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Abstract
This research explores the effect of various eyewear lenses,

designed with varied transmittance properties, on human visual
perception. These lenses are developed to enhance contrast for
spatial-chromatic patterns like cyan-red (CR) and magenta-green
(MG) compared to lenses with more uniform transmittance. The
study evaluates participants’ accuracy and response times in
identifying contrast patterns, aiming to understand how different
eyewear configurations affect these visual metrics. Two experi-
ments were conducted: the first adjusted spatial frequencies to
determine visibility thresholds with different eyewear, while the
second utilized a 4-alternative forced-choice (4-AFC) method to
measure participants’ ability to identify contrast patterns. Re-
sults indicate that eyewear with varied transmittance enhances
contrast sensitivity for these chromatic pairs more effectively than
uniform transmittance lenses, offering valuable insights into op-
timizing color-enhancing eyewear for improving certain aspects
of visual performance and providing broader applications in en-
hancing human visual perception across various visual tasks.

Introduction
Visual enhancement in protective eyewear is a useful tool for

outdoor applications, such as detecting and discriminating among
objects in the environment, which require high visual acuity and
contrast sensitivity. These applications necessitate the develop-
ment of specialized protective eyewear that optimizes visual per-
formance under diverse environmental conditions.

Previous studies evaluating eyewear performance have
largely relied on objective metrics, such as the Color Resolution
Factor (CRF) and Color Volume Factor (CVF). CRF quantifies the
number of distinguishable colors transmitted through the lenses,
while CVF measures the range of perceivable colors compared to
a clear lens. These metrics assess the ability of the lenses to main-
tain high color saturation and transmit wavelengths effectively.
In contrast, this study takes a subjective, human-performance-
centered approach, evaluating metrics like visibility thresholds,
accuracy, and response times to provide a comprehensive assess-
ment of visual performance.

The focus of this research is on spatio-chromatic contrast
sensitivity, which examines the ability of the human visual sys-
tem to detect spatial patterns defined by chromatic contrast, such
as cyan-red and magenta-green gratings. Unlike achromatic con-
trast sensitivity, which involves luminance differences, chromatic
contrast sensitivity depends on the differential stimulation of cone
photoreceptors, short (S), medium (M), and long (L) wavelength
cones, in the retina. These cones enable the perception of color by
processing signals that are further interpreted in the visual cortex

[5, 26, 27].
Chromatic adaptation is a critical factor in understanding

the impact of color-tinted lenses on visual perception. This phe-
nomenon involves the adjustment of the human visual system to
changes in the spectral composition of light, allowing for consis-
tent color perception under varying lighting conditions. Selective
filtering of certain wavelengths by tinted lenses alters the spec-
tral input, leading to neural recalibration and enhanced sensitivity
to specific color contrasts [17, 23, 24]. By suppressing certain
chromatic signals, these lenses effectively amplify the visibility
of other wavelengths, improving contrast sensitivity and visual
performance [30].

To measure the effect of these lenses on spatio-chromatic
contrast sensitivity, this study employs a psychophysical approach
using the 4-alternative forced-choice (4-AFC) paradigm. This
method is statistically robust and minimizes response bias, mak-
ing it ideal for assessing sensory thresholds in perceptual tasks
[8, 28]. Participants are presented with spatial chromatic grat-
ings at varying spatial frequencies, allowing for the determina-
tion of visibility thresholds. The human visual system exhibits
peak sensitivity to spatial frequencies around 4 cycles per degree,
with sensitivity declining at both lower and higher frequencies
[10, 14, 29].

This research explores how spatial frequency, chromatic con-
trast, and lens transmittance properties interact to influence visual
perception. By comparing performance across various eyewear
configurations, including experimental lenses, reference lenses,
and the comparative Other Eyewear lens, this study aims to pro-
vide insights into optimizing eyewear for applications requiring
heightened visual performance, such as detecting and discrimi-
nating objects in dynamic outdoor environments [2, 6, 19]. The
results of this research are expected to contribute to the devel-
opment of high-performance eyewear, tailored to enhance visual
capabilities in specific environments.

