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Proposal to Compare Visual Acuity Between Night-Vison Goggles

A review of existing literature was performed to establish critical aspects of visual acuity
and to aid in determining the appropriate methodologies by which to evaluate two separate night-
vision goggles (NVGs). The following sections will highlight the basics of visual acuity and how
it can be determined, the importance of visual acuity in NVGs, and three psychophysical
methodologies we will use to determine which of the two NVGs offers the most optimum
performance in low-light conditions. The method sections of this proposal will detail the
experimental design and methods we propose for the evaluation of both models of Night Vision
Goggles (NVGs).

Visual Acuity

Visual acuity is the most commonly measured function when measuring an individual's
visual abilities (Johnson & Casson, 1995). As defined by Goldstein & Cacciamani (2022, p. 53),
“acuity refers to the ability to see details”, which is incredibly important in high-stress, high-
stakes environments such as a battlefield. While numerous tools exist to measure visual acuity,
the most prevalent tool within a clinical setting is the Snellen chart (Zapparoli et al., 2009). The
Snellen chart provides a portable solution to quickly assess visual acuity in both monocular and
binocular vision (Tsui & Patel, 2020).

When assessing visual acuity using the Snellen chart (Figure A1), participants tell the
observer the smallest letter they can see on which number line (1-11). This response is recorded
as one of the fractions listed, with 20/20 being average or standard visual acuity. Any fraction
smaller than 20/20 is "worse" visual acuity, while any fraction above 20/20 is considered better
than average acuity (Vimont, 2022).

A key component to success on the battlefield is appropriately distinguishing between a
target that poses a threat and one that does not—for instance, the ability to distinguish friend
from foe or properly distinguish a combatant from a civilian. Visual acuity affects target
discrimination and marksmanship (Hatch et al., 2009). Target discrimination becomes more
challenging when using NVGs, mainly because of the display characteristics of the goggles
(Parush et al., 2011). The image quality produced by NVGs directly affects visual acuity
(Crowley, 1991). In fact, the effectiveness of NVGs is often gauged by the level of visual acuity
they provide the user (Rash & McLean, 2001). As the illumination level of the night sky
decreases, such as during a new moon, NVG-assisted acuity also decreases (Rabin & McLean,
1996). Due to the various factors that can affect visual acuity when wearing NVGs, correctly
assessing this measure when testing will allow for safer working conditions and better battlefield
performance.

Johnson Criteria

Johnson’s Criteria, developed by John Johnson in 1958, is a metric used to calculate and
predict the probability of target discrimination for objects imaged by an optical system
(Sjaardema et al., 2015). Fundamentally, Johnson proposed that an observer’s ability to detect,
determine orientation, recognize targets, and identify targets when using an optical device
depends on how well he or she can resolve bar patterns. These bar patterns vary in frequency at
the same contrast for image intensifiers and television or the same temperature differences for



FLIR (Ratches, 1999). Johnson's Criteria provides metrics for night vision intensifier sensors and
focuses on four areas: detection, orientation, recognition, and identification (DesAutels, 2022).
For this reason, although there are various new factors and differing technologies from the time
of development, Johnson's Criteria was a breakthrough in how visual devices were evaluated and
served as a guide for the development of future technologies. Furthermore, it is still a commonly
used method for evaluating visual systems. The proposed experiment considers this by following
the framework and collecting data for detection, recognition, and identification to evaluate both
night vision goggles comprehensively. This will be done by using the Johnson Criteria as a
framework for what types of measurements to collect across our tests. The original detection
aspect of this criteria will be used with the USAF 1951 Resolution Target, as the Johnson Criteria
is commonly used with this target (Space and Naval Warfare Systems Center Atlantic, 2013).
However, we will not be calculating any resolutions'. We have created a scoring system that will
be discussed later. The USAF 1951 Resolution Target will be discussed in more detail in the
following section.

USAF 1951 Resolution Target

The USAF 1951 Resolution Target is a chart developed to test UAVs, night vision
goggles, and other imaging systems consisting of triplets of lines on visual acuity (Messina &
Evans, 2006). This chart is made using a three-bar test pattern, which is a standard assessment
method in both government and industry work (Mericsko & Collier, 1970) and is still commonly
used for resolution testing for imaging optical equipment (Gongalves & Griffith, 2006; Orych,
2015). This chart has been used as a basis for the development of numerous bar target field tests
(Orych, 2015). We have chosen to use this chart because it is easy to use, widely used across
domains, and is a standardized, reliable, and valid chart.

