and
screened for outliers. There was no evidence of outliers. To analyze the
data and account for the dependent nature of the observations, multilevel
modeling was used. For all models involving shot level data, the soldier
and the team each served as a random effect. The random effect for soldier
accounted for the clustering of observations within each soldier. The random
effect for team accounted for the clustering of soldiers within a team. To
provide evidence of clustering, the null model was fit for each dependent
variable and the intraclass correlation was computed.

Based on an examination of g-q plots as well as D’Agostino’s skewness
test, numerous dependent variables had marginal distributions that were
positively skewed. These variables were aiming time, accuracy, and
precision. When these dependent variables were transformed using either a
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square root or natural log transformation, the marginal distributions were
normally distributed. Although the transformed variables were modeled
using linear mixed models with a normal probability distribution, to facilitate
interpretation in the Results section below, the predicted values were back-
transformed to the original units (e.g., mm or seconds). Because hit was
binary (i.e., 0 or 1), this variable was modeled using a linear mixed model
with a binomial distribution. For all models, residuals were examined to
ensure the tenability of the homoscedasticity assumption.

RESULTS

Descriptive statistics including means and standard deviations on the four
main outcomes at shot level by FOV are shown in Table 2. Results are
presented for each measure where the independent variable was FOV. For
all models, we tested for linear and quadratic effects.

Table 2: Means and standard deviations on study variables by field of view.

41° (n = 6,332) 78° (n= 10,770) 129° (n=10,555) 150° (n=7,154)
Variable M SD M SD M SD M SD
Aiming Time 0.29 0.19 0.28 0.17 0.30 0.18 0.29 0.18
(sec)
Accuracy 566.15 353.98 556.06 330.65 557.10 332.47  559.69 326.49
(mm)
Precision 485.57 305.91 497.25 303.96 467.03 279.98 479.33 290.89
(mm)
Hit 0.51 0.50 0.50 0.50 0.51 0.50 0.50 0.50

Note. n represents the number of shots per FOV condition.

Aiming Time
There was no statistically significant effect of FOV on aiming time. Thus, the
FOV manipulation did not affect soldiers’ aiming time within a team.

Accuracy

The soldiers’ team mean accuracy ranged from 561 mm in the 78° FOV
condition to 574 mm with a 41° FOV. The poorer performers skewed the
41° FOV condition; the mean is 574 mm while the median is 546 mm
(difference of 27 mm). The difference between the mean and the median in
the other three conditions are 9 mm for 78°, 5 mm 129°, and 18 mm for
150°. FOV was a statistically significant predictor of accuracy (see Table 3).
Although the quadratic effect was not significant, the linear effect was
statistically significant. Figure 3 depicts this relationship. As FOV increased,
accuracy within a team generally decreased.

Table 3: Team shooting scenarios: Multilevel models predicting accuracy,
precision, & hit.

Accuracy Precision Hit
(Intercept) 6.132%%* 5.979%%* —0.006
(0.038) (0.034) (0.107)

Continued
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Table 3: Continued

Accuracy Precision Hit
Field of view (linear) 6.705%** —-2.209 —15.980%**

(1.946) (1.475) (1.416)
Field of view —1.259 —-3.337% 4.581%%*
(quadratic)

(2.058) (1.517) (1.364)
SD (Intercept 0.131 0.09 0.365
TeamlID)
SD (Intercept TP) 0.25 0.226 0.704
N 34811 34811 34811
R2 (Marginal) 0.003 0.001 0.002
AIC 495630.4 486221.6 44926.2
BIC 495681.1 486272.3 44968.5

*p<0.1,*p<0.05,** p<0.01,*** p < 0.001

Note: N = number of shot observations. TP = test participant. The number
of teams was 149. Standard errors appear in parentheses beneath parameter
estimate. The natural log transformation of accuracy and precision was
modeled using linear mixed effects with a normal probability distribution.
Linear mixed effects with a binomial distribution and logit link were used to
model hit (1 = yes, 0 = no).
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Figure 3: Team shooting scenarios: Effect of FOV on accuracy.

Precision

Team mean precision scores ranged from 471 mm in the 129° FOV condition
to 500 mm in the 78° FOV condition. FOV was a statistically significant
predictor of precision (see Table 2). In particular, although the linear
effect was not statistically significant, the quadratic effect was statistically
significant. Figure 4 depicts the inverted U-shape relationship between FOV
and precision.
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Figure 4: Team shooting scenarios: Effect of FOV on precision.

Hit

Team mean likelihood to hit the target ranged from 51% in the 41° FOV
condition to 49% in the 150° FOV condition. FOV was a statistically
significant predictor of hit (see Table 2). Both the linear and quadratic effects
were statistically significant. See Figure 5 to better understand the nature of
the relation between FOV and hit.
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Figure 5: Team shooting scenarios: Effect of FOV on probability of hit.

Survey Measures

The summary statistics are presented in Table 4. The participant identifier
served as a random effect in the multilevel models. Because FOV did not have
a significant effect on control emotions, team communication required, team
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coordination required, team time difficulty, team emotional demand, team
performance monitoring, team support difficulty, and frustration with team,
these variables are not discussed further.

