
20 MAY 2026  |  VOL 9  |  1Journal of Emerging Investigators  •  www.emerginginvestigators.org

Article

These nerves can relay pain signals to the brain (1). One 
common consequence of photophobia is a signal from the 
trigeminal nerves (located in the conjunctiva, cornea, sclera, 
uvea and iris) to blink (4).  Rods convert photons to chemical 
signals through the retina, and then the chemicals signals 
are transmitted to the brain cells, which can also lead to 
photophobia (4). Rods are highly sensitive to light (4). The 
pathway that relates light photons to photophobia symptoms is 
called the retino-thalamo-cortical pathway (5). The nerve cells 
in the retina relate to the thalamic trigeminovascular neurons, 
which can cause migraines (5). Light sensitivity causes 
headaches that get worse, as well as a change in perception 
of light, words, and smells (6). If someone is experiencing a 
migraine, they may find blue light, like the light emitted from 
electronics, to be especially painful (7). Symptoms such as 
light-headedness, dizziness, nausea, vomiting, and salivation 
can co-occur with photophobia during a migraine (5).
	 Photophobia can be challenging to prevent, as avoiding 
bright light is not always feasible (4). There have been no 
major clinical trials to fully treat photophobia (8). Sunglasses 
are the best photophobia prevention, but using sunglasses in 
most instances can reduce tolerance to bright  lights, which 
can be harmful (4). Treating dry eyes can treat photophobia, 
and if migraine prevention medication is used, photophobia is 
less likely to happen (4). There is a large amount of variation 
in photophobia severity in healthy adults, where age and 
photophobia severity were not found  to be correlated (8). 
Severity is often assessed using the verified Utah Photophobia 
Symptom Impact Scale (UPSIS-17), which is composed of 
17 Likert questions (9). Furthermore, it is unknown whether 
photophobia leads to reduced vision, and if vision is better 
in bright light or dark settings. Some people report having 
higher vision in bright light conditions and others report 
having better vision in dark conditions (9). Interestingly, blind 
people can still experience photophobia (10). Photophobia is 
also rarely studied in students, despite reports that it can be 
experienced by youth (4). It is therefore possible that bright 
classrooms could make learning uncomfortable for students 
with photophobia (7).
	 While there are many possible avenues for studying 
photophobia, this study focuses on the effects of eye color 
on vision and photophobia. Eye color is unique to each 
individual person, genetically determined from the gene 
OCA2 (9, 11). The colored part of the eye is called the iris, 
which helps to control the size of the pupil (12, 13). Melanin 
is a molecule that creates pigments  in many parts of the 
body, including the eyes, and is correlated with eye color 
(12). Typically, the more melanin a person has, the darker 
their eye color, though this is not true for everyone (14). Most 
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Photophobia is eye discomfort in bright light 
environments and is linked to migraines, which millions 
of people experience each year, leading to severe to 
pain and lack of productivity.  However, it is unknown if 
photophobia is related to vision and eye color. This study 
aimed to measure the impact of eye color and visual 
acuity on light sensitivity. We hypothesized that people 
with blue eyes would have more photophobia compared 
to people with green or brown eyes, that people with 
worse light vision would have worse photophobia 
compared to individuals with strong visual acuity, and 
that photophobia would be prevalent in an elementary 
school population.  This cross-sectional study evaluated 
participants in an elementary school population 
including students, teachers, and administrators, 
ranging in age from 6–72 years old. We assessed 
visual acuity using a Rosenbaum Vision Chart and 
assessed photophobia using a modified three question 
UPSIS-17 Photophobia Symptom Impact Scale. In the 
primary analysis, we found no significant association 
between eye color and photophobia (W=0.65, p=0.724). 
Additionally, we found no correlation between light 
and dark vision and photophobia scores (Spearman’s 
Rho=0.08, p=0.467), (Rho=0.11, p=0.319). In conclusion, 
we observed no substantial difference in vision by 
eye color. Remarkably, participants who reported high 
levels of photophobia did not have decreased light 
vision. There was no association between eye color and 
photophobia, however photophobia was prevalent in 
elementary school students.

