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Photometric and psychophysical evaluation of photochromic lenses
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This study presents a photometric and psychophysical evaluation of Transitions GenS photochromic lenses compared to
their previous generation, Transitions Gen8. The photometric analysis measured lightness (L*) and color stability during
the clearing phase using a spectrophotometer, revealing that GenS lenses fade significantly faster while maintaining
better chromatic consistency, especially in the grey tint. Psychophysical tests assessed contrast sensitivity recovery
in 25 adult participants (20-35 years old, uncorrected visual acuity < 0 logMAR) using both a printed and a digital
version of the Pelli—-Robson chart. Results showed that subjects consistently regained contrast sensitivity more quickly
with GenS lenses, confirmed by statistical analyses including t-tests (p < 0.001), Bland—Altman plots, and correlation
assessments. These findings suggest that the improved transition speed of GenS lenses offers not only measurable
photometric advantages but also meaningful benefits in visual performance. © Anita Publications. All rights reserved.
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1 Introduction

Photochromic lenses are lenses, especially used in the ophthalmic market of glasses, but also in
building [ 1], that dynamically modify their transmittance in response to electromagnetic radiation [2.3].
Usually these lenses become darker for the effect of ultraviolet (UV) radiation (but some lenses react also
to a part of visible light). These lenses darken under outdoor conditions as a result of ultraviolet radiation
exposure, and gradually return to a clear state in indoor environments where ultraviolet radiation is absent.

This feature makes photochromic lenses a practical solution for visual protection in varying light
conditions. However, one of the main limitations concerns the time required to return to a clear state, during
which users may experience temporary contrast sensitivity loss. This characteristic can certainly be measured
using a spectrophotometer by verifying the time required for the lens to lighten or darken. However, it is also
necessary to ask whether any change in the lens’s reaction speed corresponds to an improvement in visual
performance, in our case regarding contrast sensitivity. In other words, we must ask if a decrease in the time
needed for the lens to lighten is not only measurable but also clinically significant.

Another critical aspect of photochromic lenses relates to maintaining the same color during the
change in transmittance. Specifically, in systems where the color is produced by mixing multiple pigments,
achieving uniform color evolution during darkening is difficult because the pigments involved may have
different kinetic responses. A different response would lead to a color change during the lightening process,
which is certainly not aesthetically pleasing.

Some studies are devoted to examine the visual performance under ophthalmic photocromic lenses
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This study evaluates a new class of photochromic lenses, marketed as Transitions GenS lenses, re-
cently introduced and designed to offer significantly faster activation and deactivation times than the previous
generation, Transitions GenS.

The goal of the research is to determine whether the technical specifications claimed by manufactur-
ers are confirmed by experimental tests, such as a very little change in hue during change in transmittance,
and whether the new lenses can indeed improve visual performance during the lightening process.

2 Experimental protocol

The study was divided into three experimental phases. In the first phase, photometric data were col-
lected using a Konica Minolta CM-2600d contact spectrophotometer, measuring L*a"b" color coordinates at
regular intervals during the lenses’ lightening phase. Both Transitions GenS and Transitions Gen8 lenses, in
Brown and Grey tints, were first activated with a UV lamp, after which measurements were conducted.

Different luminance L* values were measured to obtain information on the clearing times of the two
selected lenses. Furthermore, measurements of the a* and b* chromatic coordinates were performed on the
Transitions GenS lens to evaluate color tone consistency throughout the transition and to compare the results
with the manufacturer’s claims.

Subsequently, two psychophysical tests were carried out to assess contrast sensitivity in human
subjects, with the aim to understand if a change in darkening speed could be clinically relevant.

Both tests were conducted on a sample of 25 adult subjects. All participants had uncorrected visual
acuity of 0 logMAR or better, between 20 and 35 years of age, without need of correction also for near visual
acuity. Each subject performed the psychophysical tests only with the Grey hue.

