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Abstract
Background

Visual performance relies on essential functions such as contrast sensitivity, color vision, and visual reaction
time. While studies have suggested that tinted lenses can enhance these visual functions, their effects on
specific aspects remain insufficiently explored. Understanding the potential benefits and implications of
tinted lenses is crucial for prescription considerations. This study aims to address this gap by evaluating the
influence of tinted lenses on visual functions in young emmetropic adults.

Methodology

This prospective, cross-sectional study, approved by the institutional research and ethics committee,
encompassed three key assessments, namely, contrast sensitivity using the Pelli-Robson chart, color vision
with the D-15 test, and visual reaction time utilizing the Hit-the-dots method. The study involved 100
participants aged 18-30 years with normal vision, while individuals with color vision deficiencies, refractive
errors, amblyopia, and strabismus were excluded. Assessments were conducted both with and without blue,
yellow, brown, and gray-tinted lenses. Contrast sensitivity was quantified in logMAR units, color vision was
evaluated using a color disc arrangement, and visual reaction time was measured with a 30-second reaction
test employing an Asus Vivo Book. Data were analyzed using Friedman’s two-way analysis of variance by
ranks, and specific differences were identified through the Dunn-Bonferroni method.

Results

The average age of the participants was 22.8 (2.8) years, with all participants exhibiting distance visual acuity
of 6/6 and near visual acuity of N6. Contrast sensitivity values were consistent at 2.00 logMAR, indicating
good contrast sensitivity, irrespective of the presence of tinted lenses. Notably, among the participants,
yellow tint 50 (50%) emerged as the preferred choice for visualizing low-contrast optotypes. Friedman’s test
revealed significant differences in color vision and visual reaction time between normal and tinted lenses (p
< 0.001). The Dunn-Bonferroni test further indicated significant differences, particularly with yellow tint (p

< 0.05) compared to other tints. In visual reaction time, significance (p < 0.05) was observed for all
comparisons except between blue and gray, with the yellow tint demonstrating the best reaction time
(median = 23) compared to other tints.

Conclusions

This research provides valuable insights into the impact of tinted lenses on contrast sensitivity, color vision,
and visual reaction time in individuals with normal vision. Importantly, the use of yellow tint appears to
enhance rapid reactions and contrast perception. Nevertheless, the selection of tint types should be
thoughtfully tailored to individual occupational needs and personal preferences, taking into account their
potential effects on color perception.
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Introduction

In the modern world, vision is a paramount element that facilitates the seamless execution of day-to-day
activities unhindered by obstacles. Among the multifaceted dimensions of visual performance, contrast
sensitivity (CS), color vision (CV), and visual reaction time (VRT) emerge as pivotal factors [1,2]. CS, the
ability to discern minute and substantial pattern contrasts, profoundly influences visual recognition [3].
Notably, an individual with good visual acuity may still exhibit impaired CS, underscoring the significance of
this facet. Similarly, CV involves the complex process of interpreting varying wavelengths that stimulate the
retina to perceive diverse colors, a process unique to each individual [1,4]. VRT, on the other hand, is
intricately linked to an individual’s alertness, reflecting the interplay between the central nervous system
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and the coordination between visual perception and motor response [2,5,6].

The classification of VRT encompasses three distinct categories, namely, simple reaction time (SRT),
recognition reaction time (RRT), and cognitive reaction time (CRT). SRT denotes the temporal interval
required for an individual to respond to a singular stimulus. In contrast, RRT encompasses a cognitive aspect
where an individual selects the most appropriate response from multiple stimuli, the nature of which hinges
on the stimuli’s characteristics. Finally, CRT encapsulates the process of recognizing stimulus significance,
forging connections, and deploying knowledge to yield an optimal cognitive response congruent with the
stimulus complexity [7].

Corrective devices, namely spectacles and contact lenses, hold widespread utility in optimizing visual
functionality [1,8,9]. While clear lenses serve to rectify visual impairments, tinted lenses constitute a
prominent subset of ophthalmic devices [1,10]. These lenses, available in an array of tints, such as gray,
green, brown, violet, blue, and yellow, serve as filters that modify light intensity and spectral distribution
[11]. Consequently, tints alleviate photosensitivity, enhance vision quality, and even find application in
safeguarding eyes against solar radiation and augmenting visual perception [10,11]. Intriguingly, tinted
lenses have exhibited the potential to enhance various aspects of visual performance, including CS, CV, and
VRT, leading to their integration into diverse activities, such as sports, driving, and different environmental
conditions [1,12].