INTRODUCTION
	 Migraines are a serious health problem that affect many 
people of different ages, with a prevalence of 6% in males 
and 18% in females (1,2). People who experience migraines 
frequently need to miss several days of work, and this loss of 
work due to migraines is estimated to cost the US economy 
13 billion dollars a year (3). The cause of migraines is not well 
understood, but there is a known link between photophobia 
and migraine: 80% of migraine patients report photophobia, 
defined as discomfort in bright lights, during a migraine (1).  In 
fact, photophobia is so common during migraines that it can 
be used as a diagnosis criterion (1). By better understanding 
the cause of photophobia there might be a way to develop 
more effective treatments for migraines. 
	 Photophobia is the sensory state in which bright light 
conditions cause discomfort, which is believed to have evolved 
from the danger of directly looking into the sun (1). There are 
many nerves in the eye that contribute to photophobia (1). 
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people have melanin in the back of the iris, but people with 
lighter eye colors like blue have little to no melanin in the front 
of their iris (12). People with green or hazel eyes have an 
intermediate amount of melanin in front of their irises, and 
people with dark brown eyes have the most melanin in their 
irises (12). The association between eye color and vision is 
not well understood. Melanin-concentrating hormone is a 
neuropeptide involved in the deposition of melanin molecules 
into the iris (6). This hormone  is also hypothesized to be 
involved in the biochemical pathways relating to photophobia 
(15). 
	 Our primary hypothesis was that eye color would impact 
photophobia. Specifically, we hypothesized that people with 
more melanin in their eyes experienced less photophobia 
due to the ability of melanin to absorb photons. A secondary 
hypothesis was that people with photophobia saw better in the 
dark and worse in the light, due to photophobia discomfort, 
compared to people without photophobia. The prevalence 
of photophobia in school-aged students is unknown (7). 
Therefore, the effect of photophobia contributing to vision 
disturbances in this age group has not been well studied. We 
did not observe any difference in visual acuity by eye color, 
either in light or dark environments. Interestingly, on average, 
people who reported having photophobia did not have worse 
vision in the light. However, this study did show prevalent 
photophobia in elementary-school aged children. This study 
helps to bring awareness of photophobia to many age groups 
with a possibility to make accommodations to help those who 
have photophobia be more comfortable.

RESULTS
	 To test the association between photophobia, vision, and 
eye color, we administered a series of assessments to 78 
students and staff at an elementary school. We tested visual 
acuity using the logarithm of the minimal angle of resolution 
(logMAR) scale in both bright (logMARLight) and dim 
(logMARDark) conditions. We also administered a variation 

of the UPSIS-17 scale to quantify photophobia with possible 
values of 0 (no photophobia) to 15 (extreme photophobia). 
Finally, we asked questions about eye-color and difficulty with 
vision. 
	 First, we analyzed the participant age distribution and eye 
color distribution (Figure 1). No participants were between the 
ages of 15–19 or 65–70. Forty-one percent of the population 
were between the ages of 10–14 years old and 59% of the 
study population were school staff members between the 
ages of 20-75. Green/hazel, blue, and brown eyes were found 
in 16.67%, 19.2% and 64.1% of the population, respectively. 
We saw a bimodal distribution, where there were many 
students of a similar age, and school staff had a wider range 
of ages.	

Figure 1: Distribution of eye color by age range of study participants. A stacked histogram shows the distribution of the age of study 
participants in 5-year intervals. Eye color (green/hazel, brown, and blue) is shown by the color of the bar. Age was not equally distributed 
among the study participants. Due to recruiting restraints, most subjects were 10–14. No study participants were between 15–19 or 65-70.

Figure 2: There is no significant association between eye 
color and reported photophobia. The distribution of photophobia 
questionnaire results is shown for each eye color (blue, brown, and 
hazel/green). Photophobia Questionnaire by eye color showed no 
significant difference by a Wilcoxon Sum Rank Test (p=0.7244, 
W=0.65). 
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	 We analyzed the distribution of photophobia by eye-color 
using a Wilcoxon Rank Sum test (Figure 2). We found no 
significant difference in reported photophobia by eye color 
(W=0.65, p=0.724).  Therefore, our primary hypothesis that 
photophobia differs by eye color was not supported.
	 Next, we use Spearman’s Rho tests to assess the 
correlation between visual acuity in light and dark settings. 
There was a strong correlation between visual acuity in 
the light and visual acuity in the dark for all participants, 
(Rho=0.47, p<0.01) (Figure 3).  We found a strong correlation 

between logMARLight and logMARDark in the staff subset 
of the school population (Rho=0.49, p<0.01). Among 
students, who were 39.7% of the population, there was a 
strong correlation between logMARLight and logMARDark, 
(Rho=0.34, p=0.057). Many students (96.8%) had perfect 
vision in the light and 71% of students had perfect vision in the 
dark. Among the staff, 70.2% had perfect vision in the light 
and 46.8% had perfect vision in the dark. Two test subjects 
had better dark vision than light vision, whereas 15 test 
subjects saw better in the light and 61 saw the same in the 