The first test employed the printed version of the Pelli-Robson chart [8]. The chart is illuminated
uniformly with a luminance of 80 Cd/m?. The patient stand directly in front of the chart so that the distance
from the eyes to the chart is 1 m. First, the chart was shown to each subject monocularly while they were
not wearing the photochromic lens. In this way, the smallest contrast value that the subject was able to read
was recorded. We refer to this value as the Contrast Threshold (Cj;,), which varies for each subject. Then, the
subject was positioned in front of another Pelli-Robson chart while wearing the lens at its maximum darkened
state, and was asked to indicate when they could read the triplet of letters corresponding to their previously
determined Cy,. As expected, in the darkened state the subject was initially unable to read the triplet, and had
to wait until the lens had lightened sufficiently. The time at which the subject was able to read the threshold
triplet was recorded and referred to as ¢,

The second test used a digitally simulated version of the chart, with contrast levels calculated based
on luminance measured with a Minolta CS-1000 spectroradiometer. In this digital version of the Pelli-Rob-
son chart, only the letters of a single triplet appeared on the screen. The main advantage of the digital ver-
sion is that the triplet letters were regenerated randomly each time, allowing the three required tests (one for
determining C,, one with the GenS tint, and one with the Gen8 tint) to be performed without the risk of the
subject recalling the correct answers. As in the first test the C,;, was recorded and then #,, for GenS and Gen§8
was recorded.

3 Photometric Measurement Results

3.1 L*a*b* Values of Photochromic Lenses

The initial measurements of the photochromic lenses were carried out using the CM-2600d
spectrophotometer.

Two different color variants (Brown and Grey) of photochromic lenses were analyzed, each available
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in two generations: the newer Transitions GenS and the older Transitions Gen8.

The CIE L*a*b* coordinates were compared between lenses of the same color but different
generations, with the aim of evaluating whether the Transitions GenS lens lightens more rapidly than the
Gen8, while preserving chromatic consistency.
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. Time evolution of the L * coordinate for Brown Transitions Gen8 and Brown Transitions GenS lenses.
Black markers correspond to the Transitions Gen8 lens, while red markers correspond to the Transitions
GensS lens. Error bars represent the standard deviation.
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Fig 2. Time evolution of the L* coordinate for Grey Transitions Gen8 and Grey Transitions GenS lenses.
Black markers correspond to the Transitions Geng8 lens, while red markers correspond to the Transitions
GenS lens. Error bars represent the standard deviation.

The first measurements focused on the L* coordinate for the Transitions GenS and Transitions Gen8
lenses in both Brown (Fig 1) and Grey tints (Fig 2), to characterize the temporal evolution of lightness during
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the transition. L* represents lightness in the CIELAB color space, ranging from 0 (black) to 100 (white), and
indicates how light or dark a color appears. For comparison purposes, it is noted that the transmittance of the
grey lens in the dark state is 18% (optical density = 0.75).

As shown in both graphs, the initial darkened state at time O s and the final lightened state at 290 s
exhibit the same luminance values for both the Transitions GenS and Gen8 lenses. However, the intermediate
behavior differs: over time, the Gen S lens reaches higher luminance values (indicating increased transparency)
more rapidly than the Gen 8 lens.

Fig 3. CIELAB a*-b* chromaticity diagram for Brown Transitions GenS lenses (red markers) and Brown Transi-
tions Gen8 lenses (black markers), showing the evolution of chromatic coordinates during the lightening process.

Fig 4. CIELAB a*-b* chromaticity diagram for Grey Transitions GenS lenses (red markers) and Grey Transi-
tions GenS8 lenses (black markers), showing the evolution of chromatic coordinates during the lightening process.
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This indicates that the Transitions GenS lens fades more quickly, eventually reaching a plateau.
In contrast, the Gen8 lens requires more time to achieve a similar plateau. This observation confirms that
Transitions Gen S lens, being a newer generation, demonstrates faster lightening behavior compared to the
older Gen 8 lens.

Another feature highlighted is the change of lens color during the transition from darkened to light-
ened states. This aspect is examined with the coordinates a* and b* of the CIELAB plots (Figs 3 and 4),
where black dots represent the values for the Transitions Gen8 lens, and red dots represent those for the
Transitions GenS lens. In the CIELAB color space, the a* coordinate represents the position on the red-green
axis, with positive values indicating a shift towards red and negative values indicating a shift towards green.
The b* coordinate represents the position on the yellow-blue axis, with positive values indicating a shift
towards yellow and negative values indicating a shift towards blue. Together with the lightness parameter (
L¥*), these chromaticity coordinates describe the perceived color of a sample in a way that closely aligns with
human visual perception.