Methodology
The eyewear used in this research consists of two reference

lenses, three experimental lenses, and one additional comparative
lens referred to as Other Eyewear. Reference Lens 1 has high
visible light transmission, while Reference Lens 2 has low visi-
ble light transmission. The experimental lenses include Eyewear
A, which has high visible light transmission and a tint optimized
for specific conditions, and Eyewear B and Eyewear C, which are
dark-tinted lenses with comparatively lower visible light trans-
mission, designed to enhance contrast under particular environ-
mental conditions. The Other Eyewear lens also has low visible
light transmission and is included as a comparative benchmark.
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Eyewear A is compared with Reference Lens 1 to evaluate perfor-
mance in high visible light transmission scenarios, while Eyewear
B, Eyewear C, and Other Eyewear are compared with Reference
Lens 2 to assess their performance in low visible light transmis-
sion conditions.These lenses are designed to enhance color con-
trast and visual performance, particularly in challenging environ-
ments, by optimizing color perception and discrimination through
advanced tinting and filtering technologies. This study involved
27 participants, including 15 women, 11 men, and one non-binary
individual. The research was conducted in two phases:

• Experiment 1: Aimed to determine the visual thresholds
for detecting chromatic patterns while wearing different
eyewear configurations. These thresholds served as input
for Experiment 2 and were unique to each participant based
on their performance in this phase.

• Experiment 2: Focused on a 4-alternative forced-choice (4-
AFC) task to evaluate participants’ performance in terms of
two key metrics:

1. Correctness of response: The probability of accu-
rately selecting the correct color patch with a pattern
when the threshold was adjusted by increasing or de-
creasing three levels in 2.5 cpd intervals, based on the
participant-specific thresholds obtained from Experi-
ment 1.

2. Response time: The time taken to identify the correct
color patch with a pattern during the 4-AFC task while
wearing different eyewear.

These experiments provide insights into the variations in par-
ticipants’ responses to different colors and patterns across various
eyewear types, offering a comprehensive understanding of how
eyewear influences visual performance.

Experimental Stimuli
The stimuli for this study were derived from four opponent

colors: cyan, red, magenta, and green. For the experiments, two
specific color pairs were selected: cyan-red and magenta-green,
based on their potential influence observed when the transmit-
tance properties of the eyewear lenses were measured. These
color pairs are selected at low contrast levels to evaluate their per-
ceptibility with different eyewear configurations. These stimuli
patches are shown in Figure 1

Each color pair consisted of distinct foreground and back-
ground colors, forming the basis for generating chromatic sine
wave gratings using a Gabor filter. Gabor patterns, which com-
bine a sinusoidal grating and a Gaussian envelope, are widely
used in visual and attention experiments due to their effective-
ness in simulating natural visual stimuli [2, 19]. In this study,
the Gabor patterns were oriented diagonally, as diagonal orienta-
tion has been shown to produce more stable correctness responses
compared to vertical orientation [14]. To generate the Gabor grat-
ings for the color patches, key variables such as spatial frequency
(measured in cycles per degree of visual angle, cpd) and the stan-
dard deviation of the Gaussian envelope were used. Spatial fre-
quency determines the spacing between the grating bars, with
higher spatial frequencies corresponding to narrower bars, while
the standard deviation of the Gaussian envelope controls the width
of the Gabor pattern [9].

Experiment 1: Stimuli were displayed at an initial fixed spa-
tial frequency of 5 cpd. Participants used a slider to adjust the
spatial frequency dynamically to identify their visibility threshold
while wearing different eyewear configurations, as well as with
no lenses.

Experiment 2: Stimuli were selected based on the thresholds
identified in Experiment 1 without lenses. For each participant,
stimuli were adjusted by three points above and below from their
threshold in 2.5 cpd intervals. These stimuli served as input for a
4-AFC (4-Alternative Forced Choice) experiment.

In each trial of the 4-AFC experiment, participants were pre-
sented with four randomly arranged patches: one containing the
Gabor pattern and the remaining three consisting of a uniform
gray background. The task required participants to identify the
patch containing the Gabor pattern. This design allowed for a ro-
bust assessment of correctness response and response time under
varying eyewear conditions. To ensure accurate color reproduc-
tion, the stimuli patches were calibrated for display on an Ep-
son projector. This calibration involved measuring approximately
460 colors projected onto the display using a CR250 spectrome-
ter. The measured values were used to calculate color differences
and confirm that the projector accurately reproduced the intended
colors. A display model was then computed to ensure precise
color rendering throughout the experiments. For each selected
color pair, a Gabor sinewave pattern representing a contrast pat-
tern was generated. This was achieved by multiplying a sinusoidal
wave with a Gaussian function, creating a visually distinct pattern.
The resulting Gabor patterns were then applied to the calibrated
color pairs to produce the final stimuli patches used in the exper-
iments. Participants were positioned approximately 6 feet away
from the projector display during the experiments. This distance
was carefully chosen to maintain a consistent visual angle, as both
the viewing distance and the size of the stimulus significantly af-
fect the perception of the contrast Gabor patterns.