Figure 3: Correlation between light and dark visual acuity across the entire study population (A), in staff only (B), and in students 
only (C). A) A scatter plot recorded a significant correlation between logMARLight and logMARDark between all human subjects (Rho=0.47, 
p<0.01) and B) only staff (Spearman’s Rho=0.49, p<0.001). C) There was no significant correlation between logMARLight and logMARDark 
between the students (Spearman’s Rho=0.34, p=0.057), by a Spearman’s Rho correlation test. The blue line represents the line of best fit.

Figure 4: There is no significant correlation between photophobia and any of the following: light vision, dark vision, and difference 
between light and dark vision. A) A scatter plot shows no significant correlation between Photophobia Questionnaire Sum and logMARLight 
(Rho=0.08, p=0.467), B) logMARDark (Rho=0.11, p=0.319) and C) Difference in logMAR (Rho=-0.05, p=0.644). The blue line represents the 
line of best fit. 
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light and the dark. Most people in this study (89.7%) reported 
more difficulty seeing in dim light environments compared to 
bright light (10.3%). This result was consistent throughout all 
eye colors. Overall, there was a strong correlation between 
light and dark visual acuity; however, many participants had 
perfect vision in both environments, which caused clustered 
data points. 
	 We hypothesized that people with photophobia would 
have worse visual acuity in light conditions than in dark 
light conditions. However, there was no correlation between 

the degree of reported photophobia and logMARLight 
(Rho=0.08, p=0.467), logMARDark (Rho=0.11, p=0.319) and 
the difference, within one person, between their logMARLight 
and logMARDark (Rho=-0.05, p=0.644) (Figure 4). 
There was a large range of results from the photophobia 
questionnaire (Figure 2). However, we found that 29 
participants (37.2%) reported some limitations for reading in 
bright light environments. This result shows that photophobia 
was present in our study and reported by people of all ages.
	 As vision can change dramatically with age, we were 

Figure 5: Visual acuity is correlated with age in light and dark environments. There is no correlation between age and photophobia. A) 
A scatter plot shows no significant correlation between age in years and the photophobia questionnaire sum (Rho=0.12, p=0.312). There is a 
significant correlation between age in years and B) logMARLight (Rho=0.45, p<0.01) and C) logMARDark (Rho=0.35, p<0.01). The blue line 
represents the line of best fit for each plot. 

Figure 6: Correlation between reported difficulties seeing in the dark or light, and actual visual acuity in the dark or light. A) A 
scatter plot shows no significant correlation between logMARLight and participant-reported visual acuity in the light (A, Rho=0.06, p=0.557). 
B) There is a significant correlation between logMARDark and participant-reported visual acuity in the dark (Rho=0.26, p=0.022). C) A box 
and whisker plot shows no significant association between whether the participant reported seeing as more difficult in the light vs the dark and 
the Difference in logMAR (W=197, p=0.133). The blue line represents the line of best fit.
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interested if our results were true when we looked at the 
subset of students and adults separately (16). A Spearman’s 
Rho test found no correlation between age in years and 
logMARLight (Rho=0.45, p=0.312). However, there was a 
significant correlation between logMARDark, and age in 
years (Rho=0.35, p<0.01) (Figure 5). 
	 The test subjects reported how difficult they felt it was to 
see in the light and the dark on a scale from 0--5, 0 being not 
difficult and 5 being challenging.  Participants who reported 
difficulty seeing in the dark had worse dark vision, but the 
opposite with light vision was not true (Figure 6). A Spearman’s 
Rho test found no correlation between logMARLight and the 
reported difficulty seeing in the light (Rho=0.06, p=0.557). 
There was a significant correlation between logMARDark 
and the reported difficulty seeing in the dark (Rho=0.26, 
p=0.022). There was no significant association between 
increased reports of difficulty seeing in the light more than 
dark vs. logMAR (W=197, p=0.133) (Figure 6). 