The experimental results (Fig 3) for Brown-tinted Transitions GenS (red dots) and Gen8 (black dots)
lenses indicate a transition over time from a chromatic condition—when the lens is darkened—to an achro-
matic condition during the lightening phase, when the lens becomes transparent. The distribution of color
tones in the CIELAB diagram is very similar for both generations.

In this case, no significant difference in chromatic behavior can be observed between the two lenses.

When analyzing the behavior of the Grey lenses (Fig 4). a slightly different trend can be observed.
Over time, the Grey color in the Transitions GenS lenses changes very little, as evidenced by the tight cluster-
ing of points in the CIELAB diagram. In contrast, the Transitions Gen8 lenses exhibit a broader dispersion of
points, which may suggest a perceptible shift in hue.

This indicates that the Transitions GenS§ lenses undergo a variation in chromatic tone during the
transition phase, while the Transitions GenS lenses maintain a more stable hue over time.

4 Results of Psychophysical Tests

From the experiment point of view there is a question that whether the ¢, values measured for the
two lens types showed a statistically significant difference, favoring one lens over the other, or whether no
significant difference is observed. To address this question, following three statistical tools were employed.

First, a two-sample Student’s #-test was performed [9] The significance threshold was set at p =
0.05. Recall that, if p < 0.05, this suggests that the two data sets are likely drawn from different distributions.

The second method used was the Bland—Altman plot | 10], and the third was a scatter plot with the
associated Pearson correlation coefficient.

4.1 Pelli-Robson Contrast Sensitivity Chart

First, the p-value from the #-test was calculated. The result was p < 0.001, strongly suggesting that

the two data sets do not originate from the same distribution.

Next, the mean and standard deviation of the 25 response times for each experimental condition
(Transitions Gen8 and Transitions GenS) were computed. These results are summarized in Table 1.

Table 1. Mean and standard deviation of the time required to read the threshold level on the Pelli-Robson chart.
GenS8 (s) GensS (s)
72 £33 52+17

It can be observed that the mean value for GenS is significantly lower than that for Gen8, although
it is important to consider the high variability in the data.

Subsequently, a Bland—Altman plot was constructed (Fig 5). Recall that to build this plot, the x-axis
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represents the average of the two measurements (in seconds), while the y-axis shows the difference between
the two values, also in seconds.

In accordance with the Bland—Altman method, the mean reading time for each participant was cal-
culated as the average of the measurements obtained using the Transitions Gen8 and Transitions GenS lenses.
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Fig 5. Bland—Altman plot constructed using the data obtained from the Pelli-Robson chart.

For the difference, the reading time with GenS lenses was subtracted from the time measured with
Gen8 lenses for each subject.

It is important to highlight that, in this study, values below zero represent negative differences
between the mean reading speeds. Specifically, a negative value indicates that participants read faster with
Transitions Gen§ lenses compared to Transitions GenS lenses. Conversely, values above zero indicate that
reading was faster with Transitions GenS lenses compared to Transitions Gen8. This is because the difference
between the means (reading speed with Transitions GenS minus reading speed with Transitions Gen8) is
positive. In other words, a positive value implies that the reading speed with Transitions GenS lenses is
greater than that with Transitions Gen8 lenses.

As shown in Fig 5, participants with longer reading times tended to show a larger reduction in £,
when using Transitions GenS lenses relative to Transitions Gen8 lenses. Moreover, considering the mean
differences, all values above zero indicate that reading times with the Transitions GenS lenses were shorter
for every participant. This result suggests that all participants read more quickly when using the Transitions
GensS lenses.

Figure 6 presents a scatter plot of reading times measured with Transitions GenS8 lenses (x-axis)
versus those measured with Transitions GenS lenses (y-axis). A reference line is drawn through the center of
the plot, representing equality of reading times.

As can be observed from this plot (Fig 6), all data points fall below the line representing equal
reading times. This indicates that all participants read more slowly when using the Transitions Gen8 lenses
compared to the Transitions GenS lenses.
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Fig 6. Comparison of the threshold time #;, measured with the Pelli-Robson chart using Transitions GenS
lenses (y-axis) and Transitions Gen§ lenses (x-axis). The black solid line represents the identity line (x =),
corresponding to equal #y, values for the two lens types.

For the difference, the reading time with GenS lenses was subtracted from the time measured with
GenS8 lenses for each subject.