Figure 1. Stimuli used in the experiments representing the two color pairs:

(Left) Cyan-Red and (Right) Magenta-Green. These spatial chromatic grat-

ings were generated using Gabor patterns with calibrated colors to evaluate

participants’ contrast sensitivity across various eyewear configurations.

Experimental Setup
Experiment 1: Visual Threshold Estimation
In this experiment, participants were presented with a color

pair and instructed to use a slider to adjust the spatial frequency of
a Gabor pattern until the pattern disappeared and was perceived as
a single solid color. The experimental setup is shown in Figure 2.
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The slider specifically controlled the spatial frequency, while the
contrast remained constant. As the spatial frequency increased,
the gaps between the gratings became smaller, eventually blend-
ing into what appeared as a uniform color to the participants.

Contrast sensitivity thresholds were measured across seven
conditions: no lens, two neutral reference lenses (Reference Lens
1 and Reference Lens 2), three experimental lenses (Eyewear A,
Eyewear B, and Eyewear C), and Other Eyewear. The thresholds
obtained from the no-lens condition were further utilized to se-
lect stimuli for Experiment 2. Specifically, the no-lens threshold,
along with three points forward and three points backward in in-
crements of 2.5 cpd, were chosen as the input stimuli for the next
phase.This approach aimed to evaluate whether different eyewear
configurations improved visual performance by increasing con-
trast sensitivity thresholds compared to the neutral reference eye-
wear.

Figure 2. Visual threshold estimation interface used in Experiment 1. Par-

ticipants adjusted the slider to increase spatial frequency until the grating

pattern within the patch disappeared, blending into a single solid color. The

spatial frequency is displayed in cycles per degree (CPD) on the slider.

Experiment 2: 4-Alternative Forced Choice
In this experiment, the thresholds derived from Experiment

1 were encoded as follows: the threshold value was labeled as
0, while additional values were assigned as ±2.5, ±5, and ±7.5.
A 4-AFC method was employed due to its suitability for contrast
sensitivity experiments. This method reduces the probability of
guessing correctly to 25%, offering greater reliability and preci-
sion compared to methods with fewer alternatives. The 4-AFC
paradigm also minimizes decision criterion bias, resulting in con-
sistent and unbiased data collection [21, 8].

Participants were tasked with identifying the color patch
containing a Gabor grating in each trial while wearing various
eyewear configurations, including experimental lenses, reference
lenses, and Other Eyewear. The experimental setup is illustrated
in Figure 3.The experiment consisted of six sections, each corre-

sponding to a different eyewear configuration. Within each sec-
tion, participants were presented with seven stimuli levels, each
repeated four times, resulting in 56 trials per section. Across all
six sections, participants completed a total of 336 trials. In each
trial, the position of the Gabor grating was randomized for all
color pairs, ensuring variability in the stimuli presented. Partic-
ipants’ responses were recorded as ’1’ for correct identifications
and ’0’ for incorrect ones. The experiment provided data on par-
ticipants’ accuracy and response times (for both correct and in-
correct responses) across various eyewear configurations. These
metrics were used to evaluate the effectiveness of different lenses
in enhancing visual performance for chromatic contrast patterns.

Figure 3. 4-Alternative Forced Choice (4-AFC) task interface used in Ex-

periment 2. Participants were instructed to identify and select the patch con-

taining the Gabor pattern among the four presented options (A, B, C, or D)

against a noisy background.

Results
Experiment 1 Results: Visual Threshold Across Different
Eyewear Configurations

In Experiment 1, participants determined their spatial fre-
quency thresholds (measured in cycles per degree, cpd) while
wearing various eyewear configurations. Pairwise comparisons
of mean cutoff frequencies across different types of eyewear were
analyzed for two pairs of opponent colors: Cyan-Red (CR) and
Magenta-Green (MG). The paired t-tests evaluated the statistical
significance of differences in thresholds, as shown in Figure 4.