DISCUSSION
	 We did not detect any differences between vision and 
photophobia by eye color in our study. Additionally, the 
relationship between vision and photophobia was similar 
between eye colors. Light and dark vision were very strongly 
correlated. Since light and dark vision are recorded in the 
same person, we would expect to see a high level of correlation 
between these two. The strong correlation that was observed 
provides reassurance that the vision test was accurate. Light 
sensitivity causes eye strain and eye discomfort. Therefore, it 
is plausible to believe that high photophobia would be highly 
correlated with lower vision in a light environment. However, 
we did not detect any correlation between photophobia and 
light vision. 
	 Many people experience a decline in vision as they age (16). 
Ideally the statistical models would control for age. However, 
due to small sample size, we used non-parametric unadjusted 
analysis. We performed a sensitivity analysis where all tests 
were conducted in students only and staff only. In both sub-
populations, we found no correlation between photophobia 
and vision. Due to logistical constraints, all participants 
needed to have access to the approved experimental facility. 
Therefore, the age distribution of this study did not match 
the larger population; most participants were between 10–14 
years old. Vision and photophobia both change with age (4), 
meaning that age is a confounding factor in this experiment 
and should be studied further. Due to scheduling limitations, 
potential test subjects under the age of 10 were not able to 
participate. 
	 There are several methodological improvements that 
could have been made. The most impactful improvement 
would be a larger sample size. In addition, this study did not 
account for people who wear contact lenses or glasses. We 
tested corrected vision instead of uncorrected vision. Contact-
wearers were not asked to remove their contacts, as there 
was no appropriate handwashing sink in the experimental 
area. Future studies should include elementary school 
children and participants who are over the age of 60. Further, 
different characteristics of light could be analyzed. Dark 
vision should be tested without external light, including the 
pen light which was used to help see the Rosenbaum Pocket 

Vision chart. It is possible that the brightness in the study 
was not bright enough to induce photophobia. In the future 
we would consider conducting this study with brighter lights. 
The Rosenbaum Pocket Vision chart has high contrast—it 
is possible that a lower contrast vision screen would lead 
to different results. This study did meet the enrollment 
target, but there was not enough statistical power to discern 
differences in photophobia between eye colors. The majority 
of people in this study had brown eyes (64.1%), which resulted 
in less statistical power. This study did not determine a cause 
of photophobia. Future studies could examine associations 
between anatomical features of the eye and photophobia. 
Future studies should be conducted with an older population.
	 Our research builds upon the work on a cross-sectional 
study performed in classrooms in Malaysia that tested 
reading speed of students with low vision in a variety of 
lighting conditions (7). This study reported that students 
with lower vision were able to read faster in bright light 
environments (7). Lux is the quantity of light that falls on a 
surface, and the authors recommend that the optimal lux level 
in a classroom is between 276.67–701.59 lux; however, that 
study did not consider students with photophobia (7). Our 
result confirms that most people have better vision in bright 
light environments compared to dim environments. This 
should be considered when determining light brightness in 
public spaces. Therefore, when deciding the optimal amount 
of light in a public space like a classroom, we suggest that it is 
important to balance both the needs of people with low vision 
and the people with photophobia. Future work should further 
study the optimal amount of light in a classroom environment. 
Another factor to consider is the temperature color of the 
lighting. Future studies should be conducted to understand 
which wavelengths of light is best for people who experience 
photophobia.
	 Photophobia can occur at all ages, including in children. 
However, there is little awareness of the causes and 
consequences of photophobia in youth (17). This study 
contributes to the field by showing photophobia could be 
present in participants aged 10-14 years. Awareness of the 
frequency of photophobia in school aged children could help 
to minimize discomfort while learning in different levels of 
brightness. 

MATERIALS AND METHODS
General Overview
	 This study was conducted in 78 participants in the Mirman 
School community. A human consent form was sent out to 
each of the test subjects, which were signed before testing 
began. An email was sent to all students in 5th through 8th 
grade requesting participation, and staff at the school were 
personally contacted. 