It is important to highlight that, in this study, values below zero represent negative differences
between the mean reading speeds. Specifically, a negative value indicates that participants read faster with
Transitions Gen§8 lenses compared to Transitions GenS lenses. Conversely, values above zero indicate that
reading was faster with Transitions GenS lenses compared to Transitions Gen8. This is because the difference
between the means (reading speed with Transitions GenS minus reading speed with Transitions Gen8) is
positive. In other words, a positive value implies that the reading speed with Transitions GenS lenses is
greater than that wi

4.2 Contrast sensitivity test using computer display

Following the test conducted using the Pelli-Robson chart, an additional test was performed
simulating the Pelli-Robson chart on a computer display.

Initially, after data acquisition, the p-value for the #-test was calculated. The result was p < 0.001,
indicating that the two data sets are likely to originate from different distributions.

From the 25 reading time values collected for each experimental condition (Transitions Gen8 and
Transitions GenS), the mean and standard deviation were computed. The results of these calculations are
shown in Table 2.

Table 2. Mean and standard deviation of the time required to read the threshold level on the computer-based
Pelli-Robson chart.

Gen8 (s) GensS (s)
59 +34 39+20

It is evident that the mean reading time for the Transitions GenS lenses is significantly lower than that
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for the Transitions Gen8 lenses, although it is important to take into account the high variability in the data.

Subsequently, a Bland—Altman plot was generated (Fig 7). The construction and interpretation of
this plot have been thoroughly described in the previous section.

From the Bland-Altman plot (Fig 7), it can be observed that, when considering the mean differences,
only two participants showed a preference for the Transitions Gen8 lenses, as their reading times were shorter
with these lenses; these data points lie below the zero line.

Conversely, the remaining values are located above the zero line, indicating that reading times were
generally shorter when using the Transitions GenS lenses.
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Fig 7. Bland-Altman plot constructed from the data obtained using the computer-based Pelli-Robson chart.
The data corresponding to the two lenses exhibit a strong correlation.

As also highlighted in the Bland—Altman plot (Fig 7), this trend is consistent across participants,
with the exception of two cases in which subjects demonstrated shorter reading times when using the Transi-
tions Gen8 lenses compared to the Transitions GenS lenses.

The majority of data points fall below the line of equality, suggesting that reading times were pre-
dominantly shorter with the Transitions GenS lenses.The measurements obtained with the two lenses exhibit
a strong correlation.

As also highlighted in the Bland-Altman plot (Fig 7), this trend holds true for nearly all participants,
except for two cases where reading times were shorter with the Transitions GenS8 lenses compared to the
Transitions GenS lenses.

5 Discussion

This study addresses a common issue encountered with photochromic lenses. When an individual
wearing such lenses moves from a bright outdoor environment to an indoor setting, they may experience
temporary visual discomfort due to the persistence of the lenses’ dark tint.

The measurements conducted in this work aim to demonstrate that the new generation Transitions
GenS photochromic lenses allow a faster recovery of contrast sensitivity compared to the previous genera-
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tion lenses when transitioning to indoor environments. This improvement is attributed to the shorter clearing
times exhibited by the Transitions GenS lenses relative to the Transitions Gen§8 lenses.

To address this objective, both photometric and psychophysical measurements were conducted in-
doors during the lens clearing (deactivation) process. One characteristic confirmed by the photometric mea-
surement of lightness L * is that the new generation lenses tend to clear more rapidly than their older genera-
tion counterparts.

Another objective of this work was to verify that the Transitions GenS lenses maintain consistent
hue during the transition from the transparent state to the tinted state and vice versa. This property was con-
firmed for the Transitions GenS Grey lenses, whereas the results for the Transitions GenS Brown lenses were
inconclusive in this regard.

Regarding the psychophysical measurements, the analysis of the results highlighted the intended
outcome: the new generation Transitions GenS lenses exhibit a faster recovery of contrast sensitivity com-
pared to the older generation Transitions Gen8 lenses. This was initially supported by the analysis of mean
reading times and standard deviations, and subsequently confirmed through the Bland-Altman plots and scat-
ter plots analyses.

Therefore, in addition to offering a wide range of tint options, the Transitions GenS photochromic
lenses demonstrate functional superiority over the Transitions Gen8 lenses by overcoming certain limita-
tions, thereby exhibiting enhanced performance.

Since this study has met its predefined objectives, it can serve as a foundation for future analyses
and comparisons of other types of lenses, with the aim of addressing additional limitations inherent to photo-
chromic lenses.
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