The mean cut-off frequencies for all eyewear configurations
across both color pairs are presented in Figure 5. This figure high-
lights the comparative performance of eyewear in enhancing spa-
tial frequency thresholds for low-contrast stimuli.

Key Findings
The comparison between No Lens and Reference Lens 1 re-

vealed that for the Cyan-Red pair, the mean cut-off frequency de-
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Figure 4. Paired t-test results comparing the mean cut-off frequencies

(cycles per degree, cpd) for various eyewear configurations across two chro-

matic color pairs (Cyan-Red and Magenta-Green). The table includes sta-

tistical comparisons between No Lens, Reference Lenses 1 and 2, Eyewear

A, Eyewear B, Eyewear C, and Other Eyewear. Mean values for each group,

t-statistics, p-values, and significance levels are provided. Significant dif-

ferences (p < 0.05) are highlighted, showcasing the relative performance of

each eyewear type in enhancing spatial frequency thresholds.

Figure 5. Mean cut-off frequency (cycles per degree, cpd) for various eye-

wear types, including No Lens, Reference Lenses 1 and 2, Eyewear A, Eye-

wear B, Eyewear C, and Other Eyewear, across two chromatic color pairs

(Cyan-Red and Magenta-Green). The error bars represent the standard er-

ror of the mean for each condition.

creased significantly from 30.87 cpd (No Lens) to 29.17 cpd (Ref-
erence Lens 1, p < 0.05). Similarly, for the Magenta-Green pair,
the cut-off frequency dropped from 26.69 cpd (No Lens) to 25.53
cpd (Reference Lens 1, p < 0.05). This indicates that wearing
Reference Lens 1 slightly reduced spatial frequency thresholds.

When comparing No Lens and Eyewear A, no significant dif-
ference was observed for the Cyan-Red pair, with cut-off fre-
quencies of 30.87 cpd (No Lens) and 31.09 cpd (Eyewear A,
p = 0.781). For the Magenta-Green pair, Eyewear A (27.59
cpd) showed a marginally higher threshold compared to No Lens
(26.69 cpd), but this difference was not statistically significant
(p = 0.268).

The comparison of Reference Lens 1 and Eyewear A showed
significant differences for both color pairs (p < 0.05), with Eye-
wear A yielding higher thresholds. For the Cyan-Red pair, the
mean threshold increased from 29.17 cpd (Reference Lens 1) to
31.09 cpd (Eyewear A). Similarly, for the Magenta-Green pair, the
thresholds rose from 25.53 cpd (Reference Lens 1) to 27.59 cpd
(Eyewear A), demonstrating the superior performance of Eyewear
A.

For Reference Lens 2 versus Eyewear B and C, both exper-
imental lenses consistently outperformed Reference Lens 2. For
the Cyan-Red pair, thresholds increased from 23.20 cpd (Refer-
ence Lens 2) to 25.31 cpd (Eyewear B) and 26.25 cpd (Eyewear
C), both statistically significant (p < 0.05). For the Magenta-

Green pair, Eyewear C (22.87 cpd) also significantly outper-
formed Reference Lens 2 (20.28 cpd, p < 0.05).

Lastly, the comparison of Reference Lens 2 and Other Eye-
wear showed intermediate performance for the latter. For the
Cyan-Red pair, the mean cut-off frequency was 24.18 cpd (Other
Eyewear), which was significantly lower than Eyewear C (26.25
cpd, p < 0.05). Similarly, for the Magenta-Green pair, thresholds
were 21.05 cpd (Other Eyewear) versus 22.87 cpd (Eyewear C,
p < 0.05). This highlights the comparatively better performance
of Eyewear C.

Experiment 2 Results: Threshold Analysis of (4-AFC)
In the 4-Alternative Forced Choice (4-AFC) paradigm, a

threshold of 0.625 (62.5%) was adopted as the performance cri-
terion to evaluate participants’ sensitivity to visual stimuli. This
threshold is widely used in psychophysical experiments due to its
theoretical and practical significance:

• In a 4-AFC task, the chance level for a correct response is
25% (1 out of 4). A 62.5% threshold ensures that perfor-
mance is well above chance while avoiding ceiling effects
that can occur with near-perfect detection rates.

• The threshold provides a robust and unbiased measure of
sensory sensitivity, minimizing random guessing effects and
enhancing statistical reliability.