In the realm of visual performance studies, sparse attention has been directed toward the influence of tints
on CS, CV, and VRT. While existing research has noted enhancements in aspects such as CV with certain
tints, contradictory findings have also emerged. For instance, the gray tint has been associated with
improved CV, albeit without significant differentiation among various tint groups. In sports, tinted lenses
have been linked to heightened CS and visual acuity, particularly in low-light conditions [12-15]. Notably,
specific tints, such as yellow, have demonstrated favorable impacts on reaction time in select scenarios, such
as low-contrast conditions and driving. However, this effect may vary with age, as observed in studies
differentiating between young and elderly drivers [8,13,16].

Within professions that demand robust VRT, such as driving and sports, superior VRT is an anticipated
attribute [17,18]. As such, comprehending the interplay of tints on CV, CS, and VRT assumes vital
importance [7,19]. Furthermore, the multifaceted nature of these interactions, coupled with their potential
repercussions on individual reaction times, warrants comprehensive exploration. Surprisingly, a dearth of
literature exists on the subject of tints and their influence on visual functions, especially across diverse
populations. Against this context, this investigation aimed to assess the effects of tinted lenses on visual
functions within the young emmetropic adult population.

Materials And Methods

This research employed a prospective, cross-sectional study design. The study received approval from the
Institutional Research and Ethics Committee under reference number CSP/21/MAY/94/323, and it adhered to
the principles outlined in the Declaration of Helsinki. Within the study, three distinct measurement
techniques were applied, namely, CS assessment using the Pelli-Robson chart, CV evaluation with the D-15
test, and VRT measurement using the Hit-the-dots method (specific assessment of RRT) designed by the
University of Sports, Washington [20]. The study incorporated 50% light transmission spectacle tints in blue,
yellow, brown, and gray. Vision Rx laboratory in India produced these ophthalmic spectacle lenses using CR-
39 material. Additionally, the study included a subjective evaluation of participants’ tint preferences over
the low-contrast optotypes of the CS chart.

Participation in the study was voluntary and required informed written consent from each participant. The
study included a total of 100 participants, accounting for 200 eyes. Among these participants, there were 25
males and 75 females, all falling within the age range of 18 to 30 years. The sample size determination
employed a t-test based on the Correlation: Point biserial model. A non-probability sampling technique was
utilized for participant selection. The study included emmetropes with a visual acuity of 6/6 and
trichromats, while individuals with CV deficiencies, ocular pathologies, systemic diseases, refractive errors,
amblyopia, and strabismus were excluded.

In an optometry clinical setting, comprehensive assessments were conducted both with and without
(normal) the use of tinted lenses. Each participant underwent a meticulous ocular examination, followed by
an evaluation of their visual acuity using a computer vision screen. CS measurements were recorded in
logMAR units. The CV assessment consisted of a set of 15 colored discs, along with one reference disc,
which participants were tasked with arranging in the correct order. Any errors made during this sequence
arrangement were carefully documented. The Hit-the-dots Reaction test was administered using an Asus
Vivo Book equipped with a CORE i5 processor. The display panel featured a 14-inch screen with a resolution
of 1,920 x 1,080 pixels, set at a brightness level of 40%. The test was performed binocularly. During this test,
subjects were required to locate and click on black dots that appeared within white circles (Figure 7). Each
successful click earned participants one point, while any misses resulted in a deduction of points. The
duration of the test was designed for 30 seconds. Before formal data collection commenced, participants
underwent a preliminary trial run to acquaint themselves with the test procedure.
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Hit-the-Dot

Test your skill. How many dots can you find in 30 seconds?
Instructions:

1. Click on the black dots as they appear in the white circles.
2.1 point per hit, minus 1 point per miss.

I Start Game | Stop Game I Time: | |

[Push Start to Play | Score: | |
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FIGURE 1: Screenshot of Hit-the-dots Reaction test.

Measurement of recognition reaction time.

The collected data were analyzed with SPSS 23.0 version software (IBM Corp., Armonk, NY USA). The
Kolmogorov-Smirnov test was used to check for normality. The statistical indicators included mean,
standard deviation (SD), median, Interquartile range (IQR), frequency, and percentage for the variables.
Friedman’s two-way analysis of variance by ranks was used to determine statistically significant differences
in CV and VRT. The significance level was p < 0.05. Post-hoc test using the Dunn-Bonferroni method was
conducted to identify specific differences. Kendall’s W was used to represent the agreement.

Results

In this study, we enrolled 100 participants, totaling 200 eyes, consisting of 25 males and 75 females aged
between 18 and 30 years. The average age and SD of the participants was 22.8 (2.8) years. All participants
demonstrated normal unaided distance visual acuity of 6/6 and near visual acuity of N6.

The study found that CS values remained consistently at 2.00 logMAR, indicating good CS, both with and
without tinted lenses. This suggests that the participants maintained good CS regardless of the presence of
tinted lenses, with no observed reduction. When participants were asked about their preferences for tint
colors in relation to the CS chart, 50 (50%) preferred yellow, 26 (26%) favored blue, 16 (16%) chose gray, and
eight (8%) selected brown. Notably, yellow was the most preferred tint for visualizing low-contrast
optotypes.