Psychophysical Methodologies

The method of limits presents participants with stimuli in a sequence that either increases
or decreases the size of the stimuli (Goldstein & Cacciamani, 2022). In the case of the Snellen
chart, letters are presented line by line, with letter size decreasing as you move down the chart.
The results of the Snellen chart test provide a quick way to determine a participant's visual
acuity. The USAF 1951 Resolution Target primarily uses physical tasks and judgments as a
methodology while also incorporating some aspects of the method of constant stimuli. One of the
primary advantages of using physical tasks and judgments is the practical relevance of assessing
performance, the adaptability inherent in this methodology, the control the experimenter has
during the task, and the objective measure for both detections and discriminations (Pelli & Farell,
1995). Incorporating the method of constant stimuli allows for extreme precision in
measurements, which is beneficial when evaluating NVGs (Goldstein & Cacciamani, 2022). The
forced choice methodology will be used in the final task of our evaluation. Using forced choice
will aid in reducing participants' bias and guessing, allow for objective measurements, and also

" Note for Alex: | was thinking about explaining some methodology on this, but | do not have access to most
articles. | would like to talk to you about it (it seems interesting).



reduce the cognitive load on the participants during the task (Bogacz et al., 2006; Jenadeleh et
al., 2023).

Research Objectives

The research objectives of this proposal are to assess the clarity, sharpness, and overall
performance of both NVGs in various environmental and distance conditions and compare the
findings to determine which NVGs should be utilized for military operations.

Methods
Participants

This study will utilize active-duty ground unit military personnel aged 18 to 45 with
normal or corrected 20/20 vision. This specific sample was chosen to obtain a representative
sample of the intended users for the NVGs (U.S. Naval Institute, 2023). We aim to obtain
adequate statistical power to obtain 80 participants (40 for each NVG model).

Equipment

The equipment required for this experiment includes two NVG models (Model A and
Model B), a Snellen Chart (Figure A1), a USAF 1951 Resolution Target (Figure A2), several
white boards to present stimuli, and a room of at least 110 meters in length with the ability to
manipulate lighting for low light (1.38x10% lux) and no light (8.61x10* lux) conditions (Pinkus
et al., 1998). This room should also be capable of utilizing equipment to simulate the following
environmental conditions: moderate smoke will be simulated using a smoke machine, and
moderate rain will be simulated by using a ceiling sprinkler system.

Procedure

The experiment contains three tests. The first test will be a standardized Snellen chart
(Figure A1) to assess baseline visual acuity using the limits method. The second test will use the
USAF 1951 Resolution Target (Figure A2) and utilizes the psychophysical method of physical
tasks and judgments, but also contains elements for the method of constant stimuli (Fechner,
1860; Space and Naval Warfare Systems Center Atlantic, 2013). Each participant will complete
36 trials (two trials per condition). The third test utilizes a psychophysical method of forced-
choice through a whiteboard and image setup, and each participant will complete 36 trials (two
trials per condition). In addition, we will administer a post-study survey to gather subjective
information about the NVG, including comfort, ease of use, and perceived performance.

The experiment will be evaluated using Johnson’s Criteria, which will test for detection,
recognition, and identification. Test two will be for detection, while test three will cover
recognition and identification. For tests two and three, each participant will undergo four
environmental conditions and three distance conditions (See Table B1). Furthermore, the rain
and smoke conditions will always be completed in low lighting. To avoid order effects,
conditions will be presented randomly. To avoid fatigue, 10-minute breaks will be provided
between each condition. For example, participant A will be tested on the low light condition at all



three distance conditions for two trials. There will then be a 10-minute break. They will then
complete the following condition at all distance conditions for two trials. This will be repeated
until all condition combinations are completed. Baseline visual acuity measures with and without
goggles will be obtained for each participant before tests two and three. These measures will be
collected using a standardized Snellen Chart.

Baseline Visual Acuity Testing

This test will be conducted using the Snellen eye chart to evaluate whether participants
have normal or corrected vision with and without their assigned NVG. Participants will be in a
low-light condition while wearing the NVGs. Any participants who score below the 20/20
threshold in either condition will be excluded from further analysis.

USAF 1951 Resolution Target

Each participant will complete a resolution chart test using the USAF 1951 Resolution
Target for this test. We will determine the smallest set of lines/pattern each participant can detect.
Each participant will complete this test with their assigned NVG and for the previously
mentioned environmental and distance conditions. Participants will indicate whether or not they
can detect a specific set of lines or patterns. The smallest detectable set will be recorded as their
threshold for that trial. Each set will be assigned a point value, with that value increasing as the
target set decreases in size (see Table B2 for scoring breakdown). The total number of points will
be calculated for each participant, and the total scores will be analyzed using a 2 (goggle type) X
4 (environmental condition) X 3 (distance) mixed factorial ANOVA.