In this study, the threshold label ”0” represents the no-lens
threshold determined from Experiment 1. Additional threshold
labels correspond to three steps above and below from the no-lens
threshold, each in intervals of 2.5 cpd (e.g., -2.5, -5.0, -7.5, and
2.5, 5.0, 7.5). The effectiveness of eyewear is evaluated based
on changes in thresholds relative to the no-lens reference. An in-
crease in thresholds compared to the no-lens reference indicates
that the eyewear enhances contrast sensitivity and improves par-
ticipants’ ability to detect visual patterns.

Probit Fit and Confidence Intervals
The analysis employs probit regression, a widely used sta-

tistical method in psychophysics for fitting binary response data
(e.g., correct vs. incorrect responses). Probit regression mod-
els the relationship between stimulus intensity (label) and re-
sponse probability, enabling the estimation of the sensory thresh-
old (62.5%) and its associated confidence intervals:

• Probit fit curve: The red curve in the plots represents the
probit fit, which smooths the measured data and predicts the
proportion of correct responses at varying stimulus labels.

• Confidence intervals (CI): The blue dashed lines represent
the 95% confidence intervals of the probit fit. These inter-
vals provide a measure of uncertainty in the estimated rela-
tionship, reflecting variability across participants.

• Threshold marker: The threshold is the stimulus inten-
sity at which the predicted probability of a correct response
reaches 62.5%. This value is marked on the plot with verti-
cal and horizontal dashed lines. The lower and upper confi-
dence interval bounds are also marked to show the range of
uncertainty in the threshold estimate.

By visualizing the probit fit and confidence intervals, the
plots effectively capture both the central tendency and variability
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of participants’ responses, offering a detailed and intuitive under-
standing of how different eyewear configurations influence con-
trast sensitivity.

Results and Observations
Cyan-Red pair: For cyan-red pair, the comparison of

thresholds revealed that Eyewear A (6.29) consistently enabled
participants to detect gratings at significantly higher thresholds
than Reference Lens 1 (3.25). This highlights the superior con-
trast sensitivity of Eyewear A, making it more effective for tasks
requiring precise visual discrimination.

When comparing Reference Lens 2 (-6.16) with Eyewear B
(-3.00), Eyewear C (-0.16), and Other Eyewear (-3.33), Reference
Lens 2 exhibited the lowest threshold, indicating reduced con-
trast sensitivity relative to the other eyewear. Among this group,
Eyewear C achieved the highest threshold, suggesting the best
performance, followed by Eyewear B and Other Eyewear, which
showed similar thresholds.

Figure 6 presents the tabulated threshold values along with
their confidence intervals for cyan-red pair. Figure 7 (left panel)
visually illustrates these thresholds and confidence intervals,
highlighting the superior performance of Eyewear A and Eyewear
C.

Magenta-Green pair: For magenta-green pair, the thresh-
olds for Eyewear A (6.13) were again higher compared to Refer-
ence Lens 1 (2.62), confirming the superior contrast enhancement
capabilities of Eyewear A.

Comparing Reference Lens 2 (-7.44) with Eyewear B (-
2.42), Eyewear C (-0.24), and Other Eyewear (-3.51), Reference
Lens 2 exhibited the most impaired performance, similar to its re-
sults in cyan-red pair. Eyewear C outperformed Eyewear B and
Other Eyewear, achieving the best threshold among these config-
urations.

Figure 6 presents the numerical results for magenta-green
pair, while Figure 7 (right panel) provides a visual comparison of
the thresholds and confidence intervals. It clearly depicts the con-
sistent advantage of Eyewear A over the reference lenses and the
improved performance of Eyewear C over other configurations.

Experiment 2: Response Time Analysis
The response time analysis from the second experiment eval-

uates how quickly participants identified the correct color patch
containing a Gabor pattern under different eyewear configurations
during a 4-AFC task. The results provide insights into the effi-
ciency of various eyewear configurations based on mean response
times (in seconds) and statistical comparisons shown in Figure 8
and Figure 9.

Key Findings
For mean response time, results varied across the eyewear

configurations. For cyan-red pair, Reference Lens 2 and Eyewear
B demonstrated shorter response times compared to other con-
figurations, indicating faster and more efficient visual processing.
Eyewear A showed slightly longer response times than Reference
Lens 2 and Eyewear B but outperformed configurations like Ref-
erence Lens 1 and Other Eyewear. For magenta-green pair, Eye-
wear C and Other Eyewear showed slightly improved response
times over Reference Lens 2, suggesting better support for faster
decision-making. Eyewear A exhibited moderate performance,
with response times falling between Reference Lens 1 and Refer-
ence Lens 2, indicating its potential in specific scenarios.