Friedman’s analysis of CV revealed a statistically significant difference between normal and tinted
conditions (p < 0.001). The mean ranks were as follows: normal: 2.90, blue: 2.95, yellow: 3.21, brown: 2.98,
and gray: 2.95. The Dunn-Bonferroni indicated a significant difference between yellow (p < 0.05) and the
other tints, while the differences between the other tints were not significant (Table 7). Kendall’s W test
indicated only slight agreement (0.059). The N (%) and total sum of errors observed with tinted lenses in CV
assessment were as follows: blue: 4 (2%) with a total of nine errors, yellow: 24 (12%) with a total of 39
errors, brown: 6 (3%) with a total of 13 errors, and gray: 4 (2%) with a total of nine errors. The maximum
error done by a participant was five with yellow, while with the other tinted lenses, it was three.
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Multiple comparisons

N-B

N-Y

N-G

B-N

B-Y

B-G

Y-N

Y-B

Y-G

G-N

G-B

G-Y

P-value for CV P-value for VRT

1.000 <0.001*
<0.001* <0.001*
0.908 0.002*
1.000 <0.001*
1.000 <0.001*
0.001* <0.001*
1.000 0.005*
1.000 1.000
<0.001* <0.001*
0.001* <0.001*
0.007* <0.001*
0.001* <0.001*
0.908 0.002*
1.000 0.005*
0.007* <0.001*
1.000 0.028*
1.000 <0.001*
1.000 1.000
<0.001* <0.001*
1.000 0.028*

TABLE 1: Dunn-Bonferroni test for CV and VRT.

*: P-value significant at <0.05.

N: normal; B: blue; Y: yellow; Br: brown; Gr: gray; CV: color vision; VRT: visual reaction time

The median VRT score for the normal was 21. The median scores improved with yellow, blue, and gray tints,
indicating an increase in VRT with the use of these tints (Table 2). The Friedman’s test showed a statistically
significant difference (p < 0.001) among normal and tinted conditions, with mean ranks as follows: normal:
1.66, blue: 3.10, yellow: 4.48, brown: 2.68, and gray: 3.08. The post hoc test revealed significance (p < 0.05)
for all comparisons except between blue and gray (Table ). Kendall’s W expressed a moderate agreement
(0.448). It is noteworthy that all participants exclusively used their right hand during the VRT test,
confirming the dominance of this hand.
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Parameters
VRT normal
VRT blue
VRT yellow
VRT brown

VRT gray

Mean (SD)

20.98 (1.41)

21.96 (1.42)

22.89 (1.45)

21.49 (1.11)

21.90 (1.41)

Median (IQR) Mode Minimum score Maximum score
21 (4) 21 19 23
22(4) 20 20 24
23 (5) 21 20 25
21(3) 20 20 23
22(4) 20 20 24

TABLE 2: Visual reaction time scores among normal and tints.

VRT: visual reaction time; SD: standard deviation; IQR: interquartile range

Discussion

This research embarked on a comprehensive exploration of the impact of tinted lenses on CS, CV, and VRT
in individuals with normal vision. To our knowledge, no prior study has undertaken such a thorough
examination of these visual metrics within the scope of our analysis. Our findings consistently revealed
intriguing patterns. Our observation begins with no discernible difference in CS when comparing with and
without tinted lenses. All tints maintained good CS, aligning with their normal state. However, a notable
disparity emerged in terms of CV, particularly with the yellow tint, which exhibited a significantly increased
sum of errors compared to other tints. Furthermore, the VRT test showed significant improvements in
reaction time with all tinted lenses chiefly with yellow and blue tints achieving the highest scores.

The significance of CS cannot be overstated, as it is essential for visual performance. Previous research
demonstrated that 50% transmission tints exhibited good contrast function at 1.5 cycles per degree [1]. Our
study corroborated these findings, confirming that the tints we tested did not negatively impact CS.
Notably, our study did not explore variations in tint percentages, which have been associated with decreased
CS in previous research [1]. While our study did not detect any worsening with tints, another study found
that red and brown tints had the most negative influence on CS when compared with no tint, with green,
gray, blue, and yellow following in descending order of impact [21]. Whereas a previous investigation into
the average CS for various tint percentages within each group of refractive errors found no statistically
significant differences in CS [22].

Any improvement or deterioration in CS could potentially be attributed to the tools and methods employed
for CS measurement. While studies have utilized tools such as FACT (Functional Acuity Contrast Test) and
PsychoWin 2.25 software for CS measurements, our study utilized the Pelli-Robson chart [1,11]. It is worth
noting that factors such as room illumination and chart illumination could influence finer acuity
measurements [23]. Advanced contrast tools, appropriate illumination, and varied tint transmission
percentages might yield different results. Additionally, while our objective evaluation did not reveal CS
differences, subjective preferences suggested that yellow tints were favored for low-contrast optotypes. This
affinity for yellow tints may stem from their ability to filter blue light, enhancing contrast in low-light
conditions, which could be relevant for indoor or outdoor activities, including sports. Consequently,
properly measuring CS before prescribing tinted lenses with different percentages becomes crucial for
various professions and pathologies to optimize visual performance [22].