Table 4: Means and standard deviations on TSS survey variables by FOV.

41° 78° 129° 150°

(n=101) (n=135) (n=129) (n=96)
Variable M SD M SD M SD M SD
BORG Perceived 14.15 2.81 12.64 2.75 11.62 2.53 11.60 3.19
Exertion
Fatigue 505 298 4.04 284 333 260 3.65 2.88
Stress 430 297 3.16 253 243 2.06 253 242
Physical Activity 572 2.65 503 226 4.16 210 441 2.18
Required

Mental & Perceptual 5.77 247 510 2.53 421 236 428 247
Activity Required

Time Pressure 5.62 271 5.09 241 428 2.52 4.54 2.68
Performance Monitoring 4.49 2.92 430 2.72 3.87 2.63 3.82 2.64
Task Success 5.07 2.07 6.00 2.02 6.05 233 6.53 1.96
Mental & Physical 5.59 2.84 507 236 443 240 4.44 2.52
Demand

Frustration 272 258 2.09 240 1.68 226 1.73 2.28

Note. For all measures, a larger score indicates more of the construct.

Below, the survey measures where FOV had a statistically significant

effect are reported. For all pairwise comparisons, Tukey’s honestly significant
difference was used to control familywise Type I error rate at .05.

BORG Perceived Exertion - y*(3) = 108.81, p <.001. Perceived
exertion was greater for 41° compared to 129° and 150°. Perceived
exertion was greater for 78° compared to 129° and 150°.

Fatigue - y* (3) = 49.38, p <.001. Fatigue was greater for 41° compared
to 129° and 150°. Fatigue was greater for 78° compared to 129° and
150°.

Stress - y2 (3) = 90.44, p <.001. Stress was greater for 41° compared to
129° and 150°. Stress was greater for 78° compared to 129° and 150°.
Physical Activity Required - x* (3) = 68.07, p <.001. Physical activity
required was greater for 41° compared to 129° and 150°. Physical activity
required was greater for 78° compared to 129° and 150°.

Mental & Perceptual Activity Required - y> (3) = 85.31, p <.001.
Mental and perceptual activity required was greater for 41° compared to
129° and 150°. Mental and perceptual activity required was greater for
78° compared to 129° and 150°.

Time Pressure - x> (3) = 57.50, p <.001. Time pressure was greater
for 41° compared to 129° and 150°. Time pressure was greater for 78°
compared to 129° and 150°.

Performance Monitoring - y*(3) = 8.40, p = .038. Performance
monitoring was greater for 41° compared to 150°.
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. Task Success - y* (3) = 53.54, p <.001. Task success was lower for 41°
compared to 78°,129°, and 150°.

« Mental & Physical Demand - y* (3) = 40.41, p <.001. Mental and
physical demand was greater for 41° compared to 129° and 150°. Mental
and physical demand was greater for 78° compared to 150°.

« Frustration - y*> (3) = 24.02, p <.001. Frustration was greater for 41°
compared to 129° and 150°.

DISCUSSION

The soldiers’ accuracy and ability to hit the target was best in the smallest
FOV, approximately 41°. However, the soldiers self-reported their highest
levels of exertion, fatigue, stress, physical activity, mental and perceptual
activity, time pressure, and poorest performance in this same condition.
This paradox between observed and perceived performance may be due to
soldiers being aware they are unable to see/sense their surroundings even
though their focus on the target is maximized. This paradox needs further
exploration since this study took place in ideal indoor conditions with full
illumination, a comfortable temperature, a smooth concrete surface, free
of hazards, not being under fire, etc. It may also be beneficial to explore
performance with teams of two rather than three soldiers to fully explore
the impact of the restricted FOVs where each soldier is required to cover
a larger sector, thus increasing the need to communicate with one another
to be successful. Marksmanship is the act of a soldier displaying their
ability to put rounds where they are trying to put them. Warfare utilizes
not only marksmanship but also communicating, moving, and surviving in
ever changing environments. Dynamic scenarios such as the Team Shooting
Scenario, provide soldiers the opportunity to practice incorporating these
critical elements into their training. Feedback at the conclusion of each task
can show soldiers their performance including any “friendlies” shot as well
as missed targets who could have shot them. Multi-day training efforts or
repeated exposure to training tools such as the Team Shooting Scenario which
limits a soldier’s FOV should be explored to determine if, and when, soldiers
adapt or adjust to smaller visual fields prior to being in combat environments.

CONCLUSION

This study aimed to examine the influence of four FOV conditions on
a team’s marksmanship performance using the TSS task. 48 soldiers
completed the TSS task while wearing each of the FOV restrictors, ranging
from the maximum binocular 150° FOV to the minimum monocular 41°
FOV. Performance results showed that accuracy, precision, and hits were
significantly different based upon FOV, while aiming time was not. Survey
results showed that the FOV conditions significantly impacted perceived
exertion, fatigue, stress, physical activity required, mental and perceptual
activity required, and time pressure. The findings of how a reduced FOV
impacts team marksmanship performance should be taken into consideration
when determining future head mounted device decisions; it is important
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to balance soldiers’ objective and subjective results to maximize soldiers’
performance.
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