Figure 6. Threshold values with their corresponding 95% Confidence In-

tervals (CI) for different eyewear configurations across cyan-red pair and

magenta-green pair. These thresholds quantify the contrast sensitivity for

each eyewear type, with higher values representing better performance.

Figure 7. Bar plots of threshold labels with 95% confidence intervals for dif-

ferent eyewear configurations. The left panel corresponds to cyan-red pair,

and the right panel corresponds to magenta-green pair. Eyewear A consis-

tently shows higher thresholds, while Eyewear C demonstrates better perfor-

mance compared to other options in both pairs.

Figure 8. Statistical results of paired t-tests comparing response times (RT)

between different eyewear configurations for cyan-red pair and magenta-

green pair. The table includes mean response times, t-statistics, p-values,

and significance levels. Significant differences (p < 0.05) indicate that certain

eyewear configurations, such as Reference Lens 1 vs. Eyewear A and Ref-

erence Lens 2 vs. Eyewear C, significantly affect response efficiency.

The statistical analysis revealed significant differences be-
tween certain configurations. For cyan-red pair, Reference Lens
1 vs. Eyewear A showed a significant difference (p < 0.05), sug-
gesting Reference Lens 1 allowed faster responses compared to
Eyewear A. Similarly, Reference Lens 2 vs. Eyewear B also
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Figure 9. Mean response time with standard error for each eyewear config-

uration across cyan-red pair and magenta-green pair. Response times were

recorded during the 4-alternative forced-choice (4-AFC) task, revealing vari-

ations in visual processing efficiency. Eyewear A, Eyewear B, and Eyewear

C demonstrated shorter response times, suggesting enhanced visual perfor-

mance compared to other configurations.

showed a significant improvement (p < 0.05), indicating Eye-
wear B provided better response efficiency than Reference Lens 2.
Eyewear A performed comparably to Reference Lens 1 and better
than Other Eyewear, though without significant improvement over
Reference Lens 2 or Eyewear B. For magenta-green pair, Refer-
ence Lens 2 vs. Eyewear B (p < 0.05) and Reference Lens 2 vs.
Eyewear C (p < 0.05) demonstrated that these eyewear config-
urations improved response time over neutral configurations like
Reference Lens 2. Eyewear A did not show statistically signifi-
cant differences compared to Reference Lens 1 but still performed
better than Reference Lens 2.

In terms of performance trends, Eyewear A consistently de-
livered reliable response times across both color pairs, suggesting
its suitability for balanced visual conditions, though it may not be
ideal for tasks demanding higher contrast sensitivity or rapid re-
sponses. Reference Lens 1 showed consistent response times, re-
flecting minimal distortion and high visual clarity. Eyewear B and
Eyewear C, both color-enhanced, exhibited significantly shorter
response times, highlighting their efficiency in enhancing contrast
and facilitating rapid decision-making. On the other hand, Refer-
ence Lens 2, as a neutral reference, generally resulted in slower
response times compared to the color-enhanced eyewear, demon-
strating its limitations in contrast-enhancing scenarios.

Discussion and Future Work
This study demonstrates the significant impact of eyewear

configurations on human visual performance, particularly in the
context of chromatic contrast sensitivity and response times. The
findings confirm that specialized eyewear can enhance visual sen-
sitivity and reduce response times under challenging visual con-
ditions. Among the tested eyewear, Eyewear A consistently de-
livered higher thresholds for detecting chromatic patterns, outper-
forming reference lenses such as Reference Lens 1 and Reference
Lens 2. Meanwhile, color-enhanced eyewear such as Eyewear
C and Eyewear B exhibited shorter response times, emphasizing
their efficiency in facilitating rapid visual detection.

In terms of spatial frequency thresholds derived from Ex-
periment 1, Eyewear A maintained higher thresholds than Refer-
ence Lens 1 across both chromatic pairs, highlighting its ability
to enhance contrast sensitivity. Eyewear C consistently achieved
the best performance among color-enhanced eyewear, surpassing
both Eyewear B and Other Eyewear. Reference Lens 2, used as

a neutral reference, consistently exhibited the lowest thresholds,
indicating its limited capacity to enhance contrast sensitivity com-
pared to the advanced eyewear.