Before Contact with Test Subjects
	 This study was conducted at the start of the COVID-19 
pandemic. Therefore, strict sanitation protocols were 
followed. At the start of each participant’s designated 
testing window, all instruments were sterilized with 99.99% 
alcohol disinfecting wipes. When resetting the procedure, all 
windows/blinds were opened, and lights were turned on in the 
room to mimic light sensitivity testing in the bright conditions. 
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Informed Consent Procedures
	 A consent form was required for all participants. If a 
participant was under age 18 years, their parent/legal guardian 
was required to co-sign the consent form. The consent form 
allowed participants to withdraw from the study at any point. 
The consent form described the purpose of the study, as well 
as a brief description of the procedures. 
	 This study was conducted under the regulations of the 
Los Angeles County Science and Engineering Fair Science 
Review Committee (LACSEF SRC). Prior to the start of 
the study, approval was obtained from the LACSEF SRC. 
An advisory committee consisting of two scientists and an 
ophthalmologist was formed to oversee the study and ensure 
participant safety.

Visual Acuity Testing in the Light and Dark
	 The study lead student-author conducted the vision testing 
under instruction from an ophthalmologist. The method was 
tested on volunteers before official testing began. Prior to 
starting the light sensitivity analysis, each of the test subjects 
were asked their name, age, and grade (if the participant was 
a student). Their eye color was analyzed by the tester. Each 
subject’s name was kept confidential to protect participants’ 
privacy. After the first set of demographic questions were 
asked, the test subjects were handed a Rosenbaum Vision 
Pocket Screener (PRECISION VISION SKU2745), which was 
held 14 inches away from shoulder level. Next, a Primacare 
Medical Diagnostic penlight was reflected on the pocket 
screener. The test subject was then asked to read line by line 
until 3 or more letters were missing or they reached the end 
of the chart. Vision results were analyzed by using logMAR 
value. LogMAR was calculated as described in a prior study 
(18). Briefly, logMAR (logarithm of the minimum angle of 
resolution) is calculated by converting visual acuity into the 
logarithm of the angle (in minutes of arc) that a person can 
resolve, where each line on a standardized chart represents 
a 0.1 log unit change. It is determined by assigning a base 
value to the smallest line read and adjusting by 0.02 for each 
letter correctly or incorrectly identified, allowing for a precise 
and continuous measure of visual acuity. The logMAR test is 
the same procedure in both light and dark environments. The 
only difference is the amount of light in the room. During a 
sample experiment, the light intensity was 497 lux in the bright 
conditions and 55 lux in the dark conditions. logMARDark is 
used to study lower acuity compared to logMARLight. After 
the test subjects had read the smallest viewable row, the 
smallest line they could read with 2 or fewer mistakes was 
recorded. The test subjects were then asked how difficult they 
felt it was to see in the light on a scale from 0–5, 0 being not 
hard to see at all and 5 being hard to see. The same process 
was repeated in a dark setting where the blinds and windows 
were closed, and all of the lights were turned off. The dark 
light intensity was 55 lux. A medical penlight was not used 
for testing in the darker environment. The subject’s vision 
was then recorded from the pocket screener and the same 
difficulty question was asked for the dark. 

Photophobia Questionnaire
	 After testing was done in both testing conditions, the test 
subjects were asked three questions from the UPSIS-17 

Photophobia Symptom Impact Scale. The questions were 
based on a subject’s discomfort in brighter environments, 
which could potentially be due to photophobia. The questions 
determined how severe one’s light sensitivity is. Again, 
the questions were based on a scale from 0–5, where 0 is 
experiencing no light sensitivity at all and 5 is experiencing a 
lot of light sensitivity. 

Statistical Analysis
	 All data were analyzed using the R statistical coding 
software, which was used to create all figures and tables. 
This study recorded a sample size of 78 participants, which 
limited the analyst to use nonparametric statistical tests. A 
Kruskal-Wallis test was used to test the association between 
one categorical (e.g., eye color) and one numerical variable 
(e.g., photophobia scale), where the numerical variable is the 
outcome. A Wilcoxon Sum Rank test is similar to a Kruskal-
Wallis test but is used when there are only two groups in the 
categorical variable. A Spearman’s Rho test was used to test 
the correlation between two continuous variables (example: 
logMARLight and logMARDark). To maximize statistical 
power, continuous variables were used instead of categorical 
variables, such as the Photophobia Questionnaire Score, 
logMAR and Age in Years. The function Ggplot2 was used to 
create all the figures (19). 
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