Our study also shed light on the influence of tinted lenses on CV. Notably, yellow tints significantly altered
CV compared to other tints. While our study used the D-15, other studies also utilized the American Optical
Hardy Rand Rittler test and the Cambridge test as alternatives to CV testing [1]. Prior research has suggested
that yellow and orange tints can reduce the ability to distinguish between colors, particularly affecting
tritan-like CV abnormalities [11]. This may be the cause of our study’s finding that yellow 24(12%) tints
considerably affect CV more than other tints. Yellow-tinted lenses have the potential to affect color
perception, although the extent of these effects varies depending on the specific shade of yellow and other
influencing factors. Yellow-tinted lenses are known to selectively filter out certain wavelengths of light,
particularly those in the shorter blue region of the spectrum. Consequently, looking through yellow lenses
can lead to a shift in the perception of some colors, making them appear less vibrant or altered [1,11,12,14].
In contrast, tints such as brown 6(3%), gray 4(2%), and blue 4(2%) had the least pronounced impact on color
perception. The most noticeable alterations in our ability to perceive colors occur when using tints such as
red and yellow, with subsequent changes observed in brown, green, gray, and blue hues. These findings
align closely with our study results [21].

VRT, as a measure of response to visual stimuli, holds significance in various professions and sports that
demand rapid responses [8,14]. While some studies have indicated that VRT tends to change with age, only a
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few have explored VRT with tinted lenses [24]. Given the observed heightened reaction times with the
dominant hand in Hit-the-Dot tests, our study exclusively instructed participants to employ their dominant
hand, ensuring consistency [7]. Surprisingly, the realm of VRT and its relationship with tinted lenses
remains relatively unexplored in existing literature. A previous study, however, posited that yellow-tinted
lenses enhance VRT [11]. Our investigation revealed intriguing results, with yellow-tinted lenses achieving
the highest score of 25. In comparison, other tints, such as blue, brown, and gray, showed improvements
over the normal. This finding resonates with previous research which delved into the impact of the color
yellow on driving responses. Their results revealed that young drivers exhibited improved response times
when exposed to yellow, whereas elderly drivers did not demonstrate the same level of enhancement [11,13].

Multiple factors have been proposed to influence VRT, including visual acuity, CS, CV, illumination,
attention, age, and fatigue [25,26]. The pivotal role of VRT in driving safety has garnered significant
attention in recent studies. Yellow-tinted lenses, in particular, have emerged as a distinctive lens variant of
interest. These lenses efficiently filter out blue light rays and possess high luminous transmittance,
especially at approximately 550 nm, a wavelength highly sensitive to the human eye. This unique optical
property may explain the observed increase in reaction time when wearing yellow-tinted lenses [14].
Furthermore, certain studies have noted that yellow filters can effectively mitigate chromatic aberration.
Additionally, it has been documented that the presence of a yellow filter induces greater pupil dilation
compared to a matched neutral-density filter. This variance in pupil response could partially account for the
perceived enhancement in brightness reported by individuals using yellow filters [27]. Consequently, future
studies in this domain must consider these multifaceted factors to provide a more comprehensive
understanding of the effects of tinted lenses on VRT.

Our study has certain strengths; comprehensive investigation of CS, CV, and VRT with tinted lenses, novelty
in terms of comparison of the variety of tints with these visual metrics, clinical setting with standardized
illumination of 500 lux, inclusion of both objective and subjective measures considering both clinical
outcomes and participant experiences, and importance in comprehending how tints affect VRT specifically
RRT. Some of our study’s limitations are limited sample size, lack of a diverse population (wider age group
and refractive error), utilization of different tint percentages, and lack of long-term assessment of how
visual performance may adapt or change over time with consistent tint usage. Although our study provides
significant insights into the multidimensional impacts of tinted lenses on several aspects of visual function,
particularly in an emmetropic and young population, future research should explore these visual metrics
(CS, VRT, and CV) by considering the limitations.

Conclusions

This research provides valuable insights into the effects of tinted lenses on CS, CV, and VRT in individuals
with normal vision. In summary, our study shows that tints can impact various visual functions, especially
yellow ones, which may be beneficial for quick RRT and good contrast and their impact on color perception
should be considered. These findings hold particular relevance for individuals engaged in occupations and
sports where rapid reactions and precise CV are paramount. However, the choice of tints should be carefully
prescribed based on specific occupational needs and preferences.
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