The response time analysis from Experiment 2 further em-
phasized the advantages of advanced eyewear configurations.
Eyewear C and Eyewear B enabled participants to respond more
quickly during the 4-alternative forced-choice (4-AFC) task, in-
dicating their efficacy in improving visual detection. Eyewear A,
while not demonstrating the fastest response times, provided re-
liable performance, suggesting its suitability for scenarios requir-
ing a balance between sensitivity and enhancement. Reference
Lens 1, while consistent in its performance, was generally out-
performed by advanced eyewear options such as Eyewear A and
Eyewear C in both thresholds and response times.

The study also revealed that not all differences were signif-
icant across configurations. For example, the comparison of No
Lens with Eyewear A showed no statistically significant improve-
ment in certain conditions, indicating that not all eyewear con-
figurations resulted in substantial enhancements. These results
highlight the need to consider the specific attributes of eyewear
when evaluating their effectiveness for different visual tasks.

The use of probit regression for analyzing sensory thresholds
provided a robust statistical framework for estimating thresholds
and their associated confidence intervals. This approach facili-
tated a detailed understanding of variability in participants’ re-
sponses and effectively highlighted differences among eyewear
configurations.

Overall, the findings underscore the importance of tailoring
eyewear design to enhance visual performance for diverse ap-
plications. Eyewear A and Eyewear C demonstrated significant
advantages in improving contrast sensitivity and response times,
making them well-suited for tasks requiring precise visual detec-
tion. Future studies should expand on these results by explor-
ing additional chromatic pairs, incorporating real-world scenar-
ios, and refining lens designs to further optimize visual perfor-
mance across varied environments.

Future research should address several key areas to build on
the findings of this study:

1. Luminance Normalization: Future work should normalize
luminance across different eyewear to eliminate brightness
variations as a confounding factor, ensuring that observed
differences are solely due to chromatic and spatial enhance-
ments.

2. Temporal Stimulus Evaluation: Temporal stimuli, such as
flickering patterns or dynamic scenes, should be introduced
to evaluate the impact of eyewear on temporal visual pro-
cessing and its interaction with chromatic contrast sensitiv-
ity.

3. Real-World Scenarios: Studies should incorporate natural-
istic visual tasks, such as target detection and object recog-
nition in outdoor simulated environments, to assess the ap-
plicability of eyewear in practical settings.

4. Visual Representations: The inclusion of visual stimuli
and example tasks in future work should provide a more in-
tuitive understanding of the challenges and benefits associ-
ated with different eyewear configurations.

5. Expanded Eyewear Testing: Additional eyewear configu-
rations, including emerging lens technologies and competi-
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tor products, should be included to provide a broader com-
parison of performance metrics.

One important limitation of this study is that the observed
performance differences were specific to the opponent chromatic
pairs tested (Cyan-Red and Magenta-Green). These pairs were
selected based on the specialized transmission properties of the
tested lenses. The results may differ with other opponent chro-
matic pairs or for eyewear configurations optimized for alternative
spectral bandwidths. Addressing these factors in future work will
enhance the generalizability of the findings and provide a more
comprehensive understanding of eyewear performance.

Conclusion
This research underscores the critical role of eyewear design

in enhancing human visual perception, particularly for applica-
tions requiring heightened contrast sensitivity and rapid response
times. Eyewear A emerged as the most effective in enhancing spa-
tial frequency thresholds, demonstrating its capability to amplify
visual sensitivity to chromatic patterns. Color-enhanced eyewear
such as Eyewear C and Eyewear B, on the other hand, excelled in
reducing response times, making them suitable for tasks requiring
swift and accurate visual processing.

The findings have significant implications for the design of
high-performance eyewear tailored for specific applications and
tasks. While Eyewear A is ideal for applications demanding pre-
cise detection of chromatic patterns, color-enhanced eyewear such
as Eyewear C and Eyewear B are better suited for environments
where rapid decision-making is critical. Reference Lens 2, with
its limited enhancement capabilities, was the least effective in im-
proving visual performance, emphasizing the need for advanced
tinting and filtering technologies in eyewear design.
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Krames, and Xiangyou Sharon Shen. Review of measures for light-
source color rendition and considerations for a two-measure sys-
tem for characterizing color rendition. Optics Express 21, 8 (2013),
10393–10411.
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