Forced Choice Task

This test will involve participants in a forced-choice scenario. Test 1 will include either
an enemy figure holding an M4 Carbine on one side of a whiteboard or a friendly figure holding
a medical kit, while the other side of the whiteboard will be blank, as seen in Figure A3 of the
Appendix. The participant must determine which side of the whiteboard the figure is on,
recognize whether it is a friend or foe, and identify what they are holding. Each participant will
do this with their assigned NVG and for the previously mentioned environmental and distance
conditions.

Before the evaluation test, participants will be given a brief familiarity trial where images
will show either a friend or foe holding one of the following types of equipment (med kit, M4
Carbine, and a tactical shovel). Each unique combination will be shown once prior to the
experimental trial. To evaluate their performance, participants will be scored on the following
criteria, with higher scores representing better overall performance on this task. First, the
participant will gain one point if they can correctly identify which side of the whiteboard the
friend or foe figure is located. If they misidentify, then they will receive zero points for this
subtask. Second, the participants will gain one point if they can correctly recognize if the target
represents a friend or a foe based on images presented to them before the trial begins. They will
receive zero points for this subtask if they fail to recognize the target accurately. Third,
participants will receive one point if they can correctly identify the equipment the target is
holding. They will receive zero points if they cannot correctly identify the target's equipment.



Scores on this task will be initially scored individually and then summed together to form a
composite score. Composite scores will be compared between the two goggles through a 2
(goggle type) X 4 (environmental condition) X 3 (distance) mixed factorial design ANOVA to
determine overall performance. In addition to the composite analysis, performance on the
individual sub-tasks will be compared using a 2 (goggle type) X 4 (environmental condition) X 3
(distance) mixed factorial design MANOVA to look at individual subtask performances.

Subjective Measures of the NV Gs

Perceived performance, comfort, and ease of use of the two NVGs will be evaluated. This
will be done through post-test surveys after the experiment is completed, in which the NVG will
be rated through seven-point Likert scales on the perceived comfort, how easy the goggles were
to use, and how well the soldiers felt they performed while wearing them. The NVG will be
given a score from one to seven for each of the three subjective measures, with a score of one
representing extremely bad comfort/ease of use/performance and a score of seven representing
extremely good comfort/ease of use/performance. Scores for each of the factors from both NVG
will be compared using independent t-tests.

Conclusion

This proposal reviews the existing literature on the tests and methods utilized in this
experiment and details the experimental design and methods we would employ to aid in the
decision-making process for investing in NVGs. Both objective and subjective data will be
collected for both NVG models. Objective performance measures will be provided through our
tests, while subjective measures of perceived performance, comfort, and ease of use will be
gathered through a post-study survey. The data analysis will determine which NVG is more
suitable for investment.
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Appendix A
Figure 1
Snellen Chart
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Example of a Snellen chart used to measure visual acuity. Participants that cannot correctly read

the letters presented at the 20/20 line both with and without the NVGs will be excluded from

further analysis.
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Figure 2
U.S. Air Force (USAF) 1951 Resolution Target
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This target has assigned Groups and Elements used to measure visual performance. Groups are
represented by the large numbers above the sets of lines (-2, -1. 0, and 1) to represent the size of
the lines (Group -2 being the largest lines and Group 1 being the smallest lines). Elements are
nestled inside of these groups, represented by the large numbers to the sides of the lines (1-6),
and represent how thickly the lines are presented (Element 1 having the thickest lines and
Element 6 having the thinnest lines). The smaller the sets are, the more points they are worth.
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Figure 3
Forced Choice Test: Friend Example

1

Three points could be awarded in this task if the participant correctly identified the soldier on the

left side of the whiteboard, correctly identified the soldier as a friend, and correctly identified
that the soldier was holding an M4 Carbine.



Appendix B

Table 1
Condition Breakdown
Goggle Model Environmental Condition

Distance (meters)

Model A Rain

Smoke

Low Light

No Light

10
50
100
10
50
100
10
50
100
10
50
100

Model B Rain

Smoke

Low Light

No Light

10
50
100
10
50
100
10
50
100
10
50
100

Visual representation of the experimental design layout with all conditions listed.
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Table 2
USAF 1951 Resolution Target Scoring Breakdown
Group FElementl FElement2 FElement3 Element4 ElementS5 Element 6
-2 1 point 2 points 3 points 4 points 5 points 6 points
-1 7 points 8 points 9 points 10 points 11 points 12 points
0 13 points 14 points 15 points 16 points 17 points 18 points
1 19 points 20 points 21 points 22 points 23 points 24 points

This table shows the breakdown of how points will be awarded for the USAF 1951 detection

task.



